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ABSTRACT 

The purpose of t h i s study was to review the evidence l i n k i n g 

maternal and paternal l i f e s t y l e habits i n the preconception and prenatal 

period to adverse reproductive outcomes; to determine either the 

proportion of reproductive c a s u a l t i e s which could be at t r i b u t e d to 

l i f e s t y l e r i s k , thus be amenable to prevention, or the information 

required to estimate the preventable portion of l i f e s t y l e - r e l a t e d 

reproductive c a s u a l t i e s ; and to examine a method f or s u r v e i l l a n c e of 

reproductive health i n the community which would provide the basis for 

a comprehensive information system suited to the needs of the research, 

planning, preventive medicine and health promotion communities. 

As a means of managing the s i z e of the study report, only a 

representative set of l i f e s t y l e s (smoking, alcohol consumption and 

n u t r i t i o n ) and research l i t e r a t u r e (major cohort and case-control 

studies i n human populations) was reported i n d e t a i l . A method was 

developed to review and describe the degree to which the evidence 

meets established c r i t e r i a for causal association. The most recently 

a v a i l a b l e prevalence data for determining smoking, alcohol and 

n u t r i t i o n a l r i s k , and incidence data f o r seven reproductive outcomes 

( i n f e r t i l i t y , spontaneous abortion, s t i l l b i r t h , i n f ant m o r t a l i t y , 

congenital anomalies, f e t a l growth and morbidity) i n the B r i t i s h 

Columbia population were used to c a l c u l a t e the preventable portion 

of reproductive casualties i n th i s community. A review of the 

va r i a b l e s required, compared with the data a v a i l a b l e , provided the 
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b asis for recommendations regarding a reproductive health information 

system to support community s u r v e i l l a n c e , evaluation and research. 

The study supports the conclusion that there i s evidence of a 

causal l i n k between exposure to l i f e s t y l e r i s k s and the majority of 

adverse reproductive outcomes selected as i n d i c a t o r s of reproductive 

health. The c a l c u l a t i o n of the preventable portion ( e t i o l o g i c f r a c t i o n ) 

of l i f e s t y l e - r e l a t e d reproductive c a s u a l t i e s i n B r i t i s h Columbia 

suggests the preventable portion associated with s i n g l e l i f e s t y l e r i s k 

v a r i a b l e s may be i n the range of 10-50 percent. A more extensive and 

up-to-date set of population data for B r i t i s h Columbia i s required to 

determine an accurate estimate. The benefits to be derived from an 

improved information system were d e t a i l e d i n the study. Reproductive 

health data c o l l e c t e d f or B r i t i s h Columbia i s p r i m a r i l y outcome oriented 

with very l i t t l e input data on which to base r a t i o n a l planning decisions 

f o r the improvement of reproductive health outcomes. 

The study recommends that a more comprehensive reproductive 

health information system, with an integrated, linked data base, be 

considered a high p r i o r i t y by government and a l l i n s t i t u t i o n s , 

agencies and i n d i v i d u a l s working to improve reproductive health 

outcomes i n B r i t i s h Columbia. The p o t e n t i a l to improve reproductive 

health i s s i g n i f i c a n t enough to warrant action at the c l i n i c a l and 

community l e v e l , but a d d i t i o n a l data are required to plan cost-

e f f e c t i v e intervention s t r a t e g i e s , to monitor improvements i n 

reproductive health, and to support applied research i n i t i a t i v e s . 
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CHAPTER I: INTRODUCTION TO THE STUDY 

Introduction 

Over the past ten years, considerable attention has been given to 

the r o l e that a p o s i t i v e change i n l i f e s t y l e habits could play i n improving 

the health status of the North American population. In Canada, a working 

document published by the nationa l government i n 1974, e n t i t l e d "A New 

Perspective on the Health of Canadians" (Canada, Department of National 

Health & Welfare, 1974), introduced "the health f i e l d concept" which 

proposed a balance of attention be paid to each of four elements—human 

biology, environment, l i f e s t y l e , and health care o r g a n i z a t i o n — a f f e c t i n g 

the population's health. The concept was designed to be comprehensive, 

i n that any health problem could be traced to one or a combination of 

the four elements, and to permit a system of analysis by which the 

re l a t i o n s h i p and r e l a t i v e s i g n i f i c a n c e of each of the four elements to 

a health problem could be assessed. This a n a l y s i s , i t was stated, 

would permit program planners to focus t h e i r attention on the most 

important contributing f a c t o r s . Such analyses also, the report recognizes, 

requires information not yet at hand, places a heavy burden on research 

i n each of the four areas, and c a l l s for unity of purpose i n a l l f i e l d s 

of research towards improving health status. 

In 1979, the US Government published the Surgeon General's report 

on health promotion and disease prevention e n t i t l e d "Healthy People" 

(US, Department of Health, Education, & Welfare, 1979), which also 

indicated the government's readiness to make unequivocal statements 
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regarding the l i n k between c e r t a i n l i f e s t y l e or environmental factors 

and poor health. Analysis of the r e l a t i v e contributions of the four 

health f i e l d concept elements to the ten leading causes of death i n 

the United States i n 1976 suggested that as much as h a l f the mortality 

was due to unhealthy behavior and l i f e s t y l e ; 20 percent to environmental 

f a c t o r s ; 20 percent to human biology; and 10 percent to inadequacies 

i n health care. The s i g n i f i c a n c e " o f the document i s i t s r e f l e c t i o n of 

the growing consensus i n the United States about the need f o r , and value 

of, disease prevention and health promotion. The Department of Health 

and Human Services i s now required to submit a nationa l disease 

prevention p r o f i l e to the US Congress every three years. 

A chapter of the Canadian working paper e n t i t l e d "Science versus 

Health Promotion" declares that the government i s prepared to take 

health promotion action i n some areas of the environment and l i f e s t y l e 

i n advance of s c i e n t i f i c p r o o f — g i v e n that a hypothesis appears 

" s u f f i c i e n t l y v a l i d to warrant taking p o s i t i v e a c t i o n " (p. 58). This 

i s based on the r a t i o n a l e that "messages designed to influence the 

publ i c must be loud, clear and unequivocal" (p. 57) while science i s 

f u l l of " i f s " and "maybe1s." I t i s expected, however, that the gathering 

of r e l i a b l e evidence w i l l remain a focus of the s c i e n t i f i c community 

and that " i n due course the v a l i d i t y of the . . . hypothesis w i l l l i k e l y 

be resolved i n a s c i e n t i f i c way, precise cause-and-effect r e l a t i o n s h i p s • 

w i l l be ascertained and measured, and the exact s i g n i f i c a n c e of each 

factor determined" Cp- 58). 
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The f i r s t n a t i o n a l disease prevention p r o f i l e submitted to the 

US Congress also made reference to the l i m i t s of knowledge i n the f i e l d 

of prevention. The approach taken was to e s t a b l i s h a continuum for 

p r e v e n t a b i l i t y and determine where diseases or conditions f i t within 

the continuum extremes of absolutely preventable and no known prevention. 

This type of assessment was to allow for more r e a l i s t i c expectations 

of the varying degrees of impact that might be gained from preventive 

measures given that r i s k factors associated with the target outcome, 

as w e l l as intervention s t r a t e g i e s , are understood i n varying degrees. 

"In short," the report s t a t e s , "the p o t e n t i a l scope of disease prevention 

and health promotion i s vast, the types of possible interventions 

e x t r a o r d i n a r i l y varied, and the knowledge base uneven. . . . Fortunately, 

the data . . . i n d i c a t e that many of the diseases and conditions that 

constitute the Nation's most pressing health problems are ones where 

knowledge of r i s k s and e f f e c t i v e r i s k reduction approaches are present 

and growing" (US, Department of Health & Human Services, 1980, p. 270). 

The d e l i b e r a t e decision to support or encourage health promotion 

and prevention s t r a t e g i e s despite l i m i t e d knowledge places the health 

planner, as w e l l as the c l i n i c i a n , i n an intercept p o s i t i o n between 

the s c i e n t i f i c community which i s required to be s k e p t i c a l and the 

health education community which i s required to provide c l e a r , p r a c t i c a l 

health guidelines for the p u b l i c . Once consensus to promote a p a r t i c u l a r 

health behavior or to regulate a p a r t i c u l a r element i n the environment 

has been reached, there i s i m p l i c i t need for a shared plan which 
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determines the complimentary r o l e of each area of the health-oriented 

community i n confirming or r e j e c t i n g the v a l i d i t y of the approach, and 

the best approach to reaching s p e c i f i c goals for health, status 

improvement. 

One of the f i v e n a t i o n a l goals established by the US Government 

for health promotion and disease prevention, was to continue to improve 

in f a n t health, and, by 1990, to reduce i n f a n t m o r t a l i t y by at l e a s t 35 

percent, to fewer than nine deaths per 1,000 l i v e b i r t h s . In recognition 

of the two factors most associated with i n f a n t mortality, subgoals of 

reducing the number of low b i r t h weight infants and reducing the number 

of b i r t h defects have also been established along with measurable 

objectives aimed at s p e c i f i c outcome areas where the rates of infant 

death are i n excess of the current n a t i o n a l average or the prevention 

of b i r t h defects and severe mental retardation does not match expectation. 

The type of preventive services to be made a v a i l a b l e to pregnant women 

as a means of achieving the goal and objectives have been i d e n t i f i e d 

as a balance of prenatal medical, r i s k assessment and r e f e r r a l s e r vices; 

l i f e s t y l e counselling p r i o r to and during pregnancy; and adequate 

services for labor, d e l i v e r y and postpartum period. 

Unlike the United States, Canadian governments have not made a 

pu b l i c commitment to a s p e c i f i c reduction i n infant m o r t ality, low 

birthweight, or b i r t h defects. Despite t h i s , there are i m p l i c i t l y 

recognized goals of p e r i n a t a l health care across the country with 

c a r e f u l monitoring of these outcomes v i a analysis of v i t a l s t a t i s t i c s 
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records at the p r o v i n c i a l and national l e v e l , and by compiling area 

s t a t i s t i c s within p u b l i c health administrations and h o s p i t a l s . Health 

promotion has been a component of public health prenatal education i n 

a l l areas of Canada since the 1970s. The most recent focus has been 

i n the area of n u t r i t i o n , with the d i s t r i b u t i o n of the "Five-Year 

F e d e r a l - P r o v i n c i a l Plan on N u t r i t i o n i n Health Promotion for Pregnant 

Women" (Ottawa, Canada, 1984) to be implemented over the period 1984-

1989. At the same time, the B r i t i s h Columbia [BC] government has 

published the f i r s t p r o v i n c i a l health promotion guidelines to focus on 

the need to improve n u t r i t i o n and other l i f e s t y l e habits p r i o r to 

conception as w e l l as during pregnancy (BC, M i n i s t r y of Health, 1984). 

This thesis i s concerned with the r o l e of the health planner i n 

f a c i l i t a t i n g improvement i n reproductive and infant health status i n 

the community given the r e a l i t y of a l i m i t e d knowledge base on which 

to act and the consensus (as implied by government reports and actions) 

that health promotion and prevention s t r a t e g i e s should be undertaken. 

The primary focus w i l l be on the l i f e s t y l e element. 

The health promotion message for pregnant women i s multifaceted, 

but c l e a r : i t i s important to eat a we l l balanced d i e t ; to be p h y s i c a l l y 

f i t ; not to smoke; not to take drugs unless prescribed and necessary; 

to drink very l i t t l e a l c o h o l , i f any at a l l ; to avoid environmental 

hazards; to avoid undue str e s s ; to seek medical care early; to p a r t i c i p a t e 

i n prenatal education; to gain weight during pregnancy; to take a l l 

precautions to prevent having t h e i r baby born too soon or too small; 



and to breastfeed. The general l e v e l of awareness i n the community 

suggests the message has been received and acted upon by the majority 

of women and t h e i r partners i n t h e i r childbearing years (BC, Minis t r y 

of Health, 1984; Ottawa, Canada, 1984; US, Department of Health, 

Education, & Welfare, 1979; US, Department of Health & Human Services, 

1980). 

Given public acceptance, the l i k e l i h o o d that the message i s also 

believed to be true by those who promote i t , and the p r o b a b i l i t y that 

the underlying hypotheses w i l l be used by many who plan and implement 

preventive and intervention s t r a t e g i e s , what degree of impact can be 

expected when an appropriately planned and implemented l i f e s t y l e 

modification program i s undertaken i n an e f f o r t to prevent low 

birthweight, infant m o r t a l i t y , or b i r t h defects? Moreover, given that 

there i s considerable disagreement i n the s c i e n t i f i c community about 

the degree to which any of the l i f e s t y l e factors contribute to adverse 

infant health outcomes, based on an assessment of the evidence" at hand, 

what types of information are required to help c l a r i f y these issues? 

What outcomes are aff e c t e d , i n what way, for whom, with what consequences 

What plan of action directed toward both the goal of improving infant 

health and the goal of improving our knowledge base would e l i c i t the 

support of both the s c i e n t i f i c and the health promotion communities? 

Obj ectives 

The objectives of th i s thesis are: 

1. To review the evidence l i n k i n g maternal or paternal l i f e s t y l e 

habits around the time of conception, and maternal l i f e s t y l e habits 
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during pregnancy to adverse reproductive and pregnancy outcomes. 

2. To determine what proportion of reproductive c a s u a l t i e s can 

be a t t r i b u t e d to l i f e s t y l e and, therefore, are amenable to prevention, 

or what information i s required to determine i f there i s a preventable 

portion a t t r i b u t a b l e to l i f e s t y l e f a c t o r s . 

3. To examine a method for s u r v e i l l a n c e of l i f e s t y l e - r e l a t e d 

reproductive health outcomes i n B r i t i s h Columbia. 

Rationale and Background 

The desire to understand the reproductive process, i t s pathologies, 

the e t i o l o g i c factors r e l a t e d to these pathologies and the manner i n 

which they can be treated or prevented i s shared by many. This i s 

demonstrated by the extraordinary number of publications on the subject 

and the d i v e r s i t y of approach that stems from m u l t i - d i s c i p l i n a r y 

involvement. There i s a r e a l need to draw t h i s information together 

so that a l l the options f o r improving reproductive outcome can be 

considered. This i s e s p e c i a l l y true f o r the l i t e r a t u r e r e l a t i n g 

l i f e s t y l e f a c t o r s to reproductive health and for l i t e r a t u r e examining 

the underlying mechanisms associated with the reproductive c a s u a l t i e s . 

Within t h i s volume of l i t e r a t u r e , there are purported l i n k s between 

each of the l i f e s t y l e factors ( n u t r i t i o n , smoking, alcohol, drugs, 

s t r e s s , etc.) and many of the general outcomes associated with reproductive 

health ( i n f e r t i l i t y , i n t r a u t e r i n e death, b i r t h defects, low birthweight, 

prematurity, infant death, e t c . ) . This would suggest that a proportion 

of each type of reproductive casualty i s , at l e a s t i n part, preventable 
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through l i f e s t y l e modification. Is t h i s a v a l i d suggestion? The f a c t 

that each study can only focus on a portion of the question produces a 

s i t u a t i o n where there are many "pieces of the puzzle" but no completed 

pi c t u r e . 

A working hypothesis of the o v e r a l l manner i n which l i f e s t y l e 

factors may adversely a f f e c t reproductive outcome has been proposed by 

Wynn and Wynn (1981) . This represents a comprehensive attempt to 

r a t i o n a l i z e the reproductive health and l i f e s t y l e l i t e r a t u r e and for 

th i s reason, i s used i n t h i s thesis as a guideline for determining the 

s e l e c t i o n of the reproductive outcome measures and the boundaries for 

in v e s t i g a t i n g evidence of the impact of l i f e s t y l e factors on these 

measures. 

The hypothesis proposed by Wynn and Wynn (1979, 1981) can be 

summarized as follows: The health of parents around the time of 

conception i s c r i t i c a l to the health of t h e i r i n f a n t . Poor health 

p r i o r to conception and during the f i r s t weeks of pregnancy i s associated 

with a continuum of reproductive c a s u a l t i e s which include impaired 

fecundity, spontaneous abortion, s t i l l b i r t h , preterm b i r t h , f e t a l 

growth, retardation, malformations, and infant death. A reduced rate 

of c e l l r e p l i c a t i o n and/or f a u l t y c e l l r e p l i c a t i o n are common a t t r i b u t e s 

of many of these reproductive c a s u a l t i e s . The cause of the r e s u l t i n g 

reproductive c a s u a l t i e s i s m u l t i f a c t o r i a l , but some of the factors are 

shared by a l l and some of these shared factors are exogenous i n nature 

and amenable to modification p r i o r to conception. This suggests a 

proportion of each type of reproductive casualty i s preventable. 
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Wynn and Wynn conceptualize t h i s hypothesis by means of a "threshold 

of i n f e r t i l i t y " (see Figure 1) which i s described as a l e v e l of marginal 

reproductive health, determined i n part by l i f e s t y l e f a c t o r s , at which 

conception i s possible, but the r i s k of poor reproductive outcome i s 

high. Based on t h i s i n t e r p r e t a t i o n , the aim of any int e r v e n t i o n would 

be to ensure a l e v e l of reproductive health for men and women that i s 

above t h i s threshold and the predeterminant of successful intervention 

would be the a b i l i t y to i d e n t i f y the population within the high r i s k 

threshold and to as c e r t a i n the s i g n i f i c a n t differences between those 

below and above the threshold l e v e l . 

Given the above parameters, a number of steps must be taken to 

f u l f i l l the objectives of the th e s i s . F i r s t , a review of the broad 

base of relevant l i t e r a t u r e must be completed: a review of the current 

l i t e r a t u r e by l i f e s t y l e f a ctor and reproductive outcome topic area; a 

c r i t i c a l review of studies which demonstrate a q u a n t i f i a b l e l i n k between 

a r l i f e s t y l e f a c t o r and adverse outcome; a review of the outcome measures 

which would provide the best means of measuring impact, the public 

health s i g n i f i c a n c e of the e f f e c t of l i f e s t y l e factors on reproductive 

health; and a review of the methods for quantifying t h i s e f f e c t . 

Second, a comprehensive scheme to describe, assess, and/or monitor the 

impact of the l i f e s t y l e element on reproductive health i n a community 

must be determined. Third, an attempt must be made to determine how 

f e a s i b l e such an approach would be, given the resources of a representative 

community, and to judge the d i r e c t and i n d i r e c t benefits of the proposal 
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(* The threshold of i n f e r t i l i t y ) 

Based on Wynn & Wynn, 1981 pl4. 

FIGURE 1 

A Model of the Threshold of I n f e r t i l i t y Concept 
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to the p u b l i c , and the s c i e n t i f i c , planning and health promotion 

communities. 

Limitations 

Many factors are involved i n r e a l i z i n g the successful b i r t h of a 

healthy i n f a n t to a healthy mother and father. The q u a l i t y of maternal 

health and health care p r i o r to and throughout the prenatal period; 

the presence or absence of maternal disease or trauma; the q u a l i t y and 

use of health f a c i l i t i e s and manpower resources f o r labour, b i r t h and 

the post partum period; the q u a l i t y of the environment; and family 

h i s t o r y and genetic propensity are a l l known to play a r o l e in.the 

f i n a l determination of maternal and infant health. These f a c t o r s , with 

the i n c l u s i o n of l i f e s t y l e , cover a l l four of the elements of the 

health f i e l d model. The a b i l i t y to discriminate between e f f e c t s of 

any of these four elements, or the e f f e c t s of s p e c i f i c components 

with i n an element i s c l e a r l y dependent on the information a v a i l a b l e 

and the i n t e r p r e t i v e ' a b i l i t y of the interviewer. Where possib l e , 

reviews of the l i t e r a t u r e by s p e c i a l i s t s i n a p a r t i c u l a r f i e l d or topic 

area w i l l be accepted as a r e l i a b l e c r i t i q u e of the relevant research 

i n that f i e l d . Studies selected as evidence from t h i s l i t e r a t u r e w i l l 

be reviewed according to established research c r i t e r i a (Andersen,et a l . , 

1979; Gehlbach, 1982; H i l l , 1971; McMasters Series, 1981; Schlesselman, 

1982; Susser, 1973). Some animal and tiss u e or c e l l culture studies 

w i l l be referenced, since they provide much of the basis for speculation 

i n human studies, but research selected f o r discussion of issues w i l l 

p e r t a i n to human population only. 
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Thesis Format 

The chapters which follow have been organized i n the following 

manner. Chapter two provides a d e f i n i t i o n of the reproductive outcome 

measures included i n the study, a review of the extent to which adverse 

outcomes are perceived to occur generally i n the population, the most 

recent B r i t i s h Columbia outcome data where a v a i l a b l e , and the problems 

associated with determining accurate incidence or prevalence rates for 

these outcomes. Chapter three reviews the evidence that l i f e s t y l e 

f actors contribute to the occurrence of reproductive c a s u a l t i e s and 

reports on the prevalence of adverse l i f e s t y l e habits i n the community 

where a v a i l a b l e . Chapter four examines an appropriate method for 

measuring the impact of the l i f e s t y l e element and provides estimates 

of the preventable portion of l i f e s t y l e - r e l a t e d reproductive c a s u a l t i e s 

from the study and B r i t i s h Columbia data. Chapter f i v e examines the 

r a t i o n a l e and design of the Reproductive Health Index, a measure to 

describe and monitor the reproductive health status of a community, 

and the change i n reproductive outcomes that might be a t t r i b u t e d to 

the l i f e s t y l e element. D i s p a r i t i e s between the type of data r o u t i n e l y 

c o l l e c t e d i n the community and the type of data seen to be important 

for evaluation and s u r v e i l l a n c e w i l l be i d e n t i f i e d and discussed i n 

terms of t h e i r f e a s i b i l i t y and p o t e n t i a l b e n e f i t s . Chapter f i v e 

concludes with an o v e r a l l evaluation of the extent to which study 

objectives are met, and the i m p l i c a t i o n of the study r e s u l t s f or the 

s c i e n t i f i c , health promotion and prevention, and planning communities 

i n improving reproductive health outcomes. 
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CHAPTER I I : MEASURING REPRODUCTIVE HEALTH IN A COMMUNITY 

The extent to which a population encounters problems i n producing 

healthy, l i v i n g infants i s influenced to varying degrees by each of 

the four elements which comprise the health f i e l d concept—human biology, 

environment, health care organization, and l i f e s t y l e . The extent to 

which the impact of any one of these elements on reproductive outcome 

can be assessed, and p o t e n t i a l l y influenced, i s dependent on (a) the 

a b i l i t y to adequately describe and accurately document the type and 

number of reproductive impairments or casualties occurring i n the 

population of childbearing years, and (b) on the a b i l i t y to adequately 

describe the population i n which reproductive c a s u a l t i e s do and do not 

occur. 

The purpose of t h i s chapter i s to review the manner i n which each 

type of reproductive problem i s described and q u a n t i f i e d , and the 

problems associated with determining accurate incidence or prevalence 

rates. The reproductive problems to be considered are: lack of 

f e r t i l i t y and impaired fecundity; spontaneous abortion; s t i l l b i r t h ; 

neonatal mortality; b i r t h defects and malformations; f e t a l growth 

ret a r d a t i o n and i n f a n t morbidity associated with impaired growth and 

development. 

The ultimate aim i n t h i s approach i s to develop a reproductive 

health index which w i l l adequately describe a l l the reproductive problems 

occurring i n a community, and help to i d e n t i f y r e l a t i o n s h i p s between 

the types of problems. This aim i s based on the premise that there 
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are common causal or mediating factors that a f f e c t reproductive capacity 

per se, and where these factors are amenable to modification and are 

al t e r e d , benefits to reproductive health should be evident across the 

continuum of reproductive outcome measures. 

A comprehensive index of reproductive health could provide a means 

of examining the community-specific r e l a t i o n s h i p between the occurrence 

of d i f f e r e n t types of reproductive problems as w e l l as a means of 

assessing the impact of delib e r a t e change i n environmental, health 

care, l i f e s t y l e , or b i o l o g i c a l factors important to reproductive outcome. 

However, the information needed to carry out t h i s type of analysis i s 

not currently a v a i l a b l e , f o r understandable r e a s o n s — g i v e n that our 

health care system i s extremely compartmentalized. S p e c i a l i s t s who 

are involved i n treatment of i n f e r t i l i t y , for example, end t h e i r 

involvement when pregnancy occurs; o b s t e t r i c i a n s , when a b i r t h occurs; 

g e n e t i c i s t s may begin t h e i r involvement around the period of conception 

and early pregnancy or a f t e r b i r t h ; p a e d i a t r i c i a n s do not become involved 

u n t i l a b i r t h occurs. Medical and h o s p i t a l care i s p r i m a r i l y oriented 

to cases and i n d i v i d u a l c l i e n t e l e ; public health, to populations; 

occupational health to worksites and the environment, etc. Reproductive 

health care i s the end r e s u l t of many d i s t i n c t l y independent a c t i v i t i e s 

and areas of focus, and the corresponding reporting and data c o l l e c t i o n 

system r e f l e c t s t h i s independent approach. 

I f , for example, an excess of pregnancies r e s u l t i n g from successful 

treatment of i n f e r t i l i t y subsequently end i n spontaneous abortion, 
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s t i l l b i r t h and/or f e t a l growth retardation, t h i s a s s o c i a t i o n (unless 

extreme) would go unnoticed at the community l e v e l f o r lack of access 

to linked records. And, i f these pregnancies were associated with a 

high proportion of women who smoked or were inadequately nourished, 

t h i s would also go unnoticed since (a) record linkage i s not established 

and, more importantly, (b) l i f e s t y l e habits are not c o n s i s t e n t l y 

assessed or recorded. 

I t i s apparent that the development of a comprehensive index of 

reproductive health would require some changes be made to the present 

reporting system. In order to assess the f e a s i b i l i t y of e s t a b l i s h i n g 

an index, incidence or prevalence data a v a i l a b l e from the BC community 

(or a representative community) w i l l be reported along with a discussion 

of the type of data needed to assess the impact of the various factors 

important to reproductive outcome. Since the focus of the study i s on 

the p o t e n t i a l impact of l i f e s t y l e f a c t o r s , discussion w i l l be l i m i t e d 

to l i f e s t y l e — b u t the process of review for t h i s chapter i s equally 

applicable to environmental, health care, and b i o l o g i c a l f a c t o r s . 

F e r t i l i t y and Impaired Fecundity 

The manner i n which va r i a b l e s concerned with the f e r t i l i t y or 

fecundity status of the population are c l a s s i f i e d and defined i s 

generally determined by the way the information i s to be used ( i . e . , 

f o r family planning and demography studies, for c l i n i c a l research on 

i n f e r t i l i t y treatment, e t c . ) . Apart from reporting on annual general 

f e r t i l i t y rate, one which r e l a t e s the t o t a l number of l i v e b i r t h s f or 
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the year to an approximation of the population exposed to the r i s k of 

pregnancy (midyear population of women 15-44 y e a r s ) — o r s p e c i f i c f e r t i l i t y 

rates f o r selected subgroups of the population (e.g., age-specific rates) 

— w h i c h can be r e a d i l y calculated from v i t a l s t a t i s t i c s data, information 

about f e r t i l i t y and impaired fecundity i s not r e g u l a r l y c o l l e c t e d nor 

reported f o r any community. A v a i l a b l e information i s most l i k e l y to be 

generated as a function of population growth studies, demographic surveys 

associated with family planning issues, and c l i n i c a l i n v e s t i g a t i o n s of 

the diagnosis and treatment of i n f e r t i l i t y . 

'Questions of primary i n t e r e s t to t h i s study are: what proportion 

of the population who try to conceive do not become pregnant? How i s 

th i s proportion calculated? What types of problems are associated 

with i n f e r t i l i t y , how i s t h i s a s s e s s e d a n d how many are affected? 

Are reproductive outcomes of i n d i v i d u a l s with a h i s t o r y of i n f e r t i l i t y 

or impaired fecundity who become pregnant d i f f e r e n t from those who have 

no h i s t o r y of i n f e r t i l i t y ? In p a r t i c u l a r , i s there a r e l a t i o n s h i p 

between infant health and a h i s t o r y of impaired fecundity? Are the 

l i f e s t y l e c h a r a c t e r i s t i c s associated with i n d i v i d u a l s who have d i f f i c u l t y 

conceiving any d i f f e r e n t from those who do not? 

A v a r i e t y of reproductive models ( i . e . , macrosimulation and 

microsimulation) (Menken, 1975; Sheps, 1971) have been developed as 

a means to study the r e l a t i o n s h i p between measures of f e r t i l i t y and 

determinants of f e r t i l i t y . F e r t i l i t y i s influenced by seven key 

v a r i a b l e s : f e c u n d a b i l i t y (the p h y s i o l o g i c a l capacity to produce a 
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l i v e c h i l d ) , exposure (marriage/cohabitation and marriage d i s r u p t i o n ) , 

the period of postpartum i n f e c u n d a b i l i t y , contraception, onset of 

permanent s t e r i l i t y , spontaneous i n t r a u t e r i n e mortality and induced 

abortion. Bongaarts and Jones (1982) r e f e r to these v a r i a b l e s as 

proximate determinants—the b i o l o g i c a l and behavioral factors through 

which s o c i a l , economic, psychological, and environmental v a r i a b l e s 

a f f e c t f e r t i l i t y . 

Reproductive models are important tools for those involved i n 

population studies (Menken, Stein, & Susser, 1982) and they also help 

to c l a r i f y l i m i t a t i o n s i n the study of health e f f e c t s on f e r t i l i t y . 

For example, while there i s evidence of an i n t e r a c t i o n of s p e c i f i c 

health f a c t o r s , such as n u t r i t i o n , with both fecundity and f e r t i l i t y 

(Stein & Susser, 1982), population models in d i c a t e that the e f f e c t of 

health factors on fecundity, except i n the extremes, i s far l e s s 

powerful than the e f f e c t of the s o c i a l v a r i a b l e s such as marriage, and 

behavioral v a r i a b l e s such as contraceptive use, which promote or 

i n h i b i t f e r t i l i t y . F e r t i l i t y d i f f e r e n t i a l s cannot be a t t r i b u t e d 

conclusively to these health factors because the confounding behavioral 

va r i a b l e s are d i f f i c u l t , i f not impossible, to co n t r o l adequately i n 

the a n a l y s i s . These models may not be s u f f i c i e n t l y s e n s i t i v e , therefore, 

to assess health e f f e c t s (as compared to s o c i a l e f f e c t s ) at the community 

l e v e l . In smaller populations the weight of factors associated with 

f e r t i l i t y are l i k e l y to s h i f t . 

A s i m i l a r conclusion was reached by Bonham and Placek (1978) i n 
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th e i r attempt to examine the r e l a t i o n s h i p of-maternal health, i n f a n t 

health and sociodemographic factors to f e r t i l i t y by means of cross-

s e c t i o n a l data from the 1973 US National Survey of Family Growth and 

the 1972 National N a t a l i t y Survey. 

Data have been reported on each of the proximal determinants of 

f e r t i l i t y by the US National Center for Health S t a t i s t i c s as c o l l e c t e d 

i n seven n a t i o n a l , c r o s s - s e c t i o n a l surveys of f e r t i l i t y and family 

planning c a r r i e d out between 1955 and 1976 (Mosher, 1982). Results 

from 1982 data c o l l e c t e d during interviews with a n a t i o n a l l y 

representative sample of 7,600 US women between 15-44 years i n 1982 

have yet to be reported. These surveys represent the only substantive 

North American data on fecundity status of the population. The data 

are informative to the extent they describe the prevalence of impaired 

fecundity reported by married women of d i f f e r e n t age groups, p a r i t y , 

r a c i a l o r i g i n , region, r e l i g i o n , educational attainment, and household 

occupation—they are not appropriate for examining cause and e f f e c t 

r e l a t i o n s h i p s , but may i d e n t i f y trends or v a r i a t i o n s which deserve 

further study. The sample a v a i l a b l e f o r interview may underrepresent 

some groups of women (for example, those without c h i l d r e n may be more 

l i k e l y to be away from home) and the information reported i s subject 

to r e c a l l b i a s — e i t h e r s i t u a t i o n could r e s u l t i n conservative estimates. 

For these reasons, the value of carrying out these surveys has been 

debated (Ryder, 1973, 1975; Westoff, 1975). 

Of i n t e r e s t to t h i s study i s the report of reproductive impairments 
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among 6,482 married couples who were interviewed for the 1976 National 

Survey of Family Growth [NSFG] (Mosher & P r a t t , 1982) which describes 

fecundity and f e r t i l i t y status, and reproductive h i s t o r y v a r i a b l e s f or 

t h i s population. 

Fecundity was defined i n the NSFG survey as the p h y s i o l o g i c a l 

capacity of a couple to produce a l i v e c h i l d and information was 

co l l e c t e d according to s i x mutually exclusive categories: the s u r g i c a l l y 

s t e r i l e f o r contraceptive reasons comprising 19 percent of the sample 

population; the s u r g i c a l l y s t e r i l e for noncontraceptive reasons which 

described 10 percent; the nonsurgically s t e r i l e , one percent; the 

subfecund, 10 percent; those with long i n t e r v a l i n f e r t i l i t y , 4 percent; 

and those who were fecund, the remaining 56 percent of the survey 

population. 

The term "impaired fecundity" was used to describe a l l couples for 

whom i t was p h y s i c a l l y d i f f i c u l t or impossible to conceive or carry a 

baby (or another baby) to term. This group consisted of the nonsurgically 

s t e r i l e couples ( i . e . , s t e r i l e f o r reasons such as accident or i l l n e s s ) , 

the subfecund couples (for whom i t i s d i f f i c u l t but may be possible to 

conceive and carry a pregnancy to term), and those who did not achieve 

a pregnancy a f t e r three continuous years of unprotected exposure (long 

i n t e r v a l i n f e r t i l i t y , presumed s t e r i l e ) . Couples with impaired fecundity 

represented 16 percent of the survey population. Of t h i s group, the 

subfecund couples (14 percent) represent the group to be i d e n t i f i e d i n 

a reproductive health index on the assumption that t h e i r i n f e r t i l i t y 
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i s not permanent and t h e i r reproductive health could be improved with 

treatment. 

About 47 percent of a l l couples with impaired fecundity wanted to 

have a baby, with the majority of c h i l d l e s s couples (75 percent) and 

couples with only one c h i l d (57 percent) wanting a c h i l d . This suggests 

that the proportion of married couples i n the 15-44 year old age group 

who t r y to conceive but are unable to become pregnant i s around 7 percent 

of t h i s population. In the United States a 7 percent estimate represents 

close to 2 m i l l i o n couples i n 1976 terms. 

In general, prevalence data can help to e s t a b l i s h estimates of the 

"at r i s k " population l i k e l y to seek medical treatment for i n f e r t i l i t y 

or other reproductive problems, such as spontaneous i n t r a u t e r i n e l o s s , 

or can be used to derive estimates of norms, such as age of natural 

menopause, for evaluating research on health factors and reproductive 

performance ( K r a i l o & Pike, 1983). Menken and Sheps (1970), however, 

have demonstrated that prevalence cases are a biased sample without 

f u l l knowledge of d u r a t i o n — i n c r o s s - s e c t i o n a l studies, the cases with 

longer duration are more l i k e l y to be included while i n a cohort study, 

the bias i s i n the opposite d i r e c t i o n unless a l l cases are followed to 

t h e i r conclusion. For a recurring condition, the e f f e c t of time of 

measurement xs even greater. In the case of impaired fecundity, the 

duration of the problem can range from one year (by d e f i n i t i o n ) to a 

l i f e t i m e , and i t may also occur more than once for the same or d i f f e r e n t 

reasons (i.e., i n f e c t i o n , severe weight l o s s ) . These problems of 
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measurement make accurate estimates of community prevalence d i f f i c u l t , 

and t h i s d i f f i c u l t y c a r r i e s over to attempts to measure the r i s k of 

occurrence of impaired fecundity re l a t e d to l i f e s t y l e f a c t o r s . 

I n f e r t i l i t y , the l a r g e s t component of impaired fecundity, i s more 

commonly reported i n the medical l i t e r a t u r e . I n f e r t i l i t y i s defined 

as "the i n a b i l i t y to conceive a f t e r one year of unprotected intercourse" 

and i n f e r s a condition which warrants c l i n i c a l i n v e s t i g a t i o n . By t h i s 

d e f i n i t i o n , 10 percent of the 1976 NSFG survey couples were i n f e r t i l e . 

Incidence data for i n f e r t i l i t y could be established i f physicians were 

to report a l l f i r s t consultations for treatment of i n f e r t i l i t y to the 

Health Ministry, and would be preferable to prevalence data for impaired 

fecundity as a component of the reproductive health index. The common 

use of contraception means that presentation for medical treatment may 

coincide with a couple's awareness of the problem, but not n e c e s s a r i l y 

with the onset or occurrence of i n f e r t i l i t y ; however, the same s i t u a t i o n 

occurs i n many diseases (e.g., cancer) for which incidence data are 

reported. The p o t e n t i a l delay between onset and recognition of 

i n f e r t i l i t y i s again l i k e l y to be a confounding factor i n assessing 

the impact of l i f e s t y l e . 

The assumption that one year's f a i l u r e to conceive i s evidence of 

i n f e r t i l i t y i s based on studies of healthy women (Cooke et a l . , 1981; 

Cramer, Walker, & S c h i f f , 1979; Vessey et a l . , 1978) where 90 percent 

report a pregnancy wi t h i n the f i r s t year of exposure: 95-99 percent 

achieve a pregnancy a f t e r 2 years of exposure and the monthly p r o b a b i l i t y 

of conception i s estimated at 12-20 percent. 
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Such estimates of the fecundity of the normal population do provide 

a basis for defining an abnormality and assessing the effectiveness of 

s p e c i f i c treatment (Cooke et a l . , 1981). L i f e - t a b l e analysis can be 

used to further r e f i n e expected rates according to v a r i a b l e s of i n t e r e s t 

such as age, duration of i n f e r t i l i t y , or the type and s e v e r i t y of 

condition (Katayama et a l . , 1979; Lamb & Cruz, 1972). 

In the medical l i t e r a t u r e , i n f e r t i l i t y data are generally reviewed 

i n terms of diagnostic and treatment techniques rather than e t i o l o g i c 

f a c t o r s . With standardized methods, s p e c i f i c male disorders (e.g., 

azoospermis, oliogospermia, disorders of m o t i l i t y or morphology) and/or 

s p e c i f i c female disorders (e.g., tubal damage, ovulation disorders, 

endometriosis, infections) are l i k e l y to be detected i n 3 out of 4 

couples (Cooke et a l . , 1981). However, for approximately 15-24 percent 

of couples, no d e f i n i t e "cause" or condition can be detected and t h e i r 

i n f e r t i l i t y i s described as "unexplained" (Moghissi & Wallach, 1983; 

Templeton & Penny, 1982). The expected incidence of s p e c i f i c conditions 

rel a t e d to i n f e r t i l i t y i s d i f f i c u l t to determine because c l i n i c - s p e c i f i c 

reports show a wide range of rates. This may r e f l e c t the lack of 

major centres with large enough populations to provide a representative 

sample, or d i s p a r i t y i n methods of i n v e s t i g a t i o n and diagnosis, or 

r e f e r r a l bias. A study of i n f e r t i l i t y treatment i n Canada i s currently 

being c a r r i e d out by the f e d e r a l M i n i s t r y of Health and Welfare Canada. 

I t i s hoped that these data w i l l help to provide s u i t a b l e incidence 

rates for conditions associated with i n f e r t i l i t y treatment: unfortunately, 
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l i f e s t y l e c h a r a c t e r i s t i c s of the i n f e r t i l e population are seldom 

reported and are not being c o l l e c t e d f or the Canadian study. 

There i s obviously i n s u f f i c i e n t data to describe the population 

affected by/or treated for impaired fecundity or i n f e r t i l i t y i n BC, 

or to ascer t a i n the determinants and consequences of the problem. I t 

may be acceptable i n the absence of any information to assume an 

i n f e r t i l i t y or impaired fecundity rate approximating those determined 

for the US p o p u l a t i o n — i n t h i s case, a rate of 10 percent of married 

couples would represent 41,117 couples i n BC based on S t a t i s t i c s 

Canada data for mid-June, 1983. 

If physicians were to report the number of women and men treated 

for i n f e r t i l i t y / i m p a i r e d fecundity as one measure of the reproductive 

health i n the community, would t h i s be s u f f i c i e n t ? Could the type of 

problem be estimated from smaller c l i n i c samples? The following study 

suggests not. 

Petterson, F r i e s , and N i l l i u s (.1973) reported on the incidence 

and prevalence of secondary amenorrhea i n Uppsala County, Sweden as 

derived from a cro s s - s e c t i o n a l r etrospective study (mailed questionnaire 

survey) of 2,000 women—previous to t h i s , only estimates from very 

s e l e c t groups of women had been reported with a range of 1.9-100 percent 

(Drew, 1961). Sampling from the county population r e g i s t r y consisted 

of a l l women between the ages of 18-45 years born on the 10th and 20th 

days of each month, and represented one i n f i f t e e n of the female 

population. A response rate of 93 percent was reported. Non-

respondents (n = 138) were more l i k e l y than respondents to be unmarried 
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or i n s o c i a l c l a s s I I I , but were s i m i l a r i n age d i s t r i b u t i o n (the most 

s i g n i f i c a n t factor) and place of residence. A h i s t o r y of amenorrhea 

for more than 3 months during the previous year was given by 258 women 

(13.8 percent) of the 1,862 respondents—183 (9.8 percent) were due to 

pregnancy, 13 (0.7 percent) were secondary to s u r g i c a l treatment and 

62 (3.3 percent) were judged to have secondary amenorrhea. No primary 

amenorrhea was reported. 

-The one year incidence rate of secondary amenorrhea of more than 

3 months duration was 3.3 percent; the one year prevalence rate was 

4.4 percent and the point prevalence rate at the time of the interview 

was 1.8 percent based on the population at r i s k who were not pregnant 

or on contraceptive p i l l s . If these rates were to apply to the BC 

population, some 18,000 women ( S t a t i s t i c s Canada, mid-June, 1983) would 

be affected. 

Prevalence rates were lowest i n women aged 25-39 years, i n married 

women, i n those l i v i n g i n r u r a l areas rather than c i t i e s , i n nonsmokers, 

i n those who had had ch i l d r e n , and i n those who had experienced early 

rather than l a t e menarche. In multiple regression analysis only the 

age factor was found to be s i g n i f i c a n t , but i t i s possible that other 

factors may be shown to be s i g n i f i c a n t given a larger sample s i z e . 

The extreme v a r i a t i o n among se l e c t groups from c l i n i c a l studies 

i l l u s t r a t e s the importance of e s t a b l i s h i n g incidence and prevalence 

rates f or types of reproductive problems from a representative sample 

of the t o t a l population. I f enough women were affected by secondary 
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amenorrhea to enable measurement of the impact of various l i f e s t y l e 

f a c t o r s , t h i s would be a s u i t a b l e outcome measure of impaired fecundity. 

The value of documenting the l e v e l s and trends of various types 

of fecundity impairment i s generally discussed i n the context of 

demographic and s o c i a l planning or medical treatment. How pertinent 

are these data to planning for improved neonatal health? While there 

i s evidence, for example, that secondary amenorrhea occurs i n conditions 

of inadequate n u t r i t i o n , severe weight l o s s , and extremes of a c t i v i t y 

and s t r e s s ; that endocrine function i s altered by l i f e s t y l e factors 

and that an increased incidence of spontaneous abortion i s associated 

with i n f e r t i l i t y treatment; i t i s not possible to r e l a t e these r e s u l t s 

from s e l e c t populations to occurrences i n the community unless data 

are c o l l e c t e d on the t o t a l population or a representative sample. 

Thus, data for the i n f e r t i l i t y / i m p a i r e d fecundity component of the 

reproductive health index should include: (a) the incidence of 

i n f e r t i l i t y - r e l a t e d reproductive disorders of males and females of 

childbearing years, determined as the i n i t i a l contact for treatment 

of each separate occurrence; (b) the diagnosis given for the disorder; 

and Cc) other variables consistent with the use of the index to measure 

the e f f e c t of factors such as l i f e s t y l e . 

Spontaneous Abortion 

Abortion re f e r s to the spontaneous or therapeutic termination of 

pregnancy before the fetus has attained v i a b i l i t y . The current 

determination of v i a b i l i t y — t h e time at which a fetus i s capable of 

independent extra-uterine l i f e — i s a f e t a l age of 20 weeks corresponding 
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to a f e t a l weight of approximately 400-500 grams. Beyond 20 weeks of 

gestation, spontaneous i n t r a u t e r i n e mortality i s defined as s t i l l b i r t h 

i n most j u r i s d i c t i o n s . 

An annual general abortion rate or r a t i o may be calculated r e l a t i n g 

the number of abortions (or spontaneous abortions, i f data are available) 

to an approximation of the population exposed to the r i s k (midyear 

population of women 15-44 years), to t o t a l l i v e b i r t h s , d e l i v e r i e s , or 

known pregnancies. S p e c i f i c abortion r a t i o s can also be calculated 

f o r selected subgroups of the population over varying time periods. 

For age-specific abortion rates i t i s important to use maternal age at 

time of conception i n order to prevent the d i s t o r t i o n which can occur 

when age at time of abortion i s compared to age at time of l i v e b i r t h 

— t h i s i s s p e c i f i c a l l y relevant to.the teenage population where large 

numbers are involved or where age at conception occurs at the upper 

l i m i t of an age group category (World Health Organization [WHO], 1970). 

With adequate data, weekly or monthly abortion r a t i o s for successive 

periods of gestation can be calculated using l i f e - t a b l e procedures. 

In t h i s case, the sum of the net rates for spontaneous abortions at 

each time period would equal the spontaneous abortion rate per 1,000 

pregnancies for the aggregate of a l l spontaneous abortions or time 

periods. 

Information about the occurrence of spontaneous abortion i n a 

community i s not, however, r e a d i l y a v a i l a b l e . No country reports a 

complete r e g i s t r a t i o n of abortions as part of v i t a l s t a t i s t i c s — a l t h o u g h 

some, including Canada, mandate reporting of a l l induced abortions. An 
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accurate estimate of spontaneous abortion i s d i f f i c u l t since early 

spontaneous abortions are often not recognized by women, or i f detected, 

may not require medical treatment and, thus, would not be reported. 

H o s p i t a l discharge data can provide some incidence data but because 

the proportion of a l l cases of spontaneous abortion that are admitted 

to h o s p i t a l varies between i n s t i t u t i o n s and communities and the cases 

are not always c l e a r l y i d e n t i f i e d , t h i s i s not an accurate means of 

estimating the occurrence of spontaneous abortions i n the population. 

Estimates of the incidence of spontaneous abortion i n the population 

are p r i m a r i l y derived from retrospective surveys although some prospective 

studies have been c a r r i e d out. Confounding v a r i a b l e s that a f f e c t these 

estimates include: previous h i s t o r y of spontaneous abortion and maternal 

age; problems of delayed observation/recording, such as s u b c l i n i c a l 

abortion, induced abortion or delayed menses; and a r t i f i c i a l v a r i a b l e s 

such as r e c a l l bias i n retro s p e c t i v e studies, s e l e c t i o n b i a s , compensation 

for pregnancy l o s s , d e f i n i t i o n a l problems and possibly a recurrence 

a r t i f a c t (Jansen, 1982; Leridon, 1976). 

S p e c i f i c problems associated with studies of spontaneous abortion 

are as follows: problems of observation are a factor i n a l l studies; 

memory a r t i f a c t i s a fac t o r i n a l l r e t r o s p e c t i v e studies; s e l e c t i o n 

bias i s a factor i n studies of pregnant women but not i n studies of 

non-pregnant women. In retrospective studies where pregnancy i s a 

method of recruitment, bias i s minimized by excluding the current 

pregnancy from analysis (Naylor, 1974; Naylor & Warburton, 1979). 
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Prospective studies of pregnant women are often biased by the exclusion 

of early spontaneous abortions not re q u i r i n g medical care and can be 

corrected by using l i f e - t a b l e methodology and excluding spontaneous 

abortions which occur w i t h i n the f i r s t week of entry to a study (Shapiro, 

Levine, & Abramowicz, 1971). Abortion-only sequences w i l l be missed 

when a pregnant sample i s selected, r e s u l t i n g i n some degree of under 

reporting. The c l i n i c s e t t i n g associated with case s e l e c t i o n may lead 

to over or under reporting of spontaneous abortion (WHO, 1970). 

According to embryological (Hertig, 1967; Hertig et a l . , 1959; 

Shepard & Fantal, 1979; Short, 1979) and endocrinological (Bloch, 1978; 

Braunstein.et a l . , 1977; Chartier et a l . , 1979; Rosal, Saxena, & 

Landesman, 1975) studies, the greatest loss of f e r t i l i z e d ova occurs 

p r i o r to implantation and during the week following implantation. 

S u b c l i n i c a l spontaneous abortion i s not included i n abortion s t a t i s t i c s 

but the incidence of s u b c l i n i c a l and c l i n i c a l spontaneous abortion 

combined (less than 20 weeks gestation) i s estimated at 20-24 percent 

for a l l pregnancies and at 10 percent for primigravid women 20-29 years 

of age ( i . e . , optimal reproductive conditions). The a p p l i c a t i o n of 

l i f e — t a b l e methods to prospective studies of spontaneous abortion 

(French & Bierman, 1962; Shapiro, Levine, & Abramowicz, 1971) produces 

a s i m i l a r range of estimates. 

Studies reporting the e f f e c t of a previous spontaneous abortion 

on subsequent abortion incidence show that r e s u l t s vary with sampling 

methods. Where sampling methods selected against the i n c l u s i o n of 

abortion-only sequences, the incidence of abortion a f t e r one, two and 
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three previous abortions was 22.7-23.7 percent, 26.2-28.4 percent, 

and 32.2-33.3 percent, respectively.(Naylor & Warburton, 1979; 

Warburton & Fraser, 1964). In a study of women with a p r i o r h i s t o r y 

of spontaneous abortion, the incidence was reported to be 20.3 percent 

a f t e r one abortion, 44.4 percent a f t e r two, and 58.0 percent a f t e r 

three (Macnaughton, 1964). 

Jansen (1982) has c r i t i c a l l y reviewed the fourteen major abortion 

studies; c l a s s i f i e d the sample populations i n terms of t h e i r being 

pregnant or non-pregnant, with or without known reproductive problems 

( i . e . , i n f e r t i l e , " h a b i t u a l " aborters), whether they were studied 

r e t r o s p e c t i v e l y or prospectively; has i d e n t i f i e d the inherent biases 

of the studies and suggested ways to correct for these biases. Close 

agreement ex i s t s on empi r i c a l l y derived incidences of spontaneous 

abortion i n North American populations, i r r e s p e c t i v e of the method of 

data c o l l e c t i o n , provided that age, previous abortion h i s t o r y , and 

gr a v i d i t y are co n t r o l l e d (Jansen, 1982). The normal incidence of 

c l i n i c a l l y apparent abortion among f i r s t pregnancies i n women under 30 

years i s determined to' be i n the range of 8.3-11.0 percent. The o v e r a l l 

spontaneous abortion incidence for a l l ages was found to be between 

12-15 percent. The cumulative percentage for married women with one 

or more completed pregnancies i s reported to be 25.9 percent (Mosher 

& Pr a t t , 1982). Table 1 reports incidence data derived from the North 

American studies of spontaneous abortion for d i f f e r e n t age groups and 

reproductive h i s t o r i e s . 



TABLE 1 
Number of Currently Married White Women 15-44 Years of Age and Percent Distribution by Number of Reported 

Spontaneous Pregnancy Losses, According to Age, Parity, and Fecundity Status: United States, 1976 

A e arit and Number of No reported 1 or more reported spontaneous pregnancy losses 
§e> P^ r i y» ̂ n women in Total spontaneous fecundity status , .. ... . . . thousands pregnancy loss A l l losses 1 2 3 or more 

Percent distribution 

A l l women 24,795 100.0 78.4 21.6 .15.0 4.1 2.5 
Age 

5,412 100.0 89.0 11.0 9.3 0.9 0.8 
918 100.0 88.9 11.1 9.0 0.1 1.9 

4,493 100.0 89.0 11.0 9.4 1.0 0.6 
10,993 100.0 80.4 19.6 14.1 3.8 1.7 

25-29 years 5,806 100.0 85.0 15.0 11.9 2.2 0.9 
5,187 100.0 75.2 24.8 16.6 5.5 2.6 
8,390 100.0 69.0 31.0 19.8 6.7 4.6 
4,339 100.0 71.2 28.8 19.4 5.2 4.1 
4,051 100.0 66.5 33.5 20.2 8.2 5.0 

Parity 
0 4,874 100.0 89.9 10.1 7.0 1.9 1.2 
1 4,923 100.0 82.5 17.5 12.3 3.0 2.2 
2 6,939 100.0 79.2 20.8 15.5 3.1 2.2 

8,059 100.0 68.2 31.8 21.1 7.0 3.7 
Fecundity Status 

Surgically s t e r i l e : 
4,781 100.0 75.2 24.8 16.4 5.3 3.1 

Noncontraceptive.. 2,404 100.0 61.7 38.3 21.8 10.1 6.4 
Impaired fecundity.. 3,701 100.0 67.6 32.4 18.4 7.6 6.5 

13,909 100.0 85.2 14.8 12.4 1.8 0.5 

Source: Mosher, W. D. & Pratt, W. F. (.1982). 
o 
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Abortion incidence i s proposed to be a s e n s i t i v e and objective 

parameter with which to assess d i s t o r t i o n s i n human reproductive 

physiology. Abortion incidence accompanying a l l but three modes of 

i n f e r t i l i t y treatment are higher than those found i n the baseline 

population, and are not explained simply by heightened c l i n i c a l awareness. 

The increased r i s k may r e s u l t from a residue of incompletely treated 

reproductive abnormality, may be introduced by therapy, or .may be both. 

This proposed use of spontaneous abortion as an i n d i c a t o r of reproductive 

health problems may be equally applicable to assessing the impact of 

the l i f e s t y l e element on reproductive health, as long as data are derived 

from the general rather than the c l i n i c a l population. The methodology 

used i n determining treatment e f f e c t i s reported and evaluated by 

Jansen (1982). Methodology s p e c i f i c a l l y used to examine l i f e s t y l e 

influences on spontaneous abortion i s reported by K l i n e and colleagues 

(Kline et a l . , 1980; Strobino et a l . , 1980; Warburton et a l . , 1980). 

In attempting to determine the data that are important to an index 

of reproductive health and to the assessment of l i f e s t y l e e f f e c t , the 

following issues are considered: Studies which include morphological 

examinations of abortuses report an incidence of abnormalities ranging 

from 30-60 percent,(Poland et a l . , 1981; Warburton et a l . , 1980). 

Abnormalities which lead to i n e v i t a b l e abortion (usually cytogenetic) 

are more l i k e l y to occur i n the early weeks of a pregnancy and can 

represent 80-90 percent of very early abortions. On the other hand, 

the proportion of abortuses without abnormalities seem to be higher 

i n the 12th-18th week of gestation and an excess of normal karyotype 
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f e t a l abortions are purportedly associated with some l i f e s t y l e f a c t o r s . 

Could a rough estimate of cytogenetic involvement be deduced from 

reports of spontaneous abortion by gestational age? Abnormalities can 

also r e s u l t from non-cytogenetic factors a f f e c t i n g development at the 

time of the i n s u l t . Is i t possible to i d e n t i f y these and the factors 

associated with them? 

A d e s c r i p t i v e study of a selected BC population designed to i d e n t i f y 

the embryos and fetuses that spontaneously abort, as normal or abnormal; 

to document the abnormalities; and to c o r r e l a t e these findings with 

factors i n the parental reproductive, contraceptive, medical and genetic 

h i s t o r y has been reported by Poland and colleagues (1981). Although 

the sample may be biased i n favor of high r i s k patients who were 

admitted to h o s p i t a l i n the early stages of threatened abortion, and 

i s a selected rather than representative population, the study provides 

the most comprehensive data a v a i l a b l e for BC. 

The sample included a l l conceptuses spontaneously aborted before 

20 weeks of pregnancy at the Vancouver General H o s p i t a l from 1966-1976 

and t o t a l l e d 2,020 abortuses from 1,961 women. Of these, 1,126 (56 

percent) were embryos (defined as a crown-heel length of <30 mm); 813 

(40 percent) were fetuses (defined as 30-180 mm i n length); 31 (2 percent) 

were hydatiform moles and the remaining 50 could not be categorized. 

Retrospective data r e l a t e d to parental .history and drug use, i n f e c t i o n s , 

disease or trauma during the study pregnancy were obtained from personal 

interview of the mother during the h o s p i t a l period or medical records. 
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Of the 1,939 embryos and fetuses, 1,153 (59 percent) were abnormal. 

The frequency of abnormalities i n embyros was 84 percent and i n fetuses 

was 26 percent. A comparison by the authors of the frequencies of defects 

i n the study fetuses (1966-1976) with those i n terms b i r t h s ( l i v e b i r t h s 

and s t i l l b i r t h s , 1966-1973) recorded i n the Registry of Handicapped 

Children and Adults, BC Department of Health, showed that defects occurred 

i n any given system at l e a s t 10 times more frequently i n the fetus. 

Tissue culture and chromosome analysis became a v a i l a b l e toward 

the end of the study and was completed for 228 embryos and 59 fetuses. 

In t h i s sample abnormal chromosomes were associated with 58 percent 

(.109/188) of emhryos with growth disorganization and 67 percent (16/24) 

of other abnormal embryos; with a smaller proportion of normal embryos 

(.25 percent, 4/16) and abnormal fetuses (22 percent, 4/18) and with 

only 2 percent (1/41) of normal fetuses. Associated chromosomal 

anomalies appear to present an adequate explanation for defective 

development. Ready explanations were not apparent i n cases of normal 

karyotype despite the f a c t that embryos with growth disorganization 

have obviously received a severe i n s u l t at a very early stage of 

development. 

The authors review the d i f f i c u l t y of e s t a b l i s h i n g or i n t e r p r e t i n g 

associations between maternal factors and morphology of the abortus 

given (a) r e c a l l bias, (b) the m u l t i p l i c i t y of factors involved, and 

(c) the common experience of multiple events occurring during the 

c r i t i c a l period. Determining causal associations under these conditions 

requires large numbers complete with d e t a i l e d maternal h i s t o r y and 
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c a r e f u l morphological examination, even with supporting evidence from 

animal or case-control studies. 

To examine the asso c i a t i o n between selected maternal factors and 

conceptus outcome, abortuses were c l a s s i f i e d into 5 groups (normal and 

abnormal embryo, embryo with growth disorganization, normal and abnormal 

fetus) and temporarily c l a s s i f i e d as early (embryos) versus l a t e 

(fetuses) abortions. L i f e s t y l e f a c t o rs with the exception of drug 

use and alcoholism were not examined. 

Results suggest i t i s possible to i d e n t i f y ( i n a general fashion) 

factors of importance to spontaneous abortion through within-group 

di f f e r e n c e s i n the proportion of l a t e to early abortions ( i - e . , ethnic 

groups, blood groups-RH f a c t o r , o b s t e t r i c h i s t o r y c l a s s i f i c a t i o n s ) . 

For example, r e s u l t s reported for o b s t e t r i c h i s t o r y show that women 

who had had no previous pregnancy or no previous successful pregnancy 

had a s i g n i f i c a n t l y increased proportion of early abortions ( s p e c i f i c a l l y 

of embryos with growth di s o r g a n i z a t i o n ) , and women who had had l i v e 

b i r t h s and pregnancy loss (either spontaneous abortion or s t i l l b i r t h ) 

had a s i g n i f i c a n t l y increased proportion of l a t e abortions of normal 

fetuses. Ethnic group v a r i a t i o n i n incidence of both l a t e and early, 

and normal and abnormal abortus, appear s i m i l a r to the s o c i a l class 

v a r i a t i o n s reported by Alberman and colleagues (1976). I t i s not clear 

whether these v a r i a t i o n s are r e a l or due to sample s e l e c t i o n . 

The following i s concluded from t h i s review: Data for the 

spontaneous abortion component of an index of reproductive health 

should include (a) the incidence of c l i n i c a l l y recognized spontaneous 
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abortions by gesta t i o n a l age, categorized as embryos (crown-heel length 

<30 mm) or fetuses (crown-heel length of 30-180 mm); (b) data describing 

p r i o r obstetric/reproductive h i s t o r y ; and (c) other v a r i a b l e s consistent 

with the use of the index as a t o o l for measuring e f f e c t of f a c t o r s , 

such as l i f e s t y l e , on outcome. 

S t i l l b i r t h 

S t i l l b i r t h r e f e r s to an infant born without any sign of l i f e at 

d e l i v e r y and i s distinguished from other i n t r a u t e r i n e mortality, such 

as l a t e f e t a l abortion, by gestational age or i n some cases, birthweight. 

Variations i n the d e f i n i t i o n of s t i l l b i r t h s for v i t a l s t a t i s t i c s 

reporting include r e s t r i c t i n g the d e f i n i t i o n to infants of 20 weeks 

gestation or more, to infants of 28 weeks gestation or more; to infants 

of 500 g or more, or to infants of 1,000 g or more. 

In the 1960s, S t a t i s t i c s Canada revised i t s d e f i n i t i o n to conform 

to recommendations by the World Health Organization that s t i l l b i r t h 

r e f e r to i n t r a u t e r i n e death " a f t e r at l e a s t 20 weeks" g e s t a t i o n — p r i o r 

to t h i s , the d e f i n i t i o n i n use made reference to the 28th week of 

pregnancy. To allow f o r i n t e r n a t i o n a l comparison and "change over 

time" trend analyses, s t i l l b i r t h s are reported for both 20 and 28 weeks 

gestation or more. 

Regi s t r a t i o n of s t i l l b i r t h s i s mandatory i n a l l developed countries 

and the r e s u l t i n g v i t a l s t a t i s t i c s are the primary data source. 

Supplementary data, such as clinico-pathology s e r i e s comparing 

c h a r a c t e r i s t i c s of s t i l l b o r n infants to those of infants dying i n 

the early neonatal period, are occa s i o n a l l y reported i n the l i t e r a t u r e . 
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S t i l l b i r t h r e g i s t r a t i o n data provide a composite of the information 

required f o r l i v e b i r t h and for infant death r e g i s t r a t i o n . Problems 

of measurement concerning c r i t e r i a for cause of death are s i m i l a r to 

those encountered with a l l infant death reports and are discussed i n 

the following section on neonatal m o r t a l i t y . 

A s t i l l b i r t h rate can be determined by r e l a t i n g the annual number 

of f e t a l deaths of a s p e c i f i c period of gestation to the number of 

l i v e b i r t h s plus f e t a l deaths as follows: 

annual number of f e t a l deaths 
of s p e c i f i c period of gestation 

Annual S t i l l b i r t h Rate = • X 1,000 
annual number of l i v e b i r t h s plus 
annual number of f e t a l deaths of 
s p e c i f i c period of gestation 

Both the numerator and denominator are affected i f f e t a l deaths are 

inadequately reported and i f f e t a l age i s misjudged at the 20 week 

boundary between l a t e abortion (which are not required to be registered) 

and s t i l l b i r t h . A s t i l l b i r t h or f e t a l m o r tality r a t i o can be used 

to r e l a t e f e t a l deaths of a stated g e s t a t i o n a l period to l i v e b i r t h s 

alone. 

Questions of i n t e r e s t to t h i s study include: What proportion of 

c l i n i c a l l y recognized pregnancies are reported as s t i l l b i r t h s ? At 

what gestational age and birthweight do s t i l l b i r t h s occur? What factors 

are .associated with s t i l l b i r t h s and do these vary with gestational 

age? What proportion of s t i l l b i r t h s are associated with f e t a l growth 

retardation, b i r t h defects, or p l a c e n t a l pathologies? Are the 

reproductive outcomes of i n d i v i d u a l s with a h i s t o r y of a s t i l l b i r t h 
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d i f f e r e n t from those who have no h i s t o r y of reproductive problems, or 

from those who have a h i s t o r y of l a t e spontaneous abortion or early 

neonatal mortality? Are the l i f e s t y l e c h a r a c t e r i s t i c s associated with 

i n d i v i d u a l s who have experienced a s t i l l b i r t h d i f f e r e n t from those who 

have no h i s t o r y of reproductive problems, or from those who have a 

h i s t o r y of spontaneous abortions or of neonatal mortality? 

A number of these questions can be answered by a v a i l a b l e data. 

In BC the average s t i l l b i r t h rate for the period 1978-1983 was 7.8 

with an annual rate ranging from 7.1-8.8 as seen i n Table 2 below. 

TABLE 2 

T o t a l Number of S t i l l b i r t h s * and Rate per 1,000 Live 
and S t i l l b i r t h s f o r B r i t i s h Columbia, 1978-1983 

Year 
S t i l l b i r t h s L i v e b i r t h s Live & S t i l l b i r t h s 

Year 
No. No. Rate/1,000 

1978 330 37,231 8.8 

1979 298 38,432 7.8 

1980 297 40,104 7.4 

1981 368 41,679 8.8 

1982 309 42,942 7.1 

1983 312 43,047 7.3 

Source: Province of B r i t i s h Columbia, D i v i s i o n of V i t a l S t a t i s t i c s . 

Twenty weeks gestation and over. 
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Table 3 reports percentage of t o t a l s t i l l b i r t h s f o r each of nine 

birthweight categories for 1979-1983. On average over ..the five-year 

period, 70 percent of s t i l l b o r n i n fants weighed less than 2,500 g and 

ha l f of these infants weighed 1,500 g or l e s s . 

TABLE 3 

To t a l Number of S t i l l b i r t h s * and Percent D i s t r i b u t i o n by 
Birthweight Category for B r i t i s h Columbia, 1979-1983 

Birthweight 
Categories 

i n 

D i s t r i b u t i o n of S t i l l b i r t h s by Weight Birthweight 
Categories 

i n 1979 1980 1981 1982 1983 

Grams % % % % % 

<500 15.0 17.2 17.6 17.3 23.0 

501-1,000 20.1 21.8 16.5 17.0 20.4 

1,001-1,500 11.8 11.9 12.8 12.5 10.1 

1,501-2,000 6.7 8.6 9.2 11.5 11.7 

2,001-2,500 10.2 6.6 9.2 6.7 6.3 

2,501-3,000 7.7 11.9 8.9 11.5 11.6 

3,001-3,500 11.2 8.2 12.6 10.3 9.1 

3,501-4,000 7.4 6.6 4.5 7.4 2.5 

>4,001 3.8 2.3 3.3 3.2 2.2 

Unknown 6.1 4.9 5.3 2.6 3.1 

S t i l l b i r t h s % 100.0 100.0 99.9 100.0 100.0 
N 313 303 358 312 318 

Source: Province of B r i t i s h Columbia, D i v i s i o n of V i t a l S t a t i s t i c s . 

Defined as 20 weeks gestation or more. 
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Table 4 represents percentage of t o t a l s t i l l b i r t h s born by category 

of g e s t a t i o n a l age, for 1979-1983. Two peaks con s i s t e n t l y occurred 

around 20-25 weeks gestation and around term (38 weeks and over), each 

representing approximately 30 percent of the t o t a l s t i l l b i r t h s . One-

h a l f to two-thirds of the f e t a l deaths a f t e r 37 weeks were to infants 

weighing 3J500 g and above, which suggests a d i f f e r e n t pathology than i n 

f e t a l death of these very small i n f a n t s . A possible reporting bias was 

observed i n the choice of even- over odd-numbered weeks of gestation and 

numbers reported for the 20th and 40th week of gestation. 

TABLE 4 

Total Number of S t i l l b i r t h s * and Percent D i s t r i b u t i o n 
by Gestational Age for B r i t i s h Columbia, 1979-1983 

Gestational 
Age Groups 

i n 

D i s t r i b u t i o n of S t i l l b i r t h s by Weight Gestational 
Age Groups 

i n 1979 1980 1981 1982 1983 

Weeks % % % % % 

20-25 26.2 33.0 27.4 25.6 33.6 

26-28 12.1 7.6 9.5 10.3 11.0 
29-31 5.8 7.6 7.8 6.4 7.6 
32-34 9.9 8.3 10.9 10.9 9.4 
35-37 11.8 16.5 15.1 11.9 10.4 
38-41 27.5 23.1 25.6 29.8 24.8 
42- 4.8 3.6 3.4 5.1 3.1 
Unknown 1.9 0.3 0.3 - -

S t i l l b i r t h s % 100.00 100.0 100.0 100.0 99.9 
N 313 303 358 312 318 

Source: Province of B r i t i s h Columbia, D i v i s i o n of V i t a l S t a t i s t i c s 

Defined as 20 weeks gestation or more. 
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Of the 224 s t i l l b o r n infants born l a t e r than 24 weeks gestation 

i n BC i n 1983, 72 (32 percent) were growth retarded (defined as -2SD 

or less) when compared to the f e t a l growth standard developed by Usher 

and McLean (1969). 

Review of the s t i l l b i r t h l i t e r a t u r e suggests the following 

information would be appropriate to the s t i l l b i r t h component of a 

reproductive health index: (a) numbers and rate of s t i l l b i r t h s ; (b) 

birthweight by gestational age; (c) the proportion of s t i l l b o r n infants 

affected by growth re t a r d a t i o n (defined by weight for gestational age 

at -2SD or below a designated growth standard, or by weight and crown-

heel length below the 5th or 10th p e r c e n t i l e for gestational age; 

(d) the proportion of s t i l l b o r n infants with b i r t h defects, and the 

type of defect; (e) the proportion and type of major p l a c e n t a l 

pathologies associated with s t i l l b i r t h s ; (f) data describing p r i o r 

obstetric/reproductive h i s t o r y ; and (g) other v a r i a b l e s consistent 

with the use of the index as a t o o l for measuring e f f e c t of f a c t o r s , 

such as l i f e s t y l e , on outcome. With only minor change to the current 

manner of reporting or analyzing s t i l l b i r t h data, information for a l l 

categories except the l a s t , could be a v a i l a b l e for the BC community. 

Infant M o r t a l i t y 

The established v i t a l s t a t i s t i c s system i n developed countries 

provides information on the absolute frequency of deaths within the 

f i r s t year of l i f e and provides the appropriate numerators and 

denominators for comparison of deaths within or between a p a r t i c u l a r 

population, area or time period. 
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The simplest method of making comparisons i s to compute rates. 

The most d i r e c t r e l a t i o n s h i p i s expressed by r e l a t i n g deaths associated 

with pregnancy and b i r t h s to the population exposed to the r i s k of 

death. 

Since infant deaths account for most of the deaths occurring i n 

childhood, mortality rates are also reported for age-specific periods 

wi t h i n t h i s f i r s t year a f t e r b i r t h . Four mutually exclusive rates are 

r o u t i n e l y reported: f e t a l deaths ( s t i l l b i r t h s , as described p r e v i o u s l y ) ; 

early neonatal; l a t e neonatal; and post-neonatal deaths. 

The early neonatal death rate measures the rate of death during 

the f i r s t 7 days of l i f e and i s computed by r e l a t i n g deaths at ages 

under 7 days to l i v e b i r t h s as follows: 

annual number of deaths 
under 7 days of age 

Annual early neonatal = X 1,000 
mo r t a l i t y rate annual number of l i v e 

b i r t h s 

F e t a l and early neonatal deaths are often grouped together and 

the r e s u l t i n g p e r i n a t a l m o r t a l i t y rate measures the r i s k of death 

from the 20th week of gestation to 7 days a f t e r b i r t h and i s computed 

as follows: 

Annual number of f e t a l deaths of 
s p e c i f i c period of gestation 
plus annual number of deaths 
under 7 days of age 

Annual p e r i n a t a l = X 1,000 
mortality rate Annual number of l i v e b i r t h s 

plus annual number of f e t a l 
deaths of s p e c i f i c period of 
gestation 



Beyond the p e r i n a t a l period, the l a t e neonatal m o r t a l i t y rate 

measures the r i s k of death between the age of 7 and 27, days of l i f e 

and the postneonatal mortality rate measures t h i s r i s k from 28 days 

of l i f e to one year of age. Both these rates use the annual number 

of l i v e b i r t h s as a denominator. 

Figure 2 summarizes the age-specific d i v i s i o n s commonly used to 

analyze infant death trends. 

S t i l l b i r t h s F e t a l Deaths 

P e r i n a t a l Deaths 
{ f e t a l period-6 days) 

Ea r l y Neonatal Deaths' 
(0-6 days) 

Late Neonatal Deaths 
(7-27 days) 

Post-neonatal Deaths 
(28-365 days) 

Pos t - p e r i n a t a l 
Deaths 

(7-365 days) 

Neonatal Deaths 
(0-27 days) 

Post-neonatal deaths 
(28-365 days) 

FIGURE 2 

Age-Specific C l a s s i f i c a t i o n s for 
F e t a l and Infant M o r t a l i t y 

S p e c i f i c rates, defined i n terms of one or more c h a r a c t e r i s t i c s 

of the population ( i . e . , cause-of-death), and adjusted ( i . e . , age-

adjusted) rates are frequently used i n de t a i l e d analysis of infant 

deaths. 



The maternal mortality rate measures the r i s k of death from 

d e l i v e r i e s and complications of pregnancy, c h i l d b i r t h and puerperium 

i n the group exposed to r i s k , which should consist of a l l women who 

have been pregnant at some time during the period. However, for lack 

of accurate data, t h i s rate (more accurately termed a r a t i o ) i s usually 

based on the t o t a l number of l i v e b i r t h s and does not account f o r 

multi p l e b i r t h s or f e t a l deaths. The r a t i o , commonly expressed as per 

100,000 b i r t h s , i s computed as follows: 

Annual number of deaths a t t r i b u t e d 
to maternal conditions 

Annual maternal = X 100,000 
mortality rate Annual number of l i v e b i r t h s 

The maternal mortality rate for BC has been reported at the l e v e l 

of 0.1 per 1,000 l i v e b i r t h s each year since 1972. A recent study 

which examined the extent to which v a r i a t i o n s i n the d e f i n i t i o n of 

maternal death a f f e c t the number of deaths reported i n the US na t i o n a l 

s t a t i s t i c s (Smith et a l . , 1984) found the actual incidence of maternal 

mo r t a l i t y i n the US for 1974-1978 to be 20-30 percent higher than 

published s t a t i s t i c s . For 1978, the incidence rate based on study 

r e s u l t s was 12.1 per 100,000 b i r t h s compared to the o f f i c i a l report of 

9.6 per 100,000 b i r t h . The accuracy of the number of maternal deaths 

reported was seen to be affected by (a) whether reporting of pregnancy 

status was required for a death c e r t i f i c a t e ; (b) the coding c r i t e r i a 

used to assign the underlying cause of death; and (c) d e f i n i t i o n s 

regarding which underlying causes of death are considered maternal 

causes. Coding according to ICD-9-CM d e f i n i t i o n s of maternal deaths 
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increased the number by 10 percent above coding according to ICDA-9 

(World Health Organization [WHO]., 1979). 

In general, however, records of mortality as reported by Divisions 

of V i t a l Statistics are more reliable than morbidity records, since 

death is easier to define than illness. Reports of death "from a l l 

causes" are more reliable than disease-specific mortality reports 

since the latter can be subject to change in diagnostic c r i t e r i a . 

Problems encountered in interpreting observed differences in 

mortality rates or ratios are similar to a l l v i t a l s t a t i s t i c s analysis 

and include: incomplete reporting, underregistration, ambiguous or 

overlapping classifications. Valid conclusions about differences 

must be based on comparable data that differs only with regard to 

the attribute(s) purported to be associated with the difference. The 

differences in v i t a l rates and ratios are usually related to social, 

economic, biologic or medical factors, therefore, valid conclusions 

can only stem from data which are descriptive enough to allow proper 

assessment of comparability. Grove and Hetzel (1968) provide an 

excellent review of the analysis and interpretation of v i t a l s t a t i s t i c s 

and in the a r t i c l e state, "imperfections in data and inconsistencies 

between numerator and denominator do not necessarily make a rate useless. 

It i s important that the imperfections be recognized and evaluated 

. . . a l l v i t a l s t a t i s t i c s measures should be used with f u l l knowledge 

of their limitations in respect to the primary interest to be served" 

(p. 17). A recent editorial in the American Journal of Public Health 

(Zemach, 1984) reviewed "what the v i t a l s t a t i s t i c s system can and 
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cannotido." V i t a l records of b i r t h s and deaths are a l e g a l requirement 

and need only state the time and place of a v i t a l s event along with 

enough information to uniquely i d e n t i f y the i n d i v i d u a l who dies or 

i s born. 

The content of b i r t h and death records has expanded f a r beyond 

these l e g a l requirements to support the needs of researchers, 

demographers, and epidemiologists seeking s t a t i s t i c a l information 

and, as such, provides an invaluable resource for assessing population 

health status. But given the l i m i t a t i o n s of the r e g i s t r a t i o n process 

o v e r a l l , most research that goes beyond broad trends or major 

categories must look to a d d i t i o n a l sources of data. 

Af t e r commenting on a report (Smith et a l . , 1984) of the 

underestimation of n a t i o n a l maternal mortality, Zemach (1984) contends 

that "a s i m i l a r issue of how much to expect from the v i t a l records 

system extends to the study of p e r i n a t a l m o r t a l i t y . " She suggests 

that with a t t e n t i o n now focused on the core problems (preterm d e l i v e r y 

and low birthweight) re l a t e d to the small numbers of remaining deaths, 

i t i s perhaps time to reconsider the h i s t o r i c a l categories of the v i t a l 

records system ( i . e . , include f e t a l death reporting with infant deaths; 

l i n k maternal deaths with pregnancy outcome, etc.) and to enhance the 

r o l e of the system as a multipurpose source of health-related data. 

In any attempt to investigate change i n mortality over time and 

to assess what diseases have contributed to change, problems r e l a t e d 

to the categorization of diseases by ICD coding format must be recognized. 

For example, the disease category reported may depend on any one of the 
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following: (a) the thoroughness of the i n v e s t i g a t i o n , (b) the diagnostic 

habits of the patient's physician, (c) the medical knowledge and opinion 

at any given time or place, (d) the ranking of importance between morbid 

anatomy and aetiology-focussed reporting,(,e) the way i n which borderline 

conditions are enumerated between two possible diagnoses, and (f) the 

way i n which nomenclature and c l a s s i f i c a t i o n changes are handled 

following any ICD r e v i s i o n (Davis & Dobbing, 1974 , Zemach, 1 9 8 4 ) . 

Leek (1974) states "the r u l e that analysis of deaths by cause 

should generally be based on categories of the ICD must be questioned 

as f a r as p e r i n a t a l deaths are concerned" (p. 7 0 9 ) . The ICD represents 

a compromise between the anatomical (or h i s t o l o g i c a l ) and a e t i o l o g i c a l 

concepts of diagnosis. Both concepts are accommodated although i n a 

majority of cases preference i s given to anatomical reporting. The 

problem of reporting only the morbid anatomy at death,or aetiology, i s 

greatest for p e r i n a t a l deaths and creates a r t i f i c i a l d i s t i n c t i o n s 

between causes that can be one and the same. For example, a death 

c e r t i f i c a t e may describe an infant's condition at death as immaturity, 

growth retardation, .or b i r t h asphyxia, or may describe the maternal, 

p l a c e n t a l , or cord conditions which may have led to the premature 

labor, growth retardation, or asphyxia, or both. 

Leek (1974) goes on to suggest that "more may be achieved by 

c o l l e c t i n g c l i n i c a l and pathological summaries of representative 

s e r i e s of p e r i n a t a l deaths, or standard forms, and arranging for 

each case to be a l l o c a t e d to one c a r e f u l l y defined a e t i o l o g i c a l and 

(one c a r e f u l l y defined) p a t h o l o g i c a l category by a s i n g l e assessor 
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or team" (p. 709). A e t i o l o g i c a l c l a s s i f i c a t i o n which distinguishes 

between o b s t e t r i c a l causes and environmental causes has proved 

valuable i n i d e n t i f y i n g means for preventing p e r i n a t a l death (Butler 

& Bonham, 1963). 

In general, routine v i t a l s t a t i s t i c s , as currently reported, 

have the advantage of being based on larger numbers than s p e c i a l 

surveys, but the disadvantages of including fewer c l i n i c a l and 

p a t h o l o g i c a l d e t a i l s and being more susceptible to bias by the 

diagnostic discrepancies already noted. Where.disorders are caused 

by a combination of many influences, c l a r i f i c a t i o n of the r e l a t i v e 

a e t i o l o g i c a l importance of the contributing influences i s key to the 

preventive approach and cannot be achieved i n the absence of d e s c r i p t i v e 

reporting and i n v e s t i g a t i o n . 

I t has been w e l l established that the two factors most c l o s e l y 

associated with the death of an infant i n the f i r s t weeks and months 

of l i f e are the g e s t a t i o n a l age and weight of the infant at b i r t h . 

In addition, infants with serious b i r t h defects are at greater r i s k 

of dying. The questions of i n t e r e s t to t h i s study r e l a t e to these 

f a c t o r s , to the v a r i a b l e s that are associated with an i n f a n t being 

born too small or too soon, and to the manner i n which growth retardation 

i s distinguished from birthweight and any differences i n the v a r i a b l e s 

associated with e i t h e r . Further to t h i s , the maternal c h a r a c t e r i s t i c s 

associated with f e t a l death that are of i n t e r e s t r e l a t e to whether 

the reproductive h i s t o r y of a mother whose infant dies i s d i f f e r e n t 
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from those whose in f a n t s do not die and are perceived to be healthy; 

whether the l i f e s t y l e c h a r a c t e r i s t i c s of mothers whose infants die and 

are growth retarded, premature, or malformed are d i f f e r e n t ; and whether 

the l i f e s t y l e of mothers whose infants die are d i f f e r e n t from mothers 

whose infants are a l i v e and healthy or from mothers who experienced 

other reproductive problems. What questions can be answered from the 

current v i t a l records system i n BC? 

Data from the v i t a l s t a t i s t i c s reports c e r t a i n l y confirm the 

ass o c i a t i o n between infant and f e t a l deaths, birthweight and gestational 

age. Table 5 summarized the BC l i v e b i r t h , f e t a l , and neonatal m o r t a l i t y 

s t a t i s t i c s for 1978 and 1983, and Table 6 reports b i r t h w e i g h t - s p e c i f i c 

mortality rates by age at death, f o r the years 1979-1983. Although 

a small gradual decline i n infant m o r tality i s seen over t h i s time 

period, the r i s k of dying remains d i r e c t l y proportionate to an infant's 

weight category at b i r t h . The 5 percent of infants weighing 2,500 g 

or less at b i r t h [LBW] account f o r 60-70 percent of a l l p e r i n a t a l 

deaths and 45-50 percent of infant deaths (RR:17.6) within the f i r s t 

year. Less than 2 percent of a l l b i r t h s are reported i n the 1,500 g 

and under birthweight category [VLBW], yet these infants account f o r 

50-60 percent of p e r i n a t a l deaths and 25-35 percent of a l l i n f a n t 

deaths (RR:40.0) i n BC over these s i x years. One i n 5 VLBW and 1 i n 

10 LBW infants die compared to l e s s than 1 i n 100 infants who weigh-

more than 2,500 g at b i r t h — e v e n i n the l a t e r group, infants i n the 

2,501-3,000 g birthweight category have a mortality incidence which 

i s twice that of heavier = infants (RR:'2.0). 



TABLE 5 
Total Livebirths, Total Population and Birthrate per 1,000 Population; and Total Infant Deaths by Six 
Age-Specific Categories (Fetal, Early Neonatal, Late Neonatal, Perinatal, Neonatal, and Infant) and 

Rate per 1,000 Livebirths (or per 1,000 Live and Stillbirths) in British Columbia, 1978-1983 

Numbers and Rates of Birth, Fetal and Infant Deaths 
Age-Specific 

Mortality Categories 1978 1979 1980 1981 1982 1983 
N Rate N Rate N Rate N Rate N Rate N Rate 

St i l l b i r t h s 
(Fetal Deaths) 330 8.8 298 7.8 297 7.4 368 8.8 309 7.1 312 7.3 
Early Neonatal Deaths 
(0-6 days) 248 6.7 214 5.6 199 5.0 242 5.8 229 5.3 199 4.6 
Perinatal Deaths 
(Stillbirths + 0-6 days) 578 15.4 512 13.2 496 12.3 610 14.5 538 12.4 511 11.8 
Late Neonatal Deaths 
(7-27 days) 44 1.2 44 1.1 48 1.2 29 0.7 37 0.9 20 0.5 
Neonatal Deaths 
(0-27 days) 292 7.8 258 6.7 247 6.2 271 6.5 266 6.2 219 5.1 
Infant Deaths 
(0-365 days) 472 12.6 434 11.3 442 11.0 424 10.2 423 9.9 374 8.7 
Total 

Livebirths 37,231 14.7 38,432 14.9 40,104 15.2 41,679 15.2 42,942 15.4 43,047 15.3 
Total 

Population 2,530,100 2,571,200 2,640,100 2,744,467 2,783,200 2,812 ,900 

Source: Province of British Columbia, Division of Vital Statistics. 



TABLE 6 
Total Number of Livebirths and Infant Deaths: Early Neonatal, Late Neonatal, Post Neonatal, and Infant Death, 

and Rate per 1,000 Livebirths by Birthweight Category i n B r i t i s h Columbia, 1979-1983 

Age Birthweight Categories i n Grams Total 
at tear <500 501-1000 1001-1500 1501-2000 2001-2500 2501-3000 3001-3500 3501-4000 >4001 Unknown Deaths 

Death M Rate M Rate M Rate M Rate M Rate M Rate M Rate M Rate M Rate M Rate N 

1979 944.4 541.0 162.0 40.3 14.0 4.6 0.9 1.1 0.4 8 209 
Early 1980 956.5 440.4 136.8 28.4 16.4 2.6 1.0 1.4 1.3 14 200 
Neonatal 1981 900.0 553.2 118.2 54.4 8.7 3.2 1.3 1.4 0.9 14 241. 
(0-6 days) 1982 1,000.00 550.3 107.3 41.9 9.7 2.0 1.5 1.1 0.9 10 229 

1983 777.8 474.4 117.3 26.1 9.4 3.2 1.4 1.3 0.8 11 197 

1979 _ 49.2 33.5 5.0 3.7 2.3 0.5 0.3 0.4 1 46 
Late 1980 43.5 82.6 31.6 14.2 2.8 1.0 0.8 0.2 0.4 0 48 
Neonatal 1981 - 42.6 4.9 7.1 1.5 0.5 0.2 0.5 - 3 28 
(7-27 days) 1982 - 11.8 4.9 4.7 2.1 1.5 0.4 0.7 0.5 1 37 

1983 - 7.3 10.2 7.1 0.7 0.5 0.1 0.5 0.3 1 21 

1979 55.6 123.0 27.9 12.6 14.0 4.9 3.5 3.3 3.5 1 180 
Post 1980 - 45.9 52.6 21.3 15.7 6.5 4.2 2.5 2.1 8 195 
Neonatal 1981 66.7 35.5 39.4 16.5 8.0 3.0 3.0 2.2 3.9 9 156 
(28-365 days) 1982 - 65.1 - 14.0 12.4 5.1 3.3 2.3 0.9 3 157 

1983 111.1 29.2 40.8 11.8 6.5 4.3 3.1 2.4 2.5 7 156 

1979 1,000.0 713.2 223.4 57.9 31.7 11.8 4.9 4.7 4.3 10 435 
Total Infant 1980 1,000.0 568.9 221.0 63.9 34.9 10.1 6.0 4.1 3.8 22 443 
Death 1981 966.7 631.3 162.5 78.0 18.2 6.7 4.5 4.1 4.8 26 425 
(0-365 days) 1982 1,000.0 627.2 112.2 60.6 24.2 8.6 5.2 4.1 2.3 14 423 (0-365 days) 

1983 888.9 510.9 168.3 45.0 16.6 8.0 4.6 4.2 3.1 19 374 

N N N N N N Total N N N N N N N N N N Births 
1979 19 122 179 397 1,354 5,663 13,988 12,062 4,838 38,644 
1980 22 109 190 422 1,401 5,701 14,380 12,772 5,151 40,170 

Livebirths 1981 30 141 203 423 1,374 5,960 14,791 13,369 5,378 41,679 
1982 17 169 205 429 1,446 5,901 15,504 13,634 5,628 42,942 
1983 18 137 196 422 1,385 5,990 15,350 13,868 5,673 43,047 

Source: Province of B r i t i s h Columbia, Division of V i t a l S t a t i s t i c s . 

o 
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Thirty-three percent of a l l preterm liveborn infants (= <37 weeks 

gestation) are low birthweight, and h a l f of these are very low birthweight. 

Less than 2 percent of liveborn term infants weigh under 2,500 g. 

These proportions increase for f e t a l deaths: 20 percent of s t i l l b o r n 

infants of 38 weeks gestation or more are low birthweight; 85-95 percent 

of preterm s t i l l b i r t h s are low birthweight and 70-85 percent are very 

low birthweight i n BC. 

In addition, the a v a i l a b l e BC data can (and does) confirm other 

w e l l known associations with low birthweight and with infant m o r tality 

— i . e . , a p o s i t i v e a s s o c i a t i o n with younger and older parents, with 

s i n g l e mothers and/or " i l l e g i t i m a t e " b i r t h s , with multiple b i r t h s , 

with f i r s t b i r t h s and with a h i s t o r y of previous pregnancy loss or 

s t i l l b i r t h . A l l information reported in.the r e g i s t r a t i o n of l i v e b i r t h , 

s t i l l b i r t h , and infant deaths (see Appendix) i s a v a i l a b l e for an a l y s i s , 

given the constraints already mentioned. Using these data to determine 

v a r i a b l e - s p e c i f i c m o r tality rates or associations with low birthweight 

help to i d e n t i f y factors which describe high r i s k groups i n the 

population, but the type of information currently reported does not 

help to explain why the p a r t i c u l a r group (e.g., mothers born i n India) 

i s at r i s k or why t h e i r infants are born too small or too soon. 

An excess of low birthweight or mortality may be associated with 

l i f e s t y l e factors such as smoking and poor d i e t ; with poor pregnancy 

gain and low pregravid weight; with p a r t i c u l a r medical and o b s t e t r i c 

problems; etc., but documenting t h i s type of information of p o t e n t i a l 

e t i o l o g i c a l importance i s not required at,present. Without such 
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information, however, community resources cannot be knowledgably 

al l o c a t e d to areas of intervention which could be e f f e c t i v e i n improving 

reproductive and neonatal health. 

An e t i o l o g i c a l perspective could also provide valuable support i n 

assessing "cause of death" data. To recognize cause of death as short 

gestation and low birthweight as reported i n some 15 percent of cases; 

or i n t r a u t e r i n e hypoxia and b i r t h asphyxia, i n about 5 percent of 

cases; or congenital anomalies of major systems, i n 35-50 percent of 

deaths; provides no i n s i g h t into factors which contribute to t h i s 

outcome. Recognizing maternal conditions or p l a c e n t a l , cord or membrane 

conditions as the cause of death, recognizes contributing factors that 

are, i n themselves, the outcome of e a r l i e r problems. Pneumonia was 

amongst the four leading causes of infant death i n 1980 i n BC. Do 

infants die of i n f e c t i o n because of increased exposure or decreased 

resistance? Sudden Infant Death [SID] Syndrome now represents 40-50 

percent of the postnatal deaths i n B C — i s the postnatal growth 

ret a r d a t i o n associated with SIDs unique to the postnatal period or an 

extended p r o f i l e of prenatal growth? We cannot say i f records do not 

include other growth parameters besides birthweight. 

With smaller numbers of deaths and improved technological support 

f o r data analysis, i t seems the appropriate time to suggest a r o l e for 

the v i t a l records system i n enhancing e t i o l o g i c a l research e f f o r t s . 

In t h i s way a data base representative of the t o t a l community could be 

supplemented with a selected population data base assembled from in-depth 

case studies c a r r i e d out by l o c a l health agencies and independent 

researchers. 
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Zemach'.(.1984) concludes her e d i t o r i a l : "The challenge to p u b l i c 

health and other researchers i s to document the types of a p p l i c a t i o n 

that are and are not s u i t a b l e for the v i t a l records system, and to move 

toward the establishment of other supplementary uniform n a t i o n a l data 

sets, instead of posing u n r e a l i s t i c expectations for b i r t h and death 

r e g i s t r a t i o n . " The index of reproductive health proposed i n t h i s thesis 

suggests the type of supplementary data which could provide d i r e c t i o n 

to those planning intervention programs and valuable s t a t i s t i c s for 

in-depth studies. 

The following i s concluded from t h i s review: Data for the i n f a n t 

m o r tality component of a reproductive health index should include (a) 

the incidence of early, l a t e , and postneonatal mortality; (b) birthweight-

s p e c i f i c m o rtality; (c) mortality by birthweight for gestational age; and 

(d) v a r i a b l e s consistent with the use of the index as a t o o l for measuring 

e f f e c t of f a c t o r s , such as maternal weight, weight gain, and l i f e s t y l e 

h a bits, on both birthweight and mortality outcome. 

F e t a l Growth and F e t a l Growth Retardation 

The recognition of f e t a l growth, as measured by birthweight, as 

the most s i g n i f i c a n t predictor of f e t a l and infant m o r t a l i t y , and of 

ges t a t i o n a l age as the most c r i t i c a l determinant of birthweight has 

ensured a legitimate focus on reducing the incidence of low birthweight 

and premature b i r t h i n the population. Studies i n the early 1970s 

demonstrated that infants who weighed les s than 2,500 g at b i r t h , 

regardless of t h e i r gestational age, accounted for over two thirds of 

the infants who died, and for t h i s reason, low birthweight infants 
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(defined as <2,500 g) were singled out as a high r i s k group. Therefore, 

data regarding birthweight, gestational age, and the incidence of low 

birthweight and prematurity (<38 weeks) for the majority of l i v e b i r t h s , 

s t i l l b i r t h s , and neonatal deaths i n the community are r e a d i l y a v a i l a b l e . 

Subsequently, i t has been recognized that the birthweight of some 

infants i s very low r e l a t i v e to the birthweight of other infants of the 

same gesta t i o n a l age and that t h i s represents a f a i l u r e to t h r i v e . 

These small-for-gestational-age [SGA] or growth retarded [IGR] infants 

are shown to have an increased p e r i n a t a l m o r t a l i t y and suboptimal 

postnatal development (Abdul-Karim & Sunderji, 1978; Usher & McLean, 

1974; Walther & Ramaekers, 1982). 

The recognition of growth retardation i s dependent upon a standard 

of normal growth for infants at each gestational age. Most standards 

for f e t a l growth have been based on d e t a i l e d c l i n i c a l studies of 

perceived-to-be healthy mothers and infants but are derived, of necessity, 

from small populations. The accuracy of the p e r c e n t i l e curves, i n 

p a r t i c u l a r the c a l c u l a t i o n of gestational age, i s an important a t t r i b u t e 

of these c l i n i c a l l y derived standards, but t h i s i s o f f s e t by the concern 

that the population, being small, might not be representative of the 

general population. For example, the high geographic e l e v a t i o n and 

low socioeconomic status of the Denver sample (Lubchenco et a l . , 1963), 

which was for many years the most commonly used growth standard, i s 

suggested as part of the reason for i t s now apparent d i f f e r e n c e from 

the majority of comparable standards ( i . e . , 100-300 g lower from 34 

weeks gestation). In a review of various growth standards, U l r i c h 
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(1982) found the le a s t v a r i a t i o n i n mean b i r t h length (about 2 percent, 

generally not exceeding 1 cm i n i n d i v i d u a l g e s t a t i o n a l weeks) and head 

circumference measurements (approximately 3 percent v a r i a t i o n ) , whereas 

differences i n birthweight exceed 10 percent from one curve to another, 

p a r t i c u l a r l y i n the l a t e r weeks. Thus, mean values of length/head 

circumference r a t i o s show general agreement but ponderal index curves, 

the r a t i o of length to weight, are l i k e l y to vary by 4-6 percent. 

Postnatal measurements of b i p a r i e t a l diameter are effected by accommodation 

of the head during d e l i v e r y ( p a r t i c u l a r l y f i r s t boms, and male infants) 

and, thus, i n t r a u t e r i n e ultrasound measures are considered to more 

accurately represent growth a f t e r 36 weeks g e s t a t i o n — f o r example, 

Campbell and Newman (1971) report a growth rate of 1.2 mm/week a f t e r 

36 weeks, whereas postnatal measurements show 1.0 mm/week growth. 

The c h a r a c t e r i s t i c s of the population that should be used i n 

developing growth standards has also been a topic of controversy. 

Should growth standards depict average f e t a l growth i n the population 

or optimal growth i n the sense that the growth p r o f i l e i s associated 

with the lowest r i s k of an infant dying and/or the pregnancies perceived 

to be unaffected by any growth retarding c h a r a c t e r i s t i c s ? Both types 

of growth standards have been developed. The type of standard used, 

the degree to which the standard population i s representative of the 

community and the c r i t e r i a used to assess f e t a l growth retardation 

w i l l determine the way i n which infant health i s described. 

The assessment of inf a n t health based s o l e l y on weight for 

gest a t i o n a l age i s now suggested to be an inadequate measure ( M i l l e r 
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et a l . , 1977; Neligan et a l . , 1976; Ulrich, 1982). This is of particular 

concern when trying to establish the origins and consequences of fetal 

growth retardation. The SGA infants are not a homogeneous group in 

terms of growth dimensions, and their individual prognosis varies 

widely—some infants are proportionately stunted; others are of expected 

length, but wasted; and some exhibit a combination of the two types of 

retardation. It is generally thought that infants with a small ponderal 

index—ponderal index being weight in grams x 100/body length in 

centimetres^ —have probably been growth-retarded over a relatively 

short period of time before delivery. Many SGA infants have appropriate 

ponderal indices, indicating expected weight for length proportions, 

but are symmetrically undergrown—the result, i t i s thought, of prolonged 

growth retardation of early pregnancy origin. Greater severity of 

growth deprivation is associated with a reduction in both head 

circumference and crown-heel length. It seems that infants who are 

both stunted and have a small ponderal index may be the most severely 

growth-retarded since they appear to have suffered a recent insult 

superimposed on prolonged growth retardation. Thus, measures of 

crown-heel length and head circumference (in addition to birthweight 

and gestational age), and an appropriate multi-measure standard of 

normal growth are required to identify and describe different types 

of fetal growth retardation. These data are not available for the 

majority of communities, including BC, and to date have been generated 

by a small number of large scale studies. 



Problems are also seen i n the a v a i l a b l e growth standards for 

premature b i r t h s . Naeye and Dixon C1978) found evidence that most 

f e t a l growth standards based on body measurements of neonates born 

at various gestational ages ( i . e . , c r o s s - s e c t i o n a l data) included 

inaccuracies i n gestational age assessment. Standard deviation [SD] 

from mean b i r t h weight values are r e l a t i v e l y larger i n preterm than 

i n term infants i n a l l of the major growth standards (Babson, Behrman, 

& L e s s e l , 1970; Brenner, Edelmann, & Hendricks, 1976; Gruenwald, 1966; 

Lubchenco et a l . , 1963; Tanner & Thomson, 1970; Usher & McLean, 1974). 

Because v a r i a t i o n s i n f e t a l growth are greatest near term, r e l a t i v e 

values for standard deviations from mean b i r t h weight values should 

progressively increase rather than decrease near term. Five of the 

si x frequently used standards combined measurements from infants who 

died i n the neonatal period with measurements from those who survived. 

Since f e t a l growth values are s i g n i f i c a n t l y larger i n preterm infants 

who survive than i n those who die, Naeye and Dixon (1978) suggest the 

standards are l i k e l y to be influenced by the i n c l u s i o n of data from 

growth-retarded neonates and neonates that were older than t h e i r 

calculated ages. Although the corrected preterm growth standards 

conform to the l o g i c a l (smaller) standard deviations, the authors 

suggest there i s no completely v a l i d method presently a v a i l a b l e to 

determine normal f e t a l growth using measurements from neonates because 

there i s no assurance that prematurely born neonates are normally grown. 

Williams and colleagues (1982) present a case for developing 

growth standards from v i t a l s t a t i s t i c s records i n order to provide 
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accurate information on contemporary patterns of f e t a l growth and 

v i a b i l i t y i n a community. The populations used for c l i n i c a l l y based 

growth standards are too small to allow the development of accurate 

weight- and age-specific v i a b i l i t y standards. Large population-based 

studies can provide more stable m o r t a l i t y rates but t h i s advantage 

may be o f f s e t by q u a l i t y c o n t r o l problems with respect to the c a l c u l a t i o n 

of gestational age and the r e s u l t i n g d i s t o r t i o n of p e r c e n t i l e curves 

( p a r t i c u l a r l y those below 37 weeks gestation). 

Population-based studies have the advantage of being broad based 

and, thereby, more representative; t h e i r large numbers make i t possible 

to c o n t r o l for confounding factors such as sex, race, and b i r t h 

m u l t i p l i c i t y and because they are based on v i t a l records, they can be 

r e p l i c a t e d p e r i o d i c a l l y and economically to r e f l e c t ongoing improvement 

or change i n mortality and birthweights. The C a l i f o r n i a study (Williams 

et a l . , 1982), which developed methodology to minimize q u a l i t y c o n t r o l 

problems, i l l u s t r a t e s the c l i n i c a l support that can be derived from 

the comparison of age-specific p e r i n a t a l , neonatal,.and f e t a l m o r t a l i t y 

rates across selected parameters of i n t e r e s t (e.g., sex, race, multiple 

b i r t h s , f e t a l growth r e t a r d a t i o n ) . 

The a b i l i t y to use the same information as both a f e t a l growth 

standard (which r e f l e c t s average f e t a l growth i n the community) and 

a v i a b i l i t y standard (which r e f l e c t s optimal f e t a l growth for lowest 

mortality i n the community) resolves the problems rel a t e d to the 

exclusive use of e i t h e r average or optimal growth standards and provides 

the opportunity to monitor growth-related improvements i n infant health 
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outcomes. For example, the optimal birthweight-for-gestational age 

combinations for the C a l i f o r n i a population i s presently 500 g heavier 

and 2 weeks longer than the mean birthweight-for-gestational age. 

Thus, a target for improved infant m o r t a l i t y outcome would be to 

increase the mean birthweight for a l l gestational age groups i n t h i s 

community i n addition to the reduction of LBW and preterm b i r t h s . 

Most recently, population studies of f e t a l growth have developed 

optimal standards as a means to examine the impact of maternal, infant 

and health care c h a r a c t e r i s t i c s of pregnancy on f e t a l growth and 

v i a b i l i t y outcomes. An example of t h i s type of study was c a r r i e d out 

i n Odense, Denmark, and reported by U l r i c h (1982). The object of the 

i n v e s t i g a t i o n was to study normal, as f a r as possible optimal, f e t a l 

growth i n a representative population; to r e l a t e a number of maternal 

and pregnancy factors to f e t a l growth i n preterm and term d e l i v e r i e s ; 

and by measurement of several body dimensions, to contribute to the 

d e s c r i p t i o n of v a r i a t i o n s i n the r e l a t i v e growth of body dimensions 

i n normal and growth retarded i n f a n t s . 

Three groups of mothers and i n f a n t s ( a l l singleton b i r t h s ) were 

studied: (a) 358 normally grown newborns of healthy mothers with 

uncomplicated pregnancies, (b) 109 preterm infants delivered p r i o r to 

38 weeks gestation of "moderately" healthy mothers, and (c) 222 preterm 

and 130 low weight mature infants and t h e i r mothers. C r i t e r i a f or 

i n c l u s i o n i n the study was p r i m a r i l y determined by maternal c h a r a c t e r i s t i c s 

for groups one and two, and by infant c h a r a c t e r i s t i c s for group three. 

The study was c a r r i e d out at the Odense University Hospital which 
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covered 97 percent of a l l prenatal c l i n i c care and subsequent d e l i v e r i e s 

i n the municipality for the study period 1972-1974. 

Mothers to be included i n group one were selected prospectively 

from the prenatal c l i n i c records according to the following c r i t e r i a : 

- 17.5 to 35 years at time of d e l i v e r y , 
- menstrual cycles with <6 days v a r i a t i o n , not exceeding 21-35 

days, 
- >3 regular menstrual periods a f t e r discontinuing o r a l 

contraception, 
- date of l a s t menstrual period known, 
- normal gynaecological examination, 
- uncomplicated pregnancy, 
- absence of maternal chronic disease, 
- complications of e a r l i e r pregnancies l i m i t e d to one abortion 

or one premature d e l i v e r y or mild preeclamptic toxemia, 
- smoking habits of <10 cigarettes/day, 

- both parents born i n Denmark. 

Records were checked at each subsequent prenatal v i s i t to ensure 

continued compliance with t h i s c r i t e r i a and at time of d e l i v e r y 

randomization was c a r r i e d out i n term pregnancies. About 30 percent 

of a l l mothers met the above i n c l u s i o n c r i t e r i a and 3 out of 7 (13 

percent of a l l d e l i v e r i e s ) were included i n the study. Preterm i n f a n t s 

of mothers meeting t h i s c r i t e r i a were so few i n number (47/358) that 

these b i r t h s were not randomized and were supplemented by the 109 

infants i n group two (whose mothers met a le s s r e s t r i c t i v e i n c l u s i o n 

c r i t e r i a ) i n order to obtain an adequate study sample. Exclusion 

c r i t e r i a for p o t e n t i a l group one and two i n f a n t s — w h i c h included the 

presence of malformation, serious p l a c e n t a l pathology or c o n t r o v e r s i a l 

g e s t a t i o n a l age (>3 weeks d i s p a r i t y between reported menstrual data 

and c l i n i c a l assessment)—effected 34 i n f a n t s . Group three was composed 

of a l l singleton i n f a n t s , born to mothers l i v i n g i n the municipality, 
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with birthweights less than 2,750 g and/or a ges t a t i o n a l age under 

38 weeks (266 days). For a l l groups, data were c o l l e c t e d prospectively 

from the prenatal through the immediate postpartum period. 

Results from t h i s and s i m i l a r studies emphasize the importance 

of d i s t i n g u i s h i n g between "normal" infant growth, r e s u l t i n g from 

healthy pregnancies, and infant growth patterns associated with l e s s 

optimal prenatal conditions. For example, the fa c t that so few 

healthy mothers give b i r t h prematurely and the f a c t that most f e t a l 

growth curves are c r o s s - s e c t i o n a l curves, means that with decreasing 

g e s t a t i o n a l age such curves represent increasing proportions of 

abnormal, mostly undergrown, i n f a n t s . 

U l r i c h (1982) found the following c h a r a c t e r i s t i c s of "normal" 

growth: a l l body dimensions showed r i s i n g values with advancing 

gest a t i o n a l age (body length and head circumference measures s i m i l a r 

to other f e t a l growth studies, birthweights above a l l but Swedish and 

Norwegian stu d i e s ) ; ponderal index values declined a f t e r week 40 i n 

f i r s t b o r n infants but continued to r i s e i n laterborn infants; laterborn 

infants were larger than f i r s t b o r n s with respect to a l l body dimensions, 

and r a t i o s were s i m i l a r except i n the l a t e s t gestational weeks. A 

p a r t i c u l a r l y i n t e r e s t i n g f i n d i n g , that i s of relevance i n monitoring 

the adequacy of intervention programs, concerns the d i f f e r e n t growth 

patterns seen i n boys and g i r l s of s i m i l a r weight—boys exhibited 

f a s t e r growth i n body length and head circumference and r a t i o s of body 

dimensions were consequently d i f f e r e n t . The r e s u l t s suggest that, 

with normal pregnancies and healthy mothers, g i r l s may a t t a i n an 
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average weight s i m i l a r to that of boys i n f e t a l l i f e , but tend to be 

plump while boys show f a s t e r s k e l e t a l and head growth. 

When f e t a l growth patterns of the normal mature newborn infants 

were examined i n r e l a t i o n to s o c i a l status (upper/lower), maternal 

weight (heavy/light), employment outside the home (home working/outside 

employment), and smoking habits (25 percent smoked under 10 ci g a r e t t e s / 

day versus non-smokers), the following r e s u l t s were reported: infants 

of l i g h t mothers were smaller than infants of heavy mothers except f o r 

head circumference and b i p a r i e t a l diameter; infants of upper and lower 

s o c i a l status were of s i m i l a r s i z e ; smoking reduced average birthweight 

by 145 g; boys and g i r l s showed d i f f e r e n t growth patterns i n the two 

maternal weight groups (infants of l i g h t mothers did not exhibit the 

growth v a r i a t i o n s between sexes as described above); and birthweight 

of f i r s t b o r n infants varied with maternal pregravid weight. With lower 

s o c i a l status, employment, and moderate smoking, a s i g n i f i c a n t weight 

reduction (120 g) was observed i n infants of l i g h t mothers, but not i n 

infants of heavy mothers. The authors state that t h i s marked d i f f e r e n c e 

between the two maternal weight groups, i n the e f f e c t of maternal 

employment, s o c i a l status, and smoking i n pregnancy, indicates an 

i n t e r a c t i o n between maternal c o n s t i t u t i o n and external influence rather 

than a mere summation of adverse f a c t o r s — t h i s i n t e r a c t i o n may, with i n 

the l i m i t s of normal uncomplicated pregnancy, r e s u l t i n newborns who 

are well-fed and others who show signs of undernourishment. In other 

words, one p o t e n t i a l l y adverse factor may produce r e s u l t s varying from 
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a considerable reduction i n birthweight to no measureable e f f e c t 

depending on other circumstances of the pregnancy or c h a r a c t e r i s t i c s 

of the mother. 

In group three infants who were preterm or low-weight mature, 

growth patterns previously described i n normally grown mature infants 

had l a r g e l y disappeared and new growth patterns were evident: f a s t e r 

head growth i n boys compared to g i r l s remained for a l l groups and 

subgroups but fa s t e r l i n e a r growth was no longer observed; premature 

infants were shorter, and had higher ponderal index and smaller heads 

than low-weight mature infants of s i m i l a r weight; both groups of 

infants of smoking mothers had disproportionate retardation of s k e l e t a l 

growth, compared to infants of non-smoking mothers and sex r a t i o was 

lowered; and s p e c i f i c types of p l a c e n t a l complications were associated 

with s p e c i f i c types of f e t a l growth retardation i n both groups of 

i n f a n t s . Based on the r e s u l t s , the authors suggest that male fetuses 

may be more s e n s i t i v e to abnormal immunological and n u t r i t i o n a l f a c t ors 

whereas female fetuses may be more s e n s i t i v e to hypoxia—thus, the 

impact of a given adverse pregnancy factor may vary according to f e t a l 

sex. 

A s i m i l a r but r e t r o s p e c t i v e study of a selected population was 

c a r r i e d out by M i l l e r and M e r r i t t (1979) who developed normal f e t a l 

growth standards from a f i v e year study of over 6,000 consecutive 

b i r t h s at the Kansas Medical Center ( t e r t i a r y care, high r i s k r e f e r r a l 

center), 1973-1978. Head circumference and b i r t h length growth patterns 

compared favorably to the Danish study ( U l r i c h , 1982), but birthweight 



64 

and, thus, ponderal Index dimensions were lower. The purpose of the 

Kansas study was to provide anthropometric data on newborn infants 

free from a l l known growth retarding influences i n utero; to construct 

from these data standards of normal f e t a l growth for comparative use 

i n determining newborn infants with a t y p i c a l f e t a l growth; and to 

describe the causes and consequences of a t y p i c a l growth. 

A unique component of the study was the c r i t e r i a established f or 

i d e n t i f y i n g growth retarding f a c t o r s . Four groups of growth retarding 

factors were outlined: f e t a l f a c t o r s (including i n t r a u t e r i n e i n f e c t i o n , 

chromosomal abnormalities, malformations, multiple b i r t h s ) ; medical 

complications of pregnancy (including hypertension, pre-eclampsia, 

chronic disease, i n f e c t i o n , anemia, medications, abnormalities of the 

placenta); environmental factors (including exposure to toxic substances); 

and maternal behavior (including abnormal low prepregnancy weight for 

height, low pregnancy gain, lack of prenatal care, de l i v e r y before 17 

or a f t e r 35 years of age, smoking, and the use of addicting drugs or 

large quantities of alcohol during pregnancy). The presence of any of 

these factors excluded the mother-infant pair from the "normal" group 

— two out of three f u l l t e r m i n f a n t s and 85 percent of a l l premature 

infants born during the study were so excluded. 

Within the group free of known growth retarding f a c t o r s , pregnancy 

outcome was excellent: l e s s than 2 percent of infants weighed under 

2,500 g and of the 2.4 percent born prematurely, 85 percent weighed 

more than 2,000 g. Within t h i s group, babies born to women i n the 

lowest socioeconomic group were at no greater r i s k of being low birthweight 
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or f e t a l growth retarded than those born to mothers i n the highest 

socioeconomic group. S i m i l a r l y , a mother's age, her m a r i t a l status, 

race or l e v e l of education were not, per se, related to a higher r i s k 

of her baby being born too small or too soon. 

Infants born to mothers with one or more growth retarding behavioral 

conditions were more l i k e l y to be premature, of low birthweight and 

growth retarded by each of the measures used (low ponderal index, 

short-for-dates, and small head circumference)—over h a l f the low 

birthweight infants were born to women with behavioral conditions 

and no other known complications of pregnancy. Both premature and 

f u l l t e r m i nfants with low ponderal index and short-for-dates types 

of growth re t a r d a t i o n were more l i k e l y to be low birthweight i n t h i s 

group compared to the group with no known growth retarding factors 

associated with pregnancy. S p e c i f i c behavioral conditions were 

associated with s p e c i f i c types of f e t a l growth retardation. 

Pregnancy outcome was s i g n i f i c a n t l y Worse i f multiple behavior 

conditions were present. For example, mothers whose only known growth 

retarding factor was low weight gain had a s i g n i f i c a n t l y increased 

proportion of preterm b i r t h s (RR:2.9), short-for-dates growth retardation 

(RR.-1.8) and f u l l - t e r m i nfants who weighed less than 2,500 g (RR:2.8) 

— i f low weight gain and low pregravid weight-for-height occurred 

together, the proportion of preterm and short-for-dates infants was 

s i g n i f i c a n t l y greater than f o r low weight gain alone (RR:12.1 and 4.5 

r e s p e c t i v e l y ) . S i m i l a r l y , increase i n preterm b i r t h s (RR:4.1) and 

short-for-dates growth retardation (RR:3.5) occurred when smoking and 
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low weight gain occurred together. When low weight gain occurred with 

two or more other behavioral r i s k s , the r e l a t i v e r i s k f o r preterm 

b i r t h was 8.8 and for short-for-dates growth retardation was 8.2. 

Mothers with a s i n g l e medical complication had a s i g n i f i c a n t l y 

increased proportion of premature b i r t h and growth retarded f u l l t e r m 

infants ( a l l types) when compared to mothers with no complication or 

adverse behavioral conditions. Many were taking prescribed drugs for 

t h e i r medical conditions. Mothers with s i n g l e o b s t e t r i c a l problems 

had a s i g n i f i c a n t l y increased proportion of premature b i r t h s (50 percent 

were medically induced) and of low ponderal index i n f a n t s — a n d these 

infants were^more l i k e l y to be low birthweight. Infants born to mothers 

with both o b s t e t r i c problems and behavioral conditions were twice as 

l i k e l y to be short-for-dates and three times as- l i k e l y to have a small 

head circumference as those born to mothers with no such problems. 

M i l l e r and M e r r i t t (1979) concluded from the study r e s u l t s that 

i n t r a u t e r i n e growth retardation was notwuncommon and i s generally 

underreported; that i t i s important to d i f f e r e n t i a t e between the two 

main types of f e t a l malgrowth (low ponderal index and short-for-dates) 

since t h e i r pathogenesis are probably d i f f e r e n t and t h e i r prenatal 

and postnatal courses are d e f i n i t e l y d i f f e r e n t . The authors support 

previous proposals that low ponderal index infants have a milder form 

of growth retardation (most exhibited "catch-up" growth within 6 months) 

of l a t e r pregnancy o r i g i n than that of short-for-dates infants—many 

of whom remained growth retarded at the end of t h e i r f i r s t year. 

Short-for-dates growth retardation was most c l o s e l y associated with 
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low weight gain, short maternal stature, and smoking, and the proportion 

was s i g n i f i c a n t l y higher when any of these conditions occurred together. 

F e t a l growth retardation i s , of course, not a disease e n t i t y , but 

the f i n a l r e s u l t of a number of adverse conditions which determine a 

less than optimal growth and/or development and/or nourishment of the 

fetus. With the use of multi-measures of f e t a l growth, these studies 

delineate heterogeneous growth p r o f i l e s i n both the "normal" healthy 

i n f a n t s , those "at r i s k " of dying, and those who demonstrate adverse 

and longterm associations with t h e i r f e t a l growth experience. As w e l l , 

they can describe more p r e c i s e l y the associations between the d i f f e r e n t 

types of f e t a l growth retardation and the numerous va r i a b l e s a f f e c t i n g 

growth. 

In comparison to such studies, there are major gaps i n the currently 

a v a i l a b l e data with respect to assessment of f e t a l growth. Data for 

BC are l i m i t e d to birthweight for gestational age. Of the 2,090 

l i v e b i r t h s born i n BC i n 1983, at 25 weeks gestation or l a t e r and 

weighing 2,500 g or l e s s , 608 (29.1 percent) were growth retarded 

(defined as -2SD) using Usher's and McLean's (1969) f e t a l growth 

standards; and of the approximately 6,000 l i v e b i r t h s weighing 2,501-

3,000 g, 1.8 percent were growth retarded. O v e r a l l , 8.8 percent 

(715/8,080) of infants weighing 3,000 g or l e s s , and born at 25 weeks 

gestation or l a t e r , were growth retarded. Both the Odense and Kansas 

studies found that only 30 percent of t h e i r population could meet 

c r i t e r i a for the development of a "normal" f e t a l growth standard. 
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At present, there i s no way of i d e n t i f y i n g the "normally" grown infants 

i n the BC community. 

The following i s concluded from t h i s review of f e t a l growth 

retar d a t i o n : Data f o r the f e t a l growth component of a reproductive 

health index should include (a) the incidence of d i f f e r e n t types of 

f e t a l growth r e t a r d a t i o n — l o w ponderal index, short-for-dates and 

small head circumference; (b) f e t a l growth r e t a r d a t i o n - s p e c i f i c 

m o r t a l i t y and morbidity incidence rates; (c) variables which w i l l 

enable the development of a population growth standard for normal 

infants born to healthy mothers with uncomplicated pregnancies; and 

(d) variables consistent with the use of the index as a t o o l for 

measuring e f f e c t of fa c t o r s , such as maternal weight, weight gain, 

and l i f e s t y l e habits, on the various dimensions of f e t a l growth. 

B i r t h Defects and Malformations 

The study of b i r t h defects has been characterized by a dichotomy 

between knowledge of many of the fundamental aspects of genetic 

regulation and developmental processes, and l i m i t e d understanding of 

the mechanisms which underlie many of the developmental abnormalities 

that are c l i n i c a l l y recognized. Emphasis has been given to the need 

to delineate s p e c i f i c disorders and develop appropriate diagnostic 

terminology as a basis for c l i n i c a l management and counselling, and 

for the determination of incidence and prevalence between and with i n 

populations, and as a pr e r e q u i s i t e to the study of the mechanisms of 

abnormal development and to the c o l l e c t i o n of epidemiological information. 
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This emphasis i s r e f l e c t e d by the f a c t that i n most developed 

countries annual n a t a l i t y s t a t i s t i c s include incidence data for s p e c i f i c , 

as w e l l as general, categories of b i r t h defects based on the system of 

c l a s s i f i c a t i o n recommended by WHO (1979). There i s often, i n addition, 

an ongoing s u r v e i l l a n c e system established to monitor the occurrence 

and prognosis of b i r t h defects (regardless of when diagnosed) which 

provide accessible supplementary data. 

Although information about b i r t h defect incidence i n a community 

i s u sually r e a d i l y a v a i l a b l e , there are recognized problems i n ensuring 

the data are accurate and complete. The primary data source i s determined 

by the routine c l i n i c a l examination of the newborn and i s susceptible 

to errors of misdiagnosis, inadequate reporting, and the f a i l u r e to 

screen the whole population. The most common problems are r e l a t e d to 

diagnostic d i f f i c u l t i e s which most often r e s u l t i n underreporting. 

Very conservative estimates are derived from h o s p i t a l records and 

b i r t h notices, while more accurate estimates are associated with a 

system of prospective standardized data c o l l e c t i o n which can allow 

for delays i n diagnoses. Results of the Collaborative P e r i n a t a l 

Project (Myrianthopoulos & Chung, 1974) supported e a r l i e r observations 

that less than h a l f of a l l major or minor malformations present at 

b i r t h and diagnosed by age 1-2, were detected at b i r t h . 

To be complete, the incidence of defects and malformations i n a 

community should cover early and l a t e f e t a l deaths as w e l l as l i v e 

b i r t h s — f o r reasons discussed e a r l i e r , t h i s composite p i c t u r e i s not 

generally a v a i l a b l e and reporting becomes progressively le s s complete 
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from l i v e b i r t h s to s t i l l b i r t h s and from l a t e to early f e t a l deaths. 

Estimates are often assumed from the r e s u l t s of large scale studies 

of spontaneous abortion. 

In terms of the a b i l i t y to i n v e s t i g a t e causes and the p o t e n t i a l 

for prevention of b i r t h defects, the manner i n which these defects 

are reported i s of p a r t i c u l a r l y importance. Within the framework of 

established terminology b i r t h defects can be reported according to 

c l a s s i f i c a t i o n systems which emphasize the anatomical c h a r a c t e r i s t i c s 

of the defects, the period of development of the defects, or the 

c l i n i c a l s i g n i f i c a n c e of the defect. This r e s u l t s i n a lack of 

standardization and d e f i n i t i o n of the terms and nomenclature used i n 

the f i e l d and diminishes the comparative value of research and study 

fin d i n g s . 

An example, given by Polani (1978), r e f e r s to anomalies—congenital 

defects can present as "anomalies" or i n other ways such as the presence 

of f o e t a l disease, p e r i n a t a l i l l n e s s , b i r t h trauma, or biochemical 

derangement. Anomalies i n turn can be "malformations" or embryopathies 

i f they are defects o r i g i n a t i n g during the period of organogenesis, or 

"deformations" or foetopathies i f they are defects a r i s i n g a f t e r 

completion of major organogenesis—both represent alternations i n form 

or structure but with very d i f f e r e n t outcomes. The incidence of 

deformities i s higher i n e a r l i e r i n t r a u t e r i n e l i f e (approximately 

one-third of congenital anomalies are musculo-skeletal deformities), 

p e r i n a t a l m o r t a l i t y of infants with malformations i s about 40 percent 

compared to 5 percent with deformations, and i n the l a t t e r , spontaneous 
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recovery or recovery with treatment i s common. Recovery i s rare with 

malformations. Other terminology may be needed to d i s t i n g u i s h s t r u c t u r a l 

abnormalities which are due to delay (or error) of t r a n s i t i o n from 

f o e t a l to postnatal l i f e (e.g., undescended t e s t i s ) or unusual v a r i a t i o n 

i n s t r u c t u r a l s i z e or function. 

" A l l i n a l l , " Polani (1978) concludes, "there are 3 d i f f e r e n t 

methods of c l a s s i f y i n g b i r t h defects. The f i r s t i s based on the 

c l i n i c a l s i g n i f i c a n c e of the defect i n terms of s u r v i v a l , handicap and 

c o r r e c t a b i l i t y . A second method depends on the prenatal time at which 

the defect i s l i k e l y to have arisen. The t h i r d depends on the cause 

of the defect. The simultaneous use of some or a l l of these guidelines 

of c l a s s i f i c a t i o n s may help to c l a r i f y studies on b i r t h defects" (p. 423). 

Smith (1982) recommends a method of c l a s s i f i c a t i o n for patterns 

of malformations which describes infants according to three c l i n i c a l 

sub-categories: deformations; malformations (the consequence of a 

s i n g l e l o c a l i z e d defect i n morphogenesis) which present as an anomaly 

(a s i n g l e defect at b i r t h ) or an anomalad (multiple defects but s t i l l 

r e l a t e d to a s i n g l e l o c i ) ; and malformations syndromes (anomalads 

which are the consequence of multiple defects i n morphogenesis). This 

type of c l a s s i f i c a t i o n i s of benefit to the c l i n i c i a n i n counselling 

since the recurrence r i s k s are f a i r l y consistent for deformities (low) 

and anomalies of a l l kinds (1-5 percent), while for syndromes the r i s k 

v a r i e s according to the s p e c i f i c aetiology of the p a r t i c u l a r syndrome. 

I t also has p o t e n t i a l as a c l a s s i f i c a t i o n system to examine causation, 

i f d i fferences and s i m i l a r i t i e s i n f a ctors associated with anomalies/ 

anomalads as a syndrome. 



When data from the Collaborative Perinatal Project (prospective 

study of 54,452 pregnancies) was re-examined according to this 

classification system (Smith, 1982), 587 of the 1,488 infants with 

malformations were considered to have significant multiple malformations 

(incidence rate, 10.7/1,000 births). Of these, the conditions in 251 

infants (43 percent) could be interpreted as the result of a single 

l o c i producing multiple defects (anomalad); in 143 (24 percent) a 

specific syndrome was identified, caused either by chromosomal 

abnormalities (74 infants, 59 with Down's Syndrome), single gene 

defects (.24 infants) , environmental (34 infants) or unknown factors 

(11 cases); and in 193 infants (33 percent) the pattern of malformation 

could not be readily interpreted. The fact that anomalads as a category 

were responsible for almost half of a l l multiple defect conditions 

underscores the importance of a developmental approach to classification 

which can support epidemiological and aetiological study. 

Classification systems supporting studies of causation and prevention 

must also be designed to help distinguish between the role of genetic 

factors and environmental/lifestyle factors since few diseases or defects 

can be attributed entirely to one or the other, but the contributing 

influence can vary greatly between and within specific conditions. 

Most cases of severe genetic disorders are not familial. Phenomena 

like genetic heterogeneity, where different genes can produce apparently 

identical outcomes; and phenocopies, where environmental factors can 

produce abnormalities in the fetus which resemble known hereditary 
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conditions, cannot be distinguished without s k i l l e d c l i n i c a l i n v e s t i g a t i o n 

(Emery, 1979). 

There are many recognized causes of congenital abnormalities that 

include both environmental/lifestyle factors (e.g., i n f e c t i o n s such as 

r u b e l l a , toxoplasmosis, and cytomegalovirus; drugs such as thalidomide 

and alcohol; exposure to r a d i a t i o n ; maternal disease) and genetic 

factors (e.g., s i n g l e gene defects such as the autosomal recessive form 

of microcephaly; chromosome abnormalities such as the autosomal trisomy 

syndromes). However, the causes of 65-70 percent of developmental 

defects are s t i l l unknown—Childs (1978) reports the proportion of 

defects associated with known causes by categories: 20 percent caused 

by genetic transmission, 3-5 percent of chromosomal o r i g i n , and 6-9 

percent caused p r i m a r i l y by environmental factors ( r a d i a t i o n , <1 percent; 

i n f e c t i o n s , 2-3 percent; maternal metabolic conditions, 1-2 percent; 

2-3 percent). 

Ultimately, i t i s believed that the cause of developmental 

aberrations w i l l be understood i n terms of t h e i r a s s o c i a t i o n with 

abnormal molecular processes (the processes which operate through the 

medium of macromolecules and r e l a t e d substances to control development) 

since both.epigenetic and environmental factors are presumedly mediated 

by molecular events (Epstein, 1978) . Knowledge of normal biochemical 

processes and of t h e i r genetic c o n t r o l has permitted an understanding 

of how a genetic abnormality r e s u l t s i n metabolic abnormalities, and 

of how metabolic processes (the b i o l o g i c a l element of the health f i e l d 
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concept) may be adversely influenced by environmental and l i f e s t y l e 

elements. 

Recent publications underscore the importance of being able to 

document the r e l a t i o n s h i p between environmental and l i f e s t y l e r i s k 

exposure during the preconception period and the o v e r a l l occurrence 

of anomalies ( i . e . , associated with spontaneous abortion, s t i l l b i r t h , 

and l i v e b i r t h ) i n the population (International Commission for Protection 

against Environmental Mutagens and Carcinogens [ICPEMC], 1983; Obe, 

1984; Wynn & Wynn, 1984). 

Questions of i n t e r e s t to th i s study r e l a t e to the t o t a l incidence 

of b i r t h defects i n the community, the proportion associated with 

l i v e b i r t h s and the timing of the i n s u l t ; whether there i s a d i f f e r e n c e 

between the population who abort or do not abort abnormal karyotypes; 

whether the reproductive h i s t o r y of women are d i f f e r e n t i f t h e i r 

pregnancies are/are not associated with b i r t h defects, whether a v a i l a b l e 

data are d e s c r i p t i v e enough to discriminate between the influence of 

environmental/lifestyle element versus the bi o l o g i c / g e n e t i c element on 

abnormal development and i f so, whether there i s an ass o c i a t i o n between 

abnormal f e t a l development and the l i f e s t y l e of women or men. 

B r i t i s h Columbia has established a s u r v e i l l a n c e system i n the 

province which, through a multiple source reporting procedure and an 

extended ascertainment period, enables a reasonably comprehensive 

coverage of the occurrence of b i r t h defects i n the community. For the 

period 1966-1980, the average annual rate among t o t a l b i r t h s for both 
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sexes combined was 47.3 cases per 1,000 (4.73 percent of t o t a l 

b i r t h s ) ; f o r male b i r t h s was 53.1 cases per 1,000 (5.3 percent); 

and for females was 41.2 per 1,000 (4.1 percent). B i r t h defects 

are defined by the ICD-9 codes 740-759. The average rates among 

l i v e b i r t h s are s l i g h t l y lower than among t o t a l b i r t h s (52.5 per 

1,000 male l i v e b i r t h s and 40.1 per 1,000 female l i v e b i r t h s ) due 

to the high rate (125.4 per 1,000) of congenital anomalies reported 

i n s t i l l b i r t h s (Province of B.C., 1981). The s u r v e i l l a n c e system 

has developed the p o t e n t i a l for assessing factors which could 

contribute to the occurrence of b i r t h defects, but lacks comparative 

data from a reference population and standardized assessment measures 

for many of the variables (e.g., l i f e s t y l e f a c t o r s ) . 

Tables 7 and 8 describe the incidence of congenital anomalies 

i n BC for the period 1971-1980 as reported by the D i v i s i o n of V i t a l 

S t a t i s t i c s and the Health Surveillance Registry. 
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TABLE 7 

Tota l Number of L i v e b i r t h s and To t a l Number of Congenital 
Anomalies (ICD 740-759) and Rate per 1,000 L i v e b i r t h s by 
Major Diagnostic Categories and for Male and Female Bir t h s 

i n BC, 1971-1980, as Reported by Year End 1981 

Major Diagnostic 
Categories of 

Reported Congenital Anomalies Major Diagnostic 
Categories of 

Congenital Male Female T o t a l 
Anomalies N N N R 

1. Nervous System 517 461 978 26 .9± 2 .2 
2. Eye 253 246 499 13 .7±1.5 
3. Ear, Face & Neck 382 340 722 19 .9±2.2 
4. Heart & C i r c u l a t o r y 

System 
2,280 2,021 4,301 118 • 3±7.3 

5. Respiratory System 194 157 351 9 .7±3.3 
6. C l e f t Palate & 

C l e f t L ip 
406 299 705 19 .4±2.2 

7. Upper Alimentary 
Tract & Digestive 
System 

1,436 664 2,100 57 • 8±3.8 

8. Genital Organs 2,476 167 2,643 72 .7±6.0 
9. Urinary System 506 418 924 25 • 4±6.4 

10. Musculo-Skeletal 
System 

5,235 3,794 7,029 193 .3±14.3 

11. Integument 404 418 822 22 ,6±6.7 

12. Chromosomal 
Anomalies 

254 251 505 13 , 9 ± 1 . 4 

13. Other & Unspecified 
Congenital Anomalies 

152 139 291 8 .0±1.3 

T o t a l Congenital 
Anomalies i n L i v e b i r t h s 12,495 9,376 21,871 601 .5±20.1 

Number of L i v e b i r t h s 
i n B r i t i s h Columbia 186,703 176,930 363,633 

Source: Province of B r i t i s h Columbia, D i v i s i o n of V i t a l S t a t i s t i c s , 
Health Surveillance Registry Annual Report, 1981. 
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TABLE 8 

Major Diagnostic Categories of Congenital Anomalies 
(ICD 740-759) by Incidence Rate per 10,000 L i v e b i r t h s 
and Proportion of a l l Congenital Anomalies Reported 

i n BC L i v e b i r t h s for the period 1971-1980 

Reported Congenital Anomalies 
Major Categories i n B r i t i s h Columbia 

of Congenital 
Anomalies ICD-9 Rate/10,000 % T o t a l 

Code L i v e b i r t h s Anomalies 

1. Nervous System 740-742 26.9 4.5 
2. Eye 743 13.7 2.3 
3. Ear, Face & Neck 744 19.9 3.3 
4. Heart & C i r c u l a t o r y 

System 
745-747 118.3 19.7 

5. Respiratory System 748 9.7 1.6 
6. C l e f t Palate & 

C l e f t L ip 
749 19.4 3.2 

7. Upper Alimentary 
Tract & Digestive 
System 

750-751 57.8 9.6 

8. Genital Organs 752 72.7 12.1 
9. Urinary System 753 25.4 4.2 

10. Musculo-Skeletal 
System 

754-756 193.3 32.1 

11. Integument 757 22.6 3.8 
12. Chromosomal 

Anomalies 
758 13.9 2.3 

13. Other & Unspecified 
Congenital Anomalies 

759 8.0 1.3 

Source: Province of B r i t i s h Columbia, D i v i s i o n of V i t a l S t a t i s t i c s , 
Health Surveillance Registry Annual Report, 1981. 
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Infant Morbidity (Longterm Growth and Development) 

While infant m o r t a l i t y w i l l always remain of major concern because 

of the human s u f f e r i n g involved and the loss of p r o d u c t i v i t y to the 

community, of equal i f not greater importance i s the impact on the 

i n d i v i d u a l , family, and community of s u r v i v a l accompanied by d i s a b i l i t y 

— t h e more severe the d i s a b i l i t y , the higher the cost i n human and 

economic terms. 

For the most part, morbidity i s now concerned with disorders of 

growth and development, such as those associated with malformations, 

i n t r a u t e r i n e growth retardation, short gestation and neoplasms, rather 

than the acute i n f e c t i o n s of year's past. Many more infants now survive 

major i n s u l t s of p e r i n a t a l o r i g i n and require extra support from medical 

and community services for continued s u r v i v a l and/or to minimize t h e i r 

handicaps. Continuing attention must be directed toward whether 

reductions i n p e r i n a t a l mortality are accompanied by s i m i l a r reductions 

i n morbidity, or since the increased s u r v i v a l rate includes c h i l d r e n 

with b i r t h defects (e.g., Down's Syndrome) and, thus, increases the 

prevalence of these disorders i n the community, whether such increases 

are o f f s e t by the reduction of other preventable disorders. To assess 

the magnitude of these problems and to monitor any change i n t h e i r 

incidence or prevalence i n the community requires good morbidity data. 

Vohr and Hack (1982), i n a review of developmental follow-up of low 

birthweight i n f a n t s , state that very low birthweight (<1,500 g) continues 

to be an important factor i n development of subsequent handicap i n the 
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1980s, with r i s k of sequelae i n v e r s e l y r e l a t e d to birthweight. Short 

term r e s u l t s are often more o p t i m i s t i c than followup of longer duration 

which report an increased incidence of i n t e l l e c t u a l handicap and learning 

d i f f i c u l t i e s even i n infants without major sequelae. The paper outlines 

the p o t e n t i a l r i s k factors to be considered and the type of followup 

schedules and evaluation procedures that are needed to monitor q u a l i t y 

of outcome beyond s u r v i v a l . A systematic infant s u r v e i l l a n c e system 

has not been established i n B r i t i s h Columbia. The Infant Monitoring 

Program of the Calgary Health Services (1984) provides an excellent 

working example of such a system. 

I t i s even more d i f f i c u l t to determine and in t e r p r e t morbidity 

data than many other reproductive health outcomes. For example, the 

d i s t i n c t i o n between health and i l l n e s s i s much less objective than 

between l i f e and death or birthweight categories; diagnostic standards 

vary much more for non-fatal compared to f a t a l i l l n e s s e s since pathological 

changes are les s extreme i n the former and les s e a s i l y confirmed; and 

morbidty i s more d i f f i c u l t to summarize since i t has d i f f e r e n t lengths 

of duration, can occur more than once to the same i n d i v i d u a l and can 

take many forms (Leek, 1974). 

One method of obtaining morbidity data i s through the use of health 

s e r v i c e contacts such as h o s p i t a l discharge by cause reports. These 

data measure the frequency of an event in^the population but because 

the same i n d i v i d u a l may be admitted more than once during the study 

period, they may require a supplementary survey to determine the 

frequency and duration of h o s p i t a l i z a t i o n , and type of health problem 
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experienced by a p a r t i c u l a r group of i n d i v i d u a l s . Prevalence or bed 

occupancy rates are more us e f u l than incidence or discharge rates i n 

determining the burden of the i l l n e s s e s on the health care services. 

The i l l n e s s incidence, however, i s the more important i n studying 

causal associations, or i n assessing the e f f e c t s of intervention. 

H o s p i t a l data are always biased i n favor of what i s currently a v a i l a b l e 

i n terms of type and numbers of beds. Given the appropriate reporting 

system, a s i m i l a r method for determining frequency of physician contact 

(.other than f o r routine checkup), of need for p r e s c r i p t i o n drugs, and/or 

the use of s p e c i a l community services ( i . e . , i n fant development program) 

might be used to measure morbidity by determining the s i z e of the 

" a f f e c t e d " group. 

A second method of obtaining morbidity data i s by screening whole 

populations through routine or s p e c i a l surveys. Routine screening i s 

c a r r i e d out i n most communities at b i r t h , at the beginning and end of 

school l i f e and often screening of i n t e l l e c t u a l a b i l i t y i s c a r r i e d out 

some time during school years—some countries have i n s t i t u t e d routine 

preschool screening. Data from routine screening are usually l i m i t e d 

to q u a n t i t a t i v e variables such as weight, height, i n t e l l i g e n c e quotient, 

and the determination of l a s t i n g d i s a b i l i t i e s such as malformations 

and impaired hearing or v i s i o n . The main advantage of screening data 

i s that knowledge i s gained about the e n t i r e population and the 

proportion and d i s t r i b u t i o n of disorders within i t . The reason for 

routine screening i s generally to detect unrecognized health problems 

at an opportune time for preventive treatment. Screening, as w e l l as 
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health service contacts, can be biased by misdiagnoses, by inadequate 

reporting and by some i n d i v i d u a l s being excluded. 

Special surveys of p a r t i c u l a r types of morbidity are l i k e l y to be 

either c r o s s - s e c t i o n a l (retrospective or case-history) or l o n g i t u d i n a l 

(prospective or cohort) studies. Problems associated with these 

surveys include inadequate reporting by parents of the study c h i l d r e n 

and inadequate followup of the survey population i f f a m i l i e s move or 

are unwilling to p a r t i c i p a t e . 

With p a r t i c u l a r reference to morbidity of c h i l d r e n of low birthweight 

or preterm b i r t h , and the measurement of the frequency of rela t e d 

problems i n l a t e r years, Leek (1974) i d e n t i f i e s three areas of bias: 

(a) sources of inaccuracy of the measurement recorded ( i . e . , s i n g l e 

measures, rounding-off); (b) the heterogeneity of the conditions which 

an abnormal measurement may r e f l e c t ; and (c) the a r t i f i c i a l i t y of 

c l a s s i f y i n g i n d i v i d u a l s i n t o normal and abnormal on the basis of a 

fix e d threshold. 

Murphy, Nichter, and Liden (1982) review a number of d i f f e r e n t 

methodological issues i n infant development outcome studies. Factors 

which make t h i s type of research d i f f i c u l t include: l i m i t e d knowledge 

of "normal" human development; the lack of d i s t i n c t i o n between delayed 

development, s p e c i f i c developmental disorders and fun c t i o n a l d e f i c i t s ; 

the problem i n separating transient from longterm outcomes; and the 

changing nature of the hi g h - r i s k population over the past 20 years. 

The f i n a l set of problems involve q u a l i t y of assessment i n terms of 
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the s t a b i l i t y of developmental examinations, the comprehensiveness of 

assessment b a t t e r i e s , and s e r i a l observations of the child r e n . 

With the many inherent problems of l o n g i t u d i n a l and developmental 

studies, i t i s not s u r p r i s i n g that very few s p e c i a l surveys are c a r r i e d 

out and even fewer provide s o l i d evidence of longterm p e r i n a t a l e f f e c t s 

except at the extremes. 

An exceptional study chosen f o r review i n t h i s section was reported 

by Neligan and colleagues (1976) and i s important because the r e s u l t s 

can be generalized to other populations and because the infants studied 

were of moderate rather than high r i s k . The r e s u l t s are, therefore, 

applicable to the large number of infants who are low weight or preterm. 

Neligan and colleagues o u t l i n e the s p e c i a l features which characterize 

the study: 

1. The population studied was selected s p e c i f i c a l l y for the purpose 

of comparing a group of ch i l d r e n who had been born too soon and a group 

who had been born too small, both with each other and with a s u i t a b l e 

comparison group, i n terms of many aspects of t h e i r l a t e r performance 

during school years. The groups represented the two abnormalities of 

in t r a u t e r i n e growth which account for low birthweight and which present 

c l i n i c i a n s with d i f f e r e n t p r a c t i c a l problems. 

2. The two abnormal groups and the comparison group were selected 

from a l a r g e r , geographically defined population f or whom standardized 

o b s t e t r i c , p a e d i a t r i c , and s o c i a l data were a v a i l a b l e through the 

Newcastle Survey of Child Development (Neligan, Prudham, & Steiner, 

1974). The s e l e c t i o n was, therefore, free of the biases due to medical, 
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s o c i a l or personal factors which so often prevent gener a l i z a t i o n of 

study r e s u l t s . 

3. The methods of assessment were s u f f i c i e n t l y s o phisticated, 

comprehensive, and s p e c i f i c to detect very minor differences between 

i n d i v i d u a l c h i l d r e n over a very wide range of measures of performance, 

and care was taken so that r e s u l t s could be quantified i n terms of 

continuous v a r i a b l e s . 

4. The methods of s t a t i s t i c a l analysis enabled i d e n t i f i c a t i o n of 

the s p e c i f i c and independent e f f e c t s of the two abnormalities of 

i n t r a u t e r i n e growth, a f t e r allowing for a large number of associated 

and p o t e n t i a l l y confounding f a c t o r s , and to compare the magnitude of 

the e f f e c t s of these f a c t o r s . 

The study population consisted of a randomly selected comparison 

group of 187 f i v e year old c h i l d r e n from amongst one year of b i r t h s of 

the Newcastle Survey group; 141 c h i l d r e n whose birthweight was below 

the 10th p e r c e n t i l e for g e s t a t i o n a l age which were separated into two 

groups—birthweight between the 5th and 10th percentiles and birthweight 

on or below the 5th p e r c e n t i l e (n = 74); and 59 c h i l d r e n who were born 

at less than 37 weeks gestation. The groups were studied at 5, 6, and 

7 years of age using a wide range of s p e c i f i c psychometric, behavioral 

and temperamental, neurological and p h y s i c a l growth assessments against 

a known background of b i o l o g i c a l and s o c i a l v a r i a b l e s . After c a r e f u l 

analysis of the r e s u l t s , the authors came to the following conclusions: 

1. Both the short-gestation and the very l i g h t - f o r - d a t e s groups 
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of c h i l d r e n performed s i g n i f i c a n t l y l e s s w e l l than those i n the random 

sample over the whole range of measures of performance at ages 5, 6, 

and 7 years. This conclusion was not altered by the e f f e c t s of 15 

associated f a c t o r s . 

2. The suggestion that prenatal impairment of growth may be 

d i r e c t l y responsible for the l a t e r impairment of performance i s strongly 

supported by the f i n d i n g s — t h e scores from the rather l i g h t - f o r - d a t e s 

group (mean birthweight of 2,701 g) were almost always intermediate 

between those of the very l i g h t - f o r - d a t e s (mean birthweight 2,397 g) 

and the random controls for both o v e r - a l l scores and i n d i v i d u a l subtests. 

Birthweight made an important contribution to the o v e r - a l l performance 

scores of the ch i l d r e n w i t h i n a l l groups in c l u d i n g the random sample 

and short-gestation groups. 

3. The o v e r - a l l performance of the c h i l d r e n i n the very l i g h t -

for-dates group i s s i g n i f i c a n t l y worse than the short-gestation group. 

In the study population, impairment of the net rate of i n t r a u t e r i n e 

growth had a d i r e c t adverse e f f e c t upon the l a t e r performance of the 

ch i l d r e n which was greater than the e f f e c t of a comparable degree of 

shortening of i t s duration. 

4. The e f f e c t s of some of the associated factors (e.g., s o c i a l 

c l a s s , mother's care, mother's expectations) which were investigated 

appear to be of much greater magnitude than those of the v a r i a b l e s i n 

i n t r a u t e r i n e growth and t h e i r r e l a t i v e importance tends to d i f f e r i n 

the d i f f e r e n t groups. 
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5. The impaired performance of the c h i l d r e n i n the two extreme 

abnormal groups p e r s i s t s with very l i t t l e modification a f t e r the 

e f f e c t s of s i x b i o l o g i c a l , c l i n i c a l , and environmental associated 

factors have been allowed f o r . 

6. The associated factors grouped under the heading of "family 

f a c t o r s " ( i n p a r t i c u l a r , s o c i a l c l a s s and mother's care of child) were 

of overriding importance i n the random sample and very l i g h t - f o r - d a t e s 

group: b i o l o g i c a l and c l i n i c a l factors combine to produce e f f e c t s of 

almost equal importance i n the short gestation group. 

Due to the c a r e f u l design and implementation of t h i s study, 

Neligan and colleagues have provided sound evidence that both c h i l d r e n 

who are born too soon and those who are born too small show some 

impairment of performance when they reach school age—those born too 

small are at a greater disadvantage and seem les s l i k e l y to benefit 

from recent advances i n p a e d i a t r i c care, whereas those born too soon 

seem able to b e n e f i t from adequate n u t r i t i o n and care i n the postnatal 

period. The adverse e f f e c t s a t t r i b u t a b l e to the two disorders of 

i n t r a u t e r i n e growth (representing 10 percent of the t o t a l study 

population) cover a wide range of measures of performance and are of 

a s i m i l a r pattern i n both groups. These groups seem p a r t i c u l a r l y 

vulnerable to other b i o l o g i c a l , c l i n i c a l , and s o c i a l factors which 

may also have adverse e f f e c t s . 

This study re i n f o r c e s the need for an index of reproductive health 

that w i l l i d e n t i f y the proportion of infants at r i s k for longterm 

developmental impairment; that w i l l provide a t o o l to measure the 
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e f f e c t of factors on f e t a l growth and ultimately help to determine 

intervention s t r a t e g i e s which can reduce the preventable portion of 

f e t a l growth complications. 

Summary 

In summary, th i s chapter has reviewed the key outcome measures 

of reproductive and infant health; the problems of accurate measurement; 

the outcome data a v a i l a b l e f o r B r i t i s h Columbia; and the type of data 

required f o r the development of an o v e r a l l index of reproductive health 

which would r e f l e c t the as s o c i a t i o n between the d i f f e r e n t outcomes i n 

the community and provide support for s u r v e i l l a n c e and intervention 

s t r a t e g i e s . This information w i l l be further summarized i n chapters 

four and f i v e . 
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CHAPTER I I I : THE EFFECT OF LIFESTYLE ON 

REPRODUCTIVE HEALTH 

Chapter two began with the p r o p o s i t i o n that the extent to which 

a population encounters problems producing healthy, l i v i n g infants 

i s influenced to varying degrees by each of the four elements of the 

health f i e l d concept—human biology, environment, health care 

organization, and l i f e s t y l e . The chapter then reviewed the outcome 

measures which are used to document the reproductive c a s u a l t i e s 

occurring i n a population, the problems associated with t h i s 

documentation, and whether the a v a i l a b l e information was comprehensive 

enough to allow for the assessment of the impact of the l i f e s t y l e 

element on these outcomes. 

This chapter examines the extent to which these outcome measures 

might be affected by l i f e s t y l e . The purpose of the chapter i s to 

review the evidence that l i f e s t y l e factors do a f f e c t reproductive 

outcome and to examine what proportion and to what degree might the 

population be affected. Where data are a v a i l a b l e , the prevalence 

of these l i f e s t y l e factors i n the BC population of childbearing 

years w i l l be reported. 

The focus of the review w i l l be to determine what type of an 

e f f e c t , i f any, a l i f e s t y l e f a ctor has on reproductive outcome—i.e., 

whether there i s a growth retarding influence and i f t h i s i s associated 

with increased mortality and/or morbidity; whether there i s an 

associated teratogenic, mutagenic, abortifacent, or f e t o t o x i c influence; 
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whether the e f f e c t v aries with early or l a t e pregnancy exposure; and 

whether the impact can be measured across a l l the reproductive outcome 

measures or only a s e l e c t number. In the next chapter, the issue of 

"cause and e f f e c t " w i l l be examined i n d e t a i l . 

Only the l i t e r a t u r e concerning the e f f e c t of smoking (tobacco and 

cannabis), n u t r i t i o n and d i e t , and alcohol on reproductive health w i l l 

be reported i n t h i s study. An equally s u b s t a n t i a l set of l i t e r a t u r e 

on the r e l a t i o n s h i p between reproductive health outcomes and exposure 

to drugs, chemicals and other toxins, and to p h y s i c a l and psychological 

stress could have been reviewed. Given l i m i t a t i o n s of space, i t was 

decided that a comprehensive assessment of a representative group of 

l i f e s t y l e factors was preferable to a less comprehensive review of a l l . 

For the same reason, a representative set of studies for each of the 

three l i f e s t y l e factors and seven reproductive outcome measures were 

selected for d i s c u s s i o n — t h e s e h i g h l i g h t human population studies with 

reference to associated animal, metabolic, and c e l l culture studies. 

Smoking and Reproductive Health 

I t i s about 50 years since c l i n i c i a n s f i r s t warned of the detrimental 

e f f e c t s of smoking on reproductive health. Human and animal research 

linked maternal exposure to tobacco with increased s t i l l b i r t h and 

decreased birthweight (Bernard, 1948; Essenberg, Schwind, & Patras, 

1940; Schoeneck, 1941; Sontag & Wallace, 1935). 

Over the past 40 years, an extraordinary amount of research has 

been conducted i n the area. Comprehensive l i t e r a t u r e reviews have 
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been published (Abel, 1980; Landesman-Dwyer & Emanuel, 1979; S i d l e , 

1982; US Publ i c Health Service, 1972, 1980; Wynn & Wynn, 1981) which 

provide structure to the assessment of the strength of asso c i a t i o n 

between smoking and reproductive health, mechanisms of action, and 

int e r a c t i o n s with other l i f e s t y l e and demographic r i s k factor v a r i a b l e s . 

One of the most recent and comprehensive reports on the health 

consequences of smoking during.the reproductive period, based on a 

c r i t i c a l review of the l i t e r a t u r e by basic s c i e n t i s t s and c l i n i c i a n s , 

was published as a report of the US Surgeon General i n 1979 (US Publ i c 

Health Service, 1980). This report summarized the evidence of the 

adverse e f f e c t of smoking on reproductive outcome measures i n the 

following way: 

A. The e f f e c t on f e t a l growth. Babies born to women who smoke 

during pregnancy are, on the average, 200 g l i g h t e r than babies born 

to comparable nonsmoking women. There i s a dose-response r e l a t i o n s h i p 

between maternal smoking and reduced birthweight: the more the woman 

smokes during pregnancy, the greater the reduction i n birthweight. I f 

a woman gives up smoking early during pregnancy, her r i s k of d e l i v e r i n g 

a low birthweight baby approaches that of a nonsmoker. The pattern of 

f e t a l growth re t a r d a t i o n that occurs with maternal smoking i s a decrease 

i n a l l parameters in c l u d i n g body length, chest circumference, and head 

circumference. 

The r e l a t i o n s h i p between maternal smoking and reduced birthweight 

i s independent of a l l other factors that influence birthweight including 
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race, p a r i t y , maternal s i z e , socioeconomic status, and sex of c h i l d ; 

i t i s also independent of ge s t a t i o n a l age. Maternal smoking during 

pregnancy exerts a d i r e c t growth-retarding e f f e c t on the fetus which 

does not appear to be mediated by reduced maternal appetite, eating, 

or weight gain. 

The r a t i o of pl a c e n t a l weight to birthweight increases with 

increasing l e v e l s of maternal smoking, r e f l e c t i n g a considerable 

decrease i n mean birthweight and a s l i g h t increase i n mean pl a c e n t a l 

mass; t h i s may represent an adaptation to r e l a t i v e f e t a l hypoxia. 

B. The e f f e c t on f e t a l / i n f a n t m o r t a l i t y and morbidity. The r i s k 

of spontaneous abortion, f e t a l death, and neonatal death increases 

d i r e c t l y with increasing l e v e l s of maternal smoking during pregnancy; 

i n t e r a c t i o n of maternal smoking with other factors which increase 

p e r i n a t a l m o rtality may r e s u l t i n an even greater r i s k . Excess deaths 

of smokers' infants are found mainly i n the coded cause categories of 

"unknown" and "anoxia" f o r f e t a l deaths, and the categories of 

"prematurity alone" (defined by birthweight) and "r e s p i r a t o r y d i f f i c u l t y " 

for neonatal deaths; suggesting that the excess deaths are due to 

problems of the pregnancy, rather than to abnormalities of the fetus 

or neonate. 

Although there i s l i t t l e e f f e c t of maternal smoking on mean length 

of gestation, the proportion of f e t a l deaths and l i v e b i r t h s that occur 

before term increases d i r e c t l y with maternal smoking l e v e l . Up to 14 

percent of a l l preterm d e l i v e r i e s i n the US may be a t t r i b u t a b l e to 

ma t er nal smoking. 
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Increasing l e v e l s of maternal smoking r e s u l t i n a highly s i g n i f i c a n t 

increase i n the r i s k of abruptio placentae, placenta previa, bleeding 

early or l a t e i n pregnancy, premature and prolonged rupture of membrances, 

and preterm d e l i v e r y — a l l of which carry high r i s k s of p e r i n t a l l o s s . 

Maternal smoking during pregnancy may adversely a f f e c t the c h i l d ' s 

long-term growth, i n t e l l e c t u a l development, and behavioral c h a r a c t e r i s t i c s . 

An i n f a n t ' s r i s k of developing the "sudden infant death syndrome" i s 

increased by maternal smoking during pregnancy. Infants and c h i l d r e n 

born to smoking mothers may experience more long-term morbidity than 

those born to nonsmoking mothers; however, studies usually cannot 

d i s t i n g u i s h between the e f f e c t s of smoking during pregnancy and the 

e f f e c t s of the infant's or c h i l d ' s passive exposure to c i g a r e t t e smoke 

af t e r b i r t h . 

C. E f f e c t on b i r t h defects. There are i n s u f f i c i e n t data to 

determine whether maternal and/or paternal c i g a r e t t e smoking increases 

the r i s k of congenital malformations. 

D. E f f e c t on other reproductive outcome measures. Studies i n 

women and men suggest that c i g a r e t t e smoking may impair f e r t i l i t y . 

While i t may be f a i r to assume that t h i s i s an appropriate 

representation of the evidence to 1979, t h i s report, along with most 

other reviews of the l i t e r a t u r e i n t h i s f i e l d , does not provide a 

review of the design, implementation, and s t a t i s t i c a l analysis of the 

referenced studies and, thereby, does not allow the reader to weigh 

the evidence provided. Since evidence from large, prospective cohort 
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studies with c a r e f u l l y documented l e v e l s of exposure would provide the 

most convincing r e s u l t s , a selected review of these studies i s reported. 

Smoking i n pregnancy has a dual e f f e c t on the mother and f e t u s — i t 

i s d i f f i c u l t to evaluate the e f f e c t of smoking on the fetus, and equally 

as d i f f i c u l t to evaluate the e f f e c t of smoking on the mother and her 

reproductive c a p a b i l i t y . Butler (1975),in an address to the Third 

World Conference on Smoking and Health, summarized these d i f f i c u l t i e s 

w e l l . He stated: 

F i r s t , i n the majority of studies, smoking habits i n pregnancy 
were inquired about a f t e r d e l i v e r y and were, therefore, subject 
to f a l a c i e s of memory. Second, smoking i s not a constant 
phenomenon, as women may begin to smoke or give up smoking 
during pregnancy, and there may be frequent changes i n the number 
of c i g a r e t t e s smoked. Third, there are differences i n degree 
of i n h a l a t i o n and i n type of tobacco smoked. Fourth and perhaps 
most important, d i f f e r e n t types of women have d i f f e r e n t smoking 
habits. Smoking habits w i l l d i f f e r with s o c i a l background, 
p a r i t y and even with the height of the mother. Some o b s t e t r i c 
conditions may occur more often i n women who smoke than i n women 
who don't smoke. The changing components of smoking and also 
the e f f e c t of other s o c i o b i o l o g i c a l influences may completely 
obscure the pattern and e f f e c t s . Special techniques of analysis 
and s t a t i s t i c a l treatment can be used to exclude the e f f e c t s of 
other v a r i a b l e s which could a f f e c t birthweight, p e r i n a t a l 
m o r t a l i t y or even c h i l d development, where these data are 
a v a i l a b l e . I t has also been d i f f i c u l t to c o r r e l a t e the c l i n i c a l 
s i t u a t i o n with experimental fi n d i n g s . A great deal of work has 
been done with animals . . . but i t must be remembered that the 
experimental animal i s not the same as a pregnant human female, 
(pp. 43-44) 

F e r t i l i t y 

Many studies suggest that smoking exerts an adverse e f f e c t on 

f e r t i l i t y for both women and men (US P u b l i c Health Service, 1980). 

There are many ways that f e r t i l i t y can be affected and, i n the case 

of smoking, the following associations have been reported: a reduction 
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i n years of f e r t i l i t y for women through early onset of menopause; a 

reduction i n l e v e l of f e r t i l i t y through impaired spermatogenesis i n 

men and increased prevalence of menstrual disorder i n women, and a 

delayed return of f e r t i l i t y a f t e r discontinuation of contraception. 

Two studies are selected to examine the asso c i a t i o n between 

smoking and early onset of menopause. W i l l e t t and colleagues (1983) 

prospectively evaluated the experience of 66,663 female registered 

US nurses who were pre-menopausal i n 1976 and the 5,004 women who 

became post-menopausal over the following two years. Data were 

c o l l e c t e d by mail questionnaire. Of the 121,964 o r i g i n a l study 

p a r t i c i p a n t s , 78,678 were pre-menopausal and received a questionnaire 

two years l a t e r . Of th i s group, 89 percent (69,906) responded, 2,887 

were post-menopausal f o r s u r g i c a l or therapeutic reasons, 356 did not 

report menopausal status, leaving a sample s i z e of 66,663 women. 

Analysis was ca r r i e d out according to four age groups, three smoking 

c l a s s i f i c a t i o n s and four l e v e l s of smoking, two "weight f o r height" 

c l a s s i f i c a t i o n s and f i v e q u i n t i l e s of r e l a t i v e weight. Within sample 

followup suggested accurate reporting of menopausal and r e l a t i v e 

weight status. Thirty-one percent of the sample were ..current smokers 

which i s s i m i l a r to the estimate of 32 percent as the prevalence of 

regular c i g a r e t t e smoking among US women i n 1976 (US, Department of 

Health Education & Welfare, 1977). 

Independent e f f e c t s of current smoking, number of cigaret t e s smoked 

d a i l y , r e l a t i v e weight and n u l l i p a r i t y were confirmed by multiple 
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log i s t i c regression analysis. The rate ratios of menopause for current 

smokers versus never smokers (95 percent confidence limits) 1.90 (1.10-

3.28) for women between 30-39 years, 2.16 (1.73-2.69) for 40-44 year 

olds, 1.53 (.1.41-1.67) for those aged 45-49 and 1.20 (1.12-1.28) for 

women aged 50-55 years. Median ages at menopause by level of smoking 

were 52.4 for never smokers, 51.9 for those smoking 1-14 cigarettes 

per day, 51.0 for 15-24 cigarettes/day smokers, 50.7 for those smoking 

25-34 per day, and 50.4 for women smoking 35 or more cigarettes per 

day. Any significant relationship between earlier menopause and 

ex-smokers was confined to those who had quit within the past two 

years. After adjustment for current cigarette exposure, a weak linear 

relationship between relative weight and menopause remained among 

women who smoked but not among nonsmokers. Extremes of underweight 

were not seen in the study population. The potential effect of a 

non-response bias was not discussed in this paper but careful 

consideration was given to potential confounding by other variables. 

The relation of cigarette smoking to natural menopause was also 

evaluated by Jick, Porter, and Morrison (1977) in a retrospective 

cross-sectional survey of two independent groups. Women between the 

ages of 44-53 years who were hospitalized for medical or surgical 

reasons were interviewed—one group of 3,076 women being derived from 

a survey of 25,000 hospital patients from 24 Boston-area hospitals 

and the other group of 2,479 women from 32,000 inpatients in seven 

countries participating in the Boston Collaborative Drug Surveillance 

Program. It is not clear that a l l eligible women aged 44-55 years 
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were interviewed. A f t e r exclusion of those with a h i s t o r y of s u r g i c a l 

menopause, analysis included data from 2,143 women for group I and 

from 1,391 women for group I I — n o discussion of the differences between 

the study women and those excluded for lack of information was presented. 

Three smoking c l a s s i f i c a t i o n s , two smoking l e v e l s , and f i v e age group 

c l a s s i f i c a t i o n s were used for analysis. Data were examined for confounding 

by v a r i a b l e s other than age and smoking (e.g., medical versus s u r g i c a l 

admission, diagnosis, p a r i t y , alcohol intake). Results showed a 

progressive r i s e i n the proportion of women who were post-menopausal 

i n a l l age categories except the youngest (44-45 years) according to 

amount smoked. The ass o c i a t i o n between smoking and natural menopause 

was consistent i n each of the seven countries contributing to study I I . 

For the group of women from Boston, the age-standardized proportions 

who were post-menopausal by smoking c l a s s i f i c a t i o n were 35 percent, 

36 percent, 43 percent, and 49 percent, r e s p e c t i v e l y , for never smokers, 

ex-smokers (>1 year), and current smokers of one-half pack cigare t t e s 

per day or one pack or more per day. Corresponding proportions for 

the group II women were considerably higher at 53 percent, 59 percent, 

60 percent, and 65 percent. 

The consistency of a di f f e r e n c e between the menopause experience 

of nonsmokers and current smokers seen i n these two studies and others 

studying d i f f e r e n t population samples (Bailey, Robinson, & Vessey, 

1977; Lindquist & Bengtsson, 1979), and the demonstration of a dose-

response r e l a t i o n s h i p provides good reason to assume the assoc i a t i o n 
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between smoking and early menopause i s v a l i d . These r e s u l t s are 

pertinent to a. number of p u b l i c health.issues, but, for t h i s study, 

they serve as an example of the e f f e c t of smoking on the female 

reproductive system per se (as compared to an e f f e c t on f e t a l growth) 

and provide reason to speculate that smoking may be a contributing 

factor to a range of reproductive problems. 

The r e t r o s p e c t i v e case-control study of Olsen and colleagues 

(1983) provides another example. In t h i s study, the a s s o c i a t i o n 

between tobacco use, alcohol consumption, and subfecundity was 

investigated i n couples who were examined or treated for an i n f e r t i l i t y 

problem at Odense Uni v e r s i t y H o s p i t a l and couples who had a healthy 

c h i l d born at the h o s p i t a l w i t h i n the same time period (1977-1980). 

Since h o s p i t a l p o l i c y required h o s p i t a l admittance for i n f e r t i l i t y 

work-up, a l l e l i g i b l e couples ( i n f e r t i l e , f e r t i l e with healthy c h i l d , 

no i n d i c a t i o n of chronic disease) could be i d e n t i f i e d from the h o s p i t a l 

r e g i s t r y . Data were c o l l e c t e d by self-administered mailed questionnaires 

and, f o r a l l i n f e r t i l e cases, enhanced by information from h o s p i t a l 

records. A response rate of 87 percent for each group was reported 

providing 927 case and 3,728 con t r o l couples. Analysis involved two 

c l a s s i f i c a t i o n s of smoking (yes/no),.and four categories of alcohol 

consumption (by grams of pure alcohol) during the time of h o s p i t a l 

admission. Three d i f f e r e n t a n a l y t i c a l approaches were used as a way 

to address methodological problems—between group comparison of 

i n f e r t i l e and f e r t i l e couples, within-group comparison of i n f e r t i l e 

couples, and within-group comparison of f e r t i l e couples. Odds r a t i o s 
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for estimating the r e l a t i v e r i s k of smoking and alcohol consumption 

are adjusted for the e f f e c t s of p a r i t y , age, residence, education, and 

o r a l contraceptive use. 

A p o s i t i v e a s s o c i a t i o n between smoking and primary and secondary 

subfecundity (OR:1.6, C I : l . l - 2 . 2 ; 0R:2.1, CI:1.3-3.6, respectively) i n 

the between group comparison of cases and controls was supported by a 

p o s i t i v e a s s o c i a t i o n between smoking and delayed conception of at 

l e a s t one year wi t h i n the control group—delayed conception i n a past 

pregnancy (0R:1.6, 1.3-2.0), i n present pregnancy (0R:1.5, 1.2-3.0), 

and i n both past and present pregnancies (OR:2.0, 1.4-2.8). The odds 

r a t i o for a l l cases compared to controls for smoking (OR:2.1, CI:1.7-

2.5) and alcohol consumption (0R:1.6, CI:1.2-2.1) was s i m i l a r to the 

odds r a t i o for the subgroup of cases excluding couples with a diagnosed 

male f e r t i l i t y problem,compared to c o n t r o l s — f o r smoking t h i s was 2.3 

(1.8-2.9) and for alcohol consumption, 1.7 (1.3-2.4). 

Methodological problems were reviewed i n the study: s e l e c t i o n 

bias which might a f f e c t case-control comparison was u n l i k e l y to a f f e c t 

w i t h i n - c o n t r o l analysis; non response bias and r e p o r t i n g / s e l e c t i v e 

memory bias would be less l i k e l y to a f f e c t within group analysis. The 

reduction i n use of tobacco and alcohol during pregnancy i s a very 

r e a l p o s s i b i l i t y i n the pregnant c o n t r o l group, but does .not a f f e c t 

the s i g n i f i c a n t p o s i t i v e a s s o c i a t i o n between smoking and delayed 

conception wi t h i n the c o n t r o l group. In general, r e s u l t s which are 

supported by both between and within group analysis provide reasonable 

evidence of r e a l association. The evidence for an a s s o c i a t i o n between 
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smoking and i n f e r t i l i t y / c o n c e p t i o n delay was consistent and suggests a 

r e a l a s s o c i a t i o n whereas the a s s o c i a t i o n between alcohol consumption 

and i n f e r t i l i t y i s not f u l l y supported. 

Community health surveys ( c r o s s - s e c t i o n a l r e t r o s p e c t i v e studies) 

i n the US (Sloss & F r e r i c h s , 1983), A u s t r a l i a (Wood, 1978), and Finland 

(Kaureniemi, 1969) show an a s s o c i a t i o n between smoking and the prevalence 

of menstrual disorders for which a woman sought medical at t e n t i o n 

(e.g., dysmenorrhoea and menstrual i r r e g u l a r i t y ) . These studies 

have not ruled out a spurious a s s o c i a t i o n with low body weight or 

low percent body f a t and face the common problems of response and 

memory bias i n r e t r o s p e c t i v e studies. Nevertheless, menstrual disorders 

are of s u f f i c i e n t s i g n i f i c a n c e i n the population (Kistner, 1979) that 

a preventable as s o c i a t i o n i s worth examining further. Smoking appears 

to have an a f f e c t on the reproductive system of men as w e l l as women, 

an a s s o c i a t i o n supported by animal and b i o l o g i c a l studies (US Public 

Health Service, 1980). 

Given the range of studies reporting an adverse ass o c i a t i o n between 

smoking and reproductive health, a l b e i t of varying weights i n terms of 

strength of evidence, i t i s d i f f i c u l t not to speculate that the 

a s s o c i a t i o n i s r e a l and pervasive. The extent of many of these 

p o t e n t i a l problems cannot yet be estimated. 

Spontaneous Abortion 

Problems of ascertainment i n measuring the incidence of spontaneous 

abortions have been discussed i n chapter two. Retrospective studies 

are more l i k e l y to allow for complete ascertainment but are subject to 
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errors of r e c a l l , while prospective studies may introduce bias i f 

groups do not enter the study at comparative times since the early 

abortions may be missed. While there are a number of studies of both 

types which report an excess of spontaneous abortions associated 

with smoking (Downing & Chapman, 1966; Himmelberger, Brown, & Cohen, 

1978; O'Lane, 1963; Underwood et a l . , 1965; Zabriskie, 1963), few 

provide a basis f o r sound estimates of r i s k . 

A prospective study on the e f f e c t of smoking on pregnancy 

(Kullander & Kall e n , 1971) obtained data on smoking habits throughout 

6,363 pregnancies v i a self-administered questionnaires completed at 

each subsequent prenatal v i s i t to the physician from diagnosis of 

pregnancy. Forty-four percent of the women (2,806) smoked during 

t h e i r pregnancy—almost a l l of these smoked during the enti r e pregnancy 

(97 percent), only 20 percent smoked more than 10 cigaret t e s per day 

and 1 percent more than 20 per day. The women whose pregnancies ended 

i n spontaneous abortions (<28 weeks gestation) were more l i k e l y to be 

smokers (51.0 percent) than those who delivered a l i v e healthy c h i l d 

(43.3 percent) (X? = 12.5, p<0.001). The observation of the e f f e c t of 

smoking on spontaneous abortion showed no differe n c e i n smoking habits 

of women aborting during the second or t h i r d g e s t a t i o n a l month but 

af t e r t h i s time, an increasing proportion of women who aborted at each 

subsequent gestational month were smokers. Graphs (mean percentage 

smoking, standard error) i l l u s t r a t i n g these r e s u l t s were not accompanied 

by data on numbers of spontaneous abortions. A l a t e r study of 5,272 
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women from the same community (Persson et a l . , 1978) did not confirm 

an a s s o c i a t i o n between smoking and spontaneous abortion. 

K l i n e and colleagues (1977) sought to provide estimates of r i s k 

i n a case-control study of c i g a r e t t e smoking during pregnancy among 

574 women who aborted spontaneously (cases) and 320 women who delivered 

l i v e infants a f t e r 29 weeks gestation ( c o n t r o l s ) . Cases were derived 

from a consecutive ser i e s of women between the ages of 18^40 years 

h o s p i t a l i z e d for spontaneous abortions at any of three Manhattan 

hospital s (82 percent of 703 e l i g i b l e cases agreed to p a r t i c i p a t e ) . 

Controls were selected from women attending public prenatal c l i n i c s 

of the same hos p i t a l s p r i o r to 22 weeks gestation and matched within 

two years of age (86 percent of controls selected f or 371 cases consented 

to interview). Non-respondents were reported to be s i m i l a r to 

pa r t i c i p a n t s , cases and controls were found to be comparable. Previous 

reproductive h i s t o r y was not discussed i n the report. Analysis 

c o n t r o l l e d for age (3 age groups), number of previous spontaneous 

abortions (3 c l a s s i f i c a t i o n s ) , induced abortions (2 c l a s s i f i c a t i o n s ) , 

and number of previous l i v e b i r t h s (3 c l a s s i f i c a t i o n s ) and examined 

the a s s o c i a t i o n of smoking according to three categories (none, 1-19 

cigarettes/day, 20+/day). Analysis did not include the p o t e n t i a l 

e f f e c t of d i f f e r e n t l e v e l s of smoking i n the non-respondents. 

Study women who aborted spontaneously reported smoking during 

pregnancy more often than those who delivered a l i v e b i r t h a f t e r 28 

weeks gestation: 41 percent of cases and 28 percent of controls 
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smoked. The odds r a t i o for the highly s i g n i f i c a n t a s s o c i a t i o n with 

smoking (X? = 19.4, p<0.001) was 1.8 (1.3-2.5). The assoc i a t i o n of 

spontaneous abortion with smoking i s s i m i l a r i n a l l age groups and for 

o b s t e t r i c h i s t o r y . This study provides the best a v a i l a b l e estimate 

of r i s k . 

F e t a l Growth, M o r t a l i t y and Morbidity 

Of the many epidemiologic studies of smoking and pregnancy over 

the l a s t three decades, a l l have shown that pregnant women who smoke 

have babies of lower birthweights than comparable women who do not 

smoke and many have demonstrated a dose-response r e l a t i o n s h i p — o n 

average, smokers' infants are 150-250 g l i g h t e r and are twice as l i k e l y 

to weigh les s than 2,500 g. In populations where 34-54 percent of 

mothers smoked during pregnancy, from 21-39 percent of the incidence 

of low birthweight could be at t r i b u t e d to maternal smoking (AR:1.64-

2.21) (Andrews & McGarry, 1972; Butler & Alberman, 1969; Fabia, 1973; 

Meyer, Jonas, & Tonascia, 1976; Niswander & Gordon, 1972). 

Given that there i s un i v e r s a l agreement about a smoking e f f e c t on 

birthweight, i t seems appropriate to proceed from t h i s point to examine 

the implications of the birthweight e f f e c t on aspects of f e t a l s u r v i v a l , 

growth and development, and to examine the possible i n t e r a c t i o n between 

smoking and other f e t a l growth retarding f a c t o r s . 

The study by Andrews and McGarry (1972) of the pregnancies of a l l 

women i n the c i t y of C a r d i f f between 1965 and 1968 was designed to 

avoid errors due to sampling and small numbers. Obstetric and s o c i a l 
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data were recorded for the 18,631 pregnancies. Information on smoking 

habits was unfortunately not documented u n t i l the postpartum period 

and the authors suggest t h i s may have resulted i n a conservative 

estimate of cigarettes smoked for some pregnancies. The study r e s u l t s 

confirm the consistent weight reduction among infants born to smoking 

mothers (average 170 g, s i n g l e t o n s ) ; an increased proportion of low 

birthweight infants (10.4 percent among smokers, 6.1 percent among 

nonsmokers); and a dose-response e f f e c t on birthweight with average 

weight for infants of ex-smokers (quit before or during f i r s t trimester) 

between that of nonsmokers and l i g h t smokers—there was a progressive 

f a l l i n average birthweight of infants and increase i n low birthweight 

percentage with number of cigarettes (4 categories) smoked by the 

mother. Smokers had an increased proportion of preterm b i r t h s (9.2 

percent versus 6.7 percent; xS = 28.2, p<0.001). Birthweight was 

adversely affected by other factors such as s o c i a l c l a s s , presence of 

anaemia, low maternal weight, age and p a r i t y , but i n a l l cases, smoking 

exhibited an a d d i t i o n a l independent e f f e c t . 

The study r e s u l t s show a decrease i n p e r i n a t a l mortality among 

low birthweight infants born to smokers but an o v e r a l l small and 

s i g n i f i c a n t increase i n m o r t a l i t y of infants of smoking mothers 

(3.1/1,000 versus 2.5/1,000) associated with antepartum hemorrhage, 

with s t i l l b i r t h s and pneumonia, r e s p i r a t o r y d i s t r e s s syndrome and 

immaturity with neonatal deaths. The incidence of congenital anomalies, 

with the exception of c l e f t l i p and palate, was not s i g n i f i c a n t l y 
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associated with maternal smoking. The incidence of hypertension and 

pre-eclamptic toxaemia was reduced i n pregnancies of smoking women. 

The prospective cohort study of Kullander and Ka l l e n (1971), 

described i n the discussion on smoking and spontaneous abortion, also 

reported increased m o r t a l i t y among infants of smoking mothers as we l l 

as reduced birthweight and increased proportion of low birthweight 

i n f a n t s . A l l f e t a l growth dimensions—body length, head circumference, 

and shoulder circumference—and placental weights decreased with 

increases i n amount smoked, while the pla c e n t a l weight/body weight 

r a t i o increased. 

Excess mortality re l a t e d to smoking was more l i k e l y to occur i n 

infants of birthweights greater than (not less than) 2,500 g and to 

occur a f t e r the f i r s t week of l i f e (RR:2.7). By the end of the f i r s t 

year, 1.9 percent of infants born to nonsmoking mothers had died, 

whereas 3 percent of those born to smoking mothers had died (RR:1.6). 

In 1975, Goujard, Rumeau, and Schwartz reported on a study of 

maternal smoking and s t i l l b i r t h using data from the 100 s t i l l b i r t h s 

which occurred to 9,169 women who were p a r t i c i p a t i n g i n the prospective 

study of pregnancies and b i r t h s i n 13 Paris maternity h o s p i t a l s i n the 

mid - s i x t i e s . The study showed a su b s t a n t i a l increase i n s t i l l b i r t h s 

among smokers—the rates per thousand of s t i l l - b o r n for the study 

population were 23.3 among smokers and 9.2 among nonsmokers (p<0.001; 

RR:2.5), with the highest incidence occurring to high p a r i t y (4+) 

smokers. S t i l l b i r t h s according to cause were s i g n i f i c a n t l y r e l a t e d 
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to smoking, during pregnancy i n two categories: abruptio placentae 

(smoking proportion:46 percent, p<0.0005), which represented 13 percent 

of s t i l l b i r t h s , and "unknown" cause (smoking proportion:35 percent, 

p<0.0005) which represented 37 percent of the s t i l l b i r t h s . Study 

analysis does not r u l e out i n t e r a c t i o n s with other factors ( i n addition 

to parity) important to outcome. 

A smoking-related increase i n mortality has not been reported by 

a l l studies and i t has been suggested that t h i s may be due to problems 

of sample s e l e c t i o n , s i z e , and methods of analysis (Butler et a l . , 

1977; Meyer & Comstock, 1972). Meyer, Tonascia, and Buck (1975) suggest 

that the f a i l u r e of some studies to f i n d a s i g n i f i c a n t increase i n 

p e r i n a t a l m o r t a l i t y may be due to s e l e c t i o n of low r i s k study populations 

where l i g h t smoking i s associated with only a s l i g h t increase i n 

p e r i n a t a l r i s k , whereas other studies may s e l e c t higher r i s k populations 

where the influence of smoking on m o r t a l i t y i s stronger. The s i g n i f i c a n c e 

of the r e s u l t s w i l l depend on the magnitude of the d i f f e r e n c e , the 

amount smoked, and the s i z e of the study. 

Data from the Ontario P e r i n a t a l M o r t a l i t y Study (Ontario, Department 

of Health, 1967) which c o l l e c t e d information on antecedent, prenatal, 

and p e r i n a t a l factors and events from a l l s i n g l e b i r t h s i n ten teaching 

h o s p i t a l s i n Ontario during 1960-1961 was selected as an appropriate 

sample to evaluate further the a s s o c i a t i o n between smoking and f e t a l / 

i n f a n t m o r tality (Meyer, Tonascia, & Buck, 1975; Meyer, Jonas, & 

Tonascia, 1976). A t o t a l of 51,49.0 b i r t h s , i n c l u d i n g 701 f e t a l 

deaths and 655 neonatal deaths are recorded. The o r i g i n a l purpose of 
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the study was to obtain information concerning the causes of p e r i n a t a l 

l o s s . Interviews with the mother, which included information regarding 

the maximum number of cigarettes smoked during pregnancy, were conducted 

i n the early postpartum period. During t h i s same period o b s t e t r i c a l / 

medical information was confirmed with attending physicians. 

For a n a l y s i s , three l e v e l s of smoking frequency were established 

(none, les s than one pack/day, one or more pack/day) for nine population 

subgroups (37 subgroup categories) and f i v e outcome measures were used. 

Binary v a r i a b l e multiple regression analysis provided for simultaneous 

adjustment of outcome rates for multiple factors important to outcome 

and unevenly d i s t r i b u t e d among smoking-level groups. Smoking information 

was a v a i l a b l e for 98 percent of study p a r t i c i p a n t s — 5 7 percent were 

nonsmokers, 30 percent less than one package of cigarettes per day, 

and 13 percent smoked at l e a s t a pack per day. 

S i g n i f i c a n t smoking-related increases i n percent low birthweight, 

and preterm b i r t h s ; placenta previa, abruptio placentae, and p e r i n a t a l 

m o r t a l i t y were found, independent of mother's height, weight, h o s p i t a l 

status, age-parity group, b i r t h p l a c e , previous pregnancy h i s t o r y , 

weight gain, time of r e g i s t r a t i o n , and sex of c h i l d . Maternal smoking 

had the strongest e f f e c t on birthweight i n the 8 factor regression 

(weight gain excluded), and percent low birthweight increased d i r e c t l y 

with smoking l e v e l from 20 percent to 340 percent i n the 37 data 

subgroups. Preterm b i r t h s of l e s s than 38 weeks increased 20 percent 

and 50 percent and p e r i n a t a l m o r t a l i t y , 20 percent and 35 percent 

for infants of le s s than one pack/day and one or more pack/day smokers, 
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a f t e r adjustment. Placental complications increased co n s i s t e n t l y with 

smoking l e v e l i n a l l but one of 37 data subgroups—adjusted rates f o r 

placenta previa increased to 25 percent and 92 percent; abruptio 

placentae, 23 percent and 86 percent for the two l e v e l s of smoking 

compared to rates for. nonsmokers. These placental complications 

accounted for one-third to one-half the p e r i n a t a l deaths a t t r i b u t a b l e 

to smoking. 

Relative [RR] and a t t r i b u t a b l e r i s k s [AR] for smoking compared to 

nonsmoking outcomes were reported as follows: birthweight under 2,500 g, 

RR:2.02, AR:31 percent; preterm b i r t h , RR:1.36, AR:14 percent; p e r i n a t a l 

m o r t ality, RR:1.27, AR:10.5 percent; p l a c e n t a l complications, RR:1.43, 

AR:16 percent. Confidence i n t e r v a l s f or r e l a t i v e r i s k were, not reported 

analysis. Apart from the aspect of r i s k estimates for smoking, these 

analyses of the Ontario data show that i n each case where a maternal 

r i s k factor was r e l a t e d to poor reproductive outcome, smoking increased 

the p r o b a b i l i t y of poor outcome occurring. 

Data from the Collaborative P e r i n a t a l Project of the National 

I n s t i t u t e of Neurological and Communicative Disorders and Stroke, a 

large prospective study of pregnancy c a r r i e d out i n the United States, 

also confirms an a s s o c i a t i o n between smoking and f e t a l and neonatal 

deaths that varies with maternal r i s k status (Niswander & Gordon, 

1972). This study followed the course of 53,518 pregnancies i n 12 

h o s p i t a l s a f f i l i a t e d with US medical schools between 1959-1966 and 

recorded events of gestation, labor, d e l i v e r y , and the neonatal period. 
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As i n the Ontario study, maternal smoking was associated with p a r t i c u l a r 

causes of f e t a l and infant death. 

Naeye, Harkness, and Utts (1977) analyzed factors that might be 

involved i n abruptio placentae using the data from the Collaborative 

Project. The p e r i n a t a l m o r tality rate due to abruptio placentae was 

3.96/1,000 b i r t h s and was the second most frequent cause of p e r i n a t a l 

death i n the study population. A f t e r the f i r s t trimester of pregnancy, 

enough information was a v a i l a b l e for 86 percent of deaths to provide a 

primary diagnosis regarding the disorder i n i t i a t i n g death. Of the 

3,987 deaths reported, 138 s t i l l b i r t h s and 74 postnatal deaths were 

at t r i b u t e d to abruptio p l a c e n t a e — t h e disorder had peak frequencies 

between 20-29 weeks and aft e r 38 weeks of gestation. From over 1,000 

demographic, hereditary, s o c i a l , medical, and postmortem va r i a b l e s 

analyzed i n the study, the variables which had a s i g n i f i c a n t influence 

on the frequency of f a t a l cases of abruptio placentae without having 

s i g n i f i c a n t i n t e r a c t i o n s with other v a r i a b l e s were found to be: 

seizures by gravida, low hemoglobin, low pregnancy weight gain, number 

of cigar e t t e s smoked per day, intrapartum hypertension, sex of i n f a n t , 

number of previous abortions, number of p r i o r p e r i n a t a l deaths, and 

number of p r i o r preterm d e l i v e r i e s . Decidual necrosis at the pla c e n t a l 

margin and large placental i n f a r c t s were the most c h a r a c t e r i s t i c 

p l a c e n t a l abnormalities i n f a t a l abruptio placentae cases. Decidual 

necrosis was seen twice as frequently i n women of very low pregnancy 

weight gain (<10 lb) than with those who had gained more than 19 l b , 

and was most common i n the heaviest smokers. The association with 
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smoking was greatest at the lower gestational ages, and i n pregnancies 

where the mother had a low weight gain, was anemic or had a h i s t o r y of 

p r i o r unsuccessful pregnancies. A r e l a t i o n s h i p between smoking and 

large p l a c e n t a l i n f a r c t s occurred only with women who had a h i s t o r y of 

p r i o r spontaneous abortion. Normal pregnancies also had a p o s i t i v e 

c o r r e l a t i o n between smoking and/or low weight gain and decidual necrosis 

at the margin of the placenta and smoking and placental i n f a r c t s . The 

fetuses and neonates who died following abruptio placentae had a pattern 

of growth re t a r d a t i o n c h a r a c t e r i s t i c of antenatal undernutrition, 

however, no information i s a v a i l a b l e on growth patterns of infants who 

did not d i e where the placentae was characterized by decidual necrosis 

or i n f a r c t s . The r e s u l t s from t h i s study emphasize the importance of 

recognizing that l i f e s t y l e factors may be i n f l u e n t i a l i n determining 

cause-specific f e t a l or infant mortality rates. Moreover, they 

emphasize that these e f f e c t s may go unrecognized i n s i t u a t i o n s where 

only general m o r t a l i t y rates are investigated, where key maternal 

r i s k v a r i a b l e s are not reported or reviewed, and where diagnosis of 

death does not r e f l e c t the disorder that i n i t i a t e d the cause of death. 

Further to t h i s study, Naeye (1979) found that i n the three 

p l a c e n t a l conditions most influenced by smoking and r e l a t e d to poor 

outcome—placenta previa, abruptio placentae, and large p l a c e n t a l 

i n f a r c t s — t h e frequency of the disorders were influenced by both the 

numbers of years mothers had smoked (increased frequency with duration 

of over 6 years) and t h e i r current smoking habits. The same 
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Collaborative data were used to look at past and present smoking habits 

on birthweight (Wainright, 1983) i n the group of 319 white women who 

changed smoking patterns between two consecutive pregnancies (cases) 

and 319 women who did not report a change (c o n t r o l s ) . P a irs were 

matched by birthweight of t h e i r f i r s t i n f ant (reproductive p o t e n t i a l ) , 

age, sex of i n f a n t , p a r i t y and time i n t e r v a l between pregnancies. The 

infants of women who started smoking i n t h e i r second pregnancy, weighed 

less (not s t a t i s t i c a l l y s i g n i f i c a n t ) on average than the infants of 

th e i r nonsmoking con t r o l pair or t h e i r previous i n f a n t s . The infants 

o f women who stopped smoking p r i o r to the second study b i r t h were 

s i g n i f i c a n t l y heavier (average, 171 g; p<0.01) than infants of controls 

who continued to smoke. These study'results, and those of a s i m i l a r 

study by Silverman (1977) suggest the birthweight d e f i c i t between 

consecutive pregnancies i s greater when smoking was continued over 

the two pregnancies than when smoking began j u s t p r i o r to the second 

and that a smoking duration e f f e c t on birthweight should not be discounted. 

Another example of s p e c i f i c "cause of death" i n v e s t i g a t i o n showing 

smoking during pregnancy to be a m o r t a l i t y - r e l a t e d factor comes from 

attempts to understand the etiology of the Sudden Infant Death Syndrome 

[SIDS], While there i s much s t i l l to be learned about t h i s syndrome, 

studies that have reported on both maternal smoking habits and SIDS 

have shown an as s o c i a t i o n between the two (Bergman & Weisner, 1976; 

Steele & Langworth, 1966). Results from the case-control study of 

125 SIDS victims from the Collaborative Project (Naeye, Ladis, & Drage, 

1976) are t y p i c a l . A search f o r predisposing factors f or SIDS ( i . e . , 
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events that might have damaged f e t a l or infant brains) compared 

information c o l l e c t e d during the Collaborative Study for 375 infants 

matched with SIDS victims for place of b i r t h , date of d e l i v e r y , 

gestational age, sex, race, and socioeconomic status, and 53,721 

liv e b o r n infants who survived the neonatal period (unmatched controls) 

against data c o l l e c t e d for the 125 SIDS victims. Infants with congenital 

anomalies were excluded from a l l groups. The demographic p r o f i l e of 

SIDS f a m i l i e s were the same as those of f a m i l i e s with excessive 

p e r i n a t a l mortality. Evidence of neonatal b r a i n dysfunction could not 

be r e l a t e d to events i n labor and d e l i v e r y , and there was l i t t l e 

evidence of genetic or hereditary influence. A greater proportion 

of infants who l a t e r died of SIDS were mi l d l y growth retarded at b i r t h 

or showed postnatal growth retardation p r i o r to death. Their mothers 

were more l i k e l y to be young, of low socioeconomic status, anemic; to 

have had v a g i n i t i s or peurperal i n f e c t i o n during pregnancy, to have 

had p r i o r f e t a l losses, and to have smoked at l e a s t 6 cigarettes/day 

during pregnancy (46 percent versus 25 percent, p<0.001). A v a r i e t y 

of neurologic abnormalities were more common i n future SIDS victims 

than i n the selected.controls and multiple evidence of probable brain 

dysfunction was found. The mechanism by which smoking might contribute 

to the r i s k of SIDS i s not known although the frequency with which 

f e t a l growth re t a r d a t i o n occurs i n r e l a t i o n to both smoking during 

pregnancy and f e t a l or infant m o r t a l i t y has provided a major focus for 

such i n v e s t i g a t i o n s . 



I l l 

The type of f e t a l growth retardation which occurs may i t s e l f be a 

clue to the underlying mechanism of action (or perhaps to a common 

pathway of growth retardant a c t i o n ) — t w o main types of f e t a l growth 

retardation were discussed i n chapter two. Smoking i s associated with 

a higher incidence of growth retarded infants with short crown-heel 

length and proportionately smaller weight, head circumference, and 

other body dimensions. In the 1974-1975 Swedish prospective study of 

5,272 pregnant women described e a r l i e r (Persson et a l . , 1978), ultrasound 

measurements of f e t a l b i p a r i e t a l diameter [BPD] were made from the 

18th-20th week of gestation, growth curves were constructed separately 

for term b i r t h s of the smoking (51 percent) and nonsmoking group (49 

percent). The BPD increased f a s t e r during gestation i n the nonsmoking 

group, the d i f f e r e n c e being apparent at 22 weeks, s i g n i f i c a n t a f t e r 

the 28th week and p o s i t i v e l y correlated to number of cig a r e t t e s smoked. 

The study found a lower birthweight, smaller head circumference, and 

shorter o v e r - a l l length at b i r t h i n the smokers than i n the nonsmokers 

— t h e heavy smoking group (>20 cigarettes/day, 3 percent smokers) 

compared with the nonsmoking group showed a 6 percent reduction i n 

birthweight and a 2 percent reduction i n length, head circumference, 

and BPD growth. The study confirmed that f e t a l s i z e at b i r t h i s 

d i r e c t l y influenced by maternal s i z e and weight gain during pregnancy. 

The importance of t h i s study i s i t s demonstration of an early onset of 

o v e r a l l s i z e reduction i n the i n f a n t s of smoking mothers. 

The disproportionate retardation of s k e l e t a l growth i n premature 

and low-weight infants of smoking mothers compared to comparable 
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infants of nonsmoking mothers i s reported by others who have c a r r i e d 

out broad-based population studies of large numbers of pregnancies 

(Kullander & Kallen, 1971; U l r i c h , 1982) and many who have c a r r i e d out 

studies on selected pregnant populations (Luke, Hawkins, & P e t r i e , 

1981; M i l l e r , Haasanein, & Hensleigh, 1976; M i l l e r & M e r r i t t , 1979). 

D i f f e r e n t f e t a l growth retardation p r o f i l e s seem to be associated 

with smoking and low maternal weight gain during pregnancy—higher 

proportions of short-for-dates infants i n the former and of low ponderal 

index i n the l a t t e r (although both types occur i n either s i t u a t i o n ) 

— a n d with d i f f e r e n t patterns of early postnatal growth ( M i l l e r , 

Haasanein, & Hensleight, 1976). 

Where studies have s u b c l a s s i f i e d the growth retarded or small-for-

ge s t a t i o n a l age i n f a n t for purposes of followup, retarded growth i n the 

postnatal period has been associated with the short-for-dates as w e l l 

as the low ponderal index infants (Ounsted et a l . , 1971), with those 

who did not achieve a "catch-up" growth by 6 months (Fitzhardinge & 

Steven, 1972), with low birthweight infants of longer gestation (Beck, 

1974), with those of s i g n i f i c a n t s k e l e t a l stunting i n height and/or 

head circumference (Lubchenco et a l . , 1976), and with short rather 

than lean infants (Holmes, 1977; M i l l e r & M e r r i t t , 1979). I t might be 

expected then that infants of smoking mothers who are more l i k e l y to 

be short-for-dates would exhibit signs of growth retardation i n the 

postnatal period. 

The r e s u l t s of the l o n g i t u d i n a l study of the 17,000 B r i t i s h 

c h i l d r e n who were f i r s t studied as part of the P e r i n a t a l M o r t a l i t y 
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Survey (Davie et a l . , 1972) and then investigated at the ages of 7 and 

11 years confirms.a l i n k between prenatal smoking and impairment of 

both mental and p h y s i c a l growth a f t e r adjustment for maternal height, 

age, s o c i a l c l a s s , p a r i t y and sex of c h i l d . These e f f e c t s were seen 

at both age 7 and age 11 and the d e f i c i t s increased with the number of 

cigarettes smoked a f t e r the fourth month of pregnancy. Children of 

mothers who smoked 10 or more cigare t t e s a day are on average 1.0 cm 

shorter and between 3-5 months retarded on reading, mathematics, and 

general a b i l i t y compared with o f f s p r i n g of nonsmoking mothers. While 

these r e s u l t s are s t a t i s t i c a l l y s i g n i f i c a n t , the smoking-nonsmoking 

differences are considerably smaller than the differences associated 

with other s o c i o b i o l o g i c a l factors and would u n l i k e l y be detected at 

a l e v e l of s i g n i f i c a n c e i n studies of smaller populations (Butler & 

Goldstein, 1973). Given the r e s u l t s of the Newcastle Survey of Child 

Development (Neligan et a l . , 1976) showing both short-gestation and 

l i g h t - f o r - d a t e s groups of c h i l d r e n perform s i g n i f i c a n t l y l e s s w e l l 

than the random sample comparison over the whole range of measures of 

performance (psychometric, behavioral and temperamental, neurological 

and p h y s i c a l growth assessment) studied at ages 5, 6, and 7 years and 

given that smoking during pregnancy increases the proportion of these 

two groups, longterm smoking-related impairment i n growth and development 

i s very p l a u s i b l e . 

A further example of longterm e f f e c t s related to maternal smoking 

during pregnancy i s reported by Rantakallio (1978). From a study of 

12,068 b i r t h s (96 percent of a l l b i r t h s i n two provinces of Finland), 
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1,819 mothers were smokers (83 percent of these smoked <10 c i g a r e t t e s / 

day) according to data c o l l e c t e d from the s i x t h month of pregnancy to 

early postpartum. The infants of these 1,819 mothers and a subgroup 

of 1,819 infants from the t o t a l group matched for mother's age, p a r i t y , 

m a r i t a l status, and place of residence were followed for a period of 

5 years to examine differences i n mortality and morbidity. Results 

show postneonatal m o r t a l i t y to be higher among infants of smokers 

(RO:3.78 for <2,500 g i n f a n t s ; RO:2.22 for >2,500 g i n f a n t s ) . An 

advantageous p o s i t i o n of the low birthweight infants of smokers during 

the p e r i n a t a l period when mortality was compared with those of controls, 

was t o t a l l y l o s t during the postneonatal period when both heavier and 

low birthweight infants of smokers were more affected than co n t r o l s , 

and the low birthweight infants more so than the heavier i n f a n t s . 

Morbidity was s i g n i f i c a n t l y higher (p<0.001) among c h i l d r e n of smokers, 

as measured by number of admissions to. h o s p i t a l (higher for a l l 

birthweights) and incidence of disease. Diseases i n which the d i f f e r e n c e 

between the smokers and controls was s i g n i f i c a n t included: r e s p i r a t o r y , 

blood and skin diseases, and those of the nervous system and sense 

organs. Taken together, the r a t i o between the smokers and controls 

was 3.02 among the low birthweight infants and 1.65 among the infants 

with birthweights of 2,500 g or more. 

Clues to the underlying mechanisms of smoking-related reproductive 

problems are sought i n pathological and p h y s i o l o g i c a l studies of the 

p l a c e n t a l , membrane, c i r c u l a t o r y , serum, c e l l and t i s s u e changes seen 
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to be associated with smoking (e.g., Asmussen, 1978; Christianson, 

1979; Meyer, Jonas, & Tonascia, 1976; Naeye, 1978b; Oschner, 1976; 

Resnik, Brink, & Wilkes, 1979). 

The e f f e c t s of three constituents of smoke—carbon monoxide, 

n i c o t i n e , and cyanide/thiocynate—have been extensively investigated 

and are reviewed by S i d l e (1982). 

Carbon monoxide, i n combining with haemoglobin, decreases the • 

a v a i l a b l e oxygen supply from the blood. Carbon monoxide mediated 

hypoxia i s one of the most accepted p o t e n t i a l mechanisms by which 

smoking could influence pregnancy outcome. Consideration i s given 

to the p o s s i b i l i t y that p l a c e n t a l pathology linked with smoking i s 

an adaptation to smoking induced hypoxia. 

There i s evidence that n i c o t i n e has both independent and s y n e r g i s t i c 

e f f e c t s when combined with carbon monoxide (Boyle et a l . , 1957; 

Krisna, 1978; Krous et a l . , 1981; S i d l e , 1982). Nicotine i s seen to 

produce v a s o c o n s t r i c t i o n v i a sympathetic stimulation, leading to a 

reduction i n uterine blood flow. 

The presence of both n i c o t i n e and cyanide has implications f or 

the a v a i l a b i l i t y and requirements of e s s e n t i a l n utrients, for the 

l e v e l of metabolic a c t i v i t y , and for the subsequent growth and development 

p o t e n t i a l of the fetus (Andrews & McGarry, 1972; Crosby et a l . , 1977; 

Olubadewa et a l . , 1978; Rowell & Sastry, 1978; Sontag & Wallace, 1935). 

Smoking causes a s i g n i f i c a n t increase i n maternal cyanide and 

thiocyanate and i n f e t a l thiocyanate l e v e l s (Pettigrew et a l . , 1977). 



116 

A negative c o r r e l a t i o n between maternal thiocyanate l e v e l s and birthweight 

i s seen (Meberg et a l . , 1979). I t i s not known i f the fetus i s exposed 

d i r e c t l y to cyanide and i f the exposure i s at toxic l e v e l s , or i f only 

to the d e t o x i f i e d product thiocyanate, which i s i t s e l f an a n t i - t h y r o i d 

agent that could e f f e c t thyroid dependent organ development. 

In a review of the e f f e c t of smoking on placental and maternal 

immune competence, Wynn and Wynn (1981) state " f a i l u r e to r e t a i n the 

fetus appears i n many cases to be a f a i l u r e i n immunological mechanisms 

invol v i n g both the placenta and the mother" (p. 30). The studies of 

Naeye and colleagues (Naeye & Blanc, 1970; Naeye et a l . , 1971) associate 

placenta and membrane i n f e c t i o n to f e t a l growth retardation, bleeding, 

preterm b i r t h , s t i l l b i r t h , and p e r i n a t a l death. This i n f e c t i o n can 

i n d i c a t e either increased exposure or reduced resistance to i n f e c t i o n . 

Many constitutents of smoke have independent immunosuppressive 

e f f e c t s (Esber et a l . , 1973; Gulsvik & Fagerhol, 1979; Kraal, 1978; 

S i l v e t t e , Larson, & Haag, 1957; Thomas, Holt, & Keast, 1975). Smokers 

are seen to have a higher prevalence of i n f e c t i o n s than nonsmokers 

(Holt, Thomas, & Keast, 1973; Martin-Boyce, David, & Schwartz, 1977) 

and i n the Collaborative Study (Naeye, 1978b) mothers who smoked had 

an increased incidence of v a g i n a l , c e r v i c a l , and amniotic f l u i d 

i n f e c t i o n s . 

Immune status, as has been discussed, i s modified by n u t r i t i o n a l 

status. Since an intimate r e l a t i o n s h i p e x i s t s between the endocrine 

and immune systems (Castro, 1978) i t could be speculated that depression 
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of maternal endocrine function r e l a t i n g to smoking, n u t r i t i o n , or other 

factors may lead to reduced c e l l r e p l i c a t i o n of embryo, fetus, and 

placenta, and, i n turn, to reduced immune competence i n the i n f a n t 

(Wynn & Wynn, 1981). 

Consideration of the i n t e r a c t i o n between immune system function, 

and the changes i n nutrient a v a i l a b i l i t y and requirements with smoking 

and/or i n f e c t i o n , as w e l l as the i n t e r a c t i v e e f f e c t s of other known 

r i s k f a c t ors provides a t h e o r e t i c a l explanation of the many types and 

v a r i a t i o n s i n smoking-related pregnancy outcome (Meyer & Tonascia, 

1977; Naeye et a l . , 1973; Naeye, Harkness, & Utts, 1977). Examples 

of v a r i a t i o n i n outcome include the increased r i s k (doubled) to c h i l d r e n 

of the lower socioeconomic groups a t t r i b u t e d to maternal smoking 

(Meyer, Tonascia, & Buck, 1975) and the 6-fold increase i n abruptio 

placentae with heavy maternal smoking or alcohol intake reported by 

Goujard (.1978) that becomes a 30-fold increase when both occur together. 

Smoking Prevalence 

The most recent broad-based data concerning the prevalence of 

smoking amongst women of childbearing age i n B r i t i s h Columbia i s 

reported as part of the r e s u l t s of the 1978-1979 Canada Health Survey 

(Ottawa, Canada, 1981). This c r o s s - s e c t i o n a l survey was intended to 

provide health s t a t i s t i c s compatible with the o u t l i n e of the health 

f i e l d c o n c e p t — i n p a r t i c u l a r , to provide missing data about the 

d i s t r i b u t i o n of r i s k factors of l i f e s t y l e o r i g i n i n the Canadian 

population. 
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The sample design consisted of approximately 12,000 households from 

100 geographical c l u s t e r s ( s t r a t i f i e d representation of the population 

by p r o v i n c i a l region and population, urban centers and r u r a l areas), 

representing 40,000 persons to be interviewed by s p e c i a l l y trained 

personnel, and a subset of 4,200 households to provide phy s i c a l measures 

information. Budget constraints required that the i n i t i a l survey design 

be altered somewhat p r i o r to i t s i n i t i a t i o n by a reduction i n subset 

p a r t i c i p a n t s . The response rate was 86 percent (10,571/12,218 households) 

for the p h y s i c a l measures component. Non-response adjustments at the 

household l e v e l i n e f f e c t replaced the non-respondent with an "average" 

household from the same c l u s t e r and month of survey. Non-responses 

at the person l e v e l were excluded (determined as a n e g l i g i b l e e f f e c t 

on r e s u l t s ) and non-response for i n d i v i d u a l items was weighted i n a 

manner that assumed respondents and non-respondents from the same 

province-stratum-age-sex group were the same, although a study of 

non-response indicated that non-respondents tended to be s l i g h t l y l e s s 

healthy. The data are considered to be from a representative, non-

volunteer sample of the n o n - i n s t i t u t i o n a l i z e d population of Canada 

that do not l i v e i n the T e r r i t o r i e s , i n remote areas, or on Indian 

Reserves (3 percent of t o t a l population). 

In general, the survey found differences between the sexes i n 

terms of both the rate and l e v e l of exposure to l i f e s t y l e r i s k s , as 

w e l l as a change with age, and v a r i a t i o n with s o c i a l status (defined 

by occupation and income). 



Data on tobacco use were c o l l e c t e d from persons 15 years of 

age and over by self-administered questionnaire. The survey reports 

about 40 percent of adult Canadians smoke cigarettes d a i l y , and 

one-third of these smoke 23 or more cigarettes per day, and nearly 

one-quarter of adult Canadians are former smokers. Smoking was 

most prevalent among those with low education, among the unemployed, 

and among those i n blue c o l l a r jobs. Income was not strongly 

r e l a t e d to d a i l y c i g a r e t t e smoking. Heavy smokers were the l e a s t 

l i k e l y to have recently t r i e d to cut down on t h e i r smoking. Current 

drinkers were the most l i k e l y to be current smokers; heavy drinkers 

were most l i k e l y to be heavy smokers. 

The percentage of women reporting d a i l y c i g a r e t t e smoking 

according to the data from the Canada Health Survey i s compared 

to data from the Smoking Habits of Canadians Surveys conducted 

i n 1977 and again i n 1979 (Ottawa, Canada, 1979, 1980), as 

follows. 
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TABLE 9 

Proportion of Female Population 15 and over Reporting 
Daily Cigarette Smoking, by Age, i n the Smoking Habits 
of Canadians Survey, December 1977 and December 1979, 

and Canada Health Survey, 1978-1979 

Percentage of population who are d a i l y smokers 

Smoking Habits of Canadians Canada Health Survey 
1977 1979 1978-1979 

Women: 

A l l ages 31.1 30.1 35.8 

15-19 years 26.7 26.0 35.6 
20-24 years 40.7 39.8 46.5 
25-44 years 36.6 36.0 38.9 
45-64 years 30.5 28.9 34.8 

Source: Adapted from Canada Health Survey, Table IV, p. 48. 

A previous study which examined the r e s u l t s of the Smoking Habits 

of Canadians Surveys from 1965-1975 (Thompson, 1978) found t o t a l c i g a r e t t e 

consumption to be underreported by 14-20 percent when compared to tobacco 

sales data. This suggests that the higher estimates of the Canada 

Health Survey may provide a closer approximation of the prevalence of 

smoking i n Canada. 

The proportion of men and women smokers under 25 are v i r t u a l l y 

the same, a f t e r t h i s , r e l a t i v e l y more men than women smoke. Over h a l f 

the women under 25 are l i k e l y to have started smoking before age 16, 

which contrasts with t h e i r mothers who were les s l i k e l y to begin before 

age 21 and, i n f a c t , were les s l i k e l y to smoke. 
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Table 10 compares the prevalence of smoking among women of d i f f e r e n t 

age groups i n Canada and i n B r i t i s h Columbia. 

TABLE 10 

Tota l Female Population 15 Years and Over and Percent 
D i s t r i b u t i o n by Type of Cigarette Smoker and by 
Number of Cigarettes Smoked Dai l y , by Age Group, 

for...Canada-.and.for.-British Columbia, 
Canada Health Survey, 1978-1979 

Type 
of 

Smoker 

Numbers of Women i n Population ( i n thousands) 

..BC Age Groups: Canada 
T o t a l .15-19 20-24 25-44 45-64 65+ 

Never smoked 
% 
38.8 

% 
38.4 

% 
27.9 

% 
33.2 

% 
40.2 

% 
58.7 

Former smoker 21.6 16.6 19.8 21.3 17.3 11.2 

Current smoker 
Occasional 1.8 6.2 4.3 4.0 2.1 1.3 
Daily 30.8 33.9 45.2 37.3 31.9 13.8 

# Cigarettes/day 
1-12 10.8 16.8 16.9 1.1.0 9.8 7.4 
13-22 14.0 11.6 18.9 14.5 12.9 3.3 
23-32 4.0 4.4 7.2 9.9 7.0 1.2 
>33 1.6 0.0 0.2 2.7 1.7 0.0 

Type of smoker 
unknown 6.9 4.9 2.8 4.1 8.3 14.9 

Tot a l Population % 99.9 100.0 100.0 99.9 99.8 99.9 
N 974 1146 1108 3242 2279 . 1132 

Source: Ottawa, Health & Welfare Canada, S t a t t i s t i c s Canada (1981) 

I t can be seen from these data that from 20-45 percent of the female 

population of childbearing years are regular smokers. At l e a s t as high 
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a proportion of the male population are regular smokers as w e l l . The 

percentage of women smoking throughout pregnancy i s unknown, although 

i t can be speculated that some w i l l q u i t when pregnancy i s confirmed. 

The prevalence of smoking around the period of conception and during 

pregnancy i s at a l e v e l where even a low r e l a t i v e r i s k of adverse 

reproductive outcome from exposure can be of public health s i g n i f i c a n c e . 

The implications of t h i s w i l l be examined i n the following chapter. 

Cannabis and Reproductive Health 

Cannabis i s i d e n t i f i e d as an independent health hazard i n t h i s 

study for two reasons: (a) m i l l i o n s of young people of reproductive 

age currently use the drug and, thus, adverse consequences, even i f 

infrequent, could be of p u b l i c health s i g n i f i c a n c e ; and (b) recent 

documentation of the health hazards associated with cannabis use 

(Fehr & Kalant, 1983) provides an exemplary model for i n v e s t i g a t i n g 

and reporting the e f f e c t s of l i f e s t y l e factors on health and reproductive 

outcome. However, since large prospective cohort studies to examine 

the e f f e c t of cannabis on reproductive outcome i n humans have not been 

conducted, i t i s not yet possible to determine a causal r e l a t i o n s h i p . 

During the early 1980s three expert committees published reports 

on the health implications of cannabis u s e — t h e Addiction Research 

Foundation of Ontario i n c o l l a b o r a t i o n with the World Health Organization 

(Addiction Research Foundation, 1981); the I n s t i t u t e of Medicine, 

National Academy of Sciences, USA (National Academy of Sciences, 1982); 

and the Advisory Council on the Misuse of Drugs, UK (Home O f f i c e , 1982). 
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These reports came to s i m i l a r conclusions, namely: 

That cannabis i s c l e a r l y capable of causing adverse e f f e c t s 
on health, that some of these have already been recognized 
c l i n i c a l l y i n heavy users, that others have been produced 
i n experimental animals but do not necessarily occur i n 
humans at the dose l e v e l s that have been employed by voluntary 
users u n t i l now, and that there i s a serious lack of systematic 
epidemiological information about the incidence and prevalence 
of such e f f e c t s i n d i f f e r e n t parts of the world, as a function 
of the extent of cannabis use i n those regions. (Fehr & 
Kalant, 1983, p. 10) 

The 1983 proceedings of the Addiction Research Foundation/World 

Health Organization S c i e n t i f i c Meetings provides a comprehensive 

review of the adverse e f f e c t s of cannabis use (the text of 800 pages 

includes over 2,000 references) in c l u d i n g general and c e l l u l a r t o x i c i t y ; 

the immune system; e f f e c t s on endocrine function, reproduction and 

development; epidemiology and consideration of the c l i n i c a l relevance 

of e f f e c t s seen i n animal experiments. This p u b l i c a t i o n i s the primary 

reference for the following overview. Other key references, i n add i t i o n 

to the previously mentioned expert committee reports, include Nahas 

0.976) and Nahas and Paton (1979). A number of extensive reviews have 

focused on the i n t e r a c t i o n of marihuana and cannabinoids with endocrine 

and reproductive function i n animals and humans (Bloch, 1983; Nahas & 

Paton, 1979; Rosenkrantz & Esber, 1980; Rosenkrantz & Hayden, 1979; 

Smith et a l . , 1979b). 

There are approximately 60 compounds of cannabinoid structure 

w i t h i n the group of 421 compounds i d e n t i f i e d i n the cannabis plant 

(Turner, Elsohly, & Boeren, 1980). I t i s the euphoric e f f e c t s of ^9-

tetrahydrocannabinol [THC] that a t t r a c t s i t s users (Mechoulam et a l . , 
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1980) and although other compounds are also implicated, t o x i c i t y appears 

r e l a t e d to the THC content of cannabis products (Fehr & Kalant, 1983). 

In general, marihuana (dried leaves) preparations contain 1-8 percent 

THC, hashish ( r e s i n and flowers) contains up to 15 percent, and hashish 

o i l (solvent extracts of l e a f , flower, or resin) can contain up to 60 

percent THC. 

When cannabis products are smoked, the health consequences are 

considered s i m i l a r to those associated with tobacco smoke—the important 

d i f f e r e n c e i s that the concentration of toxic compounds i s greater i n 

cannabis smoke and the smoke contains the a d d i t i o n a l t o x i c i t y of the 

cannabinoid compounds (Leuchtenberger, 1983). The common constituents 

i n tobacco and marihuana c i g a r e t t e smoke considered to be health 

hazards by v i r t u e of t h e i r known carcinogenic, cocarcinpgenic and 

toxic properties (US,Department of Health, Education, & Welfare, 

1972, 1979) are: tar, phenols, c r e s o l s , and polynuclear aromatic 

hydrocarbons i n the p a r t i c u l a t e phase (Hoffman et a l . , 1975; Lee, 

Novotny, & B a r t l e , 1976; Magus & H a r r i s , 1971); and nitrous oxide, 

carbon monoxide, hydrogen cyanide and nitrosamines i n the gas vapour 

phase (Leuchtenberger, 1983). Those smoking tobacco and cannabis 

concurrently are seen to be at greatest r i s k f o r pulmonary disease 

and lung cancer (Tennant, 1983). Lung biopsies from young males 

using both tobacco and hashish had precancerous lesions generally 

found only a f t e r years of heavy tobacco smoking (Tennant, 1980). 

In animals, THC decreases cardiac output and cerebral blood flow; 

i n humans, tachycardia and postural hypotension are co n s i s t e n t l y 
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reported (Hardman & Hosko, 1976; Tennant, 1983). Since s i m i l a r amounts 

of carbon monoxide are found i n cannabis and tobacco smoke, impaired 

oxygenation of the myocardium due to the formation of carboxyhemoglobin 

i s l i k e l y . 

Other general toxic e f f e c t s are associated with reduced growth 

and body weight (animals) (Rosenkrantz, 1983), g a s t r o i n t e s t i n a l 

d i s t r e s s (Halikas, Goodwin, & Guze, 1971; Rosenkrantz et a l . , 1975; 

Tennant, 1974; Thompson et a l . , 1973), enhancement of alcohol-induced 

l i v e r t o x i c i t y (human) (Tennant, 1983), decreased resistance to 

i n f e c t i o n (Munson & Fehr, 1983; N a l i n et a l . , 1978), and altered 

endocrine function (Bloch, 1983). 

In vivo and i n v i t r o studies of c e l l u l a r t o x i c i t y associated with 

cannabinoids have focused on the p o t e n t i a l f or mutagenicity, 

c a r c i n o g e n i c i t y and impairment of biosynthesis of nu c l e i c acids and 

proteins (Leuchtenberger, 1983). In both animal and human tissue culture 

studies p u r i f i e d cannabinoids were linked with a higher proportion of 

hypoploid c e l l s during the period of exposure with no measurable 

increase i n chromosone breaks or gaps (Bloch,_1983; Leuchtenberger, 

1983; Matsuyama et a l . , 1977; Morishama et a l . , 1979; Nichols et a l . , 

1974). Marihuana smoke, on the other hand, i s associated with both 

chromosome aberrations and hypoploidy (Leuchtenberger, 1983), 

mutagenicity, and impaired development i n the second generation of 

treated animals (Dalterio,. 1980; F r i e d & Charlebois, 1979). 

Cannabis smoke i s considered to have s i g n i f i c a n t carcinogenic 

p o t e n t i a l , not because of evidence that i t has produced cancer i n 
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humans, but because cannabis produces the same sequence of c e l l u l a r 

abnormalities produced by tobacco smoke. Abnormalities i n mit o s i s , 

DNA complement, chromosome number and c e l l d i v i s i o n were more severe 

a f t e r exposure to cannabis smoke than to tobacco smoke (Leuchtenberger, 

19.83; Munson & Fehr, 1983). 

In animals, a decrease i n DNA content of immature sperm as w e l l 

as i n h i b i t i o n of RNA synthesis and of protein synthesis (Munson & 

Fehr, 1983) i s at t r i b u t e d to the cannabinoids i n marihuana smoke. 

Cannabinoid-induced i n h i b i t i o n of both c e l l growth and d i v i s i o n i s 

con s i s t e n t l y reported for a l l c e l l types as i s i n h i b i t i o n of the 

i n t r a c e l l u l a r synthesis of macromolecules, and i n h i b i t i o n of the 

incorporation of precursors of n u c l e i c acids and protein across systems. 

The relevance of these i n v i t r o findings to the general population i s 

not yet known, although abnormalities i n morphology and/or nucleoproteins 

of sperm from marihuana smokers has been reported (Hembree et a l . , 

1979). I s s i d o r i d e s (1983) proposes a hypothesis regarding the possible 

biochemical mechanism of cannabis which provides: 

a s i n g l e explanation both for the deficiency i n nuclear histone 
synthesis and f o r the u l t r a s t r u c t u r a l a l t e r a t i o n s encountered 
i n the leukocytes and spermatozoa of chronic human users of 
hashish. These c e l l s are characterized by a depletion of the 
amino acid arginine and by abnormal chromatin condensation. 
According to t h i s hypothesis, the b i o l o g i c a l depletion which, 
i n i t s e l f , can cause chromosomal aberrations, decreased sperm 
maturity and m o t i l i t y , defective ovulation, growth re t a r d a t i o n , 
immunosuppression and the r e a c t i v a t i o n of l a t e n t v i r a l i n f e c t i o n s , 
and CNS e f f e c t s such as anorexia, motor incoordination, and 
lethargy. Furthermore, the enzymes reported to be affected by 
cannabis possess e s s e n t i a l arginine residues at t h e i r a c t i v e 
s i t e s , which would permit a THC/arginine i n t e r a c t i o n . (p. 13) 
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There i s consistent evidence that THC and marihuana induce 

immunological defects i n mice and rats (Morahan et a l . , 1979; Munson 

& Fehr, 1983). Both humoral and cell-mediated immune suppression are 

reported. The e f f e c t s are greater when exposure occurs during the 

early phase of antibody formation, i n young animals (Luthra et a l . , 

1980; Pruess & Lefkowitz, 1978). 

There i s suggestive evidence of s i m i l a r immune dysfunction i n 

humans based on i n v i t r o studies ( I s s i d o r i d e s , 1979; Juel-Jensen, 

1972; Petersen et a l . , 1975; Stefanis & I s s i d o r i d e s , 1976). Munson 

and Fehr (1983) state: 

I t i s l i k e l y that the degree of immunosuppression produced by 
d i f f e r e n t doses of cannabis, l i k e that of other immunosuppressants, 
w i l l vary along a continuum, ranging from s l i g h t e f f e c t s on 
resistance to i n f e c t i o n s , to a marked decrease i n resistance 
r e s u l t i n g i n death of the host. I t i s l i k e l y that we would now 
be aware of profound changes i n the resistance of human cannabis 
smokers.lif -these occurred frequently. However, we lack the 
epidemiological observations on large numbers of users that would 
be necessary to e s t a b l i s h the occurrence of small degrees of 
impairment that are suggested by the animal experiments. (p. 339) 

The Addiction Research Foundation/World Health Organization report 

concludes: 

A minor degree of immunosuppression i n a s u b s t a n t i a l number.of 
cannabis users might r e s u l t not i n any sudden and dramatic 
increase i n incidence of unusual i n f e c t i o n s , but rather i n a 
s l i g h t increase i n incidence, s e v e r i t y , and duration of common 
ones. Cumulatively, t h i s could have considerable s i g n i f i c a n c e 
for p u b l i c health and health care d e l i v e r y systems. (Fehr & 
Kalant, 1983, p. 16) 

E f f e c t s of cannabis on endocrine function are seen c o n s i s t e n t l y 

i n a n i m a l s — p a r t i c u l a r l y with respect to gonadel and adrenal hormone 

production and hypothalamic-pituitary r e g u l a t i o n — b u t i n c o n s i s t e n t l y 
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i n humans (Bloch, 1983; Bloch et a l . , 1978). The Addiction Research 

Foundation/World Health Organization expert committee (1981) suggest 

that since the endocrine responses of animals to most drugs are at 

l e a s t q u a l i t a t i v e l y s i m i l a r to human response, animal studies showing 

a consistent r e a c t i o n across species and classes are l i k e l y to be 

relevant to humans. 

There s t i l l remain c r i t i c a l gaps i n animal work examining endocrine 

response and reproductive outcome associated with cannabis exposure 

and there are few human studies. Bloch (1983), i n h i s review of the 

200 key references i n t h i s f i e l d , summarizes the a v a i l a b l e evidence 

that cannabis adversely e f f e c t s (or has p o t e n t i a l to) reproduction. 

The most s u b s t a n t i a l work has been with rodents. The conclusions 

that can be drawn from these studies are as follows (Bloch, 1983): 

1. In male animals, cannabinoids disrupt normal reproductive 

physiology and are associated with a r e v e r s i b l e decrease i n t e s t i c u l a r 

metabolic a c t i v i t y and i n v i t r o testosterone synthesis; and lowered 

plasma testosterone and LH l e v e l s (Bloch et a l . , 1978; Fujimoto et a l . , 

1978; Huang, Nahas, & Hembree, 1979; Rosenkrantz & Hayden, 1979). With 

chronic exposure the androgenic target tissues show fu n c t i o n a l and 

morphological i n v o l u t i o n and spermogenesis i s diminished. The mechanism 

of action may be v i a reduced c h o l e s t e r o l esterase a c t i v i t y or prostaglandin 

synthesis, and through diminished metabolic a c t i v i t y and macromolecule 

synthesis. 

2. In non-pregnant female animals, A.9-THC i n h i b i t s functioning 
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of the hypothalamic-pituitary-gonadal axis r e s u l t i n g i n decreased 

plasma LH and p r o l a c t i n ; suppressed pre-ovulatory LH surge and delayed 

estrus (Nir et a l . , 1973). With chronic exposure, the u t e r i and vagina 

show fu n c t i o n a l and morphological i n v o l u t i o n and ovulation may be 

interrupted or blocked (Cordova et a l . , 1980). As with males, these 

e f f e c t s are seen to be r e v e r s i b l e . 

During pregnancy, exposure to high doses i s associated with reduced 

maternal weight gain, a reduction i n p r o l a c t i n l e v e l s and with continued 

exposure, inadequate l a c t a t i o n i n the postpartum period (Bloch, 1983). 

3. Cannabinoids stimulate adrenal c o r t i c a l function, r e s u l t i n g 

i n an increase i n adrenal weight and a decrease i n thymus weight, and 

diminish thyroid function (Bloch e t a l . , 1978). 

In animals, exposure during the f i r s t two trimesters i s associated 

with increased incidence of f e t a l resorption and growth re t a r d a t i o n i n 

the survivors (Bloch et a l . , 1978; S o f i a , Strasbaugh, & Banerjee, 

1979). The growth re t a r d a t i o n was linked to exposure during the 

embryogenic and organogenic phases of development, not the f e t a l phase. 

When THC i s administered during pregnancy, the uptake by the placenta 

i s greater than that of the fetus and release i s slower. This suggests 

the placenta acts both as a b a r r i e r to and a re s e r v o i r for cannabinoid 

transfer (Bloch, 1983). THC may disrupt p l a c e n t a l development and 

function (Sassenrath, Chapman, & Goo, 1979) and i n t h i s way influence 

the p o t e n t i a l f o r f e t a l abnormalities. 

Large doses of A9-THC can increase the incidence of malformations 

i n mice and hamsters (Bloch, M o r r i l l , & Fujimoto, 1979; Geber & Schramm, 
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1969; Harbison, Mantilla-Plata, & Lubin, 1977; Joneja, 1976; Mantilla-

Plata, Clewe, & Harbison, 1975; Persaud & Ellington, 1968). But since 

the incidence of malformationsassociated with THC varies across species 

and between studies, the question of teratoginicity of cannabinoids 

per se and cannabinoids versus other toxins in cannabis smoke remains 

unresolved. 

Studies on monkeys and nonhuman primates have not been extensive, 

but tentatively confirm the suppressive effect of cannabinoids on 

pituitary gonadotrophin release and on ovulation (Asch et a l . , 1979; 

Besch et a l . , 1977; Smith & Munson, 1976; Smith et a l . , 1979a). 

A number of mechanisms for cannabinoid action have been proposed, 

but conclusions cannot be drawn at present. The fact that the effects 

of cannabis are not exclusive to the cannabinoid compounds suggest a 

variety of mechanisms must be c l a r i f i e d . It is known that ̂ 9-THC 

concentrates in tissues rich in l i p i d components (Bloch, 1983) and 

that in some respects cannabinoids mimic estrogen action and in others, 

act as estrogen antagonists (Chakravarty & Sengupta, 1980; Chakravarty 

et a l . , 1976; Harmon & Aliapoulios, 1972). 

Bloch (1983) , in answer to the question, "How well have animal 

studies served as models for the human situation?", states: 

Where a particular endpoint or system reacts uniformly to 
cannabinoid exposure in several species of several classes, 
including monkeys, a qualitatively similar response in humans 
may be inferred. This uniformity seems to be the case for 
acute and short-term responses of the reproductive system, 
including lactation. (p. 416) 
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Rosenkrantz and colleagues (1974, 1975, 1976, 1979) have developed a 

methodology for relating animal study dosages to human marihuana intake. 

According to these calculations, most studies approximate the daily 

smoking of .5-1 marihuana cigarettes given the current (and rising) 

A9-THC content of marihuana (US Secretary of Health, Education, & 

Welfare, 1980). It is suggested that approximately 10 percent of the 

marihuana-smoking population equal or exceed this level of daily 

exposure (Smart, 1983). 

In humans, marihuana acutely depresses the activity of the male 

pituitary-testicular axis (Hembree et a l . , 1979; Kalodny et a l . , 1974) 

and, according to Bloch (1983), a similar inhibitory affect may be 

expected to exist in females based on animal studies. One of the few 

human studies in this area (Bauman et a l . , 1979) provides preliminary 

evidence that marihuana-smoking women exhibit an abnormal proportion 

of menstrual cycles that are anovulatory or have an inadequate luteal 

phase. Further to this, there is no evidence as yet that cannabis 

exposure i s associated with i n f e r t i l i t y i n humans or animals (Grilly, 

Ferraro, & Braude, 1974; True et a l . , 1980; Wright et a l . , 1976). 

Human studies have not examined in any comprehensive manner the 

relationship of cannabis exposure to reproductive outcomes such as 

spontaneous abortion, s t i l l b i r t h , birthweight, or perinatal death 

(Adamec, 1976; Bloch, 1983). Teratogenicity in humans exposed to 

cannabis i s presently under study (Zukerman et a l . , 1981) as is the 

question of postnatal morbidity (Fried, 1980). Studies suggesting 
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marihuana exposure concurrent with alcohol, tobacco, other drugs or 

poor n u t r i t i o n enhances the adverse e f f e c t s of these health hazards 

have been reported (e.g., Benowitz & Jones, 1977; Siemens, 1980). 

U n t i l further research i s a v a i l a b l e , an assumption that the p r o f i l e 

of adverse e f f e c t s of marihuana smoking on reproductive health i s best 

represented by the p r o f i l e associated with tobacco smoking seems 

reasonable. 

Estimates of the prevalence of cannabis use i n Canada are derived 

from several large surveys of grade 7-13 students and household surveys 

of adults 18 years of age and older, between 1975 and 1979. The student 

surveys found that 20-27 percent of female and 25-36 percent of male 

students had used cannabis within the year of the survey, compared to 

2-7 percent of female adults and 8-12 percent of male adults (Rootman, 

1979; Smart & Fejer, 1975; Smart & Goodstadt, 1976; Smart et a l . , 1979). 

The percentage of adults (usually between 18-25 years of age) using 

cannabis d a i l y i s estimated at 2 percent for females and 5 percent for 

males. In the United States, higher prevalence of cannabis use i s 

seen among students (45-50 percent) and adults (10 percent) with smaller 

dif f e r e n c e s between male and female users (Abelson & Atkinson, 1975; 

Blackford, 1977; Johnston, Bachman, & O'Malley, 1979). Cannabis use 

i s associated with alcohol, tobacco, and other drug use. The high 

prevalence of cannabis use i n teenagers and young adults provide ample 

j u s t i f i c a t i o n f o r further study of the e f f e c t of cannabis exposure on 

reproductive health i n humans. 
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Diet and N u t r i t i o n 

The measurement of the impact of n u t r i t i o n and d i e t on reproductive 

performance presents problems not encountered i n studying other l i f e s t y l e 

f a c t o r s . Food intake i s e s s e n t i a l to s u r v i v a l ; d i e t i s an .integral 

component of human metabolism and the functioning of a l l c e l l s , t i s s u e s , 

organs and systems; and dietary requirements vary widely according to 

each i n d i v i d u a l ' s p h y s i c a l , p h y s i o l o g i c a l , biochemical, genetic makeup, 

age and his/her health status. At present, there i s no simple 

standardized method of determining whether a s p e c i f i c d i e t i s optimal, 

adequate or inadequate f o r an i n d i v i d u a l ( l e t alone a study population) 

and, thus, no straightforward method of determining the impact of an 

optimal versus adequate versus inadequate d i e t on reproductive 

performance. This has led to a heavy r e l i a n c e on animal and c e l l 

model studies which allow precise measures and manipulation of nutrients 

but can only provide grounds for speculation of a n u t r i t i o n a l impact 

i n humans. More recent c l i n i c a l studies of n u t r i t i o n a l status and 

fu n c t i o n a l e f f e c t s represent p o t e n t i a l f o r the future. For a l l of the 

reproductive outcome measures i d e n t i f i e d by th i s paper, animal and 

c e l l research describe a s i g n i f i c a n t r o l e f o r n u t r i t i o n — b u t i n most 

cases, the appropriate human studies have yet to be conducted. For 

thi s reason, apart from an independent section on n u t r i t i o n and 

i n f e r t i l i t y , a review of the a s s o c i a t i o n between n u t r i t i o n and reproductive 

outcome with a focus on birthweight and p e r i n a t a l mortality i s presented. 

Despite the considerable l i t e r a t u r e on n u t r i t i o n a l status and p l a c e n t a l 

function; on maternal-fetal exchange; on postnatal consequences of 
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maternal malnutrition; on s p e c i f i c nutrient d e f i c i e n c i e s ; and on the 

p o t e n t i a l mutagenic, teratogenic, and growth retarding e f f e c t s of 

malnutrition during the preconception period, these areas w i l l 

not be reviewed. The material which follows i s considered an ample 

demonstration of the d i f f i c u l t y of estimating n u t r i t i o n - r e l a t e d 

reproductive c a s u a l t i e s without s u f f i c i e n t knowledge of the n u t r i t i o n a l 

and anthropometric status of the population who do and do not experience 

reproductive problems and of the importance of baseline assessment. 

Background Information 

To b r i e f l y i l l u s t r a t e the complexity involved i n assessing the 

f u n c t i o n a l consequences of malnutrition, the following section reviews 

the i n t e r r e l a t i o n s h i p between n u t r i t i o n and the endocrine system 

Csince the importance of the r e l a t i o n s h i p between endocrine function 

and reproductive performance i s w e l l established) and examines some . 

s p e c i f i c problems and new concepts i n measuring n u t r i t i o n a l status. 

N u t r i t i o n and the endocrine system. The endocrine system, comprised 

of a. number of d i f f e r e n t glands each having a s p e c i f i c function (e.g., 

thyroid, adrenal medulla, adrenal cortex, gonads, parathyroids, and 

pancreas), adjusts and correlates the a c t i v i t i e s of the various body 

systems to meet the changing demands of the external and i n t e r n a l 

environment (in c l u d i n g reproduction, growth and development) and does 

t h i s by the s e c r e t i o n of hormones which regulate the metabolic processes 

of various c e l l s . In pregnancy, maternal, p l a c e n t a l and f e t a l endocrine 

function i s d i s t i n c t yet i n t e r r e l a t e d . 
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The involvement of any hormone i n the c o n t r o l of c e l l u l a r function 

depends on a s e r i e s of reactions, beginning with the synthesis of hormones 

from t h e i r precursors and ending with e x t r i n s i c or i n t r i n s i c feedback 

control mechanisms—each stage can be extremely complex because of the 

many i n t e r a c t i o n s involved, and, thus, there are many p o s s i b i l i t i e s f o r 

d i s r u p t i o n at various l e v e l s i n the system (Laycock & Wise, 1983). 

Hormones influence the synthesis and catabolism of carbohydrates, 

p r o t e i n and f a t i n a v a r i e t y of ways (Goodhart & S h i l s , 1980). In turn, 

hormonal balance can be profoundly changed by malnutrition—protein-energy 

malnutrition [PEM] i s a w e l l documented example. 

Since vitamins are required as precursors of hormones, as a c t i v a t o r s 

of steps i n hormonal synthesis, and as potentiators of the i n t e r a c t i o n 

of hormones with c e l l membranes, 

i t follows that an excess or d e f i c i e n c y of s p e c i f i c vitamins 
must induce some modification i n the q u a l i t y of hormones 
which they help synthesize, or some change i n the e f f e c t of 
those hormones on t h e i r target c e l l s . In addition, defective 
vitamin status may modify the capacity of the target c e l l to 
react to normal hormonal stimulus. (Jennings, 1970, p. 113) 

Most, i f not a l l , metabolic reactions also require the assistance 

of enzymes to f a c i l i t a t e and accelerate the reaction. The enzymes with 

the assistance of coenzymes (usually vitamin derivatives) or cofactors 

( e l e c t r o l y t e s or trace mineral cations) s i g n i f i c a n t l y a f f e c t c e l l u l a r 

function l i k e the synthesis of new protein, through t h e i r c o n t r o l of 

the metabolic processes which regulate these functions. Many of the 

enzymes are highly s p e c i f i c and catalyze only one step i n a complicated 

metabolic pathway. In p a t h o l o g i c a l s t a t e s , such as vitamin d e f i c i e n c i e s 
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i n which e s s e n t i a l coenzymes are missing, there may be a buildup of 

r e a c t i o n products, or even a r e v e r s a l of the reaction. 

The synthesis of new p r o t e i n which i s v i t a l to successful 

reproduction and which requires the a c t i v a t i o n of p a r t i c u l a r gene 

sequences ( s t r u c t u r a l gene DNA to ribosomal RNA, messenger RNA and 

transfer RNA) i n the c e l l nucleus, i s dependent on both hormone and 

enzyme regulation, which are, i n turn, dependent on an adequate supply 

of n u t r i e n t s . 

In an excellent review of the actions and i n t e r a c t i o n s of hormones, 

vitamins, and minerals i n the human system, Kutsky (1981) states: 

The chief d i f f e r e n c e between a vitamin and a hormone seems to be 
the s i t e of biosynthesis, the types of organic compounds present 
i n vitamins as opposed to the hormones, and some of the modes of 
act i o n . These differences between vitamins and hormones i n 
e s s e n t i a l properties are small compared to t h e i r s i m i l a r i t i e s . 
(.P- v i ) 

The s i m i l a r i t y i s made obvious by the following d e f i n i t i o n s : 

a hormone i s defined as: 

a b i o l o g i c a l l y a c t i v e , organic compound,.a c o n t r o l l i n g agent 
e s s e n t i a l f or normal health and growth ( i t s absence causing 
a d e f i c i e n c y disease or d i s o r d e r ) , synthesized within the human  
organism i n ductless glands which release the agent i n very 
small concentrations into the c i r c u l a t o r y system to act on 
target organs or t i s s u e s . (Kutsky, 1981) 

and a vitamin i s defined as: 

a b i o l o g i c a l l y a c t i v e , organic compound, a c o n t r o l l i n g agent 
e s s e n t i a l f o r normal health and growth i n humans ( i t s absence 
causing a d e f i c i e n c y disease or d i s o r d e r ) , not synthesized  
w i t h i n the organism, a v a i l a b l e i n the d i e t i n small amounts, 
and c a r r i e d i n the c i r c u l a t o r y system i n small concentrations 

..to. act on target organs or t i s s u e s . (Kutsky, 1981) 
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The d i f f e r e n c e s between c e r t a i n hormones and vitamins are becoming 

more d i f f i c u l t to d i f f e r e n t i a t e given the recent evidence that small 

amounts of Vitamin D and n i a c i n can be synthesized, that some steroid s 

are a c t i v e i n a dietary form, and that the same molecule (e.g., Vitamin 

C) functions as eit h e r a hormone or vitamin depending on the species. 

Both vitamins and hormones can be divided into a f a t - s o l u b l e and 

water-soluble s e r i e s . The f a t - s o l u b l e vitamins [ADEK] and hormones 

(steroids) are s i m i l a r i n f u n c t i o n — b o t h groups a f f e c t the permeability 

of c e l l membranes, the redox p o t e n t i a l , the a c t i v a t i o n of enzymes—but 

i n a d dition, the hormones a f f e c t RNA t r a n s c r i p t i o n i n the c e l l nucleus. 

The water-soluble vitamins (B-complex, C) and hormones ( p i t u i t a r y , 

thyroid-pancreas-ovary, adrenal, hypothalamic r e l e a s i n g factors) share 

the common t r a i t s of enzymes a c t i v a t i o n or action (vitamins d i r e c t l y , 

hormones i n d i r e c t l y v i a c y c l i c AMP), and a f f e c t on the c e l l n u c l e u s — 

but i n addition, some of these vitamins have redox p o t e n t i a l . 

Trace elements and mineral cofactors are required for the function 

of some hormones and of most coenzyme systems. The i n t e r a c t i o n , 

antagonism and synergism among these vitamins, hormones, and minerals 

i s w e l l recognized. Further evidence regarding the r o l e of s p e c i f i c 

amino acids, e s s e n t i a l f a t t y acids, and the l o c a l t i s s u e regulators 

(vascular, neurotransmitter, mitogenic agents) i s l i k e l y to c l a r i f y 

and enlarge t h i s p i c t u r e of interdependence. 

Given these complex.interactions and the pattern of intimate and 

co n t r o l l e d balance, i t i s small wonder that e f f o r t s to measure the 

i s o l a t e d influence of one component are les s successful i n human studies 
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where components cannot be knowingly manipulated. The i n s i g h t gained 

from animal studies and tissue cultures confirms that s i g n i f i c a n t 

change occurs at the c e l l u l a r l e v e l i n the absence of, or p r i o r to, 

overt c l i n i c a l measures and that the system i s most vulnerable to 

i n s u l t at times of p h y s i o l o g i c a l s t r e s s — p a r t i c u l a r l y during the 

maturation period of the sperm and ovum, and during embryogenesis. 

To date, abnormalities i n metabolic performance i n humans can 

only be measured at the extremes of the continuum. Thus, although the 

pattern of adaptive i n t e r a c t i o n within and between systems has been 

recognized f o r a long time, the d i s t i n c t i o n between adaptative versus 

optimal performance and the relevance of adaptive change at the c e l l u l a r 

l e v e l has yet to be c l a r i f i e d . 

Further to t h i s point, the following section d e t a i l s some of the 

basic methodology involved and problems encountered i n determining the 

n u t r i t i o n a l . s t a t u s of i n d i v i d u a l s and groups. 

N u t r i t i o n a l assessment. Although the f i r s t p r i n c i p l e s f o r the 

studies on the n u t r i t i o n of populations were documented i n the mid-

19303 and for standardization of survey methodology i n the early 1960s, 

the focus of concern was the n u t r i t i o n a l problems of the populations 

of underdeveloped nations. I t was not u n t i l the l a t e 1960s and early 

1970s that re c o g n i t i o n was given to the f a c t that malnutrition was also 

a health problem i n developed countries. Population surveys (e.g., 

Ten-State N u t r i t i o n Surveys, HANES survey, N u t r i t i o n Canada) i n the 

US and Canada revealed vulnerable groups and i n d i v i d u a l s with evidence 

of c l i n i c a l and s u b c l i n i c a l m alnutrition and linked undernutrition with 
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growth cessation and developmental handicaps, poor outcomes of pregnancy, 

s u s c e p t i b i l i t y to i n f e c t i o u s diseases, delayed recovery from i l l n e s s and 

shortened l i f e expectancy (Simko, Cowell, & G i l b r i d e , 1984). Since 

t h i s discovery, there have been increased e f f o r t s to apply and improve 

methods of n u t r i t i o n assessment for s u r v e i l l a n c e and monitoring (mandated 

by US Congress, 1977) and for n u t r i t i o n a l i n t ervention and preventive 

health care (Simopoulos, 1982). 

Common procedures for i n d i v i d u a l n u t r i t i o n a l assessment i n a c l i n i c a l 

s e t t i n g include anthropometric measurements for s e r i a l readings, 

q u a l i t a t i v e and q u a n t i t a t i v e dietary evaluation, observations of p h y s i c a l 

signs and symptoms, review of medical and socioeconomic f a c t o r s , and 

s e l e c t i v e biochemical t e s t s . Although n u t r i t i o n screening and diagnosis 

i s the exception rather than the r u l e i n antenatal care, t h i s i s not 

for lack of established methodology (NAS [The National Research C o u n c i l ] , 

1978; Simopoulos, 1982). 

Techniques for community surveys or population studies, on the 

other hand, are usually streamlined ( i . e . , 24-hour d i e t r e c a l l as compared 

to m u l t i p l e 7-day prospective d i e t h i s t o r y ) i n accord with cost, 

convenience, and concern for minimizing invasiveness. However, the 

s e l e c t i o n of screening measures that are convenient, yet adequately 

s e n s i t i v e and s p e c i f i c , i s f a r from straightforward. Regardless of 

choice, these findings must be correlated with c l i n i c a l , anthropometric, 

d i e t a r y , biochemical, and e c o l o g i c a l factors to ensure accuracy. The 

report of a recent conference (Simopoulos, 1982) on assessment of 

n u t r i t i o n a l status r e i t e r a t e s the d i f f i c u l t i e s of assessment i n 
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epidemiologic studies and surveys of populations. P r i m a r i l y the 

d i f f i c u l t i e s a r i s e from the complexity of i n t e r a c t i o n s among dieta r y , 

and other environmental factors with genetic, personal, and other 

s o c i a l v a r i a b l e s that influence the occurrence of the various conditions 

of concern. R e a l i s t i c a l l y , these d i f f i c u l t i e s are u n l i k e l y to be 

s a t i s f a c t o r i l y overcome. P r a c t i c a l l y , the associations of importance 

for epidemiological study should be c l e a r l y i d e n t i f i e d by p r i o r c l i n i c a l 

and applied p u b l i c health research. 

More o p t i m i s t i c evaluation of recent advances i n food consumption 

methodology and systems (Hegsted, 1982; Nesheim, 1982; Schucker, 1982; 

Schultz, 1982; Schwerin et a l . , 1982) suggest these techniques could 

be used to i n v e s t i g a t e r e l a t i o n s h i p s between food consumption and 

n u t r i t i o n a l status of a representative or target population integrated 

with measures of health status i n d i c a t o r s , morbidity, mortality, 

regional economic estimate of food a v a i l a b i l i t y , and other c h a r a c t e r i s t i c s 

of the population (e.g., health habits and nutrient composition of the 

food supply). Such systems have been developed i n the context of 

applied p u b l i c health research. 

M a l n u t r i t i o n . J e l l i f f e (1966) i d e n t i f i e d four types of malnutrition: 

(a) undernutrition r e s u l t i n g from lack of s u f f i c i e n t food over a period 

of time; (b) o v e r n u t r i t i o n caused by an excess of food over time; (c) 

s p e c i f i c d e f i c i e n c y states r e s u l t i n g from a lack of i n d i v i d u a l nutrients; 

and (d) imbalance caused by a disproportionate amount of required 

n u t r i e n t s , either through d i e t or supplementation. Primary ma l n u t r i t i o n 
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r e f e r s to inadequacies and imbalances i n the d i e t , while secondary 

malnutrition i s the r e s u l t of disease and d i s a b i l i t y . F a i l u r e i n 

n u t r i t i o n a l health has been categorized by inadequate intake, inadequate 

absorption, defective u t i l i z a t i o n , increased losses (excretion), and 

increased requirements (Wellman, 1978). The e f f e c t s of these conditions 

present c l i n i c a l l y as weight l o s s , delayed wound healing, e l e c t r o l y t e 

and f l u i d imbalance, depressed c e l l u l a r immunity, progressive weakness, 

s k i n breakdown, and endocrine abnormalities. 

Increased understanding of the c o r r e l a t i o n between n u t r i t i o n a l 

assessment, intervention, and outcome parameters has resulted from 

increased i n t e r e s t within the c l i n i c a l and h o s p i t a l s e t t i n g — a n i n t e r e s t 

stemming i n part from the "discovery" by the medical profession of 

h o s p i t a l m a l n u t r i t i o n (Butterworth, 1974; Butterworth & Blackburn, 

1975) , the advent of hyperalimentation, the introduction of computer-

assis t e d n u t r i t i o n a l assessment support, and advanced research on the 

ef f e c t s of n u t r i t i o n a l status on f u n c t i o n a l states. 

One of the r e s u l t s relevant to community-based studies i s the 

recognition of a p a r t i c u l a r malnutrition syndrome, described by Blackburn 

and B i s t r i a n (1977) as "a v i s c e r a l a t t r i t i o n state or kwashiorkor-like 

syndrome," where a patient who appears well-nourished and has maintained 

normal anthropometric measurements, has depressed serum l e v e l s of albumin, 

t r a n s f e r r i n and other c i r c u l a t i n g proteins, as well as compromised 

c e l l u l a r immunity. Recommended therapy includes protein and p r o t e i n -

sparing regimes such as "more than adequate" c a l o r i e s , f l u i d , e l e c t r o l y t e s , 
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and vitamins and minerals. I t i s l i k e l y that the methods of assessment 

used at the community l e v e l are not s e n s i t i v e enough to i d e n t i f y t h i s 

type of syndrome although studies have not been ca r r i e d out to c l a r i f y 

t h i s . 

A second r e s u l t of c l i n i c a l studies which has relevance to the 

community i s the recognition that a consistent r e l a t i o n s h i p between 

the parameters of n u t r i t i o n a l assessment and prognosis i s not always 

seen. In a h o s p i t a l s e t t i n g t h i s can be p a r t l y explained by the non-

n u t r i t i o n a l aspects of the i l l n e s s and treatment. But Russell and 

Jeejeebhoy (1983) suggest that another reason for the discrepancy may 

be that the f u n c t i o n a l aspects of malnutrition are often not manifested 

by s i g n i f i c a n t changes i n t r a d i t i o n a l measurements of body composition. 

Morbidity and mor t a l i t y , they suggest, may c o r r e l a t e better with the 

adverse e f f e c t s of malnutrition on organ function than, with the changes 

i n body composition which occur much l a t e r . The authors review the 

e f f e c t s of maln u t r i t i o n on three v i t a l organ f u n c t i o n s — h e p a t i c secretory 

protein function, immunocompetence,:. and s k e l e t a l muscle f u n c t i o n — b y 

way of explanation (Russell & Jeejeebhoy, 1983). 

This review would suggest that screening f o r a " v i s c e r a l a t t r i t i o n " 

state of malnutrition might appropriately incorporate the measurement 

of serum l e v e l s of pre-albumin and r e t i n o l - b i n d i n g protein (which 

respond to short term changes i n pr o t e i n and energy intake) i n combination 

with some form of di e t a r y intake (to help d i s t i n g u i s h between dietary 

inadequacy and disease processes). 
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Since malnutrition i s the commonest cause of secondary 

immunodeficiency and i n f e c t i o n i s one of the most frequent complications 

of undernutrition, an a d d i t i o n a l support to screening could come from 

the measurement of immune function. Cell-mediated immune response i s 

affected e a r l i e r and more severely by undernutrition (Chandra, 1979 ), 

but severe undernutrition also a l t e r s serum immunoglobulins (Chandra, 

1979b, 1981; McFarlane & Hamid, 1973). In f a c t , almost a l l facets of 

host resistance are known to be affected (e.g., the complement system, 

opsonic function of plasma, polymorphonuclear c e l l function) by 

malnutrition. Selected nutrient d e f i c i e n c i e s can also a l t e r immune 

f u n c t i o n — t h e s e include zinc (Driezen, 1978), i r o n and magnesium 

(Chandra & Dayton, 1982), pyridoxine, f o l i c a c i d , Vitamin A and Vitamin 

E ( B i e s e l , 1981). In a t r e a t i s e on the immunology of n u t r i t i o n a l 

disorders, Chandra (1980) states that n u t r i t i o n a l modulation of immunity 

has wide-ranging c l i n i c a l , b i o l o g i c a l and therapeutic implications. 

The f a c t that immunological changes occur i n advance of the " v i s i b l e " 

chain-reaction outcomes of poor reproductive health signals a p o t e n t i a l 

use for them as a screening measure (Chandra, 1980; Metcoff, 1977), 

although accurate i n t e r p r e t a t i o n of these measures s t i l l present 

d i f f i c u l t y (Harper & Simopoulos, 1982). 

S i m i l a r l y , recent studies of the e f f e c t s of n u t r i t i o n a l status on 

autonomic and sympathetic nervous system function, which may precede 

some of the changes i n other organ function that accompany a l t e r a t i o n s 

i n n u t r i t i o n a l status and which can, i n part, be assessed by norepinephrine 

turnover rates, speak to the future a v a i l a b i l i t y of more s e n s i t i v e 
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screening measures of malnutrition than those of current and past 

use. 

A t h i r d aspect of c l i n i c a l studies relevant to the community 

and reproductive outcomes i s the r e l a t i o n s h i p between n u t r i t i o n a l 

status and behavior. I t i s suggested that behavioral consequences 

may be among the most important consequences of inappropriate dietary 

p r a c t i c e s (Harper & Simopoulos, 1982), but that these require measurement 

of s p e c i f i c functions (e.g., memory, problem-solving) rather than the 

global measures (e.g., cognitive function) used previously i n followup 

studies of infants and c h i l d r e n . 

One study i n p a r t i c u l a r has provided us with a benchmark for the 

e f f e c t of severe, acute malnutrition on reproductive performance i n a 

human population. Through a d e t a i l e d i n v e s t i g a t i o n of the consequences 

of undernutrition for 40,000 c h i l d r e n conceived and born during the 

Dutch "hunger winter" of 1944/45, Stein and colleagues (1975) provide 

clear evidence of r e l a t i o n s h i p s between severe food shortage, birthweight, 

and other reproductive casualties when famine i s abruptly imposed on 

an adequately nourished population. Under these conditions, m a l n u t r i t i o n 

was associated with a f e t a l growth d e f i c i t of 300-400 g, excess 

prematurity (defined as low birthweight), excess p e r i n a t a l and neonatal 

m o r t a l i t y , and an excess of congenital abnormalities. 

Similar but l e s s d e t a i l e d accounts of epidemics of malformations, 

low birthweight, and i n f a n t death have been associated with acute war-

r e l a t e d famine conditions since the siege of Paris i n 1870 (Wynn & 

Wynn, 1979). These same adverse outcomes have been c o n s i s t e n t l y 
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demonstrated across animal species with a broad spectrum of energy 

d e f i c i e n t , s i n g l e and multiple nutrient d e f i c i e n c y conditions (Hurley 

& Eckhert, 1981; Hurley, Keen, & Lonnerdal, 1983). 

The unique strength of the Dutch study conducted by Stein and 

colleagues l i e s i n the q u a l i t y of data (events surrounding the Dutch 

famine were c a r e f u l l y and systematically documented as part of populations 

s t a t i s t i c s , food r a t i o n i n g records, b i r t h and death r e g i s t r a t i o n , 

maternity h o s p i t a l records, e t c . ) ; the f a c t that t h i s cohort data 

represents the t o t a l rather than a sample population; and the f a c t that 

famine conditions existed i n a defined area of the Netherlands for a 

s p e c i f i c and measurable time period. These data allowed the researchers 

to compare reproductive outcomes i n famine areas against those i n non-

famine area of the Netherlands during the same time period, to compare 

famine e f f e c t s during early versus l a t e pregnancy, and to compare 

outcomes i n the famine area before, during and a f t e r the famine occurred. 

Followup of the male cohort at the time of t h e i r m i l i t a r y medical 

examination was possible for a l l but 3 percent of the s u r v i v o r s . 

The study c l e a r l y shows that maternal n u t r i t i o n can adversely a f f e c t 

a l l measures of reproductive performance, from the a b i l i t y to conceive 

and maintain a pregnancy to the number of malformations, s t i l l b i r t h s , 

and i n f a n t deaths. I t also determined that maternal n u t r i t i o n a f f e c t s 

maternal weight, p l a c e n t a l weight, and f e t a l growth dimensions seemingly 

i n a time-ordered chain of events. Thus, with reinstatement of food 

supplies, maternal weight gain and placental weight gain preceded 

increases i n infant birthweight. 
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The data suggest a threshold phenomenon which r e f l e c t s a s h i f t 

from adaptive to maladaptive state below a c e r t a i n l e v e l of c a l o r i c 

intake. For example, below a threshold value of food r a t i o n s , f e r t i l i t y 

(and infecundity by inference) i n the population declined p a r a l l e l 

with the a v a i l a b i l i t y of food and by v i r t u e of a s o c i a l class gradient 

e f f e c t , affected the lowest classes to the greatest degree. The data 

did not, however, support the presence of famine e f f e c t s i n those who 

survived to adulthood. 

Some observations of the Dutch famine help to d i f f e r e n t i a t e between 

the e f f e c t of malnutrition around conception and i n early pregnancy 

from the e f f e c t of malnutrition l a t e r i n pregnancy. For example, food 

shortage i n the t h i r d trimester had the greatest impact on i n t r a u t e r i n e 

growth and early postnatal m o r t a l i t y (7-90 days). P a r t i a l regression 

c o e f f i c i e n t s i n d i c a t e a change i n d a i l y average rations of 100 c a l o r i e s 

predicts a change of 1.2 deaths/1,000 l i v e b i r t h s at age 7-89 days. 

Birthweight was more s e n s i t i v e to n u t r i t i o n a l e f f e c t s than length and 

head circumference. Slowed f e t a l growth was the mediating factor 

between mal n u t r i t i o n and excess deaths i n the f i r s t three months of 

l i f e and affected a s u b s t a n t i a l number of i n f a n t s . Food shortage i n 

the f i r s t trimester had the greatest e f f e c t on abnormal development of 

the c e n t r a l nervous system, preterm b i r t h associated with very low 

birthweight, s t i l l b i r t h , and f i r s t week death. Smaller numbers of 

infants were affected by f i r s t trimester famine. The data suggest a 

d i f f e r e n t low birthweight syndrome i s associated with t h i r d versus 

f i r s t trimester n u t r i t i o n deprivation. 
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Susser (1981) has suggested the l a t t e r a s s o c i a t i o n may have to do 

with a famine-refeeding combination. Wynn and Wynn (1981) reviewed 

the same data i n an i n v e s t i g a t i o n of the e f f e c t of food shortage around 

the time of conception and present a d i f f e r e n t perspective. They report 

that the peak incidence of p e r i n a t a l m ortality ( s t i l l b i r t h s and deaths 

from "prematurity") and infant m o rtality from malformations of the 

c e n t r a l nervous system and from "other" malformations, occurred when 

famine conditions coincided with the period around conception. Further 

to t h i s , they found that excess deaths ( p a r t i c u l a r l y those associated 

with malformations) pe r s i s t e d at famine l e v e l s among babies conceived 

during the f i r s t four months following the r e s t o r a t i o n of food supplies 

and remained above pre-famine l e v e l s for up to 12 months. Although 

f e r t i l i t y rates returned to pre-famine l e v e l s and above immediately 

following food r e s t o r a t i o n , there seemed to be a time lag of at l e a s t 

four months before recovery from the e f f e c t s of malnutrition on other 

reproductive outcomes was complete. I t i s speculated that t h i s f i n d i n g 

may r e f l e c t the s e n s i t i v i t y of the maturing ovum and sperm to i n s u l t , 

as i d e n t i f i e d by current mutagenic research (Wynn & Wynn, 1984). 

I n f e r t i l i t y and Impaired Fecundity 

In the Dutch famine c i t i e s , the r e l a t i o n s h i p between food rations 

and f e r t i l i t y (number of b i r t h s ) was convincing below a threshold of 

1,500 c a l o r i e s (r = 0.92) (Stein & Susser, 1978). Amenorrhea was 

commonly experienced but not q u a n t i f i e d . Non-manual classes were les s 

e f f e c t e d than manual—the s o c i a l c l a s s v a r i a t i o n i s suggested by the 
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author to represent a greater access to the l i m i t e d food supplies i n 

the higher socioeconomic population. 

The work of F r i s c h (1977) and others (Crisp, 1979; F r i e s , 1974; 

Holmberger & Nylander, 1971; N i l l i u s , 1978) with small population 

groups, which indicated that onset and maintenance of regular menstrual 

function i n the human female i s dependent on a minimum weight for height 

( r e f l e c t i n g a p a r t i c u l a r body composition of r e l a t i v e fatness) has led 

to the suggestion that 47 kg i s a " c r i t i c a l weight" below which menarche 

does not occur i n the North American population. Similar c r i t i c a l 

weight ranges have been suggested for other countries (Wynn & Wynn, 

1981). However, Garn and LaVelle (1983) investigated the " c r i t i c a l 

weight" theory i n a pooled sample of 79,000 North American females 

(from four d i f f e r e n t surveys) which included 3,549 women at or below 

47 kg. The authors concluded that low body weight may represent a 

delaying f a c t o r to menarche and e f f e c t reproductive outcome i n terms 

of birthweight, but because menarche, conception and m u l t i p a r i t y 

occurred within the low weight group, i t could not be considered 

" c r i t i c a l " . They observed that n o n - n u t r i t i o n a l genetic components 

play a r o l e , along with n u t r i t i o n a l status, i n the timing of menarche. 

Others (Wynn & Wynn, 1983) have suggested that ponderal index (as a 

p e r c e n t i l e grid) may provide a more appropriate screening t o o l i n 

i d e n t i f y i n g those approaching the " i n f e r t i l i t y threshold" but t h i s 

has yet to be studied i n a representative population. 

The findings of Garn and LaVelle do not contradict studies of 
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malabsorption, c a l o r i c deprivation or chronic malnutrition r e l a t e d to 

delayed menarche or prolonged postpartum amenorrhea, and acute 

malnutrition r e l a t e d to the i n t e r r u p t i o n of menstrual cycles ( E l l i s o n , 

1981; Garn, 1979). 

The e f f e c t s of severe malnutrition on fecundity are unequivocal 

and include disturbed endocrine function i n both adult males and females; 

delayed puberty i n the young; cessation of menstruation and ovulation; 

underdeveloped g e n i t a l i a and atrophy of the seminiferous tubules i n 

young boys; s i g n i f i c a n t reduction i n semen volume, sperm count and 

mo b i l i t y , and l i b i d o ; and morphologic changes i n gonadal ti s s u e 

(Calloway, 1983; Rechcigal, 1981). The recovery period a f t e r refeeding, 

which i s c o n s i s t e n t l y reported as four to s i x months f o r adult males 

(Jacobs, 1948; K l a t s k i n , S a l t i e r , & Humm, 1947), i s l i k e l y to be between 

two to four months for adult females. 

The evidence that moderate, chronic malnutrition a f f e c t s fecundity 

i s more equivocal, but s i m i l a r changes have been reported i n c o n t r o l l e d 

experiments on adult males (Crisp et a l . , 1982; Keys et a l . , 1950; 

Smith et a l . , 1975) and studies of anorexia nervosa patients (Crisp, 

1979; F r i e s , 1974) with weight los s of 10-15 percent below i n i t i a l 

normal weight. Hypothalamic, p i t u i t a r y and Leydig c e l l function a l l 

are involved i n the response to chronic undernutrition. Hormonal 

c h a r a c t e r i s t i c s return toward normal with r e s t o r a t i o n of body weight 

but f u l l recovery may take an extended time (Crisp et a l . , 1982; 

Woolam, 1981). 
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Hormonal l e v e l s are known to be very responsive to acute food 

deprivation. In men of normal weight, and even i n obese men, f a s t i n g 

for only a few days leads to reduced serum l e v e l s of FSH and testosterone, 

decreased excretion of 17-ketosteroids, and decreased responsiveness 

to LHRH (Klibanski et a l . , 1981; M i l l e r , Mickelsen, & Keys, 1948). 

Much has been reported about the prevalence of amenorrhea and 

i n f e r t i l i t y i n women following or concurrent with self-imposed weight 

loss (Bergh, N i l l i u s , & Wide, 1978; Crisp, 1979; F r i e s , 1974; F r i s c h , 

1977; Hirvonen, 1979; N i l l i u s , 1978). Bates, Bates, and Whitworth 

(1982) found, i n a small c l i n i c a l study of 47 women with unexplained 

i n f e r t i l i t y or menstrual dysfunction who practised weight c o n t r o l , 

that even 5-10 percent reductions i n weight were associated with subtle 

a l t e r a t i o n s i n the menstrual cycle and reproductive f a i l u r e . Of the 

36 study women who agreed to follow a d i e t designed to increase t h e i r 

weight to within the " i d e a l " range (Metropolitan L i f e Standards, 1968), 

73 percent of those who were i n f e r t i l e conceived spontaneously and 

90 percent with secondary amenorrhea resumed menstruation when weight 

was restored to with i n 5 percent of i d e a l . Differences i n the serum 

gonadotrophin l u t e i n i z i n g hormone:follicle stimulating hormone r a t i o 

[LH:FSH] were found to be s i g n i f i c a n t l y r e l a t e d to differences i n the 

percentage of i d e a l body weight. 

There i s also an ass o c i a t i o n between impaired fecundity and q u a l i t y 

of d i e t or s p e c i f i c nutrient d e f i c i e n c i e s (as compared to general 

undernutrition or energy deprivation r e f l e c t e d i n weight l o s s ) . Animal 

models in d i c a t e important and s p e c i f i c roles for Vitamin A and E, each 
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of the B-complex vitamins and for e s s e n t i a l f a t t y acids. In a review 

of n u t r i t i o n and reproductive function i n males, Calloway (1983) concludes: 

Of the e s s e n t i a l n u t r i e n t s , only zinc has been linked unequivocally 
to gonadal development and function i n men . . . [but] almost a l l 
nutrients involved i n metabolism can a f f e c t gonadal function 
d i r e c t l y , or i n d i r e c t l y v i a the pituitary-hypothalamic axis. 
Several trace elements are toxic to the gonads, as are excess 
Vitamin A and ethanol. (p. 377) 

Single nutrient deficiency studies i n human populations are v i r t u a l l y 

impossible (as i n the case of z i n c , the opportunity for natural experiments 

occasionally occur) since inadequate d i e t s w i l l be d e f i c i e n t i n more 

than one e s s e n t i a l nutrient and standards of ethics no longer allow the 

imposition of a n u t r i e n t d e f i c i e n c y . 

I t i s of i n t e r e s t that when Nelson and colleagues (1951, 1954), i n 

one of a s e r i e s of studies on n u t r i t i o n and reproduction i n r a t s , used 

hormone i n j e c t i o n s to treat d i e t - r e l a t e d endocrine dysfunction, the 

hormones s u c c e s s f u l l y supported conception and o f f s e t most of the f e t a l 

e f f e c t s r e l a t e d to the dysfunction (e.g., embryo resorption) but did 

so at the expense of the mother's health and n u t r i t i o n a l status. The 

relevance of t h i s study to humans i s unknown. Given that n u t r i t i o n a l 

assessment i s not a common component of current i n f e r t i l i t y i n v e s t i g a t i o n 

and that there i s a s u b s t a n t i a l body of knowledge l i n k i n g n u t r i t i o n to 

the i n t e g r i t y of the endocrine system which i s believed pertinent to 

mammals and humans (Campbell, 1981), i n v e s t i g a t i o n of the n u t r i t i o n a l 

status of some couples r e c e i v i n g medical attention for i n f e r t i l i t y 

problems seems warranted. U n t i l t h i s occurs i t i s not possible 

to determine the incidence of n u t r i t i o n - r e l a t e d i n f e r t i l i t y . 
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At best one could only speculate from population estimates of the number 

of men and women who are anorexic, bulemic, chronic d i e t e r s , s u b s t a n t i a l l y 

underweight, or have n u t r i e n t - r e l a t e d diseases or d e f i c i e n c i e s . 

Birthweight, P e r i n a t a l M o r t a l i t y and F e t a l Growth 

Studies of groups of pregnant women have con s i s t e n t l y shown that 

an increase i n weight gain during pregnancy i s associated with a p a r a l l e l 

increase i n birthweight and a progressive decrease i n the number of 

infants under 2,500 g. Increased prepregnancy weight i s also associated 

with increased birthweight and reduced incidence of low birthweight 

infants (Gormican, Valentine, & Satter, 1980; Naeye, 1981; Niswander & 

Jackson, 1975; Ounsted & Scott, 1981; Peckham & Christianson, 1971; 

Simpson, Lanlow, & Mitchel, 1975). One of the largest s e r i e s to confirm 

these c o r r e l a t i o n s was c a r r i e d out by Eastman and Jackson (1968) for 

f u l l - t e r m pregnancies of over 11,000 pregnant women (6,675 white, 5,236 

black women) d e l i v e r i n g at the Johns Hopkins H o s p i t a l , Baltimore. 

Cases associated with f e t a l deaths, multiple pregnancies, toxemias, 

and maternal disease states were not included i n the study. Weight 

gain and prepregnancy weight are found to act independently of each 

other. When they vary i n the same d i r e c t i o n , t h e i r e f f e c t s are add i t i v e ; 

when they vary i n opposite d i r e c t i o n s , t h e i r separate e f f e c t s tend to 

o f f s e t each other. Thus, the lar g e s t infants are born to women whose 

pregravid weight and pregnancy weight gain i s high, the smallest to 

women whose pregravid weight and weight gain were both low, and infants 

of intermediate weight are born to women with either a low pregravid 

weight or pregnancy weight gain. In the Baltimore study, for example, 
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no low birthweight term infants were born to women (black or white) of 

high maternal weight with adequate pregnancy gain whereas the percentage 

of low birthweight term infants associated with low maternal weight and 

pregnancy gain was 16 percent i n the group of black women and 5.8 percent 
i 

i n the group of white women. Other studies also report an increased 

number of preterm b i r t h s (X4) associated with low weight gain ( M i l l e r 

& M e r r i t t , 1979). From a n u t r i t i o n a l perspective, i t has been i n f e r r e d 

that women with both an adequate pregravid weight for height and an 

adequate pregnancy weight gain (11-12 kg), enter t h e i r pregnancy with 

adequate maternal nutr i e n t stores and maintain a l e v e l . o f n u t r i e n t 

intake to support pregnancy needs. 

Tompkins, Wiehl, and M i t c h e l l (1955) were some of the e a r l i e s t 

i n v e s t i g a t o r s to report that underweight women who gained more than 

an average amount from mid-pregnancy had fewer low birthweight i n f a n t s . 

This has been further substantiated (Brown et a l . , 1981; Higgins, 1976; 

Simpson, Lanlow, & Mitchel, 1975). Postpartum weight as a percentage 

of i d e a l body weight/height i s considered to be a r e f l e c t i o n of the 

n u t r i t i o n a l status of a woman at the conclusion of the gestat i o n a l 

period. Luke and Rosso (1978) studied the r e l a t i o n s h i p between postpartum 

weight and optimal i n f a n t birthweight i n 254 Black and Hispanic 

singleton, term d e l i v e r i e s and found a l i n e a r c o r r e l a t i o n up to 110 

percent i d e a l weight/height, at which point the curve begins to l e v e l 

o f f , reaching a plateau at about 125 percent. To achieve a postpartum 

weight of at l e a s t 110 percent meant a minimum weight gain of 20 kg for 

underweight gravida i n the study group, but was reached by the obese 

group i n s p i t e of some weight l o s s . 
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In a group of 467 term, singleton d e l i v e r i e s whose low-income 

mothers had been re f e r r e d f or dietary counselling, Rosso and Cramoy 

(1977) examined the influence of maternal weight gain on the incidence 

of f e t a l growth retardation. Based on pregravid weight/height, the 

mothers were c l a s s i f i e d as underweight, normal, or obese. Low weight 

gain was c l a s s i f i e d as underweight, normal, or obese. Low weight gain 

was defined as 13 kg or less f or the underweight group and 7 kg for 

the other two groups. The incidence of i n t r a u t e r i n e growth retardation 

among women (with no pregnancy complications) was 2 percent i n those 

with adequate gain, compared to 33 percent among women with low gain. 

The o v e r a l l incidence of IUGR was 9.8 percent (46 cases) of which 41.3 

percent (19 cases) were delivered of women with low gain alone and an 

ad d i t i o n a l 30.4 percent (14 cases) were from women with low gain plus 

one other i n f l u e n c i n g factor (e.g., preeclampsia, smoking, hypertension); 

13 percent (6 cases) of IUGR occurred i n gestations of normal weight 

gain and no complications, and 15 percent (7 cases) a t t r i b u t e d to a 

path o l o g i c a l condition other than weight gain. Thus, inadequate gain, 

e i t h e r alone or i n combination with other f a c t o r s , was present i n 72 

percent of the cases of i n t r a u t e r i n e growth retardation. 

In addition, studies have demonstrated that the usual excess of 

low birthweight infants i s not found i n teenagers or underweight 

women i f they a t t a i n an above-average pregnancy gain. This apparent 

"weight gain p r o t e c t i o n " may apply i n cases where women smoke or are 

under s t r e s s as well, (Garn, Hoff, & McCabe, 1979; Luke, Hawkins, & 

P e t r i e , 1981; Picone et a l . , 1982; Rush, 1974). From a n u t r i t i o n a l 
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perspective, these women and those who are underweight are seen to be 

at r i s k by v i r t u e of increased n u t r i t i o n a l requirements or of decreased 

u t i l i z a t i o n of nutrient intake. 

Body weight i s affected by both height and maternal c a l o r i c intake, 

height being more important except at the extremes of v a r i a t i o n i n 

weight-for-height. Numerous studies have demonstrated a r e l a t i o n s h i p 

between maternal height and the incidence of s t i l l b i r t h s and labor 

d i f f i c u l t i e s , birthweight and p e r i n a t a l m o r t a l i t y (Baird, 1952; Butler 

& Bonham, 1963; Thomson, 1959a; Thomson & B i l l e w i c z , 1963). From a 

n u t r i t i o n a l perspective, i t i s i n f e r r e d that women who were favored by 

good n u t r i t i o n and health i n childhood are l i k e l y to have reached t h e i r 

f u l l p o t e n t i a l for height, whereas those less favored may be stunted 

and more vulnerable to reproduct ive probXeins (NAS [The Na.tiona.1 Research. 

Council], 1970). 

The a s s o c i a t i o n between height-adjusted maternal weight and i n f a n t 

birthweight i d e n t i f i e s the r o l e of p r i o r c a l o r i c intake. An example of t h i s 

type of study i s that of Peckham and Christianson (1971) of 3,939 pregnant 

white women who were members of the Kaiser Foundation Health Plan i n 

C a l i f o r n i a . From t h i s group, a l l women within the height range of 64+'. 3 

inches were selected and those with weights i n the lowest (n=394), highest 

(n = 395), and mid (n=393) 10 percent of the group were studied. The 

r e s u l t s are confounded by "opposite e f f e c t " d ifferences i n maternal age 

and p a r i t y between the l i g h t and heavy group (more under 20 years and 

primigravida i n the l i g h t e s t group) and by differences i n weight gain 

(higher i n the l i g h t e s t group). The mean birthweight of infants 



156 

increased with maternal weight for height (3,191.6 g, 3,388.7 g, and 

3,531.8 g for the l i g h t , medium, and heavy groups, respectively) while 

the proportion of low birthweight decreased with increasing maternal 

weight for height (7.8, 4.2, and 2.3 percent). Thus, i n stepwise 

multiple l i n e a r regression analysis of the determinants of birthweight 

(c o n t r o l l e d for gestational age and f e t a l sex), prepregnant weight for 

height and maternal weight gain are most important (e.g., Blidner, 

Anderson, & S i n c l a i r , 1982; Niswander & Gordon, 1972) with other 

anthropometric measurements explained by prepregnant weight. 

Consistent c o r r e l a t i o n s between p a r t i c u l a r dietary components and 

weight gain, pregravid weight, or birthweight have not been shown 

across studies (Leader, 1983; NAS, 1970; Rosso & Cramoy, 1977). In a 

prospective l o n g i t u d i n a l study of 95 pregnancies of 54 women, Beal 

(1971) investigated the food intake of the study women monthly. 

Throughout pregnancy, there was a p o s i t i v e c o r r e l a t i o n of c a l o r i c 

intake to weight gain, but the c o e f f i c i e n t was s t a t i s t i c a l l y s i g n i f i c a n t 

only for c a l o r i c intake i n the second trimester. No s i g n i f i c a n t 

r e l a t i o n s h i p between dietary components and birthweight or b i r t h length 

were found. However, the author described the women as being generally 

w e l l nourished before and during pregnancy. Both b i r t h length and 

birthweight were s i g n i f i c a n t l y correlated with maternal weight and 

pregnancy weight gain ( t h i r d trimester only for length). 

A s i m i l a r c o r r e l a t i o n c o e f f i c i e n t (+.30) for c a l o r i c intakes during 

the l a s t h a l f of pregnancy was reported by Thomson (1959b) i n a study 

of the influence of maternal body s i z e and c a l o r i c intake on birthweight 
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(489 primigravidas). In t h i s study, c a l o r i c intake was d i r e c t l y 

r e l a t e d to birthweight, but also to s o c i a l class and to height. The 

authors interpreted t h e i r r e s u l t s as i n d i c a t i n g that maternal body 

s i z e was the antecedent factor. In a mul t i v a r i a t e analysis of birthweight 

i n a low-socioeconomic black population, Rush, Davis, and Susser (1972) 

found maternal weight gain during pregnancy correlated with c a l o r i c 

intake and birthweight independent of "maternal s i z e " and interpreted 

these r e s u l t s as i n d i c a t i n g that c a l o r i c intake determines f e t a l s i z e 

and birthweight. 

Studies with women from low-socioeconomic groups( whose n u t r i t i o n a l 

status i s more l i k e l y to be inadequate) over time have shown s i g n i f i c a n t 

c o r r e l a t i o n between food intake and birthweight. Many do not meet the 

standards of research design that would allow the r e s u l t s to be regarded 

as "evidence" but the studies are h i s t o r i c a l l y important and put 

perspective on the l a t e r , more rigorous i n v e s t i g a t i o n s of the e f f e c t 

of n u t r i t i o n on reproductive performance. 

An often reported n u t r i t i o n i n tervention study of the early 1940s 

was c a r r i e d out i n Toronto by Ebbs, Tisdall,..and Scott (1941). A 

7-day prospective dietary h i s t o r y was completed by 380 women attending 

the prenatal c l i n i c of the Toronto General Hospital and analyzed by the 

s t a f f d i e t i t i a n . Those with a poor d i e t record and poor income were 

a l t e r n a t e l y l e f t on a poor d i e t (120 cases) or given d a i l y food 

supplements beginning the 5th-6th month of pregnancy to provide a good 

d i e t (90 cases); those with s u f f i c i e n t income were provided with 
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n u t r i t i o n counselling to improve t h e i r d i e t (170 cases). A second 

7-day food record was analyzed at eight months which showed improvement 

i n a l l three groups but s u b s t a n t i a l l y better diets i n the supplemented 

and counselled group. I n i t i a l records f or the poor d i e t group showed 

a mean d a i l y intake of 56 g p r o t e i n and 1,627 c a l o r i e s with an increase 

to 62 g and 1,837 c a l o r i e s by the second review; the supplemented group 

began at a l e v e l of 56 g protein and 1,690 c a l o r i e s and increased to 

94 g protein and 2,424 c a l o r i e s ; and the good d i e t group began with 

81 g p r o t e i n and 2,206 c a l o r i e s which..increased to 92 g p r o t e i n and 

2,521 c a l o r i e s . The poor d i e t and supplemented groups were s i m i l a r 

i n terms of socioeconomic, demographic and o b s t e t r i c h i s t o r y ; the good 

d i e t group contained more primips, had higher incomes, and better 

o b s t e t r i c a l h i s t o r i e s . Pregravid weight, height and pregnancy gain 

were not reported. Obstetric and nursing s t a f f were not informed of 

the women's d i e t group. Results showed the incidence of abortions, 

low birthweight, s t i l l b i r t h s , and neonatal deaths was higher i n the 

group on a poor d i e t . The women i n the groups with supplemented and 

good diets had fewer o b s t e t r i c a l complications in c l u d i n g toxemia, and 

had fewer d i f f i c u l t i e s during labor, d e l i v e r y , and the postpartum 

period (reduced i n f e c t i o n , increased a b i l i t y to nurse). The infants 

born to mothers on a poor prenatal d i e t were more susceptible to 

i n f e c t i o n s and n u t r i t i o n a l diseases f or the f i r s t s i x months and 

experienced a below normal growth rate even though t h e i r mean birthweight 

was not s i g n i f i c a n t l y d i f f e r e n t . The study has been c r i t i q u e d for 
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methodological problems—e.g., noncompliance not adequately c o n t r o l l e d , 

sample s i z e too small to show s t a t i s t i c a l s i g n i f i c a n c e . By today's 

standards some of the outcome measures lack s p e c i f i c i t y and the timing 

of the intervention i s l a t e (preconception or f i r s t trimester i n t e r v e n t i o n 

would be seen to be more appropriate) but the approach i s sound. 

A study of the s t i l l b i r t h rates i n England and Wales from 1928-

1944 showed a sharp decline i n a l l counties (greatest i n the, poor 

counties) a f t e r the i n s t i t u t i o n of war-time prenatal food rations by 

government. Neonatal death rates and low birthweight also declined 

but to a les s e r degree. Since these changes occurred at a time when 

a l l conditions other than n u t r i t i o n had deteriorated, the r e s u l t was 

considered to be due to the improved n u t r i t i o n a l status of the poorer 

women (Baird, 1947; Sutherland, 1946). Descriptive dietary studies i n 

England seemed to support t h i s explanation (Cameron & Graham, 1944). 

Following t h i s , a serie s of studies were conducted at the Boston 

Lying-In H o s p i t a l (Burke, 1948; Burke et a l . , 1943; Burke, Harding, & 

Stuart, 1943) to determine the influence of d i e t during pregnancy on 

growth and development of the fetus or the course of pregnancy, labor 

and d e l i v e r y , or the postpartum period. The die t s of a group of 216 

pregnant women attending the h o s p i t a l prenatal c l i n i c were c a r e f u l l y 

assessed over the l a s t two trimesters and a formula used to rate them 

as excellent or good (14 percent), f a i r (46 percent), poor (23 percent), 

or very poor (17 percent). An independent p e d i a t r i c appraisal of the 

infants was ca r r i e d out and then examined against the dietary r a t i n g 
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of the mother. The length and weight of the i n f a n t s , t h e i r o v e r a l l 

p h y s i c a l condition and osseous development were c l o s e l y associated 

with the protein content of the mother's d i e t , and the occurrence of 

toxemia was r e l a t e d to the q u a l i t y of the d i e t . A s i b l i n g study 

(Burke et a l . , 1949) reported that the d i e t s of the mothers entering 

subsequent pregnancies remained at the same l e v e l of adequacy or 

inadequacy. This allowed for speculation of a n u t r i t i o n a l component 

i n the "repeater" syndrome df reproductive outcome i n which a mother 

with a h i s t o r y of a previous low birthweight i n f a n t , for example, i s 

at greater r i s k of giving b i r t h to a second low birthweight i n f a n t . 

The need for more rigorous research design and l a r g e r , more 

representative study populations led to a s e r i e s of supplementation 

studies which have f a i l e d to c l a r i f y the e f f e c t of n u t r i t i o n on 

reproductive outcome. Some have demonstrated a clear b e n e f i c i a l e f f e c t 

of food or n u t r i e n t supplementation, others have been less conclusive, 

and some have shown no e f f e c t . 

In the early 1970s a number of major studies of n u t r i t i o n and 

pregnancy were conducted on the premise that i f inadequate d i e t . 

contributed to low birthweight and poor reproductive performance, 

n u t r i t i o n supplement/non-supplement comparison would help quantify 

t h i s r e l a t i o n s h i p . Three representative prospective s t u d i e s — t h e New 

York study of 769 singleton b i r t h s (Rush, St e i n , & Susser, 1980), the 

Bogota study of 413 b i r t h s (Mora, Clement, & Christiansen, 1977; 

Mora et a l . , 1978, 1979), the Guatemala study of over 1,500 pregnancies 
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(Habicht et a l . , 1974; Lechtig & K l e i n , 1980), and the Taiwan study of 

225 women over two consecutive pregnancies (Blackwell et a l . , 1973; 

Wohlleb et a l . , 1983) have been c r i t i c a l l y reviewed by Lechtig and 

K l e i n (1981), Rush, Stein, and Susser (1980) , Stein, Susser, and Rush 

(1978), and Susser (1981). 

The New York study c l o s e l y conforms to the experimental model 

with random double-blind assignment of an adequate sample of high r i s k /N 

women, to a cont r o l or one of two beverage supplemented groups. The 

Bogota study used randomized assignment of malnourished f a m i l i e s to 

s i x prenatal and postnatal c o n t r o l and treatment groups using regular 

food as a prenatal supplement from the s i x t h month of pregnancy; the 

Guatemala study used two d i f f e r e n t l i q u i d d i e t supplements with 

treatment assigned by residence i n one of four small v i l l a g e s ; and the 

Taiwan study randomly a l l o c a t e d pregnant women to a beverage supplement 

or placebo group from the second or t h i r d trimester of the i n i t i a l 

study pregnancy through to the weaning of a subsequent b i r t h . 

The r e s u l t s from these major studies were mixed and emphasize the 

complexity of the nutrition-birthweight r e l a t i o n s h i p . The New York 

study showed no s i g n i f i c a n t supplement e f f e c t on birthweight except i n 

infants of women who smoked. Susser (1981) concludes from these 

studies, that among women at r i s k of producing low birthweight i n f a n t s , 

prenatal dietary supplementation can lead to a modest r i s e of 40-60 g 

i n birthweight. The degree of e f f e c t on birthweight seems to be 

con d i t i o n a l and depends on the n u t r i t i o n a l status of the women. In 

adequately nourished or heavy women, supplements are l i k e l y to show no 
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e f f e c t , whereas i n t h i n or undernourished women, the birthweight e f f e c t 

i s l i k e l y to be i n the upper range. Supplement e f f e c t s on maternal 

weight gain did not cons i s t e n t l y r e f l e c t improved f e t a l growth nor 

were perceived n u t r i t i o n - r e l a t e d benefits i n cognitive function or 

psychological test r e s u l t s n e c e s s a r i l y associated with improved f e t a l 

growth. A best time for supplement i n i t i a t i o n and a best n u t r i t i o n a l 

content f o r supplements was not f u l l y c l a r i f i e d . The l a t t e r r e f l e c t s 

the inherent problem of supplement studies where t o t a l d i etary intake 

and n u t r i t i o n a l needs are not taken into account. 

In the Guatemalan study, the average non-supplemented d i e t of 

women during pregnancy was about 1,500 kcal and 40 g protein (mostly 

from vegetable sources) and the average pregnancy gain was only 7 kg. 

The two types of supplements compared p r o t e i n - c a l o r i c versus c a l o r i c 

e f f e c t s . In both supplemented groups, birthweight showed a consistent 

a s s o c i a t i o n with the number of c a l o r i e s received during pregnancy but 

no r e l a t i o n s h i p to protein. The mean birthweight of infants of women 

rec e i v i n g more than 20,000 kc a l of supplement over t h e i r pregnancy 

was 3,105 g compared to 2,994 g when supplementation was less than 

20,000 k c a l . The proportion of low birthweight infants i n the former 

groups was 9 percent compared to 19 percent i n the l a t e r . The 

re l a t i o n s h i p between c a l o r i c supplement and birthweight remained a f t e r 

c o n t r o l l i n g for maternal height, p a r i t y , or gesta t i o n a l age. Supplements 

were taken under supervision at the v i l l a g e c l i n i c s , but since attendance 

at the center was voluntary, t h i s resulted i n a wide range of supplemented 

intake among and with i n the groups of women. The d i f f i c u l t y i n 
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s u c c e s s f u l l y implementing the study as designed created obvious problems 

concerning the strength of evidence of r e s u l t s . 

On the other hand, the New York City study was able to implement 

a research design of high standard but has been widely c r i t i c i z e d i n 

terms of i t s n u t r i t i o n a l design. Jacobson (.1980) has suggested that 

the intervention was too l a t e to allow meaningful r e h a b i l i t a t i o n to 

occur; others have c r i t i c i z e d the pro t e i n content (which, at the 

higher l e v e l s , may have had detrimental effects) i n the absence of 

supportive c a l o r i e s (Barnes, 1980) and the vitamin-mineral balance 

(Hegsted, 1980).. Wynn and Wynn (1980) noted that the ponderal index 

of the women (20.32 +/- 2.18) was at a l e v e l c i t e d by F r i s c h (1978) as 

the i n f e r t i l i t y threshold, and that poor n u t r i t i o n at conception could 

be a component of the poor health of the study infants (e.g., o v e r a l l 

p e r i n a t a l m ortality rate of 65.5/1,000). Leader (1983) comments that 

since protein d e f i c i e n c y may not have been the n u t r i t i o n a l problem 

(Bowering, Lowenberg, & Morrison, 1980), "the New York Study was 

analogous to a f i e l d t r i a l of a new a n t i b i o t i c i n a population not 

s u f f e r i n g from i n f e c t i o n s s e n s i t i v e to the new drug." He continues: 

"With the ben e f i t of hindsight, the study r a i s e s more questions than 

i t answers. Whatever i t s suggested shortcomings, the study was 

valuable i n pointing out that there i s a need f or a balanced and 

i n d i v i d u a l i z e d approach to n u t r i t i o n i n pregnancy" (p. 38). 

There are some i n t e r e s t i n g s i m i l a r i t i e s between the findings i n 

some of the supplement studies and observations by St e i n and colleagues 
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(1975). For example, when food was restored post-famine, maternal 

weights increased before birthweights increased—some supplement 

programs were associated with s i g n i f i c a n t increase i n maternal gain 

but not i n birthweights. Male birthweights at the height of the famine 

were affected more than female birthweights—some supplement programs 

were seen to a f f e c t male f e t a l growth to a greater degree than female 

f e t a l growth. These observations contribute to the questions raised 

as to the timing and type of supplementation selected for the studies. 

Why the d i s p a r i t i e s i n the r e s u l t s of the major supplement 

studies of the 1970s? I t i s now recognized that a d d i t i o n a l nourishment 

for the already adequately nourished pregnant woman bestows no 

measurable b e n e f i t on in f a n t health and growth, nor does inappropriate 

dietary intervention of the malnourished. When the " n u t r i t i o n a l l y at 

r i s k " woman i s c o r r e c t l y i d e n t i f i e d , her n u t r i t i o n a l status, i f 

unaltered, becomes p r e d i c t i v e of adverse f e t a l growth outcome but i f 

improved, shows s i g n i f i c a n t f e t a l growth and health b e n e f i t s . The 

work of Wharton and h i s colleagues (Bissenden et a l . , 1981a, 1981b; 

Viegas et a l . , 1982a, 1982b; Wharton, 1983) i n England and Higgins 

(1984) i n Canada are reviewed as examples. 

In a serie s of studies s t a r t i n g i n 1974, Wharton, Bissenden, and 

colleagues (Bissenden et a l . , 1981) found evidence that undernutrition 

was a factor i n the aetiology of poor i n t r a u t e r i n e growth seen i n 

infants of many Asian mothers d e l i v e r i n g i n th e i r Birmingham h o s p i t a l . 

Their i n i t i a l question was a f a m i l i a r o n e — d i d low weight Asian babies 
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r e f l e c t e t h n i c i t y ( i . e . , were they simply " l i g h t " normals) or growth 

f a i l u r e ? A comparison of weight, length, head circumference, skin 

f o l d s , and arm circumference dimensions i n 28 normal European babies, 

8 growth retarded European babies from medically compromised pregnancies, 

and 12 low weight Asian babies from normal pregnancies showed the Asian 

babies deviated from normal i n exactly the same way the growth retarded 

European babies did (Bissenden et a l . , 1981a). In addition, both 

l i g h t Asian babies (n = 21) and growth retarded European babies (n = 30) 

showed s i g n i f i c a n t l y r a i s e d cord blood plasma t r i g l y c e r i d e s — a n a l y g o u s 

to the r a i s e d plasma t r i g l y c e r i d e s of c h i l d r e n with marasmus—when 

compared to normally grown babies of e i t h e r race (n = 35) (Bissenden 

et a l . , 1981b). The s i m i l a r i t y i n anthropometric and biochemical 

variables suggested growth f a i l u r e . Following a systematic i n v e s t i g a t i o n 

of factors associated with growth f a i l u r e i n the Asian population, a 

n u t r i t i o n a l hypothesis was established based on observed food customs 

and weighed di e t a r y intake studies. A prospective study was designed 

to compare the n u t r i t i o n a l status of mothers having normally grown and 

l i g h t for gestational age babies. Mothers who produced l i g h t babies 

put on less weight and less f a t during the second trimester (t r i c e p s 

s k i n f o l d was the best predictor of a growth retarded infant) and had 

biochemical measures suggestive of poor n u t r i t i o n a l status (Viegas 

et a l . , 1982a). 

The f i n a l study i n the s e r i e s by Wharton attempted to confirm the 

n u t r i t i o n a l cause of growth re t a r d a t i o n through dietary i n t e r v e n t i o n . 

One hundred and ninety-seven women were a l t e r n a t i v e l y assigned to one 
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of three supplement programs (con t r o l = vitamins; energy plus vitamin 

supplement; p r o t e i n and energy plus vitamin supplement) p r i o r to t h e i r 

20th week of pregnancy. When a l l mothers were considered together, 

the prenatal d i e t supplements provided no f e t a l growth b e n e f i t s . 

Within t h i s group, infants of mothers who had l a i d down f a t adequately 

during pregnancy (determined not to be n u t r i t i o n a l l y at ri s k ) showed 

no f e t a l growth benefits from the protein-energy supplement but infants 

of mothers who had not put on f a t adequately ( t r i c e p s s k i n f o l d increment 

<0.02 mm per week) showed s i g n i f i c a n t l y enhanced i n t r a u t e r i n e growth 

with protein-energy supplementation. The authors comment that the 

r e s u l t s i l l u s t r a t e a general p r i n c i p l e of therapeutics—treatment 

should be given only to those who have the disorder; unselective or 

" b l i n d " treatment of a l l patients i s not c o s t - e f f e c t i v e and may be 

detrimental (Viegas et a l . , 1982b; Wharton, 1983). Wharton suggests 

the d i f f e r e n t i a l e f f e c t of supplementation i n the- major studies of the 

1970s i s l i k e l y to r e f l e c t the i n i t i a l n u t r i t i o n a l status of the 

study women. 

This point i s also emphasized by the r e s u l t s of the Montreal Diet 

Dispensary-Royal V i c t o r i a H o s p i t a l [MDD-RVH] c o l l a b o r a t i v e s i b l i n g 

study (1963-79) (Higgins et a l . , 1984). This prospective, l o n g i t u d i n a l 

study was designed to examine the e f f e c t , i f any, of a n u t r i t i o n 

assessment and int e r v e n t i o n program on pregnancy outcome among a low 

socioeconomic unselected population derived from the RVH public maternity 

c l i n i c s . P r i o r to the study i n 1963, the MDD had developed a standardized 

outcome-related n u t r i t i o n r e h a b i l i t a t i o n method (known as The Higgin's 
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N u t r i t i o n Intervention Method) based on 15 years of experience providing 

n u t r i t i o n counselling for disadvantaged women with poor o b s t e t r i c 

h i s t o r i e s and poor n u t r i t i o n a l status. Baseline data showed a small 

mean d i f f e r e n c e i n birthweight (120 g) between the public and priv a t e 

patients at the RVH h o s p i t a l but a large d i f f e r e n c e i n the incidence 

of low birthweight and p e r i n a t a l m o r t a l i t y (60% and 50% higher i n the 

public patient group, r e s p e c t i v e l y ) . The purpose of the Montreal study 

was to demonstrate a means of reducing the birthweight d i s p a r i t y between 

the infants of advantaged and disadvantaged women ( i . e . , break the 

poverty cycle) and to test the effectiveness of d i f f e r e n t components 

of the n u t r i t i o n i n tervention method. 

C r i t e r i a f o r enrollment i n the study included attendance at 

public c l i n i c s f o r antenatal care and d e l i v e r y at the RVH, i n i t i a t i o n 

of the MDD program for referred women ( a l l women from two pub l i c 

c l i n i c s ) during the f i r s t two trimesters of pregnancy, and singleton 

l i v e b i r t h at or a f t e r 28 weeks of gestation. Since multiple regression 

analysis had shown that only 45 percent of the variance i n infant 

birthweight could be explained by parameters known to influence 

birthweight, the study examined the e f f e c t s of the MDD program using 

"within mother" rather than "between mother" comparison using s i b l i n g 

c o n t rols. Analysis of program e f f e c t used l e a s t squares methods, with 

appropriate c o r r e c t i o n for infant sex and b i r t h order. The MDD treatment 

groups (cases) were defined as singleton, l i v e , RVH-born i n f a n t s , 

gestation 28 weeks or more, with the mother being enrolled i n the MDD 
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program before the 27th week of pregnancy and having been counselled 

by the d i e t i t i a n at le a s t 5 times. The control groups of s i b l i n g s 

born to the 1,139 mothers with treated pregnancies were divided into 

those born p r i o r to the mother r e c e i v i n g MDD treatment (Pre-MDD; n = 872) 

and those born a f t e r a MDD-treated pregnancy (Post-MDD; n = 326). Cases 

had a mean birthweight of 3,352 g, which was 129+/-30 g greater than 

controls Cp<0.001), had a lower p e r i n a t a l m ortality rate (7.8 compared 

with 14.3/1,000; p<0.01) and lower birthweight proportion (4.1 compared 

with 7.9 percent; p<0.01). 

The MDD n u t r i t i o n i n tervention program i s b u i l t around an i n i t i a l 

comprehensive n u t r i t i o n assessment (diagnosis) with subsequent dietary 

treatment t a i l o r e d to the needs of each i n d i v i d u a l mother. The f a c t 

that mean birthweight (3,469 g) and weight gain (13.4 kg) was highest, 

and low birthweight l e s s frequent (2.9 percent) f o r those assessed as 

having a good i n i t i a l n u t r i t i o n a l intake demonstrates the assessment 

method i s accurate f o r s e l e c t i n g mothers who do not need a c o r r e c t i v e 

dietary allowance. S i g n i f i c a n t improvements i n birthweight and i n f a n t 

outcomes were s p e c i f i c to those women (79 percent of to t a l ) determined 

to be n u t r i t i o n a l l y at r i s k . The r e s u l t s support the assumption that 

infants of women who are underweight pregravid, with a low rate of 

pregnancy weight gain, with a p r i o r poor o b s t e t r i c h i s t o r y , etc., 

ben e f i t i f maternal- n u t r i t i o n i s improved. However, 46 percent of the 

study group who were determined to be undernourished by v i r t u e of the 

pro t e i n content of th e i r d i e t at i n i t i a l intake (a "leader" nu t r i e n t 
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c r i t e r i o n ) a n d who were the most malnourished of the study r i s k groups 

(by 540-650 kc a l and 17-30 g protein at i n i t i a l assessment) were not 

underweight (the majority were overweight) and would most l i k e l y be 

missed as a high r i s k pregnancy i n studies where dietary intake i s not 

assessed. This group showed the most s i g n i f i c a n t birthweight increase 

compared to t h e i r s i b l i n g controls (161+/-39 g). 

That the study group was economically disadvantaged i s revealed 

by the f a c t that 80 percent of the cases required an income supplement 

(given i n the form of basic foods) to meet t h e i r n u t r i t i o n a l requirements. 

I t i s reasonable to suggest that the women were c h r o n i c a l l y malnourished 

p r i o r to intervention. I n i t i a l mean intakes ranged from 51-79 g 

protein and 1,800-2,400 c a l o r i e s depending on the r i s k category and 

were increased to 99-105 g protein and 2,600-2,950 c a l o r i e s through 

the counselling program. Relative to the Dutch famine study t h i s i s 

not an extreme l e v e l of malnutrition and yet major benefits i n terms 

of birthweight and infant m o r t a l i t y were r e a l i z e d through appropriate 

assessment and improved d i e t p r i o r to the t h i r d trimester. 

The need f o r a comprehensive n u t r i t i o n a l assessment (which requires 

time and s p e c i a l s k i l l s ) i n measuring the impact of n u t r i t i o n a l status 

on reproductive outcome; the recognition that adverse e f f e c t s of 

malnutrition can be associated with s i n g l e or multiple nutrient 

inadequacies, excesses or imbalance; the knowledge that n u t r i t i o n a l 

needs are modified by a wide range of factors (e.g., i n f e c t i o n , drug 

use, a c t i v i t y patterns, e t c . ) ; that nutrition-outcome r e l a t i o n s h i p s 

may vary at the extremes (e.g., high pregnancy gain i n the overweight 
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may r e f l e c t poor rather than good d i e t ) ; and that n u t r i t i o n can have a 

mediating influence on the a f f e c t of other reproductive r i s k factors 

(e.g., rate of d e t o x i f i c a t i o n , endocrine function, immune status) 

i d e n t i f y l i m i t s to the a b i l i t y to quantify the t o t a l impact of n u t r i t i o n 

on reproductive performance. The new generation of post-70s n u t r i t i o n 

studies provide a more d e t a i l e d multimeasure examination of maternal-

reproductive outcome-related v a r i a b l e s i n smaller populations compared 

to the i n d i r e c t or l e s s s p e c i f i c measures of the previous large scale 

studies. There are, of course, inherent research design problems i n 

studying smaller populations across a larger set of v a r i a b l e s . However, 

they can provide increased d e t a i l which seems necessary to bridge the 

gap between animal studies and ti s s u e or c e l l c ulture studies and human 

n u t r i t i o n studies. 

Metcoff and colleagues (1980, 1981) i n Oklahoma, working through 

a s e r i e s of stages i n a complex, c a r e f u l l y executed study of over 400 

"apparently" health pregnant women attending the University Obstetric 

G l i n i c show that birthweight can be predicted from a set of maternal 

c h a r a c t e r i s t i c s and n u t r i t i o n - r e l a t e d measurements obtained at mid 

pregnancy. Intervention to prevent predicted low birthweight and f e t a l 

m a l nutrition i s currently being tested. 

A number of aspects of the Oklahoma studies are notable. F i r s t , 

t h e i r applied use of the leukocyte (neutrophil) i n d i c a t o r as a c e l l 

model, based on e a r l i e r work by Metcoff and colleagues (1979). Measures 

of maternal leukocyte metabolism were used as an i n d i c a t i o n of nutrient 
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e f f e c t s on r a p i d l y r e p l i c a t i n g f e t a l c e l l s , on the hypothesis that the 

n u t r i e n t microenvironment regulates the growth and metabolism of a l l 

r a p i d l y d i v i d i n g c e l l s (such as f e t a l and p lacental c e l l s ) i n the 

mother. Study r e s u l t s show that maternal leukocyte b i o a c t i v i t i e s make 

a s i g n i f i c a n t contribution to the p r e d i c t i o n of birthweight and that 

65 percent of the variance i n the components of leukocyte metabolism 

can be explained by the maternal n u t r i t i o n - r e l a t e d measurements. 

From a prevention perspective, the p o t e n t i a l for i d e n t i f y i n g cost 

e f f e c t i v e and time s p e c i f i c ( i . e . , preconception, midpregnancy, postpartum, 

interconception) predictor v a r i a b l e s that allow for successful 

i n t e r v e n t i o n i s of great p u b l i c health s i g n i f i c a n c e . 

The Oklahoma studies also suggest that malnutrition caused by 

imbalances among nu t r i e n t s , without a deficiency state, may be a more 

common assoc i a t i o n with f e t a l growth retardation i n the developed 

countries. Others have suggested t h i s p o s s i b i l i t y as w e l l (Naeye, 

1983). D i s t i n c t differences were found by Metcoff and colleagues (1981) 

between mothers of small, average, and large babies for many of the 33 

independent maternal nutr i e n t measures studied, and while these included 

lower weight gain, protein and energy intakes for mothers of small 

babies, gross n u t r i t i o n a l d e f i c i e n c i e s or excesses were not seen i n any 

of the groups. The authors s t a t e : " i t appears that birthweight 

(adjusted for n o n - n u t r i t i o n a l factors) may be r e l a t e d more c l o s e l y to 

the n u t r i e n t pattern or p r o f i l e present i n the mother, rather than to 

excesses or d e f i c i e n c i e s of s p e c i f i c n u t r i e n t s " (p. 717). Further 
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study i s required to put t h i s mid-pregnancy "snapshot" into perspective, 

but these i n i t i a l data further a l e r t us to re-examine the relevance of 

t r a d i t i o n a l screening measures. 

Part of t h i s perspective i s an understanding of the r e l a t i v e 

c ontribution of various n u t r i t i o n a l and n o n - n u t r i t i o n a l factors to the 

variance i n f e t a l growth. Numerous studies have attempted to quantify 

these contributions v i a various s t a t i s t i c a l techniques (see, e.g., 

Kaminsky, Goujard, & Rumeau-Rouquette, 1973; Keeping et a l . , 1979) 

using birthweight as the measure of f e t a l growth. Metcoff and colleagues 

(.1981) summarize the factor-variance p r o f i l e as follows: maternal 

genetic factors ( i n d i v i d u a l v a r i a t i o n ) approximately 25 percent of the 

variance; paternal genetic f a c t o r s , 1-2 percent; maternal age, education, 

p r i o r low birthweight i n f a n t , about 8 percent; maternal height and 

prepregnancy weight, about 8 percent; coffee arid alcohol intake, 

approximately 2 percent; smoking (tobacco), 3-6 percent dependent on 

dose; and pregnancy weight gain, approximately 3 percent from mid-

pregnancy to term/3-6 percent t o t a l pregnancy gain. The Oklahoma 

maternal n u t r i t i o n birthweight-predictor equation accounted for about 

75 percent of the variance i n adjusted birthweight (E? = 0.74) and the 

maternal leukocyte measures contributed 8-9 percent of the p r e d i c t i o n 
I 

of birthweight [FC4,124 = 10.3, p<0.0001]. 

Emphasis has been given to the importance of a multimeasure f e t a l 

growth assessment i n helping to d i f f e r e n t i a t e the growth retarding 

e f f e c t s of n u t r i t i o n a l and the many non-n u t r i t i o n a l factors and i n 
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helping to d i f f e r e n t i a t e between d i f f e r e n t types of f e t a l growth 

retardation. Although low birthweight remains the most s i g n i f i c a n t 

predictor of mortality and morbidity, as a s i n g l e measure i t provides 

no diagnostic support. M i l l e r and Hassanein (1971) demonstrated a 

variance of up to 1,100 g i n birthweight among infants of the same 

body length, sex, race, and gestational age. These v a r i a t i o n s r e l a t e d 

p r i m a r i l y to differences i n s o f t t i s s u e mass, in c l u d i n g f a t and s k e l e t a l 

muscle. The authors comment that no c l i n i c i a n would evaluate growth 

i n older i n f a n t s , c h i l d r e n , or adults on the basis of body weight for 

age. F e t a l growth retardation i s present i n infants heavier than 

2,500 g but i s not recognized as such without s u f f i c i e n t anthropometric 

data. 

The degree to which an i n f a n t i s determined to be growth retarded 

i n utero i s , of course, dependent on the standard of normal growth 

that i s used as a comparative measure. Most in v e s t i g a t o r s have excluded 

infants with major malformations or those born to d i a b e t i c , hypertensive, 

or pre-eclamptic mothers although the exclusions vary and lack uniformity 

(Babson, 1970; Babson & Benda, 1976; Gruenwald, 1966; Hendricks, 1964; 

Hoffman et a l . , 1974; Lubchenco, Hansman, & Boyd, 1966; Tanner & Thomson, 

1970; Thompson, B i l l e w i c z , & Hytten, 1970; Usher & McLean, 1969). These 

standards provide f e t a l growth p r o f i l e s of a p a r t i c u l a r population, but 

they do not describe "normal" growth p r o f i l e s of infants free from 

i n t r a u t e r i n e growth retarding f a c t o r s . In attempting to determine what 

type and proportion of f e t a l growth re t a r d a t i o n can be prevented by 



174 

removing p a r t i c u l a r i n t r a u t e r i n e growth retarding f a c t o r s , a "normal" 

or optimal growth standard should be used for comparison. 

M i l l e r and M e r r i t t (1979) developed a "normal f e t a l growth standard" 

through a cr o s s - s e c t i o n a l r e t r o s p e c t i v e approach as part of a f i v e year 

study of over 6,000 consecutive b i r t h s at the Kansas Medical Center, 

1973-1978. The purpose of the Kansas study was to provide anthropometric 

data on newborn infants free from a l l known growth retarding influences 

i n utero, to construct from t h i s data standards of normal f e t a l growth 

for comparative use i n determining newborn infants with a t y p i c a l f e t a l 

growth; and to describe the causes and consequences of a t y p i c a l growth. 

The study population of black and white mothers and t h e i r infants 

r e f l e c t e d a wide range of socioeconomic circumstances, medical and 

o b s t e t r i c a l problems, and behavioral habits and a t t i t u d e s . The group 

was unrepresentative i n respect to the f a c t they were drawn from a 

large urban s e t t i n g and attended the o b s t e t r i c c l i n i c of a designated 

t e r t i a r y care i n s t i t u t i o n and some cases delivered during the study 

period were not included or discussed i n the report. Thus, while the 

approach merits attention, the study design l i m i t s the a p p l i c a b i l i t y 

of the r e s u l t s . 

The infants were categorized by the two main types of f e t a l growth 

r e t a r d a t i o n — (a) Low Ponderal Index [LPI] where an infant's crown-heel 

length at b i r t h i s normal for gesta t i o n a l age but subcutaneous f a t i s 

d e f i c i e n t . This i s suggested to be growth retardation of l a t e pregnancy 

o r i g i n and i s characterized by postnatal growth "catchup" within a 3-6 

month period; (b) Short f o r Dates [SHFD] where an infant i s symmetrically 
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small i n external body dimensions and may or may not be d e f i c i e n t i n 

subcutaneous f a t . This i s suggested to be growth re t a r d a t i o n of 

e a r l i e r pregnancy o r i g i n and i s not associated with any consistent 

"catchup" growth phase i n the postpartum period; by two types of 

accelerated f e t a l growth; by o c c i p i t o f r o n t a l head circumference [OC]; 

by c l a s s i f i c a t i o n as a f u l l t e r m or premature (<37 completed weeks 

of gestation) b i r t h and by birthweight of l e s s than 2,500 g or 2,500 g 

and over. 

The study d i f f e r e n t i a t e d between factors that e f f e c t f e t a l growth i n 

a l l pregnancies ( i . e . , p a r i t y , height, race, gestational age, sex of 

infant) and those that occur only i n some, which they describe as growth 

retarding f a c t o r s . Four groups of growth retarding factors were 

i d e n t i f i e d : (a) F e t a l Factors which included i n t r a u t e r i n e i n f e c t i o n , 

chromosomal abnormalities, malformations, multiple b i r t h s ; (b) Medical 

Complications of Pregnancy which included hypertension, pre-eclampsia, 

chronic disease, i n f e c t i o n , anemia, medications, abnormalities of the 

placenta; (c) Maternal Behavior ( i . e . , conditions which are dependent 

on maternal choice/action which included seven d i s t i n c t v a r i a b l e s — 

abnormally low prepregnancy weight for height, low pregnancy gain, 

lack of any prenatal care, d e l i v e r y before 17 years of age, de l i v e r y 

a f t e r 35 years of'age, c i g a r e t t e smoking, and the use of addicting drugs 

or large q u a n t i t i e s of alcohol during pregnancy; (d) Environmental 

Factors which included exposure to toxi c substances and high a l t i t u d e . 

Two out of every three f u l l t e r m infants and 85 percent of a l l 

premature infants had to be excluded from the con t r o l group because 
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of some fetal of maternal growth retarding factor. In the white only 

population, 1,399 mothers and their fullterm infants had no known 

growth retarding factors (there were too few premature infants born 

to control mothers to construct a functional preterm fetal growth 

standard), 1,269 mothers were associated with one or more behavioral 

conditions, but no other growth retarding factors, and 429 mothers 

whose pregnancy was complicated by medical problems (.210 of whom had 

no other fetal growth retarding factor). 

Within the 11 control" group, pregnancy outcome was excellent: less 

than 2 percent LBW infants, 2.4 percent prematurity with 85 percent of 

the preterm births weighing more than 2,000 g, and by study definition, 

a 5 percent incidence of fetal growth retardation measured as LPI or 

SHFD. An important observation in the study i s that control group 

babies born to.women i n the lowest socioeconomic group had as l i t t l e 

risk of being low birthweight [LBW] or fetal growth retarded [FGR] as 

those born to control group mothers in the highest socioeconomic group. 

Similarly, a control mother's age, her marital status, race, or level 

of education were not related to a higher risk of her baby weighing 

less than 2,500 g at birth. 

Infants born to mothers with one or more growth retarding behavioral 

conditions were more lik e l y than "control" infants to be premature, low 

birthweight [LBW] and fetal growth retarded [FGR] by each of the 

measures—low ponderal index [LPI], short-for-dates [SHFD], and small 

occipital circumference IOC]; the incidence for each fetal growth 
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i n d i c a t o r was s i g n i f i c a n t l y d i f f e r e n t from the controls and pregnancy 

outcome for the "behavioral condition" group was comparatively poor 

— o v e r h a l f of the t o t a l group of 230 LBW infants were born to women 

with behavioral conditions and no other known complications of pregnancy. 

Both premature and f u l l t e r m infants with LPI and SHFD types of growth 

retardation were more l i k e l y to be low birthweight when born to the 

"behavioral condition" group of mothers than to the " c o n t r o l " group of 

mothers. S p e c i f i c behavior conditions were associated with s p e c i f i c 

types of FGR. Pregnancy outcome was s i g n i f i c a n t l y worse i f multiple 

behavior conditions were present. Associations between f e t a l growth 

dimensions and the occurrence of medical and of o b s t e t r i c complications 

(with and without the presence of behavioral conditions) were also 

reported. 

Two of the growth retarding behavior conditions were i d e n t i f i e d 

i n the study as i n d i r e c t measurements of inadequate maternal d i e t — 

abnormally low pregravid weight (>15 percent below normal, based on 

Sargent's table of-.weight-height r e l a t i o n s h i p s for young women) 

(Sargent, 1963); and low pregnancy gain (mean weight gain of 227 g or 

les s per week i n the l a s t two trimesters). Infants of 69 women who 

were underweight but had no other growth retarding factors associated 

with t h e i r pregnancy were compared to the infants of the cont r o l group 

mothers. Control group mothers were categorized as obese, overweight, 

average weight and slender for-comparison with the underweight-mothers 

and t h e i r i n f a n t s . Like other studies, the Kansas study found*a 
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p o s i t i v e r e l a t i o n s h i p between the prepregnancy weights of mothers and 

th e i r i n f a n t s ' birthweights. 

Even the lowest prepregnancy weight-for-height had no s i g n i f i c a n t 

e f f e c t on the incidence of premature b i r t h , or of LBW i n eit h e r premature 

or f u l l t e r m i nfants when not accompanied by any other known f e t a l growth 

retarding f a c t o r s . There was, however, a s i g n i f i c a n t d i f f e r e n c e between 

the incidence of small OC infants i n the highest and lowest weight-for-

height categories (ten-fold increase i n infants of underweight and 

slender mothers). Slender (7.5-15 percent, below normal) and underweight 

women were more l i k e l y to have SHFD infants and LPI infants than obese 

women, but numbers born to the obese women i n these categories were 

too small f o r s t a t i s t i c a l a n a l y s i s . 

Low pregnancy weight gain was i d e n t i f i e d as a behavior condition 

i n 15-20 percent of the women i n the study, most of whom (70 percent) 

were, multips with average weight-for-height. Mothers whose only known 

growth retarding factor was low weight gain had a s i g n i f i c a n t l y increased 

incidence of premature b i r t h s , of SHFD and LPI infants and of the 

proportion of premature and f u l l t e r m i nfants who weighed less than 

2,500 g when compared to the controls. I f low weight gain and low 

pregravid weight-for-height occurred together, the incidence of 

prematurity and SHFD growth retardation was s i g n i f i c a n t l y greater than 

when low weight gain occurred alone as a growth retarding f a c t o r . A 

s i m i l a r increase i n premature b i r t h s and SHFD growth retardation 

occurred when smoking and low weight gain occurred together during the 

prenatal period. 
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M i l l e r and M e r r i t t concluded from t h e i r study data that i n t r a u t e r i n e 

growth retardation i s not uncommon and i s generally underreported; that 

i t i s important to d i f f e r e n t i a t e between the two main types of f e t a l 

undergrowth since t h e i r pathogenesis are probably d i f f e r e n t and t h e i r 

prenatal and postnatal courses are d e f i n i t e l y d i f f e r e n t . 

This study i l l u s t r a t e s a technique for assessing the impact of 

s p e c i f i c l i f e s t y l e f a c t o r s l i k e d i e tary intake (alone, i n combination 

with other l i f e s t y l e f a c t o r s , or i n combination with other known 

factors) on reproductive outcome i n a t o t a l or representative population. 

The use.of this•technique i s , of course, dependent upon having adequate 

prevalence and outcome data for the population of childbearing 

years. 

The Prevalence of N u t r i t i o n a l Problems i n the Population 

Between 1970 and 1972, the f i r s t (and only) n a t i o n a l n u t r i t i o n 

s u r v e y — N u t r i t i o n Canada—was conducted ( N u t r i t i o n Canada, 1973). The 

objective of N u t r i t i o n Canada was to provide a sound body of precise 

s c i e n t i f i c information on the n u t r i t i o n a l status of the Canadian 

population. The survey was designed to provide estimates of n u t r i t i o n a l 

c h a r a c t e r i s t i c s i n (a) the residents of 10 provinces, (b) Indians i n 

bands on reserves and crown lands, and (c) Eskimos l i v i n g i n four 

settlements i n the T e r r i t o r i e s . Sampling for the p r o v i n c i a l populations 

included f i v e regions, one of which was B r i t i s h Columbia. The survey 

design allowed for assessment of n u t r i t i o n a l status of a representative 

sample of the t o t a l population s t r a t i f i e d according to region, population 
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type, income, .and season. In addition, the survey planned to examine 

and interview up to 1,000 women who were i n th e i r l a s t trimester of 

pregnancy. The pregnant sample were referred by public health u n i t s 

and because of the mode of s e l e c t i o n were, not-considered a p r o b a b i l i t y 

sample. In t o t a l , 27,332 i n d i v i d u a l s were selected f or the N u t r i t i o n 

Canada survey. Of those persons i n i t i a l l y selected, 12,795 (46 percent) 

attended the survey c l i n i c s . 

A survey team of physicians, d e n t i s t s , nurses, n u t r i t i o n i s t s , 

dental h y g i e n i s t s , laboratory technologists, and support s t a f f were 

trained to carry out a comprehensive set of procedures which included: 

c l i n i c a l , dental, and anthropometric examinations; dietary interviews; 

and blood and urine analyses. P r i o r to t h i s , expert groups were 

convened to develop v a l i d and p r a c t i c a l procedures for n u t r i t i o n a l 

status assessment and for developing an i n t e r p r e t i v e standard for the 

data. 

Table 11 summarizes the dietary and biochemical data from the 

N u t r i t i o n Canada survey which i d e n t i f i e s n u t r i t i o n a l problems i n 

the B r i t i s h Columbia sample of pregnant women and women of childbearing 

years. 
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TABLE 11 
Proportion of the Pregnant and Female Population 10-19 Years and 20-39 Years of Age 
in British Columbia with an Inadequate Daily Intake of Nutrients and with Moderate 
to High Risk Biochemical Measures, Assessed by the Nutrition Canada Survey, 1973 

Nutritional Assessment Parameters Proportion of BC Population at Nutritional Risk 
Pregnant Women Females 10-19 yr Females 20-39 yr 

(n = 204) (n = 265) (n = 258) 
A. Daily Dietary Intake: 

Nutrient Needs % 7. 7. 

1. Calories < 1,500 kcal 21. 0 21. 0 34. .0 
2. Protein <" 0.75 g/kg 11. 5 10. .5 25. .6 
3. Thiamin < 0.A gm 1. .4 4. ,0 9. .6 
4. Riboflavin ^0.55 0. 9 1. ,7 6. ,1 
5. Vitamin C T 40 mg 11. 2 36, .8 34. .3 
6. Vitamin A <" 750 RE 19. .9 41. .9 53. .7 
7. Calcium < 1,200 mg 47. 5 72. ,1 92. .4 
8. Vitamin D < 400 IU 50. 6 87. ,7 95, .8 
9. Iron <• 14 mg 35. ,6 78. .9 74 .8 
B. Biochemical Measures: 

Moderate - High Risk 
1. Serum Protein 11. ,9 2, .2 2 .8 
2. Urinary Thiamin 3. .4 11. .1 13 .3 
3. Urinary Riboflavin 1. .5 5, .7 1, .3 
4. Serum Vitamin C 10. .0 22. .8 17. .7 
5. Serum Vitamin A 3, .2 1 .2 • -

6. Serum Calcium 2. 2 - 0, .0 
7. Transferrin Saturation 31. .9 26. .4 25, .1 
8. Serum Folate 44. .8 73. .0 70, .0 

Note: According to the standards established by the Recommended Nutrient Intakes for Canadians 
(1983), the average daily energy requirements for pregnancy, and for females 10-19 years 
and 20-39 years are 2,200-2,500 kcal, 2,100-2,200 kcal and 1,900-2,100 kcal, respectively. 
Over 50 percent of the pregnant women and 10-39 year old females surveyed by Nutrition 
Canada in BC had a lower energy intake than the recommended average (50th percentile 
pregnancy: 2,071 kcal; 25th percentile pregnancy: 1,589 kcal; 50th and 25th percentile 
10-19 year age group: 2,091 and 1,627 kcal respectively; 50th and 25th percentile 20-39 
year age group: 1,661 and 1,281 kcal). Over 25 percent of the pregnant women surveyed 
consumed less than the average recommended intake of protein. Equal to larger proportions 
of women did not meet the average recommended intakes for vitamins and minerals such as 
Calcium, Iron, and Vitamin D. 
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I t can be seen from t h i s table that at l e a s t 11-21 percent of 

the pregnant women surveyed and 10-34 percent of the women of childbearing 

years had l e v e l s of pro t e i n and c a l o r i c intakes that were inadequate 

according to established standards (Canada, 1983; N u t r i t i o n Canada, 

1973). I f these survey r e s u l t s are i n d i c a t i v e of the current n u t r i t i o n a l 

status of the BC population, the prevalence of n u t r i t i o n a l problems i s of 

major public health s i g n i f i c a n c e . This i s examined further i n chapter 

four. 

The general lack of information on the n u t r i t i o n a l status of 

the BC and most other populations has created long standing problems 

i n the evaluation of n u t r i t i o n i n tervention s t r a t e g i e s aimed at 

improving reproductive outcome (Bonham, 1983; Kotelchuck et a l . , 

1984; Rush, 1974) 

Alcohol and Reproductive Health 

Observations of an ass o c i a t i o n between maternal alcohol exposure 

and adverse productive outcome were recorded by the early Greeks, by 

a report to the B r i t i s h Parliament i n the 1700s, and by a B r i t i s h 

researcher i n the l a t e 1800s (Warner & Rosett, 1975). During the early 

1900s, the focus s h i f t e d from maternal exposure to s o c i a l environment 

as the probable explanation for the disadvantaged developmental status 

of the ch i l d r e n of a l c o h o l i c parents. I t was not u n t i l the l a t e 1960s 

and early 1970s, when Lemoine and colleagues (1968) and Jones and 

colleagues (1973) independently described a malformation syndrome found 

i n o f f s p r i n g of female a l c o h o l i c s , that alcohol was once again suspected 
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as a human teratogen. These c l i n i c a l reports provided the stimulus 

for a number of major epidemiologic, and experimental studies over the 

past 10 y e a r s — t h e r e s u l t s of which w i l l be reviewed i n t h i s s e c t i o n . 

The d e s c r i p t i o n of a d i s t i n c t , although phenotypically v a r i a b l e 

syndrome, c a l l e d the F e t a l Alcohol Syndrome [FAS], has led to wide 

acceptance of the t e r a t o g e n i c i t y of alcohol. Based on t h i s assumption, 

studies have focused on the mechanisms of action, c l a r i f i c a t i o n of 

c r i t i c a l dose and time of exposure, and the influence of other 

environmental or genetic factors on the teratogenic e f f e c t of alcohol. 

Henderson and colleagues (1981) have recently reviewed the animal 

l i t e r a t u r e p e r t a i n i n g to the pathogenesis of FAS i n terms of the factors 

and s p e c i f i c mechanisms which could influence i t s development. The 

authors extend the d e f i n i t i o n of FAS to include resorptions i n utero 

(analagous to spontaneous abortion i n humans), s t i l l b i r t h and/or growth 

and development impairment. Mention i s also made of the a s s o c i a t i o n 

between alcohol exposure and i n f e r t i l i t y i n animals ( i . e . , decreases 

serum e s t r a d i o l and progesterone and causes atrophy of the ovaries, 

uterus and f a l l o p i a n tubes i n females, decreases serum testosterone 

and produces symptoms of hypogonadism i n males) which appear to be due 

to a d i r e c t gonadal e f f e c t and to suppression of the hypothalmamic-

pituitary-gonadal axis (Cicero & Badger, 1977; Kakihana & Butte, 1979; 

Van T h i e l , Gavaler, & Lester, 1978; Van T h i e l et a l . , 1980). 

Factors known to have the p o t e n t i a l to a f f e c t FAS expression 

include: ethanol and i t s metabolites, impaired n u t r i t i o n , and other 

drugs (Henderson, 1981). 
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The i n v e s t i g a t i o n of the r o l e of ethanol versus i t s metabolites 

i n animals strongly suggests that ethanol per se, and most l i k e l y 

acetaldehyde, i s toxic to the fetus. Dose dependent e f f e c t s observed 

include resorption, s i g n i f i c a n t l y reduced s i z e of o f f s p r i n g , and 

decrease i n t o t a l DNA and protein content (Brown, Goulding, & Fabro, 

1979; O'Shea & Kaufman, 1979). A combined toxic e f f e c t of alcohol and 

acetaldehyde on mitochondrial p r o t e i n synthesis has been demonstrated 

(Burke & Rubin, 1979). 

Since alcoholism i s often accompanied by malnutrition, studies 

have examined the possible contribution of impaired n u t r i t i o n to FAS. 

S p e c i f i c n u t r i t i o n d e f i c i e n c i e s i n animals have been shown to cause 

f e t a l resportion, s t i l l b i r t h s , impaired growth and development, and 

f e t a l malformations. Poor n u t r i t i o n i n a l c o h o l i c s may be due to poor 

intake, decreased absorption, impaired t i s s u e u t i l i z a t i o n of nut r i e n t s , 

and/or impaired p l a c e n t a l transport of nut r i e n t s . While both animal 

and human studies suggest that alcohol causes FAS and malnutrition 

i s not an e s s e n t i a l component, i t i s l i k e l y to contribute to the 

syndrome (Brown, Goulding, & Fabro, 1979; Henderson et a l . , 1979). 

Both heavy coffee consumption and ci g a r e t t e smoking are also 

associated with excess alcohol consumption. Large doses of ca f f e i n e 

are teratogenic i n animals ( M u l v i h i l , 1973) but human research (re 

miscarriage and prematurity) i s inconclusive. Caffeine metabolism, 

however, i s s i g n i f i c a n t l y impaired i n pregnancy (Neims, Bailey, & 

Aldridge, 1979) and the multiple metabolic e f f e c t s of caf f e i n e do have 



185 

the p o t e n t i a l for i n f l u e n c i n g f e t a l development (Weathersbee & Lodge, 

1977). The growth retarding e f f e c t s of excess alcohol on the newborn can 

be s t a t i s t i c a l l y separated from those of .smoking and suggest at l e a s t an 

ad d i t i v e e f f e c t . The i n t e r a c t i o n of other drugs with ethanol has been 

i n s u f f i c i e n t l y studied. 

The s p e c i f i c mechanisms.of FAS are unknown, but those that have 

been most studied include: a mutagenic e f f e c t ; impaired protein 

synthesis; hormonal changes; and abnormal neurotransmitter status 

(Henderson et a l . , 1981). 

The mutagenic e f f e c t of alcohol has been reviewed by Obe and Ristow 

(1979) who conclude: that animal data show inconclusive evidence of a 

mutagenic e f f e c t of ethanol or paternal influence on f e t a l outcome 

(Obe, Ristow, & Herha, 1979; Tanaka, Suzuki, & Arima, 1982); acetaldehyde 

and formaldehyde are seen to be mutagenic; a l c o h o l i c s have a higher 

rate of chromosomal aberrations compared to non-alcoholics which may 

be due to alcohol metabolites or other associated factors such as poor 

n u t r i t i o n or smoking; and because alcohols and aldehydes i n h i b i t c e l l u l a r 

and c e l l - f r e e synthesis of RNA, t h i s could help to explain the development 

of malformations. 

There i s suggestive evidence that ethanol i n h i b i t s protein synthesis 

(and degradation) i n various adult as w e l l as f e t a l and neonatal t i s s u e s , 

which could explain the a l c o h o l - r e l a t e d growth impairment seen i n 

animals and c h i l d r e n with FAS. While there are numerous problems 

associated with the i n t e r p r e t a t i o n of these studies which have yet to 
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be resolved, the impaired protein synthesis mechanism has the most 

s u b s t a n t i a l documentation (Henderson et a l . , 1981). 

Kakihana and colleagues (1979, 1980) have published an extensive 

review of the various hormonal changes, inc l u d i n g a l t e r e d growth 

hormone homeostasis, which have been reported following alcohol intake. 

Causal associations are d i f f i c u l t to determine because of the many 

other i n f l u e n c i n g factors (e.g., s t r e s s , temperature, n u t r i t i o n ) . 

I t has been postulated that the e f f e c t s of excess acute or chronic 

alcohol intake and i t s withdrawal on b r a i n neurotransmitters i n animals 

(Schenker &. Lieber, 1982) may help to explain the i n t e l l e c t u a l and 

behavioral observations i n c h i l d r e n with FAS. The evidence regarding 

these e f f e c t s and t h e i r relevance i s not yet conclusive, and confounding 

by n u t r i t i o n a l impairment has not been ruled out (Henderson et a l . , 

1981). 

In humans, the F e t a l Alcohol Syndrome consists of four main 

features: (a) d i s t i n c t i v e , abnormal c r a n i o f a c i a l c h a r a c t e r i s t i c s , 

including microcephaly, short palpebral f i s s u r e s and m i d f a c i a l 

hypoplasia; (b) prenatal and postnatal growth retardation; (c) c e n t r a l 

nervous system dysfunction including mental retardation, physiologic 

depression, i r r i t a b i l i t y , and h y p e r a c t i v i t y and poor coordination 

during childhood; and (d) various other congenital malformations. 

Neugut (1981), i n an epidemiological appraisal of the FAS l i t e r a t u r e , 

points out that because (a) a l l but the f i r s t of the four features are 

associated with other determinants (e.g., maternal age, s i z e , 'pregnancy 
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weight gain, smoking, other drug use, etc.) and (b) c r i t e r i a f o r many 

of the unusual f a c i a l c h a r a c t e r i s t i c s which provide an important basis 

f o r FAS diagnosis are not e a s i l y standardized, that systematic study 

of the e f f e c t s of alcohol on reproduction must endure " b l i n d " , 

standardized assessment of mothers and i n f a n t s , and adequate co n t r o l 

f o r other known antecedent f a c t o r s — p a r t i c u l a r l y when the f u l l c l i n i c a l 

syndrome i s not expressed. The minimum c r i t e r i a for diagnosing FAS 

(e.g., presence of at l e a s t one FAS feature i n areas of growth, CNS 

function, and c r a n i o f a c i a l appearance) (Ouelette et a l . , 1977) allows 

for considerable v a r i a t i o n i n expression of the syndrome. 

L i t t l e (1981), S t r e i s s g u r t h (1978, 1981), and Clarke (.1984), as 

w e l l as Neugut (1981), have recently reviewed FAS research from an 

epidemiologic perspective. Study designs include prospective (cohort, 

l o n g i t u d i n a l , and followup) and retr o s p e c t i v e designs with populations 

p r i m a r i l y drawn from o b s t e t r i c c l i n i c s and h o s p i t a l maternity u n i t s . 

Alcohol use was determined through interviews and questionnaires, or 

medical record review, both of which were based on self - r e p o r t e d intake. 

These authors i d e n t i f i e d three key areas of concern regarding the 

i n t e r p r e t a t i o n of the r e s u l t s of the studies, and determination of the 

e f f e c t s of maternal alcohol intake on reproductive outcome, which 

include: Ca) the wide v a r i a b i l i t y i n the d e f i n i t i o n , measures and 

c r i t e r i a applied to exposure; (b) lack of consistency i n the d e f i n i t i o n s , 

measures and c r i t e r i a for outcome v a r i a b l e s ; and (c) inadequate c o n t r o l , 

because of study design, data a v a i l a b i l i t y and/or a n a l y s i s , of the many 

other v a r i a b l e s known to a f f e c t reproductive outcome. 
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F e r t i l i t y 

Although the ass o c i a t i o n between alcohol and f e r t i l i t y have not 

been systematically studied, recent animal studies suggest an adverse 

e f f e c t on f e t a l development (decreased l i t t e r s i z e and decreased body 

weight and/or decreased cerebral weight, cerebral DNA, RNA and leucine 

incorporation) may be rela t e d to paternal alcoholism (Tanaka, Suzuki, 

& Arima, 1982). A r e l a t i o n s h i p between male ethanol intake and diminished! 

rates of testosterone synthesis accompanied by aspermatogenesis 

(Klassen & Persaud, 1976; Murono et a l . , 1980), and the induction of 

dominant l e t h a l mutations (Badr & Badr, 1975) had previously been 

recognized. Dominant l e t h a l mutations have been regarded as imposing 

no genetic hazards on man (since they r e s u l t i n spontaneous abortion), 

but the p o t e n t i a l of a wider range of paternal-related genetic e f f e c t s 

linked to alcohol exposure suggests that human studies should consider 

the pat-tern of paternal alcohol (as w e l l as maternal) intake i n the 

4-6 months preceding conception. 

Spontaneous Abortion 

The findings of studies that have s p e c i f i c a l l y examined the 

associ a t i o n between maternal a l c o h o l intake and spontaneous abortions 

suggest.that such an as s o c i a t i o n e x i s t s . In the Kaiser-Permanente 

B i r t h Defects Study (Harlap & Shiono, 1980), 32,019 women of the 34,344 

women i n the t o t a l study (designed to examine the r e l a t i o n s h i p between 

b i r t h c o n t r o l and reproductive outcome) completed a questionnaire on 

alcohol use (average number of d a i l y drinks i n the f i r s t trimester) at 
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t h e i r f i r s t antenatal v i s i t . Exclusions included 680 women (2 percent) 

whose l a s t menstrual period date was unknown; 1,482 (4.3 percent) who 

were re c r u i t e d i n the t h i r d trimester; and 104 (0.3 percent) whose 

alcohol use was not reported—no further information was provided 

concerning the possible bias r e s u l t i n g from these exclusions. The 

o v e r a l l rate of spontaneous abortions i n women seen from 5 weeks was 

estimated, by means of l i f e - t a b l e a n a l y s i s , to be 14.. 4-11.8. percent 

i n the f i r s t trimester, and 2.6 percent i n the second. The percentage 

of women under observation at the 8th, 12th, 16th, and 20th weeks 

were 5 percent, 48 percent, 79 percent, and 89 percent, r e s p e c t i v e l y . 

Drinkers tended to begin antenatal care l a t e r than non-drinkers. 

Expected outcomes were, therefore, calculated using woman-days of 

observation. 

Approximately h a l f of the women (51.7 percent) reported drinking 

no alcohol i n early pregnancy; 44.7 percent had less than one drink 

d a i l y ; and 2.4, 0.4, arid 0.1 percent had a d a i l y average of 1--2, 3-5, 

and 6 or more drinks ,:.respectively. 

There were 1,503 spontaneous abortions, 714 i n the f i r s t trimester, 

(5-14 weeks) and 789 i n the second trimester (15-27 weeks). Regular 

drinkers taking one or more drinks d a i l y had more spontaneous losses, 

mainly during the second trimester. Occasional drinkers d i f f e r e d 

l i t t l e from non-drinkers. L i f e - t a b l e analysis showed that the age-

adjusted r e l a t i v e r i s k s of second trimester losses were 1.03 (95 percent 

confidence l i m i t s , 0.57-1.86) for occasional drinkers, 1.98 (1.04-3.77) 
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for women taking 1-2 drinks/day, and 3.53 (1.77-7.01) for women taking 

3 or more drinks per day. No s i g n i f i c a n t e f f e c t of alcohol on f i r s t -

trimester miscarriages was found. When a l l drinkers were compared 

with non-drinkers, the r e l a t i v e r i s k was 1.10 (0.61-1.98). The authors 

suggest the r e s u l t s should not be taken to imply with c e r t a i n t y that 

alcohol has no e f f e c t i n the f i r s t trimester, since i t i s d i f f i c u l t to 

assess whether the women who i n i t i a t e d antenatal care early i n pregnancy 

could have biased the r e s u l t s by being at higher r i s k for miscarriage. 

Within subgroups of other v a r i a b l e s associated with second 

trimester miscarriage, regular drinkers had a con s i s t e n t l y higher 

r i s k . Regular drinkers were more l i k e l y to be smokers and to have 

taken drugs i n early pregnancy ( p e n i c i l l i n , valium, l i b r i u m , hypnotics, 

antihistamines, a s p i r i n , and Bendectin). Smoking was found to be an 

independent r i s k f a c t o r for spontaneous abortion ( s i g n i f i c a n t only i n 

the second trimester for those smoking more than 2 packs per day; 

RR:2.02, 1.01-4.02), but the e f f e c t of drinking was greater than that 

of smoking. With regression a n a l y s i s , the authors calculated that 

about 69 (10 percent) of the 690 second-trimester abortions i n the 

study could be at t r i b u t e d to the e f f e c t s of drinking or smoking. 

In a second study (retrospective case-control), K l i n e and colleagues 

(.1980) compared the frequency of drinking alcohol among 616 women who 

aborted spontaneously (cases) with the frequency of drinking among 632 

women who delivered a f t e r at l e a s t 28 weeks gestation ( c o n t r o l s ) . 

Cases comprised 80 percent of a consecutive series of 1,899 spontaneous 
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abortions occurring to public patients at three Manhattan h o s p i t a l s . 

Twenty percent of the cases ei t h e r refused to p a r t i c i p a t e or could not 

be traced for i n t e r v i e w — t h e s e women were s i m i l a r to the women who 

were interviewed except t h e i r mean age was one year older and gestational 

age was s l i g h t l y longer (8.7 days). Controls were matched by age at 

l a s t menstrual period and by h o s p i t a l , and were e l i g i b l e i f registered 

for prenatal care before 22 weeks and delivered no e a r l i e r than 28 

weeks. Of the 1,053 e l i g i b l e c o n t r o l s , 909 (86 percent) agreed to be 

interviewed. Uninterviewed women d i f f e r e d s l i g h t l y i n age, ethnic and 

mar i t a l status. Only 657 case-control pairs met the study c r i t e r i a of 

both being 15-40 years of age, contributing only one pregnancy to the 

s e r i e s , consenting to an interview and not using heroin or methadone. 

Those excluded did not d i f f e r s i g n i f i c a n t l y from the study p a i r s . 

Controls (38 percent) were more l i k e l y to be on welfare than cases 

(28 percent) and were interviewed an average of 22 days l a t e r ( r e l a t i v e 

to date of l a s t menstrual period). 

Information on type, frequency, and amount of alcohol consumed 

during and before pregnancy was obtained by interview. The r e l a t i o n s h i p s 

between alcohol use, the co n t r o l v a r i a b l e s and spontaneous abortion 

were examined by maximum-likelihood l o g i s t i c regression methods. 

Cases (17*percent) were more l i k e l y than controls (8.1 percent) to 

drink twice a week or more. The adjusted odds r a t i o (adjusted for 

age, stage of gestation and prepregnancy drinking) was 2.62 (95 percent 

confidence l i m i t s : 1.62-4.24). A dose-response e f f e c t was seen. Both 
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drinking before pregnancy and drinking during pregnancy showed independent, 

s t a t i s t i c a l l y s i g n i f i c a n t associations with spontaneous abortion but 

when the overlap between the two patterns of drinking was c o n t r o l l e d 

f o r , only drinking during pregnancy remained s i g n i f i c a n t . The s i z e of 

the a s s o c i a t i o n between alcohol exposure and spontaneous abortion was 

not a l t e r e d by c o n t r o l l i n g f o r any of nine p o t e n t i a l l y confounding 

va r i a b l e s (gestational age, smoking, previous spontaneous abortion, 

and nausea/vomiting; maternal age, race, pregravid weight, marijuana 

use, and c a f f e i n e use). 

Each beverage (twice/week or more) was s i g n i f i c a n t l y associated 

with spontaneous abortion. The adjusted odds r a t i o for wine, 

independent of the e f f e c t s of beer and s p i r i t s , was 3.15 (1.53-6.51); 

for beer was 1.58 (1.02-2.44) and for s p i r i t s was 2.26 (1.13-4.51). 

Based on the assumption that cases and controls did not s u b s t a n t i a l l y 

under report t h e i r alcohol intake/occasion, the data suggest that a 

dose of at l e a s t one ounce of absolute alcohol twice a week or more 

i s the minimum threshold f or producing an abortion. The data also 

imply that alcohol causes spontaneous abortion by acting as an acute 

f e t o t o x i n (rather than as a teratogen or a b o r t i f a c i e n t ) , and that the 

fetus i s highly s e n s i t i v e to alcohol throughout the f i r s t and second 

trimesters. 

The medical-record prospective cohort study of 12,127 pregnancies 

c a r r i e d out at Cleveland Metropolitan General H o s p i t a l (Sokol, 1981), 

although not designed to examine spontaneous abortion i n the study 
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pregnancy, found that women whose charts i d e n t i f i e d them as alcohol 

abusers were more l i k e l y to have had a h i s t o r y of spontaneous abortions 

than other study women. An increased rate of spontaneous abortion or 

p r i o r h i s t o r y of spontaneous abortions i n "drinkers" compared to "non-

drinkers" has also been reported by Mau and Netter (1974) and Warburton 

and colleagues (1979), but not by Kaminski and colleagues (1981) or 

Seidenburg, and Majewski (1978) or S i l v a and colleagues (1981). 

S t i l l b i r t h s and Neonatal M o r t a l i t y 

In a prospective study of 9,236 pregnancies i n the main public 

h o s p i t a l s of P a r i s , Kaminski and colleagues (1978) found a s i g n i f i c a n t 

excess of s t i l l b i r t h s among the 5.5 percent of women who drank more 

than 40 c l of wine (or the ethanol equivalent). In a following 

ret r o s p e c t i v e study of 3,193 b i r t h s (representative sample of a 

national sample, France), a s i m i l a r but non- s i g n i f i c a n t trend was 

reported. This a s s o c i a t i o n seems not to have been examined i n most 

studies, with the exception of Sokol and colleagues (1981) who found 

no a s s o c i a t i o n between alcohol abuse and frequency of s t i l l b i r t h i n 

either the index pregnancy or p r i o r pregnancy h i s t o r y . Likewise, an 

excess of neonatal deaths has not been reported with the exception of 

two Swedish s t u d i e s — o n e r e t r o s p e c t i v e and one prospective (Olegard 

et a l . , 1979)—which followed 40 women (70 pregnancies) i d e n t i f i e d as 

alcohol abusers and measured in f a n t outcomes against reference 

population standards. A lack of as s o c i a t i o n between moderate or heavy 

alcohol intake and neonatal m o r t a l i t y was reported by Kaminski and'! 

colleagues (1981) and Sokol and colleagues (1981). 
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Birthweight, F e t a l Growth and Infant Development 

One of the most consistent findings of studies which have examined 

the r e l a t i o n s h i p between maternal alcohol exposure and reproductive 

outcome has been the negative a s s o c i a t i o n between alcohol and birthweight. 

In Boston, Ouelette and colleagues (1977) and Rosett and colleagues 

(1980) conducted a prospective study of the pregnancies of 633 inner . 

c i t y women with d i f f e r i n g alcohol consumption patterns. This inner 

c i t y sample was p r i m a r i l y non-white and unmarried and represented a 

very high r i s k group. Through a questionnaire administered at the 

time of r e g i s t r a t i o n f or prenatal care, information was gathered as to 

past and present alcohol intake, smoking habits, drug use, and previous 

day's food intake. Infants of women who had delivered by the time the 

study terminated (n = 322) were examined. Thirteen percent of these 

infants were born to mothers considered to be heavy drinkers (at l e a s t 

45 drinks/month and at l e a s t 5 drinks at a time on. some occasion). In 

the group of infants born to heavy drinkers there was an excess of 

both premature and postmature b i r t h s , a three-fold increased r i s k of 

being s m a l l - f o r - g e s t a t i o n a l age (birthweight, length, and head circumference 

were a l l a f f e c t e d ) , and a s i g n i f i c a n t l y higher percentage of both minor 

and major malformations. A " b l i n d " p e d i a t r i c examination at b i r t h 

revealed congenital anomalies i n 9 percent of the infants of l i g h t 

drinkers, 14 percent of infants of moderate drinkers, and 32 percent 

of infants of the heavy drinkers. The die t s of the majority of the 

women were considered poor and although n u t r i t i o n a l status was not 
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seen to vary s i g n i f i c a n t l y between the groups, the method of assessment 

reported makes such a conclusion questionable. Heavy alcohol intake 

was associated with heavy smoking during pregnancy and p r i o r psychoactive 

drug use but neither v a r i a b l e was co n t r o l l e d for i n the determination 

of the increased r i s k of abnormalities. No cases of f e t a l alcohol 

syndrome were reported. Reducing alcohol intake during pregnancy 

decreased the r i s k of adverse i n f a n t outcome. 

In the Cleveland cohort study (Sokol et a l . , 1981) mentioned above, 

medical record data on 12,127 pregnancies indicated that 204 (1.7 

percent) of these pregnancies were complicated by maternal alcohol 

abuse. Data on alcohol intake were not rout i n e l y c o l l e c t e d by h o s p i t a l 

s t a f f but based on the percentage d i s t r i b u t i o n of drinking status 

reported by other h o s p i t a l based studies (Kuzma & Ki s s i n g e r , 1981), 

the i d e n t i f i e d 1.7 percent correspond to the proportions i d e n t i f i e d 

by others to be drinking two or more ounces of absolute alcohol per day 

(range:1,1-1.7^percent). A comparison of the ' h e a l t h - p r o f i l e , o b s t e t r i c 

h i s t o r i e s , and current pregnancy of the alcohol-abusing patients with 

these v a r i a b l e s i n the records of the study pregnancies with no mention 

of alcohol abuse found the following: the o b s t e t r i c h i s t o r i e s of the 

drinking women were marked by excesses of previous spontaneous 

abortions (RR:2.3), low birthweight infants (RR:1.5) and f e t a l anomalies 

(RR:4.2); the women were more l i k e l y to smoke cigarettes and abuse 

other drugs; during labor, t h e i r r i s k s of i n f e c t i o n and of premature 

p l a c e n t a l separation were increased; evidence of f e t a l d i s t r e s s during 
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labor and neonatal depression were more common i n t h e i r i n f a n t s ; i n f a n t 

b i r t h weights were lower by an average of 190 g, which was accounted 

for by a 2.7 f o l d increase o v e r a l l i n i n t r a u t e r i n e growth reta r d a t i o n . 

The r e l a t i v e r i s k of i n t r a u t e r i n e growth retardation associated with 

alcohol abuse alone was 2.4; with smoking alone was 1.8; and i n 

asso c i a t i o n with smoking and drinking combined, was 3.9. A s i g n i f i c a n t 

increase i n congenital anomalies (38 percent) above the t o t a l sample rate 

of 10 percent was i d e n t i f i e d but no differences were noted i n mortality 

rates or pl a c e n t a l pathology. The adverse infant outcomes did not 

appear to be rela t e d to demographic f a c t o r s , the medical care, or 

n u t r i t i o n (measured by maternal weight, height, pregnancy gain, and 

anemia); nor were the congenital anomalies re l a t e d to smoking. The 

study y i e l d s an estimate of a 2.5 percent r i s k f or FAS from pregnancies 

with heavy alcohol use. Neonatologists were not b l i n d to the maternal 

drinking h i s t o r y . The findings of the Cleveland study suggest that 

alcohol abuse during pregnancy constitutes a s i g n i f i c a n t r i s k f o r a 

range of adverse p e r i n a t a l outcomes i n as many as 50 percent of the 

infants of heavy drinkers. 

The S e a t t l e l o n g i t u d i n a l prospective study on alcohol and pregnancy 

CStreissguth et a l . , 1981) began i n 1974. An unselected sample of 1,529 

women (predominantly white, married, and middle class) r e c e i v i n g 

prenatal care at two large S e a t t l e h o s p i t a l s during a one-year period 

(1974-75) were interviewed at mid-pregnancy regarding t h e i r use of 

alco h o l , n i c o t i n e , c a f f e i n e , drugs, etc., p r i o r to and during pregnancy. 
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F i f t e e n percent of the e l i g i b l e women did not wish to p a r t i c i p a t e . A 

followup cohort of 500 women was selected at de l i v e r y - t o include about 

250 at r i s k drinkers (an average of one or more drinks/day) and about 

250 infrequent drinkers and abstainers (the control cohort). Infants 

were b l i n d l y assessed at b i r t h f o r FAS-related features. Infants 

judged abnormal due to "features compatible with FAS" represented 13 

percent of the infants of women averaging two or more drinks per day 

and only 2 percent of the infants of women drinking l e s s than t h i s amount. 

Two infants were determined to have the f u l l FAS syndrome (prevalence: 

1/750). 

The focus of the Seat t l e study i s on the c o r r e l a t i o n between 

moderate to heavy alcohol use and infant behavior and i n t e l l i g e n c e . 

Interviews, questionnaires, and infant assessments, by c l i n i c i a n s 

b l i n d to the mother's alcohol intake, were scheduled for 8 and 18 

months, and at 4 years of age. At the time of the 18-month assessment, 

11 percent of the sample were l o s t to followup, but the proportion 

of heavy versus non-drinkers did not change. M u l t i p l e regression 

s t a t i s t i c a l tests were u t i l i z e d to permit adjustment for other possibly 

confounding f a c t o r s . The inf a n t outcomes s i g n i f i c a n t l y r e l a t e d to 

increased maternal alcohol use (adjusted for other variables) include: 

smaller infant s i z e (birthweight, length, and head circumference); 

lower Apgar scores; poorer neonatal habituation; decreased sucking 

pressure; increased tremulousness; decreased vigorous a c t i v i t y ; and a 

higher frequency of minor dysmorphic c h a r a c t e r i s t i c s combined with low 

birthweight and microcephaly. Similar c o r r e l a t i o n s between infant 
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behavior and moderate maternal alcohol intake were reported by Landesman-

Dwyer, K e l l e r , and Streissguth (1978) i n a study of na t u r a l l y - o c c u r r i n g 

behaviors of newborns. Streissguth also found a drinking by smoking 

i n t e r a c t i o n was re l a t e d to poorer newborn operant conditioning. 

S i g n i f i c a n t l y lower mental and motor development and lower length and 

weight were found on followup of 468 infants at age 8 months. Other 

reports by the Seat t l e researchers have found adverse behavioral 

e f f e c t s (e.g., poorer attending behavior) at age four i n c h i l d r e n 

whose mothers were moderate drinkers during pregnancy (mean = <1 drink/ 

day) and whose home environment was considered excellent using a 

standardized scale. 

Findings from a continuing study of drinking habits and pregnancy 

outcomes i n women attending Charing Cross H o s p i t a l i n London have been 

reported by Wright and colleagues (1983). The r e l a t i o n between alcohol 

intake p r i o r to and during pregnancy and birthweight was investigated 

prospectively i n 900 white women. Information was gathered by physician 

interview at f i r s t prenatal v i s i t (8-14 weeks), by cross-check 

questionnaire, and by medical and l i f e s t y l e h i s t o r y . Women were 

c l a s s i f i e d as heavy drinkers (100 g alcohol/week or more), moderate 

drinkers (50-100 g/week) and l i g h t drinkers (<50 g/week, in c l u d i n g 

non-drinkers) on the basis of t h e i r prepregnancy intake. S o c i a l c l a s s , 

smoking, drinking l e v e l , and birthweight were i n t e r r e l a t e d . With 

adjustment for s o c i a l class and smoking, women drinking more than 

100 g alcohol/week had more than twice the r i s k (RR:2.33) of d e l i v e r i n g 
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a baby on or below the 10th p e r c e n t i l e than women drinking less than 

50 g/week. The e f f e c t of alcohol was s y n e r g i s t i c with that of smoking ' 

(R:3.43). The authors i n t e r p r e t the data as a r e l a t i o n s h i p between 

birthweight and drinking around the time of conception. No bene f i t s 

were seen with reduced intake during pregnancy. 

L i t t l e and colleagues (1980) i n a case-control study of volunteer 

subjects (100 women with a h i s t o r y of alcoholism p r i o r to conception, 

h a l f of whom continued to drink during pregnancy and h a l f abstained 

t o t a l l y ; plus c o n t r o l groups of non-alcoholic women who drank very 

l i t t l e during pregnancy) also found that h i s t o r y of alcohol abuse had 

an e f f e c t on birthweight independent of maternal alcohol use i n 

gestation. The ch i l d r e n of abstinent a l c o h o l i c mothers weighed 258 g 

less than c h i l d r e n born to controls. This d i f f e r e n c e was not due to 

differences i n maternal height, smoking, age, race, p a r i t y , g e s t a t i o n a l 

age, or sex of c h i l d . Although c h i l d r e n born to abstinent a l c o h o l i c s 

had e s s e n t i a l l y the same mean IQ as those born to drinking a l c o h o l i c s 

(102 versus 101, r e s p e c t i v e l y ) , when length of abstinence before 

conception was considered, a 10-point increase of IQ scores was estimated 

for o f f s p r i n g of a l c o h o l i c women abstaining f o r a year p r i o r to conception. 

I t i s clear that the sample population may not be representative, but 

these r e s u l t s further emphasize the need to consider the e f f e c t s of a 

preconception h i s t o r y of alcohol use—and, indeed, other preconception 

l i f e s t y l e factors—independent of maternal alcohol use during pregnancy. 



200 

Malformations 

In her d e t a i l e d epidemiological appraisal of the l i t e r a t u r e on 

f e t a l alcohol syndrome i n humans, Neugut (1981) states that "the 

consistent findings of a s s o c i a t i o n between heavy i n utero alcohol 

exposure and other untoward pregnancy.outcomes i s somewhat more 

impressive than i s the case for FAS . . . disentangling the causal 

associations . . . [from] observed associations l a r g e l y remained to 

be acomplished".(p. 426). In the author's opinion, data which are 

suggestive of both the existence of FAS as a d i s t i n c t syndrome and 

of the causation of the syndrome by maternal alcohol include: (a) 

the congruence between the i n i t i a l case reports of Jones and Smith 

(1973) and the anecdotal d e s c r i p t i o n of Lemoine and colleagues (1968) 

given the lack of awareness of each other's work u n t i l a f t e r the 1973 

paper was published; (b) the scattered instances of b l i n d diagnosis 

of FAS; (c) the photographic s i m i l a r i t i e s of FAS c h i l d r e n ; and (d) the 

r e s u l t s of the studies of Hanson (1978) and Olegard et a l . (1979). 

In B r i t i s h Columbia, the incidence of f e t a l alcohol syndrome i s 

estimated to be 1/1,000 l i v e b i r t h s (MacLeod, 1981) which represents 

approximately 40 new cases per year. The Native populations have 

been i d e n t i f i e d as a high r i s k group (Asante, 1981). 

Prevalence of Alcohol Use i n the Population 

The most recent prevalence data for alcohol use i n the Canadian 

population was c o l l e c t e d as part'of the Canada Health Survey, 1978-79 

(see previous discussion of sample design, pp. 117-118) (Ottawa,. 1981). 
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The information on alcohol consumption was c o l l e c t e d from persons 15 

years of age and over on a self-administered, c o n f i d e n t i a l questionnaire. 

A response rate of 84 percent was achieved for the alcohol consumption 

section of the survey. Fourteen percent of the non-respondents did 

not answer any of the survey q u e s t i o n n a i r e — t h i s type of non-response 

was d i s t r i b u t e d proportionately across the response categories and the 

population estimates were adjusted accordingly. For the remainder of 

the non-respondents who did not answer one or more of the questions 

i n the alcohol section but completed other sections, the non-response 

i s reported as unknown f o r each category. 

Survey r e s u l t s show s u b s t a n t i a l v a r i a t i o n s by age and sex i n 

alcohol consumption patterns as measured by "type of drinker" and 

"weekly volume of alcohol consumed." Most adults (65 percent) drink 

a l c o h o l i c beverages at l e a s t once a month. The proportions of current 

drinkers (drink alcohol at l e a s t once a month) were highest for 20-24 

year olds (79 percent) and 25-44 year olds (73 percent). Men who were 

current drinkers outnumber female current drinkers by 25-42 percent 

(under 45 years-over 45 years) and are more l i k e l y to be heavy drinkers 

(14 or more drinks per week). In the 20-24 year old age group, 31 

percent of men and 8 percent of women have 14 or more drinks per week. 

Alcohol consumption patterns show marked variation.by major a c t i v i t y 

(occupation) and region. Working people are more l i k e l y to be current 

drinkers and heavy drinkers regardless of age and sex group. The 

proportion of current drinkers i n the population increases s t e a d i l y 
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from east to west i n Canada—ranging from 55 percent i n the A t l a n t i c 

provinces to 73 percent i n B r i t i s h Columbia—and the proportion of 

heavy drinkers shows the same pattern (15 percent i n A t l a n t i c provinces 

to 23 percent i n B r i t i s h Columbia). The proportion of d a i l y drinkers 

ranges from a low of 11 percent i n smaller communities (under 100,000) 

to a high of 20 percent i n urban centres of at l e a s t one m i l l i o n 

population. 

The prevalence of regular.alcohol consumption tends to increase 

with occupational status, with higher l e v e l s of education, and with 

higher income l e v e l s . 

(Note: 14 or more drinks per week i s not considered to be a 

hazardous l e v e l of consumption for the general population. Only 

very high l e v e l s of consumption—40 or more drinks per week—are 

unequivocally hazardous to health. The lower l e v e l would be 

considered a r i s k l e v e l for pregnancy, however.) 

Table 12 below provides data from the Canada Health Survey, 

1978-79 for drinking status and quantity of alcohol consumption by 

age and sex i n Canada and i n t o t a l , for B r i t i s h Columbia. 

The prevalence of d a i l y drinkers, estimated to range from 14-33 

percent i n the B r i t i s h Columbia population of childbearing years, i s 

seen to be of p u b l i c health s i g n i f i c a n c e . The i m p l i c a t i o n of t h i s 

l e v e l of l i f e s t y l e - r i s k exposure i s discussed i n the following 

chapter. 
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TABLE 12 

Population 15 Years and Over by Type of Drinker and Weekly Volume of Alcohol 
Consumed, by Age and Sex, Canada and by Total Population, BC, 1978-79 

Type 
of 

BC Canadian Population by Age Groups 
Tot a l Drinker 15+ 15+ 15-•19 20-•24 25-•44 45-•65 65+ 

N N N N N f 1 N 
To t a l M & F 1,918 17,492 2,333 2,214 6,472 4,473 2,019 

Male M / A 8,584 1,187 1,106 3,230 2,174 887 
Female W/A 8,907 1,146 1,108 3,242 2,279 1,132 

7. X X X 1 X 7. 
Never Drank 8.4 11. ,5 18. .3 5. 3 5. 9 12. 8 25.5 

Male 6. 8 15. .3 3. 4 3. 4 5. 6 14.3 
Female 16. 0 20, .8 7. 2 8. 3 19. 7 34.2 

Former 
Drinker 4.4 3. 7 2. ,2 2. 3 3. 2 4. 7 6.6 

Male 4. 4 1, ,3 2. 1 3. 5 6. 2 10.0 
Female 3. ,1 3, .1 2. 6 2. 8 3. 2 4.0 

Occasional 
Drinker 10.5 15. ,1 16 .1 11. 3 16. ,0 13. 7 18.2 

Male 9. 8 13 .7 5. 7 9. 8 8. 1 13.8 
Female 20. .2 18. .5 16. .9 22. .2 19. .2 21.6 

Current 
Drinker 73.3 65. 3 56 .5 79. .2 72. .6 63. ,5 40.1 

Male 75. 2 60 .7 87. .2 81. .3 76. ,5 53.9 
Female 55. 7 52 .1 71. .1 63. .9 51. .5 29.3 

# drinks/week 
<1 7.7 7. .7 9 .6 10. .3 7. .8 6. .2 5.8 
Male 6. .8 10 .1 7. ,3 5, .8 6. .0 6.7 
Female 8. 7 9 .1 13. .2 9. .8 6. ,4 5.0 
1-6 25.5 26. 2 23 .1 31. ,0 31, .2 24. ,7 11.9 
Male 24. 9 22 .5 25. .5 28. .2 25. ,5 13.9 
Female 27. .5 23 .7 36. .4 34, .1 24. .1 10.4 
7-13 16.7 13. .2 10 .6 16. .3 15. .2 12. .7 7.3 
Male 17. 1 11 .2 20. 8 19. ,4 17. .1 11.9 
Female 9. .4 10 .2 11. .8 10, .9 8. .6 3.7 
14+ 16.8 12. ,0 9 .1 19. .6 13. .3 10, .8 5.1 
Male 19. ,L 12 .6 31. .0 21, .6 18. .0 9.6 
Female 4. ,8 5 .5 8. .1 5. .0 4, .1 1.6 

Unknown - 6. .2 4 .0 2, .1 5 .2 9, .1 10.0 
Type of Drinker 
Unknown 3.5 4. .4 6 .9 1 .9 2. .3 4, .9 9.6 

Source: Adapted from Canada Health Survey, Table 1 and 2, pp. 28-30 (Ottawa, 1981). 
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CHAPTER IV: THE PREVENTABLE PORTION OF 

REPRODUCTIVE CASUALTIES 

The preceding two chapters have provided a d e t a i l e d examination 

of (a) the outcome measures of reproductive performance that, as a 

composite, can provide a meaningful d e s c r i p t i o n or p r o f i l e of the l e v e l 

of reproductive health i n a community; and (b) the evidence that 

paternal and maternal l i f e s t y l e habits a f f e c t these reproductive 

health outcomes and, thus, play a r o l e i n determining the l e v e l of 

reproductive health i n a community. 

This ;chapter w i l l assess the evidence presented i n chapter three 

against established c r i t e r i a for causal as s o c i a t i o n ; w i l l discuss the 

implications of t h i s assessment f o r health planning i n B r i t i s h Columbia; 

w i l l recommend methods f o r improving health information and s u r v e i l l a n c e 

techniques as they p e r t a i n to reproductive health i n the province; and 

w i l l i d e n t i f y the benefits l i k e l y to be associated with these 

recommendations. In doing so, the chapter w i l l focus on a number 

of s p e c i f i c questions that, for p r a c t i c a l purposes, require answers: 

Is the evidence sound enough to warrant the current health promotion 

message? Is the evidence sound enough to warrant action beyond a 

health promotion message? Is i t p o s s i b l e to estimate a preventable 

portion of reproductive casualties based on l i f e s t y l e change? Do we 

have enough information to estimate the "preventable portion" for 

B r i t i s h Columbia? 
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The E f f e c t of L i f e s t y l e : Review of Evidence 

The l i t e r a t u r e on reproductive health and l i f e s t y l e , of which 

only a representative portion could be presented i n t h i s study, 

leaves the reader with l i t t l e doubt that an a s s o c i a t i o n e x i s t s 

between these two f a c t o r s . Whether the a s s o c i a t i o n i s causal, however, 

i s not so e a s i l y determined. Even i n applying the r e l a t i v e l y 

straightforward "germ theory" ( s i n g l e cause, s i n g l e effect) one 

recognizes that although the presence of a s p e c i f i c germ i s a 

p r e r e q u i s i t e for a s p e c i f i c disease (e.g., tubercle b a c i l l u s for 

a c t i v e t u b e r c u l o s i s ) , factors such as host resistance and n u t r i t i o n a l 

status can determine whether the disease w i l l or w i l l not occur. 

Because o f , t h i s , causal associations, must i n e v i t a b l y be assessed i n 

r e l a t i v e t e r m s — a t some point, the evidence i s considered strong 

enough to e n t a i l a c t i o n . 

The accepted c r i t e r i a f o r assessing causal a s s o c i a t i o n , based 

on the o r i g i n a l work of A. Bradford H i l l (1971), requires a review 

of the evidence i n terms of the following: experimental confirmation; 

the strength of the a s s o c i a t i o n between suspected "cause" and the 

outcome(s) of i n t e r e s t ; consistency of observed evidence; temporality 

of the r e l a t i o n s h i p ; demonstration of dose-response; b i o l o g i c a l 

p l a u s i b i l i t y ; s p e c i f i c i t y of the r e l a t i o n s h i p ; and coherence of the 

evidence (Gehlbach, 1983). An explanation of these c r i t e r i a and an 

assessment of the causal a s s o c i a t i o n between l i f e s t y l e factors (e.g., 

smoking, n u t r i t i o n , a l c o h o l , drugs, stress) and reproductive health 
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outcomes using these c r i t e r i a i s presented i n the following section. 

Studies to be used as evidence i n t h i s type of assessment have been 

c r i t i q u e d i n terms of meeting standards for r e l i a b i l i t y and v a l i d i t y 

of exposure and outcome measures, and i n terms of how the research 

design and implementation meets c r i t e r i a for i n t e r n a l v a l i d i t y 

(Campbell & Stanley, 1966; S h o r t e l l & Richardson, 1978; Weiss, 1972). 

Issues of r e l i a b i l i t y and v a l i d i t y associated with l i f e s t y l e and 

reproductive health studies are discussed i n chapters two and three. 

C r i t e r i a f o r Assessing a Causal Association 

1. Experimental evidence i n humans. By t h i s c r i t e r i o n , the 

strength of the evidence i s determined by the experimental method 

used i n studies appropriately designed f o r the s e t t i n g and hypothesis. 

In descending order of strength, the best evidence comes from a 

randomized co n t r o l t r i a l , a prospective cohort study, a retrospective 

cohort study, a case-control study, a quasi-experimental design study 

which lacks a c o n t r o l group and the weakest evidence from case studies. 

Only two randomized c o n t r o l studies were found for review—the d i e t 

supplement study conducted by Rush and colleagues (1974) and a recently 

published smoking i n t e r v e n t i o n study by Sexton and Hebel (1984). 

Unfortunately (from the perspective of assessing causal a s s o c i a t i o n ) , 

randomization of l i f e s t y l e v a r i a b l e s i s seldom f e a s i b l e , and where 

f e a s i b l e , i s generally considered unethical. 
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Prospective cohort studies provide evidence of an asso c i a t i o n 

between each l i f e s t y l e and reproductive health v a r i a b l e selected for 

review, with the exception of n u t r i t i o n and i n f e r t i l i t y where the 

cohort study (Stein et a l . , 1975) was a retrospective analysis of 

prospectively c o l l e c t e d data. Without the benefit of evidence from 

randomized t r i a l s , i t i s p a r t i c u l a r l y important that the design or 

analysis of cohort studies adequately control for confounding 

v a r i a b l e s . In general, v a r i a b l e s known to a f f e c t reproductive outcome 

were c o n t r o l l e d by an a l y s i s . P o t e n t i a l i n t e r a c t i o n or i n t e r c o r r e l a t i o n 

between l i f e s t y l e v a r i a b l e s remains an unresolved issue that has not 

been adequately studied. 

2. Strength of the ass o c i a t i o n . By t h i s c r i t e r i o n , strength of 

ass o c i a t i o n i s measured by the l e v e l of r i s k associated with exposure. 

In the case of randomized t r i a l s or cohort studies, t h i s can be ,. 

calculated d i r e c t l y by comparing outcome rates i n the exposed and 

nonexposed populations. For case-control studies r i s k can only be 

estimated by i n d i r e c t methods ( r e l a t i v e odds) since the study groups 

are not represented i n r e l a t i o n to t h e i r prevalence i n the t o t a l 

population. The r e l a t i v e r i s k s reported f o r the reviewed cohort 

studies are summarized i n Tables 13, 14, and 15. Where r e l a t i v e r i s k s 

are not reported, r e l a t i v e odds or s t a t i s t i c a l measures of s i g n i f i c a n c e 

are provided i n the summary tables. Each of the l i f e s t y l e f a c t o r s i s 

s i m i l a r i n that the r e l a t i v e r i s k of any s p e c i f i c reproductive casualty 

with exposure i s f a i r l y low (on average, RR:1.6-3.0) but appears to be 

a true r i s k ( i . e . , 95 percent confidence l i m i t s do not include 1.0). 
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3. Consistency of the observed evidence. By t h i s c r i t e r i o n , 

consistency i s high when an a s s o c i a t i o n between exposure and outcome 

i s repeatedly demonstrated by d i f f e r e n t i n v e s t i g a t o r s , i n d i f f e r e n t 

studies, d i f f e r e n t populations and s e t t i n g s . The most s t r i k i n g aspect 

of the l i f e s t y l e and reproductive health l i t e r a t u r e i s the consistency 

with which small, but independent associations between each of the 

l i f e s t y l e f a c t o r s and each of the reproductive health outcomes are 

reported. This repeated demonstration of a l i f e s t y l e e f f e c t provides 

one of the strongest arguments for a causal a s s o c i a t i o n . 

4. Temporality of r e l a t i o n s h i p . The test of temporality i s that 

the exposure i s known to occur p r i o r to the outcome. In the case of 

reproductive outcomes where there tends to be a sequence of r e l a t e d 

events leading to the measurable outcomes, i t i s not always possible 

to i d e n t i f y the beginning of the sequence ( i . e . , i s the outcome r e l a t e d 

to the preconception period, embryogenesis, or mid-pregnancy development). 

The test of temporality i s most e a s i l y applied i n s i t u a t i o n s where 

l i f e s t y l e patterns are reasonably consistent over the period of 

reproductive function under i n v e s t i g a t i o n . For example, a sequence of 

events r e l a t e d to a c h r o n i c a l l y inadequate dietary intake rather than 

short term nutrient imbalance, or a regular d a i l y alcohol abuse pattern 

as opposed to binge drinking, i s more r e a d i l y assessed i n terms of 

temporality. Given our current understanding of i n d i v i d u a l l i f e s t y l e 

patterns, the a s s o c i a t i o n between population l i f e s t y l e patterns and 

sociodemographic v a r i a b l e s (e.g., s o c i a l c l a s s , economic status, l e v e l 
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of education), and the f i t between the timing of l i f e s t y l e changes and 

the type of reproductive outcome changes that r e s u l t (e.g., a mid-

pregnancy change i n l i f e s t y l e can be expected to modify t h i r d trimester 

f e t a l growth but not abnormal embryonic development that has already 

occurred), the temporal r e l a t i o n s h i p seems appropriate. 

5. Dose-response. The dose-response c r i t e r i o n requires demonstration 

of increasing r i s k or s e v e r i t y of outcome associated with increased 

amount (dose) or duration of exposure. In a number of ways, the 

l i f e s t y l e - r e p r o d u c t i v e health a s s o c i a t i o n appears to meet t h i s c r i t e r i o n . 

F i r s t , increased r i s k i s seen to occur at increased l e v e l s of exposure 

(e.g., the r i s k of low birthweight i s increased with heavy smoking 

compared to moderate smoking, or i n as s o c i a t i o n with a very poor d i e t 

versus a moderately inadequate d i e t ) , once a minimal l e v e l of exposure 

(or threshold) has been exceeded. Where a s i g n i f i c a n t dose-response 

a s s o c i a t i o n i s not demonstrated, a trend i s usually reported. Second, 

decreased r i s k i s seen to occur with decreased l e v e l s of exposure. 

Third, increased r i s k i s associated with increased exposure i n terms 

of the t o t a l number of d i f f e r e n t l i f e s t y l e v a r i a b l e s involved. And i n 

a more speculative vein, there appears to be an a s s o c i a t i o n between 

l e v e l and duration of exposure i n the population and the degree of 

impairment of reproductive function per se ( i . e . , r e f l e c t e d by the 

number of d i f f e r e n t reproductive outcomes that are adversely a f f e c t e d ) . 

Thus, at various d i f f e r e n t l e v e l s of i n v e s t i g a t i o n , a dose-response 

gradient characterizes the a s s o c i a t i o n between l i f e s t y l e and reproductive 

outcomes. 
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6. B i o l o g i c a l p l a u s i b i l i t y . By th i s c r i t e r i o n , current b i o l o g i c a l 

knowledge ( i . e . , current understanding of the responses of c e l l s , t i s s u e s , 

organs, and organisms to stimuli) must be re c o n c i l a b l e with the notion 

of causal a s s o c i a t i o n . The McMaster Series (1981) suggests t h i s i s the 

yar d s t i c k against which nonhuman experimental data should be measured. 

A cause and e f f e c t r e l a t i o n s h i p between each of the s p e c i f i c 

l i f e s t y l e v a r i a b l e s and each measure of reproductive function has been 

demonstrated i n animal research under p r e c i s e l y c o n t r o l l e d conditions. 

The causal a s s o c i a t i o n pertains to both male and female animals, and 

ef f e c t s include impairment of the reproductive system, mutagenesis, 

chromosomal aberrations, f e t a l absorpotions, s t i l l b i r t h s , f e t a l growth 

retardation, reduced l i t t e r s i z e , b i r t h defects, neonatal death, growth 

and development disorders, and impairment of reproductive function i n 

subsequent generations. Summary reviews of t h i s research, and/or the 

impl i c a t i o n of the r e s u l t s of t h i s research f o r the human population, 

are numerous (see e.g., Abdul-Karim, 1981; Bora, Douglas, & Nestmann, 

1982; Council on Environmental Quality, 1981; Klingberg & Weatherall, 

1979; Obe, 1984; Rechcigal, 1981; Schwartz & Yaffee, 1979; Wilson & 

Fraser, 1977; Wynn & Wynn, 1981). I t i s p r e c i s e l y because of the 

evidence that such wide ranging and long reaching e f f e c t s on reproductive 

health i n animals could be a t t r i b u t e d to nutrient d e f i c i e n c i e s , s t r e s s , 

drugs.and chemicals, n i c o t i n e and alcohol that an understanding of the 

l i f e s t y l e e f f e c t on human reproduction i s considered so important. 

P l a u s i b i l i t y i s enhanced by the observation that a s i m i l a r range of 
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reproductive casualties can occur i n human populations when l e v e l s of 

exposure are high (e.g., famine and st a r v a t i o n ) . 

Animal and human pathology studies provide evidence of the manner 

i n which f e t a l growth or placental function i s adversely affected by 

l i f e s t y l e v a r i a b l e s (see, .e.g., Beaconsfield & Birdwood, 1982; Naeye, 

Kissane, & Kaufman, 1981). Studies of human and animal c e l l and tiss u e 

cultures provide evidence of a l t e r a t i o n and l i m i t a t i o n of c e l l 

r e p l i c a t i o n which continue to help i n the determination of p l a u s i b l e 

mechanisms of action (see, e.g., Chandra, 1980; Fehr & Kalant, 1983; 

Metcoff, 1981). 

The test of b i o l o g i c a l p l a u s i b i l i t y based on animal and " i n v i v o " 

research, appears to be met without d i f f i c u l t y . I t i s the degree to 

which inferences about human reproduction may be drawn from the r e s u l t s 

of animal or " i n v i t r o " studies (or from studies where l e v e l s of 

exposure are thought to d i f f e r s i g n i f i c a n t l y from those i n the average 

population) that has not been f u l l y c l a r i f i e d . 

7. S p e c i f i c i t y of the r e l a t i o n s h i p . To meet t h i s c r i t e r i o n , a 

si n g l e cause-single e f f e c t a s s o c i a t i o n must be demonstrated. However, 

i t i s cl e a r from animal research (where the causal v a r i a b l e s are 

controlled) that a wide v a r i e t y of d i f f e r e n t l i f e s t y l e factors can 

cause a s i m i l a r range of s p e c i f i c reproductive c a s u a l t i e s — a s can 

" b i o l o g i c a l " or genetic factors and environmental toxins. Evidence 

from human studies demonstrates the same lack of s p e c i f i c i t y at these 

l e v e l s of outcome measurement, including lack of s p e c i f i c i t y i n terms 
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of the magnitude of the association. As w e l l , i t i s known that adverse 

e f f e c t s of l i f e s t y l e factors are not l i m i t e d to reproductive health 

outcomes and that factors other than l i f e s t y l e e f f e c t reproductive 

health. The McMaster Series (1981) suggests the test i s "only moderately 

u s e f u l — a n d , even then, only when (the) i l l n e s s i s present." "The 

weakness of t h i s t e s t , " say the authors, " i s underscored when you 

consider that teratogens commonly have multiple e f f e c t s i n several 

organ systems" (p. 989). H i l l (1971) states: "We must not, however, 

over-emphasize the importance of the c h a r a c t e r i s t i c " and must "keep 

i n mind that diseases may have more than one cause" (p. 317). I t may 

be that the t e s t of s p e c i f i c i t y i s inappropriate i n t h i s s i t u a t i o n or 

i t may be that s p e c i f i c i t y w i l l be recognized at a more precise l e v e l 

of measurement, perhaps associated c e l l u l a r function, or by cause of 

mortality or type of f e t a l growth retardation i f appropriate data are 

c o l l e c t e d . Support for the p o s s i b i l i t y that s p e c i f i c i t y might be 

elucidated through the use of more precise and d e t a i l e d outcome 

measures than those chosen for t h i s thesis i s provided by studies 

of the e f f e c t s of l i f e s t y l e factors on f e t a l growth parameters (see, 

e.g., M i l l e r & M e r r i t t , 1979) and on maternal weight gain, p l a c e n t a l 

development, and neonatal p h y s i c a l and behavioral c h a r a c t e r i s t i c s 

(Picone, A l l e n , & Olsen, 1982; Picone, A l l e n , & Schramm, 1982). 

8. Coherence of the evidence. H i l l (1971) explained coherence 

by saying the cause and e f f e c t i n t e r p r e t a t i o n should not s e r i o u s l y 

c o n f l i c t with the generally known facts of the natural h i s t o r y and 
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biology of the disease (outcome). Another way to consider t h i s c r i t e r i o n 

i s to determine i f the i n t e r p r e t a t i o n makes epidemiological sense 

(McMaster Series, 1982)—i.e., i s i n agreement with current understanding 

of the d i s t r i b u t i o n s of causes and outcomes i n humans. In general 

terms, coherence requires supporting evidence from d i f f e r e n t l e v e l s of 

o r g a n i z a t i o n — i . e . , e c o l o g i c a l evidence as well as evidence from c l i n i c a l 

and cohort studies. 

Since v a r i a t i o n i n reproductive outcome can be a t t r i b u t e d to 

changes i n other factors besides l i f e s t y l e , the assessment of coherence 

i s dependent on adequate knowledge of the other confounding factors 

and the p o t e n t i a l for ecologic f a l l a c y . Most attempts to assess 

coherence from an h i s t o r i c a l perspective or by comparisons between 

d i f f e r e n t countries or populations must be based on some degree of 

assumption that i s open to the challenge of an alternate i n t e r p r e t a t i o n . 

For example, the proportion of low birthweight infants (weighing l e s s 

than 2,500 g) i n Finland has recently dropped from.a plateau around 

5 percent of annual l i v e b i r t h s to 3.7 percent i n 1983, the lowest 

reported n a t i o n a l low birthweight s t a t i s t i c i n the world (Leppo, 1984). 

I t i s the opinion of the Director of Planning of the Finnish National 

Board of Health that the recent reduction i n low birthweight infants 

r e f l e c t s the f a c t that the e a r l i e s t r e c i p i e n t s of a comprehensive 

health promotion program for youth are now of childbearing age and, 

thus, he a t t r i b u t e s the improvements i n reproductive outcome to improved 

l i f e s t y l e habits and l e v e l of health of the younger parents. I f 

corroborated, t h i s occurrence would provide an excellent i l l u s t r a t i o n 
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of coherence. Support for the F i n n i s h i n t e r p r e t a t i o n w i l l increase i f 

low birthweight continues to f a l l i n r e l a t i o n to an increase i n the 

proportion of new parents who have p a r t i c i p a t e d i n the health program 

for youths, and i f no alternate explanations seem more appropriate. 

Generally speaking, when s u f f i c i e n t information on l i f e s t y l e 

patterns, reproductive outcome, and other v a r i a b l e s known..to_ a f f e c t 

these outcomes i s a v a i l a b l e , the causal i n t e r p r e t a t i o n has coherence. 

A t y p i c a l example would be the p o s i t i v e r e l a t i o n s h i p between improved 

reproductive outcome and improved standard of l i v i n g (which implies 

improved n u t r i t i o n and health) whether i t be a time trend or a between-

country a n a l y s i s . Beaton and Bengoa (1976), i n discussing the 

a s s o c i a t i o n between malnutrition and mortality throughout the world, 

d i s t i n g u i s h between the e f f e c t of a change i n factors which " p r e c i p i t a t e " 

acute ma l n u t r i t i o n (e.g., diarrhoea and i n f e c t i o u s diseases superimposed 

on chronic undernutrition) versus a change i n factors that "condition" 

malnutrition ( a g r i c u l t u r a l p o l i c y , geographical conditions, b i o l o g i c a l 

nature of a population's staple foods). A decrease i n mortality may be 

achieved by a reduction i n either the factors which " p r e c i p i t a t e " 

m a l n u t r i t i o n or "condition" i t or both, but for each type of change 

d i f f e r e n t community parameters may be observed. The 50 percent decline 

i n m o r tality that occurred 50-100 years ago i n the now developed 

countries took a century to accomplish, was l a r g e l y a t t r i b u t e d to the 

improvements i n l i v i n g conditions and n u t r i t i o n a l status, and was 

associated with improved health status of the surviving population. 
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The 50 percent decline i n mo r t a l i t y recently achieved i n developing 

countries i n l/10th-l/5th the time span has been l a r g e l y a t t r i b u t e d to 

improved health care s e r v i c e s , but because r e a l improvements i n standard 

of l i v i n g or n u t r i t i o n a l status have not occurred, increased s u r v i v a l 

has not been accomplished by increased l e v e l s of health or by improved 

p h y s i c a l and mental p o t e n t i a l (Bengoa, 1972). This i s an analogous 

s i t u a t i o n to the e f f e c t s of d i f f e r e n t methods employed i n reducing infant 

m o r t a l i t y ( i . e . , improved p e r i n a t a l care of very small infants compared 

to increased birthweight through improved maternal health). I f the 

l i f e s t y l e habits of a population are factors which "condition" reproductive 

performance, l i f e s t y l e modification should a f f e c t a broad spectrum of 

reproductive health outcomes as i s indicated by the research l i t e r a t u r e . 

Rating the Evidence 

An attempt has been made i n Tables 13, 14, and 15 to introduce a 

standardized method of r a t i n g the evidence of a causal association 

between n u t r i t i o n , smoking, a l c o h o l , and the s p e c i f i c reproductive 

health v a r i a b l e s reviewed for t h i s study, using the above set of 

c r i t e r i a . This seemed a necessary step given the volume of l i t e r a t u r e 

to be considered and the d i f f i c u l t y of maintaining a consistent approach 

to assessment i f s p e c i f i c guidelines were not i d e n t i f i e d . The method 

uses d e l i b e r a t e l y conservative (although at times admittedly a r b i t r a r y ) 

guidelines as the best means of ensuring the legitimacy of an 

i n t e r p r e t a t i o n of causation. The r a t i o n a l e for the r a t i n g method and 

scoring system i s described i n d e t a i l below, followed by summary tables 
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of l i f e s t y l e and reproductive health associations using t h i s r a t i n g 

method and an assessment of the e f f e c t of alternate choices of 

i n c l u s i o n and weighting of c r i t e r i o n . 

1. Inclusion and weighting of c r i t e r i a categories. Three 

references (Gehlbach, 1983; H i l l , 1971; McMaster Series, 1982) were 

used to determine the c r i t e r i a considered most important to accepting 

a causal association. Strength of a s s o c i a t i o n and consistency of 

evidence were highly ranked by a l l three and because of t h i s , both 

were considered e s s e n t i a l c r i t e r i a . An evaluation of the q u a l i t y of 

experimental evidence from human studies was considered by the McMaster 

a r t i c l e to be a p r e r e q u i s i t e to i n c l u d i n g s p e c i f i c study r e s u l t s i n a 

causal a s s o c i a t i o n assessment ( i . e . , how the r e s u l t s were derived 

determine t h e i r value as evidence) and a means of ranking the r e s u l t s 

from included ( i . e . , w e l l designed) studies. By t h i s r a t i o n a l e , 

meeting the test of experimental design was considered e s s e n t i a l . 

B i o l o g i c a l p l a u s i b i l i t y was ranked highly by Gehlbach, but not demanded 

by H i l l and McMaster i f b i o l o g i c a l knowledge was inadequate. Since i n 

t h i s case, b i o l o g i c a l knowledge i s adequate and non-human research has 

been conducted with the s p e c i f i c intent of c l a r i f y i n g issues that cannot 

be researched i n humans ( i . e . , exposure to toxins, imposed nutrient 

d e f i c i e n c i e s ) , b i o l o g i c a l p l a u s i b i l i t y was considered e s s e n t i a l . 

Two other c r i t e r i a — d o s e response and coherence—were rated as 

supportive, i n that they added further c l a r i f i c a t i o n . t o the assessment 

of strength of a s s o c i a t i o n and b i o l o g i c a l p l a u s i b i l i t y , r e s p e c t i v e l y . 
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The l i f e s t y l e - r e p r o d u c t i v e health associations were evaluated f o r 

s p e c i f i c i t y and temporality and, without exception, temporality was 

s u f f i c i e n t l y demonstrated and s p e c i f i c i t y was not. Since the scores 

f o r these two c r i t e r i a , also considered to be "supportive", would 

cancel one another out using t h i s r a t i n g method, they are not included 

i n the summary table. The e f f e c t of incl u d i n g or not incl u d i n g them 

w i l l be considered. 

2. Scoring between c r i t e r i a categories. Maximum scores of 5 were 

assigned to each of the four c r i t e r i a considered to be e s s e n t i a l to the 

determination of causal association—experimental design, strength of 

association, consistency of observation, and b i o l o g i c a l p l a u s i b i l i t y . 

The "supportive" c r i t e r i a — i . e . , dose-response and coherence—were 

assigned a score of 2. Since there i s a noticeable d i f f e r e n c e i n the 

amount of research a t t e n t i o n given to some l i f e s t y l e - r e p r o d u c t i v e 

outcome r e l a t i o n s h i p s compared to others, 1 point i s subtracted from 

the score i n areas where bias may be introduced because of the l i m i t e d 

number of studies a v a i l a b l e for review. 

3. Scoring within c r i t e r i a categories. The within-category scoring 

was designed to i d e n t i f y d ifferences i n the degree to which the evidence 

supports a causal association. Since there i s no known precedent f o r 

assigning such scores, and because the r a t i o n a l e for assigning a score 

d i f f e r s f o r each c r i t e r i o n , the guidelines are de t a i l e d below: 

(a) Experimental design. A de c i s i o n was made, based on the 

argument of the McMaster Series, that a maximum score of 5 would not 
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be assigned unless a randomized t r i a l , supporting a causal a s s o c i a t i o n , 

had been c a r r i e d out. To c l e a r l y discriminate between t h i s l e v e l of 

evidence and that of a cohort design or a case-control study, 2 points 

separate these two l e v e l s . Therefore, i f the strongest evidence i s 

provided by a prospective cohort design, the score given i s 3; i f the 

strongest evidence comes from case-control studies, the score given i s 

2; and i f the strongest evidence comes from quasi-experimental design 

studies, the score given i s 1. This evidence must be supported by a 

number of studies of the same ranking and at a lower ranking—where 

the extent of th i s support i s l i m i t e d by number of studies t h i s i s 

recognized by reducing the score by 1 point p r i o r to t a l l y and where 

the support i s l i m i t e d due to consistency of observation, t h i s i s 

recognized by the scoring w i t h i n that category. No points are given 

i f the strongest evidence i s provided by case studies. 

(b) Strength of association. Maximum points (5) are given i n 

th i s category i f a s u b s t a n t i a l " r e a l " d i f f e r e n c e i s seen i n cohort or 

randomized t r i a l studies as demonstrated by a r e l a t i v e r i s k greater 

than 4 and 95 percent confidence l i m i t s that do not include 1.0; 3 

points are given when t h i s d i f f e r e n c e provides a r e l a t i v e r i s k between 

2 and 4; 2 points are given f o r a r e l a t i v e r i s k of les s than 2; and 

1 point i s given i f a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e i s reported 

(e.g., p<0.01) without r e l a t i v e r i s k (and there i s i n s u f f i c i e n t data 

to make th i s c a l c u l a t i o n ) . 

(c) Consistency of observation. Maximum points (5) are given i n 
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t h i s category i f a l l major studies support an asso c i a t i o n between 

l i f e s t y l e and a reproductive outcome; 3 points i f the majority of 

studies report an as s o c i a t i o n but at l e a s t one well designed study 

(and highly ranked i n terms of experimental design) shows no association, 

and 0 points i f w e l l designed studies report mixed r e s u l t s . Since 

both the research design and the conceptual design are considered 

when s e l e c t i n g the studies to be "rated", i t i s recognized that the 

consistency of observation scoring may be biased by the i n t e r p r e t a t i o n 

of a "well designed" study. 

(d) Dose-response gradient. Two points are given i n t h i s category 

when a dose-response r e l a t i o n s h i p has been studied and demonstrated, 

and 0 points where t h i s r e l a t i o n s h i p has not been studied or i s not 

demonstrated. 

(e) B i o l o g i c a l p l a u s i b i l i t y . Maximum points (5) are given i n 

thi s category i f abroad range of studies (e.g., animal, c e l l , t i s s u e , 

organ) have been conducted which support the asso c i a t i o n ( i . e . , provide 

r a t i o n a l e or a p o t e n t i a l mechanism of action) between the l i f e s t y l e 

f a ctor and the reproductive outcome of i n t e r e s t ; 3 points are given 

where b i o l o g i c a l explanations for causal a s s o c i a t i o n are reported but 

i n a l i m i t e d range of studies; and 0 points given i f b i o l o g i c a l support 

f o r the as s o c i a t i o n has not been demonstrated. 

(f) Coherence. Coherence i s rated either good (2 points) or not 

(0 p o i n t s ) . I f there seemed to be i n s u f f i c i e n t information to allow 

an assessment of coherence, t h i s i s noted. 



220 

4. Summary score and r a t i n g category. Five summary categories 

were developed to i d e n t i f y subtle differences i n the strength of • • 

evidence f o r a causal association. For example, the score i n d i c a t i n g 

the strongest evidence for causal a s s o c i a t i o n could not be reached 

without maximum points i n 3 of the 4 e s s e n t i a l c r i t e r i a . Since 

randomized t r i a l s have not been c a r r i e d out and r e l a t i v e r i s k s are 

low to moderate i n a l l outcome categories, the highest r a t i n g could 

not be achieved. The r a t i n g scheme allows for three other categories 

i n which the strength of evidence i s perceived to be s u f f i c i e n t to 

merit a t t e n t i o n as a p o t e n t i a l causal association. In these categories, 

the degree of support i s indicated by the d e s c r i p t o r s — p r o b a b l e , 

suggestive, and p o s s i b l e — w h i c h r e l a t e to the t o t a l scores assigned 

to the evidence f o r a causal a s s o c i a t i o n and percent of t o t a l achievable 

score. A threshold score of 60 percent of the t o t a l achievable score 

was a r b i t r a r i l y established below which i t was considered there was 

i n s u f f i c i e n t evidence to support a causal association. These lower 

scores seem mainly to r e f l e c t the l i m i t e d i n v e s t i g a t i o n of the 

p a r t i c u l a r l i f e s t y l e - r e p r o d u c t i v e health a s s o c i a t i o n i n human populations 

and, thus, do not i n themselves r u l e out a causal association. The 

summary categories and scores (out of a t o t a l of 25 points) were 

assigned as follows: 

23-25 points (90-100% of tot a l ) Causal Association 
20-22 points (80- 9.0% of tot a l ) Causal Association, probable 
18-19. points (70- 79% of tot a l ) Causal Association, suggestive 
15-17 points (60-,69% of total) Causal Association, p o s s i b l e 
<15 points (<60% of t o t a l ) Evidence lacking f o r Causal 

Association 

This r a t i n g scheme i s i l l u s t r a t e d i n Tables 13, 14, and 15 below. 



TABLE 13 
Smoking and Reproductive Health—Summary of Evidence for Causal Association Between 

Smoking Exposure and Seven Reproductive Health Outcomes, Based on Seven C r i t e r i a 

C r i t e r i a for 
Causal Association I n f e r t i l i t y 

Spontaneous 
Abortion S t i l l b i r t h 

Infant 
Mortality 

Fetal Growth 
Birthweight FGR 

Congenital 
Anomalies 

MorbidityrGrowth 
& Development 

5 
1. Experimental Design 

(Strongest Evidence) 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 

Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

5 
2. Strength of Association 

(Relative Risk Range) 

3 
Significant 
RR:1.6-2.3 

3 
Sig n i f i c a n t 
RR:1.8-2.0 

2 
Signi f i c a n t 
RR:1.2-1.6 

2 
Significant 
RR:1.2-1.6 

3 
S i g n i f i c a n t 

decrease RR:1.8-2.0 
130-300R 

1 
Si g n i f i c a n t 
(p value 
only) 

1 
Si g n i f i c a n t 
(p value only) 

5 
3. Consistency of Evidence 

5 
Good 

3 
Fair 

3 
Fair 

3 
Fair 

5 
Good 

0 
Poor 

5 
Good 

3 
4. Dose-Response Gradient 

2 
Yes 

2 
Yes 

2 
Yes 

2 
Yes 

2 
Yes 

0 
No 

1 
Yes 

5 
5. B i o l o g i c a l P l a u s i b i l i t y 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

3 
Moderate 

5 
High 

2 
6. Coherence 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

1 
Information 
Limited 

2 
Good 

7. Limited Number of 
Studies 

-1 -1 -1 -1 

8. Summary Score 
Percentage 
Rating Category of 

Causal Association 

19/25 
76% 

Probable 

17/25 
68% 

Suggestive 

17/25 
68% 

Suggestive 

17/25 
68% 

Suggestive 

20/25 
80% 

Probable 

7/25 
28% 

Evidence 
Lacking 

16/25 
64% 

Suggestive 

ho 

I—1 



TABLE 14 
Nutrition and Reproductive Health—Summary of Evidence for Causal Association Between Exposure 

to Poor Nutrition and Seven Reproductive Health Outcomes, Based on Seven C r i t e r i a 

C r i t e r i a for 
Causal Association I n f e r t i l i t y 

Spontaneous 
Abortion S t i l l b i r t h 

Infant 
Mortality 

Fetal Growth 
Birthweight FGR 

Congenital 
Anomalies 

Morbidity:Growth 
& Development 

5 
1. Experimental Design 

(Strongest Evidence) 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 

Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

5 
2. Strength of Association 

(Relative Risk Range) 

1 
Significant 
(r value only) 

1 
Sign i f i c a n t 
(R0:7.9) 

3 
Signi f i c a n t 
RR:1.7-3.9 
(RO:8.9) 

3 
Signi f i c a n t 
RR:1.8-2.1 

3 
Si g n i f i c a n t 

decrease RR:1.6 
50-300 g 
LBW-RR:1.9-2.5 

1 
Si g n i f i c a n t 
(RO:8.7) 

1 
S i g n i f i c a n t 
( p value only) 

5 
3. Consistency of Evidence 

5 
Good 

3 
Fair 

3 
Fair 

5 
Good 

3 
Fair 

0 
Poor 

3 
Fair 

3 
4. Dose-Response Gradient 

2 
Yes 

2 
Yes 

2 
Yes 

3 
Yes 

3 
Yes 

0 
No 

2 
Yes 

5 
5. B i o l o g i c a l P l a u s i b i l i t y 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

2 
6. Coherence 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

1 
Information 
Limited 

2 
Good 

7. Limited Number of 
Studies 

-1 -1 -1 -1 

8. Summary Score 
Percentage 
Rating Category of 

Causal Association 

17/25 
68% 

Suggestive 

15/25 
60% 

Possible 

17/25 
68% 

Suggestive 

21/25 
84% 

Probable 

19/25 
76% 

Probable 

9/25 
36% 

Evidence . 
Lacklng 

16/25 
64% 

Suggestive 

K 3 



TABLE 15 
Alcohol and Reproductive Health—Summary of Evidence for Causal Association Between Exposure 

to Alcohol and Seven Reproductive Health Outcomes, Based on Seven C r i t e r i a 

C r i t e r i a for 
Causal Association I n f e r t i l i t y 

Spontaneous 
Abortion S t i l l b i r t h 

Infant 
Mortality 

Fetal Growth 
Birthweight FGR 

Congenital 
Anomalies 

Morbidity:Growth 
& Development 

5 
1. Experimental Design 

(Strongest Evidence) 

1 
Case-Control 
Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

3 
Prospective 
Cohort Studies 

5 
2. Strength of Association 

(Relative Risk Range) 

1 
Significant 
(p value only) 

3 
Signi f i c a n t 
RR:1.9-3.5 

1 
Signi f i c a n t 
(p value only) 

1 
Sign i f i c a n t 
(p value only) 

3 
S i g n i f i c a n t 

decrease RR:2.3-3.0 
60-190g 
LBW-RR:1.5 

5 
Sig n i f i c a n t 
RR:4.2 

1 
Si g n i f i c a n t 
(p value only) 

5 
3. Consistency of Evidence 

5 
Good 

3 
Fair 

3 
Fair 

3 
Fair 

5 
Good 

5 
Good 

5 
Good 

3 
4. Dose-Response Gradient 

2 
Yes 

2 
Yes 

0 0 2 
Yes 

2 
Yes 

2 
Yes 

5 
5. B i o l o g i c a l P l a u s i b i l i t y 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

5 
High 

2 
6. Coherence -

2 
Good 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

2 
Good 

7. Limited Number of 
Studies 

-1 -1 -1 

8. Summary Score 
Percentage 
Rating Category of 

Causal Association 

15/25 
60% 

Possible 

18/25 
72% 

Suggestive 

13/25 
. 52% 
Evidence 
Lacking 

13/25 
52% 

Evidence 
Lacking 

20/25 
80% 

Probable 

22/25 
88% 

Probable 

18/25 
72% 

Suggestive 

ho 

Co 
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What can be concluded from the summaries outlined i n the above 

tables? I f one views s c i e n t i f i c experimentation as the means by 

which one probes proposed theories, models or hypotheses to determine 

which w i l l escape being rejected or displaced by alternate hypotheses, 

these summaries i n d i c a t e that the working hypothesis of t h i s thesis 

( i . e . , the l e v e l of reproductive health i n a population which determines 

the degree to which reproductive c a s u a l t i e s occur, i s determined i n 

part by l i f e s t y l e factors) should not be rejected. The purpose of 

developing a quantified r a t i n g scheme was to determine, i n as objective 

a manner as p o s s i b l e , whether s u f f i c i e n t probing of the hypothesis 

had been c a r r i e d out to assume i t provides a reasonable basis for 

d ec i s ion-making. 

The r e s u l t s of t h i s criterion-based r a t i n g method suggest that 

i n 5-6 of the 7 reproductive outcome categories, there i s s u f f i c i e n t 

evidence to merit further attention to a p o t e n t i a l causal association 

between these outcomes and exposure to the l i f e s t y l e r i s k s of smoking, 

alcohol, and poor n u t r i t i o n ; and to merit continuing attention be 

paid to the e f f e c t of l i f e s t y l e on reproductive health per se. An 

important observation, from the perspective of i n v e s t i g a t i n g possible 

preventive action to reduce r i s k exposure, i s the f a c t that these 

l i f e s t y l e - r e p r o d u c t i v e health associations include the preconception 

as w e l l as the prenatal period. 

Before determining whether t h i s summary provides s u f f i c i e n t evidence 

to warrant s p e c i f i c action, i t i s necessary to examine i n what way the 
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r a t i n g of evidence might be changed by other choices to include or 

exclude studies or c r i t e r i o n , or to e s t a b l i s h between-criteria 

scoring? 

1. The e f f e c t of choice of studies to be included. The review 

of evidence for th i s thesis for a l l c r i t e r i a except b i o l o g i c a l 

p l a u s i b i l i t y , has been confined to studies of human populations using 

randomized co n t r o l t r i a l s , cohort or case c o n t r o l designs which best 

met established standards for good research design (Campbell & Stanley, 

1966; S h o r t e l l & Richardson, 1978; Weiss, 1972). A representative 

s e l e c t i o n of the included studies i s reviewed i n chapter three allowing 

the reader an opportunity to assess whether the s e l e c t i o n of studies 

as evidence appears s u i t a b l e . In general, an attempt was made to err 

on the conservative side i n s e l e c t i n g studies to be included. However, 

t h i s does not preclude the p o s s i b i l i t y that a more experienced reviewer 

(e.g., an epidemiologist, s t a t i s t i c i a n , or researcher knowledgable i n 

the area of reproductive health) might a l t e r the s e l e c t i o n of studies 

used as evidence. A smaller number of studies might be considered 

w e l l designed, thereby increasing the frequency of "evidence l a c k i n g " 

r a t i n g s . 

Equally, a larger number of studies might be considered appropriate 

for i n c l u s i o n . Campbell and Stanley (1966) s t a t e : 

We may assume an ecology f o r our science i n which the number of 
p o t e n t i a l p o s i t i v e hypotheses very greatly exceeds the number 
of hypotheses that w i l l i n the long run prove to be compatible 
with.our observations. The task of theory-testing data c o l l e c t i o n 
i s , therefore, predominantly one of r e j e c t i n g inadequate hypotheses. 
In executing t h i s task, any arrangement of observations for which 
c e r t a i n outcomes would disconfirm theory w i l l be u s e f u l , i n c l u d i n g 
quasi-experimental designs of les s e f f i c i e n c y than true experiments, 
(p. 35) 
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The authors have established standards for quasi-experimental research 

designs that they b e l i e v e to be s u f f i c i e n t l y probing and "worth employing 

where more e f f i c i e n t probes are unavailable." In discussing consolidation 

of evidence, as attempted i n th i s t h e s i s , Campbell and Stanley (1966) 

state "the more numerous and independent the ways i n which the experimental 

e f f e c t i s demonstrated, the less numerous and less p l a u s i b l e any s i n g l e 

r i v a l i n v a l i d a t i n g hypothesis becomes" (p. 36). Campbell and Stanley 

assert that the c o l l e c t i v e experience from the l i t e r a t u r e can be used 

to r u l e out r i v a l hypothesis (which are l i k e l y to d i f f e r from study to 

study) even though research design problems may be i d e n t i f i e d on an 

i n d i v i d u a l study ba s i s . This expanded approach could help to c l a r i f y 

issues of consistency and cohesiveness of r e s u l t s which may occur i n 

areas where a l i m i t e d number of true experiments have been (or can be) 

conducted. I t i s l i k e l y that the i n c l u s i o n of a greater number of 

studies ( p a r t i c u l a r l y the i n c l u s i o n of studies with small samples but 

very d e t a i l e d i n v e s t i g a t i o n and quasi-experimental designs) as 

consolidated evidence would enhance the support for causal a s s o c i a t i o n 

between l i f e s t y l e factors and reproductive health. This mode of 

inference, however, should be the domain of an expert, m u l t i - d i s c i p l i n a r y 

group. 

2. The e f f e c t of the choice of i n c l u s i o n and-weighting of  

c r i t e r i o n . A comparison of r a t i n g categories and percent of t o t a l 

achievable scores was made between (a) the r a t i n g schemes described 

i n summary tables 13, 14, and 15; (b) a r a t i n g scheme which includes 
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s p e c i f i c i t y and temporality as c r i t e r i a (given 2 points for a p o s i t i v e 

t e s t ) ; and (c) one which rates each c r i t e r i o n equally (maximum 5 points 

each). Adding the two a d d i t i o n a l c r i t e r i a did not a l t e r r a t i n g 

categories but produced a s l i g h t convergence i n the range of percent 

of t o t a l achievable scores from the 60-88 percent i n the o r i g i n a l scheme 

to 61-86 percent. When equal scores were assigned to each c r i t e r i o n 

category, a more pronounced convergence occurred (range of 68-78 percent 

of t o t a l achievable score) which had the e f f e c t of increasing the lower 

scores, decreasing the higher scores and removing any l i f e s t y l e -

reproductive health associations from the "probable" causal a s s o c i a t i o n 

category. No category change occurred for the associations where 

evidence was considered lacking with either modification. 

3. The e f f e c t of a l t e r i n g w i t h i n - c r i t e r i o n scoring. The most 

p l a u s i b l e w i t h i n - c r i t e r i o n scoring changes are seen to be (a) the 

accommodation of consolidated evidence which includes quasi-experimental 

design without the demand f o r randomized co n t r o l t r i a l design under 

experimental evidence; (b) a demand for greater strength of a s s o c i a t i o n 

(e.g., Relative Risk of 30 or more as reported for the a s s o c i a t i o n 

between smoking and lung cancer); and (c) a requirement f o r b i o l o g i c a l 

evidence p r i m a r i l y from human studies. Change (a) i s l i k e l y to increase 

scores to a maximum of 2 points, change (b) to decrease the scores to 

a maximum of 2 points, and change (c) w i l l e i t h e r have no e f f e c t or 

decrease scores by about 2 points. The o v e r a l l e f f e c t could be a 

change i n category for four associations which scored 15-16 t o t a l points 

from "p o s s i b l e " causal a s s o c i a t i o n to "evidence lacking". 
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The requirement that maximum scoring within the b i o l o g i c a l 

p l a u s i b i l i t y c r i t e r i o n be based p r i m a r i l y on human research i s seen 

to have the greatest negative e f f e c t on the r a t i n g of evidence. Even 

i f t h i s were incorporated into the r a t i n g scheme, the majority of the 

reproductive health outcome associations investigated for each l i f e s t y l e 

f a ctor would s t i l l be rated as " p o s s i b l e " to "suggestive" causal 

associations and would s t i l l have implications for l i f e s t y l e exposure 

i n both the preconception and prenatal period. Thus, i t seems 

reasonable to conclude that the p o t e n t i a l e f f e c t of l i f e s t y l e habits 

on reproductive health merits a t t e n t i o n at both the c l i n i c a l and ... 

community l e v e l . Given that the evidence of a causal a s s o c i a t i o n may 

be s u f f i c i e n t to warrant action, what other information should influence 

decision-making? 

The BC Population at Risk 

I t i s obvious that i t i s important to know whether a s i g n i f i c a n t 

proportion of the population of reproductive age i s at r i s k because of 

t h e i r l i f e s t y l e habits. L i f e s t y l e prevalence data for B r i t i s h Columbia 

were reported i n chapter three. C l e a r l y these data need updating, but 

they provide the most current information a v a i l a b l e for a representative 

sample of the population. I f one summarizes the a v a i l a b l e data on 

smoking and alcohol prevalence i n r e l a t i o n to l e v e l s of exposure that 

are reported to e f f e c t reproductive outcome, the following p r o f i l e 

develops: (a) approximately 31 percent of a l l women and 38 percent of 

men i n BC smoke d a i l y (1978-79 Canada Health Survey), and of those, 



two-thirds or 20 percent of the t o t a l population smoke heavily enough 

to be considered "at r i s k " f o r reproductive health problems (13 or 

more cigarettes/day); (b) 56 percent of Canadian women and 75 percent 

of Canadian men currently drink alcohol, 14 percent of women and 36 

percent of men drink s u f f i c i e n t amounts to be "at r i s k " (7 or more 

drinks/week or an average of one ounce of alcohol/day), and 5 percent 

of women and 19 percent of men are "high r i s k " drinkers (2 drinks/day 

or more) (1978-79 Canada Health Survey). Alcohol intake i n BC was 

generally higher than the Canadian average and i n 1978-79, 73 percent 

of the BC population were current drinkers, 33 percent were "at r i s k " 

and 17 percent were heavy drinkers which would be considered "high 

r i s k " . 

A dietary p r o f i l e i s provided by the one and only population 

survey of dietary intake and n u t r i t i o n a l status, conducted i n 1972-74. 

In BC the c a l o r i c intake of the sample of pregnant women showed that 

(a) 21 percent were consuming 1,500 c a l o r i e s or less (the threshold 

l e v e l for the Dutch Famine study) and (b) close to 50 percent were 

consuming l e s s than an adequate amount of c a l o r i e s for pregnancy 

(Ottawa, 1983). Just over 11 percent were at "high r i s k " because of 

poor p r o t e i n intake and 25 percent ate less than 60 g protein/day 

while pregnant. The proportion of pregnant women having inadequate 

amounts of s p e c i f i c vitamins or minerals i n th e i r d i e t s reached 50 

percent f o r some nutrients (see Table 11, chapter three). Because 

the pregnant women were selected from prenatal class attendees, i t i s 
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assumed that t h i s sample presents a more p o s i t i v e p i c t u r e of dietary 

intake than would a non-selected group. 

Since women tend to make some additions to t h e i r usual dietary 

intake once they are aware of t h e i r pregnancy, i t i s also important 

to have information about the diets of those who may become pregnant. 

A representative sample of BC women aged 10-19 and 20-39 years were 

surveyed and t h e i r d i e t s provide the best a v a i l a b l e p r o f i l e of the 

population's dietary intake around the time of conception and during 

embryogenesis. In the group of adolescents, 21 percent consumed 1,550 

c a l o r i e s or less/day; 10 percent were at r i s k because of low pro t e i n 

intake; and s p e c i f i c nutrient inadequacies were found i n up to 79 

percent of the d i e t s . In the 20-39 year old women, 25 percent were 

consuming les s than 1,300 calories/day, 34 percent le s s than 1,500 

c a l o r i e s , and 50 percent less than 1,700 calories/day; over 25 percent 

were at r i s k f o r protein intake (25th p e r c e n t i l e : 45 g/day); and 

s p e c i f i c vitamin or mineral inadequacies were found i n up to 96 percent 

of the d i e t s . The die t s of the Native Indian and Eskimo women were 

less adequate than those reported above. 

Health promotion programs aimed at improving n u t r i t i o n and 

decreasing smoking and alcohol consumption may have achieved a reduction 

i n the proportion of the population at r i s k for these l i f e s t y l e factors 

since the above surveys were conducted. U n t i l such information i s 

av a i l a b l e , i t i s prudent to assume the data presented above are 

appropriate estimates of prevalence. On th i s assumption, there i s 
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s u f f i c i e n t reason to b e l i e v e that a s i g n i f i c a n t proportion of the BC 

population are "at r i s k " because of at l e a s t these l i f e s t y l e habits. 

The Preventable Portion of Reproductive Casualties 

I t i s also important to have some understanding of the proportion 

of the reproductive problems that might be prevented given that (a) 

l i f e s t y l e factors are causal agents and (b) these l i f e s t y l e f a c t o rs 

can be s u c c e s s f u l l y modified to a "no r i s k " status. 

Morgenstern and Bursic (1982) have proposed a method for using 

epidemiologic data to estimate the p o t e n t i a l impact of an intervention 

i n v o l v i n g r i s k f actor modification on the health status of a target 

population. The authors describe a quantitative measure, which they 

c a l l the " p o t e n t i a l impact f r a c t i o n " , that can be used to estimate the 

proportion of expected new cases that may be prevented v i a intervention 

programs of varying success. The measure i s derived from (a) the 

d i s t r i b u t i o n i n the population of the r i s k f actor that i s to be modified 

(prevalence of l e v e l s of exposure of i n t e r e s t ) , and (b) the magnitude 

of the a s s o c i a t i o n ( r e l a t i v e r i s k ) between the r i s k f actor and the 

"disease" outcome i n the population. With knowledge of the incidence 

of the outcomes of i n t e r e s t i n the population, the r e s u l t i n g impact 

estimates can then be used to assess the p o t e n t i a l e f f i c a c y , e f f e c t i v e n e s s , 

adequacy, and e f f i c i e n c y of planned intervention s t r a t e g i e s (see 

Morgenstern & Bursic, 1982, for formulae and methods). The terms used 

to describe t h i s measure i n the epidemiology l i t e r a t u r e include: 

a t t r i b u t a b l e f r a c t i o n (Ouellet, Romeder, & Lance, 1979), a t t r i b u t a b l e 
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r i s k (Levin, 1953), population a t t r i b u t a b l e r i s k percent (Cole & 

MacMahon, 1971) or e t i o l o g i c f r a c t i o n (Miettinen, 1974). Morgenstern 

and Bursic have advanced the p r a c t i c a l a p p l i c a t i o n of t h i s measure for 

the b e n e f i t of health planners by allowing one to s e l e c t the l e v e l of 

expected s h i f t i n population r i s k that might r e a l i s t i c a l l y r e s u l t from 

r i s k factor intervention. However, since the aim at t h i s time i s to 

quantify the impact of l i f e s t y l e factors on reproductive outcome rather 

than the impact of intervention s t r a t e g i e s , the "optimal condition" of 

the " p o t e n t i a l impact f r a c t i o n " ( i . e . , a l l l i f e s t y l e r i s k s removed) i s 

more appropriate for t h i s study. This i s i d e n t i c a l to the formula used 

f o r c a l c u l a t i n g e t i o l o g i c f r a c t i o n and because i t i s a more widely 

recognized term, the measure w i l l be referred to as the e t i o l o g i c 

f r a c t i o n . The equation for c a l c u l a t i n g the e t i o l o g i c f r a c t i o n i s as 

follows: 

(Lamda) ETIOLOGIC FRACTION = Pe (R-l)/[Pe(R-l) +1] 

where Pe i s the population exposed to the causal agent 
R i s the r e l a t i v e r i s k i f exposed, and 

the f r a c t i o n derived represents the proportion of disease 
i n the target population that would not have occurred had 
the r i s k f a c t o r been absent. 

Table 16 provides an estimate of the preventable p o r t i o n of 

reproductive c a s u a l t i e s i n BC i f l i f e s t y l e r i s k s for d i e t , smoking, 

and a l cohol intake were removed. In each case, the r e l a t i v e r i s k "R" 

has been obtained from the r e s u l t s of cohort studies reviewed i n 

chapter three. 
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The incidence of s t i l l b i r t h s , i n f a n t mortality, and low birthweight 

t/<2,500 g) are for B r i t i s h Columbia, 1983 CDivision of V i t a l S t a t i s t i c s , 

BC). The "incidence" of spontaneous abortion i s an estimate using 

1983 data but based on an i n t e r p r e t a t i o n of the findings of Rowe (1973) 

i n h i s study of pregnancy loss among BC mothers and the r e s u l t s of the 

NSFG survey (Mosher & P r a t t , 1982) discussed i n chapter two. The 

"incidence" of i n f e r t i l i t y i s derived from the findings of the NSFG 

survey (Mosher & P r a t t , 1982) that i n f e r t i l i t y occurred i n 10-14 

percent of married couples aged 18-45 years, and 1981 Census data 

for BC ( S t a t i s t i c s Canada, 1983) reporting 411,117 married couples 

between the ages of 15-45 years. The incidence of congenital 

malformations i s based on the 1981 report of the Health Surveillance 

Registry ( D i v i s i o n of V i t a l S t a t i s t i c s , BC) that an average rate of 

4.7 cases/100 l i v e b i r t h s was reported for BC over the previous nine-

year period. Information regarding the number of surviving infants 

who are affected by impaired mental, p h y s i c a l , or behavioral growth 

and development i s not a v a i l a b l e f o r the BC population. 

The proportion of exposed i n d i v i d u a l s i n the population experiencing 

reproductive problems i s estimated from the l i f e s t y l e prevalence data 

discussed above and i n chapter three. The s p e c i f i c proportions used 

are as follows: a range of 11-21 percent of the target population 

were assessed to be n u t r i t i o n a l l y "at r i s k " during pregnancy and exposure 

l e v e l was used i n the c a l c u l a t i o n of t h e s e t i o l o g i c f r a c t i o n f o r a l l 

reproductive health outcomes; 25-34 percent of the population were 
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considered to have been n u t r i t i o n a l l y "at r i s k " around the time of 

conception and t h i s exposure l e v e l was used to determine the upper 

range of the e t i o l o g i c f r a c t i o n for i n f e r t i l i t y , spontaneous abortion 

and s t i l l b i r t h s . The proportion at r i s k due to smoking habits was 

set at 20 percent (those smoking 13 or more cigarettes/day). The 

proportion at r i s k because of alcohol consumption was established at 

14 percent (those consuming one or more drinks/day)—4.8 percent of 

the population are c l a s s i f i e d as heavy drinkers (two or more drinks/ 

day). Where r e l a t i v e r i s k information was not a v a i l a b l e , t h i s i s 

noted as "not q u a n t i f i e d " . 

An estimate of the preventable portion of reproductive c a s u a l t i e s 

occurring i n BC i s outlined i n Tables 16 and 17 below. 
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TABLE 16 

An Estimate of the Preventable Portion ( E t i o l o g i c Fraction) of Adverse 
Reproductive Health Outcomes i n B r i t i s h Columbia, 1983. A. Calculation 

of the E t i o l o g i c Fraction f o T Single L i f e s t y l e Factors 

Relative 
Reproductive L i f e s t y l e Prevalence Risk of E t i o l o g i c 

Health Risk o f 1 Reproductive Fraction3 
Outcomes Factor Risk Casualty^ 

I n f e r t i l i t y Smoking 20% 1.6-2.3 .107-.206 
Diet 25-34% N/A 
Alcohol 14% N/A 1 

Spontaneous Smoking 20% 1.8-2.0 .160-.167 
Abortion Diet 25-34% (RO:7.9) .633-.701 

Alcohol 14% 1.9-3.5 .113-.262 

S t i l l b i r t h Smoking 20% 1.2-1.6 .038-.107 
Diet 11-25% 1.7-3.9 .071-.420 
Alcohol 14% N/A 1 

Infant Smoking 20% 1.2-1.6 .038-.107 
Mortality Diet 11-25% 1.8-2.1 .081-.188 

Alcohol 14% N/A ? 

Congenital Smoking 20% N/A 
Malformation Diet 25-34% (R0:8.7) .658-.724 

Alcohol 14% 4.2 .133-.309 

Fet a l Growth: Smoking 20% 1.8 .160 
Low Birthweight Diet 11-25% 1.9-2.5 .090-.240 

Alcohol 14% 2.0 .123 

Fetal Growth Smoking 20% 1.8-2.0 .160-.167 
Retardation Diet 11-25% 1.6 .062 

Alcohol 14% 2.3 .154 

Morbidity: Smoking 20% N/A ? 
Growth & Diet 11-25% N/A 7 
Development Alcohol 14% N/A 7 

Notes: 
1. Prevalence of l i f e s t y l e exposure i n BC female population at le v e l s 

considered i n l i t e r a t u r e to be "at r i s k " . For smoking this i s 13 
cigarettes or more per day (Source: Canada Health Survey 1978-79); 
for alcohol, at least 1 ounce of alcohol per day (Source: Canada 
Health Survey, 1978-79); and f o r dietary intake, less than 1,500 
ca l o r i e s per day or 60 g protein per day while pregnant (or less 
than 1,500 ca l o r i e s per day i n the preconception period i n the case 
of r i s k for i n f e r t i l i t y , spontaneous abortion and congenital 
malformation) (Source: N u t r i t i o n Canada, 1972-74). 

2. Relative Risk as reported i n l i t e r a t u r e for prospective cohort 
studies (see chapter three) or r e l a t i v e odds r a t i o (RO) as calculated 
from case control studies. 

3. E t i o l o g i c f r a c t i o n calculated as per following equation: 
a = Pe(R-l)/[Pe(R-l)+l] 

where Pe = BC population exposed to l i f e s t y l e r i s k 
R •= r e l a t i v e r i s k i f exposed. 

The f r a c t i o n derived represents the proportion of disease i n the BC 
population that would not have occurred had the single r i s k factor 
(smoking, alcohol, diet) been absent. 
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TABLE 17 

An Estimate of the Preventable Portion ( E t i o l o g i c Fraction) of Adverse 
Reproductive Health Outcomes i n B r i t i s h Columbia, 1983. B. Estimates 

of the Minimum Number of Preventable Reproductive Casualties Given 
the E t i o l o g i c Fraction Reported i n Table 16 

Number or Preventable Estimate: 
Reproductive Estimate of L i f e s t y l e Portion of Minimum Number 

Health 
Outcomes 

Number . 
Affected.1983 

Risk 
Factor 

Reproductive 
Casualties^ 

Preventable 
Casualties^ 

I n f e r t i l i t y 
41,117 

(estimate) 

Smoking 
Diet 
Alcohol 

10.7-20.6% 
7 
7 

4,399-8,470 

Spontaneous 
Abortion 4,089-4,305 

(estimate) 

Smoking 
Diet 
Alcohol 

16.0-16.7% 
(63.3-70.1%) 
11.3-26.2% 

462-1,128 

S t i l l b i r t h 
312 

Smoking 
Diet 
Alcohol 

3.8-10.7% 
7.1-42.0% 

7 
12-131 

Infant 
Mo r t a l i t y 374 

Smoking 
Diet 
Alcohol 

3.8-10.7% 
8.1-18.8% 

7 
14-70 

Congenital 
Malformation 1,722 

Smoking 
Diet 
Alcohol 

7 
(65.8-72.4%) 
13.3-30.9% 

229-532 

Fe t a l Growth: 
Low Birthweight 2,158 

Smoking 
Diet 
Alcohol 

16% 
9.0-24.0% 

12.3% 
194-518 

Fet a l Growth 
Retardation 626 

Smoking 
Diet 
Alcohol 

16.0-16.7% 
6.2% 

15.4% 
39-104 

Morbidity: 
Growth & 
Development 

N/A 
Smoking 
Diet 
Alcohol 

7 
7 
7 

7 

Notes: 
1. Incidence reported for s t i l l b i r t h , infant mortality low birthweight 

(2,500 g or l e s s ) , f e t a l growth retardation (-2SD, Usher) and 
congenital malformations (average 9 year rate, 1971-1980) for BC 
population, 1983 (Source: Province of BC, D i v i s i o n of V i t a l S t a t i s t i c s ) . 
Estimate of incidence reported for i n f e r t i l i t y based on Mosher (1982) 
as 10% of married couples i n BC, 1981; and for spontaneous abortion, 
based on Rowe (1973) and Mosher (1982). 

2. E t i o l o g i c f r a c t i o n calculated for single l i f e s t y l e r i s k factors as 
per Table 16, converted to percentage proportion of preventable 
reproductive ca s u a l t i e s . The low to high range used for estimate 
of preventable numbers of casualties i s underlined. 

3. Estimate of number of preventable reproductive casualties for BC, 
1983 calculated as number affected ( i . e . , number of reproductive 
casualties) X the preventable portion ( e t i o l o g i c fraction) for a 
sin g l e l i f e s t y l e r i s k . Since more than one l i f e s t y l e r i s k factor 
i s prevalent i n the population, this estimate represents the 
minimum number of preventable casualties rather than an estimate 
of the t o t a l preventable number. 
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B r i t i s h Columbia's Preventable Portion of Reproductive 

Casualt i e s ; The Problem of Missing Data 

I t can be seen from Tables 16 and 17 that the removal of any one 

l i f e s t y l e r i s k could be expected to reduce the incidence of i n f e r t i l i t y , 

spontaneous abortion, s t i l l b i r t h , i n f a n t m o r t a l i t y , congenital 

malformations, low birthweight, and f e t a l growth retardation by between 

10 and 20 percent. Can i t be argued that with the removal of the three 

l i f e s t y l e r i s k s the preventable portion would reach 30-60 percent? 

Perhaps, but an i n v e s t i g a t i o n of t h i s assumption strongly suggests that 

BC- s p e c i f i c data f o r exposure and outcome i s required before an estimate 

of the t o t a l e t i o l o g i c f r a c t i o n r e l a t e d to l i f e s t y l e r i s k can be made. 

I f , for example, i t i s assumed that e t i o l o g i c f r a c t i o n s are 

ad d i t i v e , does t h i s have the e f f e c t of double counting the adverse 

outcomes of those exposed to two or three l i f e s t y l e r i s k s ? I f , on 

the other hand, one assumes an increased r e l a t i v e r i s k with exposure 

to more than one l i f e s t y l e f a c t o r , how would this a l t e r the e t i o l o g i c 

f r a c t i o n f o r the population? Table 18 shows that summing the e t i o l o g i c 

f r a c t i o n s associated with l i f e s t y l e r i s k s i s the more conservative 

estimate because the prevalence of exposure remains the same i n both 

assumptions while the r e l a t i v e r i s k of a proportion of the population 

i s increased when the exposure "dose" i s taken into account. 



TABLE 18 

Alternate Methods to Estimate the Preventable Portion of 
Low Birthweight from Removing Exposure 

to Two L i f e s t y l e Risk Factors 

Reproductive L i f e s t y l e Prevalence Relative Risk Preventable 
Health. Risk _ of , of Reproductive E t i o l o g i c Portion 6 

Outcome Factor 3 Risk Casualty 5 Fraction ML 
A. Low 

Birthweight 
(N=2,158) 
5% of t o t a l 
b i r t h s , BC 
population, 
1983 
(N=43,047) 

B. 

Smoking 
N-4,571 

Drinking 
N=4,398 

(N=8,969) 

Smoking 
only 
N=2,820 
Drinking 
only 
N-2,647 
Smoking 
and 
Drinking 
N=l,751 
(N=7,219) 

26.1% 

25.1% 

16.1% 

15.1% 

10.0% 

1.8 

2.0 

1.8 

2.0 

3.8 
(1.8 + 2.0) 

.173 
+ 

.201 

.374 

.114 

.131 

.219 

.464 

37.4% 
(807 LBW) 

46.4% 
(1,001 LBW) 

Notes: 

1. This table shows the difference between the estimate of the preventable 
portion of low birthweight when the c a l c u l a t i o n i s based on (A) the 
prevalence of two d i f f e r e n t l i f e s t y l e r i s k factors i n the population 
without recognition of the population exposed to both r i s k s and (B) the 
prevalence of s i n g l e but d i f f e r e n t l i f e s t y l e r i s k factors and the 
prevalence of two r i s k factors occurring together. For B, the e t i o l o g i c 
f r a c t i o n i s larger because of the increased r e l a t i v e r i s k associated with 
multiple r i s k exposure. 

2. Number affected by low birthweight i n the BC population, 1983 (Source: 
Province of BC, D i v i s i o n of V i t a l S t a t i s t i c s ) . 

3. Numbers of smokers and drinkers at "at r i s k " l e v e l s i n the Canadian 
population (Source: Canada Health Survey, 1978-79). When the prevalence 
of multiple r i s k was not i d e n t i f i e d as i n A, a number of i n d i v i d u a l s 
(1,751) were doubled counted—thus, i n A, there i s an N of 8,969 and i n 
B, an N of 7,219 (the actual number of individuals exposed). 

4. Prevalence of "at r i s k " smoking and drinking i n the Canadian population 
1978-79 (Source: Canada Health Survey). 

5. Relative Risk of exposure as reported i n Table 16 for s i n g l e l i f e s t y l e 
f a c t ors. Relative r i s k of exposure to 2 r i s k factors (B. Smoking and 
drinking) i s assumed to be additive. 

6. If exposure to the two l i f e s t y l e r i s k factors smoking and drinking were 
removed, the percent low birthweight for the population would be expected 
to be 3.1% (135/43,047) by c a l c u l a t i o n A, and 2.7% (1,157/43,047) by 
c a l c u l a t i o n B. 
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However, the precise nature of the s h i f t i n r e l a t i v e r i s k (or 

e t i o l o g i c f r a c t i o n ) with increased exposure per se, with d i f f e r e n t 

combinations of exposures or with v a r i a t i o n s i n degrees of exposure 

cannot yet be determined from current studies or a v a i l a b l e data. I t 

may be discovered that multiple low r i s k exposure l e v e l s are equivalent 

to a s i n g l e moderate-high r i s k exposure l e v e l i n terms of impact on 

reproductive health. I t i s quite possible that the r e l a t i v e r i s k of 

multiple exposure w i l l be seen to demonstrate a s y n e r g i s t i c rather 

than add i t i v e e f f e c t on reproductive health. Information i s required 

to c l a r i f y whether there i s a l i f e s t y l e i n t e r a c t i v e e f f e c t on reproduction 

outcome—if not, the r e l a t i v e r i s k s can be assumed to be ad d i t i v e . . 

I t i s also l i k e l y that a r e l a t i o n s h i p between the preventable 

portion of d i f f e r e n t reproductive casualties w i l l be seen when any 

one or more l i f e s t y l e r i s k s are removed. Without adequate data to 

provide (a) expected reproductive outcomes for a healthy reference 

population, and (b) v a r i a t i o n s i n outcomes associated with d i f f e r e n t 

l e v e l s , types and combinations of l i f e s t y l e r i s k exposure, i t i s not 

possible to provide the pu b l i c with cogent health promotion messages 

or c l i n i c a l advice during t h e i r reproductive years. 

Morgenstern & Bursic (1982) have suggested that one way to estimate 

the impact of two or more r i s k factors i s to c a l c u l a t e the r e l a t i v e r i s k 

of the combined exposures based on the experience of a reference group 

without exposure to any of these f a c t o r s . Although data to derive 

l i f e s t y l e - r e l a t e d r e l a t i v e r i s k i s not a v a i l a b l e for B C , M i l l e r and 
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M e r r i t t (1979) followed t h i s b a s ic approach i n t h e i r study of the 

impact of "behavioral conditions" on f e t a l growth. This study was 

described i n chapter two under the category of f e t a l growth. Table 

19 i d e n t i f i e s the preventable portion of low birthweight for the 

researchers' Kansas population according to the number of behavioral 

conditions present. 

The Kansas data can also be used to demonstrate the p o t e n t i a l 

value of having such information a v a i l a b l e when decisions are to be 

made regarding intervention s t r a t e g i e s . Where resources are l i m i t e d , 

i t i s often assumed that the most s i g n i f i c a n t impact i s r e a l i z e d 

when these resources are directed toward the high r i s k target group. 

The above data allows one to assess and. compare the p o t e n t i a l impact 

of successful intervention programs aimed at s p e c i f i c target groups 

i n the population. In Table 20 below, the study group with no 

behavioral r i s k s provides a reference population (no r i s k ) , and the 

study groups with one, two, and three or more behavioral r i s k s are 

categorized as low, moderate, and high r i s k groups, r e s p e c t i v e l y . 

I t can be seen that although the high r i s k group has the highest 

proportion of reproductive c a s u a l t i e s the p o t e n t i a l impact of removing 

t h e i r behavioral r i s k s has a smaller e f f e c t on the "incidence" of 

low birthweight ( i . e . , p o t e n t i a l to prevent 6 LBW outcomes versus 

23 LBW outcomes) i n the t o t a l population than the p o t e n t i a l impact 

of removing the s i n g l e behavioral f a c t o r of the low r i s k group. 



TABLE 19 

An Estimate of the Preventable Portion of Low 
Birthweight i n the Kansas Study 1 Population 

Actual LBW 
Outcomes 
(Kansas 
Study) 

Level 
of 

L i f e s t y l e 
Risk 

Prevalence 
of 

Risk 

Relative 
Risk of 

Reproductive 
Casualty 

Preventable P o t e n t i a l 
E t i o l o g i c Portion LBW 
Fraction LBW Outcome 

# 
6 

34 

17 

13 
To" 

% 
1.0 

6.7 

10.1 

28.9 
5.2 

No Risk Group 
No L i f e s t y l e Risk 
Condition 
(N=624) 
Low Risk Group 
1 L i f e s t y l e Risk 
Condition 
(N=506) 
Moderate Risk Group 
2 L i f e s t y l e Risk 
Conditions 
(N=168) 

High Risk Group 
3 or more L i f e s t y l e 
Risk Conditions 
(N=45) 

% 
46.5 

37.7 

12.5 

3.3 

1.0 

6.9 

10.4 

29.7 

.00 

,690 

,540 

.486 

69.0 23 

54.0 9 

48.6 6 

# 
6 

11 

% 
1.0 

2.2 

4.8 

15.6 

N = 1,343 

Note: 1. Reference: M i l l e r , H. C., & M e r r i t t , T. A. (1979). 
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TABLE 20 

An Estimate of the P o t e n t i a l Impact of a Successful 
L i f e s t y l e Intervention Program on Low Birthweight 
i n the Population when Risk Groups are S e l e c t i v e l y 

Targeted, Based on Data from the Kansas Study-*-

Target 
Risk Group 

Actual LBW/ 
Target Group 

P o t e n t i a l Impact 
of Intervention 
on Target Group 

LBW 

P o t e n t i a l Impact 
of Target Group 
Intervention on 
Population LBW 

No Risk 

Low Risk 
(1 L i f e s t y l e 
Risk) 

Moderate Risk 
(2 L i f e s t y l e 
Risks) 

High Risk 
(3 or more 
L i f e s t y l e 
Risks) 

T o t a l 
Population 
(Includes No 
Risk 
Population) 

#LBW/ % //Preventable % 
Liv e b i r t h s LBW LBW LBW 

6/634 1.0 0 

34/506 6.7 23 

17/168 

13/45 

70/1,343 

10.1 9 

28.9 6 

5.2 38 

//LBW/ % 
Li v e b i r t h s LBW 

1.0 70/1,343 5.2 

2.2 47/1,343 3.5 

4.8 61/1,343 4.5 

15.6 64/1,343 4.8 

2.4 32/1,343 2.4 

Note: 

1. Reference: M i l l e r , H. C., & M e r r i t t , T. A. (1979). 
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The p o t e n t i a l impact of targeting i n t e r v e n t i o n resources may 

vary from community to community, or region, depending upon the 

proportion of the population i n each of the r i s k group categories. 

The cost-effectiveness of intervention s t r a t e g i e s cannot be estimated 

by c a l c u l a t i o n of p o t e n t i a l impact alone, but must incorporate, for 

example, the v a r i a t i o n s i n cost and e f f i c a c y of d i f f e r e n t intervention 

methods, and v a r i a t i o n s i n resources needs to reach and e f f e c t change 

i n d i f f e r e n t target groups. I f the longterm impact on the growth and 

development of surviving infants varies with d i f f e r e n t degrees of 

maternal or paternal r i s k exposure, t h i s must be considered. The 

extent to which benefits of l i f e s t y l e intervention can be r e a l i z e d 

beyond reproductive health should be considered so that the program 

benefits are not underestimated. 

This study suggests that r e a l improvements i n reproductive health 

outcomes can be achieved with successful l i f e s t y l e i n t ervention 

programs. Others have examined the economic issues of prevention 

( E d i t o r i a l , 1980; K r i s t e i n , 1977; S c h e f f l e r & Paringer, 1980) and 

suggest such, improvements can lead to economic b e n e f i t s . Methods 

have been devised to allow r a t i o n a l decision-making by health planners 

and p o l i c y makers i n the area of primary prevention (for example, 

Morgenstern & Bursic, 1982). Progress i n c l a r i f y i n g r e a l i s t i c estimates 

of the preventable portion of reproductive casualties for BC (or any 

s p e c i f i c population) and the a b i l i t y to evaluate the actual impact of 

intervention strategies on these outcomes i s data l i m i t e d . The 
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following and f i n a l chapter examines the type of data required f o r 

planned improvements i n reproductive health and discusses some of 

the issues r e l a t e d to intervention decisions at the c l i n i c a l and 

community l e v e l . 
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CHAPTER V: A REPRODUCTIVE HEALTH INDEX 

Chapters three and four presented evidence of the causal l i n k 

between reproductive casualties and adverse l i f e s t y l e habits. A method 

for quantifying the preventable portion of l i f e s t y l e - r e l a t e d reproductive 

c a s u a l t i e s was described i n chapter four. Based on the assumption that 

the prevalence data f o r l i f e s t y l e factors and the incidence data f o r 

reproductive casualties provide reasonable estimates of exposure and 

outcome f or the B r i t i s h Columbia population of reproductive years, i t 

can be calculated that a s i g n i f i c a n t proportion of these reproductive 

c a s u a l t i e s could be prevented by applying the current l e v e l of knowledge 

and s k i l l s . 

I t was pointed out that more substantive population data i s 

required by health planners and p o l i c y makers i f they are to be able 

to estimate the p o t e n t i a l impact of a planned intervention, to s e l e c t 

the most appropriate c o s t - e f f e c t i v e s t r a t e g i e s f o r intervention, and 

to monitor or evaluate program-related improvements i n reproductive 

health. This f i n a l chapter describes the type of data which would 

provide support to researchers and planners i n the reproductive health 

area, based on l i t e r a t u r e reviewed f o r chapters two and three, and 

outlines the possible incremental development of a reproductive health 

data base for B r i t i s h Columbia. Recognition i s given to the fac t that 

a data base such as t h i s w i l l only a f f e c t p ractices which lead to 

improved reproductive health i f the information derived from i t complements 

or enhances information currently used by the p r a c t i t i o n e r or public 

to make c l i n i c a l or personal decisions. The chapter concludes with a 
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summary of the study objectives and the extent to which they were met, 

and an assessment of the i m p l i c a t i o n of the study results, for the 

s c i e n t i f i c , health promotion and planning communities i n improving 

reproductive health outcomes. 

The Renefits of a Reproductive Health Data Base 

I t i s r e a d i l y apparent when conducting a review of the large volume 

of l i t e r a t u r e on l i f e s t y l e and reproductive health that much of the 

research work with human populations s u f f e r s from the lack of a s u i t a b l e 

comparison or reference group. This i s an inherent problem which stems 

from a number of legitimate reasons; however, i t i s a serious problem 

because the r e s u l t s of t h i s research cannot be used as "evidence" and 

provide weak predictions at best. The o v e r a l l e f f e c t i s the need for 

an extravagant amount of r e p e t i t i v e study, a s u b s t a n t i a l loss of b e n e f i t 

from research d o l l a r s , and a time lag of approximately 10-20 years 

before the "evidence" evokes a public health or c l i n i c a l response. 

Thus, the benefits to the research community of having a population 

data base are s u b s t a n t i a l . S p e c i f i c benefits have been reviewed by 

Roos & Nichol (1981) which include: (a) wide coverage to f a c i l i t a t e 

g e n e r a l i z a b i l i t y ; (b) a large enough N to permit a number of simultaneous 

c o n t r o l s . i n data analysis; (c) a long enough time-series of data to 

allow analysis before and a f t e r a p a r t i c u l a r intervention; and (d) the 

p o t e n t i a l for combining f i l e s to aid the research design. Data bank 

simulations can be used to further explore published r e s u l t s of quasi-

experimental studies (Maltz, 1980) and could provide an important (and 
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l e s s expensive) a l t e r n a t i v e to the randomized t r i a l s that are generally 

not f e a s i b l e or e t h i c a l i n lifestyle-pregnancy studies. Population 

data banks are s u i t a b l e for studying the longterm e f f e c t s of intervention 

(or the lack of intervention) and, i n the case of reproductive health, 

the longterm e f f e c t s of reproductive casualties ( i . e . , the e f f e c t s of 

f e t a l growth re t a r d a t i o n on l a t e r growth and development) and the 

multiple e f f e c t s of l i f e s t y l e r i s k exposure on reproductive outcome 

( i . e . , a h i s t o r y of poor reproductive performance due to poor n u t r i t i o n 

may be i d e n t i f i e d by d i f f e r e n t combinations of reproductive c a s u a l t i e s , 

such as repeated low birthweight, or s t i l l b i r t h plus growth retardation 

i n a l i v e b i r t h ) . The p o t e n t i a l for examining the e f f e c t of prenatal 

or preconception exposure on the reproductive performance of the second 

generation with a linked data base can be seen as a benefit df extreme 

importance, given our more recent animal-based understanding of mutagenic 

substances and t h e i r mode of act i o n , and the more general understanding 

that l i f e s t y l e i n one generation may become human biology i n the second. 

The value of linked data systems which support s i b l i n g and twin studies 

for t o t a l populations needs no explanation. 

The p r o v i s i o n for i d e n t i f i c a t i o n of data for i n d i v i d u a l s and 

f a m i l i e s , for i n s t i t u t i o n s and by area, w i l l allow a l l research benefits 

to accrue to the c l i n i c a l , community health, and health promotion 

communities. Advancements i n the area of applied research and program 

evaluation have been severely l i m i t e d by problems of inadequate reference 

and comparison populations. Moreover, two a d d i t i o n a l benefits are 
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l i k e l y to r e s u l t from adequate support to the applied research e f f o r t s 

of p r a c t i t i o n e r s i n the reproductive h e a l t h f i e l d — ( a ) the q u a l i t y of 

the data base should be enhanced by e f f o r t s to provide c l i n i c a l l y 

relevant information, since any population data c o l l e c t i o n system i s 

dependent upon the i n d i v i d u a l p r a c t i t i o n e r ' s motivation and a b i l i t y to 

accurately and consistently report the needed information (_a s i m i l a r 

case i s made for the i n d i v i d u a l c l i e n t i n providing accurate personal 

information); (b) a greater i n t e r e s t i n incorporating an applied 

research component into treatment or service-oriented programs should 

r e s u l t from e f f o r t s to ensure the r e s u l t s w i l l be meaningful. 

The benefits to the planning community have already been i d e n t i f i e d . 

In order to be able to estimate the p o t e n t i a l impact of an intervention 

on the health status of a target population, and to use t h i s estimate 

to assess the p o t e n t i a l e f f i c a c y , e f fectiveness, adequacy and e f f i c i e n c y 

of planned i n t e r v e n t i o n s t r a t e g i e s , the d i s t r i b u t i o n of the r i s k factor 

to be modified, the magnitude of the a s s o c i a t i o n between r i s k factor 

and outcome of i n t e r e s t , and the t o t a l r i s k of the outcome i n the 

population are required. Having t h i s data a v a i l a b l e should allow 

planners to maximize the benefits i n improved reproductive health 

outcomes for each l e v e l of resource a l l o c a t i o n . 

I t i s beyond the scope of t h i s study to examine the o v e r a l l cost-

benefits of e s t a b l i s h i n g a comprehensive reproductive data base for 

B r i t i s h Columbia, but the following considerations should be included 

i n such an assessment: (a) the value of improved reproductive health 
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outcomes and the value of improved health per se, from both a short-

term and long-term perspective; (b) the value of increased cohesiveness 

and i n t e r a c t i o n between the research, c l i n i c a l , p u blic health, and 

health promotion communities; (c) the value of increasing the cost-

effectiveness of research d o l l a r s and the increased a p p l i c a b i l i t y of 

both compulsory and voluntary data c o l l e c t i o n ; (d) the value of a more 

informed p u b l i c ; (e) the value of i n t e g r a t i n g reproductive health data 

from i n t e r - r e l a t e d but currently independent data c o l l e c t i o n systems 

within each of the health communities; (f) the value of l i f e s t y l e -

r e l a t e d reproductive health data to improving the knowledge base i n 

other l i f e s t y l e - r e l a t e d health outcome f i e l d s of study; (g) the value 

of a long-term data perspective that cannot be r e a l i z e d by any other 

means; (h) the p o t e n t i a l for using the same information system to 

examine the impact of the environment, human biology, and the health 

care system i n addition to that of l i f e s t y l e . 

The anticipated b e n e f i t s from an expanded reproductive health data 

base are important enough to warrant an examination of the f e a s i b i l i t y 

of e s t a b l i s h i n g a comprehensive data c o l l e c t i o n and s u r v e i l l a n c e system 

for the BC population. In part, the f e a s i b i l i t y w i l l depend on the 

type and quantity of data required and the ease of c o l l e c t i n g q u a l i t y 

data. 

Reproductive Health Index Variables 

For t h i s study the data focus i s s p e c i f i c to l i f e s t y l e - r e l a t e d 

reproductive c a s u a l t i e s , yet i n r e a l i t y , data should attend to each 



250 

of the four contributing aspects—environment, l i f e s t y l e , human biology, 

and the system of health care organization. Dever (1980, 1984) has 

developed an epidemiological model for health p o l i c y analysis which 

recognizes the important i n t e r a c t i o n of each of these four elements. 

Dever (1984) defines the four elements as follows: (a) L i f e s t y l e — 

s e l f - c r e a t e d r i s k s described as l e i s u r e a c t i v i t y r i s k s ( i . e . , degree 

of f i t n e s s ) , consumption patterns ( i . e . , d i e tary components, alcohol, 

smoking, drugs), and employment/occupational r i s k s ( i . e . , work s t r e s s , 

d r i v i n g patterns); (b) Environment—physical, s o c i a l and psychological 

events eternal to the body over which the i n d i v i d u a l has l i t t l e or no 

c o n t r o l ( i . e . , a i r p o l l u t i o n , rapid s o c i e t a l change, d e c i s i o n s t r e s s ) ; 

(c) Human Biology—concerned with genetic inheritance and health 

outcomes determined by i n d i v i d u a l basic b i o l o g i c and organic makeup 

( i . e . , genetic disorders); and (d) System of Medical Care Organization 

— t h e a v a i l a b i l i t y , . q u a l i t y , and quantity of resources to provide 

health care for curative, r e s t o r a t i v e , and preventive medicine. A 

s p e c i f i c a p p l i c a t i o n of t h i s model requires more data than i s a v a i l a b l e ; 

however, an example of t h i s approach can be provided, i n general terms, 

using i n f a n t mortality as a focus. Given the objective of reducing 

i n f a n t m o rtality by a c e r t a i n amount wit h i n a p a r t i c u l a r time frame, 

how would t h i s model help to (a) determine the best strategies to 

accomplish the objective and (b) assess the a b i l i t y of the health 

system to support these s t r a t e g i e s . The a p p l i c a t i o n of the model from 

a p o l i c y perspective would involve (a) i d e n t i f y i n g by rank order the 
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causes of in f a n t mortality; (b) determining to what degree ( i . e . , 

what proportion or percentage) l i f e s t y l e , environment, human biology, 

and system of medical care are contributing factors to in f a n t m o r t a l i t y 

i n general, and to s p e c i f i c causes of infant mortality (e.g., congenital 

anomalies, SIDS) i n p a r t i c u l a r ; (c) determining the proportionate 

a l l o c a t i o n of t o t a l health expenditures to the four elements of the 

model; and (d) assessing the di f f e r e n c e i n proportions between (b) and 

(c) . 

The lack of epidemiologic-based cause of death reporting i n BC i s 

a l i m i t i n g f a c t o r i n applying t h i s model as described. I f appropriate 

data were a v a i l a b l e to i d e n t i f y and rank causes of in f a n t m o r tality 

e t i o l o g i c a l l y but not to e s t a b l i s h the percent contribution of each of 

the four elements, Dever suggests that agencies can derive reasonable 

estimates from surveys of experienced professionals cross-checked against 

estimates reported i n the l i t e r a t u r e . For example, percentage a l l o c a t i o n s 

derived by p r o f e s s i o n a l survey have been reported for m o r t a l i t y due to 

congenital anomalies (9 percent l i f e s t y l e ; 6 percent environment; 79 

percent human biology; 6 percent health system) and b i r t h i n j u r i e s and 

other diseases of early infancy (30 percent l i f e s t y l e ; 15 percent 

environment; 28 percent human biology; 27 percent health system) 

(Dever, 1976). 

Even..in the absence of comprehensive data, the a p p l i c a t i o n of the 

model to a v a i l a b l e data can be informative. For example, since BC 

data shows that the r i s k of infant m o r t a l i t y i s d i r e c t l y proportionate 
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to birthweight and that 60-70 percent of a l l p e r i n a t a l deaths and 45-

50 percent of i n f a n t deaths occur to infants weighing le s s than 2,500 g 

at b i r t h (see Table 6), low birthweight could be considered i n the same 

manner as a s p e c i f i c cause of death (step one}. In t h i s study, l i f e s t y l e 

has been shown to contribute s i g n i f i c a n t l y to low birthweight. Using 

the method of c a l c u l a t i n g p o t e n t i a l impact ("etiologic f r a c t i o n ) for 

more than one l i f e s t y l e exposure (see Table 16), the percentage 

a l l o c a t i o n of low birthweight to l i f e s t y l e would be 64 percent i f the 

e f f e c t of poor d i e t along with smoking and alcohol were considered. 

Thus, i f over 50 percent of the neonatal deaths occur to low birthweight 

infants and over 60 percent of the low birthweight i s associated with 

l i f e s t y l e exposure, any strategy to reduce infant mortality, i f i t i s 

to be e f f e c t i v e , must emphasize the prevention of low birthweight and 

the reduction of l i f e s t y l e r i s k . 

Even without data-derived a l l o c a t i o n s of the contribution to low 

birthweight of human biology, environment and system of health care, 

one can examine the a l l o c a t i o n of health expenditures for reducing 

i n f a n t m o r t a l i t y — a n d within t h i s component, the a l l o c a t i o n f or reducing 

low b i r t h w e i g h t — t o each of the four elements. The premise of t h i s 

model i s that the proportionate a l l o c a t i o n of health expenditures to 

l i f e s t y l e , environment, human biology, and the system of health care 

for reducing m o r t a l i t y , and preventing low birthweight, should approximate 

the proportionate contribution of these elements to mortality (or low 

birthweight). This premise i s , of course, t h e o r e t i c a l i n nature. 
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There has been no p r a c t i c a l a p p l i c a t i o n of the approach for the purpose 

of evaluating outcome. However, given the example c i t e d by Dever 

(1976) and the US Department of Health, Education, and Welfare (1978) 

of the contributing factors to premature mortality ( p r i o r to 65 

years of age) by the ten leading causes of death (average: l i f e s t y l e , 

53.1 percent; environment, 21.7 percent; human biology, 16.8 percent; 

and health system, 9.8 percent f o r the US population, 1975) compared 

to Federal health expenditures (average: l i f e s t y l e , 1.2 percent; 

environment, 1.5 percent; human biology, 6.9 percent; and health 

system, 90.6 percent for US i n 1974-76), i t i s clear that health 

expenditures are not necessar i l y r a t i o n a l i z e d with health goals. 

The categories of health expenditures appropriate to each of the 

four elements of the model have been determined by Dever (1976) as 

follows: (a) L i f e s t y l e — d i s e a s e prevention and cont r o l ; (b) Environment 

—environmental control and consumer safety; (c) Human b i o l o g y — h e a l t h 

research; (d) System of medical care o r g a n i z a t i o n — t r a i n i n g and education, 

construction of health care f a c i l i t i e s , improving organization and 

de l i v e r y , and the pro v i s i o n of h o s p i t a l and medical services. More 

e x p l i c i t guidelines would be needed to develop a BC p r o f i l e since no 

d e t a i l s are provided as to the way s p e c i f i c types of services or programs 

should be c a t e g o r i z e d — f o r example, how to c l a s s i f y preventive medical 

services (e.g., antenatal r i s k screening) or health s u r v e i l l a n c e systems. 

The process of review required to determine such guidelines can, i n 
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i t s e l f , be useful i f i t provides a forum f o r discussion as to the cost-

effectiveness and implications of the present d i s t r i b u t i o n of expenditures. 

Although the epidemiological model proposed by Dever requires 

further refinement and evaluation, the basic approach which requires 

an assessment of whether the established balance of resources and 

expenditures i s r a t i o n a l , given s p e c i f i c health problems and an 

understanding of contributing f a c t o r s , i s to be recommended. 

Haro (1979) i d e n t i f i e s two d i s t i n c t types of p l a n n i n g — g o a l 

attainment and control-oriented models—according to the type of 

information required f o r the planning process. The goal-attainment 

model makes use of epidemiological data i n determining the effectiveness 

of health care programs, and the control-oriented model makes use of 

f i n a n c i a l , manpower and service information i n determining the e f f i c i e n c y 

of e x i s t i n g programs. This study has been developed around the goal-

attainment or problem so l v i n g planning model. In terms of data 

c o l l e c t i o n t h i s means that the primary focus i s on measures of health 

status and the s o l u t i o n of defined health problems ( i . e . , health workers, 

administrators and agencies throughout the health services system share 

the common goal of preventing reproductive casualties and promoting 

optimal reproductive health) and the type of f i n a n c i a l , manpower and 

service information required i s determined within the context of 

monitoring e f f e c t i v e n e s s . To be u s e f u l , data must be able to be 

t a i l o r e d to f i t the needs of each l e v e l and type of user, and i n t o t a l , 

provide a comprehensive information system s u i t a b l e to the planning 

needs of the o v e r a l l health sector (Cerkovnij et a l . , 1979). 
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In general, the type of data which i s needed for a l l l e v e l s 

includes: demographic data which i d e n t i f i e s r i s k groups i n the 

population and serves as denominators for constructing rates and 

making comparisons; measures of death, disease and d i s a b i l i t y ; measures 

of the use of services which describe morbidity as seen by the health 

and s o c i a l agencies; and measures of health hazards which determine 

mortality and morbidity. 

To s p e c i f i c a l l y examine the impact of l i f e s t y l e on reproductive 

health, d e c i s i o n makers at a l l l e v e l s should be provided with enough 

information (a) t o c l e a r l y i d e n t i f y the extent to which there are 

reproductive health problems i n the community (as discussed i n chapter 

two); (b) to describe the prevalence of exposure to each l i f e s t y l e 

r i s k f o r the population of reproductive years (as discussed i n chapter 

three); (c) to assess the short-term and long-term v a r i a t i o n i n 

reproductive outcome with and without exposure to l i f e s t y l e r i s k ; and 

(d) to i d e n t i f y the population with reproductive health problems i n a 

way that more de t a i l e d assessment of the etiology of the problem can 

be c a r r i e d out, and/or intervention s t r a t e g i e s can be planned and 

evaluated. This common set of data has been referred to e a r l i e r i n 

the study as the "reproductive health index". The review of recommended 

data variables w i l l be l i m i t e d to t h i s broad province-wide l e v e l of 

data c o l l e c t i o n since an appropriate review at the more s p e c i a l i z e d 

l e v e l s i s s u f f i c i e n t l y complex to require an independent study. 

At other l e v e l s of d e c i s i o n making one should expect differences 
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i n content, scope, s p e c i f i c i t y , timing and frequency of information 

required, as w e l l as differences i n perspective or focus of concern. 

An example of how data c o l l e c t e d f or a province-wide "reproductive health 

index" might be used to i d e n t i f y problems at the regional or community 

l e v e l has been described by King and Ross (.1981) . The authors selected 

p e r i n a t a l m o r t a l i t y as an i n d i c a t o r of both the q u a l i t y of the o b s t e t r i c / 

p a e d i a t r i c services and maternal health i n a community. From a review 

of the l i t e r a t u r e (see, e.g., Car & Wolfe, 1976; Dever, 1980; Holland, 

Ipsen, & Kostrzewski, 1979; J a z a i r , 1976; Kessner & Kalk, 1973; Kisch 

et a l . , 1978; Mallet & Knox, 1979; Wynn & Wynn, 1979) they determined 

that the e f f e c t of these two contributing factors i n d i f f e r e n t regions 

of the province could be independently assessed by examining the i n t e r 

regional differences i n (a) birthweight-standardized p e r i n a t a l m o r t a l i t y 

rates as a measure of the q u a l i t y of health services, and (b) low 

birthweight, a major predeterminant of p e r i n a t a l m o r tality, as a measure 

of maternal health. One of the r e s u l t s reported by King and Ross was a 

s i g n i f i c a n t i n t e r - r e g i o n a l d i f f e r e n c e (X?; = 24, p<.001) i n the r e l a t i v e 

r i s k of m o r t a l i t y f or infants weighing 3,501-4,500 g at b i r t h — t h e most 

optimal birthweight range i n terms of p e r i n a t a l health (see chapter 

two, Table 6). This type of problem i d e n t i f i c a t i o n i s an important 

feature of an information system at the p r o v i n c i a l l e v e l . Further 

analysis of the problem would then be required at the r e g i o n a l , community, 

or i n s t i t u t i o n a l l e v e l (e.g., case reports reviewed, opinions of 

o b s t e t r i c personnel sought, inter-community comparisons examined) and 



257 

once the p o t e n t i a l contributing conditions had been i d e n t i f i e d , 

comparison of these conditions i n the regions with the lowest m o r t a l i t y 

could provide clues as to the most s u i t a b l e condition(s) to change and 

evaluate. 

Similar i n t e r - r e g i o n a l differences might be seen i n the proportion 

of infants weighing l e s s than 2,501 g. In t h i s case further analysis 

might focus on p o t e n t i a l contributing conditions such as higher 

prevalence of l i f e s t y l e r i s k exposure, r i s k screening and r e f e r r a l 

mechanisms, a v a i l a b i l i t y of resources for. r i s k i n t e r v e n t i o n , etc. 

The data set for the d i f f e r e n t communities, i n s t i t u t i o n s , agencies 

or research groups should be planned so as to provide important 

supplementary i n f o r m a t i o n — t h e r e f o r e , an e s s e n t i a l feature of the 

comprehensive information system i s the predetermination of the l e v e l -

s p e c i f i c "reproductive health index" and the a b i l i t y to integrate t h i s 

data f o r use at a l l l e v e l s . Although reproductive health data i s 

currently c o l l e c t e d at most l e v e l s , seldom i s i t reported i n d e t a i l 

or i n a format that can be r e a d i l y integrated at the p r o v i n c i a l l e v e l . 

In most cases the basis for determining data c o l l e c t i o n i s administrative 

or statutory and the information i s not u s e f u l for epidemiological 

problem solving. The DH3 and MB3 s e r i e s of the OPCS Monitor ( O f f i c e 

of Population Censuses & Surveys, London) are excellent examples of 

the type of data review that can be provided. 

Variables considered important for the p r o v i n c i a l reproductive 

health index are as follows: 
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A. I d e n t i f i c a t i o n Variables 

1. A unique i d e n t i f i c a t i o n number for mother and infant that 

w i l l allow for l i n k i n g of a l l reproductive health records for an 

i n d i v i d u a l ( i . e . , i t should be possible to i d e n t i f y the type and 

number of p r i o r reproductive health problems associated with each 

new reproductive outcome), and for long term followup of growth, 

development and, where possible, subsequent reproductive performance 

of each i n f a n t ( i . e . , i t should be possible to examine the long term 

implications associated with s p e c i f i c outcome measures and/or with 

exposure to s p e c i f i c r i s k s ) . This ID number should be able to be 

accurately and independently generated by each l e v e l of the health 

care system. 

2. Reference group i d e n t i f i e r s (such as area of residence and 

i n s t i t u t i o n providing labor and d e l i v e r y services) that w i l l allow 

for comparative analysis of data c o l l e c t e d at each l e v e l of research 

or s e r v i c e . 

B. Reproductive Health Outcome Variables (Annual Incidence) 

1. C l i n i c a l l y recognized i n f e r t i l i t y i n males, females, and 

couples of reproductive age; (baseline and i n t e r v a l incidence of 

secondary amenorrhea i n the female population). 

2. C l i n i c a l l y recognized spontaneous abortion, gestational 

age of abortuses and c l a s s i f i c a t i o n as to embryo or fetus (e.g. pathology 

reports as to normal/abnormal karotyping should be a v a i l a b l e at the 

i n s t i t u t i o n a l l e v e l of the data c o l l e c t i o n system). 
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3. S t i l l b i r t h s and l i v e b i r t h s described by birthweight, b i r t h 

length, and head circumference; sex of i n f a n t ; and number and type of 

b i r t h defects present. E t i o l o g i c reports regarding congenital anomalies, 

and p l a c e n t a l pathologies, should be a v a i l a b l e at a d i f f e r e n t l e v e l of 

the data c o l l e c t i o n system. Diagnostic reports of b i r t h defects, 

subsequent to the submission of l i v e b i r t h r e g i s t r a t i o n , should be used 

f o r an annual update of the b i r t h cohort. Thus, the Health Surveillance 

Registry, which currently c o l l e c t s t h i s data, and the Reproductive 

Health Index systems must be r e a d i l y compatible. "Cause of Death" 

reporting f o r s t i l l b i r t h s should include an e t i o l o g i c focus designed 

to support i n t e r v e n t i o n research. 

4. Infant mortality, accompanied by "cause of death" reporting 

designed to support e t i o l o g i c and intervention research. Infant 

mortality rate should be automatically integrated into the reproductive 

health index at the p r o v i n c i a l l e v e l . 

C. Exposure to L i f e s t y l e Risk Variables (Prevalence/Outcome) 

1. Degree of exposure to the l i f e s t y l e r i s k s of malnutrition,  

tobacco and cannabis, a l c o h o l , drugs and chemicals, psychological and  

p h y s i c a l stress should be reported for the preconception and mid-

pregnancy period. Accompanying d e s c r i p t i v e data should include: 

maternal age, weight and height at diagnosis of i n f e r t i l i t y or pregnancy; 

t o t a l pregnancy weight gain; major i n f e c t i o n or medical conditions 

treated during the pregnancy; and o b s t e t r i c complications of labour or 

d e l i v e r y . Although d e t a i l s of medical and o b s t e t r i c complications need 
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not be reported at the p r o v i n c i a l l e v e l , i n d i c a t i o n of occurrence i s 

required i n order to c o r r e c t l y i d e n t i f y the "healthy" reference 

population and induced versus precipitous preterm d e l i v e r i e s . 

D. U t i l i z a t i o n of Services (Supplementary Data: Discretionary) 

Although service use data does not contribute to the assessment 

of l i f e s t y l e impact on reproductive outcome, i t can provide important 

information to help determine f e a s i b l e intervention s t r a t e g i e s ( i . e . , 

what proportion of the population attend prenatal education classes 

or w e l l baby c l i n i c s , what proportion attend family planning c l i n i c s , 

have early ultrasound examinations or receive genetic counselling, 

e t c . ) ; or to determine the cost of lack of successful intervention 

( i . e . , what proportion of infants need support from the i n f a n t 

development c l i n i c , require intensive care a f t e r b i r t h , require longterm 

i n s t i t u t i o n a l and/or medical support, or require s p e c i a l education 

s e r v i c e s ) . Once baseline data has been established, t h i s type of 

information can be examined at regular i n t e r v a l s and would be r e a d i l y 

a v a i l a b l e from appropriate i n s t i t u t i o n s and agencies i f the data systems 

were integrated. 

The F e a s i b i l i t y of a B r i t i s h Columbia Index 

Table 21 provides a summary of the variables recommended for a 

p r o v i n c i a l reproductive health index according to whether the data 

i s c urrently a v a i l a b l e for the population of B r i t i s h Columbia. 
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TABLE 21 

Current A v a i l a b i l i t y of Data for the Recommended 
Reproductive Health Index, BC Population, 1984 

Reproductive Health Index Variables Currently A v a i l a b l e , BC 

A. I d e n t i f i c a t i o n Variables 
Unique ID - mother & infants 
Reference group ID 

B. Outcome Variables 

C. L i f e s t y l e Risk Variables 
M a l n u t r i t i o n 
Tobacco & Cannabis 
Alcohol 
Drugs & Chemicals 
Psychological & P h y s i c a l Stress 

Age 
Maternal weight 
Maternal height 
T o t a l pregnancy gain 
Medical c o n d i t i o n s / i n f e c t i o n s 
Obstetric complications 

D. U t i l i z a t i o n of Services 

No 
Possible 

I n f e r t i l i t y No* 
Spontaneous Abortions No* 
S t i l l b i r t h s & L i v e b i r t h s Yes 

Birthweight Yes 
B i r t h length No* 
Head circumference No* 
Sex of in f a n t Yes 
B i r t h defects (diagnosed at bi r t h ) Yes 

(diagnosed subsequently) Yes, but not 
Cause of death, S t i l l b i r t h Yes, but not 

Infant M o r t a l i t y Yes, but not 
and not 

No 
No* 
No* 
No* 
No 
Yes 
No* 
No* 
No* 
Yes, but q u a l i t y poor 
Yes, but q u a l i t y poor 
No* 

Data generally c o l l e c t e d by physicians, or agencies i n B r i t i s h Columbia. 
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Table 21 shows that although data for more than h a l f (14/25) of 

the recommended reproductive health index v a r i a b l e s are not a v a i l a b l e 

at the p r o v i n c i a l l e v e l , 80 percent (11/14) of the non-available 

v a r i a b l e s represent data c o l l e c t e d at some other l e v e l of the health 

care system, for example, by physicians, h o s p i t a l s , or community health 

agencies. Five of these v a r i a b l e s — p r e g r a v i d weight, maternal height, 

pregnancy gain, infant b i r t h length and head circumference—could be 

incorporated i n t o present reporting forms, would cause minimal 

inconvenience to reporters, and are of s u f f i c i e n t s i g n i f i c a n c e to 

pregnancy outcome and the measurement of f e t a l growth retardation that 

province-wide data c o l l e c t i o n should be i n s t i t u t e d immediately• Pregravid 

weight for height and pregnancy weight gain, for example, are two 

of the maternal v a r i a b l e s required by the c l i n i c i a n i n determining 

whether a woman requires a r e f e r r a l to a n u t r i t i o n i s t f or intervention 

support (Ministry of Health, 1984). B i r t h length and head circumference, 

as w e l l as birthweight, are required for the c l i n i c i a n ' s assessment of • 

whether f e t a l growth retardation has occurred and whether a s p e c i a l i s t 

r e f e r r a l i s indicated for either mother or i n f a n t . 

Outcome v a r i a b l e s for i n f e r t i l i t y , i n c l u d i n g secondary amenorrhea, 

and spontaneous abortion are c o l l e c t e d on a case by case basis at the 

c l i n i c a l and h o s p i t a l l e v e l . Since there i s s u f f i c i e n t evidence to 

suggest that (a) those with a p r i o r h i s t o r y of i n f e r t i l i t y or spontaneous 

abortion are at increased r i s k for subsequent reproductive problems 

and (b) that a s i g n i f i c a n t proportion of the problems can be prevented, 
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t h i s group represents an important target group for planned intervention 

programs. Since intervention s t r a t e g i e s cannot be evaluated without 

adequate knowledge of the population at r i s k , there i s reasonable 

j u s t i f i c a t i o n for considering t h i s data to be valuable component of 

the p r o v i n c i a l l e v e l reproductive health index and for taking steps 

to determine acceptable reporting mechanisms. Physicians working i n 

these areas would provide the most s u i t a b l e advisory group to determine 

the most e f f i c i e n t and accurate means of reporting t h i s data. Physician 

acceptance of a d d i t i o n a l "paperwork" may pose the greatest constraint 

to f e a s i b i l i t y i n t h i s case. 

Table 21 also shows the d i s p a r i t y between the a v a i l a b i l i t y of 

outcome versus input ( r i s k ) v a r i a b l e s . Although the majority of the 

selected reproductive health index "outcome" variables are reported 

at the p r o v i n c i a l l e v e l , almost no r i s k v a r i a b l e s are reported and 

because of t h i s , there i s i n s u f f i c i e n t data to support a problem s o l v i n g 

approach to reproductive health issues. 

Survey techniques for c o l l e c t i n g l i f e s t y l e data have now developed 

to a stage where high q u a l i t y data can be anticipated. The standardized 

p e r i n a t a l record used by BC physicians recognizes the need for l i f e s t y l e 

assessment but unfortunately l i f e s t y l e screening i s not common p r a c t i c e . 

From the perspective of the reproductive health index, exposure 

data for smoking should include (a) whether the i n d i v i d u a l i s a current 

smoker; i f no, whether they have ever smoked, and i f so, how long ago 

did they q u i t ; — a n d for smokers: (b) the average number,of cigarettes 

smoked d a i l y during the preconception period; (c) the t o t a l number of 
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years the i n d i v i d u a l has been smoking; (d) the average number of 

cigarettes smoked during the f i r s t , the second, and the t h i r d trimester 

(or around the 10th, the 20th, and the 30th week of gestation); (e) 

whether smoking cessation advice (or counselling) was g i v e n , — i f so, 

when ( i . e . , what trimester), and what change was observed (no change, 

reduced exposure, q u i t ) . These p r o v i n c i a l l e v e l data requirements f o r 

l i f e s t y l e r i s k exposure are s i m i l a r to the c l i n i c i a n ' s requirement f o r 

r i s k screening. In a d d i t i o n to the above information, the c l i n i c i a n 

needs to know the l e v e l of exposure which constitutes a r i s k , whether a 

r e f e r r a l for.smoking cessation support i s indicated, and what intervention 

services are a v a i l a b l e . Data c o l l e c t i o n at the p r o v i n c i a l l e v e l w i l l 

generate s u f f i c i e n t information to determine the r e l a t i v e r i s k of 

d i f f e r e n t exposure l e v e l s and to help characterize the i n d i v i d u a l s who 

would benefit from intervention programs ( i . e . , Sexton & Hebel, 1984, 

suggest that women who have not stopped smoking by the second trimester 

do not change t h e i r pattern of smoking without smoking cessation 

support). Information required by planners to evaluate the effectiveness 

of i n t e r v e n t i o n programs can also be u s e f u l to the c l i n i c i a n , p a r t i c u l a r l y 

i f c o l l e c t e d i n a way that i t can be integrated at any l e v e l of 

reproductive health index data c o l l e c t i o n . 

S i milar sets of s p e c i f i c information about other l i f e s t y l e r i s k 

v a r i a b l e s i n the preconception and prenatal period are required for 

the reproductive health index and f o r i n i t i a l r i s k assessment and 

management by the physician. Thus, i t seems appropriate to consider 
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r e v i s i o n s to the current p e r i n a t a l record so that the data c o l l e c t e d 

would adequately support both these needs. 

E f f o r t s need to be directed toward developing standardized r i s k 

assessment measures and r e f e r r a l mechanisms that require a minimum of 

the c l i n i c i a n ' s time. In the short term, s e l f - r e p o r t l i f e s t y l e data 

forms to be completed at i n i t i a l i n f e r t i l i t y or pregnancy confirmation 

(preconception period) and 20 week prenatal physician v i s i t s (mid-

pregnancy period) could be v a l i d a t e d i n a designated community and 

used to test an integrated information system. The integrated system 

should include data derived from in-depth l i f e s t y l e r i s k assessment. 

Professionals working i n the area of l i f e s t y l e assessment and management 

(e.g., N u t r i t i o n i s t s , Psychologists, Community Health Nurses, Drug and 

Alcohol Counsellors, Family P r a c t i c e Physicians) should be c a l l e d upon 

to develop s u i t a b l e tools f o r c o l l e c t i n g q u a l i t y l i f e s t y l e data and/or 

for screening for l i f e s t y l e r i s k at each l e v e l of i n v e s t i g a t i o n s . A 

mandate to develop n u t r i t i o n screening measures for pregnancy has 

already been established at the F e d e r a l - P r o v i n c i a l l e v e l . . Consideration 

should be given to the f e a s i b i l i t y of adopting already-established 

p r o v i n c i a l programs, such as the Saskatchewan Drug U t i l i z a t i o n 

S u r v e i l l a n c e Program (Saskatchewan Jo i n t Committee on Drug U t i l i z a t i o n , 

1979 & 1984). 

For the most part, the recommended data c o l l e c t i o n changes are a 

refinement of established p o l i c y w i t h i n the D i v i s i o n of V i t a l S t a t i s t i c s 

— i . e . , an extension of the current set of outcome va r i a b l e s and 
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outcome-associated variables i n order to improve the a b i l i t y of the 

health care system to determine appropriate action. At present i t i s ' 

possible to i d e n t i f y health problems, but not the reasons for the 

problems. L i f e s t y l e - a d j u s t e d rates or pregravid weight-adjusted rates 

provide c l e a r d i r e c t i o n for action i n a way that rates adjusted f o r 

ethnic o r i g i n , or even parental age, cannot. The recommendation that 

reproductive health-related data be integrated w i t h i n and between 

l e v e l s of measurement and decision-making, and linked across a mother's 

o v e r a l l reproductive experience or an infant's period of growth and 

development by using i d e n t i f i e r v a r i a b l e s has obvious p o l i c y implications. 

However, the benefits (detailed previously) of t h i s type of comprehensive 

s u r v e i l l a n c e system are s u f f i c i e n t l y cogent to warrant a f e a s i b i l i t y 

s tudy. 

In summary, the p o t e n t i a l for c o l l e c t i n g a d d i t i o n a l reproductive 

health data for BC at the p r o v i n c i a l l e v e l v aries from good to unknown 

depending on the extent to which the information i s required (and has 

been standardized) at other l e v e l s w i t h i n the health system. For 

"unknown" areas, f e a s i b i l i t y studies are considered j u s t i f i a b l e because 

of the p o t e n t i a l value to be derived from having the data a v a i l a b l e . 

Study Conclusions 

The objectives of t h i s thesis were: 

1. To review the evidence l i n k i n g maternal or paternal l i f e s t y l e 

habits around the time of conception, and maternal l i f e s t y l e habits 

during pregnancy to adverse reproductive and pregnancy outcomes. 
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2. To determine what proportion of reproductive c a s u a l t i e s 

can be a t t r i b u t e d to l i f e s t y l e and, therefore, are amenable to 

prevention, or what information i s required to determine i f there 

i s a preventable portion a t t r i b u t a b l e to l i f e s t y l e f a c t o r s . 

3. To examine a method for s u r v e i l l a n c e of l i f e s t y l e - r e l a t e d 

reproductive health outcomes i n a community. 

Within the l i m i t a t i o n s of a v a i l a b l e research and data, these 

objectives have been met. As a means of managing the s i z e of the 

study report, only a representative set of l i f e s t y l e s and research 

l i t e r a t u r e was reported i n d e t a i l , although a comprehensive review 

of the evidence l i n k i n g each of the l i f e s t y l e v a r i a b l e s to reproductive 

outcome was i n f a c t conducted. I t should not be assumed that only 

the l i f e s t y l e v a r i a b l e s reviewed f o r t h i s report a f f e c t reproductive 

health, for there i s ample evidence to implicate drugs, chemicals 

and other toxins, as we l l as p h y s i c a l and psychological stress (Chenier, 

1982; Council on Environmental Quality, 1981; Naeye, Kissane, & Kaufman, 

1981; Obe, 1984; Rechcigl, 1981; Schwarz & Yaffe, 1980; Wilson & Fraser, 

1977; Wynn & Wynn, 1981). Nor should i t be assumed that only those 

studies which were reported or referenced are important to the 

determination of a causal r e l a t i o n s h i p between a s p e c i f i c l i f e s t y l e 

v a r i a b l e and a s p e c i f i c reproductive outcome. However, the f a c t that 

the study's c o n c l u s i o n — t h a t evidence suggests a "cause and e f f e c t " 

r e l a t i o n s h i p — i s based on conservative c r i t e r i a and an extensive 

review of the l i t e r a t u r e , suggests i t i s reasonable to assume th i s 

conclusion w i l l be substantiated by future research. 
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The e t i o l o g i c ( p o t e n t i a l impact) f r a c t i o n was used to estimate 

that at l e a s t 10 percent of reproductive c a s u a l t i e s i n B r i t i s h Columbia 

were preventable with the elimination of any one l i f e s t y l e r i s k factor 

and that under conditions of multiple r i s k , the preventable portion of 

reproductive c a s u a l t i e s could be as great as 50 percent. The c a l c u l a t i o n 

of the e t i o l o g i c f r a c t i o n for l i f e s t y l e - r e l a t e d reproductive c a s u a l t i e s 

requires knowledge of (a) the incidence of each reproductive casualty, 

(b) the prevalence of l i f e s t y l e r i s k s , and (c) the r e l a t i v e r i s k of 

poor reproductive outcome associated with the presence of s i n g l e or 

multiple l i f e s t y l e f a c t o r s . To derive an estimate of the preventable 

reproductive casualties for the B r i t i s h Columbia population i n 1983, 

i t was. necessary to assume rates of i n f e r t i l i t y and spontaneous 

abortion from surveys of other populations; to assume l i f e s t y l e r i s k , 

prevalence from e a r l i e r studies; and to assume r e l a t i v e r i s k from the 

research l i t e r a t u r e experience because the required BC data were not 

av a i l a b l e . 

S u r v e i l l a n ce of any health problem i n a community requires accurate 

up-to-date information about the extent of the problem. The data 

requirements of a Reproductive Health Index that provides the means 

for adequate s u r v e i l l a n c e of reproductive problems i n the population 

— a s w e l l as a means to estimate the preventable portion and determine 

appropriate intervention s t r a t e g i e s — w e r e described. The Reproductive 

Health Index was also designed to support applied research e f f o r t s i n 

the health community by providing appropriate reference population 
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data. A comprehensive information data base, which would support 

reproductive health research, planning, and evaluation needs at a l l 

l e v e l s of the health care system, and which could be established 

through the design of an integrated data c o l l e c t i o n system was discussed. 

The study supports the following conclusions: 

1. There i s s u f f i c i e n t evidence to suggest a causal r e l a t i o n s h i p 

between exposure to adverse l i f e s t y l e factors and a range of reproductive 

c a s u a l t i e s which include i n f e r t i l i t y , spontaneous abortion, s t i l l b i r t h , 

low birthweight and f e t a l growth reta r d a t i o n , infant mortality, b i r t h 

defects and problems of postnatal growth and development. The e f f e c t 

of exposure during the preconception period' (as compared to exposure 

during pregnancy) has received i n s u f f i c i e n t a ttention given the serious 

and longterm nature of the p o t e n t i a l impact. I t i s concluded that 

l i f e s t y l e factors a f f e c t reproductive health per se and for t h i s reason, 

preventive health measures should address the broad aspect of 

reproductive health status. Preventive action at the c l i n i c a l l e v e l 

i s considered warranted. ' 

2. I t i s possible to estimate the preventable portion of 

l i f e s t y l e - r e l a t e d reproductive casualties occurring i n a community 

given the incidence of reproductive c a s u a l t i e s and the prevalence of 

exposure to l i f e s t y l e r i s k s — i n B r i t i s h Columbia, the preventable 

portion may be i n the range of 10-50 percent. This p o t e n t i a l to 

improve reproductive health i s s i g n i f i c a n t enough to warrant action 

at the community l e v e l . 
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3. A more extensive set of population data for B r i t i s h Columbia 

i s required to determine an accurate estimate of the l i f e s t y l e - r e l a t e d 

preventable p o r t i o n of reproductive c a s u a l t i e s , to plan c o s t - e f f e c t i v e 

intervention s t r a t e g i e s , to monitor improvements i n reproductive 

health, and to support applied research i n i t i a t i v e s . 

IT IS THEREFORE RECOMMENDED THAT THE NEED FOR A MORE COMPREHENSIVE 

REPRODUCTIVE HEALTH INFORMATION SYSTEM IN BRITISH COLUMBIA BE CONSIDERED 

A HIGH PRIORITY AND BE ACTIVELY SOUGHT BY GOVERNMENT, AS WELL AS 

INSTITUTIONS, AGENCIES AND INDIVIDUALS WORKING TO IMPROVE REPRODUCTIVE 

HEALTH OUTCOMES. The benefits to be derived from an improved data 

base are su b s t a n t i a l and have been outlined i n t h i s chapter. With 

recent advances i n computer technology and the current evolution of 

information management systems, an i n v e s t i g a t i o n of the f e a s i b i l i t y 

of an integrated, linked data base seems timely f o r each l e v e l of 

health care organization. 

Preventive Measures: What Action Should be Taken? 

The recommendation that an integrated, comprehensive reproductive 

health information system be developed and the conclusion that 

preventive a c t i o n i s warranted at both the c l i n i c a l and community 

l e v e l , r a i s e s an issue that has p o l i c y , planning and data c o l l e c t i o n 

implications—what new preventive action, i f any, should be taken by 

whom, for whom, and on what basis should these decisions be made? 

At a minimum, the action should e n t a i l informing parents-to-be 

of the reproductive health r i s k s associated with poor l i f e s t y l e habits. 
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L i f e s t y l e and other health information for pregnancy, but not 

preconception, i s provided by the P r o v i n c i a l M i n i s t r y of Health for 

a l l couples i n B r i t i s h Columbia through contact with t h e i r physician 

or p u b l i c health u n i t . Providing such information i s an issue of 

p u b l i c t r u s t and requires no outcome evaluation apart from assurance 

that the information i s as accurate and up-to-date as current 

understanding w i l l allow, that i t i s r e a d i l y a v a i l a b l e to a l l and i s 

widely known to be a v a i l a b l e . (On the other hand, providing information 

that i s inaccurate i s an abuse of the public t r u s t . Although providing 

accurate, up-to-date information i s also the r e s p o n s i b i l i t y of each 

health p r o f e s s i o n a l who d e l i v e r s reproductive health services, 

p r a c t i c a l l y speaking, t h i s r e s p o n s i b i l i t y cannot be met without the 

support of government and expert committees. The l i t e r a t u r e i s too 

voluminous and diverse to assume the average c l i n i c i a n has the time 

or varied s k i l l s to review and i n t e r p r e t i t appropriately.) 

Action beyond the p r o v i s i o n of information, however, i s designed 

to e f f e c t a r e a c t i o n and i t i s e s s e n t i a l , wherever possible, to 

determine whether planned preventive action produces intended or 

unintended r e s u l t s . This type of evaluation i s required not only to 

assess the cost-effectiveness of a p a r t i c u l a r preventive measure 

compared to other options, but to ensure that no unintended, unexpected 

harm occurs to the p u b l i c as a r e s u l t of advice or intervention. 

A task force report on theory, p r a c t i c e and a p p l i c a t i o n of 

prevention i n personal health s e r v i c e s , and q u a l i t y c o n t r o l and 
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evaluation of preventive health services (Fogarty International Center 

& American College of Preventive Medicine, 1976), provides an excellent 

reference for assessing s u i t a b l e preventive measures and includes for 

example, c r i t e r i a for evaluating preventive services, c r i t e r i a for 

evaluating screening procedures, methods to evaluate the health 

education components of preventive health programs, and recommended 

goals of preventive services for the mother and neonate. The report 

states, i n summary: 

I t i s of the utmost importance that evaluation and q u a l i t y 
control be b u i l t into a l l preventive e f f o r t s so that t h e i r 
value may be o b j e c t i v e l y and p r e c i s e l y measured, thus providing 
a basis for comparison i n s e t t i n g p r i o r i t i e s f o r health 
programs at every l e v e l and for providing feedback to d e l i v e r y 
systems for improvement of s e r v i c e s . Without such e f f o r t s , 
decisions about prevention treatment, cure, and care can only 
be made on a philosophic b a s i s , c l e a r l y inadequate to serve 
the purposes of p o l i c y making i n the health care f i e l d — a t 
every l e v e l . A public commitment by (the f e d e r a l health 
department) supported by p o l i c i e s , funding, and s t a f f i s 
necessary to achieve these objectives. (p. 143) 

This statement i s c l e a r l y as pertinent to B r i t i s h Columbia and Canada 

as i t i s to the United States, and as pertinent to treatment services 

as to prevention s e r v i c e s . 

The purpose of t h i s statement was not to discourage the i n t r o d u c t i o n 

of comprehensive preventive health procedures and programs, for c l e a r l y 

the task force f e l t that a concerted e f f o r t to incorporate s p e c i f i c 

preventive packages ( i . e . , recommended preventive procedures f o r the 

mother and fetus, which included l i f e s t y l e counselling) as part of 

accepted health s e r v i c e p r o v i s i o n was j u s t i f i e d . I t i s simply a 

recognition of the f a c t that there must be the means to d i f f e r e n t i a t e 
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between e f f e c t i v e and i n e f f e c t i v e procedures and programs i f the goal 

to improve reproductive health i s to be achieved. 

In a recent a r t i c l e , Bryce and Enkin (1984) suggest that advice 

alone on n u t r i t i o n , a l c o h o l , and smoking i n pregnancy has not been 

demonstrated to improve outcome. However, these authors point out 

that when appropriate advice i s accompanied by a program of s o c i a l 

support, b e n e f i c i a l e f f e c t s i n terms of behavior change and reproductive 

outcome are reported. Most successful intervention programs have been 

designed and conducted by highly s k i l l e d professionals ( i . e . , d i e t i t i a n -

n u t r i t i o n i s t s and health educators who have s p e c i a l i z e d i n reproductive 

health, experienced l i f e s t y l e and drug abuse counsellors) and the same 

degree of success may not be achieved with d i f f e r e n t personnel. 

Intervention s t r a t e g i e s may be e f f e c t i v e f o r some i n d i v i d u a l s or groups 

and not f o r others. Thus, evaluation must be designed to help determine 

what intervention s t r a t e g i e s , by whom, and for whom are most e f f e c t i v e . 

The following scenario was described i n the introduction to t h i s 

t h e s i s : Consensus had been reached by government that improvements i n 

infant health could be r e a l i z e d by improving the l i f e s t y l e habits of 

expectant parents and that health promotion and prevention s t r a t e g i e s 

were to be encouraged. Health promotion required a c l e a r , unequivocal 

message and the s c i e n t i f i c community, which perceived the knowledge 

base to be inadequate, viewed such health promotion attempts with 

skepticism. Thus, there seemed an i m p l i c i t need f o r action that would 

e s t a b l i s h the cooperative r o l e of government, planners, researchers 

and health professionals i n confirming or r e j e c t i n g the v a l i d i t y of 
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reproductive health. Having now completed t h i s study, the need for 

a planned cooperative approach to improving reproductive health and 

increasing our knowledge base seems even more c r i t i c a l . Too much 

time and money has been wasted i n the past because studies lacked the 

support of population reference.data and were not generalizable, or 

because important confounding v a r i a b l e s were not considered or 

measurement tools were inappropriate. 

The f a c t i s that the issues involved in.improving reproductive 

health are complex and require a comprehensive understanding of the 

multiple factors that contribute to reproductive health status or to 

poor reproductive performance—there are problems of measurement i n 

determining both outcome and exposure to r i s k , and there are system 

constraints to q u a l i t y data c o l l e c t i o n and problem-solving approaches 

to data a n a l y s i s . No one i n d i v i d u a l or p r o f e s s i o n a l group has 

s u f f i c i e n t knowledge to examine the issues i n a comprehensive manner. 

A broad spectrum of expertise and a c t i v e support from government and 

the research, planning and health care communities i s needed for the 

development of an e f f e c t i v e and mutually b e n e f i c i a l plan to improve 

and monitor reproductive health i n the community. 
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Maternal and infant health records r o u t i n e l y used by 

c l i n i c i a n s , i n s t i t u t i o n s and government agencies i n 

B r i t i s h Columbia (Source: Province of B r i t i s h 

Columbia, M i n i s t r y of Health, V i c t o r i a , B.C.). 
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c 
PRENATAL RECORD PARTI 

1. MAKE 

W H E T T 
AGE UTE ST liRTh 

FATHER S NAME 

WOTtTiOTT 

TEUMOW W W e E R 

IIMITAI ET1TU5 DOCTOR S NAMI 

FATHER'S AGE FATHER'S OCCUPATION MSP. NUMBER 
1 1 1 1 1 1 1 1 l - l 1 

•mWi^M NUMBER 

2. OBSTETRICAL HISTORY INCLUDING ABORTIONS CHILD 
DATE PL*CEo8,;*6853?JS£ME*<T OUR PREG HOURS OF LABOUR TYPE Of DELIVERY COMPLICATIONS MOTHER ANO'Oft INFANT su BIRTH WEIGHT PRESENT HEALTH 

( 

c 

3. RISK ASSESSMENT 
Reproductive History 

• Ago - tris man 1S. orHltr min 3S 
• I t l y ) . 

• Wcigni • ms man IS grtatar lhan 90* £ (< 10O.>200 OK I 
• HSMuti ABortcr, 
rj Strilturm/fMonjUl DtUth 
• Fetai Anomalies 
Q LaDOur Pnjmjlure 
• Labour Fwngerj 
Q Latjour procewous (<3 Hours) 
• DPhCMh: Oohvory 
Q PPX P Htmrrugt Manuel Removal 
n PieotejHêrHyprwnaron 

tolociaM HI Rak 
UMnee Surgery or MANormttam 

• C-aeCMon Cons Booty. Corvee) Suture. IK 

. Sprout MKH.II. Surgol or 

4. HISTORY OF PRESENT PREGNANCY (£t«criy) NO 
• BLEEDING (Orel ,-, PYREXIA U (Hanoi 
• RADIATION (Oett) 
• NAUSEA 
j-, SMOKING LJ (Query petiern al usagt) r—, ALCOHOL. DRUGS l_i lOuorf pattern 01 mage) • OCCUPATIONAL NUTRITION _ it* hour rtcill) GOOD • 

TES 

• 
• 
• 
• 
• 
D 
• 
FAIR • POOH Q 5. PAST ILLNESS iseecrtyi 

• RENAL • CARDIAC • INFECTIONS • RUBELLA • VENEREAL • ALLERGIES • OPERATIONS • TRANSFUSIONS • OTHERS 

• • • • • • • • • 

-DATE DF DISCONTIN UANCE 

6. FAMILY HISTORY (Sotcrr,, NO 
• DIABETES • CARDIAC 
Q HYPERTENSION 
• TUBERCULOSIS 
• TWINS 
• MALFORMATIONS • OTHERS  
10. EXAMINATION 

YES • • • • • • • 
inn GENERAL CONDITION 

HEART 4 LUNGS 

VAUICES 4 SKIN. PTAVTS NORMAL. ABNORMAL (Desert*)) _ CERVIX CYTOLOGY 
(Cam Mo l 
OTHER OBSERVATIONS 

7. MENSTRUAL HISTORY L MP IDltc) 
TST" 

* UNSURE. CONSIDER EARLY ULIRASOUHD 
MENSTRUAL CYCLE 
I. METHOD OF CONTRACEPTION (Seotnyi 

t CURRENT MEDICATIONS 

11. TOPICS FOR DISCUSSION 
AND ADVICE 

Wtvrrrare nrysician's) 
Genetic Courtsellmr; 
Prenital Course 

& Cusses 
NuTrBbn 
SuDOMrnents 
Wl. Control 
Enrctse 
Hosp. Adm. Procedures 
Arrival * Hospital 
Anaes. & Anilg. 
Coitus 

Bowels 
Bafts 
tomes 
Books 
Breast Care 
Breasi feeding 
Baby Care 
Utmir Stages 
Rest 
Smoking 
Akonol 

Medications 

H|TM 1562 
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PRENATAL RECORD PART II 

12. LABORATORY MMraglofrn 
M-jsa 

Ml AnraeOy Tart 

13. RISK FACTORS TO BE ANTICIPATED (PART 1) DO res 
HttGNANCr • • 
DELIVERY • • 
•KWBORN • • 

Risk Factors in Present Pregnancy ? 
• uncanam torn r—i .. • W Wtifltt Sun. i •Mgtn IBS • Ĥnmuot 
rj AMHM < TO urn % Q (wmmumzttN 
• (UPKMIUGK 

• 
• Frgnngtd Prtgiuncy (>42 wwfct) 

• Pnmtturt Rupurc MtrntHims 

WE GUV ABORTIONS LIVING CHILDREN I MP EOC DATE OF QUICKENING 
DATE wr >r URINE BEST Hi Of fUNOUS CMS EH t 

ACTIVITY 
PRESENT 1 POSITION <IS< ASSESSMENT (Low. Mad.. t*flh) ttCBCATIOti REMARXS RETURN IN 

NOTE: SEND HOSPITAL COPIES AT 37 WEEKS 14. PHYSICIAN TO CARE FOR INFANT: 

40 

tTMPHYSIS—FUNDUS HEIGHT (cm) 

c 

Use • Cloth la Da? (cml I Toe o* tvrrgmtm to too o* t\n 90% 

L •0% 

1 f 
Ol f 0* n (MTU, „ 

on rw m 
s 

> 

/ i LP Ml 1 

• / 

15. SPECIAL INVESTIGATIONS (ULTRA SOUND LABORATORY ETC.) OTHER COMMENTS 

GESTATIONAL AOE (WtEKS) 

PHYSICIAN * CHARGE OF PATIENT 

HUH 15-3? PwrH by THE PERINATAL PROGRAM OF BRITISH COLUMBIA 
WHITE COPY • MOTHER'S CHART YELLOW COPV • INFANT'S CHART 

Vancouver. B.C. 
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INTRAUTERINE GROWTH CHART 
ir r if n x n v n x 3< 3f ]' « N 40 tt K « r w M ID )' x? » j4 » M )7 a n 40 4i 

K X 1° V » X )! J J U > 3 i » 3 " 3 f c » 4 0 ( 

WEEK OF GESTATION 

U J K H C N C O 1 . 0 . M 

GRAMS 
CLASSinCATrON OF NEWBORNS 

BY BIRTHWEIGHT AND GESTATIONAL AGE 

WEEKS OF GESTATION 
Preterm J 
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LABOUR SUMMARY AND DELIVERY RECORD PART I 
HOSPITAL 

| A GRAVIDA PARA ABORTIONS liVINC I M P 

WEEKS of GESTATH M BIOOO GROUP S TYPE 
me ON ADMISSION • HEPATITIS 

CARRIER* 

X RISK FACTORS BEFORE LABOUR 

TIME OF ADMISSION TO LABOUR AREA: 
In M u l t i p l e P r e g n a n c y 

S P E C I F Y 
W H E T H E R 

B A B Y A . 
B C . 

X RISK FACTORS OURINQ LABOUR 

4. LABOUR 
• NONE 

• SPONTANEOUS 

• INDUCED 

• AUGMENTED 

M E T H O D O F I N D U C T I O N O A A U G M E N T A T I O N : 

• A N M • OXYTOCIN 

D OTHER • SPECIFY 

INDICATIONS AND COMMENTS: 

S. FETAL MONITORING FETAL BLOOD SAMPLING TIME SUMMARY DURATION 
TYPE - NORMAL ABNORMAL 

FS SAMPLE 
NO Of TIMES 

LOWEST 

MEMBRANES 
RUPTURED 

1« STAGE 
STARTED 

•sua BAT MONTH TEAR 

t i t 
STAGE 

2nd 
STAGE 

» « 
STAGE 

HOURS MIKS 

AUSCUl-
TATION 

FS SAMPLE 
NO Of TIMES 

LOWEST 

MEMBRANES 
RUPTURED 

1« STAGE 
STARTED 

t i t 
STAGE 

2nd 
STAGE 

» « 
STAGE 

AUSCUl-
TATION 

FS SAMPLE 
NO Of TIMES 

LOWEST 

MEMBRANES 
RUPTURED 

1« STAGE 
STARTED 

t i t 
STAGE 

2nd 
STAGE 

» « 
STAGE 

EXT 
MONITOR 

FS SAMPLE 
NO Of TIMES 

LOWEST 

MEMBRANES 
RUPTURED 

1« STAGE 
STARTED 

t i t 
STAGE 

2nd 
STAGE 

» « 
STAGE 

EXT 
MONITOR 

CORD 8L00D fiA«FS IIAftH 
2M STAGE 

STARTED 

BABY 
DELIVERED 

t i t 
STAGE 

2nd 
STAGE 

» « 
STAGE SCALP 

ELECTRODE CORD 8L00D fiA«FS IIAftH 
2M STAGE 

STARTED 

BABY 
DELIVERED 

t i t 
STAGE 

2nd 
STAGE 

» « 
STAGE SCALP 

ELECTRODE CORD 8L00D fiA«FS IIAftH 
2M STAGE 

STARTED 

BABY 
DELIVERED 

SCALP 
ELECTRODE 

MECONIUM 
AT DELIVERY' 

YES NO 

2M STAGE 
STARTED 

BABY 
DELIVERED 

INT 
UTERINE 

PRESSURE 
CATHETER 

MECONIUM 
AT DELIVERY' 

YES NO 

2M STAGE 
STARTED 

BABY 
DELIVERED 

DURATION Of 
RUPTURED 

MEMBRANES 

INT 
UTERINE 

PRESSURE 
CATHETER 

MECONIUM 
AT DELIVERY' 

PLACENTA 
DELIVEREO 

DURATION Of 
RUPTURED 

MEMBRANES 

6. CONSULTATION 
OBSTETRIC 

7. BABY W I C M T iB. f~1 STIUSORH 0 i ; 1 MIN S M I N 10 MIN 7. BABY W I C M T iB. f~1 STIUSORH 
HEART 
RATE ABSENT BELOW 

100 
ABOVE 

TOO 
I D E N T I F I C A T I O N f H O S P I T A L 1 

1 1 1 1 ! 1 1 1 1 
HEART 
RATE ABSENT BELOW 

100 
ABOVE 

TOO 
I D E N T I F I C A T I O N f H O S P I T A L 1 

1 1 1 1 ! 1 1 1 1 •ESP 
EffORT ABSENT SLOW 

IRREG. 
GOOD 

CRYING 

C O N G E N I T A L M A L F O R M A T I O N S 
MUSCLE 

TONE LtMP SOME 
FLEXION 

ACTIVE 
MOTION 

U M B I L I C A L C O R D C O M P L I C A T I O N S A B N O R M A L I T I E S 2 V E S S E L S » V E S S E L S 
REfLEX 

IRRIT
ABILITY 

NONE SRIMACC 
COUGH 

OR 
SNEEZE 

P L A C E N T A W E I G H T Q>ims 

COLOUR BLUE 
PALE 

BODY 
PINK 
BLUE 

EXTREM 

ALL 
PINK 

A B N O R M A L I T I E S 

APE/ in sco IE TOW 11 
8. ANALGESIA/ANAESTHESIA IAMCJB -KilvWV ADDITIONAL COMMENTS ON LABOUR ; 

NARCOTIC 

OTHER ANALGESIC/SEDATIVE 

ENTONOX 

• EPIDURAL 
REGIONAL BLOCK {pUDfND11 

LOCAL INFILTRATION 

GENERAL 

OTHER 

NIL 

DOCTORS PRESENT DELIVEREO BY 

SIGNATURE 
NURSES PRESENT OTHERS PRESENT (SUPfORT PERSON ETC.) 

AacwrMOv T H E P E R I N A T A L P R O G R A M O F B R I T I S H C O L U M B I A 
W H I T E C O P Y M O T H E R S C H A R T 

V a n c o u v e r . B . c 
PINK COPY - P H Y S C ^ N Y E L L O W C O P Y I N F A N T ' S C H A R T 
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LABOUR SUMMARY AND DELIVERY RECORD PART II 

» MEDICATION IV/IM DOSE TIME DATE NURSE'S SIGN 

SHADED SECTION IS TO BE COMPLETED BY PHYSICIAN 

PRESENTATION 
A POSITION 

Typo Spontaneous Vaginal • Ventouse Extraction • Shoulder Dystocia • 
low • Low Mid • Mid • 

Forceps Traction Mild to Mod • Traction Mn) to Severe • 
Trial Successlul • Trial Failed • 

Rotation Manual & Spontaneous Delivery • Forceps Rotation & Spontaneous Delivery • Rotation 
Manual & Forceps Delivery • Forceps Rotation & Forceps Delivery • 

Breach Easy • Moderately Difficult • Diflicufl • Breach 
Internal Version • Breech ErtracUon • Forceps to after coming head • 

Catsaraan Piannenstiel Incision • Vertical Midline Incision D Tubal ligation • 
taction Low Segment Transverse Incision • Low Segment Vertical Incision • Classical • rnverted-T • 
Birth 
Injury Cephalhematoma • Fracture • Nerve Paralysis • 
Third 
Stage Complications Manual Removal, etc 

c 
11. ADDITIONAL COMMENTS AND OPERATIVE FINDINGS 

ATTENDING PHYSICIAN 
X 

EXCESSIVE 12. BLOOD LOSS • ESTIMATED 
• MEASURED 

13. PERINEUM 
EF1SI0T0MV 

• MEDIAN 

• MEDIOLATERAl 

• EXTENSION - SPECIFY 

WGINAL/CERVICAl LACERATION 
• 

SUTURED BY 

LRCEMTiON 
•let Degree • Skin and/or Mucosa only 
•2nd Degree - Plus Deeper Perineal Structure: 
•3rd Degree - Plus Rectal Sphincter 
•4tti Degree - Phis Rectal Mucosa 

BLOOD tlUNSFIISION NO OF UNITS 

14. OPERATIVE DELIVERY 
LIST INDICATION IN 
ORDER OF PRIORITY 

IS. PUERPERIUM ••NORMAL Ann • D BuoMLi-Titre 
• COMP\-CAT«ONS SPECIFY Vaccina nmOtC 

9 9 Hgb 
• «tftCTIO»t-SKC)fv 

OTHER COMMENTS Brant NwJinc. aanhiitwn 

c 

OnCHAAT.r AUTHORIZATION  
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V a n c o u v e r B.C. 
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NEWBORN RECORD PARTI 

1. H01HU $ NAME 
M I R E R ' S NAME 

• O T H E R ' S u a i i N O 

B I S K ( A C T O R S F O R MFANT 

twin cawxtm At B I R T H 
M E C O N I U M A T D E U V E H Y ? • «s • N O 

2. 0 1 7 •• V\ $ MA IC Ml\ 
HURT 

B A T E A B S E N T 
B E L O W 

TOO 
A B O V E 

TOO 

• S P 
E F F O R T A B S E N T 

S L O W 
I A R E G 

G O O D 
C R Y I N G 

M U S C L E 
T O N E L I M P 

S O N E 
F L E X I O N 

A C T I V E 
M O T I O N 

R E F L E X 
« R I T < 

A B I L I T Y 
N O N E G R I M A C E 

C O U G H 
O R 

S N E E Z E 

C O L O U R 
B L U E 
P A L E . 

B O D Y 
P I N K 
B L U E 

E X T R E M 

A L L 
F I N K 

A P S A R S C O N E T O T A L 

4. DELIVERY ROOM BMTHOATE DAY MONTH T E A R 

M E T H O D O F D E L I V E R Y 

I I I I I I I I [ I 
H O S P I T A L N U M B E R 

Senituri 

E V E P R O P H Y L A X I S 
• AJN03 

J. RESUSCITATION 
• «"» 
• O n w 

• umirmm 
• 
• 
• 

Spontaneous breathing by: M i n s 

6. PHYSICAL EXAMINATION .INCLUDING STUL BIRTHS, 

BY DATES BY EXAM 
1 GtSTATONAL AGE: WKS I 

S E X 

famMe AIRMOVMI 

N O R M A L 

1 GENERAL APPEARANCE Q 
• • • 

StiMtfig 
Mac. Stan 

• • 
• • 

Caput • 
• 

• • • 
• 

n LV/Plttle 
•nil Atmij 

8. RESPIRATORY: 

• • • • • 

Gramme 

• R« 
• ART 

• O T H E R 

• R E S E R V E 7. OUWCMASCULAR 
V O I D E D ' 

• TES • NO 
P A S S E D M E C O N I U M ' 

• Y E S • N O 

• 
D 
• 
• 

Cyanaus Can) Aes /OaMyatFi 

S. NURSERY ADMISSION 
TIME OF ADMISSION TEMP 

R O U T I N E P R O C E D U R E S 

_ C O R D C A R E 
U S P E C I F Y 

• • • 
• • 

B U M B I L I C A L C O R O : • 
• • • 

The* 
TMn Mac Sam 

• »»V 

• VITAMIN K 10 EXTREMITIES • 
• Ha AMBTnibtM (apacitY) 

(•acnyl 
F E E D I N G P L A N 

• B R E A S T • BOTTLE 11. GEN. RECTAL: MrwaMi • a i»ms 
GENERAL CONDITION • • • 

• Abn I 

TJ OTHER 
"TETs 

• • 
"TiBT" 

Cajnatnrtsl AtwvniukiTaH 

SIGNATURE 

PHYSICIAN IN CHARGE: T I M E N O T I F I E D BY. 

7. EVALUATION OF DEVELOPMENT 
(0i«H* cunt «nd chm on lavaiM) 

• P R E T E R M 

• T E R M 

• P O S T T E R M 

B I R T H W E I G H T L E N G T H H E A D C I R C U M F E R E N C E 

• S G A 

• A D A 

• L G A 

7. EVALUATION OF DEVELOPMENT 
(0i«H* cunt «nd chm on lavaiM) 

• P R E T E R M 

• T E R M 

• P O S T T E R M 

B»» on m • S G A 

• A D A 

• L G A 

7. EVALUATION OF DEVELOPMENT 
(0i«H* cunt «nd chm on lavaiM) 

• P R E T E R M 

• T E R M 

• P O S T T E R M *, X X 

• S G A 

• A D A 

• L G A 

Pfptmati THE PERINATAL PROGRAM Of BRITISH COLUMBIA WHITE COPY INFANT S CHART YELLOW COPY • MOTHER'S CHART 
Vancouver, B.C. PINK COPY .0HYS'"l*N'S 
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NEWBORN RECORD PART II 

8. CONSULTANT m APP«JM> • CmTMUrMUK 

9. SCREENING TESTS 
• tain • umuursis 

• am C O M 

10. DATE PROBLEM LIST DATE RESOLVED 

PROGRESS NOTES 

12. CIRCUMCISION 
METHOD 

13. DISCHARGE EXAMINATION 
NORMAL GENERAL ,-, APPEARANCE U ABNORMAL (Spsolvl 

n ABDOMEN 
NORM 

• 
Al ABNORMAL | S w o M 

n 
HEAD • n SKELETAL • n 
ENT • n FTTRFMITIF* • n 
NESP • n CU RECTAL • n 
CARDIO VA5C. D n CMS • n 
SKIN O n OTHER SKIN O 
14. DISCHARGE INFORMATION 15. FINAL DISCHARGE DIAGNOSIS 16. FOLLOW UP PROBLEMS 

WEIGHT HEAD CIRCUMFERENCE 
gmj tm 

DISCHARGED TO: 

• HOME 

• FOSTER HOME 

• OTHER HOSPITAL SOPcilYI 
• BREAST FEEO 
• VITAMINS • * 

• FORMULA 
M • FLUORIDE 

FOLLOW UP BY: 
• PRIVATE PHYSICIAN 
• EXAMINER MEDICATIONS • ° ™ « -0|S-«F,| 

• PUBLIC HEALTH NLlPSE • PUBLIC HEALTH NLlPSE 
• NEONATAL DEATH • DEPT Of HutUM RESOURCES 

• AUTOPSY PERFORMED m 
MO 

PrW^Obr THE PERINATAL PROGRAM OP BRITISH COLUMBIA 
WHITE COPY - . N F A N T S CMABT YELLOW COPY MOTHER'S CHART 

Vancouver, B.C. 
PINK COPY • PHYSICIAN'S 



FORM 4 A. 
PROVINCE OF 

BRITISH COLUMBIA (Conodo) 
DEPARTMENT OF HEALTH 
D i v i t i o n o f V i t a l S t a t i t t i c t 

REGISTRATION OF 

S T I L L B I R T H 

"̂̂ R̂egnnratî nTJo" fDeparfmenf u*e or 

. Surname (print or type) 

DATE OF BIRTH 3. Month (by name), day, year of birth 5. If twin, triplet. • tat* whether (hi* 
fit, 2nd**3rd 

. Name ot hotpitel (II n 
PLACE OF BIRTH ^ or other place (by name) 

USUAL RESIDENCE OF MOTHER 
i addrett. If rural five exact location, noi Pott Offic 

lniide municipal limitt' (State 
Ye* 
ot No)  

r Rural Route add ret* 
r plaice (by nam*) Province for c 

OTHER BIRTH PARTICULARS 10. Wn|ht of child al birth 
(OR) 

lb. 

to thit mother 
(including 
thit birth) 

Number Live born 

11. Are the parent! married 
(Stale Yea or No) 

F A T H E R 

II. If the parent* are other ttale whether mother IB ti married, widowed, or divorced 

MOTHER 
13. Surname o( child's lather (print ot type) IS. Maiden lutnimi of child's mother (print or type) 

r other place of birth (by name.) r place of birth (by t 

BIRTHPLACE* Province (or c ii out,ide Canada; Province for country it out tide Canada) 

IS. Month (by name), day, year of birth 
BIRTHDATE 

20, Month (by name), day, year of birth 
NATIVE INDIAN (if opplicobla) 

IT. Native Indian' If "yea" give n 

7 
22. Native Indian? If ' Yet No 

• • 
23. Name and addren of attending phvticien ( 

ATTENDANT MAILING ADDRESS OF MOTHER 
24. Complete mailing addreat (it diftetr i 7) If rural give Poat Office or Rural Rome addreat 

CERTIFICATION S-gnotura of porant 
to the bet! of my knowledge and belief ^ 

Itemi 27 • 30 to ba completed by the funarol dir 

FUNERAL DIRECTOR 

rdiapoaition (tpecityj 

29. Name and addrett ot cemetery. 
rial or dupotit 

r place of ditpotii 
30. Name and addrett of funeral director (or pert on in charfle of remain*) (print or type) 

DO NOT WRITE BELOW THIS LINE - OFFICE USE ONLY 

I certify (hit rtlum, including th medical certificate of Stillbirth, , «•••» accepted b> me CERTIFICATION OF DISTRICT REGISTRAR 
Date' Month (by name), day, year _Slj™ i ot Diitrict Ragittror 

4-2302-S.11. 1.10-73 



MEDICAL CERTIFICATE OF STILLBIRTH 

C A U S E 
O F 

S T I L L 
B I R T H 

smmodiote c a u s e — 
F o e t a l d i s e a s e or c o n d i t i o n 
d i r e c t l y l e a d i n g to » t i l l b i r t h 

A n t e c e d e n t c a u s e s — 
F o r i * ! a n d / o r m a t e r n a l c o n d i t i o n s 
if a n y . j i v i n g n i r l o the i m 
m e d i a t e c a u a e (a) i b o v t , atmtmg 
thm imndatlying c e u e e laal 

P o r t II 
0 * h * t • i g n t f i c a n t c o n d i t i o n s 
of f o e t u s t r mother w h i c h may 

F c o n t r i b u t e d to the a t i t l b i r t h 
but were not c a u a a t l y r e l a t e d to 
the Immediate c a u a e (>) a b o v e 

due to fee a a • c o n s e q u e n c e of) 

due t o for a a « c o n s e q u e n c e ol) 
• • 
• • 

• • 
• • 

A U T O P S Y 
PARTI

CULARS 

3 2 . A u t o p a y 
h e l d * • • 

3 3 . D o e s the c a u a e of a l l 11 b i r t h 
d a t e d a b o v e take a c c o u n t 
of a u t o p a y f i n d i n g ? • • 

1 4 . M a y f u r t h e r i n f o i m a t i o n 
r e l a t i n g to the c a u a e of 
a t i l l b i r t h be a v a i l a b l e l a t e r ? Y e a N o 

• • 
• • Y a a N o 

• • 
D E L I V E R Y 

A N D 
L A B O U R 

3 6 . N a t u r e of p r o c e d u r e (low, m i d d l e or high f o r c e p s , ran ion and e s r n s c f t a n , C a e s a r i a n s e c t i o n , eraniorotnj/, tic.) 

37. D i d d e a t h 
o c c u r before y 

• • 
l a b o u f ' v « a N o 

• • 
(It " r e s " a j M c . f r oMthod(i)) 

• • 

C E R T I F I 
C A T I O N (mending phytic tan. 39, Name of p h y t i c . • 

S i g n a t u r e (atlandtng p h y s i c i a n , c o r o n e r , ale.) 

r c o r o n e r (print or ( 

A t t e n d i n g e x a m i n i n g body 
p h y s i c i a n a f t e r death C o i 

D a t e c e r t i f i e d - M o n t h , d a y , y e a r 

N O T E S F O R T H E C E R T I F Y I N G P H Y S I C I A N OR C O R O N E R 
A " s t i l l b i r t h " i t d e f i n e d f o r p u r p o s e ! of r e g i s t r a t i o n v n o e i the B r i t i s h C e l u m b i o V i t a l S t a t i s t i c * A c t a t f o l l o w s : 

" S t i l l b i r t h " m e a n t the com p l a t e e x p u l s i o n or e x t r a c t i o n from i l a m o t h e r , offer at taoat t w e n t y w e e k i ' p r e o n o n c y , of o p r o d u c t of c o n c e p t i o n , 
i n w h i c h , after s u c h e x p u l s i o n or e x t r a c t i o n , there i s n o b r e a t h i n g , b e a t i n g of t h * h e a r t , p u l s a t i o n of the u m b i l i c o l c a r d , or u n m i a t a l i a b i a 
movement of v o l u n t o r y m u s c l e . 

P h y s i c . o n ' » S to t> merit of C a u a e et S t i l l b i r t h : T h e m o r b i d c o n d i t i o n s r e l a t i n g to s t i l l b i r t h i n the M e d i c a l C e r t i f i c a t e of S t i l l b i r t h are d i v i d e d 
i n t o two g r o u p s . In G r o u p 1 are t h o s e r e l a t e d to d i e " I m m e d i a t e c a u a e , " i . e . " t h e f o e t a l d i s e a s e or c o n d i t i o n d i r e c t l y l e a d i n g to s t i l l b i r t h , " 
a n d the * A n t e c e d e n t c a u s e s " , end i n C r o u p II , ' Other s i g n i f i c a n t c o n d i t i o n s " i n the f o e t u s or the m o t h e r w h i c h c o n t r i b u t e d to the d e a t h of 
the f o e t u s but w h i c h were not c a u s a l l y r e l a t e d to the Immediate c a u s e . In moat c a s e s a s t a t e m e n t of c a u s e u n d e r C r o u p I w i l l a u f f i c e . In 
m a n y c a s e s e s i n g l e c a u a e w i l l a d e q u a t e l y d e s c r i b e the c a a e ( s e e E x a m p l e 1); h o w e v e r , where it i s n e c e s s a r y to r e c o r d more than one c a u s e 
it i s important t h a i t h e s e be s t a t e d i n e t i o l o g i c a l s e q u e n c e a n d i n the p o s i t i o n p r o v i d e d on the form s o a s to i n d i c a t e t h e i r m u t u a l r e l a t i o n 
s h i p . I n f o r m a t i o n i s sought i n t h i s o r g a n i s e d f a s h i o n s o that the s e l e c t i o n of the " c a u s e " of s t i l l b i r t h for t a b u l a t i o n p u r p o s e s (as d e s c r i b e d 
b e l o w ) may be made i n the l i g h t of the c e r t i f i e r ' s v i e w p o i n t . 
C a u s e of S t i l l b i r t h A s s i g n m e n t — T h e " c e u s e " s e l e c t e d for c o d i n g e n d t a b u l a t i o n of the o f f i c i a l " c e u s e - o l - s i i l l b i r t h " s t a t i s t i c s i s the 
" u n d e r l y i n g c a u s e " , that i s , " t h e d i s e a s e or injury' w h i c h i n i t i a t e d the t r a i n of e v e n t s l e a d i n g to the d e a t h of the f o e t u s " . T h i s " c a u s e " 
w i l l o r d i n a r i l y be the l a s t c o n d i t i o n m e n t i o n e d i n P a r t 1 of the C e r t i f i c a t e . 
F o e t e l or M o t e m o l D i s e a s e s or C o n d i t i o n s — C o n d i t i o n s w h i c h m a y be r e p o r t e d aa A n t e c e d e n t c a u a e ( s ) ( P a n 1) or Contributory' c e u s e ( s ) 
m a y , of c o u r s e , r e l a i * to e i t h e r the f o e t u s or the m o t h e r . It La t h e r e f o r e i m p o r t a n t to i n d i c a t e w h e t h e r the r e p o r t e d cortdit 

" tV or x) " f o e t a l " ( F ) or " m a t e r n a l " (M) c o n d i t i o n by c h e c k i n g off t y o r « ) >n , h * a p p r o p r i a t e box a s i l l u s t r a t e d i n the e x a m p l e s belo< 
A u t o p s y ond A u t o p s y F i n d i n g s — A n i n d i c a t i o n of w h e t h e r or not an a u t o p s y i s b e i n g h e l d a n d w h e t h e r the c e r t i f i e d c a u s e s ol 

p a y tint' . . . . - — 
t i l l b l r t take 

a c c o u n t of a u t o p s y f i n d i n g s i s v a l u a b l e i n a s s e s s i n g the r e l i a b i l i t y of c a u s e ^ f - s t i l l b i r t h s t a t i s t i c s . •There an a u t o p s y i s b e i n g h e l d a n d the 
r e c o r d e d statement of c a u s e of s t i l l b i r t h d o c s not take a c c o u n t of the a u t o p s y f i n d i n g s , a s u p p l e m e n t a r y e n q u i r y of the c e r t i f y i n g p h y s i c i a 
may be i n i t i a t e d by the D i r e c t o r of V i t a l S t a t i s t i c s . 
Item 3 4 , F u r t h e r I r i f e - m o t i o n - I f there i s an i n d i c a t i o n that " f u r t h e r i n f o r m a t i o n r e l a t i n g to the c a u s e of s t i l l b i r t h may be a v a i l a b l e l a t e r " 
from a u t o p s y or other f i n d i n g s — the D i r e c t o r w i l l i n i t i a t e a s u p p l e m e n t a r y e n q u i r y of the c e r t i f y i n g p h y s i c i a n or c o r o n e r . 

T h e f o l l o w i n g r i l l u s t r a t e the e s s e n t i a l p r i n c i p l e s i n c o m p l e t i n g the c a u s e of s t i l l b i r t h c e r t i f i c a t e : 

P o r t I 

fawned i o t a c o u s i ( a ) . . ^ . ? e . * . ? * , 0 ! X . . 

• • 
• • 
5 3 • 

• • 

E a o m p i e 2 

• 0 

C h r o n i c n e p h r i t i s i—j r ^ j 

• • 

E x a m p l e 3 

I n t T e . v e n t r l c u l o r hemorrhage 

Dystociawith c r a n i a l 

• a 
C o n g e n i t a l h y d r o e e p h o i u s |^7j P J 

• • • 
• • • 

P a r t I 
diote cause 

P o r t II 

Other s i g n i f i c a n t 

C o m p r e s s loci of 
( a ) p r o l a p s e d c o r d 

due to for a s a c o n s e q u e n c e ol) 

r
 { b ) B r e a c h p r e s e n t o t i a r i r—j g r j 

due to Cor a a a c o n s e q u e n c e ol) 

P r e m a t u r e o n s e t of lobour 

• • 
• • 

E x a m p l e 5 

E a s o n q u I n o t i n g h a m o r r h a a e 

R u p t u r e d uterus a n d p l o c o n t o l 
• 0 

A u t « m o b l U a c c l a W 
' " . I s r ! . 1 : ! . • 0 

'• • • 
• • 

A n o x i a ( f o e t a l d i s t r e s s ) 

S e v e r e I n t r a u t e r i n e 
g r o w t h r e t a r d o t i o n 

, . ? ' . u * ' . l . f . ' . * . " . , : X ? P J 0 

*?P#**/,.?.'.?n. P j 21 

• • 
4 - 3 3 0 2 - 5 . 1 4 : 1-10-73 
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Fo r m 4. 
PROVINCE OF 

BRITISH COLUMBIA (Conodo) 
DEPARTMENT OF HEALTH SERVICES 

AND HOSPITAL INSURANCE 

REGISTRATION O F 

LIVE BIRTH 
R e g i s t r a t i o n N o . (Department u s e only) 

D i v i s i o n of V i t a l S t a t i s t i c s \ J D i v i s i o n of V i t a l S t a t i s t i c s 
r S u r n a m e o f c h i l d (print or type) \ 

N A M E 

O F C H I L D 

N A M E 

O F C H I L D 
A l l g i v e n n a m e " i n f u l l (print or type) 2 . S E X O F C H I L D 

D A T E 
O F B I R T H 

3 . M o n t h (by name), d a y , y e a r ol" b i r t h 4 . K I N D O F B I R T H - S t a t e w h e t h e r 
• i n g l e 
t w i n 
t r i p l e t 

5 . I f t w i n , t r i p l e t , 
s t a t e w h e t h e r t h i s 

c h i l d w a s b o m 
l i t , 2 n d , 3 r d 

6 . N a m e o f h o t . p i t . n l (If not in hoapitat give e x a c t l o c a t i o n w h e r e b i r t h occurred} 
P L A C E 

O F B I R T H 

S 

P L A C E 
O F B I R T H 

S 
C i t y , t o w n o r o t h e r p l a c e (by noma) I n s i d e m u n i c i p a l 

l i m i t s ? f S f a f e 
y e s 
o r No) J 

1. C o m p l e t e s t r e e t a d d r e s s . If r u r a l g i v e e x a c t l o c a t i o n , n o i P o s t O f f i c e o r R u r a l R o u t e a d d r e s s 

U S U A L 
R E S I D E N C E 
O F M O T H E R C i t y , t o w n o r o t h e r p l a c e (by name) I n s i d e m u n i c i p a l 

l i m i t s ? (State Yes or 
No)  

P r o v i n c e ( o r e o u n f r y j 

8 . D u r a t i o n o f p r e g n a n c y f i n completed week*) 
O T H E R 
B I R T H 
P A R T I 

C U L A R S 
1 0 . W e i g h t o f c h i l d a t b i r t h 

o 3  >  

o: < ti 
O •£ 
u UJ 
UJ i- « 
or UJ -o 

(OR) 

oz. g r a m s 

. C h i l d r e n 
e v e r b o m 
t o t h i s m o t h e r (incltxt ing thit birth) 

N u m b e r L i v e b o m N u m b e r S t i l l b o r n (after 20 weeks pregnancy) 

1 1 . A r e t h e p a r e n t s m a r r i e d 
t o e a c h o t h e r ? (State Yen o r No) 

* 3 • 

FATHER 

1 3 . S u r n a m e o f c h i l d ' s f a t h e r (print or type) 

A U g i v e n n a m e s i n f u l l 

1 4 . C i t y , t o w n o r o t h e r p l a c e o f b i r t h (by name) 

B I R T H P L A C E 

f o r country if outaide Canada) 

1 2 , If t h e p a r e n t s e r e n o t m a r r i e d t o e a c h 
o t h e r s t a t e w h e t h e r m o t h e r i s s i n g l e , 
m a r r i e d , w i d o w e d , o r d i v o r c e d 

MOTHER 

17 M a i d e n s u r n a m e of c h i l d ' s m o t h e r (print or type) 

A l l g i v e n n a m e s i n f u l l 

1 8 . C i t y - t o w n o r o t h e r p l a c e o f b i r t h (by name) 

P r o v i n c e f o r country it o u f a / d e Canada) 

1 5 . M o n t h (by name), d a y , y e a r o f b i r t h 
£ B I R T H D A T E 

1 6 . A G E (at time of thia birth) 
1 9 . M o n t h f 6 y name), d a y , y e a r of b i r t h 

0> £ 
2 1 . N a m e a n d a d d r e s s o f a t t e n d i n g p h y s i c i a n (or other attendant) 

20. A G E f a f rime of this bi rth) 

A T T E N D A N T 

M A I L I N G 
A D D R E S S 

O F M O T H E R 

2 2 . C o m p l e t e m a i l i n g a d d r e s s (it di fie rent from item 7) I f r u r a l g i v e P o s t O f f i c e o r R u r a l R o u t e a d d r e s s 

C E R T I F I 
C A T I O N 

O F 
P A R E N T 

2 3 . I cert i fy the 
fo rego ing t o be 
true cmd correct 
to the best of 
m y knowledge 
ond b e l i e f : ) ( 

S ignature o f parent 2 4 . D a t e s i g n e d — 

M o n t h (by name), d a y , y e a r 

f Norotio 

D O N O T W R I T E B E L O W T H I S L I N E - O F F I C E U S E O N L Y 

/ 

C E R T I F I 

I c e r t i f y t h i s r e t u r n N 
was a c c e p t e d b y 
m e o n t h i s d a t e a t — 

C A T I O N O F 
D I S T R I C T 

R E G I S T R A R 

D i s t r i c t R e g i s t r a t i o n N o . 

D a t e : M o n t h (by name), d a y , y e a r Slgnorur* ot D i s t r i c t R e g i s t r a r / 
4 - 7 3 0 2 - 2 . 1 2 1 9 - 6 - 7 3 
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Oo not use 
Province of 
British Columbia 

MINISTRY OF HEALTH -
DIVISION OF VITAL STATISTICS 

PHYSICIAN'S NOTICE 
OF A 

LIVE BIRTH OR STILLBIRTH 

Do not use 

NAME OF FATHER 
(Surname) 

(Given names) If parents legally married to each other, 
is father non Indian or registered Indian Q 

NAME OF MOTHER 
(Maiden surname) 

(Given names) AGE If parents not legally married to each other, 
is mother non Indian Q or registered Indian Q 

PERMANENT ADDRESS 
OF MOTHER 

(House No.) (Street) v i l V . 9 r M u n i c i p a l i t y ) Postal Code Was child born alive? 
• Yes • No 

PLACE OF 
BIRTH 

(Name of Institution) (Location) Office Use Only 

DATE OF 
BIRTH 

Hour Day Month Year 

19 
Male • 

Female 
• 

Apgar Score at: 
1 min. 5 min. 

Single Twin Triplets 
• • • 

BIRTH 
WEIGHT grams 

Gestation period 
weeks 

Total pregnancies Total live births Total stillbirths Total abortions 
ISpont. & 
induced) 

What special measures (if any) were taken to promote respiration? If stillborn, did death occur 
before labour during labour • • 

Mode of delivery: Spontaneous Forceps vertex vertex Breech 
• • • 

Caesarean 1st 2nd * • • 
Other operative procedure (specify): 

Abnormality (major or minor) No describe: or pathology of infant: r—j 

Complications ot pregnancy, labour or delivery: No • 
I! yes. describe:. 

Physician's signature Physician's address Date: 

PLEASE REMO VE CARBON BEFORE MAILING FORM V.S. 3 
THIS REPORT TO BE SENT WITHIN 48 HOURS TO THE DISTRICT REGISTRAR OF BIRTHS, DEATHS AND MARRIAGES 

VITAL STATISTICS ACT SEC. 3 
00 

8 - 2 3 0 0 - 7 2 . 1 : 18-12-81 



9 of Minislry of 
Brttish Covjmbla Health HEALTH SURVEILLANCE REGISTRY 

B3B WEST )0tf AVENUE VANCOUVER. B C VGZ 1UB 
3 SURNAME 4 GIVEN NAMES ft •jKTTH DATE rv/M/O) 
ft AOONESS 

10 BIRTH SCL TWn TBI OTH SINGLE o« MUlTlPU ! cm ANO/Ofl coukrrRf of •«nx 12 ft. 13. VS REG NUMBER 

14 ElMNlC OA'GlN If KNOWN 16 IJRTH SURNAME IF LKFFEWWT fftOM ABOVE 1ft OTHER RELATIVES REGISTERED 17 CURRENT PARTNER'S NAME 
IB MRENT S'GUARDIANS NAMES 19 MOTHER'S BIRTH SURNAME 
70 MOSTTAt-S ATTENDEO 

31 FAMILY PHYSICIAN ZT 0KTC OF BCATH fr/M/OI S3- DEAFMRE4 No CAtMF OFSAN 

RFGlSTEREO B> 

niOLOC* INDICATE AN* CUJES AS TO THE CAUSE 0' THIS CONDITION SUCH AS MATERNAL. (NFECT10N. BIRTH TRAUMA HEFtEDnAFf "OS' NATAL TRAUMA 0*" IN* EC HOME G MENENGIT'S 

28 1COB 28 OAlEOFONSEt 30 31 McfcUSICk. * I 32 FUNCTION*, OR DIAGNOSIS E T LEVEL (Y/M.-Dl 

COWMEN'S IMDlCATl ANY SOClAt OR EMOTIONAL '•ROBL.EMS IN PATIENT AND OR FAMILY WHO ARE HANDICAPPED ETC 

33 MM! 14 RELATIONSHIP 3S CASE NUMBER 33 NAME 34 RELATIONS"!'* 3b CASf NL'WF-r -
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P R O V I N C E O F 

BRITISH COLUMBIA (Cotioda) * 
D E P A R T M E N T O F H E A L T H 
D i v i s i o n o f V i t a l S t o t i l t i c s 

1 8 -
R E G I S T R A T I O N O F 

D E A T H 

N A M E O F 
D E C E A S E S 

1. V i i n c w f of i W r o t t i l f p » « n i or trp*i V 

N A M E O F 
D E C E A S E S AM | i v m n a m e * i * f u l l f p r i n t mi t y p e ; a. sex 

P L A C E 
O F D E A T t l 

i. Nmn.e o f h o e p i t a l e r i n a t i t u u o n f o t h e r a r i a e give e a e r f lot*lion « m « r * deanS n c r u r r r d ) 

P L A C E 
O F D E A T t l C i t y . t o w n or o t h e r p l a c e f Or earme.) I n a i d * a n u n i c i p a l 

V e a Or Afo> 

U S U A L 
R E S I D E N C E 

* • C o m p h t i e mt f t a d d r e e e : If r u r a l g i v e a a a c i l o c a t i o n ( n o i POMI O f f i c e or R u r a l Jtowte a d d r a a a ) \ 
U S U A L 

R E S I D E N C E C i t y , t o w n ar o t h e r p l a c * (by mmme) I n e i d e m u n i c i p a l 
l i m i t s 1 ( S t e i a 
Y e a mt No) 

P r o * M i c e (or country) 

M A R I T A L 
S T A T U S 

S. S i n g l e , m a r r i e d , w i d e w a d , 
o r d i v o r c e d 
(Sp+aly) 

a . If a a a r r i e d . w i d o w e d , o r d t w e r c e d . g>ee tuU n a m * of h u a b a n d o r f u l l ei o l d e n n a m * o f w i f e 

O C C U P A T I O N 
7 . K m d o f w o r k d o n a d u r i n g a t o a l o f w o r k i n g l i t * ft. K i n d o f b u e a n a e a or i n d u a u y i n w h i c h w o r k e d 

B I R T H D A T E 
9 . M o n t h f o r r u » n e > , d a y . r o a r of b i r t h 10. A G E f y e a r e j montht) IDaym) 

K w d t r < 
1 I-aar 

(HoutM) f V i n u i e a J 
I f u n d a r , 
i d » y 

B I R T H P L A C E 
V 

11 . C i t y o r p l a c * P r o v i n e * f o r c o u n t r y ) o t b i r t h 11. N a t i v e y a . u « 1 1 a t a t e n a m of b a n d 
I n d i a n * _ 

• • 

« M i n N t M a n d g i v e n awaaaea o f n w V t a r (firint or f r p a J 14. B I R T H P L A C E - C i t y o r p i e c e . P r o v i n c e f o r country) 
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