
This comparison is presented not as proof that the dif-

ferences between smokers and nonsmokers are necessarily,

of biologic origin, rather it is to indicate that a biologic

hypothesis is not unreasonable.

One definite conclusion which emerges from these puz-

zling findings is that the phenomenon of smoking and its

relation to health is complex and calls for continued ex-

ploration and vigorous and energetic investigations. It calls

primarily for the development of study designs and meth-

ods which would overcome some of the inherent difficul-

ties in investigations on humans.

In the last few years we often heard the disparaging out-

cries that the evidence on the ill effects of smoking is not

convincing because it is “only statistical.” The evidence may

not be convincing, but not because it is “only statistical,” ra-

ther because the evidence is nonstatistical in the sense that

the method of study which produced the evidence violates

the basic principles for valid scientific inference.

References

1. Simpson WJ. A preliminary report on cigarette smoking and the in-

cidence of prematurity. Amer J Obstet Gynec 1957;73:808–815.

2. Lowe CR. Effect of mothers’ smoking habits on birth weight of

their children. Brit Med J 1959;2:673–676.

3. Herriot A, Billewicz WF, Hytten FE. Cigarette smoking in preg-

nancy. Lancet 1962;1:771–773.

4. Savel LE, Roth E. Effects of smoking on fetal growth. Obstet

Gynec 1962;20:313–316.

5. Zabriskie JR. Effect of cigarette smoking during pregnancy; a

study of 2000 cases. Obstet Gynec 1963;21:405–411.

6. O’Lane JM. Some fetal effects of maternal cigarette smoking.

Obstet Gynec 1963;22:181–184.

7. MacMahon B, Alpert M, Salber EJ. Infant weight and parental

smoking habits. Amer J Epidem 1965;82:247–261.

8. Underwood P, Hester LL, Laffitte T, et al. The relationship of

smoking to the outcome of pregnancy. Amer J Obstet Gynec

1965;91:270–276.

9. Underwood P, Kesler K, O’Lane J, et al. Parental smoking

empirically related to pregnancy outcome. Obstet Gynec

1967;29:1–8.

10. Butler N, Alberman ED. Perinatal Mortality. The Second Report

of the 1958 British Perinatal Mortality Survey. Edinburgh, E. &.

S. Livingston Ltd, 1969.

11. Shapiro S, Schlesinger E, Nesbitt REL. Infant, Perinatal,

Maternal and Childhood Mortality in the United States.

Harvard University Press, 1968, p 51.

12. Yerushalmy J. Mother’s cigarette smoking and survival of infant.

Amer J Obstet Gynec 1964;88:505–518.

13. Taylor WF. The probability of fetal death. Proc. Third

International Conference on Congenital Malformations. Edited

by Clarke Frazer F, Ebling FJG. Excerpta Medica Foundation,

Amsterdam, 1970.

14. Lilienfeld AM. Emotional and other selected characteristics of

cigarette smokers and nonsmokers as related to epidemiological

studies of lung cancer and other diseases. J Nat Cancer Inst

1959;22:259–282.

15. Eysenck HJ, Tarrant M, Woolf M, et al. Smoking and personal-

ity. Brit Med J 1960;1:1456–1460.

16. Heath CW. Differences between smokers and nonsmokers. Arch

Intern Med (Chicago) 1958;101:377–388.

17. Thomas CV. Characteristics of smokers compared with non-

smokers in a population of healthy young adults, including ob-

servations on family history, blood pressure, heart rate, body

weight, cholesterol and certain psychological traits. Ann Intern

Med 1960;53:697–718.

18. Seltzer CC. Morphologic constitution and smoking. JAMA

1963;183:639–645.

19. Seltzer CC. Masculinity and smoking. Science 1959;130:

1706–1707.

International Journal of Epidemiology, 2014, 1366–1368

doi: 10.1093/ije/dyu161Commentary: Smoking in

pregnancy and neonatal

mortality

Harvey Goldstein

Centre for Multilevel Modelling, Graduate School of Education, University of Bristol, 2 Priory Road,

Bristol BS8 1TX, UK. E-mail: h.goldstein@bristol.ac.uk

Most epidemiologists are familiar with the controversy

that followed the original Doll and Hill research on the

link between cigarette smoking and lung cancer, and the

ill-fated attempts to dismiss the findings as ‘merely correl-

ational’ by many scientists—including those who should

have known better, such as R.A Fisher. Less well known,

however. is the controversy over the effects of smoking in

pregnancy on birthweight and mortality. This short

review, of one of the seminal papers in the area by

Yerushalmy,1 explores a similar controversy that arose
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when Yerushalmy concluded from his research that

there was no causal link, because he had uncovered what

he described a ‘paradox’ that ruled out such an

explanation.

His paper was not the first in this area but it was the

first to cast serious doubt upon the assumed causal rela-

tionship between maternal smoking in pregnancy and neo-

natal mortality. It presented several ‘paradoxical’ findings

and provoked a debate about the importance of public

health campaigns that was not resolved till several years

later. In this review I will look at the methodology used by

Yerushalmy and how his results may, in fact, remain com-

patible with a causal relationship.

The data used by Yerushalmy consisted of about 10 000

singleton liveborn, White and Black ethnicity babies

sampled from a prepaid medical care programme in the

San Francisco area between 1960 and 1967. In line with

other studies there was a clear relationship between the

number of cigarettes smoked and the prevalence of low

birthweight (<2500 g), with those who stopped during

pregnancy having similar outcomes to those who never

smoked.

Yerushalmy notes that, when smoker and non-smoker

neonatal death rates are compared within birthweight

groups, for the low birthweight babies the rates are higher

for non-smokers and this is the case for both Whites and

Blacks. Table 1 is taken from Yerushalmy’s paper, where it

is Table 5.

For each of the birthweight groups under 3000 g for

Whites and under 2500 g for Blacks, it is apparent that the

neonatal rates for smokers are lower than those for non-

smokers, but this is not the case for the higher birthweight

groups. Yerushalmy seeks to rule out explanations for

these results in terms of differing gestation distributions,

stillbirth and congenital anomalies, and concludes that

none of these explanations is satisfactory. He also goes on

to explore the relationship of smoking habits to social and

biological factors and again finds similar ‘paradoxical’

findings when babies are grouped by birthweight. Most

importantly he looks at the (causal) ‘displacement hypoth-

esis’, namely that smoking results in a reduction in

birthweight of about 200 g thus moving smokers into a

higher neonatal mortality risk category. He then attempts

to deal with this, for just the White mothers, in the follow-

ing way.

He estimates the numbers of low birthweight babies

under the counterfactual hypothesis that the mothers did

not smoke, based upon the observed distribution of the

non-smokers. This turns out to yield a number that is

about half of those who did smoke (237). He then esti-

mates the expected number of deaths for this (virtual)

group based upon the observed death rates for the non-

smokers, which comes to about 27. This is about the same

as the number of observed deaths among low birthweight

babies of non-smokers and he therefore concludes that,

whereas smoking has lowered the birthweights, it has had

no effect on mortality rates. The problem with this argu-

ment, however, is that as can be seen from Table 1, the

death rates for the low birthweight groups differ markedly

for smokers and non-smokers. If the smoker death rates

are used, then the expected number of deaths is about 16.

The principal reason for this difference is that within each

of the birthweight groups, if in fact a uniform downward

shift has taken place, the distribution of birthweight will

differ between the groups. So, for example, if we assume a

normal distribution for both smokers and non-smokers dif-

fering only in terms of their means by 200 g, then the mean

for the smokers will be less than that for the non-smokers

in each 500 g or 250 g birthweight group defined below the

median birthweight (around 3050 g for Blacks and 3250 g

for Whites) for the group of smokers (see Goldstein, 1977

for further details2). It follows that the smoker death rates

are the appropriate ones to use, and that the discrepancy in

deaths can therefore be attributed to smoking.

There is nothing ‘paradoxical’ in Yerushalmy’s find-

ings—they are merely a consequence of an inappropriate

adjustment. This is not to say, of course, that there is ne-

cessarily a causal relationship between maternal smoking

and neonatal mortality mediated by birthweight, although

this is now generally accepted as the default inference. The

debate on this issue even reached the editorial pages of

Nature3 (Nature 1973), which took the rather lofty view

that since the research evidence was (merely) correlational,

causal inferences were totally unjustified; but then, with

little concern for consistency, it also suggested that preg-

nant women should be discouraged from smoking! The

controversy over the importance of smoking in pregnancy

that followed the publication of Yerushalmy’s paper post-

poned, at least in the UK by several years, any campaign to

change mothers’ smoking habits. In the end increasing

Table 1. Neonatal mortality rates per 1000

Birthweight White Black

Non-smoker Smoker Non-smoker Smoker

�1500 791.7 565.2 740.7 666.7

1500–2000 406.3 348.2 166.7 45.5

2000–2500 78.0 26.6 25.6 21.7

2500–3000 11.6 6.1 4.2 12.6

3000–3500 2.1 4.5 4.3 4.8

>3500 3.8 2.6 8.7 9.8

Total 11.0 11.3 17.1 21.5
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evidence did finally, around 1976, result in the launch of

such campaigns.
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The analyses in Yerushalmy’s paper1 indicated that, among

low birthweight infants of less than 2500 g, maternal

smoking was associated with lower infant mortality. The

results have been replicated in a number of studies and

populations, and these seemingly paradoxical associations

are now often referred to as the ‘birthweight paradox.’ As

can be seen from the present set of commentaries,

Yerushalmy’s paper continues to generate discussion and

interest even 40 years after its publication. Several explan-

ations have been put forward for this paradoxical associ-

ation. Here we will review some of these, discuss some

relations and differences between the explanations that

have been proposed, and then conclude with the question

of what, if anything, we can infer about the role of birth-

weight in governing the associations between maternal

smoking and infant mortality.

Explanations of the birthweight paradox

One explanation for the birthweight paradox associations

is selection or confounding bias due to conditioning on an

intermediate.2–4 If, as in Figure 1, there are unmeasured

common causes (U) of low birthweight (L) and infant mor-

tality (Y), such as for instance malnutrition or birth de-

fects, then analyses of the association between maternal

smoking (S) and infant mortality among low birthweight

infants (L¼1) can be in the reverse direction compared

with that which one would have obtained if adjustment for

U had been possible.

The intuition behind this explanation is that low birth-

weight might be due to a number of causes: one of these

might be maternal smoking, another might be instances of

malnutrition or a birth defect. If we consider the low birth-

weight infants whose mothers smoke, then it is likely that

smoking is the cause of low birthweight. If we consider the

low birthweight infants whose mothers do not smoke, then

we know maternal smoking is ruled out as a cause for low

birthweight, so that there must have been some other

cause, possibly something such as malnutrition or a birth

defect, the consequences of which for infant mortality are

much worse.2 By not controlling for the common causes

(U) of low birthweight and infant mortality, we are essen-

tially setting up an unfair comparison between the smoking

and non-smoking mothers. If we could control for such

common causes, the paradoxical associations might go

away.

Importantly, we can observe such paradoxical associ-

ations due to unmeasured common causes, even if there is

no actual effect of low birthweight on infant mortality or

even if there were no effect of maternal smoking on infant

mortality at all. The association is induced by conditioning

on the variable low birthweight L. The phenomenon is

sometimes referred to, in the causal graphical models lit-

erature, as ‘collider stratification’ or of conditioning on a

‘collider’2–5 (i.e. a variable which is a common effect of
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