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Smoking in Pregnancy and Subsequent Child Development
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British Medical Journal, 1973, 4, 573-575 offspring of non-smokers, after allowing for associated
social and biological factors.

Summary

A national sample of several thousand children has been Introduction
followed longitudinally from birth. At the ages of 7and 11
years physical and mental retardation due to smoking in
pregnancy has been found, and this deficit increases with
the number of cigarettes smoked after the fourth month
af peegrancy. Children of moathers who smoked 10 or
more cigarettes a day ape on average 1°0 cm shorter and
between three and five months retarded on reading,
mathematics, and general ability compared with the

It is now widely accepted that maternal smoking 1n pregnancy
is associated with both a reduction 1in birth weight and an
increase in perinatal mortality (Butler er al., 1972, Brith
Medical Tournal, 1973). ‘Though there 1s sull some dispute about
the mechanistn of the association the evidence from human and
animal studies suggests that 11 1y the smoking rather than the
type of woman who smokes which s responstbic t Brinsh Medial
Journal, 1973).

The long-term effects of smoking in pregnancy on the surviy -
Bristol Royal Hospital for Sick Children, Bristol BS2 8$B] ing child are less well documented. Hardy and Meliits (1972,
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between children of smokers and non-smokers. On the other
hand, by using data from the National Child Development
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Study, Davie er al. (1972) and Goldstein (1972) found highly
significant differences in height and reading attainment at 7
years between children of mothers who smoked and those who
did not. A likely explanation for this discrepancy is that whereas
Hardy and Mellits based their findings on 88 matched pairs of
children, Davie et al. and Goldstein used a sample size of over
5,000 children. In the case of height, where a comparison can be
made, the actual sizes of the differences found are similar in the
two studies. Calculations show that with the small sample of
Hardy and Mellits there was little chance (about 20°%;,) of
detecting statistically significant differences in height (at the 59,
level) of the size found by Davie ez al. and Goldstein (Donovan,
1973).

The present paper extends the results of Davie er al. and
Goldstein to the most recent examination of the same children
at the age of 11.

Methods

A detailed description of the National Child Development Study
can be found in Davie et al. (1972). It is a longitudinal study of
the 17,000 children born in Britain from 3 to 9 March 1958. At
the birth of these children the study was known as the Perinatal
Mortality Survev of the National Birthday Trust Fund, and at
the two follow-ups at the ages of 7 and 11 years as the National
Child Development Study of the National Children’s Bureau.

Comprehensive information about birth weight, gestation, and
maternal social and obstetric characteristics was obtained at
birth, as well as information about smoking habits during
pregnancy. The test procedures included a test of reading at the
age of 7, and a mathematics test, a reading test, and a general
ability test at the age of 11. At both ages the height of the child
was also measured. It was shown by Butler ez al. (1972) that the
effect of smoking on raising the perinatal mortality rate and on
fowering birth weight was determined by smoking habits after
the fourth month of przgnancy. Thus, for example, if the mother
had given up smoking by the fourth month then the mortality
risk and expected birth weight were the same as for mothers who
had not been smokers before pregnancy. The analyses at 7 and
11 vears are therefore based on smoking habits after the fourth
month of pregnancy.

Results

Statistically significant differences in height and reading ability
between smoking categories were found at the age of 7.

To allow for the possibility that these observed relationships
are mediated by those characteristics which measure the kind of
woman who smokes and who also has shorter and less able
children, the following factors were taken into account in a
multifactorial analvsis: mother’s height, age, social class as
determined by the father’s occupation, number of older and
number of vounger children in the household, and the sex of the
child. Full details are given elsewhere (Davie er al., 1972).

When account was taken of all these factors there was a
deficit of height and reading ability in the offspring of mothers
who smoked, the extent of which increased with the amount
smoked. The average ditference between children of mothers
who smoked 10 or more cigarettes a day and those of non-
smokers was 1'0 cm in height and four months in reading
attainment. By comparison with the effects of some of the other
factors such as social class and the number of older and younger
children in the houschold, the effect of smoking in pregnancy is
relauvely small. For example, the difference between having
three or more older children in the child’s household compared
with having none is 20 cm in height and 15 months in reading
attainment.

The 7-year-old analyses were repeated after the children had
been studied at 11, this time with four “outcomes”: a general
ability test, a reading comprehension test, a mathematics test,
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FI1G. 1—General nbili?' of 1l-year-old children whose
mothers smoked after fourth month of pregnancy.
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whose mothers smoked after fourth month of pregnancy.
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FIG. 3—Mathematics ability of 11-year-old children
whose mothers smoked after fourth month of pregnancy.

and height. The mean scores for the three tests and height by
smoking categories are shown in figs. 1 1o 4. After adjusting for
the same associated factors as at the age of 7 a similar pattern is
shown in figs. 5 to 8, where differences persist but are reduced.
The average difference between children of women who smoked
10 or more cigarettes a day and those who smoked none was
three months tor general ability (eight months before adjustment)
four months for reading (nine months before adjustment), five
months for mathematics (eight months before adjustment), and
1'0 cm for height (1'6 cm before adjustment).* For the three

*Tests of significance for differences between the three smoking categories
(none, 1-9, 10 or more) were carried out after fitting constants for the other
factors. The y? test statistic was used rather than the F test since the denomi-
nator degrees of freedom are large. The numbers of cases in each analysis
fluctuate since not all the children in the study had complete information.
In particular, the numbers entering into the analyses which adjusted for
other factors are considerably reduced. However, a study of the cases with
incomplete data does not suggest that any serious bias has resulted from
their exclusion.
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F1G. 4—Height of 11-year-old children whose mothers
smoked after fourth month of pragnancy.
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F1G. 5—General ability of children whose mothers
smoked after fourth month of pregnancy, after adjusting
for other factors (see text).
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F1G. 6—Reading comprehension of 11-year-old children
whose mothers smoked after fourth month of pregnancy,
after adjusung for other factors.
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F1G. 7—Mathematics ability of 11-year-old children
whose mothers smoked after fourth month of preg-
nancy, after adjusting for other factors.
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F1G. 8—Height of 11-year-old children whose mothers
smoked after fourth month of pregnancy, after adjusting
for other factors.

test scores, though not for height, there appears to be little
decrease in score beyond the category of 1-9 cigarettes smoked
per day.

As at 7 years, the differences between smokers and non-
smokers are less than the effects of some of the other factors.
For example, the difference between a child from a household
with no older children and one from a houschold with three or
more is 16 months for general ability, 29 months for reading, 14
months for mathematics, and 4'0 cm for height.

Discussion

These results establish a continuing effect of smoking in preg-
nancy, though the gap between children of smokers and non-
smokers (at all levels of smoking) has not widened between the
ages of 7 and 11.

Smoking in pregnancy is associated with an impairment of
both mental and physical growth, though compared with the
other sociobiological factors used in the present analysis the
effects are small.

The present results fail to support the hypothesis that it is
entirely the type of mother rather than the smoking which is
causative, in so far as a mother can be typified by those factors
which were selected for analysis. The analvsis has shown, how-
ever, that these factors do account for some part of the associa-
tion. In spite of the fact that not every possibly relevant intivence
has been allowed for—for example, personality factors—these
results may be seen as lending support to the hvpothesis that it
is the smoking itself which, at least in part, “causes” the impair-
ment. Morecover, 1f 1t is accepted that the relation with birth
weight and perinatal mortality 15 “causal™ 1t would seem reason-
able to accept a similar conclusion regarding the longer-term
effects of maternal smoking on child development.
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