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Summary

 

An association between maternal smoking during pregnancy and cognitive and

behavioural development has been observed in several studies, but potential effects

of maternal smoking on offspring adult intelligence have not been investigated. The

objective of the present study was to investigate a potential association between

maternal smoking during pregnancy and offspring intelligence in young adulthood.

Adult intelligence was assessed at the mean age of 18.7 years by a military draft board

intelligence test (Børge Priens Prøve) for 3044 singleton males from the Copenhagen

Perinatal Cohort with information regarding maternal smoking during the third tri-

mester coded into five categories (about 50% of the mothers were smokers). The

following potential confounders were included as covariates in multivariable analyses:

parental social status and education, single mother status, mother’s height and age,

number of pregnancies, and gestational age. In separate analyses, birthweight and

length were also included as covariates.

Maternal cigarette smoking during the third trimester, adjusted for the seven cova-

riates, showed a negative association with offspring adult intelligence (

 

P 

 

=

 

 0.0001). The

mean difference between the no-smoking and the heaviest smoking category

amounted to 0.41 standard deviation, corresponding to an IQ difference of 6.2 points

[95% confidence interval 0.14, 0.68]. The association remained significant when further

adjusted for birthweight and length (

 

P 

 

=

 

 0.007). Both unadjusted and adjusted means

suggested a dose-response relationship between maternal smoking during pregnancy

and offspring adult intelligence. When subjects with missing data were excluded,

essentially the same results were obtained in the reduced sample (

 

n

 

 

 

=

 

 1829). These

results suggest that smoking during pregnancy may have long-term negative conse-

quences on offspring adult intelligence.

 

Introduction

 

Several studies have demonstrated lower birthweight

and birth length in offspring of mothers who smoke

during pregnancy and most studies also suggest a

dose-response relationship between cigarette con-

sumption during pregnancy and offspring birth-

weight.

 

1–3

 

 While some studies have found evidence

that the negative effects of maternal smoking may per-

sist during childhood, a recent large study found no

weight differences between offspring of smoking and

non-smoking mothers at the age of 6 months.

 

1

 

 Partial

or complete catch-up during the first years of life has

also been observed in a majority of other studies.

 

4–7

 

Despite the apparent early catch-up growth, maternal

smoking during pregnancy may still have subtle con-

sequences for long-term development. Surprisingly,

few studies have investigated the possible associations

between smoking during pregnancy and adult

development.

 

8

 

An association between maternal smoking during

pregnancy and behaviour problems in childhood has

been suggested.

 

9,10

 

 Childhood behaviour problems
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may persist into adulthood since an association

between maternal smoking and adult criminality has

been observed for both males

 

11,12

 

 and females.

 

13

 

 This

last study also demonstrated a relationship between

maternal smoking during pregnancy and hospitalisa-

tion for substance abuse in both male and female adult

offspring.

 

13

 

 If smoking during pregnancy has long-

term consequences for offspring psychological and

social development, it is important to identify the

underlying mechanisms.

 

14

 

 Smoking during pregnancy

may affect the development of the brain and conse-

quently the child’s intellectual and cognitive develop-

ment. This hypothesis is supported by studies that

have found an association between smoking during

pregnancy and early childhood cognitive ability and

academic achievement.

 

8

 

 However, to our knowledge,

there has been only one study suggesting a possible

negative association between smoking during preg-

nancy and offspring educational achievement at the

age of 23.

 

15

 

 School achievement is generally closely

associated with IQ,

 

16

 

 but there are no specific reports

on the relationship between maternal smoking and off-

spring adult intelligence.

The purpose of the present study was to investigate

possible long-term consequences of smoking during

pregnancy on offspring adult intelligence.

 

Methods

 

The Copenhagen Perinatal Cohort

 

The Copenhagen Perinatal Cohort consists of 9125

individuals born at the National University Hospital

from October 1959 to December 1961. Demographic,

socio-economic, prenatal and postnatal medical infor-

mation was recorded prospectively during pregnancy,

at delivery and at a 1-year follow-up. Information on

smoking during pregnancy (with emphasis on ciga-

rette consumption during the third trimester) was col-

lected by a physician who interviewed the mothers

while they were pregnant and during the first few days

after delivery.

 

17

 

Draft records

 

With the exception of individuals with disqualifying

diseases (e.g. epilepsy and diabetes) and those who

volunteer for military service, all Danish males are

required to appear before the draft board when they

become liable for conscription at the age of 18. Draft

board records contain information on weight, height,

and intelligence. Draft information has been located

for a majority of the male members of the cohort by

the Prenatal Development Project.

 

18

 

Intelligence is assessed by Børge Priens Prøve (BPP).

The BBP is a 45-min group intelligence test comprised

of four subtests (letter matrices, verbal analogies, num-

ber series, and geometric figures) with a total score

ranging from 0 to 78. The draft records only include

the total score which correlates 0.82 with the Full Scale

WAIS IQ (Wechsler’s Adult Intelligence Scale),

 

19

 

 indi-

cating that the BPP is a highly valid measure of general

intelligence.

 

20

 

 Like most measures of intelligence, the

distribution of BPP total scores is approximately

normal.

 

Current sample

 

The Perinatal Cohort comprises 4668 male infants.

Maternal smoking data were available for 4575 (98%)

mothers, and draft records for 3773 (81%) male sub-

jects. Information on maternal smoking and complete

draft records were available for 3175 individuals. From

this sample, 102 twins and 29 second-born siblings

were excluded because data for twin pairs and siblings

are not statistically independent and because relation-

ships between some of the covariates and adult intel-

ligence may be different in twins and singletons.

Consequently, the subsample of the Perinatal Cohort

analysed in the present study included 3044 singleton

males who appeared before the draft board at a mean

age of 18.7 years (SD 1.3, range 16–26 years). This final

sample represented 71% of the 4280 males surviving

the first 4 weeks of life. The percentage of smokers

among mothers in the sample was slightly lower than

among the 1595 mothers excluded due to lack of data

or twin births (50 and 54%, respectively, 

 

P

 

 

 

=

 

 0.008), but

among smokers the median daily cigarette consump-

tion was 6.5 for both included and excluded mothers

and a Mann-Whitney test showed no significant group

difference (

 

P 

 

=

 

 0.37).

 

Data analysis

 

When the Perinatal Cohort was established, maternal

cigarette consumption in the third trimester was

recorded in the following five categories:

 

17

 

 (1) no

smoking; (2) 

 

<

 

3 cigarettes daily; (3) 3–10 cigarettes

daily; (4) 11–20 cigarettes daily; (5) 

 

>

 

20 cigarettes daily

(Table 1).
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The outcome measure was adult intelligence (BPP

score) from the draft records and, in addition, three

analyses of the association between maternal smoking

and adult intelligence were conducted. Firstly, the

unadjusted BPP means for the five smoking categories

were analysed. Secondly, the BPP means were adjusted

for parental social status, breadwinner’s education,

single mother status, mother’s height, mother’s age,

number of pregnancies, and gestational age. Thirdly,

an analysis was conducted that also adjusted the BPP

means for birthweight and birth length. The SPSS lin-

ear regression and analysis of variance routines (SPSS

Inc, Chigaco, IL) were used to analyse unadjusted and

adjusted mean differences among the five smoking cat-

egories. The level of significance was set at 0.05.

We have previously developed a statistical model to

predict adult intelligence from pre- and perinatal vari-

ables in the Copenhagen Perinatal Cohort.

 

21

 

 In the

current sample, the following six variables were

significantly associated with adult intelligence test

scores: parental social status [a combined 1–8 point

scale based on breadwinner’s occupation, breadwin-

ner’s education, type of income (wage/salary) and

quality of housing],

 

17

 

 breadwinner’s education (coded

on a 1–4 point scale),

 

17

 

 single-mother status (yes or no),

mother’s height, mother’s age, number of pregnancies

(including the present). Mother’s height and mother’s

age showed significant non-linear associations with

BPP scores, and to reflect possible non-linearity, the

regression models included squared deviations from

the mean for these two variables (all quantitative vari-

ables were included in regression models as continu-

ous variables). Preliminary analyses showed no

significant interactions between any of the covariates

and maternal smoking with respect to BPP score.

In the first series of analyses, we deliberately

excluded birthweight and length, since a large number

of studies show short-term effects of maternal smoking

on fetal growth. Consequently, statistical adjustment

for these variables would remove part of the variance

associated with smoking. In our data, we also

observed a statistically significant association between

maternal smoking and estimated length of gestation,

but this effect was relatively small, and we included

gestational age as a covariate for a more conservative

estimate of effect. A second series of analyses also

included birthweight and length. Table 2 presents

adjusted means for the five maternal smoking groups

for regression models based on seven and nine covari-

ates and dummy coding of the cigarette consumption

categories (cf. Table 1).

For most covariates, the missing data rate was 

 

<

 

1%,

but the missing data rates for gestational age, social

status, and breadwinner’s education were 20%, 19%,

and 19% respectively. Since about 40% of the sample

had missing data on one or more predictor variables,

it was decided to present analyses based on overall

mean substitution for missing values and including

dummy variables for missing data on gestational age,

social status, and breadwinner’s education.

 

22

 

 Mean

imputation may lead to underestimation of standard

errors,

 

23

 

 and although there were no missing data for

maternal smoking and BPP scores, all analyses were

replicated using the Amos program

 

24

 

 to obtain maxi-

 

Table 1.

 

Relation between covariates and maternal smoking during pregnancy

Daily cigarette consumption 

 

n P

 

-value0

 

<

 

3 3–10 11–20

 

>

 

20

Number of subjects 1517 204 882 397 44 3044

Social status 4.3 4.1 3.8 3.7 3.2 2475

 

<

 

0.0001

Breadwinner’s education 2.5 2.5 2.3 2.3 2.3 2457

 

<

 

0.0001

Single mother (%) 33 46 40 41 57 3043

 

<

 

0.0001

Maternal height (cm) 162.9 163.1 162.6 163.1 162.2 3015 0.37

Mother’s age (years) 26.1 24.4 25.4 26.6 26.2 3027 0.0001

No. of pregnancies 1.8 1.7 1.9 2.0 2.0 3038 0.002

Gestational age (week) 39.3 39.3 39.0 38.9 39.9 2449 0.02

Birthweight (g) 3426 3408 3166 3136 3084 3043

 

<

 

0.0001

Birth length (cm) 52.0 51.8 50.8 50.6 50.4 3042

 

<

 

0.0001

The 

 

P

 

-value for the percentage of single mothers refers to a chi-square test of differences among smoking categories. For the remaining

variables, 

 

P

 

-values refer to the overall 

 

F

 

-tests of differences among the means of the smoking categories. Social status and breadwinner’s

education were coded on 1–8 and 1–4 point scales respectively (see text below).
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mum likelihood parameter estimates based on all

available data and using a reduced sample, comprising

only the 1829 individuals without missing data.

Contrasts were calculated to evaluate the signifi-

cance of differences between pairs of means and

between combinations of means.

 

22,25

 

 For tests of trend,

interval midpoints were used to code smoking during

the third trimester (0, 1.5, 6.5, 15.5, and 25 cigarettes

daily) and power polynomials were calculated.

 

22

 

Finally, logistic regression was used to evaluate the

adjusted relative risks of obtaining a BPP score below

the median of the total sample.

The associations between individual covariates and

BPP scores were not a primary focus of the study, and

collinearity among the covariates was not expected to

seriously affect the estimation of the effects of maternal

smoking. The largest squared multiple correlation

between an individual covariate and all the other cova-

riates was 0.69 for birth length in the model with birth-

weight and birth length included and 0.57 for social

status in the model without the latter two variables.

Excluding highly correlated covariates only resulted in

small changes in the regression coefficients associated

with maternal smoking.

 

Results

 

Table 1 presents the number of subjects in the five

cigarette consumption categories. About 50% of the

mothers were smokers, and although the majority

smoked between 3 and 10 cigarettes daily, a substantial

proportion (29%) of the smokers consumed more than

10 cigarettes daily.

The relationship between covariates and maternal

smoking categories is addressed in Table 1. It reveals

significant mean differences among smoking catego-

ries for all variables except maternal height. Smoking

in the third trimester was clearly associated with single

mother status, lower social status, and lower educa-

tional level (the last two variables are semiquantita-

tive, but Kruskal-Wallis tests confirmed the

association). The data in Table 1 also reveal highly sig-

nificant differences in mean birthweight and length

among the five smoking categories. There were no sig-

nificant differences between the ‘no-smoking’ and the

‘

 

<

 

3 cigarettes daily’ groups, but significant differences

between these two groups and the remaining three

groups (which show no significant differences among

themselves).

Table 2 presents the results for the BPP intelligence

test. The three analyses revealed significant associa-

tions between maternal smoking and offspring intelli-

gence. For all three analyses, tests of linear and

quadratic trend showed only significant linear trend

(

 

P 

 

<

 

 0.0001). Moreover, the patterns of means sug-

gested a dose-response relationship between maternal

smoking and offspring intelligence. Both the unad-

justed and the adjusted means showed quite dramatic

differences  in  intelligence  test  scores  between  the

‘no-smoking’ and the heaviest smoking category

 

Table 2.

 

Observed and adjusted means for BPP intelligence test scores in relation to maternal smoking

Daily cigarette consumption 

 

P

 

-value0

 

<

 

3 3–10 11–20

 

>

 

20

Total sample (

 

n

 

 

 

=

 

 3044)

Mean BPP score 41.2 39.9 38.5 37.8 34.1

 

<

 

0.0001

SD 11.3 11.8 11.4 11.4 10.2

1st adjusted mean 40.6 39.9 39.2 38.5 35.9 0.0001

2nd adjusted mean 40.4 39.8 39.4 38.8 36.4 0.007

Reduced sample (

 

n

 

 

 

=

 

 1829)

Mean BPP score 41.9 40.6 38.8 38.0 34.1

 

<

 

0.0001

SD 11.2 12.0 11.7 11.8 9.9

1st adjusted mean 41.3 40.8 39.7 38.5 36.2 0.004

2nd adjusted mean 41.1 40.8 39.9 38.6 36.6 0.005

The 1st adjusted means are adjusted for parental social status, breadwinner’s education, single mother status, mother’s height, mother’s

age, number of pregnancies, and gestational age.

The 2nd adjusted means are additionally adjusted for birthweight and length.

The significance levels for both the unadjusted and adjusted means refer to the overall 

 

F

 

-tests of significance of mean differences among

the five smoking categories.
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(

 

P 

 

<

 

 0.0001 and 

 

P

 

 

 

=

 

 0.003 for the unadjusted and

adjusted means respectively). Compared with the

standard deviation of the total sample (11.4), the 4.7

BPP points adjusted difference amounted to 0.41 stan-

dard deviation [95% confidence interval (CI) 0.14,

0.68]. A typical IQ scale

 

19

 

 has a mean of 100 and a

standard deviation of 15, and thus 0.41 BPP standard

deviation corresponds to about 6.2 IQ points. Com-

pared with the offspring of ‘no-smoking’ mothers, the

adjusted relative risks (odds ratios) of obtaining a BPP

score below the median of the total sample was 3.4

among offspring of mothers in the heaviest smoking

category [95% CI 1.6, 7.0]. Differences between the ‘no-

smoking’ category and the other three groups were

considerably smaller, but clearly significant for both

the unadjusted and adjusted means for the ‘3–10’ and

the ‘11–20 cigarettes daily’ categories (

 

P 

 

=

 

 0.002 and

 

P

 

 

 

=

 

 0.0004 for the two adjusted means). The second

row of adjusted means in Table 2 shows that including

birthweight  and  birth  length  as  covariates  resulted

in only slightly smaller differences among smoking

categories.

The adjusted difference between the mean BPP of

the ‘no-smoking’ category and the offspring of all

smoking mothers was 1.5 (

 

P 

 

<

 

 0.0001) and compared

with the offspring of no-smoking mothers, the relative

risk for offspring of smoking mothers of obtaining a

BPP score below the median of the total sample was

1.3 (

 

P 

 

=

 

 0.003).

Maximum likelihood estimation confirmed the

results described above. Thus, both the overall effect

of maternal smoking and the linear trend between

maternal smoking category and offspring intelligence

remained significant at the 0.0005 and the 

 

<

 

0.0001

level. Table 2 also presents analyses based on the

reduced sample without missing data. Both the pat-

terns of BPP mean scores and the levels of significance

are fully consistent with the results obtained for the

full sample.

An anonymous reviewer of a previous version of

this paper pointed to the relatively wide age range of

the sample and raised the question of whether the

effects of maternal smoking may be related to off-

spring age at the time of appearing before the draft

board. A series of additional analyses suggested that

this is not the case: there are no significant differences

in mean age among smoking categories and the over-

all effect of smoking barely changes when age at test-

ing is included as a covariate. This was also the case

when the subsample in the narrow age range 18–22

was analysed (about 96% of the sample was in this age

range).

 

Discussion

 

Our results reveal significant long-term effects of

maternal smoking during pregnancy on mental devel-

opment. According to the results in Table 2, maternal

smoking during pregnancy was associated with lower

adult intelligence and there appeared to be a dose-

response relationship between maternal smoking and

offspring intelligence. Although the mean BPP score

for the ‘

 

>

 

20 cigarettes daily’ category is based on a

relatively small subsample, the results do suggest that

daily smoking of a pack or more of cigarettes during

the third trimester of pregnancy may have serious

consequences for offspring long-term intellectual

development.

A number of studies that evaluated intellectual abil-

ity and academic achievement in childhood support

the supposition that maternal smoking may have long-

term consequences for offspring intellectual develop-

ment.

 

8

 

 Some of these studies observed deficits in

cognitive abilities or academic achievement associated

with maternal smoking in children who were 7 years

or older.

 

26–31

 

 On the other hand, two studies detected

no cognitive deficits in middle childhood associated

with maternal smoking during pregnancy,

 

32,33

 

 and

although intelligence is stabilised quite early,

 

34

 

 chil-

dren of smoking mothers might conceivably overcome

their intellectual deficits (as they apparently overcome

fetal growth retardation). However, our findings, like

the majority of childhood studies, suggest that this is

not the case. They are supported by a recent small

sample study showing an association between mater-

nal smoking and intelligence assessed in early

adolescence

 

35

 

 and a large-scale study demonstrating

an association between maternal smoking and educa-

tional achievement at age 23.

 

15

 

The observed relationship between maternal smok-

ing and long-term cognitive development may be an

effect of smoking during pregnancy or an effect of

factors that we were unable to control statistically.

Alcohol consumption was very rare among Danish

women when the Perinatal Cohort was established

and was therefore not registered systematically (this

was also the case for illegal substance use).

 

17

 

 However,

we consider it unlikely that sporadic alcohol consump-

tion among the mothers of the cohort can explain our

results since studies show effects of maternal smoking
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on cognitive functioning in childhood and early ado-

lescence even when maternal alcohol consumption

and marijuana use are controlled statistically.

 

35–37

 

The same studies also demonstrated that exposure

to cigarette smoking after birth is an unlikely explana-

tion for the association between maternal smoking

during pregnancy and offspring cognitive develop-

ment. Although other postnatal factors might also be

associated with maternal smoking, effects of exposure

to prenatal smoking were observed in studies that

tried to control aspects of the home environment

 

35–38

 

and, in addition, twin studies as well as adoption stud-

ies have questioned the importance of the home envi-

ronment for long-term intellectual development.

 

39

 

 We

have previously demonstrated that adult intelligence

is associated with duration of breastfeeding in the Peri-

natal Cohort,

 

21

 

 but an analysis including this factor as

a covariate essentially showed the same results as

those presented in Table 2.

One earlier study was able to control for maternal

intelligence, and in that investigation a significant

negative effect of smoking during pregnancy on off-

spring cognitive development at age four was still

documented.

 

38

 

 Nevertheless, the putative effects of

maternal smoking on offspring intelligence may be

confounded by the influence of parental intelligence.

For several reasons we believe that this type of

confounding is unlikely to account for the current

findings.

Firstly, although we did not have direct measures of

parental intelligence, it is reasonable to conclude that

our measures of parental education and social status

provide valid substitute indices. The average correla-

tion between parent IQ and offspring IQ has been

reported to be 0.42.

 

39

 

 In our sample, the multiple cor-

relation between parental education and social status

and the BPP score of their offspring was 0.45, and the

bivariate correlations with the offspring BPP score

were 0.41 and 0.43 for parental education and social

status respectively. Multiple correlations of education

and social status with parental IQs might be even

higher, and thus inclusion of parental education and

social status as covariates is likely to have removed a

substantial part of the variance in offspring IQ associ-

ated with parental IQ.

Secondly, it is important to observe that we found

evidence of a dose-response relationship between

maternal smoking and offspring intelligence. Conse-

quently, parental intelligence could only explain the

results in Table 2 if there was a systematic, negative

association between parental IQ and amount of smok-

ing even within educational and social classes (these

variables were controlled as covariates). Such an asso-

ciation may not be entirely unlikely among low-status

mothers (i.e. awareness of potential harmful effects of

smoking could have been less prevalent and, thus,

more strongly associated with maternal intelligence

among low-status mothers), but such a pattern seems

much less likely for well-educated high-status moth-

ers. It is therefore remarkable that the patterns of mean

test scores for the five smoking categories were similar

in low and high social status subsamples and that for-

mal statistical tests showed no interaction between

smoking and social status. Thus, the association

between maternal smoking and offspring intelligence

seems as strong in high social status children as in low

social status children.

Thirdly, it should be remembered that fully half of

the mothers in the Perinatal Cohort smoked during

pregnancy, which strongly suggests that few mothers

were aware that smoking might be harmful to the

fetus. At the time of the establishment of the cohort,

Danish women were not being warned against smok-

ing during pregnancy, and thus it is unlikely that the

mothers’ smoking habits were related to their intelli-

gence. In fact, in 1962, a leading contemporary Amer-

ican authority recommended a daily cigarette for

bowel regulation during pregnancy.

 

40

 

*

Effects of smoking during pregnancy on offspring

cognitive development may be direct (i.e. effects on

fetal brain development) or indirect (e.g. consequences

of pregnancy complications or fetal growth retarda-

tion). Including both birthweight and length as cova-

riates still revealed a significant, although somewhat

smaller association between maternal smoking and

adult intelligence (Table 2); thus, it appears that the

effect of maternal smoking on offspring intelligence

was largely independent of the effect on fetal physical

growth. A previous study of the association between

smoking during pregnancy and adult criminality in

the Perinatal Cohort included weighted pregnancy

and delivery complication scales as covariates.

 

11

 

 In our

sample, these scales were significantly associated with

smoking, and it is possible that maternal smoking may

affect the rate of pregnancy and delivery comp-

 

*

 

In a chapter entitled Minor Complaints of Pregnancy, Guttma-

cher in 1962

 

40

 

 gave the following advice on constipation: ‘. . . Try 

to develop the habit of a regular unhurried visit to the bathroom 

at the same hour each day, preferably after breakfast. Smoking a 

cigarette while on such an excursion may help.’
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lications.

 

41

 

 However, a series of analyses that included

these two covariates as well as a binary indication of

prescribed maternal medication during pregnancy

 

11

 

demonstrated essentially the same results as the

analysis presented here.

Thus, it seems justified to assume that part of the

effect of maternal smoking on offspring cognitive

development is a direct result of the effect of sub-

stances in cigarette smoke on the fetal central nervous

system. More specifically, maternal smoking may

reduce uteroplacental circulation and cause fetal

hypoxia8,38 which may particularly affect the develop-

ment of the brain and thus subsequent intellectual

development.

For the Copenhagen Perinatal Cohort, any explana-

tion of the effects of maternal smoking during preg-

nancy must not only consider the negative association

with adult intelligence, but also the association with

adult criminal behaviour and substance use.13 Since

intelligence is related to a broad range of behavioural

and psychological characteristics,42 the association

between maternal smoking and intellectual develop-

ment may explain some of the reported behavioural

effects in offspring of mothers who smoke during

pregnancy, such as behaviour problems in

childhood9,10 and criminal behaviour in adults.11,14

Acknowledgements

This study has been supported by United States Health

Service (USPHS) grants HD17655 and HD20263 from

the National Institute of Child Health and Human

Development to Reinisch, USPHS grant DA05056 from

the National Institute on Drug Abuse to Reinisch and

Sanders, and grant 9700093 from The Danish Research

Councils as well as grant 1400/2-4-1997 from the Dan-

ish National Board of Health to Mortensen.

Thanks are due to Vibeke Munk, BA, for help with

the manuscript and critical comments.

References

1 Conter V, Cortinovis I, Rogari P, Riva L. Weight growth in 

infants born to mothers who smoked during pregnancy. 

British Medical Journal 1995; 310:768–771.

2 Fergusson DM, Horwood LJ, Shannon FT. Smoking during 

pregnancy. New Zealand Medical Journal 1979; 89:41–43.

3 Pulkkinen P. Smoking and pregnancy: the influence of 

maternal and gestational factors on the outcome of pregnancy 

and the newborn. Annales Chirurgiae et Gynaecologiae. 

Supplementum 1985; 197:55–59.

4 Markestad T, Vik T, Ahlsten G, Gebre-Medhin M, Skjaerven 

R, Jacobsen G, et al. Small-for-gestational-age (SGA) infants 

born at term: growth and development during the first year 

of life. Acta Obstetricia et Gynecologica Scandinavica. Supplement 

1997; 165:93–101.

5 Nafstad P, Jaakkola JJ, Hagen JA, Pedersen BS, Qvigstad E, 

Botten G, et al. Weight gain during the first year of life in 

relation to maternal smoking and breast feeding in Norway. 

Journal of Epidemiology and Community Health 1997; 51:261–

265.

6 Vik T, Jacobsen G, Vatten L, Bakketeig LS. Pre- and post-natal 

growth in children of women who smoked in pregnancy. 

Early Human Development 1996; 45:245–255.

7 Ong KKL, Ahmed ML, Emmett PM, Preece MA, Dunger DB. 

Association between postnatal catch-up growth and obesity 

in childhood: prospective cohort study. British Medical Journal 

2000; 320:967–971.

8 Lassen K, Oei TPS. Effects of maternal cigarette smoking 

during pregnancy on long-term physical and cognitive 

parameters of child development. Addictive Behaviors 1998; 

23:635–653.

9 Fergusson DM, Horwood LJ, Lynskey MT. Maternal smoking 

before and after pregnancy: effects on behavioral outcomes 

in middle childhood. Pediatrics 1993; 92:815–822.

10 Milberger S, Biederman J, Faraone SV, Chen L, Jones J. Is 

maternal smoking during pregnancy a risk factor for 

attention deficit hyperactivity disorder in children? American 

Journal of Psychiatry 1996; 153:1138–1142.

11 Brennan PA, Grekin ER, Mednick SA. Maternal smoking 

during pregnancy and adult male criminal outcomes. 

Archives of General Psychiatry 1999; 56:215–219.

12 Räsänen P, Hakko H, Isohanni M, Hodgkins S, Jarvelin MR, 

Tiihonen J, et al. Maternal smoking during pregnancy and risk 

of criminal behavior among adult male offspring in the 

Northern Finland 1966 Birth Cohort. American Journal of 

Psychiatry 1999; 156:857–862.

13 Brennan PA, Grekin ER, Mortensen EL, Mednick SA. 

Relationship of maternal smoking during pregnancy with 

criminal arrest and hospitalization for substance abuse in 

male and female adult offspring. American Journal of 

Psychiatry 2002; 159:48–54.

14 Fergusson DM. Prenatal smoking and antisocial behavior. 

Archives of General Psychiatry 1999; 56:223–224.

15 Fogelman KR, Manor O. Smoking in pregnancy and 

development into early adulthood. British Medical Journal 

1988; 297:1233–1236.

16 Teasdale TW. Familial Influences in Social Class, Educational 

Level and Intelligence. Malmö, Sweden: Gleerup, Infotryck, 

1985.

17 Zachau-Christiansen B, Ross EM. Babies: Human Development 

During the First Year. New York, NY: John Wiley & Sons, 1975.

18 Reinisch JM, Mortensen EL, Sanders SA. The Prenatal 

Development Project. Acta Psychiatrica Scandinavica. 

Supplementum 1993; 370:54–61.

19 Wechsler D. The Measurement and Appraisal of Adult 

Intelligence. Baltimore, MD: Williams & Wilkins, 1958.

20 Mortensen EL, Reinisch JM, Teasdale TW. Intelligence as 

measured by the WAIS and a military draft board group test. 

Scandinavian Journal of Psychology 1989; 30:315–318.



Maternal smoking and offspring adult intelligence 11

©2005 Blackwell Publishing Ltd. Paediatric and Perinatal Epidemiology, 19, 4–11

21 Mortensen EL, Michaelsen KF, Sanders SA, Reinisch JM. The 

association between duration of breastfeeding and adult 

intelligence. JAMA 2002; 287:2363–2371.

22 Cohen J, Cohen P. Applied Multiple Regression/Correlation 

Analysis for the Behavioral Sciences. Hillsdale, NJ: Lawrence A 

Erlbaum Associates, 1983.

23 Schafer JL, Graham JW. Missing data: our view of the state 

of the art. Psychological Methods 2002; 7:147–177.

24 Arbuckle JA. Amos User’s Guide. Version 3.6. Chicago, IL: 

SmallWaters Corporation, 1997.

25 Rosenthal R, Rosnow RL, Rubin DB. Contrasts and Effect Sizes 

in Behavioral Research. Cambridge: Cambridge University 

Press, 2000.

26 Butler NR, Goldstein H. Smoking in pregnancy and 

subsequent child development. British Medical Journal 1973; 

4:573–575.

27 Davie R, Butler NR, Goldstein H. From Birth to Seven: the 

Second Report of the National Child Development Study (1958 

Cohort). Harlow, London: Longman/National Children’s 

Bureau, 1973.

28 Dunn HG, McBurney AK, Ingram S, Hunter CM. Maternal 

cigarette smoking during pregnancy and the child’s 

subsequent development: II. Neurological and intellectual 

maturation to the age of 61/2 years. Canadian Journal of Public 

Health 1977; 68:43–50.

29 Frydman M. The smoking addiction of pregnant women and 

the consequences on their offspring’s intellectual 

development. Journal of Environmental Pathology, Toxicology, 

and Oncology 1996; 15:169–172.

30 Naeye RL, Peters EC. Mental development of children whose 

mothers smoked during pregnancy. Obstetrics and Gynecology 

1984; 64:601–607.

31 Rantakallio P. A follow-up study up to the age of 14 of 

children whose mothers smoked during pregnancy. Acta 

Paediatrica Scandinavica 1983; 72:747–753.

32 Fergusson DM, Lloyd M. Smoking during pregnancy and its 

effects on child cognitive ability from the ages of 8–12 years. 

Paediatric and Perinatal Epidemiology 1991; 5:189–200.

33 MacArthur C, Knox EG, Lancashire RJ. Effects at age nine of 

maternal smoking in pregnancy: experimental and 

observational findings. British Journal of Obstetrics and 

Gynaecology 2001; 108:67–73.

34 Schuerger JM, Witt AC. The temporal stability of individually 

tested intelligence. Journal of Clinical Psychology 1989; 45:294–

302.

35 Fried PA, Watkinson B, Gray R. Differential effects on 

cognitive functioning in 13- to 16-year olds prenatally 

exposed to cigarettes and marihuana. Neurotoxicology and 

Teratology 2003; 25:427–436.

36 Fried PA, O’Connell CM, Watkinson B. 60- and 72-month 

follow-up of children prenatally exposed to marijuana, 

cigarettes, and alcohol: cognitive and language assessment. 

Developmental and Behavioral Pediatrics 1992; 13:383–391.

37 Fried PA, Watkinson B, Gray R. Differential effects on 

cognitive functioning in 9- to 12-year olds prenatally exposed 

to cigarettes and marihuana. Neurotoxicology and Teratology 

1998; 20:293–306.

38 Olds DL, Henderson CR Jr, Tatelbaum R. Intellectual 

impairment in children of women who smoke cigarettes 

during pregnancy. Pediatrics 1994; 93:221–227.

39 McGue M, Bouchard TJ Jr, Iacono WG, Lykken DT. 

Behavioral genetics of cognitive ability: a life-span 

perspective. In: Nature, Nurture & Psychology. Editors: Plomin 

R, McClearn GE. Washington, DC: American Psychological 

Association, 1993; pp. 59–76.

40 Guttmacher AF. Pregnancy and Birth. New York, NY: Signet 

Books, 1962; p. 101.

41 Ananth CV, Savitz DA, Luther ER. Maternal cigarette 

smoking as a risk factor for placental abruption, placenta 

previa, and uterine bleeding in pregnancy. American Journal 

of Epidemiology 1996; 144:881–889.

42 Bouchard TJ. IQ similarity in twins reared apart: findings and 

responses to critics. In: Intelligence, Heredity, and Environment. 

Editors: Sternberg RJ, Grigorenko EL. Cambridge: Cambridge 

University Press, 1997; pp. 126–160.


