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ABSTRACT: This study aims to test the hypothesis that moderate
maternal alcohol and tobacco use in pregnancy is associated with
intelligent quotient (IQ) scores in childhood through intrauterine
mechanisms. We conducted parental-offspring comparisons between
the associations of tobacco and alcohol consumption with child’s IQ
in the Avon Longitudinal Study of Parents and Children. Analyses
were conducted on 4332 participants with complete data on maternal
and paternal use of alcohol and tobacco at 18 wk gestation, child’s IQ
and a range of confounders. IQ was measured at child age 8 with the
Weschler Intelligence Scale for Children (WISC-III). We used mul-
tivariable linear and logistic regression to estimate mean differences
and 95% confidence intervals in IQ scores across the exposure
categories and computed f statistics to compare maternal and paternal
associations. In fully adjusted models, there was no strong statistical
evidence that maternal alcohol and tobacco consumption during
pregnancy were associated with childhood IQ with any greater
magnitude than paternal alcohol and tobacco consumption (also
assessed during their partners’ pregnancy). Our findings suggest that
the relationship between maternal moderate alcohol and tobacco use
in early pregnancy and childhood IQ may not be explained by
intrauterine mechanisms. (Pediatr Res 64: 659–666, 2008)

Existing evidence suggests that the development of intelli-
gent quotient (IQ) is associated with exposures affecting

brain growth during the fetal period, but also factors operating
during an individual’s life course (1–4). It is well established,
for example, that excessive alcohol use in pregnancy can
cause a variety of poor developmental outcomes, better known
as the Fetal Alcohol Syndrome (5). Whether exposure to lower
levels of alcohol consumption in pregnancy affects the devel-
opment of more subtle cognitive difficulties is less well estab-
lished. It is also unclear whether intrauterine exposure to
tobacco affects later cognitive development.

The evidence of a negative association between moderate fetal
exposure to alcohol and later IQ is not conclusive. A meta-
analysis based on nine studies with a total of 3585 infants

examined the effect of alcohol exposure in pregnancy on infant
mental development using the Mental Developmental Index
scores (6). Analyses were conducted separately for infants who
were 6–8, 12–13, and 18–26 mo-old. In models that adjusted for
parity, birth weight, gestational age, maternal intelligence quo-
tient (IQ), education, tobacco, and drug use during pregnancy,
there was an association between maternal reports of drinking
2 � drinks per day compared with no alcohol for infants aged
12–13 mo [mean difference in Mental Developmental Index
score �0.53 (95% CI: �1.02, �0.04)], but not for younger
infants, aged 6–8 mo [�0.07 (�0.16, �0.02)], or older
infants, aged 18–26 mo [�0.07 (0.00, �0.13)]. However,
there was no strong statistical evidence of heterogeneity by
age in these adjusted analyses.

Results from studies of older children are also mixed. In the
Seattle Prospective Longitudinal Study on Alcohol and Preg-
nancy, inverse associations between moderate maternal alco-
hol consumption and binge patterns of drinking during preg-
nancy and offspring IQ have been consistently found at all
offspring ages from 7 to 14 y (7–9). In a large Australian
prospective study, only “binge” drinking was found to be
inversely associated with Raven’s score at age 14 (10). In
other studies moderate maternal alcohol consumption during
pregnancy was not associated with offspring IQ (11), but was
associated with deficits in learning and short-term memory
(12,13), after adjustment for maternal socio-economic posi-
tion, IQ, mental health and substance use. Only the Seattle
cohort included adjustment for paternal alcohol consumption.

Inferences of an intrauterine effect of tobacco use on the
development of IQ in childhood have also been made. Several
studies (1,14–20) have found decreases in IQ scores ranging
from 2.9 to 6.0 points in children of mothers who smoked
during pregnancy compared with children of mothers who did
not, although in two analyses the strength of the association
was considerably reduced after adjustment for confounders
(16,20). Most studies have not been able to adequately sepa-
rate in utero exposure with environmental smoking exposure
during the postnatal years (15,16,21,22), and paternal tobacco
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use during pregnancy was adjusted for in only one study (16).
Finally, two recent reports (1,18) found that parental educa-
tion and their intelligence (assessed by IQ tests) confounded
the relationship between maternal smoking in pregnancy and
child’s IQ.

Some propose that the toxic effects of metabolic products of
alcohol and tobacco may affect the developing brain after
crossing the placenta whereas others have suggested that
shared familial factors, rather than a specific intrauterine toxic
effect, may confound any link between maternal smoking
during pregnancy and later offspring IQ (1,18). Parental use of
alcohol and tobacco has been found to vary according to
parental social position—so apparent effects of these expo-
sures could be due to confounding by other socially patterned
exposures.

A common method of addressing this issue is to adjust for
family socioeconomic background and other potential con-
founding factors (18). However, this may be inadequate given
the very strong association of socioeconomic position with
both exposures (smoking and alcohol) and outcome (child-
hood IQ) and the difficulty of fully measuring socioeconomic
position with just one or two indicators.

One method of further exploring the extent to which any
association is explained by shared familial and environmental
factors, as opposed to intrauterine mechanisms, is to compare
the magnitude of associations of maternal alcohol and tobacco
consumption during pregnancy with offspring IQ to that of the
equivalent paternal associations (23). If the association of
paternal alcohol or tobacco use with offspring IQ is the same
as that of the equivalent maternal association, this would
provide evidence against a specific intrauterine effect of these
exposures and, suggest that any apparent relationship between
maternal alcohol/tobacco use in pregnancy and child’s IQ is
more likely to reflect confounding by shared socio-
environmental or other familiar factors. If, on the other hand,
associations of maternal alcohol or tobacco consumption dur-
ing pregnancy with offspring IQ are stronger than those of the
equivalent paternal associations, this would support an intra-
uterine effect of these exposures. The use of maternal-paternal
comparisons with offspring outcomes has face validity as a
method to distinguish intrauterine from other mechanisms.
The strong association between maternal smoking during
pregnancy and lower birth weight [mean difference between
those who were smoking during pregnancy and those who
were not adjusted for potential confounding factors and pa-
ternal smoking: �158.6 g [95% CI: �178.2, �138.9)], was
not seen in the paternal associations of smoking with birth
weight [mean difference: �8.4 g [95% CI: �26.6, �9.8)],
with strong evidence of a statistically robust difference (p �
0.001) (23).

The aim of this study is to investigate whether intrauterine
exposure to moderate levels of alcohol consumption and to
tobacco consumption exerts a causal influence on offspring IQ
at age 8 y. We aim to test this hypothesis by comparing the
magnitudes of the associations of maternal consumption of
alcohol and tobacco with offspring IQ with the corresponding
associations with paternal consumption of alcohol and to-
bacco.

METHODS

Data from the Avon Longitudinal Study of Parents and Children
(ALSPAC) were used. ALSPAC is a prebirth cohort study of children born
to mothers resident in the former Avon region in the South West of
England while pregnant (http://www.alspac.bris.ac.uk/welcome/
index.shtml). Participants enrolled in the study included all pregnant
women residing in the area, who were due to give birth between April
1991 and December 1992 (n � 14,541). The characteristics of the sample,
its representativeness and details of the phases of the study are provided
elsewhere (24) and on the study website (http://www.alspac.bris.ac.uk/
welcome/index.shtml). Informed consent has been obtained from partici-
pants, and ethical approval for the study was obtained from the ALSPAC
Law and Ethics Committee and the Local Research Ethics Committees.

The sample for the present study includes all singleton babies still alive at
1 y, for whom data were collected from mothers and partners at approximately
8 and 18 wk gestation (for the assessment of maternal and paternal alcohol
and smoking) and from the assessment conducted as part of the Focus visit
(clinic assessments) of the children at age 8.

Outcome: The Weschler Intelligence Scale for Children (WISC-IIIUK).
The WISC-IIIUK was used to assess cognitive function when children were
8 y of age. The WISC-IIIUK is a widely used individual ability test to assess
cognitive function in children (25). The WISC comprises 10 subtests: five
verbal and five performance. To reduce the length of the session, a short form
of the measure with alternate items was used for all subtests. Raw scores were
calculated according to the items used in the alternate item form of the WISC
(26). This was achieved by summing the individual items within each subtest
and multiplying by two for six of the subtests, multiplying by 5/3 for the
similarities subtest, and multiplying by 3/2 for the object assembly and block
design subtests. This made the raw scores comparable to those that would
have been achieved had the full test been administered.

Then, age-scaled scores were obtained according to the WISC developer’s
instructions, and total scores were calculated for the Performance, Verbal
scales, and total IQ. The final WISC IQ scores, (verbal, performance, and total
IQ measures) were calculated from the total scaled scores and standardized by
ALSPAC researchers on a normal British population (taking account of age
and gender) to have a mean of 100 and SD of 15. These scores were used as
the outcome measures in this study. We also analyzed associations with low
IQ, defined as a score of 79 or below (based on official qualitative descriptions
of WISC-IIIUK IQ scores) (25), to determine whether associations with IQ as
a continuous variable masked important associations with low intelligence (an
important developmental and clinical outcome). About 421 (6.5%) of the
participants for whom WISC-III scores were available were classified as
having low IQ scores.

Main exposures: Maternal and paternal alcohol and tobacco use. Main
exposures included maternal and paternal use of alcohol and tobacco. Two
measures of alcohol use were available at 18 wk gestation. First, women were
asked how often they had drunk alcoholic drinks during the first 3 mo of
pregnancy (Never, Less than one glass a week, at least one glass a week, at
least 1 or two glasses every day, at least 3–9 glasses every day, and at least
10 glasses every day). The following footnote was included “by glass we
mean a pub measure of spirits, half a pint of lager or cider, a wine glass of wine.”
The variable was recoded into Never, �1, 1� wk, 1� /d. More severe patterns
of daily drinking could not be investigated, as the number of women (n � 61)
who reported alcohol consumption greater than one glass a day was too small for
meaningful analysis to be carried out. Participants and their partners were also
asked how many days in the previous month they had drunk the equivalent of two
pints of beer, four glasses of wine or four pub measures of spirit or more. Prompts
were, Never, 1–2, 3–4, 5–10, 10� d, everyday, which were recoded into: Never,
1–4, 5–10, 10� d. This question aimed to identify a tendency of consuming
greater amounts of alcohol on each single drinking session (often referred to as
“binging” or “binge drinking”). The question was also asked of a subsample of
mothers at 32 wk gestation. There were 3224 cases in the whole cohort with
complete data on maternal drinking at 18 and 32 wk and paternal drinking during
pregnancy.

Tobacco consumption was assessed by asking mothers and their partners
how often they smoked 30�, 25–29, 20–24, 15–19,10–14, 5–9, 1–4, 0
cigarettes (during the first 3 mo of pregnancy). Participants were grouped in
the following categories: No smoker, smoked 1–9/d, 10–19/d, 20� /d.

Assessment of potential confounders. Measures of socio-economic posi-
tion were obtained by maternal self-reported questionnaires at approximately
8 wk gestation. They included maternal marital status (never married, wid-
owed/divorced/separated, married/cohabiting); head of household occupa-
tional social class (classified according to the British Registrar generals
classification: professional, managerial, skilled nonmanual, skilled manual,
semiskilled manual, unskilled manual); home ownership (mortgaged/owned/
rented); and an index indicating the crowding condition of the household
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(calculated by dividing the number of people in the household by the number
of rooms); and maternal reports of the child’s ethnicity (whites, non-whites).
Gender of the child was extracted from the obstetric data. Maternal parity (no
previous children, 1–2 children, 3� children) was obtained at 18 wk gesta-
tion, as was education. Mothers were asked to report the highest levels of
educational qualifications achieved by her and her partner (Degree, A levels,
O levels, Vocational/CSE).

Statistical analyses. Univariable associations between maternal and
paternal patterns of alcohol and tobacco use during pregnancy and child’s
IQ were assessed by presenting the means and standard deviations of
child’s IQ scores by categories of maternal and paternal patterns of alcohol
and tobacco consumption. We then tabulated the maternal and paternal
drinking and maternal and paternal smoking by the main confounders
(Tables S1–S6, supplementary material online at www.pedresearch.org).

Table 1. Comparisons between participants remaining in the study and those with missing data at 8-y follow-up

N Still in the study (n � 4332) Missing (n � 8980)

Sex
Males 6861 50.1 52.5
Females 6418 50.0 47.6 x2 � 6.77, p � 0.05

Parity
No previous children 5804 48.2 42.4
1–2 children 6456 48.0 50.0
3� children 830 3.8 7.6 x2 � 90.99, p � 0.001

Ethnicity
White 12,298 97.5 90.8
Nonwhite 660 2.4 6.3 x2 � 220.91, p � 0.001

Home ownership status
Mortgaged/owned 9457 86.9 67.4
Rented 3318 13.1 32.6 x2 � 563.87, p � 0.001

House crowding
1 5281 52.6 36.4
2 6467 44.5 55.0
3 or 4 838 2.9 8.6 x2 � 378.03, p � 0.001

Maternal education
Degree 1592 18.7 10.0
A levels 2757 28.0 19.7
O levels 4239 35.3 34.5
Vocational/CSE 3593 18.0 35.8 x2 � 547.40, p � 0.001

Maternal alcohol use: 1st 3 months in pregnancy
Never 5982 44.6 46.0
�1 glass a week 5090 41.5 37.4
1–6 a week 1826 12.6 14.5
1 glass� per day 251 1.4 2.2 x2 � 30.29, p � 0.001

Maternal drinking frequency of 4� units
Never 10,882 86.7 81.3
1–4 d 1664 10.3 13.9
5–10 d 267 1.4 2.3
10� d 289 1.5 2.5 x2 � 63.05, p � 0.001

Maternal tobacco use in pregnancy
No smoker 9967 84.7 70.6
1–9 cigarettes a day 1452 8.5 12.1
10–19 cigarettes a day 1325 5.4 12.2
20� cigarettes a day 512 1.3 5.1 x2 � 355.49, p � 0.001

Paternal education
Degree 2158 25.3 14.4
A levels 3080 29.3 24.5
O levels 2499 22.4 20.7
Vocational/CSE 3988 23.0 40.5 x2 � 449.47, p � 0.001

Paternal self-reports of alcohol and tobacco use in pregnancy
Paternal alcohol use: previous 3 mo during mother’s pregnancy

Never 482 3.2 6.3
�1 glass a week 2393 22.5 26.0
1–6 a week 4912 52.5 48.5
1 glass� per day 1992 21.8 19.2 x2 � 74.24, p � 0.001

Paternal drinking frequency of 4� units
Never 1836 16.07 20.55
1–4 d 3642 38.07 35.93
5–10 d 2497 26.78 24.10
10� d 1904 19.09 19.42 x2 � 36.35, p � 0.001

Paternal tobacco use in pregnancy
No smoker 5924 70.0 56.3
1–9 cigarettes a day 896 9.5 9.4
10–19 cigarettes a day 1367 10.7 17.6
20� cigarettes a day 1285 9.8 16.8 x2 � 231.03, p � 0.001
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We used linear regression to estimate mean differences and 95% CI in IQ
scores across the exposure categories. Then we fitted a series of multivariable
linear regression models to assess the independent effect per category, respec-
tively, of alcohol and tobacco on IQ. We progressively adjusted for sex, social
class, parity, ethnicity, house ownership and crowding (Model 2), maternal and
paternal education (Model 3), paternal and maternal smoking in the regression for
the association with alcohol, and paternal and maternal drinking in the regression
for the association with smoking (Model 4). Model 5 included adjustment for
paternal effects in the maternal model and adjustment for maternal effects in the
paternal model. We computed an f statistic to formally compare the unadjusted
and adjusted coefficients of maternal and paternal associations for each model.
The same analytical approach was used in logistic regression analysis to examine
associations of maternal and paternal alcohol and tobacco exposure categories
with low IQ (defined as a score of 79 or below).

Dealing with missing data. Analyses presented in this paper were con-
ducted on 4332 study participants (approximately 32% of the eligible live
born singletons children who were still alive at 1 y) with complete data on
maternal and paternal smoking and alcohol consumption at the time that the
mother was pregnant with the offspring participant, offspring IQ at age 8 and
all confounding variables. We explored the extent to which missing data
might have biased our results in a number of ways. First, we used multivariate
multiple imputation, using chained equations. We used the STATA procedure
developed by Royston (27), with 20 cycles of regression switching and
generated 20 imputation data sets. Variables used in the imputation models
included all available measures of maternal and paternal alcohol and
tobacco use, all indicators of socioeconomic position, housing, mothers
and partners’ education, and maternal parity (full prediction model avail-
able from the corresponding author on request). We repeated the multi-
variable regression analyses on the imputed data sets. Second, because the
inclusion of paternal reports was an important source of missing data, we
repeated all multivariable analysis using maternal and child’s data only. In
this analysis, it was not possible to undertake parental comparisons of
effect (which was our main aim) but we could examine whether the
exclusion of those without information on their fathers resulted in biased
estimates of the maternal associations. All analyses were conducted using
STATA 9.2 (28).

RESULTS
Table 1 shows the characteristics of participants included

in the main analyses (complete case analysis) compared
with those with missing data on any of the variables
included in the multivariable models. Although some miss-
ing data arises from fewer paternal reports, most missing
data arises from loss to follow-up, with 32.5% of the
original cohort having IQ results at age 8. Participants lost
to follow-up were more likely to be men, their mothers and
partners were more likely to report lower levels of educa-
tional attainment and to have lived in rented and crowded
accommodation at the time of their pregnancy. In addition,
there were differences in maternal and paternal tobacco and
alcohol use between subjects with full and missing data.

Tables 2 and 3 show univariable associations (means and
SD) between maternal and paternal patterns of alcohol and
tobacco use during pregnancy and child’s IQ scores at age 8.
Maternal patterns of alcohol consumption in the first 3 mo of
pregnancy were not associated with child’s verbal, perfor-
mance or total IQ score. By comparison, there was a
positive association between paternal drinking and child’s
IQ scores (greater consumption of alcohol by fathers being
associated with higher IQ scores). There was a weak in-
verse association between frequency of maternal drinking
of four or more units and child’s IQ scores, with no
association between fathers’ “binge drinking” (frequency
of drinking more than 4 units) and child’s total IQ scores.

Table 2. Univariable associations between maternal and paternal patterns of alcohol consumption during pregnancy and child’s IQ scores
�means (SD)� at age 8 (complete case analysis, n � 4332)

Maternal and paternal patterns of alcohol use in pregnancy

Never �1 wk 1� wk 1�/d
1930 1796 545 61 p* p†

Mothers: 1st 3 mo of pregnancy
WISC-Verbal 108.6 (16.5) 109.2 (16.7) 110.3 (15.6) 108.8 (17.2) 0.16 0.04
WISC-Performance 101.1 (16.8) 101.5 (16.8) 102.0 (17.0) 98.6 (16.3) 0.49 0.49
WISC-Total 105.7 (16.2) 106.4 (16.3) 107.3 (15.6) 104.6 (15.2) 0.10 0.10

Never �1 wk 1� wk 1� wk
139 976 2272 945 p* p†

Fathers: previous 3 mo during mother’s pregnancy
WISC-Verbal 104.6 (16.1) 106.7 (17.3) 109.3 (16.0) 111.7 (16.5) �0.001 �0.001
WISC-Performance 99.3 (18.2) 99.9 (16.8) 101.7 (16.6) 102.3 (17.0) �0.001 �0.001
WISC-Total 102.2 (16.8) 104.0 (16.7) 106.5 (15.8) 108.3 (16.1) �0.001 �0.001

Maternal and paternal ‘binging’ patterns of alcohol use in pregnancy

Never 1–4 d 5–10 d 10� d
3755 448 63 66 p* p†

Mothers: drinking frequency of four or more units
WISC-Verbal 109.5 (16.6) 106.0 (15.8) 108.3 (13.5) 104.7 (15.0) �0.001 �0.001
WISC-Performance 101.5 (16.9) 100.3 (16.3) 99.9 (17.7) 100.2 (13.1) �0.42 �0.15
WISC-Total 106.5 (16.3) 103.7 (15.6) 105.0 (15.5) 103.1 (13.8) �0.001 �0.001

Never 1–4 d 5–10 d 10� d
696 1649 1160 827 p* p†

Fathers: drinking frequency of four or more units
WISC-Verbal 107.8 (17.6) 109.2 (16.6) 109.8 (15.9) 108.9 (16.4) 0.09 0.18
WISC-Performance 100.9 (17.0) 101.5 (16.9) 102.1 (16.7) 100.4 (16.8) 0.13 0.69
WISC-Total 105.1 (17.0) 106.3 (16.2) 107.0 (15.6) 105.5 (16.0) 0.05 0.51

* p for linear association.
† p for nonlinear association.

662 ALATI ET AL.



Both maternal and paternal tobacco use were inversely
associated with all WISC IQ scales. All maternal and
paternal smoking and alcohol measures were associated
with potential confounding factors, with the one exception
that maternal “binge drinking” was not associated with
ethnicity (Tables S1–S6, supplementary material online at
www.pedresearch.org).

Table 4 shows complete case analysis and analyses con-
ducted on the imputed datasets for the mean change of off-
spring IQ per increase in maternal and paternal categories of
alcohol and tobacco use, and the p-value for the difference
between maternal and paternal associations. The positive as-
sociation of amount of alcohol consumed by partners in the
first 3 mo of pregnancy and offspring IQ attenuated toward the

Table 3. Univariable associations between maternal and paternal patterns of tobacco use during pregnancy and child’s IQ scores
�means (SD)� at age 8 (complete case analysis, n � 4332)

Maternal and paternal patterns of tobacco use during pregnancy

No smoker 1–9/d 10–19/d 20�/d
3671 369 235 57 p* p†

Mothers: patterns of tobacco use
WISC-Verbal 109.6 (16.5) 106.4 (15.9) 105.3 (16.4) 104.3 (17.9) �0.001 �0.001
WISC-Performance 101.9 (16.9) 100.3 (16.1) 96.1 (15.7) 94.6 (15.4) �0.001 �0.001
WISC-Total 106.8 (16.2) 104.1 (15.4) 101.3 (15.5) 99.7 (15.8) �0.001 �0.001

No smoker 1–9/d 10–19/d 20�/d
3031 413 464 424 p* p†

Fathers: patterns of tobacco use
WISC-Verbal 110.1 (16.5) 108.9 (16.5) 105.7 (16.1) 105.3 (16.4) �0.001 �0.001
WISC-Performance 102.0 (16.9) 101.0 (16.3) 99.1 (17.2) 99.2 (16.2) �0.001 �0.001
WISC-Total 107.2 (16.2) 106.0 (15.9) 103.0 (16.2) 102.7 (15.4) �0.001 �0.001

* p for linear association.
† p for nonlinear association.

Table 4. Mean change in offspring IQ per increase in maternal and paternal alcohol and tobacco categories

Mean change in
offspring IQ per

increase in maternal
alcohol category

Mean change in
offspring IQ per

increase in paternal
alcohol category

p-value for difference
between maternal

and paternal
associations

Mean change in
offspring IQ per

increase in maternal
alcohol category

Mean change in
offspring IQ per

increase in paternal
alcohol category

p-value for difference
between maternal

and paternal
associations

Complete case analyses (n � 4332) Analyses using 20 imputated datasets (n � 13,617)
Amount of alcohol in first 3 mo of pregnancy Amount of alcohol in first 3 mo of pregnancy

Model 1 0.55 (�0.11, 1.20) 1.38 (0.94, 1.81) 0.005 0.76 (0.11, 1.41) 1.01 (�1.00, 3.01) 0.72
Model 2 0.68 (0.03, 1.33) 1.17 (0.74, 1.60) 0.08 0.67 (0.05, 1.29) 0.77 (�0.62, 2.16) 0.81
Model 3 0.14 (�0.46, 0.74) 0.41 (0.00, 0.81) 0.43 0.41 (�0.26, 1.07) 0.40 (�0.68, 1.47) 0.95
Model 4 0.15 (�0.46, 0.75) 0.41 (0.00, 0.82) 0.43 0.30 (�0.34, 0.94) 0.45 (�0.02, 0.91) 0.55
Model 5 0.03 (�0.58, 0.65) 0.40 (�0.01, 0.82) 0.43 0.18 (�0.47, 0.82) 0.43 (�0.04, 0.89) 0.55

Drinking frequency of 4� units Drinking frequency of 4� units
Model 1 �1.60 (�2.53, �0.67) 0.16 (�0.33, 0.66) 0.001 �1.63 (�2.40, �0.87) 1.48 (0.78, 2.18) 0.001
Model 2 �1.10 (�2.02, �0.18) 0.04 (�0.45, 0.53 0.03 �1.09 (�1.85, �0.33) 0.91 (0.33, 1.49) 0.001
Model 3 �0.41 (�1.26, 0.45) 0.07 (�0.39, 0.52) 0.38 �0.62 (�1.34, 0.11) 0.68 (0.08, 1.28) 0.002
Model 4 �0.42 (�1.28, 0.44) 0.06 (�0.40, 0.52) 0.38 �0.62 (�1.44, 0.21) 0.16 (�0.39, 0.72) 0.11
Model 5 �0.45 (�1.32, 0.43) 0.10 (�0.36, 0.56) 0.38 �0.62 (�1.44, 0.21) 0.16 (�0.39, 0.72) 0.11

Mean change in
offspring IQ per

increase in maternal
tobacco category

Mean change in
offspring IQ per

increase in paternal
tobacco category

p-value for difference
between maternal

and paternal
associations

Mean change in
offspring IQ per

increase in maternal
tobacco category

Mean change in
offspring IQ per

increase in paternal
tobacco category

p-value for difference
between maternal

and paternal
associations

Complete case analyses (n � 4332) Analyses using 20 imputated datasets (n � 13,617)
Tobacco use in pregnancy Tobacco use in pregnancy

Model 1 �2.63 (�3.42, �1.84) �1.65 (�2.12, �1.18) 0.27 �2.32 (�2.93, �1.71) �0.96 (�1.57, �0.34) 0.001
Model 2 �1.78 (�2.59, �0.97) �1.04 (�1.53, �0.56) 0.29 �1.09 (�1.72, �0.47) �0.43 (�1.04, 0.18) 0.02
Model 3 0.05 (�0.71, 0.81) 0.50 (�1.06, 1.71) 0.79 �0.10 (�0.75, 0.54) 0.19 (�0.38, 0.76) 0.27
Model 4 0.08 (�0.69, 0.85) 0.12 (�0.34, 0.58) 0.87 �0.08 (�0.69, 0.94) 0.22 (�0.77, 1.21) 0.93
Model 5 0.08 (�0.69, 0.85) 0.12 (�0.36, 0.59) 0.87 �0.07 (�0.65, 0.50) �0.11 (�0.79, 0.57) 0.92

Model 1: unadjusted.
Model 2: adjusted by sex, social class, parity, ethnicity, house ownership, and crowding.
Model 3: Model 2� maternal and paternal education.
Model 4: Model 3� paternal and maternal smoking in the regression for the association with alcohol, and paternal and maternal drinking in the regression

for the association with smoking.
Model 5: Model 4� paternal effects in the maternal model and maternal effects in the paternal model.
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null when adjustment for parental education was entered in the
model. The inverse association of maternal “binge” drinking
also attenuated to the null with adjustment for parental edu-
cation, as did the inverse associations of maternal and paternal
smoking with offspring IQ. In the fully adjusted models, there
was no statistical evidence of a difference in association
between maternal alcohol/tobacco-offspring IQ compared
with paternal alcohol/tobacco-offspring IQ for any measures
of exposure. Analysis conducted on the imputed data sets did
not show any substantive difference from the complete case
analyses. There was also no statistical evidence of increased
risk in those achieving IQ scores �79, and no evidence of a
difference in association between maternal alcohol/tobacco-
offspring IQ compared with paternal alcohol/tobacco-
offspring IQ for any of the exposure measures (Table 5).

In analyses that were restricted to 5688 mothers and chil-
dren pairs (i.e. not excluding those without partner data), the
results were essentially the same as those presented in the
subsample who did have data on partners for the associations
of maternal daily alcohol and tobacco use with IQ. The point
estimates for “binge” drinking were slightly elevated in these
5688 participants compared with the restricted analyses. For
example, in the fully adjusted model, the mean change in
offspring IQ per increase in maternal “binge” drinking alcohol
categories was �0.66 (�1.39, 0.06) in the larger sample
compared with �0.45 (�1.32, 0.43) (Table 4) among those
with partner data. Finally, in analyses which were restricted to
the 3224 cases with complete data on maternal drinking at 18
and 32 wk and paternal drinking during pregnancy, we found
results similar to those reported in the main analysis. In the
fully adjusted model, the mean change in offspring IQ per
increase in maternal “binge” drinking alcohol categories was

�0.33 (�1.36, 0.70) whereas increase in paternal “binge”
drinking alcohol categories was 0.08 (�0.60, 0.44) with no
evidence of a significant difference between maternal and
paternal associations (p-value � 0.70) (data not shown).

Overall, both alcohol and tobacco use during pregnancy
(whether maternal or paternal) explained very little (0.04%) of
the variation in child’s IQ at age 8. By far the strongest
associations with IQ were maternal and paternal education,
which together explained nearly 19% of the variation in IQ at
child age 8.

DISCUSSION

In this paper, we examined whether there was a relationship
between maternal alcohol and tobacco consumption in preg-
nancy and IQ in childhood, and tested epidemiologically
whether there was a similar association between paternal
consumption of alcohol and tobacco and childhood IQ, to that
of the equivalent maternal association. To our knowledge, this
is the first study to explore the specific intrauterine effects of
both these exposures by comparing maternal to paternal ef-
fects. In univariable analyses, greater frequency of drinking
four or more units on a single occasion by mothers was
associated with lower scores on verbal and total IQ scales in
children. Greater quantity of alcohol consumed by fathers
was, in contrast, associated with higher scores on all IQ scales
in univariable analyses. In adjusted analyses, however, we
found no strong evidence of an intrauterine effect of alcohol
consumption in first 3 mo of pregnancy by mothers or fathers
and variation in childhood mean IQ (Table 4) or prevalence of
low IQ (Table 5). The univariable associations appeared to be
a product of socio-economic confounding in that mothers

Table 5. Multivariable associations between maternal alcohol/tobacco use and offspring IQ below 79 �OR (95% CI)� (Complete case
analyses n � 4332)

Maternal alcohol/tobacco use and offspring
low IQ (�79) �OR (95% CI)�

Paternal alcohol/tobacco use and offspring
low IQ �OR (95% CI)�

p-value for difference between maternal and
paternal associations

Amount of alcohol in first 3 mo of pregnancy
Model 1 0.85 (0.70, 1.03) 0.77 (0.67, 0.88) 0.48
Model 2 0.83 (0.68, 1.01) 0.79 (0.69, 0.90) 0.48
Model 3 0.87 (0.71, 1.06) 0.86 (0.75, 0.99) 0.81
Model 4 0.87 (0.71, 1.06) 0.86 (0.75, 0.99) 0.80
Model 5 0.90 (0.74, 1.11) 0.87 (0.76, 1.01) 0.80

Drinking frequency of 4� units
Model 1 1.13 (0.89, 1.43) 0.96 (0.84, 1.11) 0.22
Model 2 1.08 (0.84, 1.38) 0.98 (0.85, 1.12) 0.46
Model 3 0.99 (0.77, 1.27) 0.98 (0.85, 1.13) 0.91
Model 4 0.99 (0.77, 1.28) 0.98 (0.85, 1.13) 0.90
Model 5 1.00 (0.77, 1.29) 0.98 (0.85, 1.13) 0.91

Tobacco use in pregnancy
Model 1 1.22 (0.99, 1.46) 1.17 (1.04, 1.32) 0.83
Model 2 1.10 (0.90, 1.36) 1.10 (0.97, 1.25) 0.85
Model 3 0.92 (0.74, 1.13) 0.97 (0.85, 1.11) 0.65
Model 4 0.93 (0.75, 1.14) 0.97 (0.85, 1.11) 0.70
Model 5 0.93 (0.75, 1.16) 0.99 (0.86, 1.13) 0.70

Model 1: Unadjusted.
Model 2: Adjusted by sex, social class, parity, ethnicity, house ownership, and crowding.
Model 3: Model 2� maternal and paternal education.
Model 4: Model 3� paternal and maternal smoking in the regression for the association with alcohol, and paternal and maternal drinking in the regression

for the association with smoking.
Model 5: Model 4� paternal effects in the maternal model and maternal effects in the paternal model.
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reporting higher frequency of “binge” drinking in pregnancy
tended to have lower educational attainment whereas fathers
reporting higher alcohol consumption had higher educational
attainment (Tables S1–S6, supplementary material online at
www.pedreserach.org). Parental educational attainment was
strongly associated with offspring IQ.

We also explored associations for mothers’ exposures only
and did not restrict the analysis sample to those with partner
data. In this analysis, there was some evidence that the
exclusion of those who did not have paternal data might have
resulted in an underestimation of the association of maternal
“binge” drinking with child’s IQ, though there was no strong
statistical evidence of an association even in this group.
Nonetheless, few women in this study reported “binge” drink-
ing in early pregnancy. Therefore, our results should not be
interpreted as showing that “binge” drinking does not affect
child’s IQ, but larger studies with greater variation in alcohol
consumption in mothers and fathers recorded across the whole
period of pregnancy are required to explore this further.

Both maternal and paternal tobacco consumption during
pregnancy were associated with lower offspring IQ in univa-
riable analyses (Table 3), but again this effect or any difference
in effect between maternal and paternal tobacco consumption,
was no longer seen after adjustment for parental education
(Tables 4 and 5). Thus, our findings provide no strong evi-
dence for the assertion that intrauterine exposure to tobacco
affects offspring cognitive development and later IQ.

We used data from the ALSPAC longitudinal study, one of
the few, large studies in the world with the capacity to adopt
a robust methodological approach to test the effect of residual
confounding due to paternal, environmental, and social influ-
ences.

Our findings should be considered in the context of some
limitations, the most notable of which was the extent of
missing data both due to loss to follow-up in the cohort and
missing paternal data. To address this limitation, we have
presented analysis on a dataset with 20 imputed datasets.
These results suggest that our overall conclusions are not
importantly influenced by selection bias due to missing data.
Like most previous studies, we used self-reports of alcohol
and tobacco use in pregnancy, which were not validated by
objective measurements of cotinine levels (in the case of
tobacco use) or biomarkers such as gamma-glutamyltrans-
ferase (in the case of alcohol use). Any measurement error in
these exposures is likely to be nondifferential with respect to
our outcome measure of childhood IQ, which would have the
expectation of underestimating any associations. Our study
has several conclusions. First, we have confirmed findings
from previous studies that parental education is a major
determinant of child IQ. Second, our findings suggest that
once parental education is taken into account there is no strong
evidence of an intrauterine effect of moderate alcohol con-
sumption and smoking in early pregnancy on childhood IQ.
These two findings together highlight the importance of prop-
erly adjusting for parental education in these associations.
This requires adjusting for education in both parents and using
a detailed graded measure of education because parental ed-
ucation is associated in a graded way with child’s IQ. Finally,

our study shows that very few women drink excessively
throughout pregnancy, which means that very large studies are
required to determine the precise detrimental effects of exces-
sive maternal and prolonged alcohol consumption in preg-
nancy. Although our findings do not suggest that maternal
smoking during pregnancy has a direct effect on offspring IQ,
it is clear that young women should be supported not to smoke
both for their own health and that of their offspring. Therefore,
our results in no way contradict the sound advice to pregnant
women that they limit alcohol consumption (some authorities
recommend to abstain from alcohol altogether) (29) while
pregnant.
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