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ABSTRACT
Background This study examines the relationship
between light drinking during pregnancy and the risk of
socioemotional problems and cognitive deficits at age
5 years.
Methods Data from the nationally representative
prospective UK Millennium Cohort Study (N¼11 513)
were used. Participants were grouped according to
mothers’ reported alcohol consumption during
pregnancy: never drinker; not in pregnancy; light;
moderate; heavy/binge. At age 5 years the strengths and
difficulties questionnaire (SDQ) and British ability scales
(BAS) tests were administered during home interviews.
Defined clinically relevant cut-offs on the SDQ and
standardised scores for the BAS subscales were used.
Results Boys and girls born to light drinkers were less
likely to have high total difficulties (for boys 6.6% vs
9.6%, OR¼0.67, for girls 4.3% vs 6.2%, OR¼0.69) and
hyperactivity (for boys 10.1% vs 13.4%, OR¼0.73, for
girls 5.5% vs 7.6%, OR¼0.71) scores compared with
those born to mothers in the not-in-pregnancy group.
These differences were attenuated on adjustment for
confounding and mediating factors. Boys and girls born
to light drinkers had higher mean cognitive test scores
compared with those born to mothers in the
not-in-pregnancy group: for boys, naming vocabulary (58
vs 55), picture similarities (56 vs 55) and pattern
construction (52 vs 50), for girls naming vocabulary (58
vs 56) and pattern construction (53 vs 52). Differences
remained statistically significant for boys in naming
vocabulary and picture similarities.
Conclusions At age 5 years cohort members born to
mothers who drank up to 1e2 drinks per week or per
occasion during pregnancy were not at increased risk of
clinically relevant behavioural difficulties or cognitive
deficits compared with children of mothers in the
not-in-pregnancy group.

The link between heavy alcohol consumption
during pregnancy and health and developmental
problems in children is well established.1 We
recently reported that light alcohol consumption
during pregnancy was not associated with an
increased risk of behavioural difﬁculties or cognitive
deﬁcits at 3 years of age.2 However, it is not clear
whether these associations remain constant
throughout childhood or change over time, and
other work suggests possible ‘sleeper’ effects
whereby developmental problems associated with
maternal drinking during pregnancy may emerge
later in childhood.3 4
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In this paper we do two things to advance work
in this area: ﬁrst, we examine the relationship
between light drinking during pregnancy and the
risk of socioemotional problems and cognitive
deﬁcits at age 5 years; and second, we reﬁne our
analysis of maternal drinking during pregnancy by
disaggregating the non-drinking category into two
groups, those who never drink, that is ‘teetotallers’,
and those who did not drink alcohol during pregnancy but otherwise drink. We used data from the
Millennium Cohort Study (MCS).

METHODS
The Millennium Cohort Study
The MCS is a nationally representative longitudinal
study of infants born in the UK. The sample was
drawn from births in the UK between September
2000 and January 2002. The survey design,
recruitment process and ﬁeldwork have been
described in detail elsewhere.5 Brieﬂy, 18 552
households agreed to participate in the ﬁrst sweep
of the survey, an interview response rate of 85%.
Households were identiﬁed through the Department of Work and Pensions child beneﬁt system
and were selected on the basis of where the family
was resident shortly after the time of birth. The
sample has a probability design and is clustered at
the electoral ward level such that disadvantaged
residential areas are over-represented.
The ﬁrst sweep of the survey involved home
visits by interviewers when cohort members were
aged 9 months. Questions were asked about
mothers’ drinking during pregnancy, other healthrelated behaviours, socioeconomic circumstances
and household composition. Sweeps two and three
of the survey took place when cohort members
were aged approximately 3 and 5 years. At the age
5 years home visit cognitive assessments were
carried out by trained interviewers and questions
were asked about the cohort members’ social and
emotional behaviour, socioeconomic factors and the
psychosocial environment of the family.
Ethical approval for the MCS was gained from
the relevant ethics committees and parents gave
informed consent before interviews took place, and
separate written consent for cognitive assessments.

Mothers’ drinking
During the ﬁrst data sweep mothers were asked
about whether they drank alcohol during pregnancy (every day, 5e6, 3e4, 1e2 days per week,
1e2 times per month, less than once per month,
never). If the mother drank at least once or twice
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per week she was asked: ‘In an average week, how many units of
alcohol did you drink?’ If she drank once or twice per month or
less than once per month she was asked: ‘On the days when you
did drink alcohol, on average how many units did you drink in
a day?’ Mothers were told: ‘By a unit I mean, half a pint of beer,
a glass of wine, or a single measure of spirit or liqueur.’
There are no widely agreed criteria on the levels of alcohol
that constitute light or moderate drinking. We deﬁned light and
heavy/binge drinking on the criteria outlined by the National
Alcohol Strategy.6 Moderate drinking was deﬁned as alcohol
consumption at levels greater than light drinking, and less than
heavy/binge drinking.
Another methodological concern comes from the observation
that, in epidemiological studies drinking categories are heterogeneous in multiple ways. For example, in the current context
non-drinkers are composed of mothers who never drink alcohol
(so called ‘teetotallers’) and those that did not drink during their
pregnancy but otherwise do drink alcohol. Moreover, in this
particular context, if an experimental study design such as
a randomised controlled trial were feasible, it would not necessarily make sense to include teetotallers in the study, and such
a trial would only recruit participants who drank alcohol. In this
scenario participants would be randomly assigned either to stop
drinking or to be light drinkers. It follows that a more rigorous
approach would be to reﬁne the analysis of our observational
data by disaggregating the non-drinkers into two groups:
teetotallers and those who otherwise drink but not in pregnancy, and thus use the latter as the comparison group in
multivariate analysis.
When cohort members were aged 9 months and 5 years
mothers were asked about their current drinking patterns. We
used these data to disaggregate the non-drinkers into two
groups: never drinkersdreported not drinking in pregnancy, and
when cohort members were aged 9 months and 5 years, and
those who reported not drinking during pregnancy but did
report drinking alcohol at the 9 month or 5 year interviews.
In this paper drinking categories are thus deﬁned as follows:
< Never drinker (teetotallers)
< Not in pregnancy
< Light, not more than 1e2 units per week or per occasion
< Moderate, not more than 3e6 units per week or 3e5 units
per occasion
< Heavy/binge, 7 or more units per week or 6 or more units per
occasion.

Behavioural and emotional problems
When cohort members were approximately 5 years old, parents
were asked to complete the strengths and difﬁculties questionnaire (SDQ) age 4e15 years version (http://www.sdqinfo.com).
The SDQ asks questions about ﬁve domains of behaviour,
namely: conduct problems; hyperactivity; emotional symptoms;
peer problems and pro-social behaviour. The SDQ is a validated
tool that has been shown to compare favourably with other
measures for identifying hyperactivity and attention problems.7 8
This paper focuses on aspects of behaviour, for example conduct
problems and hyperactivity, previously linked to mothers’
drinking during pregnancy.3 9e14 Scores from the conduct problems, hyperactivity, emotional symptoms and peer problems
subscales were summed to construct a total difﬁculties score.
Clinically relevant cut points for problem behaviours were
determined as the top 10% of all MCS children with SDQ data at
age 5 years.7 Cut points used were as follows: total difﬁculties
$15; hyperactivity $7; conduct problems $4; emotional
symptoms $4; peer problems $4.
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Cognitive ability assessments
Cognitive ability at 5 years was assessed using widely validated,
age-appropriate tests from the British ability scale (BAS): the
naming vocabulary, picture similarities and pattern construction
subscales.15 The naming vocabulary subscale assesses expressive
language and knowledge of names in English, the picture similarities subscale assesses pictorial reasoning and the pattern
construction subscale assesses spatial skills. These subscales tap
into the three most signiﬁcant aspects of information
processing: verbal reasoning, non-verbal reasoning and spatial
abilities.16 Mean age standardised T-score values for BAS
subscales are reported. T-scores have a mean of 50 and SD of 10,
and a range of 20 to 80. A cohort member with a T-score of 50
thus scored at the mean for the standardisation sample, while
a cohort member with a T-score of 60 scored one SD above the
mean and a cohort member with a T-score of 40 scored one SD
below the mean for the standardisation sample. For the study
sample gender-speciﬁc values were calculated for the mean and
SD and these were used to generate Z-scores for each subscale.
Z-scores were used in the analysis to aid model comparability.

Explanatory factors
Mother and infant, socioeconomic and family psychosocial
factors that were hypothesised to confound or mediate the
relationship between mothers’ drinking and child behavioural
and cognitive development were considered in explanatory
models. Mother and infant confounding factors were: mother’s
age; number of children in the household at sweep 3; whether
the pregnancy was planned; whether the mother smoked during
pregnancy; the child’s gender, birth weight and current age.
Socioeconomic confounding factors were: highest parental
occupation at sweep 1, highest parental educational qualiﬁcation
at sweep 1 and parental income at sweep 3. Family psychosocial
markers hypothesised to mediate the relationship were from the
sweep 3 interview: mother’s current mental health (K6 questionnaire)17; parental discipline strategies (sum of frequency of
ignoring, smacking, shouting, sending to the ‘naughty chair’,
removing treats, telling off and bribing with response categories
as never, rarely, sometimes w1/month, often 1e6/week, daily);
competence (whether the mother felt she was: not very good at
being a parent; a person who has some trouble being a parent; an
average parent; a better than average parent; a very good parent);
closeness to the child (how close the mother felt to her child: not
very, fairly, very, extremely) and whether the child was made to
follow instructions (how often parent makes sure that child
follows instructions or requests: never/almost never, less than
half the time, more than half the time, all the time); and
whether or not the mother currently drank alcohol.

Data analysis
Behavioural and cognitive outcomes and drinking in pregnancy
are known to be moderated by ethnicity and multiple births.18 19
Therefore we analysed data for all white singleton infants whose
mothers participated in sweeps 1 and 3 of the MCS for whom
data on drinking during pregnancy were available (n¼12 294).
Behavioural outcome data at age 5 years were available for total
difﬁculties (n¼12 079), conduct problems (n¼12 161), hyperactivity (n¼12 125), emotional symptoms (n¼12 149) and peer
problems (n¼12 132). Cognitive test data were available for:
naming vocabulary (n¼12 110), picture similarities (n¼12 099),
pattern construction (n¼12 059) cohort members. Missing data
for explanatory factors of interest for behavioural outcomes
reduced the sample to: total difﬁculties (n¼11 450; 94.8%);
conduct problems (n¼11 511; 94.7%); hyperactivity (n¼11 485;
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Table 1

Mother, infant, socioeconomic and psychosocial markers by patterns of mothers’ drinking during pregnancy
Category of drinking

Infant’s gender, %
Male
Birth weight (kg), (mean)***
Mother’s age at time of birth (years), %***
13e19
20e24
25e29
30e34
35e39
40 plus
No of children in the household, %***
1
2
3+
Mother smoked during pregnancy, %***
Yes
Pregnancy planned, %***
Yes
Family income, %***
£52 000 or more
£32 200e51 999
£20 800e32 199
£10 400e20 799
Less than £10 400
Don’t know
Refused
Highest parental educational qualification, %***
Higher degree
First degree/diploma
A/AS levels
GCSE grades AeC
GCSE grades DeG
Other/overseas
None
Highest parental occupation, %***
Managerial and professional
Intermediate
Small employer and self-employed
Low supervisory & technical
Semi-routine and routine
Never worked, long-term unemployed and
other unclassified
Mother currently drinks, %***
Yes
Mother’s K6 score, (mean) ***
Parental discipline, (mean)***
Mother’s parenting competence, %**
Very good
Better than average
Average
Some trouble
Not very good
Mother makes sure child obeys instructions, %
All of the time
More than half of the time
About half of the time
Less than half of the time
Never/almost never
Mother’s closeness to child, %*
Extremely close
Very close
Fairly close
Not very close

Never n[680

Not in pregnancy n[6935

Light n[2981

Moderate n[633

Heavy/binge n[284

53.6
3.368

50.6
3.395

51.8
3.449

49.6
3.413

51.1
3.325

7.8
17.7
31.4
27.1
14.0
2.0

9.1
17.4
29.1
29.6
13.2
1.6

4.8
10.2
27.5
36.4
18.5
2.6

7.0
13.0
23.5
33.2
19.0
4.4

13.1
21.3
23.3
22.4
17.5
2.4

12.7
40.0
47.3

17.8
50.5
31.7

14.7
54.8
30.6

13.7
42.8
43.4

27.5
44.5
28.0

33.2

23.1

16.8

29.9

44.6

50.9

57.7

65.4

52.4

48.1

4.1
14.8
20.0
32.0
19.5
8.5
1.2

8.6
21.4
23.9
24.9
13.9
5.6
1.7

16.6
27.7
21.0
17.9
9.1
5.9
1.8

13.7
24.5
19.1
22.8
12.9
4.9
2.2

8.1
18.4
18.5
25.4
20.7
8.3
0.5

3.8
26.9
15.5
31.2
5.7
3.0
14.0

5.1
35.2
18.0
28.1
6.2
0.8
6.4

11.1
46.4
15.2
20.1
3.4
0.7
3.2

7.2
38.8
14.2
25.5
4.2
0.8
9.2

6.0
31.9
18.6
27.0
6.7
0.6
9.3

11.9
10.7
6.3
10.2
55.1
5.8

19.0
12.8
8.1
11.0
46.0
3.1

32.9
14.0
10.6
9.0
31.6
1.9

25.3
14.0
8.8
6.0
42.0
3.9

19.8
11.5
8.1
10.2
43.6
6.8

0.0
3.4
10.5

92.4
3.0
11.5

96.3
2.9
12.0

94.1
3.2
11.9

94.2
3.2
12.2

35.1
21.9
39.0
3.3
0.7

31.7
27.9
36.8
3.2
0.4

26.0
32.7
37.5
3.4
0.3

27.6
31.1
38.5
2.5
0.2

31.0
25.8
38.7
4.4
0.2

53.8
24.0
12.8
7.1
2.3

54.9
29.4
9.1
4.9
1.6

51.5
35.0
9.2
3.2
1.2

48.9
32.7
11.7
5.5
1.3

55.4
29.7
7.9
5.6
1.5

71.6
25.0
3.2
0.2

72.8
24.4
2.6
0.2

69.8
27.3
2.9
0.1

66.8
30.2
3.0
0.0

70.0
26.5
3.4
0.1

*p<0.05; **p<0.01; ***p<0.001.
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94.7%); emotional symptoms (n¼11 503; 94.7%) and peer
problems (n¼11 481; 94.6%); and for naming vocabulary
(n¼11 370; 93.9%), for picture similarities (n¼11 360; 93.9%)
and pattern construction (n¼11 330; 93.9%).
Cohort members whose families participated in MCS sweep 1
but not in sweep 3 were more likely to be from disadvantaged
backgrounds. Their mothers were younger, more likely to be
lone parents, and have lower incomes compared with mothers
who took part in both sweeps (appendix 1).
Multivariate analyses are based on the cases with complete
data on relevant variables using Stata version 11.0. The SVY
command was used together with survey weights throughout to
take account of the clustered sample design, the unequal probability of being sampled and survey non-response.
Logistic regression models were used to investigate the relative
importance of mother and infant, socioeconomic and family
psychosocial factors on the likelihood of behavioural difﬁculties
in children according to mothers’ drinking in pregnancy category.
Linear regression models investigate relationships between
mother and infant, socioeconomic and family psychosocial
factors to cognitive ability scores. There were gender differences
in behavioural problems and cognitive ability scores and so
models are presented for boys and girls separately. We hypothesised that mother and infant and socioeconomic factors would
confound the association between mother’s drinking and child
outcomes, whereas psychosocial factors would mediate this
relationship, so adjustment was done separately for different
types of factors. Behavioural outcome models adjust for age at
sweep 3, cognitive outcome models do not as individual scores
are age standardised. Model A shows the unadjusted associations,
model B additionally adjusts for mother and infant factors, model
C for socioeconomic markers, model D for family psychosocial
environment and model E simultaneously adjusts for all factors.

RESULTS
A total of 5.9% of mothers never drank alcohol, 60.2% did not
drink in pregnancy and 25.9%, 5.5% and 2.5% were categorised
as light, moderate and heavy/binge drinkers, respectively. Light
drinkers were more socioeconomically advantaged compared
with mothers in all other categories. The socioeconomic proﬁle
of mothers in the ‘not-in-pregnancy’ group was more advantaged than the ‘never-drinker’ group but less advantaged than
the ‘light’ drinking group (table 1).
Boys were more likely than girls to have high total difﬁculties
(9.3% vs 6.0%), conduct problems (11.2% vs 7.9%), hyperactivity (12.8% vs 7.1%) and peer problems (7.3% vs 5.1%) scores.
Girls were more likely to have high emotional symptom scores
compared with boys (9.5% vs 8.7%). Girls had higher mean
cognitive ability test scores compared with boys, naming
vocabulary (56.3 vs 55.7), picture similarities (56.2 vs 55.1) and
pattern construction (52.0 vs 50.4).
Boys and girls born to light drinkers were less likely to have
high total difﬁculties (for boys 6.6% vs 9.6%, OR¼0.67, 95% CI
0.53 to 0.86; for girls 4.3% vs 6.2%, OR¼0.69, CI 0.50 to 0.96)
and hyperactivity (for boys 10.1% vs 13.4%, OR¼0.73, CI 0.58
to 0.91; for girls 5.5% vs 7.6%, OR¼0.71, CI 0.53 to 0.94) scores
compared with those born to mothers in the not-in-pregnancy
group (table 2). These differences were attenuated on adjustment for mother and infant, and socioeconomic factors and in
fully adjusted models.
Boys born to light drinkers had higher mean cognitive test
scores compared with those born to mothers in the not-in-pregnancy group: naming vocabulary (57.5 vs 55.1), picture similari4 of 8

ties (56.3 vs 54.6) and pattern construction (51.6 vs 50.0) and the
differences for naming vocabulary and picture similarities
remained statistically signiﬁcant in fully adjusted models. Girls
born to light drinkers compared with those born to mothers in the
not-in-pregnancy group had higher mean scores on the naming
vocabulary (57.6 vs 56.0) and pattern construction (53.0 vs 51.7)
subscales, but differences were attenuated on adjustment for
socioeconomic factors and in fully adjusted models (table 3).

DISCUSSION
Main findings
In this large nationally representative study of 5 year olds there
appeared to be no increased risk of socioemotional difﬁculties or
cognitive deﬁcits in children born to light drinkers compared with
children born to mothers in the not-in-pregnancy group. After
adjustment for a range of confounding and mediating variables
boys born to light drinkers had higher cognitive ability scores
compared with those with mothers in the not-in-pregnancy group.

Strengths and limitations
We report ﬁndings from a large nationally representative sample
of 5-year-old children, and these results are consistent with our
previous work that suggested a U-shaped relationship between
maternal drinking in pregnancy and developmental outcomes in
3-year-old children2 and those from other studies.11 20e22 The
apparent U-shaped relationship between alcohol consumption
and the risk of mortality and chronic disease in adults has been
widely documented, and while the underlying relationship is not
clear, it has been hypothesised that never drinkers are somehow
different from others in their health and social proﬁles.23 Data
on drinking during pregnancy were collected when cohort
members were aged 9 months, and although some studies report
that retrospective recall of alcohol consumption is reliable,24 25 it
is possible that the measure used in this study was prone to
recall bias. In addition, when not pregnant approximately 94%
of our sample usually drank but only approximately 34% of
mothers reported drinking during pregnancy, and it is not clear
what proportion of women stopped drinking before conception
or before pregnancy recognition. On the other hand, the current
analysis also shows that children born to mothers in the heavy/
binge drinking category were more likely to have hyperactivity,
conduct and emotional problems compared with children born
to mothers who did not drink during pregnancy, although cell
sizes were small and statistical differences were attenuated on
adjustment for confounding and mediating factors. This
consistency with other studies26 27 strengthens the validity of
our ﬁndings.
The drinking categories used were heterogeneous in terms of
the amounts of alcohol mothers reported consuming during
pregnancy. We attempted to remove some of the inherent
heterogeneity of the abstinent group by disaggregating into two
groups: the teetotallers and those who did not drink during
pregnancy but who otherwise did drink alcohol, and we used the
latter as the baseline comparison group. Thereby, in terms of
socioeconomic maternal and psychosocial proﬁles the baseline
group were more comparable with the light drinking group than
would be the case if the non-drinkers were combined. A clear
strength of this study is that a wide range of hypothesised
socioeconomic confounding and psychosocial mediating factors
were accounted for in multivariate models. Children’s social and
emotional behaviours and cognitive abilities are heavily inﬂuenced by the social environment, and social gradients in markers
of child development are evident.28 29 The mechanisms through
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Table 2
Boys

Prevalence (%) and OR (95% CI) for high behavioural difficulties scores
Prevalence

Total difficulties, n¼5864
Never
14.6
Not in pregnancy
9.6
Light
6.6
Moderate
10.7
Heavy/binge
15.7
Conduct problems, n¼5896
Never
14.8
Not in pregnancy
10.8
Light
10.0
Moderate
14.7
Heavy/binge
18.1
Hyperactivity, n¼5883
Never
15.9
Not in pregnancy
13.4
Light
10.1
Moderate
12.6
Heavy/binge
19.6
Emotional symptoms, n¼5892
Never
13.6
Not in pregnancy
8.5
Light
7.4
Moderate
9.2
Heavy/binge
15.4
Peer problems, n¼5882
Never
10.9
Not in pregnancy
7.7
Light
6.3
Moderate
5.2
Heavy/binge
5.6
Girls
Total difficulties, n¼5586
Never
8.2
Not in pregnancy
6.2
Light
4.3
Moderate
8.5
Heavy/binge
8.4
Conduct problems, n¼5615
Never
11.2
Not in pregnancy
7.9
Light
6.6
Moderate
9.5
Heavy/binge
13.2
Hyperactivity, n¼5602
Never
8.7
Not in pregnancy
7.6
Light
5.5
Moderate
7.0
Heavy/binge
10.2
Emotional symptoms, n¼5611
Never
12.1
Not in pregnancy
9.6
Light
8.8
Moderate
9.6
Heavy/binge
9.9

Model A

Model B

1.61
Ref
0.67
1.15
1.76

(1.11 to 2.34)

1.42
Ref
0.92
1.43
1.82

(0.98 to 2.07)

1.22
Ref
0.73
0.92
1.57

(0.84 to 1.77)

1.69
Ref
0.87
1.10
1.96

(1.16 to 2.46)

1.46
Ref
0.80
0.66
0.71

(0.92 to 2.32)

1.36
Ref
0.69
1.42
1.39

(0.82 to 2.25)

1.46
Ref
0.81
1.22
1.77

(0.97 to 2.21)

1.16
Ref
0.71
0.92
1.38

(0.68 to 1.98)

1.29
Ref
0.91
1.00
1.01

(0.84 to 1.98)

(0.53 to 0.86)
(0.77 to 1.71)
(1.09 to 2.82)

(0.74 to 1.15)
(0.99 to 2.07)
(1.14 to 2.89)

(0.58 to 0.91)
(0.61 to 1.39)
(1.05 to 2.34)

(0.68 to 1.12)
(0.67 to 1.80)
(1.18 to 3.23)

(0.62 to 1.03)
(0.36 to 1.22)
(0.37 to 1.38)

(0.50 to 0.96)
(0.92 to 2.20)
(0.68 to 2.85)

(0.61 to 1.08)
(0.80 to 1.86)
(1.01 to 3.11)

(0.53 to 0.94)
(0.59 to 1.45)
(0.71 to 2.66)

(0.72 to 1.16)
(0.66 to 1.50)
(0.55 to 1.95)

Model C

1.51
Ref
0.82
1.19
1.40

(1.03 to 2.20)

1.27
Ref
1.12
1.45
1.51

(0.87 to 1.87)

1.15
Ref
0.86
0.98
1.35

(0.79 to 1.67)

1.65
Ref
0.97
1.18
1.81

(1.12 to 2.43)

1.37
Ref
0.89
0.65
0.59

(0.86 to 2.17)

1.09
Ref
0.88
1.28
0.96

(0.64 to 1.87)

1.17
Ref
0.99
1.09
1.32

(0.77 to 1.79)

1.01
Ref
0.86
0.88
1.04

(0.58 to 1.75)

1.17
Ref
1.02
0.95
0.91

(0.76 to 1.79)

(0.64 to 1.04)
(0.80 to 1.78)
(0.85 to 2.31)

(0.89 to 1.40)
(0.99 to 2.13)
(0.95 to 2.43)

(0.68 to 1.05)
(0.64 to 1.48)
(0.90 to 2.02)

(0.75 to 1.25)
(0.73 to 1.91)
(1.08 to 3.02)

(0.69 to 1.14)
(0.35 to 1.18)
(0.31 to 1.14)

(0.62 to 1.24)
(0.82 to 1.99)
(0.45 to 2.04)

(0.74 to 1.33)
(0.71 to 1.66)
(0.70 to 2.48)

(0.65 to 1.15)
(0.56 to 1.39)
(0.54 to 2.02)

(0.80 to 1.29)
(0.64 to 1.42)
(0.48 to 1.72)

Model D

1.31
Ref
0.91
1.32
1.63

(0.88 to 1.95)

1.18
Ref
1.16
1.59
1.69

(0.81 to 1.73)

1.05
Ref
0.90
1.02
1.52

(0.71 to 1.57)

1.53
Ref
1.01
1.22
1.83

(1.03 to 2.27)

1.22
Ref
0.94
0.71
0.62

(0.77 to 1.91)

0.95
Ref
1.01
1.38
1.26

(0.57 to 1.59)

1.00
Ref
1.13
1.14
1.63

(0.64 to 1.59)

0.82
Ref
0.96
0.91
1.28

(0.48 to 1.39)

1.07
Ref
1.09
0.98
0.96

(0.69 to 1.64)

(0.71 to 1.17)
(0.87 to 1.99)
(0.99 to 2.68)

(0.93 to 1.45)
(1.09 to 2.33)
(1.05 to 2.71)

(0.72 to 1.12)
(0.68 to 1.54)
(0.99 to 2.31)

(0.78 to 1.33)
(0.74 to 2.01)
(1.10 to 3.06)

(0.73 to 1.21)
(0.38 to 1.33)
(0.31 to 1.23)

(0.72 to 1.42)
(0.88 to 2.16)
(0.58 to 2.74)

(0.84 to 1.51)
(0.75 to 1.73)
(0.86 to 3.07)

(0.72 to 1.28)
(0.57 to 1.44)
(0.64 to 2.55)

(0.86 to 1.40)
(0.66 to 1.47)
(0.50 to 1.84)

Model E

1.27
Ref
0.66
1.07
1.86

(0.75 to 2.16)

1.45
Ref
0.89
1.32
1.82

(0.87 to 2.41)

1.05
Ref
0.69
0.82
1.52

(0.67 to 1.65)

1.25
Ref
0.90
1.07
2.01

(0.73 to 2.12)

1.29
Ref
0.83
0.62
0.70

(0.68 to 2.43)

1.23
Ref
0.67
1.35
1.15

(0.60 to 2.52)

1.04
Ref
0.81
1.14
1.46

(0.55 to 1.96)

0.72
Ref
0.70
0.84
1.19

(0.35 to 1.49)

1.28
Ref
0.93
0.96
0.92

(0.70 to 2.33)

(0.50 to 0.85)
(0.71 to 1.61)
(1.03 to 3.38)

(0.70 to 1.14)
(0.87 to 2.00)
(1.00 to 3.30)

(0.55 to 0.87)
(0.54 to 1.23)
(0.95 to 2.43)

(0.68 to 1.17)
(0.65 to 1.75)
(1.14 to 3.56)

(0.64 to 1.08)
(0.32 to 1.21)
(0.35 to 1.40)

(0.46 to 0.98)
(0.85 to 2.14)
(0.56 to 2.37)

(0.59 to 1.09)
(0.67 to 1.91)
(0.79 to 2.72)

(0.52 to 0.95)
(0.51 to 1.37)
(0.63 to 2.26)

(0.72 to 1.19)
(0.62 to 1.47)
(0.49 to 1.74)

1.29
Ref
0.77
1.10
1.63

(0.74 to 2.27)

1.50
Ref
1.06
1.34
1.55

(0.86 to 2.62)

1.11
Ref
0.81
0.87
1.43

(0.69 to 1.78)

1.25
Ref
0.95
1.17
2.02

(0.72 to 2.17)

1.20
Ref
0.88
0.62
0.59

(0.64 to 2.23)

1.18
Ref
0.89
1.22
1.03

(0.54 to 2.58)

0.86
Ref
1.00
0.97
1.30

(0.45 to 1.67)

0.67
Ref
0.87
0.83
1.05

(0.32 to 1.39)

1.26
Ref
1.03
0.93
0.89

(0.68 to 2.32)

(0.59 to 1.01)
(0.71 to 1.70)
(0.92 to 2.89)

(0.83 to 1.35)
(0.87 to 2.06)
(0.89 to 2.71)

(0.64 to 1.01)
(0.57 to 1.34)
(0.91 to 2.26)

(0.72 to 1.26)
(0.71 to 1.93)
(1.16 to 3.52)

(0.68 to 1.15)
(0.32 to 1.20)
(0.29 to 1.19)

(0.60 to 1.32)
(0.74 to 1.99)
(0.47 to 2.27)

(0.72 to 1.39)
(0.57 to 1.65)
(0.64 to 2.62)

(0.64 to 1.18)
(0.50 to 1.38)
(0.55 to 1.97)

(0.79 to 1.34)
(0.61 to 1.42)
(0.46 to 1.72)

Continued
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Continued

Boys

Prevalence

Peer problems, n¼5599
Never
Not in pregnancy
Light
Moderate
Heavy/binge

7.2
5.3
4.2
5.7
6.0

Model A
1.39
Ref
0.78
1.07
1.13

Model B
(0.80 to 2.43)
(0.57 to 1.08)
(0.56 to 2.05)
(0.49 to 2.64)

1.31
Ref
0.88
1.04
0.92

Model C
(0.75 to 2.31)
(0.63 to 1.22)
(0.54 to 2.01)
(0.39 to 2.14)

1.12
Ref
0.97
1.08
1.03

Model D
(0.63 to 1.98)
(0.70 to 1.36)
(0.56 to 2.07)
(0.43 to 2.48)

1.48
Ref
0.79
0.98
0.99

Model E
(0.72 to 3.03)
(0.57 to 1.11)
(0.51 to 1.89)
(0.43 to 2.29)

1.51
Ref
0.91
1.00
0.92

(0.72 to 3.19)
(0.64 to 1.29)
(0.52 to 1.91)
(0.40 to 2.12)

Model A adjusts for child’s age.
Model B adjusts for child’s age, birth weight, mother’s age at time of birth, number of children in the household, mother smoked during pregnancy, pregnancy planned.
Model C adjusts for child’s age, birth weight, parental income, highest parental educational qualification, highest parental occupation.
Model D adjusts for child’s age, birth weight, mother’s K6 score, parental discipline, child made to follow instructions, mother’s parental competence, closeness of relationship between mother
and child, mother’s current drinking.
Model E adjusts for child’s age, birth weight, mother’s age at time of birth, number of children in the household, mother smoked during pregnancy, pregnancy planned, parental income, highest
parental educational qualification, highest parental occupation, mother’s K6 score, parental discipline, child made to follow instructions, mother’s parental competence, closeness of relationship
between mother and child, mother’s current drinking.

Table 3
Boys

Mean and Z-scores (95% CI) for BAS cognitive ability tests
Mean test
T-score

Naming vocabulary, n¼5815
Never
51.3
Not in pregnancy 55.1
Light
57.5
Moderate
56.1
Heavy/binge
55.9
Picture similarities, n¼5819
Never
53.3
Not in pregnancy 54.6
Light
56.3
Moderate
56.0
Heavy/binge
55.4
Pattern construction, n¼5796
Never
49.1
Not in pregnancy 50.0
Light
51.6
Moderate
50.7
Heavy/binge
49.7
Girls
Naming vocabulary, n¼5555
Never
53.8
Not in pregnancy 56.0
Light
57.6
Moderate
55.9
Heavy/binge
54.3
Picture similarities, n¼5541
Never
56.0
Not in pregnancy 56.0
Light
56.7
Moderate
56.6
Heavy/binge
54.4
Pattern construction, n¼5534
Never
50.0
Not in pregnancy 51.7
Light
53.0
Moderate
52.3
Heavy/binge
50.2

Model A
0.18
Ref
0.23
0.09
0.07
0.14
Ref
0.16
0.13
0.07

Model B
(0.33 to 0.03)
(0.16 to 0.30)
(0.05 to 0.24)
(0.13 to 0.27)
(0.27 to 0.00)
(0.09 to 0.23)
(0.01 to 0.27)
(0.11 to 0.25)

0.09
Ref
0.16
0.08
0.02

(0.23 to 0.05)

0.23
Ref
0.16
0.01
0.18

(0.38 to 0.08)

0.00
Ref
0.07
0.06
0.16
0.18
Ref
0.14
0.06
0.16

(0.09 to 0.23)
(0.06 to 0.21)
(0.23 to 0.18)

(0.09 to 0.23)
(0.15 to 0.13)
(0.35 to 0.01)
(0.15 to 0.15)
(0.00 to 0.14)
(0.08 to 0.20)
(0.36 to 0.04)
(033 to 0.03)
(0.07 to 0.20)
(0.07 to 0.19)
(0.35 to 0.03)

0.13
Ref
0.15
0.08
0.12
0.12
Ref
0.12
0.11
0.10

Model C
(0.26 to 0.00)
(0.09 to 0.22)
(0.07 to 0.23)
(0.07 to 0.32)
(0.24 to 0.01)
(0.05 to 0.18)
(0.03 to 0.25)
(0.09 to 0.28)

0.06
Ref
0.11
0.06
0.03

(0.19 to 0.07)

0.14
Ref
0.09
0.03
0.12

(0.28 to 0.01)

0.05
Ref
0.04
0.09
0.11
0.12
Ref
0.09
0.09
0.09

(0.04 to 0.17)
(0.07 to 0.20)
(0.17 to 0.22)

(0.02 to 0.16)
(0.10 to 0.16)
(0.29 to 0.05)
(0.10 to 0.20)
(0.03 to 0.11)
(0.05 to 0.23)
(0.30 to 0.08)
(0.27 to 0.03)
(0.03 to 0.15)
(0.03 to 0.21)
(0.28 to 0.10)

0.08
Ref
0.09
0.03
0.10
0.09
Ref
0.07
0.08
0.08
0.02
Ref
0.06
0.02
0.01

0.10
Ref
0.02
0.02
0.15
0.08
Ref
0.01
0.06
0.14
0.09
Ref
0.05
0.06
0.12

Model D
(0.21 to 0.06)
(0.02 to 0.15)
(0.12 to 0.18)
(0.09 to 0.29)
(0.22 to 0.05)
(0.01 to 0.14)
(0.05 to 0.21)
(0.10 to 0.25)
(0.15 to 0.11)
(0.01 to 0.13)
(0.12 to 0.16)
(0.19 to 0.21)

(0.23 to 0.04)
(0.05 to 0.09)
(0.14 to 0.10)
(0.31 to 0.02)
(0.06 to 0.22)
(0.08 to 0.06)
(0.08 to 0.19)
(0.33 to 0.05)
(0.23 to 0.04)
(0.02 to 0.12)
(0.05 to 0.17)
(0.31 to 0.06)

0.00
Ref
0.20
0.08
0.06
0.03
Ref
0.15
0.13
0.08
0.06
Ref
0.14
0.06
0.01

Model E
(0.18 to 0.18)
(0.13 to 0.27)
(0.06 to 0.22)
(0.14 to 0.26)
(0.14 to 0.21)
(0.08 to 0.22)
(0.00 to 0.27)
(0.10 to 0.26)
(0.13 to 0.24)
(0.07 to 0.21)
(0.07 to 0.20)
(0.22 to 0.19)

0.10
Ref
0.14
0.01
0.15

(0.29 to 0.08)

0.06
Ref
0.06
0.07
0.15

(0.12 to 0.25)

0.07
Ref
0.12
0.07
0.14

(0.07 to 0.21)
(0.12 to 0.14)
(0.33 to 0.02)

(0.02 to 0.13)
(0.07 to 0.21)
(0.35 to 0.06)
(0.26 to 0.12)
(0.05 to 0.18)
(0.05 to 0.20)
(0.33 to 0.06)

0.02
Ref
0.08
0.04
0.08
0.00
Ref
0.08
0.09
0.07
0.05
Ref
0.06
0.04
0.01

(0.18 to 0.14)
(0.01 to 0.14)
(0.10 to 0.19)
(0.11 to 0.26)
(0.17 to 0.18)
(0.01 to 0.14)
(0.04 to 0.23)
(0.10 to 0.24)
(0.13 to 0.23)
(0.01 to 0.13)
(0.10 to 0.18)
(0.18 to 0.21)

0.06
Ref
0.02
0.00
0.15

(0.24 to 0.11)

0.09
Ref
0.01
0.08
0.14

(0.09 to 0.28)

0.06
Ref
0.05
0.08
0.11

(0.05 to 0.09)
(0.12 to 0.12)
(0.31 to 0.01)

(0.07 to 0.06)
(0.06 to 0.21)
(0.33 to 0.05)
(0.24 to 0.12)
(0.01 to 0.12)
(0.04 to 0.19)
(0.29 to 0.08)

Model A is unadjusted.
Model B adjusts for birth weight, mother’s age at the time of birth, number of children in the household, mother smoked during pregnancy, pregnancy planned.
Model C adjusts for birth weight, parental income, highest parental educational qualification, highest parental occupation.
Model D adjusts for birth weight, mother’s K6 score, parental discipline, child made to follow instructions, mother’s parental competence, closeness of relationship between mother and child,
mother’s current drinking.
Model E adjusts for birth weight, mother’s age at the time of birth, number of children in the household, mother smoked during pregnancy, pregnancy planned, parental income, highest parental
educational qualification, highest parental occupation, mother’s K6 score, parental discipline, child made to follow instructions, mother’s parental competence, closeness of relationship between
mother and child, mother’s current drinking.
BAS, British ability scales.
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What is already known on this subject
The link between heavy alcohol consumption during pregnancy
and health and developmental problems in children is well
established. It has been reported that light alcohol consumption
during pregnancy is not associated with an increased risk of
behavioural difficulties or cognitive deficits in 3-year-old children.
However, there may be ‘sleeper’ effects, whereby developmental
problems associated with maternal drinking during pregnancy
emerge later in childhood.

born to mothers who drank not more than 1 or 2 units of
alcohol per week during pregnancy. However, causal inference
based on observational data is limited, and further work to tease
out aetiological relationships is needed.
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which the social milieu inﬂuence child development are complex
but include the mental health of parents, interactions between
care-giver and child and the learning environment (Kelly et al,
unpublished ﬁndings).30 In this study population light alcohol
consumption during pregnancy is a marker of relative socioeconomic advantage. Given this, it is perhaps not surprising to
ﬁnd that in our paper and another recent report by Alati and
colleagues22 adjustment for socioeconomic markers did most to
attenuate observed relationships between light drinking and
developmental outcomes. Therefore, rather than the direct
physicochemical nature of the intrauterine environment, it is
likely that social circumstances28e31 to a large part are responsible for the relatively low rates of subsequent behavioural
difﬁculties and the cognitive advantage in children whose
mothers were light drinkers.
Problem behaviours and cognitive deﬁcits in early childhood
have previously been shown to predict later behavioural and
educational outcomes.32 33 A strength of this study was that we
examined data on objective measures, collected by trained
observers, of cognitive ability for cohort members. On the other
hand, data on child behaviour were only available from a parent
report and it has been shown elsewhere that multi-informant
measures are more reliable for the clinical identiﬁcation of
problem behaviours.34 However, the SDQ is a validated tool, has
been shown to discriminate cases diagnosed according to the
Diagnostic and Statistical Manual of Mental Disorders, version
IV,35 and importantly we determined age-appropriate norms in
the current study by using the large MCS cohort data rather
than norms from a different age range. The cut points use the
same greater than 90th percentile cut-off criterion for clinical
relevance as used in the original norms.7 However, future work
may beneﬁt from the use of more in-depth assessments of
neuropsychological function.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

CONCLUSION
The ﬁndings of this paper and our previous work2 suggest that
up to the age of 5 years there is no increased risk of poor socioemotional or cognitive developmental outcomes in children

17.
18.
19.

What this study adds
At age 5 years children born to mothers who drank up to one to
two drinks per week during pregnancy were not at increased risk
of clinically relevant behavioural difficulties or cognitive deficits
compared with children born to mothers who did not drink during
pregnancy.

20.
21.
22.
23.

Jones KL, Smith DW, Ulleland CN, et al. Pattern of malformation in offspring of
chronic alcoholic mothers. Lancet 1973;301:1267e71.
Kelly Y, Sacker A, Gray R, et al. Light drinking in pregnancy, a risk for
behavioural problems and cognitive deficits at 3 years of age? Int J Epidemiol
2009;38:129e40.
Sayal K, Heron J, Golding J, et al. Prenatal alcohol exposure and gender differences
in childhood mental health problems: a longitudinal population-based study.
Pediatrics 2007;119:e426e34.
Streissguth AP, Sampson PD, Barr HM. Neurobehavioral dose-response effects of
prenatal alcohol exposure in humans from infancy to adulthood. Ann NY Acad Sci
1989;562:145e58.
Dex S, Joshi H. Children of the 21st century: from birth to 9 months. Bristol: The
Policy Press, 2005.
HM Government. Safe. Sensible. Sociable. The next steps in the National Alcohol
Strategy. London: Crown copyright, 2007.
Goodman R. The strengths and difficulties questionnaire: a research note. J Child
Psychol Psychiatry 1997;38:581e6.
Goodman R. Psychometric properties of the strengths and difficulties questionnaire.
J Am Acad Child Adolesc Psychiatry 2001;40:1337e45.
Sood B, Delaney-Black V, Covington C, et al. Prenatal alcohol exposure and childhood
behavior at age 6 to 7 years: I. Dose-response effect. Pediatrics 2001;108:1e9.
Jacobson SW, Jacobson JL, Sokol RJ, et al. Preliminary evidence of primary
socioemotional deficits in 7-year-olds prenatally exposed to alcohol. Alcohol Clin Exp
Res 1998;22:61A.
Linnet KM, Dalsgaard S, Obel C, et al. Maternal lifestyle factors in pregnancy risk of
attention deficit hyperactivity disorder and associated behaviors: review of the
current evidence. Am J Psychiatry 2003;160:1028e40.
O’Connor TG, Heron J, Golding J, et al. Maternal antenatal anxiety and children’s
behavioural/emotional problems at 4 years. Report from the Avon Longitudinal Study
of Parents and Children. Br J Psychiatry 2002;180:502e8.
D’Onofrio BM, Van Hulle CA, Waldman ID, et al. Causal inferences regarding
prenatal alcohol exposure and childhood externalising problems. Arch Gen Psychiatry
2007;64:1296e304.
Richardson GA, Ryan C, Willford J, et al. Prenatal alcohol and marijuana exposure:
effects on neuropsychological outcomes at 10 years. Neurotoxicol Teratol
2002;24:309e20.
Elliott CD, Smith P, McCulloch K. British Ability Scales Second Edition (BAS II):
administration and scoring manual. London: NFER-Nelson, 1996.
Hill V. Through the past darkly: a review of the British Ability Scales Second Edition.
Child Adolesc Ment Health 2005;10:87e98.
Kessler RC, Andrews G, Colpe LJ, et al. Short screening scales to monitor
population prevalences and trends in non-specific psychological distress. Psychol
Med 2002;32:959e76.
George A, Hansen K, Schoon I. Child behaviour and cognitive development. In:
Hansen K, Joshi H, eds. Millennium cohort study second survey: a user’s guide to
initial findings. London: Centre for Longitudinal Studies, University of London, 2007.
Panico L, Kelly Y, on behalf of the ETHINC team. Ethnic differences in childhood
cognitive development: findings from the Millennium Cohort Study (abstract).
J Epidemiol Community Health 2007;61:A36.
Fried PA, O’Connell CM, Watkinson MA. 60- and 72-month follow-up of children
prenatally exposed to marijuana, cigarettes, and alcohol: cognitive and language
assessment. J Dev Behav Pediatr 1992;13:383e91.
Testa M, Quigley BM, Eiden RD. The effects of prenatal alcohol exposure on infant
mental development: a meta-analytical review. Alcohol Alcohol 2003;38:295e304.
Alati R, Macleod J, Hickman M, et al. Intrauterine exposure to alcohol and tobacco
use and childhood IQ: findings from a parental-offspring comparison within the Avon
Longitudinal Study of Parents and Children. Pediatr Res 2008;64:659e66.
Corrao G, Rubbiati L, Bagnardi V, et al. Alcohol and coronary heart disease: a metaanalysis. Addiction 2000;95:1505e23.

Kelly YJ, Sacker A, Gray R, et al. J Epidemiol Community Health (2010). doi:10.1136/jech.2009.103002

7 of 8

Research report
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Jacobson SW, Chiodo LM, Sokol RJ, et al. Validity of maternal report of prenatal alcohol,
cocaine, and smoking in relation to neurobehavioral outcome. Pediatrics 2002;109:815e25.
Alvik A, Haldorsen T, Groholt B, et al. Alcohol consumption before and during pregnancy
comparing concurrent and retrospective reports. Alcohol Clin Exp Res 2006;30:510e15.
O’Leary C, Zubrick SR, Taylor CL, et al. Prenatal alcohol exposure and language delay in 2year-old children: the importance of dose and timing on risk. Pediatrics 2009;123:547e54.
Sayal K, Heron J, Golding J, et al. Binge pattern of alcohol consumption during
pregnancy and childhood mental health outcomes: longitudinal population-based
study. Pediatrics 2009;123:e289e96.
Kelly YJ, Nazroo JY, McMunn A, et al. Birthweight and behavioural problems in
children: a modifiable effect? Int J Epidemiol 2001;30:88e94.
Sacker A, Quigley M, Kelly YJ. Breastfeeding and developmental delay: findings
from the Millennium Cohort Study. Pediatrics 2006:118;e682e9.
Waldfogel J, Washbrook E. Early years policy. Paper prepared for Sutton TrustCarnegie Summit: Social Mobility and Education Policy, 2008. http://www.
suttontrust.com/reports/summit_report.pdf (accessed 23 August 2010).
Day NL, Zuo Y, Richardson GA, et al. Prenatal alcohol use and offspring size at 10
years of age. Alcohol Clin Exp Res 1999;23:863e9.
Spira EG, Fischel JE. The impact of preschool inattention, hyperactivity, and
impulsivity on social and academic development: a review. J Child Psychol Psychiatry
2005;46:755e73.
Pihlakoski L, Sourander A, Aromaa M, et al. The continuity of psychopathology from
early childhood to preadolescence. A prospective cohort study of 3e12-year-old
children. Eur Child Adolesc Psychiatry 2006;15:409e17.
Goodman R, Ford T, Simmons H, et al. Using the Strengths and Difficulties
Questionnaire (SDQ) to screen for child psychiatric disorders in a community sample.
Br J Psychiatry 2000;177:534e9.
Klasen H, Woerner W, Wolke D, et al. Comparing the German versions of the
Strengths and Difficulties Questionnaire (SDQ-Deu) and the Child Behavior Checklist.
Eur Child Adolesc Psychiatry 2000;9:271e6.

APPENDIX 1
Socioeconomic profiles of mothers lost to follow-up from sweep
1 of the MCS

Mother’s drinking during pregnancy, %
Never
Light
Moderate
Heavy/binge

Complete data
at sweeps 1 and 3

Lost to follow-up
at sweep 3

63.3
28.8
5.5
2.4

68.3
22.8
5.8
3.1

Continued
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Continued
Complete data
at sweeps 1 and 3
Mother’s age at the time of birth (years), %
13e19
6.6
20e24
13.6
25e29
27.8
30e34
33.6
35e39
16.2
40 plus
2.2
Mother smoked during pregnancy, %
Yes
20.6
Lone parenthood, %
Yes
11.4
Family income, %
£52 000 or more
7.6
£32 200e51 999
18.9
£20 800e32 199
23.3
£10 400e20 799
28.7
Less than £10 400
15.9
Don’t know/refused
5.6
Highest parental educational qualification, %
Higher degree
7.6
First degree/diploma
40.8
A/AS levels
16.8
GCSE grades AeC
24.5
GCSE grades DeG
4.6
Other/overseas
0.8
None
5.0
Highest parental occupation, %
Managerial and professional
24.9
Intermediate
13.3
Small employer and self-employed
9.2
Low supervisory and technical
10.3
Semi-routine and routine
39.7
Never worked, long-term unemployed
2.5
and other unclassified

Lost to follow-up
at sweep 3
11.6
21.6
26.2
26.9
11.8
2.0
28.7
20.9
5.5
11.6
16.4
30.2
28.3
8.0
5.3
27.1
16.7
29.4
8.0
1.4
12.1
17.0
12.1
6.6
9.3
48.8
6.2
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