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Objective: To identify the early life predictors of childhood intelligence.
Design: Cohort study of 10 424 children who were born in Aberdeen (Scotland) between 1950 and 1956.
Results: Social class of father around the time of birth, gravidity, maternal age, maternal physical
condition, whether the child was born outside of marriage, prematurity, intrauterine growth, and
childhood height were all independently associated with childhood intelligence at ages 7, 9, and 11. The
effect of social class at birth was particularly pronounced, with a graded linear association across the
distribution even with adjustment for all other covariates (p,0.001 for linear trend). Those from the lowest
social class (V) had intelligence scores that were on average 0.9–1.0 of a standard deviation lower than
those from the higher groups (I and II) at each of the three ages of intelligence testing. Collectively, the
early life predictors that were examined explained 16% of the variation in intelligence at each age.
Conclusions: Father’s social class around the time of birth was an important predictor of childhood
intelligence, even after adjustment for maternal characteristics and perinatal and childhood factors.
Studies of the association of childhood intelligence with future adult disease need to ensure that the
association is not fully explained by socioeconomic position.

hildhood intelligence is associated with a number of
important health outcomes in adulthood, including
cardiovascular disease,1–3 some cancers,2 and premature
mortality.2–5 For the most examined end point, total
mortality, the relation with early life IQ seems to be strong,
incremental, consistent across a number of study populations, and independent of childhood social circumstances.6
With intelligence reflecting a person’s ability to learn, reason,
and solve problems, plausible mechanisms underlying the
lower risk of mortality in groups who score more highly on
intelligence test in childhood may include the optimal
interpretation of health prevention messages, such as those
related to smoking,7 and better disease management in
persons with existing chronic illness.6 Other mechanisms
include the possibility that intelligence test scores serve as
records of prenatal and childhood environmental insults,
and/or that they act as an indicator of information processing
efficacy.4 Having a clear picture of the early life determinants
of childhood intelligence is potentially important in developing our understanding of what mechanisms might
explain the associations between childhood intelligence and
mortality.
There is considerable debate about the important determinants of childhood intelligence, including the relative roles of
socioeconomic factors, which may be modifiable, and genetic
factors.8 9 A number of studies have identified antenatal,
postnatal, and familial factors that are associated with
childhood intelligence.10–20 Most studies have assessed associations with severe mental impairment and/or examined the
extremes of exposure.10 Only a small number of population
based studies exist.10 These have shown that birth weight or
birth weight for gestational age is weakly and positively
associated with childhood intelligence.10–15 20 Some studies
have also shown that indicators of suboptimal postnatal
nutrition, such as shorter childhood stature and lower weight
for age, are also related to reduced intelligence.16–19
These exposures are interrelated and, to some extent, may
reflect the broad effects of poor socioeconomic position on
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intellectual ability.21–24 Socioeconomic position itself may be
influenced by parental intelligence, which will be linked to
childhood intelligence through both genetic and environmental pathways.25 While a number of studies have found
exposures, such as birth weight, to be associated with
childhood intelligence after adjustment for indicators of
socioeconomic position,10 few previous studies have examined the independent effects of a range of exposures.
Furthermore, previous studies have tended to report associations with intelligence test results measured at just one point
in time and have therefore been unable to discover if early life
factors operate differently at different ages. Using six waves
of the US national longitudinal survey of youth-childhood
data, Boardman et al reported independent effects of low
birth weight, ethnicity, and social and economic characteristics on childhood intelligence.20 They also reported that the
effect of low birth weight on intelligence seemed to be more
noticeable at younger ages. Effects of maternal factors or
complications of pregnancy were not assessed in that study
and although associations were assessed at different ages
these were on a cross sectional sample of different age groups
rather than examining whether predictors differed in their
effect on intelligence measured within the same cohort of
children as they aged.
The aim of this study is to identify independent early life
predictors of childhood intelligence measured at ages 7, 9,
and at age 11 in a large population based cohort of children
who attended primary school in Aberdeen, Scotland in the
1960s.

METHODS
Figure 1 summarises how the cohort and sample used in this
study were obtained from linked data sources. Data from the
Aberdeen children of the 1950s cohort study were used.
Described in detail elsewhere,26 the cohort is based on
participants in the Aberdeen child development survey
(ACDS),27 which was specifically concerned with determining the perinatal and early life determinants of mental
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Assessment of childhood intelligence
Throughout the 1950s in Scotland, tests of intelligence were
routinely given to children at 7, 9, and 11 years of age and
results for members of the children of the 1950s cohort were
linked to their 1962 survey data (fig 1).26 The tests used at age
7 were the Moray House picture intelligence test numbers 1
or 2 and, at age 9, the Schonell and Adams essential
intelligence tests form A or B.26 The tests at age 11 included a
battery of Moray House tests: two ability tests (verbal
reasoning 1 and 2) and two attainment tests (arithmetic,
English).26 Associations with scores in the latter group of
tests were essentially the same, therefore only data for the
mean of the two verbal reasoning tests at age 11 were
included in the analyses. All intelligence tests were taken
within six months of the child’s 7th, 9th, and 11th birthday
respectively. Tests were age standardised with means of 100
and standard deviations of 15 for Scotland as a whole.
Assessment of predictors of childhood intelligence
Maternal gravidity (number of pregnancies), height at the
time of her pregnancy (nearest inch), whether the child was
born outside of marriage, age at the birth of the child,
paternal occupation at the time of birth, pregnancy induced
hypertension (pre-eclampsia or gestational hypertension),
antepartum haemorrhage, artificial rupture of membranes,

Routine intelligence tests
conducted in primary
schools in Scotland
(including Aberdeen) at
ages 7, 9, 11 years before
the child completed the
ACDS

Routine measures of
childhood weight and
height at school entry

Link

Link

mode of delivery, birth weight, and gestational age were
abstracted from Aberdeen Maternal and Neonatal Database
at the time of the 1962 survey.26 The participants’ intrauterine
growth rate was estimated by calculating sex and gestational
age (in weeks) standardised z (standard deviation) scores.
The father’s occupation at birth was classified according to
the 1950 registrar general’s classification.29 Based on their
opinion of the mother’s physical health and vitality, senior
obstetricians classified the women at antenatal care clinics
into one of five categories (A denoting very good physical
grade; E denoting very poor). Because of the small numbers
in the extreme categories this variable was collapsed to three
groups. Maternal education was only recorded in the
maternity hospital database for women in their first
pregnancy; it is therefore only available for a minority
(29%) of the participants. Among this group, maternal
education was classified as left at minimal school leaving
age (14 years for those born before April 1933 and 15 for
those born later), completed secondary school, completed
further education course, completed university degree.
Because very few of the participants’ mothers had education
beyond the minimum leaving age, we dichotomised this
variable into those with secondary school or greater education compared with those who left at the minimum leaving
age.
The child’s height and weight were measured routinely on
school entry and results for members of the children of the
1950s cohort were linked to their 1962 survey data. Age and
sex standardised z scores, based on three month age
categories, were derived for height, weight, and body mass
index. In addition the number of siblings that each child had
at the time that the 1962 survey was conducted was recorded.

Figure 1 Data sources and linkage to
Aberdeen Maternal and
form the Aberdeen children of the
Neonatal Database (AMND): 1950s cohort and the sample included
data collected during
in this analysis.
pregnancy and around birth
on those born in
Aberdeen

Link

Aberdeen childhood development survey (ACDS) conducted on primary
school children in Aberdeen in 1962 (ages 5–12 years)
n = 14 939
Link
Routine intelligence tests
conducted in primary
schools in Scotland
(including Aberdeen) at
ages 7, 9, 11 years after
the child completed the
ACDS

Aberdeen children of the 1950s cohort
Consisting of participants in ACDS born in Aberdeen and
therefore with data from AMND. Revitalised in 1999.
n = 12 150

Children included in current analyses = those from Aberdeen
children of the 1950s cohort with valid intelligence
test score data
n = 11 679 at age 7
n = 11 386 at age 9
n = 11 324 at age 11
n = 10 873 at all three ages
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subnormality.27 28 It consists of 12 150 children who were born
in Aberdeen between 1950 and 1956 for whom comprehensive
information was abstracted from the Aberdeen Maternity
Hospital records about the course of their mother’s pregnancy
and the children’s physical characteristics at birth and linked to
their school records and ACDS results.27
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Parental characteristics
Social class at birth

Gravidity

Birth outside marriage
Maternal age at birth
(years)

Maternal height (inches)

Maternal physical condition

Pregnancy characteristics
Pregnancy induced
hypertension
Antepartum haemorrhage
Artificial rupture membranes
Method of delivery

Birth characteristics
Gestational age (weeks)

Birth weight (kg)
Birth weight z score
Childhood characteristics
Height z score
Weight z score
BMI z score
Number of siblings at time
of 1962 survey

N*

Mean (SD)

Mean difference (95% CI)

p Value

I and II
III NM
III M
IV
V (lowest)
1
2
3
4
>5
No
Yes
15–19
20–24
25–29
30–34
35–39
>40
(60
61
62
63
64
>65
Very good or good
Mediocre
Very bad or bad

1031
1301
5185
1643
1920
3812
3374
2126
1169
1198
11181
498
530
3656
3639
2467
1050
337
2993
1855
2080
1702
1433
1616
4773
3228
797

119.2 (14.7)
112.9 (15.6)
107.5 (16.0)
102.8 (14.8)
100.4 (15.2)
109.4 (16.2)
108.5 (16.3)
106.2 (16.3)
103.9 (16.2)
100.1 (15.2)
107.3 (16.4)
100.9 (15.5)
102.1 (15.4)
105.4 (15.8)
108.0 (16.5)
108.5 (16.7)
108.8 (16.7)
107.3 (16.7)
104.1 (16.3)
106.1 (16.2)
107.5 (16.1)
108.0 (16.7)
109.1 (15.9)
110.4 (16.4)
109.8 (16.0)
105.3 (16.1)
99.9 (15.2)

ref
26.32 (27.59, 25.05)
211.75 (212.79, 210.71)
216.43 (217.64, 215.22)
218.81 (219.98, 217.63)
ref
20.87 (21.62, 20.13)
23.14 (24.00, 22.29)
25.50 (26.56, 24.45)
29.32 (210.37, 28.27)
ref
26.39 (27.86, 24.93)
ref
3.22 (1.74, 4.71)
5.84 (4.35, 7.33)
6.40 (4.86, 7.93)
6.65 (4.95, 8.36)
5.17 (2.94, 7.40)
ref
2.02 (1.08, 2.96)
3.48 (2.57, 4.39)
3.93 (2.97, 4.90)
5.00 (3.97, 6.02)
6.30 (5.31, 7.28)
ref
24.47 (25.18, 23.76)
29.84 (211.04, 28.65)

,0.001

No
Yes
No
Yes
No
Yes
Normal vaginal
Forceps
Caesarean section
Other assisted delivery

9702
1977
11416
263
9782
1897
10320
761
340
257

106.7
109.0
107.1
104.1
106.8
108.2
106.8
110.4
111.8
102.9

(16.4)
(16.4)
(16.4)
(17.9)
(16.4)
(16.6)
(16.4)
(16.4)
(15.1)
(16.7)

ref
2.35 (1.56, 3.14)
ref
23.00 (25.01, 20.99)
ref
1.30 (0.50, 2.11)
ref
3.63 (2.42, 4.83)
5.01 (3.25, 6.78)
23.88 (25.91, 21.86)

, 37
37–40
. 40
Per kg
Per SD

737
7521
1095
11658
10469

103.0 (16.7)
108.2 (16.1)
107.4 (16.4)

25.17 (26.41, 23.96)
ref
20.75 (21.51, 0.02)
4.21 (3.64, 4.79)
1.62 (1.31, 1.94)

Per SD
Per SD
Per SD
0
1
2
3
>4

11389
11389
11389
1078
3525
2952
2001
2107

111.5 (17.0)
111.2 (15.7)
108.0 (15.9)
104.3 (15.7)
99.2 (15.2)

3.36 (3.06, 3.65)
1.75 (1.45, 2.04)
20.11 (20.41, 0.19)
ref
20.27 (21.35, 0.80)
23.56 (24.66, 22.46)
27.25 (28.43, 26.09)
212.28 (213.44, 211.12)

,0.001

,0.001
,0.001

,0.001

,0.001

,0.001
0.003
0.002
,0.001

,0.001

,0.001
,0.001
, 0.001
, 0.001
0.47
,0.001

*Numbers differ because of missing data for some predictor variables—these results are only on those with complete data for each predictor with no imputed data.
For most ordered categorical variables, and for birth weight and childhood anthropometric measures, p values are for tests of linear trends. For binary exposures
they are t tests for differences between the two categories, and for method of delivery and gestational age, they are F tests for differences between categories.
Results are not adjusted for sex or any other covariates.

Statistical methods
Of the 12 150 participants, 11 679 (96%) had intelligence
scores at age 7, 11 386 (94%) had intelligence scores at age 9,
and 11 324 (93%) had scores at age 11, and 10 873 (90%) had
intelligence scores at all three ages (fig 1). In the analyses
presented in this paper for each intelligence score all those
with data at the age being considered are included (that is,
for results concerned with intelligence scores at age 7, 11 679
participants are included in the analyses). When we repeated
the analyses only including those with results on all three
intelligence scores (that is, 10 873) the results were
essentially unchanged from those presented.
Linear regression was used to estimate mean differences
and 95% confidence intervals of each measure of intelligence
across exposure categories. A series of multivariable linear
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regression models was undertaken to assess the independent
effects of each predictor. Among those with intelligence test
data, for most of the predictors that we considered (excluding
maternal education as discussed above) between 96% and
100% of the participants had complete data. There were two
exceptions to this. For sex and gestational age adjusted birth
weight z score data were available on 90% and for maternal
physical characteristics data were available on 75%. We
therefore used multiple imputation using all other variables
in the analysis dataset (that is, all predictor variables and the
outcomes) to impute values for the missing data for birth
weight z score and maternal physical condition.30 We used
switching regression as described by Royston,30 and carried
out 20 cycles of regression switching and generated five
imputation datasets. With these imputations 92%–93% of the
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Table 1 Unadjusted associations of early life characteristics with intelligence at age 7 years among 11679 participants with
intelligence scores
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ref
25.70 (26.98, 24.42)
210.49 (211.55, 9.42)
214.42 (215.67, 213.16)
216.71 (217.95, 215.48)
,0.001
ref
22.53 (23.31, 21.75)
25.69 (26.62, 24.77)
28.70 (29.87, 27.53)
213.63 (214.89, 212.39)
,0.001
ref
27.17 (211.46, 22.88)
,0.001
ref
4.52 (2.76, 6.28)
7.88 (6.12, 9.64)
9.34 (7.53, 11.15)
10.74 (8.96, 12.52)
11.74 (8.73, 14.74)
,0.001
ref
20.01 (20.93, 0.91)
1.52 (0.61, 2.43)
1.51 (0.53, 2.49)
2.27 (1.23, 3.31)
1.69 (0.66, 2.73)
,0.001
ref
22.00 (22.37, 20.88)
24.68 (26.00, 23.36)
,0.001

Ref
26.29 (27.58, 25.00)
211.72 (212.77, 210.65)
216.27 (217.51, 215.03)
218.62 (219.83, 217.41)
,0.001
Ref
21.03 (21.81, 20.25)
23.22 (24.13, 22.33)
25.62 (26.74, 24.50)
29.48 (210.62, 28.34)
,0.001
Ref
29.51 (213.80, 25.22)
,0.001
Ref
4.00 (2.24, 5.76)
6.90 (5.14, 8.66)
7.67 (5.86, 9.48)
8.20 (6.41, 9.98)
7.19 (4.20, 10.17)
,0.001
Ref
1.20 (0.28, 2.12)
3.01 (2.10, 3.92)
3.21 (2.23, 4.19)
4.89 (3.85, 5.93)
5.03 (4.00, 6.06)
,0.001
Ref

23.43 (24.20, 22.66)
26.86 (28.38, 25.33)

,0.001

,0.001

21.70 (22.75, 21.26)
24.63 (25.98, 23.27)

ref
25.70 (26.97, 24.42)
210.38 (211.45, 29.32)
214.14 (215.40, 212.88)
216.47 (217.71, 215.24)
,0.001
ref
22.41 (23.23, 21.60)
25.49 (26.46, 24.51)
28.45 (29.67, 27.24)
213.40 (214.70, 212.10)
,0.001
ref
26.82 (211.11, 22.53)
,0.001
ref
4.56 (2.80, 6.32)
7.87 (6.11, 9.63)
9.41 (7.60, 11.22)
10.77 (8.99, 12.55)
11.73 (8.73, 14.75)
,0.001
ref
0.04 (20.88, 0.96)
1.56 (0.65, 2.47)
1.54 (0.56, 2.51)
2.29 (1.25, 3.33)
1.82 (0.79, 2.85)
,0.001
ref

Model 2: + other parental Model 3: + complications
characteristics*
of pregnancy

,0.001

21.97 (22.71, 21.24)
24.48 (25.84, 23.12)

ref
25.66 (26.94, 24.39)
210.31 (211.38, 29.25)
214.07 (215.33, 212.82)
216.37 (217.61, 215.14)
,0.001
ref
22.76 (23.58, 21.94)
25.90 (26.87, 24.92)
28.92 (210.14, 27.71)
213.94 (215.24, 212.63)
,0.001
ref
27.01 (211.30, 22.72)
,0.001
ref
4.56 (2.80, 6.33)
7.83 (6.08, 9.59)
9.30 (7.49, 11.11)
10.60 (8.82, 12.38)
11.59 (8.58, 14.59)
,0.001
ref
20.13 (21.05, 0.79)
1.17 (0.26, 2.08)
1.12 (0.14, 2.09)
1.69 (0.65, 2.73)
1.14 (0.11, 2.17)
0.001
ref

Model 4 + intrauterine
growth`

,0.001

21.44 (22.29, 20.78)
24.42 (25.76, 23.08)

ref
25.45 (26.73, 24.17)
29.91 (210.97, 28.84)
213.54 (214.80, 212.28)
215.58 (216.81, 214.34)
,0.001
ref
22.44 (23.26, 21.63)
24.41 (25.38, 23.44)
26.04 (27.26, 24.82)
210.84 (212.16, 29.53)
,0.001
ref
27.00 (211.30, 22.73)
,0.001
ref
4.43 (2.67, 6.19)
7.58 (5.82, 9.34)
9.01 (7.20, 10.81)
10.11 (8.33, 11.90)
11.00 (7.99, 14.00)
,0.001
ref
20.38 (21.30, 0.54)
0.93 (0.01, 1.82)
0.63 (20.35, 1.61)
1.05 (0.01, 2.09)
0.37 (20.66, 1.40)
0.04
ref

Model 5: + postnatal
linear growth1

,0.001

21.47 (22.29, 20.64)
24.13 (25.51, 22.75)

ref
25.48 (26.73, 24.18)
29.88 (210.94, 28.82)
213.49 (214.74, 212.23)
215.50 (216.74, 214.26)
,0.001
ref
22.00 (22.82, 21.19)
23.87 (24.85, 22.89)
25.96 (27.18, 24.74)
28.73 (210.04, 27.42)
,0.001
ref
26.58 (210.87, 22.29)
,0.001
ref
4.40 (2.64, 6.16)
7.57 (5.81, 9.33)
8.97 (7.16, 10.78)
10.09 (8.31, 11.87)
10.99 (7.99, 13.99)
,0.001
ref
20.40 (21.32, 0.52)
0.92 (0.01, 1.81)
0.55 (20.43, 1.53)
1.04 (20.04, 2.01)
0.24 (20.79, 1.27)
0.09
ref

Model 6: + postnatal
weight

,0.001

21.31 (22.24, 20.78)
23.67 (25.21, 22.13)

ref
25.23 (26.49, 23.97)
29.19 (210.25, 28.14)
212.22 (213.47, 210.98)
213.93 (215.16, 212.70)
,0.001
ref
21.08 (21.87, 20.28)
22.19 (23.14, 21.24)
22.19 (23.38, 21.00)
23.37 (24.66, 22.08)
,0.001
ref
26.20 (210.50, 21.91)
0.004
ref
3.52 (1.76, 5.28)
5.94 (4.18, 7.70)
7.00 (5.19, 8.81)
7.74 (5.96, 985)
8.68 (5.69, 11.67)
,0.001
ref
20.40 (21.32, 0.52)
0.96 (0.05, 1.86)
0.58 (20.40, 1.56)
1.02 (20.02, 2.06)
0.23 (20.80, 1.27)
0.12
ref

Model 7 + number
of siblings**
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All models include covariates that were in the earlier model. *Adjusted for sex and mutually adjusted for all other parental characteristics listed in the first column of the table. Adjusted for all covariates include in model 2 plus pregnancy
induced hypertension, antepartum haemorrhage, artificial rupture of membranes, and method of delivery. `Adjusted for all covariates included in model 3 plus gestational age and sex standardised birth weight z scores. 1Adjusted for all
covariates included in model 4 plus age and sex standardised childhood height z scores. Adjusted for all covariates included in model 5 plus age and sex standardised childhood weight z scores. **Adjusted for all covariates included in model
6 plus number of siblings that the child indicated they had at the time of the 1962 survey.

I and II
III NM
III M
IV
V (lowest)
p trend
Gravidity
1
2
3
4
>5
p trend
Born outside No
of marriage
Yes
p trend
Maternal
15–19
age at birth
20–24
(years)
25–29
30–34
35–39
>40
p trend
Maternal
(60
height (inches) 61
62
63
64
>65
p trend
Very good
Maternal
or good
physical
condtion
Mediocre
Very bad
or bad
p trend

Social class
at birth

Model 1: Sex

Mean difference (95% CI) by exposure category with adjustment for:

Table 2 Multivariable associations of parental characteristics with IQ at ages 7 among n = 10 690 participants with complete data on all variables included in any model (for maternal
physical condition 25% of the values were multiply imputed and for birthweight z score 10% of the values were multiply imputed)
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RESULTS
The mean (SD) intelligence scores for cohort members were
107.1 (16.4) at age 7, 111.3 (17.0) at age 9, and 99.4 (13.9) at
age 11. Intelligence scores were slightly higher for females
than males at all ages: for example at age 7 the mean (SD) for
females was 107.4 (16.5) and for males was 106.7 (16.3),
p = 0.02.
Table 1 shows mean intelligence scores at age 7 and mean
differences by exposure categories. In these unadjusted
analyses all of the predictor variables that we examined,
with the exception of body mass index at school entry, were
associated with intelligence. The directions and magnitudes
of these crude associations were essentially the same for
intelligence at 9 and 11 (results not shown). At all ages of
assessment the positive relations of childhood weight to
intelligence was stronger among females than males (all
p values for interactions ,0.01). The gradient between
childhood height and intelligence was also steeper for
females than males, the interaction reaching statistical
significance for intelligence at age 7 (p = 0.001), but not 9
(p = 0.12) or 11 (p = 0.08). There were no other interactions
with sex for any exposures.
Table 2 shows the multivariable associations of parental
characteristics with intelligence at age 7. These multivariable
analyses are conducted on 10 960 (92% of the participants
with intelligence test scores at age 7) participants with

complete data on all covariates after multiple imputation of
birth weight z scores and maternal physical condition in
pregnancy. Associations with intelligence at age 9 and 11
were essentially the same as at these two ages (data not
shown). Paternal social class at birth remained strongly
inversely and linearly associated with intelligence at all ages
even with adjustment for all other covariates. In adjusted
models, children from the lowest social class (group V) had
intelligence scores that were on average almost 14 points
lower than those in the most advantaged social classes
(groups I and II), equivalent to a 0.9 standard deviation
difference. For intelligence at age 9 and 11 years the
difference was equivalent to 0.9 and 1.0 standard deviation
lower, respectively.
Associations between complications of pregnancy and
intelligence at all three ages attenuated to the null with
adjustment for parental characteristics (all p values .0.2).
The sex adjusted difference in intelligence at age 7 between
those born prematurely (,37 weeks) and all other children
was 25.11 points (26.22, 24.00). With additional adjustment for all parental characteristics this attenuated to 23.42
(24.53, 22.31). Further adjustment for characteristics of
pregnancy, birth weight, and childhood characteristics
(childhood weight and height and number of siblings) did
little to change this difference. A positive association between
birth weight and intelligence measured at each age remained
even with adjustment for all other potential predictors
considered (as listed in column 1 of table 1—note, childhood
weight, and height but not body mass index were included in
this model). Considering these effects with respect to birth
weight in the fully adjusted models (including gestational
age), a 100 g increase in birth weight would on average be
associated with an increase of 0.21 (0.17, 0.25) in intelligence
score at age 7, of 0.20 (0.16, 0.24) at age 9, and of 0.20 (0.15,
0.30) at age 11. The effect of birth weight did not vary by
quarters of the childhood anthropometric measures and there
was no statistical evidence of interactions between birth
weight and childhood height, weight, or body mass index in
their associations with intelligence at any age (all p values
.0.5).
The positive association between childhood height and
intelligence remained for both females and males even with
adjustment for all potential confounding factors, although
the strength of the effect was greater in females than males
(p interaction in the fully adjusted model = 0.008) (table 3).
Among females, childhood weight and body mass index were
positively associated with intelligence in models with full
adjustment for all potential confounding factors but there
were no associations among males (p for interaction with sex

Table 3 Multivariable associations of childhood height, weight, and body mass index with IQ score at age 7
Mean difference (95% CI) by exposure category with adjustment for:

Females
Height (per 1 z score)
Weight (per 1 z score)
Body mass index
(per 1 z score)
Males
Height (per 1 z score)
Weight (per 1 z score)
Body mass index
(per 1 z score)

Model 1: crude

Model 2: + parental
characteristics*

Model 3: + pregnancy
characteristics

Model 4: intrauterine
growth`

Model 5: number of
siblings1

2.83 (2.40, 3.26)
1.64 (1.22, 2.06)
0.52 (0.11, 0.93)

1.65 (1.21, 2.08)
1.01 (0.59, 1.42)
0.70 (0.30, 1.11)

1.56 (1.13, 2.00)
1.01 (0.59, 1.43)
0.72 (0.31, 1.13)

1.50 (1.06, 1.94)
0.88 (0.46, 1.30)
0.59 (0.19,1.00)

1.36 (0.92, 1.80)
0.80 (0.38, 1.21)
0.51 (0.10, 0.92)

0.80 (0.40, 1.20)
0.11 (20.32, 0.53)
20.10 (20.50, 0.30)

0.64 (0.25, 1.04)
0.05 (20.37, 0.48)
20.22 (20.61, 0.18)

0.47 (0.07, 0.86)
20.02 (20.43, 0.40)
20.13 (20.52, 0.26)

1.93 (1.53, 2.33)
0.79 (0.39, 1.20)
0.45 (0.04, 0.87)
0.10 (20.32, 0.52)
20.26 (20.46, 0.14) 20.10 (20.51, 0.30)

*Adjusted for social class at birth, gravidity, illegitimacy, maternal age, maternal height, maternal physical condition. Adjusted for all covariates included in
model 2 plus pregnancy induced hypertension, antepartum haemorrhage, artificial rupture of membranes, and method of delivery. `Adjusted for all covariates
included in model 3 plus sex and gestational age standardized birth weight z scores. 1Adjusted for all covariates included in model 4 plus number of siblings that
the child indicated they had at the time of the 1962 survey. All exposures in these models are age and sex standardised.

www.jech.com

J Epidemiol Community Health: first published as 10.1136/jech.2004.030205 on 14 July 2005. Downloaded from http://jech.bmj.com/ on May 6, 2021 by guest. Protected by copyright.

participants with intelligence test scores at each of the three
ages had complete data on all potential predictors. The
multivariable results presented in this paper are based on
analyses using imputed values for the birth weight z score
and maternal physical condition. In addition to these
analyses we undertook sensitivity analyses in which we
conducted all of the multivariable analyses solely on those
people with complete data on all predictor variables and
intelligence measured at each age (58%). The results using
multiple imputed data did not differ substantively from those
on the complete data subset, although the former were more
precisely estimated than the latter.
In the regression models, birth weight and childhood
height, weight and body mass index z scores were entered as
continuous variables. All other variables were either binary or
were entered as indicator variables in the categories
presented in table 1. We examined stratified results and
computed likelihood ratio tests to assess interactions. We
used robust standard errors when computing p values and
95% confidence intervals, to take account of any nonindependence between siblings in the cohort. All analyses
were conducted using Stata version 8.0 (Stata, TX).

Early life and childhood intelligence

DISCUSSION
In this study, social class of father around the time of birth,
gravidity, maternal age, maternal physical condition, whether
the child was born outside of marriage, prematurity,
intrauterine growth, and childhood height were all independently associated with childhood intelligence. The effect of
paternal social class was particularly notable as it was graded,
strong, and independent of other parental, perinatal, and
childhood characteristics for which we had data. All of the
early life predictors that we examined had associations with
intelligence at three ages (7, 9, and 11) that were in the same
direction and of a similar magnitude. Taken together, the
early life predictors that we examined explained 16% of the
variation in intelligence at each age.
Our results are consistent with previous studies showing
that childhood intelligence is related to socioeconomic
position.21–23 31 Of note poverty, and in particular long term
poverty, was associated with lower intelligence test scores
among children in the US national longitudinal study of
youth in whom intelligence was tested in the 1980s (that is, a
more contemporary population than those included in our
study).31 In that study the association between poverty and
intelligence was independent of adjustment for maternal

education, family structure, maternal behaviours during
pregnancy, infant health, nutritional status, or age of mother
at first birth, which is consistent with our finding of an
independent association of social class at birth with childhood intelligence after adjustment for other parental
characteristics, complications of pregnancy, intrauterine and
childhood growth. Our results are also consistent with
studies showing a social gradient in extreme mental
impairment, including the first results from the present
study population, which found pronounced social gradients
in the prevalence of mental subnormality when defined as
children formally diagnosed and institutionalised and/or
those with intelligence test scores below 70 points.28
Socioeconomic position at birth is unlikely to have a direct
effect on childhood intelligence; its effect is most likely
mediated via a number of different pathways including,
maternal and other factors affecting intrauterine growth and
development, infant and childhood nutrition, living conditions, intellectual stimulation at home, patterns of socialisation, access to educational materials and quality of schooling.
We found that the association between father’s occupational
social class at birth and childhood intelligence persisted even
with adjustment for a wide range of other potential
mediating factors, including intrauterine growth and childhood anthropometric measures, which to some extent would
reflect intrauterine and postnatal nutrition. However, we do
not have information to assess the importance of stimulation
in the home, parenting style, or home environment on our
association between social class at birth and childhood
intelligence. These factors may explain the remaining
association in our study. In the US national longitudinal
survey of youth the association between family poverty
(income below the official poverty line) and childhood
intelligence was completely mediated by four latent variables
representing cognitive stimulation in the home, parenting
style, physical environment in the home, and poor child
health at birth.24 Our results and those of others21 do not
suggest that childhood health at birth (as measured by birth
weight and prematurity) or complications of pregnancy that
would affect childhood health at birth are important
mediators in the association between socioeconomic position
and childhood intelligence.
Parental intelligence scores and educational attainment
influence childhood intelligence,25 with modest correlations
(0.4) between parent and offspring in general intelligence
scores.32 It is possible, therefore, that the association between
social class at birth and childhood intelligence reflects the
association between parental and offspring intelligence. In
this study we had no measures of parental intelligence and
data on maternal education were available on less than one
third of the participants. Among this subgroup the strong
graded association between paternal social class at birth and
intelligence in childhood was not explained by maternal
education. This may suggest father’s occupational social class
affects childhood intelligence because it is the main
determinant of family living standards, and that family
living standards are more important determinants of childhood intelligence than parental intelligence. However, we
would be cautious of making this conclusion based on our
data. Firstly, we have no information of paternal intelligence
or education. Secondly, our measure of maternal education is
on a subsample, and thirdly, maternal education in this study
reflects educational attainment among women who were
born between 1910 and 1930 and this may not be a good
proxy of their intelligence.
Children who were born prematurely have been found in a
large number of studies to have lower childhood intelligence
than those born at or beyond term,10 and our results are
consistent with these findings. A recent systematic review
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in fully adjusted models for weight = 0.002 and for body
mass index = 0.01) (table 3). Results for intelligence at ages
9 and 11 were similar.
Among the 3531 study participants with data on maternal
education, 3397 (96%) had complete data on all potential
covariates after multiple imputation of birth weight z score
and maternal physical condition. Children born to mothers
who had completed secondary school education and/or
higher had higher intelligence scores at age 7 than those
who were born to mothers who left at the minimum school
leaving age (sex adjusted difference = 8.72 (7.09, 10.35));
similar results were found at ages 9 and 11. The strong
graded association between paternal social class at birth and
intelligence remained at all ages even with adjustment for
maternal education (all p values for linear trend ,0.001).
Among this subgroup of participants the fully adjusted
association comparing intelligence at age 7 among those
whose fathers were in social class V with those in social class
I and II was 213.59 (216.39, 210.79) (a result very similar
to that presented in the final column of table 2). With
additional adjustment for maternal education this was not
substantively changed: 212.01 (214.80, 29.22). However,
adjustment for paternal social class at birth resulted in
substantial attenuation of the association between maternal
education from 6.28 (4.63, 7.92), with adjustment for all
covariates except social class, to 3.80 (2.11, 5.49) with
additional adjustment for social class. Associations with
intelligence at 9 and 11 years were similar to those at age 7.
Among the participants with data on all possible explanatory variables (excluding maternal education) paternal social
class at birth explained 9% of the variation in intelligence at
ages 7 and 9, and 10% of the variation at age 11. Some of this
effect was mediated through other explanatory variables. All
other potential explanatory factors considered together
(excluding paternal social class) explained 10% of the
variation in intelligence at ages 7 and 11 and 9% at age 9.
When parental social class was added to these models the
amount of variation explained at each age increased to 16%
at all three ages. In the subgroup with data on maternal
education all potential predictors including maternal education (but excluding paternal social class) together explained
9% of the variation in intelligence at all three ages; the
addition of paternal social class increased this to 16%. In
these models childhood height and weight were included, but
not body mass index.
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Paternal social class around the time of birth, gravidity,
maternal age, maternal physical condition, whether the
child was born outside of marriage, prematurity,
intrauterine growth, and childhood height are all
independently associated with childhood intelligence.
The effect of social class at birth is particularly
noticeable, with a graded linear association across
the distribution even with adjustment for all other
covariates available in this study.
Studies of the association of childhood intelligence with
future adult disease need to ensure that the association
is not fully explained by socioeconomic position.

concluded, in agreement with our findings, that there was a
weak positive association between birth weight across its
population distribution and childhood intelligence that was
independent of socioeconomic position.10 We found that the
magnitude of the association between birth weight and
childhood intelligence was the same for intelligence measured at age 7, 9, or 11, which somewhat contradicts the
findings by Boardman et al that the effect of extreme low
birth weight (,1500 g) on childhood intelligence was more
noticeable at younger compared with older ages.20 The
differences between that study and our findings may be
because of the difference in exposure measurement (we
assessed the effect of birth weight across its distribution
rather than a dichotomy of low birth weight), or because in
our study childhood intelligence was measured in the same
cohort of children at different ages whereas in the US study
by Boardman et al the association was measured at the same
time in children of different ages.
The only previously published study, of which we are
aware, to have examined the combined effects of intrauterine
and postnatal growth, found that birth weight and height
were both independently associated with intelligence.19 These
findings are consistent with our own. They suggest that
factors affecting intrauterine growth and postnatal linear
growth, such as intrauterine and childhood nutrition, affect
childhood intelligence. In that study,19 results were presented
for both sexes combined and we are therefore unable to
determine whether the association between childhood height
was greater for females compared with males as it was
herein. All subgroup analyses should be treated with caution
until they have been shown to be consistently replicated in a
number of studies.33 As with other studies we found
intelligence scores among female children to be higher than
those among males.10 20

Study limitations
In these analyses we related intelligence measured at three
ages to a large number of potential predictor variables and
because of the large number of statistical tests necessarily
conducted, some of the associations may have arisen by
chance alone, although the consistency with other studies
would argue against this. As this study was conducted on
children in the 1960s attending schools in Aberdeen, its
findings may not be directly relevant to children from other
areas or to contemporary children. Aberdeen has had a very
high reputation for good quality education throughout the
20th century. In a 1950s statistical account of Aberdeen it
was stated that ‘‘Aberdeen has always valued education as a
factor of the highest importance in daily life, and it has made
liberal provision for achievement of its ideals’’.34 This might
explain the fact that the mean intelligence test results at ages
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7 and 9 (107.1 and 111.3 respectively) for children in this
cohort were somewhat higher than the average for Scotland
as a whole. If educational environment both in the home and
in school in part explain the association between social class
at birth and childhood intelligence that we have found then
this association in other areas with poorer quality education
systems may be even stronger than those that we have found.
For some associations such as the independent association of
prematurity with intelligence, the impact is likely to be
similar between geographical areas and over time. However,
it could be argued that those in the lowest social groups and
with the youngest mothers in the 1950s are likely to have
suffered more extreme deprivation than contemporary
infants. For example, Thompson reported pronounced
differences between pregnant women and mothers in
Aberdeen in 1951 and those in 1985.35 There was an acute
housing shortage in Aberdeen at that earlier period and many
young couples and their children lived with their parents or
in very overcrowded inner city tenements. Food rationing
was also still in force in the early 1950s. However, the
associations that we have presented were graded and linear
across the exposure distribution rather than being a threshold effect, suggesting that associations would still be
apparent in contemporary populations. Furthermore, our
findings are consistent with studies in more contemporary
populations (1980s/90s) in which pronounced associations
between indicators of socioeconomic position and childhood
intelligence have been reported.20 22 31 36
In conclusion we have found that paternal social class
around the time of birth, maternal age, gravidity, maternal
physical condition, whether the child was born outside of
marriage, prematurity, intrauterine growth, and childhood
height are all independently associated with childhood
intelligence. In particular, we have found a pronounced
graded association between paternal social class at birth and
childhood intelligence at ages 7, 9, and 11 among children
born in the 1950s. Although studies of the association of
childhood intelligence with adult morbidity and mortality
have largely shown these associations to be independent of
childhood socioeconomic position, this has largely been
determined by adjustment for socioeconomic position in
multivariable models. Because of the very strong association
between social class around the time of birth and childhood
intelligence shown here we would recommend that future
studies of the association between childhood intelligence and
adult disease and mortality present results stratified by
socioeconomic position and also consider whether socioeconomic position might still explain their results, for
example if intelligence has been measured with greater
accuracy than socioeconomic position.
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