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SHORT REPORT

Intrauterine growth and intelligence within sibling pairs:
findings from the Mater-University study of pregnancy and
its outcomes
Debbie A Lawlor, William Bor, Michael J O’Callaghan, Gail M Williams, Jake M Najman
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J Epidemiol Community Health 2005;59:279–282. doi: 10.1136/jech.2004.025262

Objective: To examine the association between intrauterine
growth and intelligence.
Design: Population based birth cohort study of sibling pairs
born within a maximum of three years of each other.
Setting: Mater-University women and children’s hospital,
Brisbane, Australia.
Participants: 235 (470 children) sibling pairs.
Results: Among one randomly selected sibling from each
pair verbal comprehension at age 5, general intelligence at
age 14, and reading ability at age 14 increased linearly with
increasing gestational age and sex standardised birth weight
z scores. With adjustment for maternal age, race, and
smoking during pregnancy, birth order, family income, and
parental education the associations with verbal comprehen-
sion at age 5 and general intelligence at age 14 remained,
whereas the association with reading ability at age 14 was
attenuated to the null. Within sibling pairs, differences in
intrauterine growth were positively associated with differ-
ences in verbal comprehension at age 5 (test score difference
per one unit difference in birth weight z score = 1.52 (0.11
to 3.26)) and general intelligence at age 14 (1.09 (0.01 to
2.18)), but not with reading ability at age 14.
Conclusions: Socioeconomic position or other fixed maternal
characteristics do not seem to explain the positive association
between intrauterine growth and childhood intelligence.

B
irth weight is positively associated with intelligence in
later life, but the mechanisms for this association are
unclear.1–6 As maternal characteristics such as her

genotype, earlier life nutrition, education, and socioeconomic
position are concordant for sibling pregnancies, within sibl-
ing analyses are a way of controlling for such characteristics.
In one study there was no association between birth weight
and intelligence within siblings.7 However, a second sibling
study found that within male sibling pairs the association
between birth weight and intelligence remained suggesting
that, for males at least, the association between birth weight
and intelligence was not explained by fixed maternal char-
acteristics.8 Three within twin pair studies9–11 are difficult to
interpret. In the largest twin study to date, there was no
association within monozygotic twin pairs (n=81), leading
the authors to suggest that genetic factors explained the
association.11 However, two other studies of 259 and 2710 mono-
zygotic twin pairs found that within twin pairs birth weight
differences were positively associated with intelligence differ-
ences. These conflicting results warrant further investigation.

METHODS
The Mater-University study of pregnancy and its outcomes
(MUSP) is a population based prospective study of women,

and their offspring, who received antenatal care at a public
hospital in Brisbane between 1981 and 1984.12 The birth
cohort included 520 sibling pairs who were live singleton
births and left hospital alive with their biological mothers. Of
these there were 235 pairs (470 individuals) with measures of
intelligence and all covariates at age 5 and 14. Children with
known cerebral defects did not undergo intelligence tests.
The attrition among siblings was similar to that among the
whole cohort12 and mean birth weight, maternal age, and
family income did not differ between included siblings and
those without data or lost to follow up. Siblings who could
not be included were more likely to have mothers who had
smoked throughout both pregnancies (43% compared with
31%, p=0.005).
A sex and gestational age (in weeks) standardised birth

weight z score was computed to give a measure of
intrauterine growth. Intelligence at age 5 was assessed using
the revised Peabody picture vocabulary test (PPVT-R), a
measure of verbal comprehension.13 Intelligence at age 14
was assessed using youth scores on Raven’s standard
progressive matrices, which measures general intelligence
(g)14 and the wide range achievements test version 3
(WRAT3), a test of reading ability.15 Tests were age
standardised in six-monthly intervals to have mean (SD)
values of 100 (15).
Our analytical approach was identical to that of a previous

study.8 One sibling from each pair was selected at random
(one sibling sample) and multiple linear regression was used
to assess the association between intrauterine growth and
intelligence in this group. Multiple linear regression was used
to assess the within sibling pair association. In these analyses
the dependent variable was difference in intelligence and the
explanatory variable difference in birth weight z score. In
these models we controlled for between sibling differences in
age at the time of intelligence testing, differences in maternal
age at birth, birth order, and family income by including
differences for continuous variables as covariates in the
models and for family income including indicator variables
that indicated whether the pairs were high/high, low/low,
high/low, or low/high income.8 All analyses were conducted
using Stata version 8.0 (Stata, TX).

RESULTS
There were high levels of agreement between siblings for
maternal education (91% agreement, k statistic =0.93,
p,0.001), paternal education (87%, k=0.88, p,0.001), and
maternal smoking throughout pregnancy (97%, k=0.95,
p,0.001). Agreement for family income during the year of
pregnancy was lower (73%, k=0.35, p,0.001). The mean
(SD) age difference between the siblings was 1.7 (0.4) years.
Mean (SD) birth weight was 3343.6 (484.4) grams for
females and 3432.6 (526.4) grams for males. Mean (SD)
gestational age was 39.4 (1.7) weeks, with a range
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28–42 weeks for both sexes. Correlations between siblings for
intelligence were weak or modest (table 1).
Among one randomly selected sibling from each pair verbal

comprehension at age 5, general intelligence at age 14, and
reading ability at age 14 increased linearly with increasing
birth weight z scores (table 2). With adjustment for maternal
age, race, and smoking during pregnancy, birth order, family
income, and parental education the associations with verbal
comprehension at age 5 and general intelligence at age 14
remained whereas the association with reading ability at age
14 was attenuated to the null.
Within sibling pairs differences in intrauterine growth

were positively associated with differences in verbal compre-
hension at age 5 (test score difference per one unit difference
in birth weight z score =1.52 (0.11 to 3.26)) and general
intelligence at age 14 (1.09 (0.01 to 2.18)), but not with
reading ability at age 14 (0.30 (20.68 to 1.29)). Sex specific
analyses did not suggest there were any sex differences (all
three p values of interaction with sex .0.7). For example, the
difference in the PPVT-R test per one unit difference in birth
weight z score for same sex female sibling pairs (n=65) was
1.33 (21.61 to 4.27) and for male sibling pairs (n=83) was
1.48 (21.03 to 3.55). When analyses were restricted to pairs
in which both siblings were born between 36 and 41 weeks of
gestation (n=228 pairs) the results did not differ from those
presented.

DISCUSSION
We have found positive associations between intrauterine
growth and verbal comprehension at age 5 and general
intelligence at age 14, which do not seem to be explained by
fixed maternal characteristics. Complete data were available
on just 50% of siblings in the original cohort. Our results
would only be biased if the associations in those siblings who
could not be included in the analysis were non-existent or in
the opposite direction.
Our results are generally consistent with findings of Matte

et al,8 and with results from within dizygotic twin pairs.11

Unlike Matte et al8 we found no evidence of a sex difference
in the within sibling pairs association. Although one within
twin study suggested that the association between birth
weight and intelligence was attributable to genetic factors,11

the small numbers in all three twin studies9–11 to date and
differences in their findings suggest that further evidence is
required before one can conclude that this association is
genetic.

Our results suggest that socioeconomic position or other
fixed maternal factors do not fully explain the association
between intrauterine growth and intelligence. Maternal diet
during pregnancy, use of medications, placentation and
therefore fetal nutrition will vary from pregnancy to
pregnancy and may explain the association.
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Table 1 Pearson’s pair-wise correlation coefficients between measures of intelligence and intrauterine growth in sibling pairs
(n = 235)

PPVT-R
age 5
sib 1

PPVT-R
age 5
sib 2

Raven’s
age 14
sib 1

Raven’s
age 14
sib 2

WRAT3
age 14
sib 1

WRAT3
age 14
sib 2

Birth weight for sex
and gestational age
z score sib 1

Birth weight for sex
and gestational age
z score sib 2

PPVT-R age 5 sib 1 1
PPVT-R age 5sib 2 0.52 1
Raven’s SPM age 14
sib 1

0.39 0.16 1

Raven’s SPM age 14
sib 2

0.24 0.35 0.30 1

WRAT3 age 14 sib 1 0.31 0.17 0.35 0.20 1
WRAT3 age 14 sib 2 0.13 0.17 0.11 0.29 0.38 1
Birth weight for sex
and gestational age
z score sib 1

0.36 0.09* 0.27 20.10 0.25 0.06* 1

Birth weight for sex
and gestational
age z score sib 2

0.08* 0.38 0.07* 0.30 0.02* 0.21 0.47 1

All p values ,0.05 except those marked *p>0.1 and �p>0.05 but ,0.1. PPVT-R, revised Peabody picture vocabulary test; Raven’s SPM, standard progressive
matrix (a measure of general intelligence); WRAT3, wide range achievement test version 3 (reading test).
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