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Objective: The study aimed to deter-
mine the cognitive effect of the Val'0®/
158Met polymorphism in the catechol-O-
methyltransferase (COMT) gene in chil-
dren before and during puberty. This
polymorphism affects cognitive function
in healthy adults and may contribute to
risk for schizophrenia.

Method: COMT genotype was deter-
mined for 8,707 children from the Avon
Longitudinal Study of Parents and Chil-
dren (ALSPAC), a geographically defined
general population cohort of children
born between April 1, 1991, and Dec. 31,
1992, in the southwest of England. Four-
teen measures of cognitive function—in-
cluding working memory, verbal and mo-
tor inhibition, attentional control, and
IQ—were assessed at ages 8 and 10 years.
Any pubertal development at age 9 years
was reported by parents. Effects of COMT

genotype on cognition and interactions
with gender and puberty were assessed
using general linear models.

Results: In boys, genotype significantly
affected executive function and explained
up to 10 points normal variation in verbal
1Q. The effects on IQ were significantly
greater in pubertal than in prepubertal
boys. In girls, there were no significant ef-
fects of genotype on cognition.

Conclusions: This common polymor-
phism may be one of the genes of small
effect that contribute to normal variation
in 1Q. The gender-specific nature of the ef-
fect and its possible interaction with pu-
berty may be relevant to both normal
cognitive and brain development and to
abnormal development in disorders such
as schizophrenia.

(Am ] Psychiatry 2007; 164:142-149)

Genetic risk for complex neuropsychiatric disorders
such as schizophrenia is probably conferred by multiple
genes, each of which has a relatively small additive effect
(1). In healthy populations, the effects of these common
genetic variants are largely unknown, but it is likely that
they will prove important in explaining natural variation
in biological and psychological processes and in vulnera-
bility for psychiatric disorders.

Catechol-O-methyltransferase (COMT) catalyzes the
first step in a major degradation pathway of the catechola-
mine neurotransmitters, including dopamine. The COMT
gene on chromosome 22q11 contains a functional poly-
morphism (Val'%8/158\fer, rs4680) that affects the enzyme’s
temperature sensitivity. Met alleles result in a fourfold de-
crease in enzyme activity at body temperature (2) leading
to slower inactivation of released dopamine within the
brain, notably in the prefrontal cortex where COMT is re-
sponsible for 60% of dopamine degradation (3). As a re-
sult, COMT knockout mice show a threefold increase in
concentrations of dopamine in the prefrontal cortex but
not in other areas with strong dopaminergic connections,
such as the striatum (4).

Prefrontal dopaminergic dysfunction is a widely ac-
cepted feature of schizophrenia (5). Many studies have
now assessed the association between the Val'58/108)\fer
polymorphism and schizophrenia (6). One recent meta-
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analysis found Val to be a small but reliable risk factor for
schizophrenia in people of European ancestry (7), al-
though others have not supported this result (8).

Regardless of any association with schizophrenia, the
Val allele is common among the general population (9) in
which it affects cognitive functions that rely on the pre-
frontal cortex. Healthy adults with the Val allele perform
more poorly on cardinal tests of executive function such
as the Wisconsin Card Sorting Test than those with Mer al-
leles (6, 10, 11). Some observational studies have failed to
replicate the association (12, 13), but experimental studies
showing that COMT inhibitors improve working memory
in rats (14) and humans (15) offer potent support.

The cognitive effects of COMT genotype in children may
be different from those in adults because children’s pre-
frontal cortices are not yet structurally mature, experienc-
ing a gradual plateau and decrease in synaptic density
throughout late childhood and adolescence (16). The dor-
solateral prefrontal cortex does not reach adult dimen-
sions until the early 20s (17). Age-related changes during
adolescence involve reductions in gray matter (18) and in-
creases in white matter volume, especially in the dorsolat-
eral prefrontal cortex (19).

Functional changes also occur in the frontal cortex dur-
ing adolescence. While the majority of executive functions
become operational at around age 8 (20), many continue
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to develop until early adulthood (21). Moreover, func-
tional MRI studies show that children show activation in
alternative neuronal circuits (22) or more widespread ar-
eas (23) of the prefrontal cortex when compared with
adults performing the same tasks. If the frontal lobes con-
tinue to mature during adolescence, the cognitive func-
tions performed by prefrontal cortex circuitry in adults
may be performed by different or more diffuse circuits in
prepubertal children. If the effect of COMT genotype is
particularly important in the prefrontal cortex, then
COMT genotype may have little effect on prepubertal cog-
nitive performance.

Two studies exploring COMT genotype and cognition in
healthy children have been published, with predominantly
negative results. The first involved 39 subjects; children
with Met alleles performed better on one executive func-
tion task (24). The second study included an historical co-
hort of 460 children and found no difference in scores on a
measure of general cognitive function at age 11, although
an association much later in life was suggested (25).

Large studies with specific neuropsychological measures
are needed to determine the cognitive, or other, effects of
candidate genes for psychiatric disorders in the general
population. These have the potential to map genetic con-
tributions to both normal and abnormal development and
to detect what are likely to be small effects of individual
variants. We assessed the effect of the COMT Val'>8/198\fer
polymorphism on cognitive function in a large birth co-
hort. We hypothesized that effects of the COMT genotype
on cognition would be found in tasks that rely on frontal
lobe function and that the magnitude of effect would be
larger in children who were further through puberty.

Method

Cohort

The Avon Longitudinal Study of Parents and Children (ALSPAC)
cohort consisted of more than 14,500 pregnant women in a geo-
graphically defined region in the southwest of England who were
due to give birth between April 1, 1991, and Dec. 31, 1992. These
pregnancies led to 14,062 live births and 13,971 infants still alive at
12 months (26). From age 7, all children were invited annually for
assessment; around 8,000 children have attended each time. As-
sessments included a wide range of physical, social, neuropsycho-
logical, and educational measures. Parents who enrolled their
children into ALSPAC gave written informed consent at the time of
enrollment, and they or the child are free to withdraw at any time.

Cognitive Assessments

We examined the effects of COMT genotype on measures of IQ
and executive function. These tasks were completed at the age 8
assessment (IQ and attentional control tasks; mean subject age: 8
years, 8 months [SD=3.1 months]) and the age 10 assessment
(working memory and inhibition tasks; mean subject age: 10
years, 8 months [SD=3.0 months]). We selected the following cog-
nitive measures to test our hypotheses.

The WISC 3rd U.K. Edition (given at age 8 assessment). Al-
ternate items of the WISC were given for all tests except the cod-
ing subtest, which was given in its entirety. Age-scaled verbal, per-
formance, and total IQ scores were calculated in accordance with
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standard procedures whenever four subscale scores were avail-
able. Forward and backward digit span and block design subtests
were also considered individually because of their relevance to
executive function.

The Test of Everyday Attention for Children (27) (given at
age 8 assessment). These tests of attentional control are de-
signed to detect variation within the healthy population and in
children with attentional problems. Three subtests were used: the
Sky Search tasks of selective and divided attention and the Oppo-
site Worlds verbal inhibition test. These produced four measures:
a selective attention score reflecting the time taken per picture to
select and circle identical pictures; a dual task decrement score
reflecting the difference in time taken to do this task while simul-
taneously counting a number of noises; a “same worlds” trial time
reflecting the time taken to read aloud a random string of the dig-
its 1 and 2; and an “opposite worlds” trial time reflecting the time
taken to make the opposite response to a similar string (i.e., say-
ing “one” for the digit 2).

Counting Span Working Memory Task (28) (given at age 10
assessment). Children were presented with a number of red and
blue dots on a white screen and asked to count the red dots out
loud. After each set of screens, the child was asked to recall the
number of red dots seen on each screen within that set. After two
practice sets, there were three sets each of two, three, four, and
five screens. Children received a span score on the basis of the
number of correctly recalled sets, with a maximum score of 5 in
increments of 0.5. A global score was also calculated from the to-
tal number of trials correct, with a maximum of 42.

Stop Signal Motor Inhibition Task (29) (given at age 10 as-
sessment). This measures a child’s ability to inhibit a prere-
quested motor response. During primary trials, the child sees an
O or X appear on the screen and must press the corresponding
button. After 30 primary trials, a mean response time for that
child is calculated. During subsequent stop signal trials, a bleep is
heard randomly on 16 out of 48 trials after the visual stimulus ap-
pears, and the subject is told to not press the button if the bleep is
heard. The bleep is either 150 msec (difficult condition) or 250
msec (easy condition) before the mean response time calculated
from primary trials. Main outcome variables from this task are the
relative finishing times of the inhibitory and primary task process
for the two conditions, which reflect the probability of inhibiting
the response (30).

Assessment of Puberty

Puberty was assessed by questionnaires when the subjects
were a mean age of 9 years, 8 months (SD=1.6 months), halfway
between the two cognitive assessments. Pictures of the develop-
ment of pubic hair according to Tanner’s five stages of sexual de-
velopment (31) were shown, with descriptions of the differences
between stages. Parents were asked to indicate which stage
matched their child’s development. Since few children were
showing signs of puberty at this young age, children were coded
simply as “prepubertal” (Tanner stage 1) or “pubertal” (Tanner
stage 2 or above).

Genotyping

DNA, obtained from blood and mouthwash samples, was ex-
tracted and processed as described previously (32). COMT Val'%8/
158\ fer genotyping was generated using a 5’-nuclease fluores-
cence assay. Primer/probe combinations were designed using
Primer Express software (2.0) (ABI, Foster City, Calif.). DNA se-
quences were obtained from GenBank and the Celera Discovery
System. Allele discrimination was performed using a Tagman
7900 machine. Four genotyping signal clusters were identified by
SDS software version 1.7 (ABI, Foster City, Calif.). These clusters
represent Val/Val homozygotes, Met/Met homozygotes, Val/Met
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heterozygotes, and no-DNA template controls. Two standards for
each genotype (Val/Val, Met/Met, and Val/Met) were confirmed by
sequencing six genomic DNA samples using a 377 sequencer
(ABI, Foster City, Calif.).

Analysis

To allow parametric analysis, the following variables were
transformed: selective attention score, divided attention (dual
task decrement) (logjo transforms), Same Worlds trial time, and
Opposite Worlds trial time (1/square root of transforms). All other
variables were normally distributed according to one-sample
Kolmogorov-Smirnov test.

Deviation from Hardy-Weinberg equilibrium was assessed us-
ing a chi-square test. The effects of genotype on cognition were
assessed in three steps. First, cognitive performance was com-
pared between genotypes (Val/Val, Val/Met, and Met/Met) using a
one-way ANOVA. Main effects of genotype and gender and a gen-
otype-by-gender interaction were then assessed in a general lin-
ear model. Finally, main effects of genotype and puberty and a
genotype-by-puberty interaction were assessed with separate
models for each gender.

Each stage of analysis was completed on all available data. For
example, children with no puberty data were excluded from pu-
berty models but included in all other models.

Results

Data Availability

Val'%8/158 )\ for genotype was available for 8,707 children
from the cohort (Val/ Val=2,126; Val/ Met=4,294; Met/Met=
2,287). The overall frequency of the Met allele was 50.9%.
This distribution was consistent with Hardy-Weinberg
equilibrium (yx?=1.55, df=1, p>0.10).

Pubertal report was available for 4,821 of these children.
The majority of children of both genders were in Tanner
stage 1 (boys=83.4%; girls=81.5%), with a few girls (3.2%)
and almost no boys (<0.01%) in stages 3 or above.

Biases were present in the availability of genotype data.
Children for whom parental permission was granted to
undertake genotyping scored more highly than the re-
mainder on verbal IQ (t=—4.22, df=6991, p<0.001), perfor-
mance IQ (t=-2.12, df=6514, p<0.05), and total IQ (t=-3.50,
df=6454, p<0.001). They did not differ on any of the mea-
sures of executive function. There were no differences in
cognitive performance between children who were suc-
cessfully genotyped and those where genotyping failed.

There was no effect of gender on Val'*8/1%8Met genotype
(x2=0.27, df=2, p=0.87). There were no associations be-
tween pubertal development and COMT genotype in girls
(%?=0.91, df=2, p=0.63) or boys (3°=1.83, df=2, p=0.40).

Ethnicity was known for 8,602 children. Only 401 chil-
dren (4.7%) were described as having a nonwhite ethnic
background, which we refer to as black and minority eth-
nic. Met alleles were underrepresented among the black
and minority ethnic children (42.0%) relative to the refer-
ence group (51.4%) (x?=27.0, df=1, p<0.001). Pubertal
data availability was also lower for the black and minority
ethnic children (girls y?=28.1, df=1, p<0.001; boys x?=
32.4, df=1, p<0.001). Because of these biases, and to in-
crease the ethnic homogeneity of the cohort, we ex-
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cluded the black and minority ethnic children from all
subsequent analyses.

Comparison of COMT Genotypes

One-way ANOVA was used to compare mean cognitive
scores between genotypes across the cohort. Three cogni-
tive measures showed an effect of genotype. Working
memory count span was significantly associated with in-
creasing Met alleles (F=5.166, df=2, 5046, p<0.05), and the
same effect was seen in the global score (F=3.371, df=2,
5046, p<0.05). In addition, verbal IQ showed an improve-
ment of 0.8 IQ points for each Met allele (F=3.452, df=2,
5342, p<0.05). Post hoc comparisons of performance on
each WISC subtest by genotype revealed no significant dif-
ferences on any individual test.

COMT and Gender

The second analyses included gender, genotype, and
gender-by-genotype interaction terms. There was a large
effect of gender on almost every measure except total IQ
scores, such that girls outperformed boys on all measures
except block design and verbal 1Q.

As seen in Figure 1, there was a significant gender-by-
genotype interaction for selective attention, and gender-
by-genotype interactions approached significance for di-
vided attention and verbal IQ (the gender-by-genotype in-
teraction also approached significance for total IQ [F=
2.66, df=2, 4947, p<0.10]). The IQ effects were such that
boys showed a larger effect of genotype on cognition, how-
ever in selective and divided attention the interaction was
nonlinear; heterozygotes appeared to be at an advantage
in boys but a disadvantage in girls (Figure 1).

Significant main effects of genotype were found for
working memory count span (F=5.24, df=2, 5043, p<0.01)
and global score (F=3.44, df=2, 5043, p<0.05). There was
also a main effect of genotype on verbal 1Q (F=3.42, df=2,
5339, p<0.05) and a tendency toward an effect of genotype
on the Opposite Worlds task (F=2.42, df=2, 5276, p<0.10).
Inspection of the data showed that the effect on IQ was not
caused by outliers; rather, in boys there appeared to be a
population shift toward higher verbal IQ with increasing
Met allele dose.

COMT and Puberty

The final stage of analyses assessed main effects of gen-
otype and pubertal stage, and a genotype-by-puberty in-
teraction term, separately for girls and boys.

In girls, models comprising these terms did not fit the
data adequately, implying no significant effects on cogni-
tion of either genotype or pubertal stage. The only excep-
tion to this was selective attention, where puberty showed
some effect on performance (F=3.80, df=1, 2050, p=0.05).

In boys, there were significant modeled effects in six of
the cognitive measures. There was a main effect of geno-
type on verbal 1Q (F=9.97, df=2, 1763, p<0.001) and total
1Q (F=4.28, df=2, 1639, p<0.05), working memory count
span (F=3.09, df=2, 1666, p<0.05) and global score (F=

Am | Psychiatry 164:1, January 2007



BARNETT, HERON, RING, ET AL.

FIGURE 1. Gender-by-COMT Genotype Interaction Effects on Cognitive Function in Children
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b Main effect of gender (F=17.6, df=1, 4066, p<0.001); gender-by-genotype interaction (F=2.32, df=2, 4066, p<0.10).
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FIGURE 2. COMT Genotype Effects on Executive Function in Boys
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3.86, df=2, 1666, p<0.05) and the Opposite Worlds verbal
inhibition task (F=3.02, df=2, 1734, p<0.05; see Figure 2).
In addition, there was a nearly significant effect of geno-
type on selective attention (F=2.91, df=2,1735, p=0.05). In
all cases effects were in the predicted direction, with im-
proved performance in children with one or more Met al-

Am | Psychiatry 164:1, January 2007

leles relative to those with two Val alleles. For verbal 1Q,
there was a genotype-by puberty interaction effect (Fig-
ure 3 and Figure 4), with a larger effect of genotype in pu-
bertal children when compared with prepubertal children
(F=2.97, df=2, 1763, p=0.05). No main effects of puberty
were found.
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FIGURE 3. Effects of COMT Genotype and Puberty on IQ at Age Eight in Boys
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a Significant main effect of genotype (F=9.97, df=2, 1763, p<0.001) and genotype-by-puberty interaction (F=2.97, df=2, 1763, p=0.05).

b Significant main effect of genotype (F=4.28, df=2, 1639, p<0.05).

Discussion

This large study of the effect of COMT genotype on chil-
dren’s cognition found little effect of genotype on girls but
widespread effects in boys on measures of executive func-
tion and IQ, especially when pubertal development was
considered.

The gender distinction has not previously been re-
ported, but few previous studies have been large enough
to detect such effects. However, there is evidence that
COMT’s effects may be gender-specific. Dopamine levels
in the frontal cortex of COMT knockout mice are affected
only in male mice, and while male knockout mice show in-
creased aggression, females show decreased emotional re-
activity (4). In humans, COMT activity is lower in female
subjects than in male subjects in dorsolateral prefrontal
cortex tissue, and in lymphocytes, genotype affects en-
zyme activity in male subjects more than in female sub-
jects (33).

It is not yet known whether human COMT expression
differs in the brains of prepubescent boys and girls, but the
cortical organizational changes that occur during adoles-
cence do differ between the genders, with boys showing
apparently greater age-related synaptic pruning and my-
elination than girls (34). These changes may conceivably
be triggered by differences in the nature or level of gene
expression. There are also significant gender differences in
the incidence of neuropsychiatric disorders associated
with COMT genotype such as schizophrenia and ADHD,
both of which are more common in male subjects.

The peak onset of schizophrenia in male subjects is
around late adolescence or early adulthood (35), with
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cases before puberty being extremely rare. The cognitive
deficit present in children before illness onset also wors-
ens around the onset of puberty (36). Therefore, the biol-
ogy of schizophrenia is probably related to those of pu-
berty and brain development, and genes that interact with
these processes may be crucial.

Puberty was measured here by parent rating of the
child’s development according to Tanner stage. This ap-
proach was pragmatic given the large sample but remains
imperfect when compared with expert examination of the
children. However, these results appear to be within the
range of normal development reported in samples from
the United States (37) and Italy (38).

The effect of genotype on cognition was increased in
boys when pubertal stage was included in the model. One
possibility is that boys at the same developmental stage
are more homogenous, so subtle effects can be detected
that tend to be masked when prepubertal and pubertal
children are considered together. Our hypothesis sug-
gested that puberty would interact with the gene-cogni-
tion relationship such that genotype would have a stron-
ger effect post-puberty. Although the children were too
young for us to investigate the effects of COMT post-pu-
berty, we assessed its effects in children prior to, versus al-
ready in, puberty. We suggest that the increase in effect
size in the puberty models, and the fact that with the ex-
ception of IQ and working memory the effects cannot be
detected unless pubertal stage is included, suggests neu-
robiological development is an important factor.

The possible interaction between gene and puberty in
verbal IQ supports our hypothesis regarding the increas-
ing effect of COMT on cognition as the frontal lobes come
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online. We did not find a clear interaction between gene
and puberty in the majority of tests studied. This may be
due to the numbers involved: the effect of COMT genotype
on verbal IQ was the most robust result in the group as a
whole; it may be that weaker genotype-by-puberty inter-
actions were present but not detectable given the small
numbers of children in the pubertal group.

Modeled COMT effects explained around 1% of the vari-
ance in childhood cognitive performance compared with
around 4% in adult studies (6, 10). This may reflect in-
creased specialization in the adult brain, or developmen-
tal differences in the importance of COMT versus other
enzymes in prefrontal cortex, such as the monoamine oxi-
dases. On the other hand, the size of the present study was
sufficient to detect small effects that may be missed by
smaller studies with limited power. The ALSPAC cohort
represents the largest study to date of the cognitive effects
of COMT in patients, healthy adults, or children. Even with
this large group size, effects would not have been consid-
ered significant if strict corrections for multiple compari-
sons (e.g., Bonferroni corrections) were adopted. We did
not follow this approach because of the hypothesis-driven
nature of our strategy, the restricted phenotype that we
considered, the intercorrelation between cognitive out-
comes, and the increased probability of type II errors if
such corrections had been applied. We report all the sta-
tistical tests that we undertook, and we were reassured
that all main effects were in the hypothesized direction,
suggesting that type I errors did not account for the re-
sults. Nevertheless, independent replication will be essen-
tial, as it is for all genetic studies.

Demonstrating an effect of COMT on IQ scores is im-
portant for several reasons. Performances on diverse tests
of cognitive function tend to correlate; this underlying co-
variance represents general cognitive ability, or ‘g’. Neu-
roimaging studies have demonstrated that in adults,
‘high-g’ tasks do not show diffuse recruitment from multi-
ple brain systems but instead are associated with relatively
selective recruitment of the lateral frontal cortex (39). It is
therefore logical that COMT would affect general intelli-
gence as well as executive tasks.

Intelligence, like risk for neuropsychiatric disorders,
doubtless involves multiple genes of small effect. Research
has consistently found g to be strongly heritable (40), but
population-based studies have generally failed to estab-
lish genetic effects on cognitive development in children
(41, 42). COMT may be the first gene that shows a plausi-
ble biological mechanism and has a relatively large effect
across the normal range of IQ in children.

In schizophrenia, cognitive impairments present before
the onset of psychosis reflect ongoing, aberrant neurode-
velopmental processes that may worsen around the onset
of puberty (36). The increased prevalence of the Val allele
in patients with schizophrenia (7) may explain a propor-
tion of the IQ decrement in children who will later develop
schizophrenia. This is estimated to be around 5-10 points
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FIGURE 4. Effect of COMT Genotype on Verbal 1Q
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and is more pronounced in male subjects (43); here we
found a difference of 2-10 points in males attributable to
COMT genotype.

It is possible that the effects attributed to the Val'58/
108\ fer polymorphism are in fact due to some other factor.
There is now substantial evidence that haplotypes span-
ning the COMT gene, including other single nucleotide
polymorphisms (SNPs) as well as Val'58/108)Met, are stron-
ger predictors of risk for schizophrenia than that polymor-
phism alone (44, 45). These may reflect the importance of
other sites that are in strong linkage disequilibrium with
the Val'58/108)fet SNP, or regulatory factors such as pro-
moter regions (45).

The true complexity of COMT expression and function
remains obscure but for the moment, we assume that
Val'®8/198Met genotype does affect catecholamine degra-
dation in human prefrontal cortex. This is probably rea-
sonable: Chen et al. (33) studied the effects of Val'58/
108\ fet and three other SNPs on mRNA levels, protein lev-
els, and enzyme activity in human prefrontal cortex tissue
and in lymphocytes and concluded that Val is the pre-
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dominant factor determining COMT activity in the pre-
frontal cortex. While other polymorphisms may still prove
important, Val'®8/198)fet is the most well-characterized
polymorphism, with a plausible biological mechanism.
Moreover, the relatively restricted cognitive phenotype
that we have demonstrated to be associated with this SNP
has a strong relevance for the cognitive deficits promi-
nent in schizophrenia.
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