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eta-Analysis of the Cognitive Effects of the Catechol-
-Methyltransferase Gene Val158/108Met
olymorphism

ennifer H. Barnett, Linda Scoriels, and Marcus R. Munafò

ackground: Cognitive endophenotypes may further our understanding of the genetic basis of psychiatric disorders, and the catechol-O-
ethyltransferase (COMT) gene is a promising candidate gene for both cognitive function and disorder. We conducted a meta-analysis of

eported associations between the COMT Val158/108Met polymorphism and measures of memory and executive function.

ethods: The PubMed database was searched for studies relating cognitive functions and the COMT Val158/108Met polymorphism. This
nabled meta-analyses of six cognitive phenotypes (Trail Making task, verbal recall, verbal fluency, IQ score, n-back task, and Wisconsin Card
orting Test). Data were extracted by two reviewers and included cognitive scores by COMT genotype, publication year, diagnostic status,
ncestry, proportion of male participants, and whether genotype frequencies were consistent with Hardy-Weinberg equilibrium.

esults: We found no association between COMT genotype and the majority of phenotypes. There was evidence of association with IQ
core (d � .06), which did not differ significantly by ancestry, sex, average sample age, or patient status. For the n-back task, there was no
obust evidence for genetic association, but the effect size was significantly larger in patient (d � .40) than nonpatient (d � �.27)
opulations, larger in both samples with fewer male subjects, and those of greater average age. There was also evidence of publication bias
nd decreasing effect sizes with later publication.

onclusions: Despite initially promising results, the COMT Val158/108Met polymorphism appears to have little if any association with
ognitive function. Publication bias may hamper attempts to understand the genetic basis of psychological functions and psychiatric

isorders.
ey Words: Catechol-O-methyltransferase, cognitive function,
OMT, endophenotype, genetic association, meta-analysis

ecent studies have suggested several candidates for the
multiple genes of small effect that are assumed to underlie
genetic risk for neuropsychiatric disorders (1,2), but

rogress has been hampered by failures to replicate initial
indings (2–4). Inadequate sample sizes may result in studies
acking statistical power to detect small effects and increase
ublication bias through failure to publish null results (5–7).
eta-analytic techniques, which allow synthesis of all available
ata on a gene-disease association, offer a partial solution to this
roblem by providing a more accurate estimate of the likely
ffect size and formally assessing evidence for potential publica-
ion bias (6,8). We previously reviewed the advantages and
isadvantages of meta-analyses of gene-disease associations (6).

Another reason why psychiatric genetic associations have
ppeared inconsistent or elusive may be the selection of pheno-
ypes. The use of clinical categorical diagnoses may be less than
ptimal for genetic studies because they are fallible and probably
ave complex genetic and environmental etiologies. An alterna-
ive is to employ endophenotypes, which are measurable inter-
ediaries on the biological pathway between gene and disease

9,10). Endophenotypes might be better targets for genetic study
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than categorical diagnoses if they can be more reliably measured
or show simpler genetic architecture.

Cognitive dysfunctions related to working memory (11,12)
and sustained attention (13) have been suggested as endophe-
notypes of schizophrenia. They are heritable, cosegregated with
illness, present before illness onset (14), and at increased fre-
quency in unaffected relatives (15), meeting Gottesman and
Gould’s (9) criteria. It nevertheless remains uncertain whether
these endophenotypes are more genetically tractable than
schizophrenia itself (16). The Val158/108Met single nucleotide
polymorphism in the catechol-O-methyltransferase (COMT) gene
has been extensively investigated in relation to schizophrenia
(17), as well as other disorders such as major depression (18) and
bipolar disorder (19). The evidence of association between
COMT genotype and schizophrenia is weak (20,21), but it has
been argued that this polymorphism influences cognitive func-
tion (22) and may thereby influence some aspects of schizophre-
nia risk or symptom severity. The rationale for investigating
COMT and cognitive phenotypes has recently been re-
viewed (17).

We recently made two attempts to synthesize the evidence
regarding COMT Val158/108Met polymorphism and cognitive
function. The first (16), including studies published up to May
2006, examined four putative endophenotypes of schizophrenia,
including the n-back working memory task, the Wisconsin Card
Sorting Test (WCST), and two electrophysiological measures
(P300 amplitude and latency). These analyses showed marginal
evidence of association with the WCST and n-back tasks only.
The second (23), including studies published up to August 2006,
examined the association with WCST more closely in patients
with schizophrenia-spectrum disorders and healthy control sub-
jects and found evidence of association only among healthy
control subjects and not patients with schizophrenia. Further

analyses suggested a moderating influence of ancestry and
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ecreasing effect size with later publication date. This latter
attern is common in genetic studies, where the first report of an
ssociation often overestimates the true effect size (24).

The present study aimed to further our understanding of the
ffect of the COMT Val158/108Met variant on cognition in both
ealthy and patient populations. By undertaking a systematic
eview of the entire COMT-cognition literature, we were able to
xpand the range of cognitive phenotypes available for meta-
nalysis. We aimed to further assess the impact of sex, age,
thnicity, and patient status and update our meta-analysis of the
CST to include large datasets that have recently become

vailable.

ethods and Materials

earch Strategy and Inclusion Criteria
The PubMed database was searched to the end of August

007 using combinations of the terms “catechol-O-methyltrans-
erase” or “COMT” and “cognitive,” “cognition,” “IQ,” “intelli-
ence,” “memory,” “executive,” “Wisconsin Card Sort*,” and
attention.” Studies were excluded for the following reasons: no
ognitive data reported, sample comprised patients with 22q11
eletion syndrome (who have only one copy of the COMT gene),
roups matched by cognitive function, studies of a different
OMT polymorphism, or overlap of reported data between
apers.

election of Phenotypes
Cognitive measures were included where results from more

han 10 samples had been published, at least 9 of which were
rom independent samples. Using this criterion, the following
henotypes were selected for meta-analysis: Trail Making task,
erbal fluency, verbal recall, IQ score, n-back task accuracy
2-back), and Wisconsin Card Sorting Test perseverative errors.

For each phenotype, only one measure was selected from
ach sample. For the Trail Making task, the Trails B-A measure
as used where available and otherwise Trails B. For verbal

luency, letter versions were taken in preference to category
ersions. For verbal recall, studies were included if they mea-
ured free recall of word lists, sentences, or stories, using list
earning in preference to story learning and delayed recall in
reference to immediate recall. One study (25) presented a
omposite score from episodic recall; it was included because
ost indicators were sentence and word recall under various

onditions. For IQ, the more global measure was selected, and
dult IQ score was selected over childhood score (26). For the
-back task, verbal versions were selected over spatial versions
27). These hierarchies of measures were established to maxi-
ize the uniformity of cognitive measures within each pheno-

ype.

ata Extraction
Data were independently extracted by two authors and

iscrepancies were resolved by mutual consent. Where data
ere reported in a format that did not allow inclusion in the
eta-analysis, authors were contacted directly and asked to

elease data in the appropriate format. For each study, the
ollowing were extracted: first author, year of publication, loca-
ion, reported ethnicity (described as entirely European versus
on-European or mixed ethnicity samples), diagnostic status,
hether genotype frequencies were reported to be consistent
ith Hardy-Weinberg equilibrium, number of male and female
articipants, average age of sample, and mean, standard devia-

ion, and sample size for each cognitive variable by genotype

ww.sobp.org/journal
group. Catechol-O-methyltransferase genotypes were grouped
according to the presence or absence of the Val allele (Val/Val or
Val/Met vs. Met/Met). Where more than one study sample (e.g.,
patients and control subjects) was reported, data were treated
independently in the analysis. Where cognitive data were avail-
able from more than one occasion, the scores used were from the
first assessment only, except in placebo-controlled experiments,
where data from the placebo condition were used.

Statistical Analysis
Data were initially analyzed within a fixed effects framework,

and individual study effect sizes (Cohen’s d) were pooled using
inverse variance methods to generate a summary effect size and
95% confidence interval (95% CI). A fixed effects framework
assumes that the effect of genotype is constant across studies,
and between-study variation is considered to be due to chance or
random variation. The assumption was checked using a chi-
square test of goodness of fit for homogeneity. The significance
of the pooled effect size was determined using a Z test.

Where there was evidence of a significant association be-
tween COMT genotype and cognitive variables in the presence of
significant between-study heterogeneity, a random effects frame-
work was employed, with effects sizes pooled using DerSimo-
nian and Laird methods. A random effects framework assumes
that between-study variation is due to both chance or random
variation and an individual study effect. Random effects models
are more conservative than fixed effects models and generate a
wider confidence interval. The significance of the pooled effects
size was determined using a Z test.

The effect size of the first published study was compared with
the pooled effect size of the remaining studies using a Z test and
meta-regression of individual study effect size against year of
publication was conducted, as there is evidence for a substan-
tially greater estimate of effect size in the first published study
(24).

Stratified analyses by sample ancestry and patient status were
conducted to assess the potential moderating effect of these
variables, and the difference in pooled effect size was deter-
mined using a Z test. Potential moderating effects of sex and age
were tested using meta-regression of individual study effect size
against the proportion of male participants and average age in
individual study samples.

Funnel plots were created to assess potential ascertainment
bias by plotting natural logarithm of individual study effect size
against the standard error of the natural logarithm of individual
study effect size. Ascertainment bias was also assessed using the
Egger test (28).

Results

Characteristics of Included Studies
The final dataset of 46 studies comprised 67 independent

samples published between 2001 and 2007 where cognitive data
was reported by COMT Val158/108Met genotype. These studies
are described in Supplement 1.

Meta-analysis
Analyses were conducted separately for the following pheno-

types: Trail Making task, verbal fluency, verbal recall, IQ score,
n-back task accuracy, and Wisconsin Card Sorting Test perse-
verative errors.

Trail Making Task. Six studies, comprising k � 10 indepen-
dent samples (29–34), contributed to the meta-analysis (total n �

896). Fixed effects analysis indicated no evidence of association
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d � .04, 95% CI �.12 to .19, Z � .44, p � .66), with no evidence
f between-study heterogeneity (�2 � 6.69, p � .67). Egger’s test
ndicated no evidence of ascertainment bias (p � .22).

The effect size reported in the first published study (29) (d �
.50) was compared with the pooled effect size estimate for the

emaining studies (d � .04), and these did not differ significantly
p � .38). Meta-regression indicated no significant association of
ffect size estimate with year of publication (p � .23).

The pooled effect size estimate for European (d � .08) and
on-European (d � �.24) samples did not differ significantly (p
.16). The pooled effect size estimate for patient (d � �.92) and

onpatient (d � .13) samples did not differ significantly (p �
35). Meta-regression indicated no significant association of effect
ize estimate with proportion of male participants (p � .17) or
verage age of study sample (p � .80).

Excluding one study that reported genotype frequencies that
eviated from Hardy-Weinberg equilibrium (31), which may
ndicate genotyping error (35), did not alter these results sub-
tantially.

Verbal Fluency. Nine studies, comprising k � 12 indepen-
ent samples (25,26,29–31,33,36–38), contributed to the meta-
nalysis (total n � 1808). Fixed effects analysis indicated no
vidence of association (d � �.02, 95% CI �.13 to .09, Z � .37,
� .71), with no evidence of between-study heterogeneity (�2 �
1.97, p � .37). Egger’s test indicated no evidence of ascertain-
ent bias (p � .94).
The effect size reported in the first published study (29) (d �

.14) was compared with the pooled effect size estimate for the
emaining studies (d � �.02), and these did not differ signifi-
antly (p � .78). Meta-regression indicated no significant associ-
tion of effect size estimate with year of publication (p � .35).

The pooled effect size estimate for European (d � �.03) and
on-European (d � .00) samples did not differ significantly (p �
84). The pooled effect size estimate for patient (d � .02) and
onpatient (d � �.05) samples did not differ significantly (p �
52). Meta-regression indicated significant positive association of
ffect size estimate with proportion of male participants (Z �
.69, p � .007). There was no significant association with average
ge of study sample (p � .56).

Excluding one study that reported genotype frequencies that
eviated from Hardy-Weinberg equilibrium (31) did not alter
hese results substantially.

Verbal Recall. Twelve studies, comprising k � 18 indepen-
ent samples (25,26,29,30,36–43), contributed to the meta-
nalysis (total n � 2538). Fixed effects analysis indicated no
vidence of association (d � �.04, 95% CI �.13 to .05, Z �.82,
� .41), with evidence of between-study heterogeneity (�2 �

8.33, p � .041). Egger’s test indicated no evidence of ascertain-
ent bias (p � .95).
The effect size reported in the first published study (29) (d
.70) was compared with the pooled effect size estimate for

he remaining studies (d � �.04), and these did not differ
ignificantly (p � .16). Meta-regression indicated no signifi-
ant association of effect size estimate with year of publication
p � .17).

The pooled effect size estimate for European (d � �.06)
nd non-European (d � .04) samples did not differ signifi-
antly (p � .44). The pooled effect size estimate for patient (d

.03) and nonpatient (d � �.05) samples did not differ
ignificantly (p � .47). Meta-regression indicated significant
ositive association of effect size estimate with proportion of

ale participants (Z � 2.69, p � .007). There was no
significant association with average age of study sample (p �
.72).

IQ Score. Sixteen studies, comprising k � 21 independent
samples (22,23,25,26,30,43–53), contributed to the meta-analysis
(total n � 9115). Fixed effects analysis indicated evidence of
association (d � .06, 95% CI .00 to .11, Z � 2.30, p � .021), with
higher scores among individuals with two copies of the Met
allele. There was no evidence of between-study heterogeneity
(�2 � 19.61, p � .48). Egger’s test indicated no evidence of
ascertainment bias (p � .66).

The effect size reported in the first published study (22) (d �
.17) was compared with the pooled effect size estimate for the
remaining studies (d � .06), and these did not differ significantly
(p � .53). Meta-regression indicated no significant association of
effect size estimate with year of publication (p � .64).

The pooled effect size estimate for European (d � .05) and
non-European (d � .11) samples did not differ significantly (p �
.57). The pooled effect size estimate for patient (d � .02) and
nonpatient (d � .06) samples did not differ significantly (p �
.62). Meta-regression indicated no significant association of effect
size estimate with proportion of male participants (p � .54) or
average age of study sample (p � .68).

A forest plot of individual study effect sizes and the pooled
effect size estimate is presented in Figure 1.

N-Back Task. Seven studies, comprising k � 9 independent
samples (27,45,46,54–57), contributed to the meta-analysis (total n
� 2104). Fixed effects analysis indicated evidence of association (d
� �.20, 95% CI �.31 to �.10, Z � 3.74, p � .001), with higher
accuracy among individuals with one or more copies of the Val
allele. There was evidence of between-study heterogeneity (�2 �
100.92, p � .001). Random effects analysis indicated no evidence of
association (d � .25, 95% CI �.18 to .68, Z � 1.12, p � .26). Egger’s
test indicated evidence of ascertainment bias (t � 3.45, p � .011).

The effect size reported in the first published study (55) (d �
1.47) was compared with the pooled effect size estimate for the
remaining studies (d � �.22), and these differed significantly (p
� .001). Meta-regression indicated significant negative associa-
tion of effect size estimate with year of publication (Z � 3.56, p
� .001).

The pooled effect size estimate for European (d � �.23) and
non-European (d � �.04) samples did not differ significantly (p
� .18). The pooled effect size estimate for patient (d � .40) and
nonpatient (d � �.27) samples differed significantly (p � .001).
Meta-regression indicated significant negative association of ef-
fect size estimate with proportion of male participants (Z � 7.69,
p � .001) and a significant positive association with average age
of study sample (Z � 7.79, p � .001).

A forest plot of individual study effect sizes and the pooled
effect size estimate, grouped by patient status, are presented in
Figure 2.

Wisconsin Card Sorting Test. Sixteen studies, comprising k
� 25 independent samples (29,32–34,38,39,45,46,51,57–63),
contributed to the meta-analysis (total n � 2829). Fixed effects
analysis indicated no evidence of association (d � �.04, 95% CI
�.13 to .05, Z � .92, p � .36), with evidence of between-study
heterogeneity (�2 � 39.46, p � .024). Egger’s test indicated no
evidence of ascertainment bias (p � .26).

The effect size reported in the first published study (29) (d �
�.18) was compared with the pooled effect size estimate for the
remaining studies (d � �.04), and these did not differ signifi-
cantly (p � .80). Meta-regression indicated no significant associ-
ation of effect size estimate with year of publication (p � .12).
The pooled effect size estimate for European (d � .03) and

www.sobp.org/journal



n
.
n
.
s
a

D

V

F
w is no
c R, hig

F
w
a

140 BIOL PSYCHIATRY 2008;64:137–144 J.H. Barnett et al.

w

on-European (d � �.22) samples differed significantly (p �
016). The pooled effect size estimate for patient (d � �.06) and
onpatient (d � �.02) samples did not differ significantly (p �
68). Meta-regression indicated no significant association of effect
ize estimate with proportion of male participants (p � .35) or
verage age of study sample (p � .77).

iscussion

Meta-analyses showed no association between the COMT
al158/108Met variant and indices of memory or executive

Study name Statistics for each study

Std diff Standard Lower Uppe
in means error Variance limit limit

78.0994.0-321.0053.0781.0)yhtlaeH( nagE
65.0442.0-340.0602.0061.0)ZCS( nagE
79.0076.0-671.0914.0251.0iasT
05.0010.0-710.0231.0842.0sairF eD
03.0922.0-810.0531.0630.0einytloF
74.0534.0-450.0232.0120.0kreaT
52.1571.0-331.0563.0045.0evorglleB
44.0880.0-910.0731.0081.0redurB
21.0555.1-381.0824.0617.0-)yhtlaeH( naH
71.1752.0-431.0663.0064.0)ZCS( naH
90.0913.0-110.0501.0311.0-sirraH
02.0512.0-110.0701.0600.0-sinafetS

McIntosh (Healthy) 0.057 0.584 0.341 -1.088 1.20
McIntosh (HR with symptoms) -0.173 0.361 0.130 -0.879 0.53
McIntosh (HR with no symptoms) -0.267 0.358 0.128 -0.968 0.43

21.0300.0100.0230.0560.0ttenraB
99.0054.0-631.0863.0172.0)yhtlaeH( kcidruB
80.0527.0-340.0702.0913.0-)DPB( kcidruB
32.0058.0-770.0772.0703.0-udlaC
23.0731.0-410.0911.0690.0dlanoDcaM
43.0011.0-310.0511.0511.0rratS

0.057 0.025 0.001 0.008 0.10

igure 1. Association of the COMT Val158/108Met polymorphism with IQ s
ith increased IQ score, equivalent to .1% of phenotypic variance. There

haracteristics. COMT, catechol-O-methyltransferase; SCZ, schizophrenia; H

igure 2. Association of the COMT Val158/108Met polymorphism with n-ba
ith increased n-back task accuracy, equivalent to 4% of phenotypic va
ssociation appears to differ in magnitude and direction in patient and nonpatie

ww.sobp.org/journal
function, with the exception of a small association between
genotype and n-back task performance in the opposite direction
from that hypothesized, with evidence of significant between-
study heterogeneity. When patient and nonpatient samples were
considered separately, these effect sizes differed significantly,
although in each case significant between-study heterogeneity
remained. There was also a robust, though small, association
between genotype and IQ score, which did not differ signifi-
cantly by sample ancestry, sex distribution, average age of
sample, or patient status. These results cannot exclude the

Std diff in means and 95% CI

alue p-Value

495.0435.0
734.0877.0
817.0263.0
060.0288.1
887.0962.0
929.0980.0
931.0974.1
781.0913.1
590.0276.1
902.0752.1
382.0370.1
259.0160.0

0.097 0.922
0.479 0.632
0.747 0.455

040.0050.2
164.0737.0
321.0345.1
862.0901.1
024.0608.0
513.0400.1

2.302 0.021

-4.00 -2.00 0.00 2.00 4.00

Val + Higher Met/Met Higher

Meta-analysis indicates a significant association of the Met/Met genotype
evidence of between-study heterogeneity or moderation by other study
h risk; BPD, bipolar disorder.

k accuracy. Meta-analysis indicates a significant association of the Val allele
e. However, there is evidence of between-study heterogeneity and the
r 
Z-V

3
5
3
6
2
6
5
8

-3
7

-3
-2

1
4 -
4 -
7
3

-6
-6

9
0
6

core.
ck tas
rianc
nt samples. COMT, catechol-O-methyltransferase; SCZ, schizophrenia.
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ossibility that COMT genotype is associated with cognitive
henotypes but suggest that any effect, if genuine, may be
ubstantially less than indicated by initial reports. The between-
tudy heterogeneity observed in several analyses also suggests
hat the strength and nature of any association may differ across
opulations or as a function of study characteristics we were
nable to capture. Future large-scale primary studies will be
ecessary to test these possibilities.

There are several possible reasons why a genetic association
as found for IQ score but not other phenotypes. First, IQ score
as the phenotype for which the most data were available and

onsequently the analysis with the greatest statistical power to
etect a small effect. This is a likely explanation since the small
ffect size (d � .06, equivalent to .1% of phenotypic variance) is,
n magnitude, similar to the other included phenotypes. Second,
Q score is probably the measure with the best psychometric
roperties. Third, neuroimaging evidence suggests that the neu-
al basis of general intelligence is not broadly distributed but
nvolves relatively selective areas of lateral frontal cortex (64).
atechol-O-methyltransferase is concentrated in prefrontal cor-

ex (65), where it may be particularly important in regulating
opaminergic catabolism (66), for reasons including the relative
ack of dopamine transporter there (67). Finally, IQ score was
nique among included phenotypes in that it was typically
eported only as demographic data and not as an outcome.
ublication bias may therefore have been less problematic for
he IQ score phenotype than for other phenotypes.

The lack of between-study heterogeneity observed for the
ssociation with IQ score is striking and suggests that no
ndividual study is biasing the pooled effect size estimate. This is
n contrast with the general picture that emerges from the
sychiatric genetics literature, where between-study heterogene-

ty is common (6). There has been relatively little discussion of
Q score as a cognitive endophenotype for neuropsychiatric
isorder and consequently little emphasis on it as a target for
enetic associations. As an aggregate measure of highest level
ognitive functions, it has the advantage of being well character-
zed and standardized in measurement. Moreover, IQ score
eficits in patients (68) and the presence of a subtle IQ score
ecrement in children who later develop schizophrenia
14,69,70) are two of the most robust findings with respect to
ognition in schizophrenia.

For the n-back task, a fixed effect model found evidence for
ssociation in the opposite direction from that hypothesized,
ith better working memory in Val carriers. In contrast, the more

onservative random effects model, used because of significant
etween-study heterogeneity, found no overall evidence for
ssociation. Effect sizes were significantly different and in op-
osing directions among patient (d � .40) and nonpatient (d �
.27) populations. One possible explanation for this discrep-

ncy is the “inverted U” hypothesis of prefrontal dopamine,
here either hyperdopaminergic function (such as in amphet-
mine stimulation) or hypodopaminergic function (in schizo-
hrenia) are both detrimental to prefrontal function (71,72). If
his explanation were invoked here, it would imply that optimal
opaminergic function was exceeded in healthy Met/Met indi-
iduals, since they displayed poorer working memory than Val
arriers.

Alternatively, the effect of patient status may be confounded
y sex, since men dominated (77%) the two patient samples
55,57) and there was an inverse association between the
roportion of male subject and effect size. Functional analyses

73) as well as association studies with psychiatric (74) and
cognitive (23) phenotypes add weight to the hypothesis (75) that
the functional effects of COMT are sexually dimorphic in humans
as they are in mice (66). A further source of heterogeneity is
ethnicity—we found a greater effect of genotype on the WCST in
non-European or mixed ethnicity samples (d � �.22) than in
European samples (d � .03). Although we observed a significant
positive association between effect size and average sample age
for the n-back task, this effect was not observed for the other
phenotypes considered. This general lack of an effect of age is
surprising, given evidence that the heritability of cognitive ability
changes with age (76).

Meta-analytic techniques have advantages and disadvantages.
First, meta-analysis requires combination of comparable data.
We attempted to ensure this by analyzing data from distinct
cognitive measures separately, but between-study heterogeneity
was still common. Increased statistical power from combining
studies may be partially offset if substantial heterogeneity is
present. Second, we were limited to the published literature. Our
results may therefore be based on a selected subset of data that
may exist. Such methods may be useful in obtaining more
accurate effect size estimates and identifying potential moderat-
ing factors but should not be regarded as a substitute for large,
adequately powered primary studies (6). Our results suggest
these should comprise several thousand individuals (6,77).

The evidence for association with n-back task performance is
difficult to interpret. However, the problem may arise from the
reporting of results and not study design. Formal analysis sug-
gested evidence of possible publication bias. In addition, re-
ported effect sizes show a pattern of decreasing over time, and
removing the initial report significantly reduced the pooled effect
size. This is a conservative estimate of the effect, since the true
first published report (22) was subsumed in our analyses into a
later study (57). These problems are certainly not unique to
COMT nor to the field of psychiatric genetics (24), but they
hamper attempts to understand the true magnitude of genetic
associations.

The present analysis was limited to the most common cogni-
tive tests. Effects may be greater in tasks that assess more subtle
aspects of cognition. The Met allele may confer increased tonic
but decreased phasic dopamine, yielding increased stability but
decreased flexibility in neural states (78). The two alleles may
therefore be differentially advantageous in cognitive tests, de-
pending on the cognitive operations required (79–81). Given
continuing structural (82–84) and functional (85,86) develop-
ment of the prefrontal cortex during adolescence and the dou-
bling of COMT enzyme activity between birth and adulthood
(87), the influence of COMT on executive functions may alter
during this period (23), although we did not observe strong
evidence for an effect of age.

The Val158/108Met polymorphism remains a plausible candi-
date that may contribute to variation in some forms of psycho-
logical function (74), given converging evidence for its functional
effects. That it does not meet our expectations with respect to
cognitive function or schizophrenia (20,21) is disappointing but
does not negate the need for scientific rigor in both the analysis
and the reporting of results. The widespread acceptance of the
hypothesis that COMT affects cognitive function appears to have
been driven by initial, high-profile, positive reports and by the
tendency to emphasize the positive associations within studies at
the expense of negative findings. Cognitive endophenotypes for
psychiatric disorders have been the subject of much recent
debate and a growing body of research (15,16,72,88). We cannot

exclude the possibility that COMT genotype has a small influence
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n cognitive phenotypes, but results presented here suggest that
arly enthusiasm may not yet be fully warranted.
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