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Objective: There is strong evidence for a
genetic contribution to schizophrenia,
but efforts to identify susceptibility genes
have been largely unsuccessful because
of the low power of individual studies.
The authors’ goal was to evaluate the
collective evidence for an association be-
tween the Val158/108Met polymorphism
of the catechol O-methyltransferase (COMT)
gene and schizophrenia.

Method: They performed separate meta-
analyses of existing case-control and fam-
ily-based association studies.

Results: Overall, case-control studies
showed no indication of an association be-
tween either allele and schizophrenia, and
family-based studies found modest evi-
dence implicating the Val allele in schizo-
phrenia risk. The pooled analyses of stud-
ies from diverse geographical regions may
have obscured ethnic differences in pat-
terns of genetic risk for schizophrenia.
Stratification of the studies by ethnicity of
the subjects yielded evidence for an associ-

and Family-Based Studies

ation with the Val allele in case-control
studies of European samples and, espe-
cially, in family-based studies of European
samples. Case-control and family-based
studies of Asian samples produced mixed
results and, overall, little evidence for asso-
ciation.

Conclusions: The results of the two types
of association studies diverged somewhat,
but the evidence from the family-based
studies, although based on fewer reports,
may be more accurate. The Val allele may
be a small but reliable risk factor for schizo-
phrenia for people of European ancestry,
but the influence of this polymorphism on
risk in Asian populations remains unclear.
These results call for more family-based
studies to confirm the association between
COMT and schizophrenia in European sam-
ples and to clarify its contribution to risk in
Asian samples. They also suggest that case-
control studies should use methods of ge-
nomic control to avoid being confounded
by population stratification.

(Am J Psychiatry 2003; 160:469-476)

’]:w evidence for a genetic contribution to schizophre-
nia is strong. Family studies show that relatives of individu-
als with schizophrenia develop the disorder at a rate higher
than the population incidence, and the degree of elevation
in risk is correlated with the degree of biological relation-
ship to the person with schizophrenia (1). Twin studies (2)
found approximately three times higher concordance for
schizophrenia among monozygotic twins than among
dizygotic twins. Furthermore, adoption studies (3) indicate
that the transmission of schizophrenia is predominantly
through biological rather than adoptive parents. It is esti-
mated that as much as 60%-70% of the susceptibility to
schizophrenia can be attributed to genes (4).

Genes may not account for all of the susceptibility to
schizophrenia, but they clearly play a considerable role in
the etiology of the illness. Although the disorder is highly
heritable, genetic linkage studies have failed to endorse
schizophrenia linkage universally with any chromosomal
region (5). The difficulty finding genes for schizophrenia
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suggests that many genes combine to cause the disorder
and that each confers only a small degree of risk (6). Be-
cause evidence implicates dopamine system dysfunction
in the pathogenesis of this disorder, the search for suscep-
tibility genes has included those which code for all five
known dopamine receptor subtypes (7-10), the dopa-
mine transporter (11), and several enzymes involved in
the synthesis and degradation of dopamine, such as ty-
rosine hydroxylase, aromatic L-amino acid decarboxylase,
and monoamine oxidase (MAO) A and MAOB (12-14).
None of these genes has reliably emerged as a risk factor
for schizophrenia.

Because it codes for one of the major enzymes cata-
lyzing the metabolism of dopamine, the gene for catechol
O-methyltransferase (COMT) (EC 2.1.1.6 according to the
International Union of Biochemistry and Molecular Biol-
ogy enzyme nomenclature) has been examined numerous
times for an association with schizophrenia, but with
equivocal findings. This ambiguity parallels that of genetic
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TABLE 1. Descriptive Characteristics of 14 Case-Control Studies of the Role of the COMT Val158/108Met Polymorphism in

Schizophrenia

Number Mean Age Frequency

Number of Control Diagnostic of Control Gender of Val Allele in
Study Year of Cases Subjects System Ethnicity Group (years) Index? Control Group
Egan et al. (19) 2001 175 55 DSM-IV European 339 1.89 0.55
Joober et al. (20) 2002 110 96 DSM-IV European — — 0.50
de Chaldee et al. (21) 1999 136 137 DSM-I1I-R European 49.0 1.26 0.46
Norton et al. (22) 2002 346 334 DSM-IV European 43.0 1.01 0.46
Park et al. (23) 2002 103 103 DSM-IV Asian — — 0.80
Arinami et al. (24) 2001 300 300 DSM-III-R Asian 47.8 1.02 0.69
Chen et al. (25) 1999 177 29 DSM-IV Asian 45.0 0.99 0.73
Daniels et al. (26) 1996 78 78 DSM-II-R European 44.0 1.00 0.47
Herken and Erdal (27) 2001 129 65 DSM-IV European 30.7 1.01 0.42
Karayiorgou et al. (28) 1998 157 129 DSM-III European — — 0.51
Kotler et al. (29) 1999 92 415 ICD-10 Mixed 28.0 1.64 0.55
Liou et al. (30) 2001 198 188 DSM-IV Asian 38.6 0.92 0.73
Ohmori et al. (31) 1998 150 150 DSM-IV Asian 55.0 0.87 0.73
Strous et al. (32) 1997 54 87 DSM-II-R European — — 0.60

a Gender index=(male cases/female cases)/(male control subjects/female control subjects).

TABLE 2. Descriptive Characteristics of Five Family-Based
Studies of the Role of the COMT Val158/108Met Polymor-
phism in Schizophrenia

Number of
Parent-

Offspring Diagnostic
Study Year Trios System Ethnicity
Egan et al. (19) 2001 126 DSM-IV European
Li et al. (34) 2000 151 DSM-IV Asian
Fan et al. (33) 2002 134 DSM-III-R  Asian
Kunugi et al. (35) 1997 32 RDC? European
Semwal et al. (36) 2001 141 DSM-IV Asian

@ Research Diagnostic Criteria (37).

linkage analyses in the vicinity of the COMT gene on chro-
mosome 22q11.21. Some, but not all, studies (15, 16) have
found evidence of linkage with schizophrenia in this re-
gion. However, a meta-analysis of genome-wide linkage
scans (17) identified chromosome 22q as one of three loci
(along with chromosomes 8p and 13q) that had the high-
est likelihood of harboring schizophrenia-risk genes,
which highlights the promise of COMT as a candidate
gene for this disorder.

The most commonly examined locus within the COMT
gene is a functional polymorphism at codon 158 of the
membrane-bound form of the enzyme (codon 108 of the
soluble form) in which the wild-type guanine nucleotide is
substituted with adenine. This nucleotide transition re-
sults in the substitution of methionine (Met) for valine
(Val) in the COMT protein, producing an enzyme with ap-
proximately four times less physiological activity and in-
troducing an Nlalll restriction site (18). This polymor-
phism also correlates with performance on the Wisconsin
Card Sorting Test, which measures executive cognition
and working memory (19, 20), and with prefrontal cortical
activity during performance of the 2-back working mem-
ory task (19).

Because the conflicting results from association studies
have obscured COMT’s true role in schizophrenia, we per-
formed the meta-analysis reported on here to determine if
the failure to identify an association consistently is attrib-
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utable to the low power of individual studies to detect a
small effect, etiological heterogeneity, or random error in
the absence of a true effect.

Method

Literature Search

To identify studies eligible for meta-analysis, we surveyed
MEDLINE citations for January 1966 through August 2002 using
the National Library of Medicine’s PubMed online search engine
with “schizophrenia” and “COMT” as keywords. The retrieved ab-
stracts were read to identify studies examining the allelic associa-
tion between a polymorphism within the COMT gene and schizo-
phrenia. Studies of this type were then read in their entirety to
assess their appropriateness for inclusion in the meta-analysis.
All references cited in these studies were also reviewed to identify
additional works not indexed by MEDLINE.

Inclusion Criteria

Only those studies examining the COMT Val158/108Met poly-
morphism were included in the meta-analysis. (One study [21]
examined the Val158/108Met polymorphism but failed to provide
the necessary data for each allele. Thus, the allele frequencies in
the patient and control groups were extrapolated from data pro-
vided for the PmliI polymorphism, which, in this sample, was in
total linkage disequilibrium with the Nlalll restriction site.)
Furthermore, studies had to meet all of the following criteria:
1) be published in a peer-reviewed journal, 2) be written in En-
glish, 3) present original data, and 4) provide enough data to cal-
culate an effect size.

The application of these criteria yielded 18 studies eligible for
meta-analysis, of which 13 used case-control designs (20-32) and
four used family-based strategies (33-36). The remaining study
(19) employed both methods in a single sample; therefore, the
groups of case-control and family-based studies are not entirely
independent. The 14 case-control studies are described in Table
1, and the five family-based studies are described in Table 2.

Coding of Study Characteristics

To delineate potential moderating influences of different sam-
ple characteristics on the size of the effects obtained in the case-
control studies under consideration, each study was coded on the
following variables: 1) the ethnicity of the sample, 2) the mean age
of the control group, and 3) a gender index (calculated as [male
cases/female cases]/[male control subjects/female control sub-
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TABLE 3. Meta-Analysis of Case-Control Studies of the Role of the COMT Val158/108Met Polymorphism in Schizophrenia

Number of Val Alleles

Number of Met Alleles

Study Year Case Control Case Control 0dds Ratio 95% Cl
Egan et al. (19) 2001 209 60 141 50 1.2 0.8-1.9
Joober et al. (20) 2002 116 96 104 96 1.3 0.9-1.9
de Chaldee et al. (21) 1999 143 127 129 147 1.3 0.9-1.8
Norton et al. (22) 2002 333 306 359 362 1.1 0.9-1.4
Park et al. (23) 2002 150 165 56 41 0.7 0.4-1.1
Arinami et al. (24) 2001 411 416 189 184 1.0 0.8-1.2
Chen et al. (25) 1999 254 144 100 54 1.0 0.6-1.4
Daniels et al. (26) 1996 76 73 80 83 1.1 0.7-1.7
Herken and Erdal (27) 2001 104 55 154 75 09 0.6-1.4
Karayiorgou et al. (28) 1998 162 132 152 126 1.0 0.7-1.4
Kotler et al. (29) 1999 84 454 100 376 0.7 0.5-1.0
Liou et al. (30) 2001 304 275 92 101 1.2 0.9-1.7
Ohmori et al. (31) 1998 193 218 107 82 0.7 0.5-1.0
Strous et al. (32) 1997 52 104 56 70 0.6 0.4-1.0
Pooled 2,591 2,625 1,819 1,847 1.0 0.9-1.1

jects]). Because only five family-based studies were available, the
power to detect significant moderators of the effects obtained in
these studies was severely constrained; therefore, only sample
ethnicity was examined as a moderator in these studies.

Statistics

Data from each case-control study were used to construct a
two-by-two table in which subjects were classified by diagnostic
category (case or control) and allele (Met or Val). Data from each
family-based study were used to construct a two-by-two haplo-
type-based relative risk table in which parental alleles were classi-
fied by type (Met or Val) and transmission status (transmitted or
not transmitted from a heterozygous parent to the offspring with
schizophrenia). The strength of association in these two-by-two
tables was summarized by using the odds ratio, in which Val was
randomly assigned as the risk allele and an odds ratio greater than
1.0 indicated a positive association between this allele and
schizophrenia.

For case-control studies, the odds ratio estimated the relative
risk, which represents the greater probability of observing the Val
allele in cases than in control subjects. For family-based studies,
the odds ratio estimated the haplotype relative risk, which repre-
sents the greater probability of the offspring with schizophrenia
receiving the Val allele relative to the Met allele. Knapp et al. (38)
showed that when no recombination occurs between the marker
and the disease gene, haplotype relative risk=relative risk. Other-
wise, when the marker and disease gene show a positive associa-
tion, relative risk=haplotype relative risk.

Case-control studies and family-based studies were analyzed
separately by random effects meta-analyses. For each meta-analy-
sis, odds ratios were pooled according to the methods of DerSimo-
nian and Laird (39), and 95% confidence intervals (CIs) were con-
structed by using Woolf’s method (40). The significance of the
pooled odds ratio was determined by the z test, and the heteroge-
neity of the group of odds ratios was assessed by using a chi-
square test of goodness of fit. The influence of individual studies
on the pooled odds ratio was determined by sequentially remov-
ing each study and recalculating the pooled odds ratio and 95% CIL.

Publication bias within groups of homogeneous odds ratios
was assessed by the method of Egger et al. (41), in which the stan-
dard normal deviate of the odds ratio (z) is regressed on the preci-
sion of the odds ratio (the inverse of the standard error of the odds
ratio). Since the inverse of the standard error of the odds ratio in-
creases with sample size, the regression of z on the precision of
the odds ratio should run through the origin in the absence of
bias (i.e., small samples with low precision have large standard er-
rors and small standard normal deviates, whereas large samples
with high precision have small standard errors and large standard
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normal deviates). The slope (b) of the regression line indicates the
size and direction of association and, in the presence of bias, the
intercept of the regression (a) will be significantly greater than 0,
as determined by the t test.

The moderating influences of sample ethnicity, age of the con-
trol group, and gender index on the odds ratio derived from each
study were assessed by multiple regression. The type I error rate
was set at 0.05. All statistical analyses were conducted by using
Stata 7.0 (Stata Corp., College Station, Tex.).

Results

Case-Control Studies

Of the 14 case-control association studies of the COMT
Val158/108Met polymorphism and schizophrenia, only
two found a statistically significant difference in allele fre-
quencies between patients and control subjects. Both of
these studies (29, 31) found an excess of the Met allele in
schizophrenic patients. The odds ratio and 95% CI for
each case-control study are shown in Table 3. The pooled
odds ratio derived from 2,205 cases and 2,236 control sub-
jects was not significant (odds ratio=1.0, z=0.57, p=0.57).
Sequential omission of individual case-control studies
produced pooled odds ratios ranging from 0.9 to 1.0 with
95% ClIs that always encompassed 1.0, indicating that the
pooled odds ratio was not unduly influenced by any single
study. However, significant heterogeneity was observed
among this group of odds ratios (x?=22.98, df=13, p=0.04),
suggesting the presence of some moderating variable.

Neither the age of the control group (z=—0.07, p=0.94)
nor the gender index of the sample (z=0.33, p=0.75) signif-
icantly influenced the obtained odds ratios, but these
odds ratios were significantly related to the ethnicity of the
sample (z=2.38, p=0.02). However, stratification of the
group of odds ratios by sample ethnicity (Asian or Euro-
pean) yielded only slightly different estimates of the asso-
ciation of this COMT polymorphism with schizophrenia in
the two ethnic groups. The pooled odds ratio derived from
five Asian studies was 0.9 (95% CI=0.7-1.1), and the pooled
odds ratio from eight European studies was 1.1, but the as-
sociation was not significant in either the Asian (z=1.04, p=
0.30) or European (z=1.10, p=0.27) samples.
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FIGURE 1. Egger’s Publication Bias Plots for Case-Control
Studies of the Role of the COMT Val158/108Met Polymor-
phism in Schizophrenia in Asian and European Samples?
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2 Figure shows the standardized effect of the 95% confidence interval
(C1) of the regression of z on the precision of the odds ratio (the in-

verse of the standard error of the odds ratio). For Asian studies, 95%
C1=7 to —12; for European studies, 95% Cl=2.2 to —4.4.

There was no evidence of publication bias within either
the Asian samples (a=-2.65, t=-0.88, df=4, p=0.45) or the
European samples (a=-1.10, t=-0.80, df=7, p=0.45), as the
95% ClIs of the regressions of z on the precision of the odds
ratio encompassed the origin for each group of studies
(Figure 1).

Two different genotype-wise analyses were also con-
ducted, including a logistic regression predicting additive
risk for schizophrenia with each additional Val allele (Met/
Met versus Met/Val versus Val/Val) and a comparison of
risk between homozygotes (Met/Met versus Val/Val). The
results of these analyses were nearly identical to those of
the allele-wise analysis (data available on request).

Family-Based Studies

Of the five family-based association studies, two found
significant evidence for differential transmission of paren-
tal COMT Val158/108Met alleles to affected offspring.
However, in contrast to the two significant case-control
studies, these two family-based studies (19, 34) supported
Val as the risk allele for schizophrenia. The odds ratio and
95% CI for each of the family-based studies are shown in
Table 4. The pooled odds ratio derived from 584 parent-
offspring trios was 1.5, which was not significant (z=1.51,
p=0.13); however, as in the case-control studies, there was
significant heterogeneity among this group of odds ratios
(x2=16.49, df=4, p=0.002). This heterogeneity may have
been due to ethnic differences in association (z=1.20, p=
0.23), but the power to detect significant moderation of
odds ratios by ethnicity (beta=0.03) was severely con-
strained by the low number of Asian (N=3) and European
(N=2) samples.

Based on this trend and the significant ethnic heteroge-
neity observed in the case-control studies, this group of
studies was also stratified by sample ethnicity, which did
reveal a pattern of ethnic differences in association. The
three family-based studies of Asian patients revealed little
evidence for association with either allele (odds ratio=1.2,
95% CI=0.6-2.3, z=0.52, p=0.61). In contrast, the two sam-
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ples of European patients produced strong evidence for
association of schizophrenia with the Val allele (odds ra-
tio=2.2, 95% ClI=1.4-3.4, z=3.35, p=0.001).

There was no evidence of publication bias within the
group of three Asian samples (a=-94.96, t=—1.25, df=2, p=
0.43) (Figure 2), although the power to detect potential
bias in this data set (beta=0.23) was again limited by the
low number of included studies. Similarly, the limited
number of European samples precluded a statistical as-
sessment of publication bias within this group of studies,
but the plot of z on the precision of the odds ratio (Figure
2) demonstrated the pattern expected for a group of stud-
ies that produced a significant association in the absence
of bias (i.e., the study that was larger and thus had greater
precision showed a larger standardized effect size).

Discussion

The pooled sample of 14 case-control studies had more
than 90% power to detect a small but significant associa-
tion (odds ratio=1.2) between COMT Val158/108Met alle-
les and schizophrenia but failed to identify such a relation-
ship. However, rather than reflecting a lack of association,
this may have been due to the statistically significant het-
erogeneity among studies. Overrepresentation of violent
patients with schizophrenia in the sample did not appear
to skew the results, as one such study (29) found an odds
ratio of 0.7 while the other (30) found an odds ratio of 1.2.

The inclusion of schizophrenia spectrum conditions
(e.g., schizoaffective disorder or schizotypal personality
disorder) in a broader definition of the schizophrenia phe-
notype also failed to systematically affect the results, as
one such study (19) yielded an odds ratio of 1.2 while the
other (23) produced an odds ratio of 0.7. Other study char-
acteristics, such as the gender composition of the sample
or the age of the control group, did not account for this
heterogeneity either. The only factor that reliably influ-
enced the odds ratio obtained from each study was the
ethnicity of the sample: the pooled odds ratio from Asian
samples was 0.9, slightly lower than the pooled odds ratio
of 1.1 from European samples.

In isolation from the findings of the five family-based
association studies, several possible conclusions can be
drawn from these observations. First, COMT may be a sus-
ceptibility gene for schizophrenia, but an overall associa-
tion between the gene and the disorder may have been ob-
scured by etiological heterogeneity whereby different
COMT alleles confer risk to different ethnic groups. The
present findings provide limited support for such an inter-
pretation; however, it is important to note that neither al-
lele was significantly associated with risk in either ethnic
group. It is also possible that allelic variants of the COMT
gene confer risk for schizophrenia to only a restricted seg-
ment of the population if at all, or that the COMT geno-
type is a universal risk factor of such small magnitude that
its attributable fraction in the population is negligible.
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TABLE 4. Meta-Analysis of Family-Based Studies of the Role of the COMT Val158/108Met Polymorphism in Schizophrenia

Number of Alleles Transmitted

Number of Alleles Not Transmitted

Study Year Val Met Val Met 0dds Ratio 95% ClI
Egan et al. (19) 2001 75 51 51 75 2.2 1.3-3.6
Fan et al. (33) 2002 64 70 70 64 0.8 0.5-1.4
Li et al. (34) 2000 91 60 60 91 23 1.5-3.6
Kunugi et al. (35) 1997 19 13 13 19 2.1 0.8-5.8
Semwal et al. (36) 2001 68 73 73 68 0.9 0.5-1.4
Pooled 317 267 267 317 1.5 0.9-2.4

The five family-based studies help to clarify the nature of
the relationship between the COMT Val158/108Met poly-
morphism and schizophrenia. Like the group of case-con-
trol studies, the family-based studies were not a homo-
geneous group, and this heterogeneity may have been
attributable to a different pattern of genetic risk among
Asian and European samples. The only two family-based
studies of European samples provided nearly identical
odds ratios that strongly implicated the Val allele in schizo-
phrenia. This finding, in combination with the trend ob-
served in the case-control studies, suggests that the Val al-
lele may be a small but reliable risk factor for schizophrenia
among those of European descent. In contrast, the findings
from family-based studies of Asian samples were more
variable as a whole and did not detect a significant associ-
ation of schizophrenia with the Val allele. Thus, the family-
based studies reinforced the possibility that the Val allele of
this COMT polymorphism confers a different degree of risk
to these two ethnic groups.

The variability of the evidence from Asian samples pre-
vents firm conclusions about the role of this polymor-
phism in schizophrenia susceptibility in this population,
and even though the Val allele was implicated more
strongly in schizophrenia risk among European samples,
this association seems tenuous at best. This relationship is
further complicated by the possibility that the causative
risk gene that produced this evidence for association is not
COMT itself but a nearby gene that is in linkage disequilib-
rium with it. Clearly, more family-based studies of this pu-
tative association are sorely needed and will prove ex-
tremely informative. Determining the true nature of the
relationship between this polymorphism of COMT and
schizophrenia also may be facilitated by the application of
emerging genomic-control association methods. The use
of genotypes at randomly selected markers throughout the
genome to control for population substructure in a case-
control design provides a more powerful alternative to
family-based association testing that nonetheless remains
robust to false positive or false negative associations (42).

There is some division in the conclusions to be drawn
from case-control and family-based studies of the associa-
tion between the COMT Val158/108Met polymorphism
and schizophrenia. The former set of studies implicated
the Val allele as a very weak risk factor in European sam-
ples (odds ratio=1.1), while the family-based studies place
the effect of Val in European samples much higher (odds
ratio=2.2). There is no simple resolution to this discrep-

Am | Psychiatry 160:3, March 2003

FIGURE 2. Egger’s Publication Bias Plots for Family-Based
Studies of the Role of the COMT Val158/108Met Polymor-
phism in Schizophrenia in Asian and European Samples?
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verse of the standard error of the odds ratio). For Asian studies, 95%
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ancy, but the most conservative conclusion would be that,
without additional evidence, we simply cannot determine
if the COMT gene is implicated in schizophrenia. As new
studies emerge, the present findings can be updated, and,
eventually, more reliable estimates of this association in
both ethnic groups may be obtained.

If, however, the present findings are already accurate es-
timates of the true effects to be obtained from each type of
study and if the results from case-control and family-
based studies do not converge upon the addition of more
samples, then other possibilities must be considered. One
alternative interpretation might be that case-control and
family-based studies ascertain different populations of
schizophrenic patients, and that this COMT polymor-
phism has a stronger contribution to risk in patients who
become involved in family-based studies. The most obvi-
ous difference between the two groups of sampled pa-
tients is that those eligible for a family-based study must
have two parents who are both willing and able to partici-
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pate in the research. The availability of both parents could
reflect a number of differences between patients enrolled
in the two types of studies, such as a higher level of familial
involvement with the patient and a better social support
system or less severe pathology.

In the light of these discrepancies, there is reason to be-
lieve that the findings from the group of family-based
studies (i.e., European samples, Val odds ratio=2.2) may be
more accurate than the findings from the group of case-
control studies (i.e., European samples, Val odds ratio=
1.1). For example, the family-based study design is less
susceptible than the case-control design to inferential er-
rors based on artifacts like population stratification. As
can be seen from Table 1, the frequency of the Val allele
varies widely across studies, and especially across studies
of different ethnic groups. In fact, allele frequency in con-
trol groups was highly correlated with ethnicity in this
group of studies (r=0.93, p=0.000005), and a significantly
higher Val frequency was observed in Asian control sam-
ples (0.73) than in European control samples (0.49). These
estimates are quite similar to allele frequencies previously
reported for each of these populations (43). Thus, despite
the efforts to match cases and control subjects in popula-
tion-based studies, even slight differences in ethnicity
(and, consequently, allele frequency) between cases and
control subjects can mask the contribution of a gene to the
risk for a complex disease and invalidate estimates of as-
sociation (44).

In addition, the odds ratios derived from the two family-
based studies of European samples were strikingly similar
in their direction and magnitude, which further suggests
they are detecting a significant, albeit small, association.
Since a formal analysis of publication bias was not possi-
ble in the small group of family-based studies of European
samples, it remains possible that evidence against the
family-based association of Val with schizophrenia exists
but is unpublished. Thus, it may be that a positively biased
sample of the family-based studies was obtained and that
the inclusion of only a few more negative studies would
close the gap between the pooled outcome of case-control
studies and the family-based studies of European sam-
ples. This possibility is reasonable given the well-known
bias against the publication of negative findings in scien-
tific journals (45) and the reluctance of investigators to
publish such findings.

The Val allele of this COMT polymorphism may increase
susceptibility to schizophrenia, but it is important to rec-
ognize that this gene variant may also influence suscepti-
bility to other psychiatric conditions. For example, this
polymorphism is also associated with the rate of cycling in
bipolar disorder (46, 47). The Val allele may give rise to
multiple physiological abnormalities that separately con-
tribute to both of these illnesses, or it may produce a single
deficit that is common to both disorders. It is not yet clear
if the observed effects of the Val158/108Met genotype on
executive cognitive functioning and prefrontal cortical ac-
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tivation during the performance of a working memory
task (19, 20) support the former or latter conclusion, since
the specificity of these deficits for schizophrenia is unre-
solved (48). However, COMT resides on chromosome 22q,
which is one of only two regions (along with chromosome
13q) that showed significant genome-wide linkage for
both schizophrenia and bipolar disorder in a recent meta-
analysis (17), further supporting a common effect of this
polymorphism in both disorders. Although firm conclu-
sions must await a large, definitive study, the present find-
ings, along with the biological relevance of the Val allele,
suggest that it may be considered a risk factor for schizo-
phrenia, especially in those of European descent.

Received April 18, 2002; revision received Aug. 29, 2002; accepted
Sept. 6, 2002. From the Department of Psychiatry, Harvard Medical
School at Massachusetts Mental Health Center and Massachusetts
General Hospital; the Harvard Institute of Psychiatric Epidemiology
and Genetics, Boston; the Psychiatry Service, Brockton-West Roxbury
Veterans Affairs Medical Center, Brockton, Mass.; and the Depart-
ment of Epidemiology, Harvard School of Public Health, Boston. Ad-
dress reprint requests to Dr. Tsuang, Massachusetts Mental Health
Center, 74 Fenwood Rd., Boston, MA 02115; ming_tsuang@hms.
harvard.edu (e-mail).

Supported in part by NIMH grants MH-59624 and MH-60485 (Dr.
Tsuang).

References

1. Gottesman IlI: Schizophrenia Genesis: The Origins of Madness.
New York, WH Freeman, 1991

2. Kendler KS: Overview: a current perspective on twin studies of
schizophrenia. Am J Psychiatry 1983; 140:1413-1425

3. Kety SS, Rosenthal D, Wender PH, Schulsinger F: The types and
prevalence of mental illness in the biological and adoptive
families of adopted schizophrenics. ] Psychiatr Res 1968;
1(suppl):345-362

4. McGue M, Gottesman Il, Rao DC: The transmission of schizo-
phrenia under a multifactorial threshold model. Am J Hum
Genet 1983; 35:1161-1178

5. Pulver AE: Search for schizophrenia susceptibility genes. Biol
Psychiatry 2000; 47:221-230

6. Faraone SV, Tsuang D, Tsuang MT: Genetics of Mental Disor-
ders: A Guide for Students, Clinicians, and Researchers. New
York, Guilford, 1999

7. Spurlock G, Williams ], McGuffin P, Aschauer HN, Lenzinger E,
Fuchs K, Sieghart WC, Meszaros K, Fathi N, Laurent C, Mallet J,
Macciardi F, Pedrini S, Gill M, Hawi Z, Gibson S, Jazin EE, Yang
HT, Adolfsson R, Pato CN, Dourado AM, Owen M]: European
Multicentre Association Study of Schizophrenia: a study of the
DRD2 Ser311Cys and DRD3 Ser9Gly polymorphisms. Am ] Med
Genet 1998; 81:24-28

8. Sobell JL, Lind TJ, Sigurdson DC, Zald DH, Snitz BE, Grove WM,
Heston LL, Sommer SS: The D5 dopamine receptor gene in
schizophrenia: identification of a nonsense change and multi-
ple missense changes but lack of association with disease.
Hum Mol Genet 1995; 4:507-514

9. Macciardi F, Verga M, Kennedy JL, Petronis A, Bersani G,
Pancheri P, Smeraldi E: An association study between schizo-
phrenia and the dopamine receptor genes DRD3 and DRD4 us-
ing haplotype relative risk. Hum Hered 1994; 44:328-336

10. Kojima H, Ohmori O, Shinkai T, Terao T, Suzuki T, Abe K:

Dopamine D1 receptor gene polymorphism and schizophrenia
in Japan. Am | Med Genet 1999; 88:116-119

Am | Psychiatry 160:3, March 2003



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Daniels J, Williams J, Asherson P, McGuffin P, Owen M: No asso-
ciation between schizophrenia and polymorphisms within the
genes for debrisoquine 4-hydroxylase (CYP2D6) and the dopa-
mine transporter (DAT). Am ] Med Genet 1995; 60:85-87
Coron B, Campion D, Thibaut F, Dollfus S, Preterre P, Langlois S,
Vasse T, Moreau V, Martin C, Charbonnier F, Laurent C, Mallet J,
Petit M, Frebourg T: Association study between schizophrenia
and monoamine oxidase A and B DNA polymorphisms. Psychi-
atry Res 1996; 62:221-226

Speight G, Turic D, Austin ], Hoogendoorn B, Cardno AG, Jones
L, Murphy KC, Sanders R, McCarthy G, Jones |, McCandless F,
McGuffin P, Craddock N, Owen M]J, Buckland P, O’'Donovan MC:
Comparative sequencing and association studies of aromatic L-
amino acid decarboxylase in schizophrenia and bipolar disor-
der. Mol Psychiatry 2000; 5:327-331

Kunugi H, Kawada Y, Hattori M, Ueki A, Otsuka M, Nanko S: As-
sociation study of structural mutations of the tyrosine hydrox-
ylase gene with schizophrenia and Parkinson’s disease. Am ]
Med Genet 1998; 81:131-133

Polymeropoulos MH, Coon H, Byerley W, Gershon ES, Crow TJ,
Rubenstein J, Hoff M, Holik J, Smith AM, Shields G, Bass NJ,
Poulter M, Lofthouse R, Vita A, Morganti C, Merril CR, DelLisi LE:
Search for a schizophrenia susceptibility locus on human chro-
mosome 22. Am ] Med Genet 1994; 54:93-99

Pulver AE, Karayiorgou M, Wolyneic P, Lasseter VK, Kasch L,
Nestadt G, Antonarakis S, Housman D, Kazazian HH, Meyers D,
Ott J, Lamacz M, Liang K-Y, Hanfelt ], Ullrich G, DeMarchi N,
Ramu E, McHugh PR, Adler L, Thomas M, Carpenter WT, Man-
schreck T, Gordon CT, Kimberland M, Babb R, Puck J, Childs B:
Sequential strategy to identify a susceptibility gene for schizo-
phrenia: report of potential linkage on chromosome 22q12-
q13.1, part 1. Am J Med Genet 1994; 54:36-43

Badner JA, Gershon ES: Meta-analysis of whole-genome linkage
scans of bipolar disorder and schizophrenia. Mol Psychiatry
2002; 7:405-411

Lotta T, Vidgren ], Tilgmann C, Ulmanen I, Melen K, Julkunen I,
Taskinen J: Kinetics of human soluble and membrane-bound
catechol O-methyltransferase: a revised mechanism and de-
scription of the thermolabile variant of the enzyme. Biochem-
istry 1995; 34:4202-4210

Egan MF, Goldberg TE, Kolachana BS, Callicott JH, Mazzanti CM,
Straub RE, Goldman D, Weinberger DR: Effect of COMT Val108/
158 Met genotype on frontal lobe function and risk for schizo-
phrenia. Proc Natl Acad Sci USA 2001; 98:6917-6922

Joober R, GauthierJ, Lal S, Bloom D, Lalonde P, Rouleau G, Ben-
kelfat C, Labelle A: Catechol-O-methyltransferase Val-108/158-
Met gene variants associated with performance on the Wiscon-
sin Card Sorting Test. Arch Gen Psychiatry 2002; 59:662-663
de Chaldee M, Laurent C, Thibaut F, Martinez M, Samolyk D,
Petit M, Campion D, Mallet J: Linkage disequilibrium on the
COMT gene in French schizophrenics and controls. Am ] Med
Genet 1999; 88:452-457

Norton N, Kirov G, Zammit S, Jones G, Jones S, Owen R, Krawc-
zak M, Williams NM, O’Donovan MC, Owen M]J: Schizophrenia
and functional polymorphisms in the MAOA and COMT genes:
no evidence for association or epistasis. Am ] Med Genet 2002;
114:491-496

Park TW, Yoon KS, Kim JH, Park WY, Hirvonen A, Kang D: Func-
tional catechol-O-methyltransferase gene polymorphism and
susceptibility to schizophrenia. Eur Neuropsychopharmacol
2002; 12:299-303

Arinami T, Ohtsuki T, Takase K, Shimizu H, Yoshikawa T,
Horigome H, Nakayama J, Toru M: Screening for 22q11 dele-
tions in a schizophrenia population. Schizophr Res 2001; 52:
167-170

Chen C-H, Lee Y-R, Chung M-Y, Wei F-C, Koong F-J, Shaw C-K,
Yeh J-1, Hsiao K-J: Systematic mutation analysis of the catechol

Am | Psychiatry 160:3, March 2003

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

GLATT, FARAONE, AND TSUANG

O-methyltransferase gene as a candidate gene for schizophre-
nia. Am J Psychiatry 1999; 156:1273-1275

Daniels JK, Williams NM, Williams ], Jones LA, Cardno AG, Mur-
phy KC, Spurlock G, Riley B, Scambler P, Asherson P, McGuffin P,
Owen MJ: No evidence for allelic association between schizo-
phrenia and a polymorphism determining high or low cate-
chol O-methyltransferase activity. Am J Psychiatry 1996; 153:
268-270

Herken H, Erdal ME: Catechol-O-methyltransferase gene poly-
morphism in schizophrenia: evidence for association between
symptomatology and prognosis. Psychiatr Genet 2001; 11:
105-109

Karayiorgou M, Gogos JA, Galke BL, Wolyniec PS, Nestadt G, An-
tonarakis SE, Kazazian HH, Housman DE, Pulver AE: Identifica-
tion of sequence variants and analysis of the role of the cate-
chol-O-methyl-transferase gene in schizophrenia susceptibility.
Biol Psychiatry 1998; 43:425-431

Kotler M, Barak P, Cohen H, Averbuch IE, Grinshpoon A, Grit-
senko I, Nemanov L, Ebstein RP: Homicidal behavior in schizo-
phrenia associated with a genetic polymorphism determining
low catechol O-methyltransferase (COMT) activity. Am ] Med
Genet 1999; 88:628-633

Liou Y], Tsai SJ, Hong CJ, Wang YC, Lai IC: Association analysis of
a functional catechol-O-methyltransferase gene polymorphism
in schizophrenic patients in Taiwan. Neuropsychobiology
2001; 43:11-14

Ohmori O, Shinkai T, Kojima H, Terao T, Suzuki T, Mita T, Abe K:
Association study of a functional catechol-O-methyltransferase
gene polymorphism in Japanese schizophrenics. Neurosci Lett
1998; 243:109-112

Strous RD, Bark N, Woerner M, Lachman HM: Lack of associa-
tion of a functional catechol-O-methyltransferase gene poly-
morphism in schizophrenia. Biol Psychiatry 1997; 41:493-495
Fan B, Chen WY, Tang JX, Li S, Gu NF, Feng GY, Breen G, St Clair
D, He L: Family-based association studies of COMT gene poly-
morphisms and schizophrenia in the Chinese population. Mol
Psychiatry 2002; 7:446-447

Li T, Ball D, Zhao J, Murray RM, Liu X, Sham PC, Collier DA: Fam-
ily-based linkage disequilibrium mapping using SNP marker
haplotypes: application to a potential locus for schizophrenia
at chromosome 22q11. Mol Psychiatry 2000; 5:77-84

Kunugi H, Vallada HP, Sham PC, Hoda F, Arranz MJ, Li T, Nanko
S, Murray RM, McGuffin P, Owen M, Gill M, Collier DA: Catechol-
O-methyltransferase polymorphisms and schizophrenia: a
transmission disequilibrium study in multiply affected fami-
lies. Psychiatr Genet 1997; 7:97-101

Semwal P, Prasad S, Bhatia T, Deshpande SN, Wood J, Nimga-
onkar VL, Thelma BK: Family-based association studies of
monoaminergic gene polymorphisms among North Indians
with schizophrenia. Mol Psychiatry 2001; 6:220-224

Spitzer RL, Endicott J, Robins E: Research Diagnostic Criteria
(RDC) for a Selected Group of Functional Disorders, 3rd ed.
New York, New York State Psychiatric Institute, Biometrics Re-
search, 1978

Knapp M, Seuchter SA, Baur MP: The haplotype-relative-risk
(HRR) method for analysis of association in nuclear families.
Am ] Hum Genet 1993; 52:1085-1093

DerSimonian R, Laird N: Meta-analysis in clinical trials. Control
Clin Trials 1986; 7:177-188

Woolf B: On estimating the relation between blood group and
disease. Ann Eugen 1955; 19:251-253

Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-
analysis detected by a simple, graphical test. Br Med ] 1997;
315:629-634

Bacanu SA, Devlin B, Roeder K: The power of genomic control.
Am ] Hum Genet 2000; 66:1933-1944

http://ajp.psychiatryonline.org 475



COMT POLYMORPHISM AND SCHIZOPHRENIA

43.

44,

45.

46.

476

Palmatier MA, Kang AM, Kidd KK: Global variation in the fre-
quencies of functionally different catechol-O-methyltrans-
ferase alleles. Biol Psychiatry 1999; 46:557-567

Deng HW: Population admixture may appear to mask, change
or reverse genetic effects of genes underlying complex traits.
Genetics 2001; 159:1319-1323

Begg CB, Berlin JA: Publication bias and dissemination of clini-
cal research. J Natl Cancer Inst 1989; 81:107-115

Kirov G, Murphy KC, Arranz M, Jones I, McCandles F, Kunugi H,
Murray RM, McGuffin P, Collier DA, Owen MJ, Craddock N: Low
activity allele of catechol-O-methyltransferase gene associated

http://ajp.psychiatryonline.org

47.

48.

with rapid cycling bipolar disorder. Mol Psychiatry 1998; 3:
342-345

Papolos DF, Veit S, Faedda GL, Saito T, Lachman HM: Ultra-ultra
rapid cycling bipolar disorder is associated with the low activity
catecholamine-O-methyltransferase allele. Mol Psychiatry
1998; 3:346-349

Seidman LJ, Kremen WS, Koren D, Faraone SV, Goldstein JM,
Tsuang MT: A comparative profile analysis of neuropsychologi-
cal functioning in patients with schizophrenia and bipolar psy-
choses. Schizophr Res 2002; 53:31-44

Am | Psychiatry 160:3, March 2003



