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Background: Neurocognitive deficits are recognized as a
cardinal feature of schizophrenia, but the determinants of
these deficits remain unknown. Recent reports have sug-
gested that a functional polymorphism, Val158Met in exon
III of the catechol-O-methyltransferase gene, shares ap-
proximately 4% variance with performance on the Wis-
consin Card Sorting Test. These findings led to sugges-
tions that the catechol-O-methyltransferase polymorphism
may exert its effects by modulating prefrontal dopamine
function, but few other neurocognitive measures have been
examined, leaving open questions about phenotypic spec-
ificity.

Methods: We examined the effects of the catechol-O-
methyltransferase Val158Met polymorphism in 58 individ-
uals with chronic schizophrenia who completed a battery
of 15 neurocognitive tests, which were reduced to four
reliable neurocognitive domain scores. We examined the
effects of genotype on these four domains and on global
neurocognitive ability.

Results: The Met allele was associated with better per-
formance in the Processing Speed and Attention domain,
but not with other domain scores measuring executive and
visuoperceptual functions, declarative verbal learning and
memory, simple motor ability, or global neurocognitive
function. Genotype shared approximately 11% of variance
with Processing Speed and Attention scores, and approx-
imately 2% of variance with Wisconsin Card Sorting Test
scores.

Conclusions: The findings provide independent support
for the hypothesis that the catechol-O-methyltransferase
Val158Met polymorphism influences neurocognitive func-
tion in schizophrenia, and suggest that the functional
effects may be expressed on measures of Processing Speed

and Attention. This information may prompt reconsidera-
tion of the “prefrontal dopamine” hypothesis and invites
examination of a broader range of effects in efforts to
refine the neurocognitive phenotype that is most relevant
to variation in catechol-O-methyltransferase expression.
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Introduction

Neurocognitive deficits are recognized as cardinal
features of schizophrenia that may have important

implications for functional outcome. While multiple ge-
netic susceptibility loci have been identified based on
linkage to the diagnosis of schizophrenia, none have been
widely replicated. Some investigators have suggested that
the findings are most consistent with polygenic inheritance
models and/or that novel phenotypes should be defined to
reflect neurobiological processes with a closer relation to
the products of gene expression.

Recently, a single nucleotide polymorphism (SNP),
Val158Met, in the coding region of the catechol-O-meth-
yltransferase (COMT) gene has been studied extensively
because COMT is functionally expressed in neural sys-
tems considered important in a range of healthy brain
functions and brain disorders, including schizophrenia.
The COMT Met allele is associated with a lower activity
form of COMT, decreased catabolism and increased avail-
ability of catecholamines. Several recent studies found that
the Met allele was associated with better performance on
the Wisconsin Card Sorting Test (WCST), and it was
suggested that the low activity form of COMT might yield
better prefrontal cortical functioning associated with in-
creased availability of dopamine (Egan et al 2001; Mal-
hotra et al 2002; Weinberger et al 2001).

While the association of the Met allele with WCST
performance followed a priori hypotheses, COMT geno-
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type shared only about 4% of the variance with perfor-
mance in these studies (Egan et al 2001; Malhotra et al
2002). With respect to the functional specificity of the
findings, Egan and colleagues reported that some general
measures of reading and intelligence were not signifi-
cantly related to COMT genotype. Published behavioral
studies thus suggest relations of COMT genotype to the
WCST rather than global intellectual ability, but leave
unanswered questions about the neurocognitive pheno-
types that might relate best to COMT genotype. Given the
functional heterogeneity of frontal lobe systems and their
complex modulation, further specification of COMT-
related behavioral phenotypes could be valuable.

We determined COMT Val158Met genotypes for partic-
ipants in a study of antipsychotic drug effects and neuro-
cognitive function in chronic schizophrenia (Bilder et al
2002; Citrome et al 2001; Volavka et al 2002). We
hypothesized that the Met allele would be associated with
better neurocognitive performance. We further aimed to
assess the genotype effect on different domains to charac-
terize the neurocognitive phenotype most robustly related
to this polymorphism.

Methods and Materials
Detailed descriptions of the inclusion/exclusion criteria, treat-
ments, and neurocognitive procedures are provided elsewhere
(Bilder et al 2002; Volavka et al 2002). The participants were
inpatients at four psychiatric state hospitals (two in New York
and two in North Carolina). After complete description of the
study to the participants, written informed consent was obtained
in line with each institution’s review board guidelines. Briefly,
inclusion criteria were: 1) DSM-IV schizophrenia or schizoaf-
fective disorder; 2) treatment-resistance defined by both persis-
tence of positive symptoms despite adequate treatment with
conventional antipsychotics and a poor level of social/vocational
functioning over the past two years; 3) total score � 60 on the
Positive and Negative Syndrome Scale (PANSS)(Kay et al 1987)
at baseline; and 4) age 18–60 years. Exclusion criteria were: 1)
history of failure to respond to adequate trials of clozapine
(CLO), risperidone (RIS), or olanzapine (OLZ); history of CLO,
OLZ, RIS, or haloperidol (HAL) intolerance; and 2) depot
antipsychotic within 30 days before randomization.

Assessments of neurocognitive function were conducted at the
end of a lead-in period before randomization, after patients’
antipsychotic medications had been adjusted over a 1- to 2-week
period so that the daily dose did not exceed 750 mg chlorprom-
azine equivalent. Other concomitant medications such as mood
stabilizers and antidepressants were gradually tapered off and
discontinued. Propranolol was allowed for the treatment of
akathisia. Lorazepam, diphenhydramine hydrochloride, or chlo-
ral hydrate was prescribed as needed for the treatment of
agitation and insomnia. To minimize sedation effects, assess-
ments were postponed until at least 8 hours after the last dose of
any treatment for agitation.

The neurocognitive battery was designed to examine func-
tional domains previously considered important by virtue of: 1)
their demonstrated impairment in people with schizophrenia; 2)
their relations to functional outcomes; and/or 3) their demon-
strated change in prior studies of antipsychotic treatment. These
assessments focused on measures of general ability, learning and
memory, attention, executive functions, and motor skills. The
battery included 15 tests that have been described extensively in
prior research by us and others (Bilder et al 2000; Bilder et al
2002; Brandt 1991).

We examined 16 neurocognitive variables from 15 tests and
found the scores to be well represented by a series of four domain
scores, based on principal components analysis. Domain scores
were computed by averaging the z scores on contributing
variables; all z scores were computed so that positive scores
indicate better performance. The reliability (coefficient alpha’s)
of these domain scores ranged from .81 to .89. The domain
scores (and individual test variables within each) were: 1)
General Executive and Perceptual Organization (Letter-Number
Span, (Wisconsin Card Sorting Test (WI) Card Sort–persevera-
tive errors, Category Fluency, Letter Fluency, Block Design,
Visual Reproductions I, Visual Reproductions II); 2) Declarative
Verbal Learning and Memory (Paragraph Recall I, Paragraph
Recall II, Word List Learning I, Word List Learning II); 3)
Processing Speed and Attention (Trail Making Test A, Trail
Making Test B, Digit Symbol); and 4) Simple Motor (Tapping
Left, Tapping Right). The minimum loading of any test on its
respective factor was .45 (see Bilder et al 2002). We also
computed a “Global” score as the mean of z scores on all 16
individual neurocognitive test measures. Not all patients
completed all tests; domain and global scores were computed
as the mean of all nonmissing contributing variables.

Raters performed all clinical research assessments blind to
treatments received and neurocognitive test results. Symptoms
were rated on the PANSS (Kay et al 1987). Extrapyramidal side
effects were assessed using the Extrapyramidal Symptom Rating
Scale (ESRS)(Chouinard et al 1980). Nursing staff rated sedation
using the Nurses’ Observational Scale for Inpatient Evaluation
(NOSIE) (Honigfeld and Klett 1965).

Genomic DNA was extracted using a nonenzymatic high salt
procedure (Lahiri and Nurnberger 2001). Polymerase chain
reaction (PCR) was used to amplify the fragments of genomic
DNA containing the valine 158 methionine polymorphism of
COMT. The primers 5�-TCA CCA TCG AGA TCA ACC CC-3�
and 5�-GAA CGT GGT TGT AAC ACC TG-3� were used
(Kunugi et al 1997). PCR was carried out in a 25 mL volume
containing 150 ng genomic DNA, 10 mmol/L Tris-HCl, 50
mmol/L KCl, 1.0 mmol/L MgCl2, 0.001% gelatin, 5% DMSO,
0.2 mmol/L of each dNTP, 1 ng/mL of each primer and 1 unit of
AmpliTaq DNA polymerase (Perkin-Elmer, Toronto, Canada).
The initial denaturation was at 95°C for 3 min followed by 35
temperature cycles consisting of 30 sec at 94°C, 30 sec at 62°C,
and 30 sec at 72°C. A final extension at 72°C for 7 min finished
the reactions. Polymerase chain reaction products were digested
by restriction enzymes Nla III and then subjected to electro-
phoresis on a 3.5% high resolution agarose (Bioshop Canada,
Burlington, Ontario) gel, which was stained with ethidium
bromide. The bands were visualized under ultraviolet light; DNA
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bands were assigned allele numbers based on their size: allele 1
(val158) � 82bp�54bp�48bp and allele 2 (met158) �
63bp�54bp�48bp�19bp.

Analysis of genotype effects on each neurocognitive domain
used logistic regression (SAS, Inc.) to assess the distribution of
scores across the groups defined by the presence of the Met allele
in a “dose-dependent” fashion (Val/Val, dose � 0, Val/Met, dose
� 1, and for Met/Met, dose � 2), consistent with an autosomal
codominant inheritance pattern (Weinshilboum et al 1999). To
control for Type I error given the number of statistical tests (one
for each of the four neurocognitive domains) we used a Bonfer-
roni correction (critical alpha � .05/4 � .0125) to test the null
hypothesis that Met dose had no effect on specific neurocogni-
tive domains. We also examined the effects of genotype on the
Global score; since this is an algebraic sum of the test scores
comprising the four individual domains, we tested the hypothesis
of no genotype effect on this score without additional Bonferroni
correction (alpha � .05). All significance tests were two-tailed.
While the two prior studies reporting better cognitive function
associated with the Met allele may have justified the use of
one-tailed tests, we believe the broader literature on phenotypic
correlates of the COMT polymorphism is sufficiently novel and
complex that the more conservative two-tailed approach is
warranted. We conducted similar logistic regression analyses of
the other individual variables for descriptive purposes, to provide
researchers with point estimates of the variance shared with each
of the individual variables that were used to construct the domain
scores, and for comparison to previous studies.

Results

The observed genotype frequencies, key demographic/
clinical measures and neurocognitive domain scores
within each group are shown in Table 1. The observed
distribution of genotypes was consistent with Hardy-
Weinberg equilibrium expectations (�2 � 1.4, df � 2, p �
.49). The groups defined by genotype did not differ on
distributions of gender, ethnicity, age, onset age, or dura-
tion of illness. Symptom ratings (Total and Negative
symptom scores on the PANSS) tended to be more severe
in the Met/Met group, but overall the symptoms and
neurocognitive performance of this sample were similar to
those observed in prior reports about this study (Bilder et
al 2002; Citrome et al 2001; Volavka et al 2002).

Logistic regression analysis of the four neurocognitive
domain scores revealed no significant deviations from the
proportional odds assumption, so for each score we tested
the global null hypothesis that beta � 0 (i.e., null hypoth-
esis of no effect of Met dose on neurocognitive domain
score). These analyses showed a significant effect (after
Bonferroni correction) of genotype on the Processing
Speed and Attention domain (see Table 1). Dose of the
Met allele shared 10.8% of variance with scores in this
domain. Met dose shared from 1.2% to 3.9% of variance
with the other domains, but none of these associations was

statistically significant. The association of Met dose with
the Global score was nonsignificant (�2 (1) � 1.97, p �
.16; shared variance � 3.4%). To assess the possibility
that symptom differences between groups might modulate
the observed association of Processing Speed and Atten-
tion with genotype, we repeated this logistic regression
analysis with PANSS Total, Positive, Negative, and Gen-
eral symptom total scores as covariates. The results were
essentially unchanged (the odds ratio in the original model
was 1.93, in the four new analyses the two extreme values
were 1.81 and 2.06), and the p values (nominal) did not
exceed the .05 level in any of the analyses.

Table 1 also includes, for descriptive purposes only, the
raw scores on each of the neurocognitive variables that
were used to compute the domain scores, along with the
chi-square statistic and probability each of these tests
would have had, if these had been analyzed as individual
tests.

Figure 1 shows the point estimates of variance ex-
plained by Met dose on individual neurocognitive test
variables. Individual test scores shared up to 15.2% of
variance with Met dose; several individual variables (Trail
Making Test –Part B; immediate and delayed Visual
Reproductions) shared more than 10% of variance with
genotype. The WCST perseverative error score shared 2%
of the variance with genotype.

Discussion

We found that higher loading of the COMT 158 Met allele
was associated with better neurocognitive performance
among individuals with chronic schizophrenia, consistent
with and extending the findings from prior studies (Egan
et al 2001; Malhotra et al in press). Among four neuro-
cognitive domains, a significant genotype effect was
observed only on Processing Speed and Attention. Other
domains not significantly related to genotype included
General Executive and Perceptual ability, Declarative
Verbal Learning and Memory, and Simple Motor perfor-
mance. The results suggest that the functions most closely
linked to the COMT gene polymorphism are those shared
by tests such as the Trail Making and Digit Symbol
Substitution tests, which are complex and involve a range
of attentional, executive, visuospatial, and graphomotor
abilities. Performance on these tests is disrupted following
diverse lesions, and impairments are often considered
nonspecific with respect to the neural systems implicated
(Bilder et al 2000). The pattern of effects across individual
tests further supports the idea that aspects of visuospatial
processing, attention, and cognitive flexibility share the
most variance with COMT genotype, while measures of
verbal learning and memory, and simple motor speed,
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shared the least variance with COMT genotype (see Figure
1).

Consistent with previous studies that focused on the
WCST alone, we found a similar percentage of variance
shared between genotype and WCST scores (approximate-
ly 2% in our study; approximately 4% in the other studies)
(Egan et al 2001; Malhotra et al 2002). We found similar
small effects for other tests widely used to assess execu-
tive and working memory functions of the frontal lobes
(Letter Number Span, verbal fluency tests), and for scores
on the General Executive and Perceptual domain, which
provides a reliable index of these functions. These effects
were too small to be considered statistically significant in
our sample, but it should be recognized that our study had

power of only .33 to detect an effect size as small as that
found by Egan et al 2001, with alpha level of .05,
two-tailed. In contrast, the findings for Processing Speed
and Attention were more robust, suggesting that the
cognitive phenotype most clearly linked to COMT
genotype may differ from that implicated by the “fron-
tal dopamine” hypothesis which was the focus of prior
interpretations. Among possible sources for discrepan-
cies between studies, we can effectively rule out differ-
ences in allele frequencies, which were very similar (for
example, the patients studied by Egan and colleagues
found 35% Val/Val, 49% Val/Met, and 16% Met/Met,
while for our study these frequencies were 34%, 53%
and 12%, respectively). Instead, the key difference

Table 1. Sample Characteristics and Neurocognitive Results by Genotypea

Variable

Genotype

Test Statistic (df) ProbbMet/Met Met/Val Val/Val

n 7 31 20 �2 (2) � 1.40
c

.49
Age 43.43 (6.39) 39.94 (5.76) 39.47 (14.54) F (2,55) � .45 .64
Sex (F/M) 1, 6 7, 24 4, 16 Fisher’s Exact 1.00
Ethnicity (AI,AP,B,H,W) 0, 0, 2, 1, 4 1, 1, 15, 6, 8 0, 1, 15, 1, 3 Fisher’s Exact .23
Duration of Illness (y) 24.57 (7.67) 17.98 (5.59) 19.47 (9.64) F (2,55) � 2.24 .12
Onset Age (y) 18.86 (5.34) 21.97 (4.92) 20.00 (14.54) F (2,55) � .45 .64
PANSS Total Baselined 3.42 (.45) 2.98 (.39) 3.17 (.52) F (2,55) � 3.22 .05
PANSS Positived 3.85 (.83) 3.37 (.64) 3.74 (.90) F (2,55) � 2.01 .14
PANSS Negatived 3.81 (.72) 3.01 (.67) 3.17 (.81) F (2,55) � 3.41 .04
PANSS Generald 3.06 (.33) 2.79 (.42) 2.91 (.55) F (2,55) � 1.22 .30

Domain Mean (SD) ne Mean (SD) ne Mean (SD) ne Test Statistic (df) Probb

General executive and perceptual organization �.39 (.80) 7 �.04 (.75) 31 �.37 (.57) 20 �2 (1) � .60 .44
Declarative verbal learning and memory .08 (.95) 7 �.05 (.78) 29 �.23 (.72) 20 �2 (1) � 1.11 .29
Processing speed and attention .18 (.49) 5 .08 (.93) 31 �.67 (1.20) 19 �2 (1) � 6.26 .0124
Simple motor speed .71 (.54) 5 .06 (1.09) 27 .03 (.91) 16 �2 (1) � .82 .37

Individual Variable Raw Score Mean (SD) ne Mean (SD) ne Mean (SD) ne Test Statistic (df) Probb

Logical memory—immediate 9.7 (7.3) 7 9.5 (6.9) 29 8.4 (6.2) 20 .35 .55
Logical memory—delay 4.8 (3.4) 5 4.7 (4.8) 29 4.8 (4.8) 19 0 .97
Hopkins verbal learning—total 14.8 (7.9) 4 15.0 (5.7) 28 13.5 (5.2) 20 .65 .42
Hopkins verbal learning—delay 4.8 (2.5) 4 3.3 (3.0) 28 2.2 (2.4) 19 3.69 .05
Vis reproductions—immediate 6.3 (1.5) 4 6.8 (3.5) 28 4.2 (2.9) 20 5.26 .02
Vis reproductions—delay 4.3 (2.9) 4 4.4 (2.7) 28 2.2 (1.8) 18 6.55 .01
Controlled word association test 19.6 (12.0) 5 21.8 (11.0) 28 19.8 (8.5) 17 .13 .72
Animal naming BDAE 8.0 (4.6) 5 12.0 (5.9) 29 10.9 (4.9) 20 .10 .75
Trail making test, Part A time 51.4 (22.3) 5 65.2 (35.1) 30 97.1 (61.6) 19 6.48 .01
Trail making test, Part B time 160.3 (76.1) 3 197.2 (122.9) 16 335.4 (241.2) 10 4.07 .04
Wisc. Card Sorting, perseverative errors 44.8 (21.1) 4 46.5 (27.8) 26 55.0 (27.7) 15 .92 .34
Letter-number span (total correct) 11.7 (3.1) 3 7.0 (3.3) 20 7.0 (2.4) 9 2.22 .14
WAIS-R block design (ACSS) 5.9 (2.3) 7 6.8 (2.6) 30 5.6 (2.4) 20 .51 .48
WAIS-R digit symbol (ACSS) 5.0 (1.4) 4 5.4 (1.6) 28 4.61 (1.3) 18 2.92 .09
Finger tapping test—R hand mean 48.5 (6.7) 5 41.3 (10.7) 27 40.9 (9.6) 16 1.25 .26
Finger tapping test—L hand mean 45.1 (4.0) 5 39.6 (11.1) 27 39.4 (9.5) 16 .69 .41

AI, American Indian; ACSS, Age Corrected Subtest Score; AP, Asian/Pacific Islander; B, Black; BDAE, Boston Diagnostic Aphasia Exam; H, Hispanic; F, female; M,
male; PANSS, Positive and Negative Syndrome Scale; Vis, Visual Reproduction Subtest of the Wechsler Memory Scale, Revised; W, White; WAIS-R, Wecshler Adult
Intelligence Scale, Revised.

aValues are mean (SD) unless indicated otherwise.
bBefore Bonferroni correction, two-tailed.
cRelative to expected distribution based on allele frequency.
dPANSS scores are expressed as the mean of item scores for the total and each subscale.
eN of subjects varies because not all patients completed all tests; all non-missing data were used to compute domain scores.
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appears to be that our study examined more diverse
cognitive functions.

While the frontal dopamine (DA) hypothesis is attrac-
tive, particularly with respect to some theories of schizo-
phrenia, it is not clear that frontal DA systems are the
principal or unique targets of variability in COMT expres-
sion that affect cognition. Catechol-O-methyltransferase is
distributed widely throughout the neocortex and in key
striatal and limbic regions that modulate neurocognitive
performance. Moreover, COMT effects are not specific to
DA catabolism, but play a broader role in the methylation
of other catecholamine neurotransmitters including nor-
epinephrine and epinephrine, and other endogenous cate-
chol compounds such as the catechol estrogens (Wein-
shilboum et al 1999). Weinberger and colleagues recently
summarized evidence that COMT may be particularly
important in prefrontal DA regulation due to the paucity of
synaptic DA transporters there (in contrast to the striatum,
where the DA transporter plays a major role in DA
degradation) (Weinberger et al 2001). Unfortunately, there
are sparse human data to determine whether the neurocog-
nitive effects of COMT depend more on general aspects of
catecholaminergic transmission or on specific actions of

DA within the prefrontal cortex. Our findings suggest it
may be important to take a broader view and examine the
possible neurocognitive effects of the COMT polymor-
phism as these may be mediated by both DA and non-DA
systems in both frontal and nonfrontal systems.

Other studies of the COMT Val158Met polymorphism
suggest that its phenotypic consequences are complex. For
example, the Met allele, related to better cognitive func-
tion in our study and others, has also been associated with
a range of other features in schizophrenia, including:
perceived dangerousness (Strous et al 1997), increased
history of aggression (Lachman et al 1998), violent suicide
attempts (Nolan et al 2000), and homicidal behavior
(Kotler et al 1999). Catechol-O-methyltransferase geno-
type has also been linked to: anorexia nervosa (Frisch et al
2001); narcolepsy (Dauvilliers et al 2001); attention-
deficit/hyperactivity disorder (Eisenberg et al 1999); and
early onset alcoholism (Wang et al 2001). In our study, the
Met/Met homozygotes who had the best neurocognitive
function also tended to have more severe negative symp-
toms. Since our prior research found associations of these
symptoms with poorer performance on the same neuro-
cognitive domains (Bilder et al 2002), and the results were
not altered by including symptom scores as covariates, it is
very unlikely that symptoms played a confounding role in
the observed associations. Instead, the combined findings
highlight the challenges of relating complex behaviors to
gene products that themselves have complex interactive
effects across multiple neural systems. For example, a
recent study showed an effect of COMT genotype on
“persistence,” but this effect was modulated potently by a
polymorphism in the serotonin transporter promoter re-
gion (Benjamin et al 2000). Such complex traits might be
linked plausibly to both better cognitive function and
worse symptoms in specific clinical groups. Existing
evidence thus suggests that understanding the functional
effects of COMT will require both further refinement of
phenotype definitions, and further examination of interac-
tions with other genetic and environmental influences.

Among the limitations of our study, sample size pre-
vents us from offering more precise estimates of associa-
tion between genotype and specific neurocognitive abili-
ties. While our genotype groups did not differ significantly
on ethnic/minority group membership, our study also had
limited power to examine such effects, leaving open the
possibility that ethnic stratification may have influenced
the results. We believe, however, that detecting these
associations of neurocognitive function with genotype
provides a more direct approach to understanding neuro-
biologically meaningful individual differences in neuro-
cognitive function than does the study of ethnic/minority
group effects, particularly as these have been defined
using relatively imprecise and arbitrary classification

Figure 1. Percent of variance shared between genotype and
neurocognitive variables, as determined by logistic regression.
Cross-hatched bars underneath each domain score represent
variance shared between genotype and the individual neurocog-
nitive test scores comprising that domain; the Global composite
reflects the mean of all 16 individual test variables used to
comprise the other four domain scores. The domain scores are
indicated by solid bars: GENERAL, General Executive and
Perceptual Organization; MEMORY, Declarative Verbal Learn-
ing and Memory; ATTENTION, Processing Speed and Atten-
tion; MOTOR, Simple Motor; GLOBAL, Global composite;
WCST, Wisconsin Card Sorting Test; VLT, Verbal Learning
Test.
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schemes with unclear relevance to population genetics. It
should also be recognized that our study was not designed
to test for differences in the relative strengths of associa-
tion between genotype and neurocognitive phenotypes,
nor could it address the possibility that the effects we
observed may be specific to people with schizophrenia.
We hope that future research in larger samples of both
patients and healthy individuals will use an array of tests
selected to focus on the possible neurocognitive specificity
of this polymorphism’s effects. Finally, although we
obtained the neurocognitive measures during a “baseline”
assessment in a controlled clinical trial that helped make
treatment more consistent, our patients were still receiving
a variety of different medications (Bilder et al 2002); to
analyze possible effects of treatments as these may inter-
act with genotype to affect neurocognitive function is a
goal for future studies. Despite these limitations, we
believe the findings reported here might be valuable in
helping future research specify the neurocognitive pheno-
type most closely associated with the COMT gene poly-
morphism.
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