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Objective: The catechol O-methyltransferase (COMT) Val158Met
polymorphism has been associated with cognitive and behav-
ioral phenotypes in schizophrenia. Whether COMT genotype is
beneficial may depend on phenotype definition. The authors
examined the effects of COMT genotype on a task that distin-
guishes imitation from reversal learning. They hypothesized

that the Val and Met alleles would be associated with deficits in
imitation learning and reversal learning, respectively.

Method: Twenty-six patients with schizophrenia and schizoaf-
fective disorder completed a task requiring alternation between
imitation and reversal rules.

Results: Met homozygotes showed better acquisition of the
imitation rule but greater deficit shifting from imitation to re-
versal. Val homozygotes had poorer imitation performance and
slower reaction times.

Conclusions: The Met allele, by increasing tonic dopamine,
may promote cognitive stability but limit cognitive flexibility.

(Am J Psychiatry 2004; 161:359–361)

Catechol O-methyltransferase (COMT) is an impor-
tant enzyme in dopamine metabolism. A common func-
tional polymorphism at codon 158 in the gene coding for
COMT (COMT Val158Met) results in substantial effects,
with homozygosity for the low-activity (Met) allele leading
to a three- to fourfold reduction in enzymatic activity
compared with the high-activity (Val) allele. This poly-
morphism has been associated with diverse phenotypes
in patients with schizophrenia. The Met allele has been as-
sociated with aggressive/dangerous behavior (e.g., refer-
ences 1, 2) but also with better performance on cognitive
tasks (3) and increased prefrontal efficiency (4). Bilder et
al. (3) further report that symptom ratings were higher in
Met homozygotes despite better neurocognitive scores.

These complex associations are difficult to explain by a
unitary hypothesis of increased prefrontal dopamine. Ma-
nipulations of dopamine can be beneficial or detrimental
(5, 6). The tonic/phasic dopamine theory (7–9) may help
resolve these apparent discrepancies. Phasic dopamine
may be important for updating or resetting working mem-
ory traces, principally via D2 receptors, while tonic dopa-
mine may enhance stability of traces, principally via D1 re-
ceptors (10). Detailed biophysical models suggest that
sustained D1 activation (tonic dopamine) helps prevent
“uncontrolled, spontaneous switches into high-activity
states (i.e., spontaneous activation of task-irrelevant rep-
resentations)” (11, 12).

Since COMT catabolizes extracellular dopamine, while
rapid intrasynaptic degradation relies on the dopamine
transporter (phasic dopamine), the Met allele may en-
hance tonic dopamine but have reciprocal effects on pha-
sic dopamine. We hypothesized that the Met allele would
be of benefit for tasks requiring tonic activation (cognitive

stability) but have adverse effects on tasks requiring pha-
sic activation (cognitive flexibility).

Most tasks used in studies of COMT genotype have de-
mands for both cognitive stability and flexibility. The Wis-
consin Card Sorting Test requires cognitive stability to es-
tablish and maintain an appropriate response set and
flexibility for the set-shifting aspect of the task. N-back
working memory tasks require both maintenance (stabil-
ity) and updating (flexibility) of memory representations.

In this study we used a computerized Competing Pro-
grams Task (13) that requires alternation between two
rules of responding—imitation and reversal. Acquisition
and maintenance of the imitation rule requires cognitive
stability, whereas cognitive flexibility is needed to switch
rules in the reversal condition.

Method

Twenty-six subjects (18 men and eight women; 25 white, one
Hispanic; mean age=41.4 years [range=30–52]) with schizophre-
nia (N=21) or schizoaffective disorder (N=5) completed the Com-
peting Programs Task (13). Each subject provided written in-
formed consent after receiving a complete description of the
study, according to the guidelines of the Institutional Review
Board. At the time of testing, subjects were clinically diagnosed,
stable inpatients being treated with a variety of antipsychotic
medications sometimes in combination with adjunctive mood
stabilizers or antidepressants. Severity of symptoms was not for-
mally assessed at the time of testing.

The Competing Programs Task requires subjects to respond
with one or two key presses after seeing one or two visual/audi-
tory cues (one or two squares presented simultaneously with the
same number of tones). During blocks 1 and 3 (imitation), the
subject must produce the same number of key presses as stimuli;
during blocks 2 and 4 (reversal) the subject must press once for
two stimuli and twice for a single stimulus. Each block ends (and
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the rule changes) after either a maximum of 20 trials or a criterion
(eight consecutive correct responses) is reached. The subject
must deduce the response rules from trial-by-trial feedback.
COMT genotyping was performed as described previously (14).

Accuracy measures included trials to criterion and proportion
correct. We also calculated a proportional cost index (15) to mea-
sure performance decrement related to shifting in the response
rules from imitation to reversal: (proportion correct [imitation] –
proportion correct [reversal]) / proportion correct [reversal].

Results

There were eight COMT Met homozygotes, six Val ho-
mozygotes, and 12 heterozygotes. The effect of genotype
on reaction time was significant (F=4.8, df=2, 23, p<0.02;
partial η2=0.29); reaction time was slower in Val than Met
homozygotes (p<0.05, least significant difference test).

The effect of response rule (imitation/reversal) on pro-
portion correct was significant (F=10.2, df=1, 23, p=0.004;
η2=0.31; imitation better than reversal), as was the re-
sponse rule-by-genotype interaction (F=7.2, df=2, 23, p=
0.004; η2=0.39). Met homozygotes had greater accuracy
than Val homozygotes for imitation responses but not re-
versal responses (Figure 1). The response rule-by-genotype
interaction was also significant for trials to criterion (F=4.4,

df=2, 23, p<0.03; η2=0.28). Trials to criterion was lower for
Met homozygotes than Val homozygotes for imitation
blocks only (t=–2.2, df=23, p<0.05). There were significant
differences between genotypes in proportional cost index
(F=7.92, df=2, 23, p=0.002; η2=0.41). Met homozygotes
showed the greatest sensitivity to conflict (Figure 1).

Discussion

Consistent with the hypothesis, the Met allele of the
COMT Val158Met polymorphism was associated with bet-
ter cognitive stability but poorer cognitive flexibility. Met
homozygotes showed better acquisition of the imitation
rule but greater sensitivity to conflict when the response
rules shifted from imitation to reversal. Since Met homo-
zygotes had poorer absolute (not just relative) scores in
the reversal condition, the increased “cost” of shifting
does not appear to be an artifact of better performance in
the imitation condition.

These findings suggest it may be plausible to define
more precisely the phenotype most relevant to COMT
genotype. In previous studies, COMT genotype accounted
for 4% (4, 16) to 11% (3) of the variance in performance. In
this study, COMT genotype accounted for 28%–41% of the
variance in performance on the Competing Programs
Task.

Our results are consistent with the hypothesis that the
Met allele leads to increased tonic dopamine activity, with
general benefits for cognitive stability, but costs in the ca-
pacity to flexibly alter behavioral programs. This may help
explain how the Met allele can be associated both with
better cognitive performance and increased aggression.
Further investigation of COMT effects may benefit from
incorporating methods distinguishing cognitive stability
from plasticity.

While these preliminary results may offer proof of con-
cept, replication is clearly needed. Future research particu-
larly needs to examine larger and more fully characterized
samples and to look for possible genotype-by-treatment
interactions. Given these caveats, we hope the findings
may be useful in future attempts to refine the phenotypes
associated with the COMT Val158Met polymorphism.
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FIGURE 1. Accuracy and “Conflict Cost” as a Function of
COMT Genotype in 26 Patients With Schizophrenia or
Schizoaffective Disorder Given the Competing Programs
Taska

a Subjects were presented with one or two cues and were asked to
follow one of two alternating rules: pressing a key the same num-
ber of times as there were cues (imitation) or pressing once for two
cues and twice for one cue (reversal). “Conflict cost” refers to the
performance decrement related to shifting in the response rules
from imitation to reversal; the proportional cost index is calculated
as follows: (proportion correct [imitation] – proportion correct [re-
versal]) / proportion correct (reversal).

b Significantly greater accuracy than the Val/Val genotype (t=2.5, df=
23, p<0.03) but significantly greater sensitivity to conflict (i.e, less
cognitive flexibility) than seen with the other two genotypes (F=
7.92, df=2, 23, p=0.002).
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Objective: This prospective study examines the effect of cloza-
pine on glucose control and insulin sensitivity.

Method: Glucose homeostasis was measured in nine female
and 11 male patients with schizophrenia (mean age=30.5
years, SD=7.4) before clozapine treatment and after a mean of
2.5 months (SD=0.95) of clozapine treatment. Oral glucose tol-

erance and insulin levels were measured. Insulin resistance
level was measured by the homeostasis model assessment.

Results: Eleven (55%) of the patients developed abnormal glu-
cose control; the mean age of these patients was 30.2 (SD=7.1),
and five were women. Patients’ insulin resistance at baseline
(mean insulin resistance level=3.88, SD=2.93) was unaffected
by clozapine. Mean fasting and 2-hour glucose levels signifi-
cantly increased by 0.55 mmol/liter and 1.4 mmol/liter, respec-
tively. There was no correlation between change in body mass
index and change in fasting glucose levels.

Conclusions: Clozapine impairs glucose control within 4
months of treatment, independent of changes in insulin sensi-
tivity and body mass index.

(Am J Psychiatry 2004; 161:361–363)

Clozapine shows a unique profile of treatment effi-
cacy, but cross-sectional and naturalistic studies link
clozapine treatment to hyperglycemia and a greater rela-
tive risk of diabetes (1–3). Clozapine treatment has been
associated with higher insulin levels than typical antipsy-

chotics, suggesting that clozapine induces insulin resis-
tance (2). To our knowledge, glucose-insulin homeostasis
has not been previously evaluated before and following
clozapine treatment. Therefore, we tested the following
hypotheses in a prospective study: 1) Clozapine treatment


