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Abstract

The Val'*8Met polymorphism of the catechol-O-methyltransferase (COMT) gene has been
associated with aspects of schizophrenia that are possibly related to the disorder’s pathogenesis. The
present study investigated the Val158Met polymorphism in relation to anhedonia—a construct central
to negative schizotypy. Anhedonia and other schizotypal characteristics were assessed in relatives
of schizophrenia patients, relatives of bipolar patients, and nonpsychiatric controls using the
Chapman schizotypy scales and the Schizotypal Personality Questionnaire. Compared to controls,
relatives of individuals with schizophrenia had elevated scores on Chapman scales for Social
Anhedonia and Physical Anhedonia, while relatives of bipolar disorder patients exhibited only
increased scores on the Social Anhedonia scale. As a group, relatives of schizophrenia patients who
were homozygous for the val allele of the COMT polymorphism showed the highest elevations in
self-reported social and physical anhedonia. Associations with the COMT polymorphism were absent
in relatives of bipolar patients and control participants. Findings suggest that anhedonia is manifest
in individuals who carry genetic liability for schizophrenia and is associated with the Vall58Met
polymorphism of the COMT gene.
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Introduction

Determining how schizotypy phenotypes are related to specific genes is important for
developing a working model of psychosis proneness tied to the genetics of schizophrenia
(Meehl, 2001; Horan et al., 2004; Lenzenweger et al., 2006). The Vall>®Met polymorphism
of the catechol-O-methyltransferase (COMT) gene has been associated with various
phenotypes in schizophrenia patients (Bilder et al., 2004) but has yet to be thoroughly tested
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for associations with schizotypy phenotypes in individuals who carry genetic liability for
schizophrenia (e.g., first-degree biological relatives of schizophrenia patients).

The COMT gene encodes an enzyme involved in the inactivation of catecholamines (dopamine,
adrenaline, and noradrenaline) and incorporates codon 158 of the chromosomal region 22g11
(Dunham et al., 1992). The Val'*8Met polymorphism influences variation in enzyme
availability—uwith activity three to four times lower for the met allele than for the val allele
(Lotta et al., 1995; Lachman et al., 1996) and appears associated with D1 receptor availability
in the human cortex (Slifstein et al., 2008). Evidence suggests an association between the val
allele (i.e., less catecholamine activity) and the diagnosis of schizophrenia (Wonodi et al.,
2003), decreased performance on cognitive tasks (Bilder et al., 2002; MacDonald et al.,
2007), and decreased efficiency of prefrontal cortex (Egan et al., 2001). Nonetheless, in studies
of schizophrenia the met allele has also been related to impaired shifting of a response rule
based on feedback (Nolan et al., 2004), reduced ability to sustain smooth pursuit eye
movements in the brief absence of a target (Thaker et al., 2004), greater vulnerability to visual
backward masking effects (Goghari & Sponheim, 2008), and increased low frequency
electroencephalography activity over frontal brain regions during resting state (Venables et al.,
in press). It is also important to note that the region of the genome where COMT resides has
been associated with both schizophrenia and bipolar disorder (Badner & Gershon, 2002) with
some studies pointing to an association between bipolar disorder and the met allele (Li et al.,
1997; Mynett-Johnson et al., 1998). The met allele at codon 158 has also been associated with
anxiety in women, panic disorder, and sensitivity to pain in adults (Enoch et al., 2003; Woo et
al., 2004; Zubieta et al., 2003). Thus, the role of Val>8Met polymorphism of the COMT gene
in psychopathology is unclear. It appears the polymorphism may exert varying effects on
different forms of psychopathology depending on the allele and the mental disorder.

Reviews of the literature show that when investigators have used a diagnosis of schizophrenia
as a phenotype, associations with the COMT polymorphism are variable. Although Fan et al.
(2002) found family-based association studies to provide evidence for the val allele to be related
to schizophrenia, a recent meta-analysis failed to show such an association (Glatt et al.,
2003). Glatt and colleagues suggested that the association of the COMT polymorphism with
schizophrenia may be most evident in individuals of European ancestry; however, a recent
analysis of large samples of subjects with European ancestry failed to yield association of
schizophrenia with the COMT Vall%8Met polymorphism (Sanders et al., 2008). On the other
hand, a study of Irish families with a high density of schizophrenia provided evidence that the
val allele of the polymorphism contributes to genetic risk of schizophrenia (Chen et al.,
2004).

Several studies have investigated schizotypal characteristics as phenotypes for the COMT
Vall®8Met polymorphism. Avramopoulos et al (2002) reported that the val allele was
associated with high schizotypy scores in a male normative sample. Stefanis et al., (2004)
replicated these results and found that the val allele was specifically related to negative and
disorganization dimensions of schizotypy. More recently, these investigators showed that in
the general population the relationship between negative schizotypy and cognitive deficit was
moderated by the val allele (Smyrnis et al., 2007). Schurhoff et al. (2007) studied relatives of
schizophrenia and bipolar patients and found the presence of the val allele to be associated
with independent dimensions of negative and positive schizotypy. Across these variable
findings, only an association of the val allele of the COMT polymorphism with negative
schizotypy has been replicated. Thus, aspects of negative schizotypy such as anhedonia may
be tied to the Vall58Met polymorphism. Investigators have yet to specifically examine
individuals who carry genetic liability for schizophrenia for associations between the elements
of schizotypy and the COMT polymorphism, or employ measures that comprehensively
characterize the phenomenology of schizotypy associated with liability for schizophrenia.
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Social and physical anhedonia are constructs central to “negative schizotypy” (Blanchard et
al., 2000, Gooding & Braun, 2004). It has been shown that high scores on the Social Anhedonia
Scale (SAS) predict vulnerability to psychosis in college and community populations
(Chapman, Chapman, Kwapil, Eckblad, & Zinser, 1994; Kwapil, 1998). Social anhedonia is
also separable from elements of “positive schizotypy” such as magical ideation (Horan et al.,
2007). The SAS and Physical Anhedonia Scale (PAS) extensively assess anhedonia and
indifference to social and physical experiences, and may serve as sensitive measures for
detecting genetic effects related to schizophrenic phenomenology. Kendler et al. (1996) found
that the SAS differentiated relatives of individuals with schizophrenia from controls in a large
community adult sample. Earlier, Katsanis et al. (1990) successfully differentiated relatives of
schizophrenia patients and controls with the PAS. Moreover, physical anhedonia scores tend
to be higher in family members of schizophrenia patients with severe anhedonic symptoms
(Berenbaum & McGrew, 1993; Fanous et al., 2001). In bipolar disorder, physical anhedonia
has failed to be associated with increased familial risk for the condition (Etain et al., 2007).

The Schizotypal Personality Questionnaire (SPQ: Raine, 1991) is a brief measure that assesses
all nine criteria of DSM-111-R Schizotypal Personality Disorder and functions as a useful screen
for the disorder (Raine, 1991). Thus far it has served as the primary phenotypic measure in
studies associating schizotypy with the Vall®®Met COMT polymorphism. Higher scores on
the Interpersonal factor of the SPQ have been associated with poorer sustained attention (Chen,
1997) and a greater spatial working memory deficit (Park & McTigue, 1997) perhaps
suggesting an association with cognitive functions involving frontal cortex. Although it may
be considered an aspect of the Interpersonal factor, anhedonia is not expressly measured by
the SPQ. Thus, additional instruments that specifically assess anhedonia may prove to be useful
in examining the role of the COMT gene in risk for schizophrenia.

Given evidence for elevated anhedonia scores in relatives of schizophrenia patients and recent
findings of negative schizotypal characteristics being associated with variability in the COMT
gene, it is possible that anhedonia is influenced by the COMT polymorphism in people with
increased genetic liability for schizophrenia. The hypotheses of the present study were 1) that
anhedonia reflects liability for schizophrenia but not for bipolar disorder, 2) that anhedonia is
increased in relatives possessing the val allele of the COMT polymorphism, and 3) that
associations of anhedonia with the val allele are specific to schizophrenia as compared to
bipolar disorder.

Materials and Methods

Subjects were 94 first-degree relatives of schizophrenia (N = 79) or schizoaffective disorder
(N = 15) patients, 45 first-degree relatives of bipolar patients, and 85 healthy nonpsychiatric
control participants. Data were gathered within the context of a family study in which patients
with schizophrenia, schizoaffective disorder, or bipolar disorder were recruited from the
Minneapolis VA Medical Center, community outpatient programs, and a county mental health
clinic. First-degree biological relatives were identified through interviews with patients and
invited by letter and telephone to participate. We identified potential nonpsychiatric control
participants through posting announcements at community libraries, fitness centers, the
Minneapolis VA Medical Center, and in newsletters for veterans and fraternal organizations.
Staff excluded potential control subjects with personal or family histories of psychotic
symptoms or affective disorder as defined by the DSM-IV. Patients, relatives, and control
subjects were excluded for histories of substance dependence but were not excluded for past
alcohol dependence, as long as they had not abused alcohol in the past month.
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Relatives and control subjects completed the Structured Clinical Interview for DSM-IV Axis
| Disorders (SCID-I; First et al., 1996), the Structured Interview for Schizotypy (SIS; Kendler
et al., 1989), and the Structured Clinical Interview for DSM-1V Axis Il Personality Disorders
(SCID-II; First et al., 1997) when indicated by item endorsements on the SCID-11 Personality
Questionnaire (Ekselius et al., 1994). Lifetime Axis | and Il diagnoses for subjects were
determined by doctoral-level psychologists and trained advanced graduate students through a
consensus process consistent with published guidelines (Leckman et al., 1982) which involved
review of SCID-I, SCID-II, SIS, medical history, and family informant material. See Sponheim
et al. (2004) for complete description of exclusion criteria, recruitment, and assessment
procedures. All participants completed an informed consent process, and the Minneapolis VA
Medical Center and University of Minnesota Institutional Review Boards approved the study
protocol. For the 53 relatives who were unable to travel for in-person assessments,
questionnaires were mailed to them after they had completed informed consent procedures by
telephone and a mailed consent form had returned with their signature. These individuals
completed SCID-I assessment via telephone and collected buccal swab specimens from
themselves after being instructed to follow printed guidelines. Participants returned buccal
swabs and completed questionnaires by U.S. Postal Service.

Questionnaires

Relatives and control subjects completed the SPQ (Raine, 1991), a 74-item true-false
questionnaire that measures interpersonal, cognitive-perceptual, and disorganized schizotypal
characteristics with nine subscales: constricted affect, suspiciousness, no close friends, social
anxiety, odd beliefs, odd behavior, odd speech, unusual perceptual experiences, and ideas of
reference. While the many scales of the SPQ may provide a detailed characterization of
schizotypy, and the SPQ total score has been shown to possess good internal reliability with a
coefficient alpha of .91 (Raine, 1991), reliabilities for individual SPQ subscales have been
reported below .70 (Calkins, Curtis, Grove, & lacono, 2004; Kerns, 2007). The SPQ has shown
good criterion and discriminant validity for the detection of schizotypal personality. Fifty-five
percent of individuals in a normative sample who scored in the top 10% of SPQ total scores
had a DSM-111-R diagnosis of schizotypal personality disorder as assessed by the SCID-I. In
addition, the SPQ shows low correlations with scales that assess aspects of psychosis-proneness
not included in schizotypal personality disorder criteria (e.g., .18 to .19 with Anhedonia)
(Raine, 1991).

All participants completed the “Survey of Attitudes and Experiences” which included a pseudo-
random mixture of the true-false questions from the Revised Social Anhedonia Scale (SAS;
Eckblad et al., 1982), the Revised Physical Anhedonia Scale (PAS; Eckblad and Chapman,
1983), the Magical Ideation Scale (Chapman et al., 1976), the Perceptual Aberration Scale
(Chapman et al., 1978), the Chapman Infrequency Scale (Chapman & Chapman, 1983) as well
as the L and K Scales from the Minnesota Multiphasic Personality Inventory-2 (MMPI-2;
Butcher et al., 2001). The Infrequency Scale was used to exclude subjects for careless
responding, and to examine group differences in careless responding. The L and K scales were
used to examine differences in defensive responding between groups. The Chapman scales
demonstrate good reliability in schizophrenia and control groups, having yielded Cronbach
a’s of greater than .7 (ie. recently Kerns, 2006, Horan et al., 2008). Subjects were excluded
from analyses if answers to items on a schizotypy scale were missing. No more than seven
subjects were excluded from analyses of any given measure.

COMT Genotyping

We determined the COMT Vall>8Met genotype for each individual by a restriction fragment
length polymorphism technique. Whole blood specimens were collected on FTA Matrix
specimen collection cards.' Punches from the FTA blood cards were then prepared for PCR
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analysis according to Whatman FTA protocol. The washed punch was used directly for PCR
amplification. Amplification was carried out as described by Bergman-Jungestrom and
Wingren (2001). PCR reactions were initially denatured at 94° Celsius for 3 minutes followed
by 39 cycles of denaturation at 93° C for 45 seconds, annealing at 55° C for 1 minute and
extension at 72° C for 1 minute with a final 4 minute extension at 72° C. The PCR products
were digested with Nlalll (New England Biolabs) for 3 hours at 37° C followed by incubation
at 60° C for 20 minutes to denature the enzyme. The digestion was then separated by
polyacrylamide gel electrophoresis and the digestion products visualized by staining with
ethidium bromide. The COMT val allele has a G at position 1947 yielding a 114 base pair
fragment after digestion with Nlalll, whereas the COMT met allele has an A at this position,
which allows digestion of the 114 base pair fragment into two products of 96 and 18 base pairs.
Genotypes were called by two independent and trained technicians. If it was difficult to
determine genotype from gels the specimen was again amplified and submitted to
electrophoresis. Discordance was resolved by first running an additional gel and if further
disagreement or uncertainty was noted, it was resolved by a doctoral-level molecular biologist.
Later we completed genotyping of specimens using a Sequenom MassArray platform that
yielded complete agreement with genotypes determined through electrophoresis.

Sample Characteristics

Not all relatives and control subjects were genotyped. Thirteen relatives of schizophrenia
patients and seven relatives of bipolar patients failed to provide usable specimens. Specimens
were not initially gathered from control participants, hence only 35 recently individuals
provided useable specimens. Table | reports demographic information regarding genotyped
and non-genotyped participants from the three subject groups. Table Il presents demographic
characteristics and rates of lifetime psychopathology for each participant group by COMT
genotype. All participant groups were in Hardy-Weinburg Equilibrium (relatives of
schizophrenia patients, X2 (2, N = 81) =.02, p = .99; relatives of bipolars, X2 (2, N = 38) =.24,
p =.89; controls, X2 (2, N =30) = .53, p=.77). Analyses of the total sample revealed differences
in gender across groups (X2 = 6.54, p <.05) with a higher ratio of female to male relatives for
schizophrenia patients as compared with controls. Relative and control groups differed in age.
Within each of the relative groups age was not correlated with any of the measures found to
be associated with group differences (e.g., For PAS and constricted affect in relatives of
schizophrenia patients, r =.04, p = .71, and r = .15, p = .15, respectively. For SAS in relatives
of bipolar patients, r = -.15, p = .33). Age was positively correlated with constricted affect
within the control group (r = .28, p = .01)."

Of 94 relatives of schizophrenia and schizoaffective patients, 21 were determined to have a
history of either Major Depressive Disorder or Depressive Disorder Not Otherwise Specified.
Nine of the 45 relatives of bipolar patients had a history of such a disorder. In order to rule out
the influence of vulnerability to depression on schizotypy indices we carried out several one-
way analysis of variances (ANOV As) for each relative group specifying lifetime mood disorder
as the fixed factor (present, absent) and schizotypy variables (e.g. social anhedonia) as the
dependent variables. No analysis for either relative group revealed an effect of lifetime mood
disorder on schizotypy indices with the exception of a trend toward relatives of bipolar disorder

IAs described under Participants, for those relatives who were unable to travel buccal swab specimens were collected by participants
via printed instruction and sent back to the study with the questionnaires. DNA was isolated from buccal swabs and then subjected to
the same procedures as DNA isolated from whole blood in order to characterize the Vallo8met polymorphism.

lIFor scales failing to differentiate groups, age was correlated with the disorganized factor in controls (r = -.23, p = .04), odd speech and
unusual perceptual experiences in relatives of schizophrenia patients (r =.25, p =.02; r =.24, p =.02, respectively), and magical ideation
(r=-.38, p =.01), odd behavior (r = -.36, p = .02), odd speech (r = -.34, p = .02), the cognitive perceptual factor (r = -.40, p =.01), and
the disorganized factor (r =-.38, p = .01) in relatives of bipolar patients.
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participants with a history of mood disorder having increased Interpersonal factor scores
compared to those without such a history, F (1,39) = 3.72, p = .06.

Statistical Analysis

Results

Because of non-normal distribution within groups, a logarithmic transformation of the
schizotypy variables was performed. To determine whether the groups of relatives showed
elevation on schizotypy indices we carried out a repeated-measures ANOVA for the three SPQ
factors, specifying subject group (schizophrenia relative, bipolar relative, control) and gender
(male, female) as between subjects factors and scale as a within subjects factor. Similar analyses
were carried out for the Chapman Social and Physical Anhedonia scales and for the Chapman
Perceptual Aberration and Magical Ideation scales, specifying group and gender as between
subjects factors and scale as a within subjects factor. We also carried out a repeated measures
ANOVA on the validity scales (L, K, and Chapman Infrequency Scale) to determine whether
groups or genders were discrepant in their overall tendency to endorse questionnaire items.
After determining effects of group, gender, and group by gender interaction for the entire
sample, we conducted repeated measures ANOVAs for individuals with available genotype
data to test for effects of the COMT Vall>8Met polymorphism on selected sets of measures
that had yielded elevated schizotypy scores for relatives. For these analyses we specified
genotype (val/val, val/met, met/met), group (relative, control), and gender as between-subject
factors. When ANOVA'’s yielded significant effects, pairwise comparisons were computed to
detail group differences.

Schizotypal Phenotypes in Biological Relatives of Schizophrenia and Bipolar Disorder

Patients

Table 111 presents means and standard deviations of the SPQ factors and Chapman scale indices
for the two groups of relatives and the control group, as well as statistics for group comparisons.
Analysis of the SPQ factors yielded a nearly significant effect of group across all factors, F
(2,191) = 2.84, p = .06. There were no interactions of scale and group, F(3.8,213.8) =1.11, p
= .35, and scale and gender, F(1.9, 213.8) = .251, p =.77, indicating that regardless of gender
the relatives and controls did not vary in their differences across SPQ factors assessing
schizotypy. Because differences have been found previously between relatives and controls on
the Interpersonal factor (Grove et al., 1991; Calkins et al., 2004), exploratory univariate tests
of each factor were conducted. Only the Interpersonal factor demonstrated an effect of group
(see Table I1I) with relatives of schizophrenia patients having higher scores than controls.
Effect sizes indicated that the relatives of schizophrenia patients were the most elevated on the
factor although relatives of bipolar patients tended toward high scores. There were no group
differences on the Cognitive-Perceptual and Disorganization factors of the SPQ. Univariate
tests also failed to show group differences in SPQ total score.

To detail how the three groups compared on specific elements of the Interpersonal factor we
carried out separate ANOVAs for each factor subscale. Analyses of specific subscales revealed
that groups differed only in constricted affect, F(2,191) = 4.77, p = .01, with relatives of
schizophrenia patients (M = 1.55, SD = 1.67) having higher scores than controls, (M = 1.06,
SD =1.28), p = .002, and relatives of bipolar patients (M =1.48, SD = 1.95) failing to differ
from controls, p = .16.

Univariate tests with gender as the fixed factor showed an effect of gender on the Interpersonal
factor only within the relatives of schizophrenia patients, F(1, 84) = 4.80, p =.03. Due to the
difference between genders in this group, each gender was compared with same-gendered

control participants in scores on the constricted affect subscale of the Interpersonal factor. Male
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relatives of schizophrenia patients had significantly higher constricted affect scores (M = 2.32,
SD = 1.70) than male controls (M = 1.30, SD = 1.37), p = .02, while female relatives of
schizophrenia patients (M = 1.14, SD = 1.52) did not differ from female controls (M = .80,
SD = 1.13), p = .24. When age was entered into the ANOVA group difference in constricted
affect remained, p = .05.

To examine distinct negative and positive elements of schizotypy, we carried out separate
analyses for anhedonia scales and perceptual aberration/magical ideation scales. Analysis of
the two Chapman anhedonia scales yielded group, F(2,183) = 7.852, p =.001, and gender main
effects, F(1,183) = 15.24, p <.001, a trend toward an interaction of group and scale, F(2,183)
=2.16, p = .12), but not interaction of group and gender, F(2,183) = 1.05, p = .35. ANOVASs
for each Chapman scale yielded group effects for the SAS and PAS (see Table I11). Both
relatives of schizophrenia patients and relatives of bipolar patients had elevated scores on the
SAS compared to controls. Only relatives of schizophrenia patients had higher PAS scores
than controls. Inspection of effect sizes in Table 111 revealed that relatives of schizophrenia
patients most strongly deviated from control subjects on measures of anhedonia although both
groups of relatives tended to have elevated mean scores.

Follow-up comparisons were carried out to detail gender differences on the Chapman scales
to test for gender differences on measures of psychosis proneness noted in other studies (i.e,
Miller & Burns, 1995). Both male and female relatives of schizophrenia patients had higher
scores on the SAS (M = 10.59, SD = 7.02; M = 7.45, SD = 4.95, respectively) than same-
gendered controls (M = 7.54, SD = 6.54; M = 5.54, SD = 4.49, respectively, p = .006 and .03,
respectively), but male relatives of schizophrenia patients also had elevated SAS scores
compared to female relatives of schizophrenia patients (t [80] = 2.23, p = .03). Male relatives
of schizophrenia patients had elevated PAS scores (M = 15.89, SD = 7.89) compared to same-
gendered controls (M = 12.03, SD = 6.07; t [65] = 2.16, p = .03) and female relatives of
schizophrenia patients (M = 12.13, SD = 4.47; t [79] = 2.11, p = .04). Only male relatives of
bipolar patients showed elevated scores on the SAS compared to same-gendered controls (p
=.04 for males; p = .43 for females). Male relatives of bipolar patients had significantly higher
scores on the SAS compared to female relatives of bipolar patients (M = 10.00, SD = 6.65;

M =6.17, SD = 5.41, respectively; t[40] = 3.04, p = .004). Male relatives of bipolar patients
also had significantly higher scores on the PAS compared to same-gendered controls (M =
15.94,SD =7.04; M =12.03, SD = 6.07, respectively; t[55] = 2.02, p < .05) and female relatives
(M =10.82, SD =7.27; t[38] = 2.60, p = .01).

Analysis of the Magical Ideation and Perceptual Aberration scales yielded no main or
interaction effects. Neither the relatives of schizophrenia patients nor the relatives of bipolar
disorder patients were elevated on the Magical Ideation Scale or the Perceptual Aberration
Scale, and genders did not differ on either scale. The two genders in the control group did not
differ on any of the Chapman scales (range of p values = .13 to .98).

Analyses of L, K, and Chapman Infrequency validity scales yielded an interaction of group
and scale, F(2.7, 259) = 4.94, p = .004, but no interaction of group, scale, and gender, F(2.7,
5.3) = .51, ns, indicating that groups differed in response bias but that this was not influenced
by gender. Follow-up ANOVAs for each scale revealed that compared to controls, K scale
scores were lower in relatives of schizophrenia patients (p = .02) and relatives of bipolar
patients (p = .008). Lower K scores in the relatives of schizophrenia patients are consistent
with the two groups admitting to more psychopathology than controls and an absence of
defensive responding as has been suggested in other family studies (Katsanis et al., 1990).
There were no effects involving group for the Infrequency and L scales.
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Schizotypal Phenotypes Evident in COMT Val Homozygote Relatives of Schizophrenia

Patients

Because constricted affect, social anhedonia, and physical anhedonia most strongly
characterized relatives of schizophrenia patients, we sought to determine whether these indices
served as phenotypes for the Val>8Met polymorphism of the COMT gene in the first-degree
biological relatives of schizophrenia patients. The subset of subjects with genotype data was
submitted to analyses of genotype effects!!! IV,

Table 1V presents means and standard deviations of relatives of schizophrenia patients and
controls by COMT genotype on the Chapman scales and subscales of the SPQ Interpersonal
factor. A repeated measures ANOVA of the four subscales of the SPQ Interpersonal factor
failed to yield any effects involving COMT genotype indicating that elevated scores of relatives
of schizophrenia patients on SPQ subscales were not associated with the Vall58Met
polymorphism. Analysis of the four Chapman scales yielded an interaction of group, scale, and
genotype, F(5.23, 206.6) = 3.82, p =.002, and a trend toward an interaction of group, scale,
and gender, F(2.61, 206.6) = 2.43, p = .07. There were no other effects involving genotype or
gender, indicating that gender distribution did not account for the observed interaction
involving group and genotype.

To determine how group differences on each scale contributed to the interaction of group, scale
and genotype, we examined the relatives of schizophrenia patients and controls by carrying
out an ANOVA for each Chapman scale with group and genotype as the between subjects
factors. There was an interaction of group and genotype for the PAS, F(2, 90) = 3.43, p = .04.
The val-homozygote relatives of schizophrenia patients had elevated PAS scores compared to
met homozygote relatives of schizophrenia patients (t[33] = 2.07, p = .05; Cohen’s d =.70)
and a trend toward higher PAS scores than val/met relatives of schizophrenia patients (t[55] =
1.9, p=.06, Cohen’s d = .55). The three genotypes for the control subjects failed to differ from
one another in PAS scores. When relatives of schizophrenia patients with different COMT
genotypes were contrasted with the entire group of controls to determine which allele was
associated with abnormal elevations in scores of anhedonia, the val homozygote relatives of
schizophrenia patients had higher PAS scores (t[94] = 3.19, p = .003, Cohen’s d = .73), while
other genotypes failed to differ from control subjects (val/met relatives and controls, t[113] =
1.02, p = .30, Cohen’s d = .21; met/met relatives and controls, t[91] = .27, p = .79, Cohen’s

d =.08). Although the follow-up ANOVA for the SAS failed to yield a genotype effect, F(2,
90) = .58, p = .56, tests of which genotype deviated from normative levels of social anhedonia
revealed that the val homozygote relatives of schizophrenia patients did differ from the mean
score of the control subjects on the SAS (t[99] = 1.97, p = .05, Cohen’s d = .51). The val/met
genotypes showed a trend, and the met/met genotypes failed to differ from controls (val/met
relatives and controls, t[116] = 1.87, p = .06, Cohen’s d = .38; met/met relatives and controls,
t[93] = 1.29, p=.20, Cohen’s d =.41). The Figure depicts social and physical anhedonia scores
for relatives of schizophrenia patients in contrast with the control group mean. The val allele
was associated with greater scores in the relatives.

MNote that for analyses involving genotype, a maximum of three subjects were excluded due to missing data on one or more of the
schizotypy measures. At least seven subjects were included in genotypes for relatives of schizophrenia and controls.

IVT-tests were performed to examine differences within groups between genotyped and non-genotyped participants on each measure.
Differences between genotyped and non-genotyped participants were found only within the control group, with genotyped participants
showing significantly lower ‘no close friends’, ‘odd behavior’, and ‘suspiciousness’ subscale scores than non-genotyped individuals
(t1,81=-2.55,p=.013;t1 81 =-2.18, p=.032; t1 82 =-2.82, p =.002, respectively). No significant differences were found within groups
for any of the Chapman measures.
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Diagnostic Specificity of the Anhedonia Phenotype for COMT

Availability of the relatives of bipolar patients allowed for examination of whether the
association between anhedonia and the val allele of the COMT polymorphism in relatives of
schizophrenia patients was evident for another heritable disorder shown to be associated with
the locus. Because relatives of bipolar disorder patients had elevated SAS scores compared to
controls we carried out a repeated measures ANOVA of the Chapman scalesV. Although the
analysis failed to yield any effects involving genotype we carried out an ANOVA for each
Chapman scale, with group and genotype as the between subjects factors, to fully test the
specificity of the anhedonia phenotype to the val allele in relatives of schizophrenia patients.
There was no group-by-genotype interaction for any of the four Chapman scales. Follow-up
ANOVA of PAS scores failed to yield a genotype effect, F(2, 32) =.52, p = .60, and differences
between the genotypes were small or failed to indicate a clear association with the COMT
polymorphism in the relatives of bipolar patients (val/val compared to val/met, Cohen’sd =.
49; val/val compared to relatives, Cohen’s d = .22; val/met compared to met/met, Cohen’s d
= -.24). Differences between the genotypes and the control group on the PAS were also small
or not consistent with a direct association with the gene (val homozygotes, Cohen’s d = .59;
val/met, Cohen’s d = .15, met/met, Cohen’s d = .35). Thus, PAS scores of relatives of bipolar
patients were largely unrelated to COMT genotype. A similar analysis for SAS scores failed
toyield a genotype effect, F(2, 34) =.83, p = .45. Effect sizes for differences between genotypes
were all modest or inconsistent with an association with SAS scores in the relatives of bipolar
patients (val/val compared to val/met, Cohen’s d = - .54; val/val compared to met/met, Cohen’s
d = -.36; val/met compared to met/met, Cohen’s d = .24). Differences between each genotype
in the relatives of bipolar patients and the control group were also inconsistent with genotype
being associated elevations on the SAS (val/val to controls, Cohen’s d = .02; val/met to controls,
Cohen’s d = .56; met/met to controls, Cohen’s d = .38). No genotypes showed significant
elevations in scores on the Magical Ideation and Perceptual Aberration scales relative to other
genotypes within the relatives of bipolar patients or in contrast with the controls.V!

Finally, inspection of Table Il revealed that schizophrenia spectrum pathology was only evident
in relatives of schizophrenia patients with the val allele. An aggregation of schizophrenia
spectrum conditions in val homozygote relatives of schizophrenia patients is evidence that the
val allele of the Val®Met polymorphism may be associated with increased pathology.
Schizophrenia spectrum disorders in relatives of bipolar patients were rare and failed to be
associated with the val allele.

Discussion

Of several schizotypy phenotypes we found anhedonia was most evident in first-degree
biological relatives of schizophrenia patients and that physical anhedonia was associated with
the Vall58Met polymorphism of the COMT gene. The relatives of schizophrenia patients as a
group had increased anhedonia scores, but the val homozygote relatives showed the greatest
levels of social and physical anhedonia as assessed by the Chapman scales. Relatives of
schizophrenia patients also had elevated scores on the Interpersonal Factor of the SPQ
suggestive of social difficulties and concerns, but the factor failed to be associated with the
Vall58Met polymorphism.

VBecause a small number of relatives of bipolar patients of specific genders and genotypes were available we did not include gender as
a factor in this analysis.

VIExamination of individual PAS scores for the val homozygote relatives of bipolar patients revealed that one relative had a score of 41.
When this person was excluded the mean PAS score for the val homozygote relatives of bipolar patients fell to 11.2 (1.9) and the mean
score was no longer significantly elevated (p =.39).
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Although first-degree biological relatives of bipolar disorder patients had elevated social
anhedonia scores, in this group the COMT polymorphism failed to be associated with the
schizotypy phenotype. Anhedonia may not be specific to first-degree relatives of schizophrenia
patients; however, the association of anhedonia with the COMT gene may be unique to
schizophrenia amongst severe mental disorders. High scores of physical anhedonia in
biological relatives of schizophrenia patients is consistent with the notion that anhedonia is an
indicator of predisposition to psychosis. An association between anhedonia and COMT
polymorphism in relatives of schizophrenia patients also suggests the presence of trait-based
anhedonic characteristics in this group. Because relatives of schizophrenia patients and
relatives of bipolar patients failed to differ in physical anhedonia the diagnostic specificity of
the scale elevation is not necessary indicated; however, increased physical anhedonia scores
in bipolar relatives may reflect affective lability and episodic depression evident in people with
liability for mood disorders. This interpretation is consistent with work showing that more trait-
like anhedonic characteristics are evident in schizophrenia as compared to depression
(Blanchard, Horan, & Brown, 2001).

Because of its possible effects on regulation of prefrontal and striatal catecholamines, the
Val®®Met polymorphism has been proposed to be causally related to frontal cortical
dysfunction, deficits in executive function, and impaired working memory in schizophrenia
(Tunbridge et al., 2006). Studies have documented an association of the COMT polymorphism
with indices of prefrontal dysfunction in first-degree biological relatives of schizophrenia,
(Egan et al., 2001; Callicot et al., 2003) but a clear tie to schizophrenia was absent in other
investigations (Goldberg et al., 2003; Rosa et al., 2004). The present finding of the COMT
polymorphism as related to a schizotypy phenotype provides evidence that the biological
effects of the COMT gene may be relevant to the pathophysiology of schizophrenia. The
balance of dopamine in prefrontal and striatal regions has been considered in etiologic
formulations of schizophrenia (Weinberger et al., 1988; Meyer-Lindenberg et al., 2002;
Mclntosh, 2006) and may relate to schizotypal characteristics evident in individuals who carry
genetic liability for the condition. For example, Siessmeier et al (2006) found that a tendency
to differentiate positive from neutral visual stimuli was positively correlated with the size of
ventral striatum in healthy controls. Also, administration of COMT antagonist tolcapone in
mice inhibits stress-induced anhedonia-related behavior (Moreau et al., 1994) suggesting that
greater availability of dopamine reduces anhedonic responses.

Meehl proposed that primary hypohedonia is a heritable element of pleasure impairment that
reflects genetic predisposition for schizophrenia (for a discussion see Meehl, 2001). Recent
work has provided evidence that aspects of anhedonia assessed by the SAS and PAS function
as latent taxa (Blanchard et al., 2000; Horan et al., 2004) and are abnormally prevalent in
individuals who carry genetic liability for schizophrenia (Glatt et al., 2007; Kendler et al.,
1996; Clementz etal., 1991; Katsanis et al., 1990). The present study provides the first evidence
that anhedonia is associated with a candidate gene for schizophrenia in biological first-degree
relatives of schizophrenia patients. Similarly, we observed schizophrenia spectrum disorders
to only be present in relatives of schizophrenia patients who carried the val allele. Perhaps
COMT can be considered a schizogene akin to the descriptions of Meehl (ie. Archives of
General Psychiatry, 1989).

Previous investigations that show varied associations of schizotypy phenotypes with the
COMT polymorphism have included subjects from the general population (Avramopoulos et
al., 2002; Stefanis et al., 2004; Ma et al., 2007), compared genotypes within relatives of
schizophrenia and bipolar disorder as one group, without distinguishing between schizophrenia
and bipolar disorder (Schurhoff et al., 2007), or used a schizotypy measure not expressly
measuring psychosis-proneness (Ma et al., 2007; Schurhoff et al., 2007; Avramopoulos et al.,
2002) thus limiting the conclusions one can draw about characteristics of schizotypy and

J Abnorm Psychol. Author manuscript; available in PMC 2010 September 10.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Docherty and Sponheim Page 11

genetic liability for schizophrenia. The present study yielded evidence that the SAS and PAS
sensitively measure anomalies in biological relatives of schizophrenia patients. Other studies
have found that of schizotypy factors derived from the SPQ, only the Interpersonal factor
reveals anomalies in biological relatives (Grove et al., 1991; Calkins et al., 2004). But it appears
that anhedonia, and not the broader construct of interpersonal functioning, is associated with
the influence of the val allele of the COMT polymorphism in families affected by
schizophrenia. The present results also suggest that anhedonia may be evident in relatives of
bipolar patients but that it is largely independent of the Vall58Met polymorphism. Thus,
although anhedonia is observed in relatives of schizophrenia and bipolar patients, and the
COMT gene has been associated with both disorders, the relationship between anhedonia and
the COMT polymorphism appears to be only evident in relatives of schizophrenia patients.
The finding of an association between anhedonia and the COMT gene as specific to
schizophrenia may relate to differences in emotional responding identified in schizophrenia
and mood disorders (Berenbaum & Oltmanns, 1992).

Given the limited sample size of the relatives of bipolar patients the present findings regarding
diagnostic specificity need to be replicated in a larger sample of relatives. Future studies of
COMT gene would also benefit from inclusion of multiple SNPs relevant to dopamine
transmission to further explore the role of dopamine genes in predisposing an individual to
schizotypy and schizophrenia. ldeally, these studies would compose their samples with similar
proportions of the two genders. Nevertheless, the present study provides support for a link
between the val allele of the COMT gene and anhedonic characteristics in individuals who
carry genetic liability for schizophrenia.
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Figure 1.

Social Anhedonia Scale (SAS) and Physical Anhedonia Scale (PAS) scores in nonpsychiatric
control participants and first-degree biological relatives of schizophrenia patients by COMT
Val®8Met genotype. Error bars represent standard errors of the mean.

** p <.005 for difference with control subjects.

* p <.05 for difference with control subjects.
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