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Abstract

Objectives—The main goals of this study were: (i) to examine genotypic association of the
COMT val158met polymorphism with anxiety-related traits via a meta-analysis; (ii) to examine
sex and ethnicity as moderators of the association, and (iii) to evaluate whether the association
differed by particular anxiety traits.

Methods—Association studies of the COMT val18met polymorphism and anxiety traits were
identified from the PubMed or PsycInfo databases, conference abstracts and listserv postings.
Exclusion criteria were: (a) pediatric samples, (b) exclusively clinical samples, and (c) samples
selected for a non-anxiety phenotype. Standardized mean differences in anxiety between
genotypes were aggregated to produce mean effect sizes across all available samples, and for
subgroups stratified by sex and ethnicity (Caucasians vs. Asians). Construct-specific analysis was
conducted to evaluate the association of COMT with neuroticism, harm avoidance, and behavioral
inhibition.

Results—Twenty seven eligible studies (N=15,979) with available data were identified. Overall
findings indicate sex-specific and ethnic-specific effects: Val homozygotes had higher neuroticism
than Met homozygotes in studies of Caucasian males ( Fg—¢.13, 95%Cl: 0.02 - 0.25, p = 0.03),
and higher harm avoidance in studies of Asian males ( Fg_ 43, 95%Cl: 0.14 - 0.72, p = 0.004).
No significant associations were found in women and effect sizes were diminished when studies
were aggregated across ethnicity or anxiety traits.

Conclusions: This meta-analysis provides evidence for sex and ethnicity differences in the
association of the COMT val158met polymorphism with anxiety traits. Our findings contribute to
current knowledge on the relation between prefrontal dopaminergic transmission and anxiety.
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INTRODUCTION

Catechol-O-methyltransferase (COMT) is an enzyme that plays a key role in inactivating
catecholamine neurotransmitters (dopamine, epinephrine, norepinephrine), their metabolites,
catechol estrogens and catechol drugs via methylation. In humans, the gene coding for
COMT is located on chromosome 22, between bands q11.1 and q11.2 (Grossman et al.,
1992). COMT mRNA transcripts encode two isoforms: soluble cytoplasmic (S-) and
membrane-bound (MB-) COMT. The latter represents 70% of the total COMT polypeptides
in the human brain (Tenhunen et al., 1994) and has a 10-fold higher affinity for dopamine
and norepinephrine than S-COMT; therefore, MB-COMT is more effective in metabolizing
catecholamines (Lotta et al., 1995; Roth, 1992) and highly relevant for the study of
psychiatric and cognitive phenotypes.

Regulation of COMT enzyme activity depends in part on a COMT gene polymorphism
involving a change in amino acid from valine (GTG, or Val) to methionine (ATG, or Met) at
codon 108 of S-COMT or codon 158 at MB-COMT (Lachman et al., 1996). Val
homozygotes have higher COMT enzyme activity than Met homozygotes (Chen et al.,
2004), with heterozygotes demonstrating intermediate activity (Weinshilboum et al., 1999).
The role of COMT on dopamine catabolism in the prefrontal cortex (PFC) provides the basis
for its association with cognitive and emotional processes. Across COMT val158met
genotypes, Met/Met is linked to the lowest level of COMT enzyme activity and yields the
highest level of extracellular dopamine in the PFC. It is thought of as being positioned at the
peak of the putative inverted-U shaped curve of PFC function and dopamine transmission.
Higher COMT activity of Val-carriers result in lower levels of PFC dopamine and prefrontal
function at baseline, thus Val-carriers are placed on the up slope of the inverted U, with
Val/Val at the leftmost position (Goldman-Rakic et al., 2000; Tunbridge et al., 2006).

Bilder et al.’s (2004) extension of the tonic-phasic dopamine hypothesis (Grace, 1991)
provides a framework for understanding the effects of COMT val158met on vulnerability to
neuropsychiatric disorders. COMT activity has differential effects on dopamine transmission
in the PFC and the nucleus accumbens. In the PFC, high COMT activity by the Val allele
results in greater dopamine metabolism, weaker postsynaptic D1 receptor-mediated
excitation of pyramidal neurons, and lower PFC-accumbens glutamate transmission
compared to the low-activity Met allele. In the accumbens, Val-allele is hypothesized to
yield less glutamate-stimulated tonic dopamine release into the extrasynaptic space. High
COMT activity by Val allele results in lower extracellular (tonic) dopamine in this region,
which stimulates higher D2 transmission and is associated with stronger phasic response to
external stimuli. The Val-linked, stronger D2 stimulation in subcortical systems facilitate
set-switching, updating neural networks with novel information, and inhibiting previously
rewarded responses (i.e., allowing extinction of conditioned responses). This has led some to
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speculate that the Val allele confers protection from distressing stimuli via rapid
disengagement of the cortical circuits from the stimuli. The low-activity COMT Met allele,
on the other hand, is linked to sustained D1 activation, which helps maintain stable neural
networks by preventing attentional distraction. However, the Met allele is also considered to
index risk for psychiatric disorders due to a hypothesized inflexibility in switching set away
from negative stimuli (Stein et al., 2006; also see Goldman, 2012; Mier et al., 2010).

Rodent studies using knock-out and transgenic models have linked COMT deficiency with
higher anxiety responses, including heightened startle activity, greater pain perception,
exaggerated stress-induced hyperthermia, less exploratory behavior, and blunted stress
response (e.g., Papaleo et al., 2008). Reports of sex differences are inconsistent, with some
studies finding effects of lower COMT on higher anxiety just in females (e.g., Gogos et al.,
1998) or just in males (e.g., Papaleo et al., 2008).

Human studies of the COMT val158met polymorphism have provided mixed evidence for
an association with anxiety disorders. A meta-analysis of eight case-control studies found
that men but not women having the Met allele were at greater risk for obsessive-compulsive
disorder (Pooley et al., 2007). In a meta-analysis of COMT and panic disorder (PD) based
on six Caucasian and Asian case-control samples, Zintzaras and Sakelaridis (2007) reported
no evidence for an association. The association was also non-significant when samples were
stratified by sex or by ethnicity. However, using the same set of studies, Domschke et al.
(2007) further stratified the samples by sex and ethnicity and found that the Val allele was
associated with higher risk of PD among Caucasian women, but lower risk in Asian women.
There was no evidence of an association between COMT val158met polymorphism and PD
in men. A recent study examining the effects of COMT genotype on symptom trajectories in
a sample of Caucasian PD patients receiving cognitive-behavioral therapy found that Val-
carriers (Val/Val or Val/Met) endorsed more anxiety and depressive symptoms than Met
homozygotes at baseline, but also experienced greater symptom improvement (Lonsdorf et
al., 2010). These results are consistent with earlier findings linking the Met/Met genotype to
difficulties extinguishing conditioned fear (Lonsdorf et al., 2009).

Anxiety-Related Personality Traits in Genetic Association Studies

Association studies have also investigated the genetic basis for anxiety-related personality
traits (abbreviated as “anxiety traits” in this report). Anxiety traits are theoretically
informative because of their overlapping genetic and environmental vulnerability with a
range of psychiatric diagnoses (Ducci et al., 2007; Fanous et al., 2007; Hettema et al.,
2006). Anxiety traits also meet the criteria for endophenotypes for anxiety disorders outlined
by Gottesman and Gould (2003): First, Individuals with high scores on neuroticism and
harm avoidance have higher risk of anxiety disorders (Khan et al., 2005; Starcevic et al.,
1996). Second, these traits are heritable. Studies in populations of Western European
ancestry find genetic factors underlie 26% to 51% of individual differences in neuroticism
(Jardine et al., 1984; Lake et al., 2000; Pedersen et al., 1988; Viken et al., 1994; Wray et al.,
2007), and 32% to 49% of harm avoidance (Heath et al., 1994; Heiman et al., 2003;
Stallings et al., 1996). Third, elevations in these traits precede illness and are manifested
regardless of whether an illness is “active.” Fourth, genetic correlations between neuroticism
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and several anxiety disorders are high (0.67 — 0.82; Hettema et al., 2006), supporting a
shared genetic basis. Practical and methodological benefits of focusing on anxiety traits
rather than diagnoses include: availability of psychometrically-validated self-reported
instruments for anxiety traits, ease of collecting data from large samples, greater statistical
power derived from normally distributed traits compared to categorical (diagnostic) entities,
and less sampling bias that are sometimes associated with clinical samples.

Neuroticism and harm avoidance have been frequently studied as anxiety-related personality
traits in candidate gene studies. In the personality literature, neuroticism has been
conceptualized under two theoretic models. In Eysenck’s personality system, neuroticism
reflects a labile autonomic nervous system that triggers frequent, negative emotional distress
and expression (Eysenck and Eysenck, 1985). Eysenck neuroticism is indicated by feeling
anxious, depressed, moody, irritable, guilty, shy and being interpersonally sensitive. In the
NEO system (e.g., NEO-PI; Costa and McCrae, 1985) based on the Five-Factor Model of
personality, neuroticism is a somewhat broader construct, with items tapping anxiety,
hostility, depression, self-consciousness, impulsiveness and stress vulnerability.

In Cloninger’s psychobiological personality model, harm avoidant individuals are
characterized as fearful, cautious, insecure, pessimistic, easily tired and sensitive to
punishment (Cloninger, 1987). Harm avoidance is theoretically proximal to Gray’s
behavioral inhibition system (BIS; 1976), which is triggered by novel experience, stimuli
associated with aggression, punishment, reward omission or termination, and social
interactions. Activation of the BIS results in inhibition of ongoing behaviors and gives rise
to anxiety. Anxious individuals are introverted, sensitive to BIS triggers, and respond to
them with high degrees of arousal and distress.

Studies of COMT vall158met and Anxiety Traits

Findings from association studies of the COMT val158met polymorphism with anxiety traits
are inconsistent. The Val allele has been associated with higher levels of phobic anxiety
(McGrath et al., 2004), harm avoidance (Kim et al., 2006), negative emotionality (Chen et
al., 2011), and neuroticism (Hettema et al., 2008). Other reports indicate the Met allele is
associated with anxiety traits, including neuroticism (Eley et al. 2003; Hoth et al., 2006) and
harm avoidance (Enoch et al. 2003, Hashimoto et al., 2007; Ishii et al., 2007).

Some of the variation in findings may be due to gender composition of the samples, given
sex differences in COMT activity (Boudikova et al.,1990) and downregulation of COMT
gene transcription by estrogen (Xie et al., 1999). Some association studies have been
conducted on combined-sex or single-sex samples for which results might not be directly
comparable. Among studies reporting results for both sexes, Reuter et al. (2006) reported
that VVal homozygotes had higher behavioral inhibition than Met-carriers in men, but lower
behavioral inhibition in women.

Ethnic heterogeneity within and between studies is another challenge in interpreting the
existing literature. There are marked population differences in the val158met allele
frequency, such that the two alleles are nearly equal in frequency among European
populations but Val is more common than Met in Asian populations (Palmatier et al., 1999).
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Differences in language and measures used in studies conducted in ethnic populations also
make direct comparisons difficult.

A lack of association between COMT val158met and anxiety traits reported in many
samples may be due to insufficient power. For example, an 80% power to detect an effect
size of 0.3 for the Met/Met vs. Val-carrier contrast requires N=340 Caucasians or N=884
Asians (accounting for ethnicity-specific genotype frequencies) (Faul et al., 2007). Studies
conducted on some Caucasian (Calati et al., 2011; Golimbet et al, 2007; Reuter and Hennig,
2005) and Asian (Tsai et al., 2004; Tochigi et al., 2006; Urata et al., 2007) samples were
likely underpowered.

The inconsistency in this literature motivated us to conduct a meta-analysis to synthesize the
results of studies of the genotypic association of the COMT val158met polymorphism with
anxiety-related traits. In particular, we test whether evidence for the association differs
across sex, ethnicity, and different anxiety-related traits.

MATERIALS AND METHODS

Search Strategy

We identified eligible studies by searching the National Library of Medicine’s PubMed and
Psyclnfo databases. Articles from the first date available through December, 2011, were
screened. Keywords used in the search included a combination of the terms “COMT” or

“Catechol-O-methyltransferase” with “anxiety”, “personality”, “neuroticism”, “behavioral
inhibition”, “harm avoidance”, “OCD”, “obsessive compulsive”, “panic”, “phobia”, “social
anxiety”, “agoraphobia”, “posttraumatic stress”, “PTSD”, “generalized anxiety” or “worry.”
Identified abstracts were read to select studies examining the association between the
COMT val158met polymorphism and anxiety traits. Relevant articles were retrieved and
read to determine their appropriateness for inclusion in the meta-analysis; their
bibliographies were also searched for potentially eligible studies. We also performed a
search for relevant unpublished sources among presentation abstracts! from the World
Congress on Psychiatric Genetics between 2002 and 2011 and posting a request on the

electronic listserv of the Behavioral Genetics Association.

Selection of Studies for Inclusion in Meta-Analysis

Association studies of the COMT val158met polymorphism with anxiety traits were
included in the meta-analysis. We were interested in the full range of anxiety as expressed
among adults in the general population. We included population-based studies that did not
screen participants for psychiatric diagnoses (Bakken et al., 2008; Benjamin et al., 2000a;
Eley et al., 2003; Hatzimanolis et al., 2010; Harris et al., 2005; Henderson et al., 2000;
Hettema et al., 2008; Middeldorp et al., 2010; Olsson et al., 2005, 2007; Wray et al., 2008)
to ensure that the analyzed samples are representative of the general population and to avoid
range restriction of anxiety traits.

1Data based on three conference posters were incorporated into the meta-analysis reported here (Arias et al., 2010; Hatzimanolis et
al., 2010; lvanova et al., 2006). Data from two are included in peer-reviewed publications that appeared after the cut-off date of our
literature search (Alemany et al., 2013; Hatzimanolis et al., 2013).
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We excluded studies if the samples were: (A) Pediatric (age <18); (B) exclusively based on
clinically anxious samples; (C) samples originally selected for having a non-anxiety
phenotype (e.g., alcoholics). We excluded samples with anxiety disorders (Criterion B)
because specific diagnoses represent etiologically heterogeneous, disorder-specific
characteristics in addition to the anxiety traits of interest here, and they may confound the
association with COMT Val158Met. Similarly, the decision to exclude samples selected for
having other (non-anxiety) phenotypes (Criterion C) addresses the possibility that any
detected association between COMT and anxiety would be attributable to their common
association with the non-anxiety phenotype (c.f., Enoch et al., 2003). Control samples used
in case-control studies (Calati et al., 2011; Desmeules et al., 2011) were included if the
sample did not meet any of the exclusion criteria. We did not exclude studies conducted
within one sex or ethnicity group.

Data Extraction and Data Requests

We extracted the following data from each study: (1) authors, (2) year of publication, (3)
sex, (4) ethnicity, (5) country of origin, (6) sample size by genotype (and by sex and
ethnicity within genotype, when possible), (7) mean age by sex, (8) relatedness of
participants, (9) unselected vs. extreme-scoring design, (10) anxiety measure(s), (11) means
and standard deviations of each anxiety measure by genotype and, when provided, by sex
and ethnicity within genotype. Alternatively, for a subset of studies, genotype-specific odds
ratios (ORs) or cell frequencies (by sex and ethnicity, when available) were extracted. For
each study, we further coded (12) whether anxiety data were available as mean scores or
ORs, and (13) whether genotype frequencies deviated from Hardy-Weinberg equilibrium
(HWE) for each ethnicity and sex-by-ethnicity subgroup.

Our outcome of interest is the standardized mean differences effect size (ESgy), which
reflects the mean difference in anxiety scores between two genotype groups in standard
deviation units. Authors were contacted directly to request further data if publications
reported: (1) anxiety scores and/or age data collapsed across sexes and/or ethnicity, or (2)
results in OR format. Specifically, we requested summary statistics (mean, standard
deviation, N) for each anxiety measure by genotype, sex and ethnicity, and mean age by sex
and ethnicity. Authors were contacted by email at least twice for each data request.

Data Analysis

Data analysis steps were guided by the work of Lipsey and Wilson (2001) and conducted
using the Comprehensive Meta-Analysis statistical software Version 2.2.064 (Borenstein et
al., 2011). Hedges (1981) showed that ESg tends to overestimate the true population
parameter, especially in small samples. To correct for this bias, ESgy was multiplied by

<1_m>, with ny and ny defined as the sample sizes for the two genotype groups,
to yield Hedge’s g (1981), the study-specific effect size entered into the meta-analysis.
Hedge’s g is a commonly used mean difference effect size in meta-analyses (e.g., see
Borenstein et al., 2009). Three genotypic comparisons were made: Met/Met (MM) vs.
Val/Val (VV), Met/Met vs. Val-carriers (Val/*), and Met-carriers (Met/*) vs. Val/Val. A

positive g indicates higher anxiety scores for the Met group than the Val group.
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OR effect sizes (ESoR) instead of ESgy were calculated for a subset of studies (see Table 1)
because the study sampled participants based on extreme scores on an anxiety measure (Eley
et al., 2003, Hettema et al., 2008, Wray et al., 2008), or the anxiety measure had a skewed
distribution (Baekken et al., 2008; Olsson et al., 2005), or we were unable to acquire data in
the desired format from the authors (Urata et al., 2007). ORs were calculated as the odds of
having high anxiety in one genotype versus another genotype. For each OR based on an
extreme-scoring sample (e.g., top vs. bottom decile), we calculated an OR based on a
continuous distribution (e.g., top 10% vs. bottom 90%) calculated from expected genotypic
N of unsampled individuals in the middle of the distribution to mitigate the issue of inflated
effect size due to extreme groups sampling. Genotypic N for unsampled individuals in the
middle of the distribution were estimated based on published population frequencies of the
COMT val158met polymorphism for that sample’s ethnicity (Palmetier et al., 1999) while
accounting for genotypic frequencies in the extreme groups. Details of this procedure are
illustrated with an example in Supplementary Document 1. It is acknowledged that this
method of estimating an OR for an extreme-scoring sample is sensitive to the population
genotypic frequencies used in the calculation, thus we conducted sensitivity analysis
(described later) to test whether any significant associations based on extreme-scoring
samples remained after excluding these samples. To allow for direct comparison between
effect sizes in mean differences and OR formats, we natural log-transformed each ESoR into
ES or: and applied the Cox (1970) method by dividing ES or by the constant 1.65 to yield
EScox- The sampling variance of ES oR is estimated as

1 1

1 1
0.367 o) +O +O +O

il L il or | where Ogy  represents the number of individuals
with genotype 1 (e.g., Met/Met) and high anxiety, Oy represents the number of
individuals with genotype 2 (e.g., Val/Vet) and low anxiety, and so on. An example of this
transformation is provided in Supplementary Document 1. EScqx has been found to give a
practically unbiased estimation of the population standardized mean difference and closely
estimate ESgy when the trait underlying the measure is normally distributed (J. Sanchez-

Meca, personal communication, April 2, 2009; Sanchez-Meca et al., 2003).

We used the inverse variance method to aggregate effect sizes across studies, as it adjusts
for the error variance and size of each sample. The mean effect size across studies ( Fg),
was calculated as the sum of inverse variance weighted effect sizes divided by the sum of
inverse variance weights. Data were analyzed under a random effects framework, which
accounts for between-study variation in effect sizes in determining 75 and its error
variance. We also report study heterogeneity using Cochran’s Q (1954) quantified with the
12 index for all significant findings. Between-study heterogeneity is considered low with 12 <
25%, moderate with 12 = 25-50% and large with 12 > 50% (Higgins et al., 2003).

Moderator and Construct-Based Analyses

We investigated sex (three subgroups: combined, male, female) and ethnicity (three
subgroups: any ethnicity, Caucasians, Asians) as moderators of the association between
COMT val158met genotype and anxiety-related traits. Subgroup analysis stratified by sex
and ethnicity was conducted only if data from at least three studies were available. Samples
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for which genotype frequencies deviated from the Hardy-Weinberg equilibrium (HWE)
were excluded from analysis.

Initially, we examined the association of COMT val158met with any anxiety traits across
studies. When multiple anxiety measures were administered to a sample, the average effect
size across measures for the sample was entered into the meta-analysis (Schinka et al.,
2004).

Next, we investigated whether the COMT val158met genotype was associated with specific
anxiety traits: (1) Eysenck’s neuroticism; (2) NEO neuroticism;(3) harm avoidance; and (4)
behavioral inhibition. (See Table 1 for a list of measures assessing each trait included in the
meta-analysis.) For some analyses, we combined the Eysenck and NEO measures of
neuroticism as these are moderately to strongly correlated (r = 0.52 — 0.71; McCrae and
Costa, 1983) and have high genetic correlations (0.82 to 0.9; Wray et al., 2007).

Sensitivity Analysis and Assessment of Publication Bias

RESULTS

When a statistically significant (at a =0.05 level) association was detected, we conducted
sensitivity analyses to test whether the association could be attributed to the following
design features: (1) use of extreme-scoring samples; (2) effect sizes in OR format; or (3)
within-sample relatedness (see Table 1). Of note, for the family-based sample in Middeldorp
et al. (2010), meta-analyses included data only from parents, but not offspring.

We assessed publication bias with two methods. First, for each genotypic contrast, we
conducted meta-regression of individual effect sizes (collapsed across sex, ethnicity and
measures within study) against the year of publication. Second, we created funnel plots by
plotting the standard error of effect size against the effect size for each study, and used
Egger’s test (Egger et al., 1997) to evaluate funnel plot symmetry.

Of 74 studies identified by our literature search, 43 were excluded for the following reasons:
Three studies were based exclusively on clinically anxious individuals (i.e., exclusion
criterion B; Hohoff et al., 2008; Lochner et al., 2005, 2008; Lonsdorf et al., 2010). Four
studies were based on clinically anxious individuals and their family members, i.e.,
individuals with a high genetic risk and therefore “selected” for anxiety disorders
(Alsobrook et al., 2002; Hamilton et al., 2002; Schindler et al., 2000; Walitza et al., 2008;).
Ten studies were selected for a non-anxiety phenotype (i.e., exclusion criterion C; Barr et
al., 1999; Birklein et al., 2008; Enoch et al., 2003; Kolassa et al., 2010; Gothelf et al.,
2007a, 2007b; Light et al., 2007; Max et al., 2006; Michaelovsky et al., 2008; Zinkstok et
al., 2008). Thirteen studies did not include a measure of trait anxiety (Cavallini et al., 2000;
Domschke et al., 2004; Freitag et al., 2006; Karayiorgiou et al., 1997; O’Hara et al., 1998;
Pooley et al., 2007; Poyurovsky et al., 2005; Rothe et al., 2006; Rotondo et al., 2002;
Rujescu et al., 2003; Samochowiecz et al., 2004; Strug et al., 2010; Woo et al., 2002). In
five studies, the target measure reflected an underlying anxiety disorder, such as a checklist
of panic disorder symptoms (Erdal et al., 2003; McGrath et al., 2004; Maron et al., 2008;
Meira-Lima et al., 2004; Niehaus et al., 2001). In three studies, the target phenotype was not
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an anxiety trait (Lang et al., 2007; Lonsdorf et al., 2009; Smolka et al., 2005). The sample
from one study was already represented by another study included in our meta-analysis
(Khan et al., 2005). One study appeared to examine a different locus on the COMT gene
than Val158Met (Woo et al., 2004); attempts to contact the authors for clarification were
unsuccessful. Additionally, one study was excluded because the anxiety trait measure was
administered only to cases (of irritable bowel syndrome) but not to controls (Karling et al .,
2011). Another study was excluded because the experimental procedure (pain induction via
infusion of saline into the masseter muscle) possibly affected anxiety ratings (Zubieta et al.,
2003). Finally, there was insufficient information from one study (Kulikova et al., 2008) and
one poster abstract (Kenis et al., 2010) to determine their eligibility and we were unable to
reach the corresponding authors for clarification.

Of 31 studies deemed eligible for the meta-analysis, attempts to request data from authors of
seven studies were unsuccessful. We incorporated partial data from three of the seven based
on what was in the publication (Benjamin et al., 2000a; Tochigi et al., 2006; Urata et al.,
2007), but had insufficient information for four others so these were not included (Aberg et
al., 2011; Drabant et al., 2006; Lee et al., 2011; Stein et al., 2005). The remaining 27 studies
contributed k=29 independent samples, yielding a total sample size of N=15,979 for the
meta-analysis. . Sex-specific data were unavailable for two samples (Benjamin et al., 2000a;
Tochigi et al., 2006). Data were available from k=20 independent samples (N=6,648) of
men and k=27 independent samples (N=8,630) of women. Of the 29 independent samples,
k=20 were Caucasian (N=13,399), k=8 were Asian (N=2,126), and k =1 (N=454) did not
report sample ethnicity (Benjamin et al., 2000a). Table 1 provides details for each sample
including the country of origin and available measures. Table 2 provides the distribution of
genotype frequencies by sex and ethnicity, combined across the available samples.

The first set of meta-analysis considered the overall association of COMT val158met
genotype with anxiety traits combined across all studies. In the overall analysis of 20
combined-sex samples of any ethnicity (Table 3a, top left), the association between anxiety-
related traits and genotype was non-significant. In subgroup analyses, we found that among
Asian male samples (k=3) higher anxiety was associated with Val-carriers across all three
genotypic contrasts, with mean effect sizes between -0.18 and -0.44 (Table 3a). There was
minimal evidence for between-study heterogeneity for any of the genotypic contrasts (MM-
VV: Q=0.74; MM-V*: Q = 0.93; M* - VV: Q = 0.06; all df = 2, p=>0.63, 12 = 0%).
Sensitivity analysis was not applicable to these samples. Results for other sex*ethnicity
subgroups were non-significant. (Study-specific effect sizes for the three genotypic contrasts
by sex for each sample are available as Supplementary Table 1. Forest plots of the meta-
analyses conducted by each sex subgroup and across ethnicity for the MM-VV contrast are
available as Supplementary Figures 1a-c.)

Analyses of Specific Anxiety Traits

Neuroticism—Results for neuroticism as measured by variants of the NEO-PI and EPI
questionnaires are shown in Table 3b. Across all possible sex-by-ethnicity subgroups, Val-
carriers had higher neuroticism than met-carriers among Caucasian male samples, but the
difference was statistically significant only for the MM-VV comparison ( 5—_.13 Q=
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7.23,df =7, p=0.41, 12 = 3.13%). Sensitivity analysis entailed excluding three studies using
an extreme groups design, after which only the MM-V* contrast was significant,
ES=_0.14 95%Cl = -0.27, -0.01, p = 0.04), with little evidence for between-study
heterogeneity (Q = 3.98, df = 4, p= 0.41, 12 = 0%). Findings among Caucasian females were
non-significant and we were unable to examine the association in Asians due to limited data
(k=0 to 1 across sex subgroups).

To follow up on the significant association, we separately explored genotype in relation to
neuroticism as measured by versions of the EPI versus the NEO scales. Figure 1 is a forest
plot of the Met/Met vs. Val/* results by sex. It can be seen that all samples with Eysenck
neuroticism data were Caucasian. As shown in Table 3c, significant associations were
identified in male samples: men with Val/Val genotype had higher neuroticism than men
with Met/Met (MM-VV: gg__( 17) and Met-carrying genotypes (M*-VV: gg__ 17)-
Between-study heterogeneity was large (MM-VV: Q = 26.55, df = 5, p < 0.001, 12 =
81.17%; M*-VV: Q = 42.77, df = 5, p < 0.001, 12 = 88.3%). As shown in Figure 1,
sensitivity analysis would have required repeating the meta-analysis after eliminating three
samples with extreme-sampling design and ESog, but this was not feasible due to the limited
number of remaining studies (k=2). No other significant association was observed for
Caucasian female or combined-sex samples.

Table 3d summarizes meta-analysis results for neuroticism as measured by the NEO scales.
We were unable to test the association in Asians due to limited samples. In the remaining
sex*ethnicity subgroups, there was no significant association of genotype with NEO-
neuroticism.

Harm Avoidance—Table 3e summarizes the meta-analysis results and Figure 2 is a forest
plot for the Met/Met vs. Val/* contrast by sex for harm avoidance. Significant associations
were initially detected among male samples of any ethnicity, such that Val-carrying men had
higher levels of harm avoidance than their Met/Met counterpart (MM-V*: T5__( 90)-
There was little between-study heterogeneity (Q = 2.42, df =6, p = 0.88, 12 = 0%) and no
sensitivity analysis was warranted. Further stratifying the male samples by ethnicity showed
that the significant association was unique to Asians and evident across all three genotypic
contrasts: MM-VV: Fg__ 43 MM-V*. F5__ (34 M*=VV, Fg__ () 23. Again, there
was little between-study heterogeneity (MM-VV: Q = 0.63; MM-V*: Q = 0.51; M*-VV: Q
=1.01; all df = 2, p= 0.60, 12 = 0%). No sensitivity analysis was warranted. The association
was not significant in any female and combined-sex subgroups.

Behavioral Inhibition—Data on COMT val158met polymorphism and behavioral
inhibition were available on k=3 combined sex samples, k=3 male samples, and k=4 female
samples (see Table 3f). Among samples of any ethnicity, there was no evidence of an
association in any of the three sex groupings. Due to limited data, stratified analysis by
ethnicity was possible only for Caucasian females (k=3), for whom the association was not
significant.
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Publication Bias

To examine these data for publication bias, we first conducted a meta-regression of average
effect size across all anxiety measures for each independent sample against year of
publication. There was no evidence of an association between effect size and publication
year for each genotypic contrast: MM-VV: byyp yr = =0.006 (0.01), p = 0.39; MM-V*:
Bpub_yr = —=0.002 (.01), p=0.78; M*-VV: by yr = -0.003 (0.01), p = 0.56.

Next, we inspected funnel plots for evidence that effect sizes were biased in a particular
direction by studies with small sample sizes or large error variances. Funnel plots are shown
in Figures 3a—c. Results from Egger’s test were consistent with the null hypothesis of
symmetrical funnel plots because the intercepts did not significantly deviate from (0, 0):
MM-VV: intercept = 0.99 (0.72), 2-tailed p = 0.18; MM-V*: intercept = 0.59 (0.55), 2-tailed
p = 0.30; M*-VV: intercept = 1.08 (0.94), 2-tailed p = 0.26. In sum, we did not find any
evidence for publication bias across all samples entered into the meta-analysis.

DISCUSSION

Association

We conducted a meta-analysis of 27 studies (N=15,979) to examine the association of the
COMT val158met polymorphism with anxiety traits. Overall, our findings indicate sex-
specific effects and some variation associated with anxiety phenotype. Compared to men
who were Met homozygotes, Val-carrying men had higher levels of anxiety as measured by
neuroticism in Caucasians and harm avoidance in Asians. The ethnic specificity of these
effects could not be evaluated fully as there were no studies of neuroticism in Asian males.
However, there was evidence suggesting the absence of a COMT-harm avoidance
association in Caucasian men was not due to low statistical power, but the association was
specific to Asian males. There was no evidence for an association between COMT
val158met polymorphism and any anxiety traits in women, regardless of ethnicity.

of COMT Val Allele with Anxiety Traits

The association between the COMT Val allele and higher anxiety may be related to COMT
effects on dopaminergic tone in the prefrontal cortex (PFC) and their relation to cognition.
As mentioned earlier, the stronger phasic response to external stimuli and higher D2
transmission linked to the Val allele has led to speculations that Val protects against
distressing stimuli via rapid disengagement of the cortical circuits from the stimuli (e.g.,
Bilder et al., 2004). Supporting this hypothesis, a recent meta-analysis concluded that Met
homozygotes were less efficient than Val homozygotes when engaging in tasks requiring
emotional processing, but more efficient on tasks based primarily on cognitive processing
(Mier et al., 2010). Specifically, Mier et al. (2010) reported a large effect (d = -1.0)
indicating stronger PFC activation by Met homozygotes than VVal homozygotes on emotion
processing paradigms. Examining the details of the emotional processing tasks used in the
four studies included in the Mier et al. (2010) meta-analysis (Domschke et al., 2008;
Drabant et al., 2006; Smolka et al., 2005; Yacubian et al., 2007) and more recent works
suggests a more nuanced interpretation of these findings. Carriers of the Met allele tended to
have greater limbic response in emotional processing tasks that are less effortful, as
evidenced by the stronger PFC activation during passive viewing of affectively valenced vs.
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neutral pictures (e.g., Smolka et al. 2005) and during a facial matching task (Drabant et al.
2006). Domschke et al. (2008) also used a passive-viewing paradigm; however, in contrast
to findings by Smolka et al. (2005) and Drabant et al. (2006), they found that Val carriers
have greater amygdala and PFC activation in response to emotional faces than Met
homozygotes. It may be that a passive facial viewing task was more effortful for the
clinically anxious sample in Domschke et al.’s (2008) study than for the healthy controls in
the other two studies. Yacubian et al.’s (2007) examined PFC activation in response to
reward anticipation during a gambling task. Their task is less comparable to other emotional
processing paradigms included in Mier et al.’s (2010) meta-analysis.

One speculation is that during emotional tasks with a high cognitive load, Val carriers may
be at a disadvantage. For example, using an affect labeling task that is more effortful in
nature than the aforementioned passive viewing paradigms, Kempton et al. (2009) reported
less amygdala deactivation in Val/VVal men compared to Met/Met men, suggesting less
efficient prefrontal inhibition by Val homozygotes. On an attentional task with negatively
valenced distractors, Val allele dosage was positively associated with PFC activation to
negative distractors relative to neutral distractors (Bishop et al., 2006), suggesting inefficient
resource allocation by Val carriers while engaging in a cognitive task and being
simultaneously distracted by unpleasant stimuli. One interpretation of these findings is that
whereas Met carriers may initially exhibit an exaggerated limbic response to affective
stimuli, Val carriers are less efficient at subsequently modulating or inhibiting amygdala
response when required to manipulate the emotional information.

Although higher COMT activity and lower PFC dopaminergic tone of Val carriers have
been considered as mechanisms that protect against anxiety based on a cognitive advantage,
our finding of an association between higher anxiety and the COMT Val allele contradicts
this notion. We suggest that our results may be partly attributable to a cognitive profile
marked by greater distractibility and unstable cognitive sets among Val carriers. This is
consistent with earlier work linking lower cortical dopamine and D1 stimulation (associated
with Val) to low cortical signal-to-noise ratio and poor differentiation of target from
background in cognitive tasks (Winterer and Weinberger, 2004). Additionally, Val allele
dosage has been associated with poor sensorimotor gating (Roussos et al., 2008) and poor
accuracy and efficiency in attentional tasks (Blasi et al., 2005). Both neuroticism and harm
avoidance are characterized by irritability, hypervigilance, and poor concentration. The
higher distractibility associated with the Val allele may facilitate a hypervigilant attentional
style and threat-scanning behaviors. Difficulties staying “on task” or engaging in complex
cognitive tasks when faced with emotional stimuli may exacerbate distress and increase
tendencies toward neurotic and harm avoidant behaviors. If the effect of COMT val158met
on anxiety is mediated through cognitive mechanisms, the modest effect sizes observed here
are not surprising.

Additional factors may explain the small effect sizes of the association between the COMT
val158met polymorphism and anxiety. Other COMT functional loci may account for
additional variation in anxiety that is not captured in this study. Cis-regulatory elements
(Zhu et al., 2004) and interactions of COMT val158met with two non-synonymous COMT
SNPs (Diatchenko et al., 2005) contribute to COMT gene expression beyond the effect of
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val158met. . For example, association studies of anxiety traits have identified COMT
haplotypes containing the val158met polymorphism that were more strongly related to
neuroticism than val158met alone (Hettema et al., 2008; Stein et al., 2005). Genetic
epistasis and gene-environment interactions are other pathways by which COMT may
influence anxiety (e.g., Benjamin et al., 2000b; Kolassa et al., 2010). Research investigating
genetic networks may help identify how multiple variants are co-expressed and influence
behavioral phenotypes (e.g., Zhang and Horvath, 2005).

The small effect sizes in the current meta-analysis highlight the challenges that exist when
conducting association studies of single functional variants with complex phenotypes. The
self-report paper-and-pencil measures used to assess anxiety in the studies included in this
meta-analysis are indirect indices of a psychological trait. Effect sizes for genetic association
are typically larger as one moves from complex behaviors and traits to endophenotypes such
as neuroimaging and molecular phenotypes (Zhou et al, 2008).

Sex Differences in the COMT-Anxiety Association

There are several possible explanations for our finding of sex differences in the association
of COMT genotype with neuroticism and harm avoidance, including insufficient statistical
power, methodological differences and true differences. For each significant association
reported for men, the sample size for the corresponding subgroup analysis in women was
always larger. All male-based analyses had comparable female samples assessed with the
same methodology. Given the reported interaction of COMT val158met genotype and
endogenous estrogen fluctuation on cognitive functioning in women (Jacobs and
D’Esposito, 2011), a lack of adjustment for female participants’ menstrual phase or use of
hormonal birth control in most studies in our meta-analysis might contribute to greater
measurement error in female-specific findings. However, the effect sizes estimated for
female and male samples within the same studies were generally of similar precision,
suggesting the observed sex differences are not due to power or methodological variation.

Several studies have identified sex differences in COMT activity in dopamine-related
pathways, including higher COMT enzyme activity in blood and liver tissues among males
than females (Cohn and Axelrod, 1971; Boudikova et al., 1990) and lower proportion of
dopamine neurons making up mesocortical projections in male than female rats (Kritzer and
Creutz, 2008). This implies Val/Val males relative to Met-carrying males or to females are
more likely to have low PFC dopaminergic transmission and the associated cognitive and
emotional processing vulnerability. Relatedly, greater affective sensitivity to dopamine has
been found in men compared to women (Riccardi et al., 2011). The finding of higher
anxiety in Val-carrying men but not women may therefore be attributable to their lower
levels of PFC dopamine and greater affective sensitivity to dopamine.

Our null finding of a lack of association between COMT val158met genotype and any
anxiety traits in women differs from the report by Enoch et al. (2003) of elevated harm
avoidance scores in Met/Met women compared to Val-carrying women2. Enoch et al.
(2003) used pedigrees that had been selected for alcoholism and an alcohol-related
electroencephalogram trait. Differences in sampling may therefore explain the different
findings.
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Our findings are in contrast to Papaleo et al.’s (2008) finding of blunted stress response,
lower pain sensitivity, less exploration and more avoidant behaviors when exposed to novel
objects in male mice with lower COMT activity. Our findings and those of Papaleo et al.’s
(2008) are in contrast to Gogos et al.’s (1998) report of COMT-deficient female mice
exhibiting greater anxiety-like behaviors than wild-type females. In Gogo et al.’s (1998)
study, the effect of COMT on anxiety-like behaviors was nonsignificant in male mice.
Complete COMT deficiency, as in the knock-out mice used in these animal studies, is not
directly analogous to low COMT activity among human Met homozygotes; the same can be
said for the comparison between transgenic mice overexpressing the COMT Val allele in
Papaleo et al.’s study and human Val homozygotes. Mouse models of anxiety were
developed primary in males and sex differences on the same phenotypes can be attributable
to numerous factors (see review by Palanza, 2001). For these reasons, we believe that these
landmark studies are best used to implicate COMT variation as contributing to risk for
neuropsychiatric disorders, but caution is warranted in extrapolating specific findings to
humans.

Ethnicity- and Measure-Specific Findings

We found evidence that ethnicity moderates the association between COMT and harm
avoidance in men, with higher levels of harm avoidance in Val-carriers than non-Val
carriers among males of East Asian descent. The absence of a parallel finding in Caucasian
males does not appear to be due to lower statistical power. Calculations using G-power (Faul
et al., 2007) and taking ethnic differences in genotype frequency into consideration found
the Caucasian male sample size of N=174 had 80% power to detect an effect as large as that
found for the MM-VV comparison in the Asian sample (—0.43 based on N=397 Asians). For
the MM-V* and M*-VV comparisons, the Caucasian sample size of N=332 had 79% and
43% power, respectively, to detect the corresponding effect sizes found in the Asian sample
of N=634.

Another goal of our study was to explore whether several anxiety-related traits differed in
their strength of the association with the COMT val158met polymorphism. For neuroticism,
the association with COMT val158met was significant for studies using the Eysenck scale
but not the NEO scales. Between neuroticism and harm avoidance, the strength of
association with COMT val158met was somewhat stronger for the latter. As discussed
below, differences in the strength of association is likely attributable to true differences,
study methodology and ethnic differences in COMT action on anxiety. However, it was
impossible to directly compare the strength of association across constructs because the use
of different measures was confounded with ethnicity.

For neuroticism, effect sizes for the MM-VV contrast was —0.13 in the analysis considering
both Eysenck and NEO scales, and slightly higher (-0.17) when only considering Eysenck
neuroticism. The somewhat higher effect sizes in the Eysenck-only analysis may be due to

20f note, after consultation with the study’s lead author, we chose not to include the Enoch et al. (2003) study in our meta-analysis
primarily because it met our exclusion criterion C (sample selection based on a non-anxiety phenotype). Both samples included
individuals selected for alcoholism or a putative alcoholism-related phenotype (low voltage alpha EEG) Consequently, any association
observed between COMT and measures of trait anxiety could be due to a common association with alcoholism.
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the inclusion of extreme-scoring samples, as evidenced by the significant between-study
heterogeneity in effect sizes. For the MM-V* and M*-VV contrasts, effect sizes of the
COMT-neuroticism (Eysenck+NEO, Eysenck only) association ranged from —0.05 to —-0.17.
The nonsignificant association between COMT val158met polymorphism and NEO
neuroticism is likely due to a combination of a weaker true effect and smaller sample sizes
in the NEO-only analysis.

For harm avoidance in Asian males, the effect size was —0.43 for the MM-VV contrast,
-0.34 and —0.23 in the MM-V* and M*-VV contrasts, respectively. Ethnic differences in
COMT action on anxiety and smaller measurement error in the harm avoidance measures
may explain the slightly larger effect size for harm avoidance than neuroticism. In particular,
despite language differences, all three studies contributing to the significant harm avoidance
finding used the same version of the scale (TCI; Cloninger et al., 1993). For Eysenck
neuroticism, different versions of the scale (EPQ-R-S vs. EPI) used across studies may
contribute to greater effect size heterogeneity across studies, thus reducing the pooled effect
size. A twin study investigating the genetic overlap across measures found that 53% and
65% of the covariance between neuroticism and harm avoidance was attributable to genetic
factors in men and women, respectively (Heath et al., 1994), so it is not surprising that we
found an association of COMT with both traits.

There are several limitations to this study. First, despite our attempts to locate all relevant
studies, we had insufficient information for several. It is likely that there are others we
missed. Our analyses of publication bias indicated that publication year, sample size and
error variance were not associated with effect sizes, thus alleviating concerns regarding
biased samples entered into the meta-analysis.

Second, despite the relatively large number of studies and pooled sample size contributing to
the overall meta-analysis, some of the sex-by-ethnicity subgroup analyses for specific
constructs were underpowered. This restricted our ability to evaluate whether the COMT-
neuroticism association among Caucasian males also applies to Asian males. Similarly, we
were unable to directly compare the magnitude of the association across constructs as the
use of different measures was confounded with differences in ethnicity.

Third, we observed significant heterogeneity among studies included in the analysis of
Eysenck neuroticism in Caucasian men. Such heterogeneity is likely due to inclusion of
three studies that used an extreme-groups design. We were unable to formally estimate the
effect size after excluding these samples as only two samples remained. We used two
strategies to ameliorate the impact of these studies: calculation of ESpr after imputing the
genotypes of unsampled individuals in the middle of these distributions and use of a
random-effects analytic framework. Furthermore, in the Eysenck+NEO neuroticism
analyses, we obtained similar results before and after excluding the extreme samples.
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This is the first meta-analysis of genetic association of the COMT val158met polymorphism
with anxiety-related traits. The total sample of more than 15,000 individuals provided an
opportunity to assess whether the association differed by sex and ethnicity. There was a sex-
specific association across anxiety traits, such that Val-carriers had higher anxiety than Met
homozygotes only among males. The COMT-harm avoidance association was observed
among Asian but not Caucasian men. These findings highlight the importance of considering
sex and ethnicity in genetic association studies.
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Sex Study Year -\{a;/* H-Ii'.’]oer -0.5 0 0.5 '\/I(Etl/.’(\)/let H:Ilg.:er
Combined Henderson 2000° 1IF

Combined  Golimbet 2007° -1
Combined Hettema (A)** 2008° T

Combined Hettema (B)** 2008° r

Combined ~ Wray®* 2008° T

Pooled ES: -0.16 (-0.33 — 0.01), p=0.07 ‘»

Male Henderson 2000° —_1 +

Male Golimbet 2007° —_—

Male Hettema (A)®*  2008° —

Male Hettema (B)** 2008° I}

Male Wray=* 2008°

Pooled ES: -0.17 (-0.31 — -0.04), p=0.01 P

Female Henderson 2000°

Female Golimbet 2007° —_
Female Hettema (A)®*  2008° — 0 —

Female Hettema (B)**  2008° I

Female Wray®* 2008° 41

Female Hatzimanolis ~ 2010°

Pooled ES: -0.11 (-0.39 — 0.18), p=0.46

-

Notes:

1. Studies subsequently removed in sensitivity analysis due to the following characteristics are

denoted by superscripts: f=extreme sampling, *=Cox method used to convert logged odds

ratio effect sizes.

2. Sample ethnicity is denoted by a superscript: °=Caucasian.

3. Bold font indicates effect size is significant at p<.05.

Figure 1.

Forest plot of meta-analysis results by sex for Eysenck Neuroticism measures; Met/Met vs.
Val/* contrast.

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lee and Prescott

Page 27

Sex Study vear \Iasl/* Hlih.gr 05 0 05 '\f.eot/Metlﬁszgher
Combined Benjamin®  2000a!

Combined Reuter 2005¢

Combined Ivanova 2006¢

Combined Golimbet 2007¢

Combined  Calati 2011¢ —{ H
Combined Kim 20062 —{—
Combined Ishii 20072 — 1
Combined Chen 20112 —{
Pooled ES: -0.05 (-0.17 — 0.07), p=0.40 E 2
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Pooled ES: 0.08 (-0.15 — 0.30), p=0.51

Notes:

1. One study subsequently removed in sensitivity analysis due to sample relatedness was

denoted by the superscript R.

2. Sample ethnicity is denoted by superscripts: >=Asian, °=Caucasian, "=unknown.

3. Bold font indicates effect size is significant at p<.05.

Figure 2.
Forest plot of meta-analysis results by sex for harm avoidance measures; Met/Met vs. Val/*

contrast.
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Figure 3.

Hedges's g

Funnel plots of meta-analysis results across k=29 independent samples: (a) Met/Met vs. Val/
Val, (b) Met/Met vs. Val/*, (c) Met/* vs. Val/Val.

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 29

Lee and Prescott

- - 174 (N) ¥-1d-03N eUeder orie  wiAW 9002 161yo0
ZsT evT G6C (1g) sig JAuewisg 1562 4N 9002 Jainay
8T 8eT 982 (wH) 1L 22210 00€z 4N 9002 wry|

29 oy 20T (wH) 1L » eueding 289 4N 9002 BAOURA|
0.1 02 vle (N) 194-03aN
181 122 07 (xuy) ssva s(paxiw) 896 4N 9002 Yi1oH
292 10T €9¢ (WH) 101
292 10T £9¢ (N) 144-03N ULETIED) 6eve 4N 5002 Jainay
€Y 8€ee 108 (N) 03N 1002
Gov 8€ee €08 (xuy) ¥-SI1D Jelensny 6072 4N G002 uoss|o
01€ €22 €€ (xuy) savH oPuepods 906, 4N 5002 sLlleH
0zt - 0zt (VH) OdL eUemie | 0002 | 7002 fes|
79 - 79 (WH) 1oL 2SN €LY E| 7002 (g) wry
G8T 9T 6 (wH) 10L SN 1162 4N wv002 (W) wry
1L - TL (N) 144-03N JAuewsag 65°9€ 4 x3€00C CTE|
€9r 205 596 (VN) SYNvVd
€9 L0¥ 0.8 (xuy) Bisgpoo
€9v Sov 898 (N) s-4-0d3
€9r LoY 0.8 (xuy) 1SSa
€9 L0¥ 0.8 (1g) sig Jellensny oz 4N 0002 uosIapusH
- - 1414 (VH) OdL nloeIs| G669z wdN  yB000Z uiwelusg
Nojewsd N 9JelA NIV  (19n41su02) aunses|N uonedo]  aby ues NEN Jea A Apms

'sisAJeue-21aW 8Y) Ul Papn|aul S8IpNIS UO UoIeWIoUI 3ANdLISaq

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 30

Lee and Prescott

a1seydiniy e10sauulN = 1d-1dININ ‘(€86T ‘Yireus pue puowbiz ‘afeasqns A1aIxue) ajeas uoissaida@ pue A1aIxuy [eldsoH = SAVH (886T ‘“[e 1 Blaqp|o9) ajeas Aaixue Biagp|oo) = Biagp|oo (T66T
‘JouasA3 pue %ouasA3) wioy Loys-pasined-0Od3 = S-4-Od3 {(SZ6T MouasA3 pue 3ouasA3) aireuuonsand) Allfeuosiad %ouasA3 = Od3 ‘(96T NouasA3 pue 3ouasAg) Alojusau| AlljeuosIad 3ouasA3 =

1d3 (96T “Te 1 pioypag ‘8eds A1aixuy) Alojuanu| sareis-swoidwAs-suoisniad = 1SSA ‘(S66T ‘PUOGIAOT puUR PUOIA0T ‘B[easqns AlBIXUY) $8eds Ssans AlBIxuy uoissaldaq = SSvA (8861 e 1 SimaT)
PasIARY — BINPaYIS MAIAIBIUL [BIIUIND = H-SID (V66T ‘SNYAM pUe JaAIeD) 8[edS WalsAS uomaiyul [eloineysd = SI (06T 1831 pue oag) Alojusul AdIxuy %0ag = v :(S9.nsealu) suo e e .gay

0£9'8  8¥9'0  6.6'ST (so1dres Juapuadaput 6¢ / sa1pnis /g) TVLOL
7L - 7L (xuy) L-IVLS  oPUBLRZUMS 00°0S 4 TI0Z  sdInawssQ
90¢ 052 955 (WH) 101
90¢€ 0S¢ 955 (1g) s19
90¢€ 052 955 (xuv) Iva alllVie) oz 4N 1102 uayo
991 4 68¢ (wH) 10L SALIUED) sy 4N 1102 1efed
0ST veT vie (xuv) YSVA  oSPUBLIBUISN a9 4N 010z diopldpPIN
8¢ - 8¢ (N) Od3 2899219 09'6€ 4 0T0Z  Sllouewiziey
95¢ 00¢ 9GSt (xuy) 1-IV1S oureds 18T¢ 4N 0102 sely
165 €0 56 (N) 5-4-0d3 Jeljensny yToy 4N x3800C Ream
92 - 9% (1) s1g oAuewien 1722 4 58002 Beiuo
Ve A4 49 (N) s-4-0d3 SN r'9€ 4N x3800C  (Q)ewsneH
€T 98T 65 (N) s-4-0d3 SN /€ 4N x3800C (V) ewsnoH
2208 6297  1S9'S (xuv) savH oAemioN 7905 4N xB00C uaspieeg
Gez - GEZ (N) 144-03N wUeder 0002 4  xL00¢ eleln
€z ore 8Ly (WH) 10L pueder 06z 4N L00T nusi
26 Ly 6ET (wH) 101 pueder €9 4N nl00C ojowIyseH
evT 89 112 (WH) 101
0Lt 66 692 (d) 1dAN
ot 86 0Le (N) 143 JBIssny S6TE 4N 2002 ELTT(E)
N ajewsd N 9Jel\ NIV  (19nJ41sU02) aunsesin uonedo  aby ues e Jea A Apms

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 31

Lee and Prescott

"sasAJeue ANAIISUSS JAMH [[e W0y APNIS ay) PAAOLIRI aM ‘SAITBAISUOD aq 0} Ing ‘ajdwes Xas paulquiod ay Ul AJuo PanIasqo sem JAH WOl uolelAsp ‘(2002) ‘[e 1 olowlyseH U] 'S
'(8002) ‘Te 1 ewanaH ui sajdwies Juspuadapul abeis-omy ayy Jussaldas (g) ewanaH pue (V) BwaneH ‘v

"adA1ouab 1aw/18W 089Sl ay)
YIM 0=N 01 anp SISAeue-e1aW Jno wolj papnjoxa sem dnosBgns siyl Ing ‘sajew UBISY papnjoul Apns iy "sasAjeue ALIARISUS IAH WOJy (UBISY pue uelseane)) ajdwes alijua ayl papnjoxa apn
"g1dwes ueiseaneD ay) ul pale|oIA sem (3AMH) winuqgijinba Biaquispn-ApseH ‘Apnis syl uj “AjaAndadsal ‘(#002) ‘e 1 Wiy ul sajdwes uelsy pue ueiseaned ay) Juasaidas (g) wiy pue () wiy '€

'A1aIxue pazijelausb Jo sanem
€—0 'SA +£ YNM S[enPIAIPUI SE POPOI 8IaM S|0JJU0D ‘SA ,S8sed,, ‘Bldwies G0z ayp uj-ajduwres ayy Jo Jjds ueipsw e ayewixoidde 03 A181xue ybiy,, Se papod a1am SaAeM £<= 10} SWodwAs AIxue
pazijelauab pausybiay paniodal oym sfenpiAIpul “Y-SID aUl UQ "POYIBW X0D Y} YHNM PaWLIOJSUE} pUB Jew.o) oflel Sppo Ul papiaoid a1am ‘|44-O3N 10U Ing ‘Y-SID UO SazIs 19843 “Apnis
10YoD Yi|eaH JUaIsa|opy UBLIOJIIA) ajdwes Apnis awes syl uo paseq alam Aauy ‘sajdwes [eannuapl Alieau ay} Jo asnedaq Apnis auo se pajeas) a1am (£00z) ‘e 1 uoss|O pue (5002) 'le B UoSs|0 ‘2
"MOJ papeysun/papeys awes ayl uiyym paseld si ajdwes juspuadapul yoes ‘A1Lie|d 104 ‘erep o1j10ads
-xas papiaoid Jey) saipnis sapnjoul Ajuo N 914199ds-xas “a1ay pauiodal N 2101 8y} 81e[ndjed 0} pash sem azis afdwes 15961 Ym ainseaw 1oy N ‘sainseaw ajdninw papnjoul ajdwes e usysmy T

:S310N

"safeLuay
PUE S3Jew I0} SoNSIEIS Sleledas pIAId 10U PIP JeU SBIPNIS = v {PAPN|OUI SBXBS Y10g = |l ‘Slewd) = 5 ‘ajew = | "sjuedioned pajelal =y sa|duies BuLI0ds-aWBIIX = 5 {POLASL XOD) SU} YIM PaLLLOJSUE.]}

pue Jew.o} O11el SPPO Ul papIAoid S8zIs 10948 = X ‘JMH wouy Aouanbaly adAlousb Jo uoelnap sayedipul Bely IMH = H *Ao1uye umouun = 1 ‘uelseane) = ; ‘ueISY = ,!(SPY10) SsUoe IS IqaY
‘uoissaidap = daq {A1BIXUE = XUy ‘90UBPIOAR [RJOIARYAQ = |g ‘WSIONO0INAU = N ‘80UBPIOAR WY = H :(S1oN.JISU0D) SUO e e Jqqy

'(066T ‘Yorquaydy ‘8Jeds uolssaidap snoixue) Loday-418S INPY Buno A

= 4SVA (1661 ‘e 1 J8buiuo|d) aireuuonsand) Alljeuosiad jeuoisuswiplil = Odl ‘(66T *[e 1 Jabuiuo|d) Alojuaau| Jaioeteyd pue uawesadwa] = 11 ‘(£86T ‘Jabiaq|alds ‘woy esy) Alojusau] ABIXUY
el 9IS = 1-1VLS ‘(666T ‘e 1 UOUUIIBIA ‘W0 1OYS) 3]NPaYIS 10810 aAeBaN pue sANsOd = SYNV (T66T “'Te 1 ©1s0D) pasined 03N = H-1d-O3aN ‘(266T ‘9eIDIN % ©1S0D) AIOJUsAU| J0JoeH
A4 O3N = 144-03N :(S86T ‘aRIDIIN 72 ©IS0D) AlojusAu| Alljeuoslad ssauuadQ pue ‘uoisianesIx3 ‘wsionoinaN = 03N ‘(0V6T ‘AsjursioiN pue AemeyieH) (8]easqns eluayiseydAsd) Alowuanu| Aljeuosiad

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2015 April 01.

Psychiatr Genet. Author manuscript



Page 32

*A191UYIa Yaea Joy [e10) Mo se UaAIB sabelusdied g

“ejep 21410ads-xas papinoid reyy

Lee and Prescott

S31pNIS U0 paseq AJUo aJe SN 914193ds-xas 813y pajiodal SN 8y arenajed 031 pasn sem (A1oBayed xas yoea 0} a1319ads) azis ajdwies 1sa661q yiim ainseaw 1oj N ‘sainseaw ajdnnw papnjoul ajdwes e usypn ‘T

'xas Aq sa1ouanbaly adAlouab Ay10ads 10u pip eyl Apnis auo sapnjou|
Vv

‘T a|qeL U1 1s1] 98
.

:SAJON
0£9'8 :[e10L
L6T'T :sueisy (%eT2s) 29 (%e6'68) 8Ly (%v6'2) S6  (%T6'22) €0L'T  (%SS'6v) €89'€ (%G L2) L¥0'T
€ep'/) sueiseone)
(2=)) sueisy (0z=)1) suerseaned (221 ITVIN3S
879'9 :[e10L
189 ‘suelsy (wrrv8)ere (wTL198) 052 (%2S8) 85  (%E6'02) 6V2'T  (%9L°6Y) 696'C  (%TIE62) 6YL'T
196'G :sueiseane)
(0z=0) (=) sueisy (9T=Y) sueiseone) (0z=1) ITVIN
GZG'ST ‘[e10L
921'Z ‘sueisy (960€729) ZTT'T  (%8T'6€) €68 (%1S8) 18T  (%P022) €56 (%E€9'6Y) 059'0  (%EE'8T) 96L°C

66E'ET :sueIseane)

(8z=1) SAAINVS

- =)) SueIS =
(822 /(8) sueisy (0z=) sueiseoned INIAN3dIANT TV
616'GT - - - (%0€'92) 202'y  (%92°9%) €TLL  (%EY'ST) ¥90'Y
3 foiupg Auy L(62=1) SITdNVS
1N3IAN3dIANI TV
[e101 [eA/leA 1BIN/IA BNABIN [eA/leA 1BN/IeA BINAN
*A1191UY1e pue Xas Aq sa1ouanbal) adAlousn
¢ 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 33

Lee and Prescott

NIH-PA Author Manuscript

12°0=d '(TT°0 ‘80°0-) 200
22'0=d ‘(910 ‘€2°0-) ¥0°0-

£9'0=d “(TT°0 '20°0-) 200 N\ - NN
62°0=d '(9T°0 'T2'0-) €00-  AA-ININ

= 0T=A e EENER]
- 90°0=d (¥00°0 ‘TZ'0-) 0T'0- - A-xIN
- 81°0=d ‘(€00 ‘2T°0-) L0°0- - A\ - NN
- €0°0=d '(20°0- 'S2'0-) €T°0- - A- NN
0= 8= (ueiseoned |le) SeN
- 05'0=d '(0T°0 ‘T2'0-) 50'0-  2€'0=d (80°0 '02'0-) 90°0— A-xIN
- 0€0=d ‘(v0°'0 ‘eT'0-) ¥0'0-  82'0=d (€00 ‘TT'0-) ¥0'0- * - AN
- 12°0=d (900 '€2'0-) 80'0-  €2'0=d '(50'0 '22'0-) 80'0-  AA-WNW
= 8= 6= $XaS yog
uelsy ueiseone) Anoiuyg Auy

:wsi1on04neN (q)

€8'0=d '(T¢'0 ‘'92'0-) €0°0-

19:0=d ‘(250 '1€'0-) TT°0

G2°0=d (850 ‘2¥'0-) 80°0
G4

16°0=d ‘(20°0 ‘¥T°0-) ¥0°0-
T7°0=d (210 '50'0-) ¥0°0
66'0=d ‘(zT°0 '€1°0-) T00°0-
6T

05'0=d (900 ‘€T'0-) €00-  AA-xN
8z'0=d '(€T°0 '¥0'0-) GO0 N\ - NN
8,0=d ()70 ‘TT'0-) 200  AA-IWIN

2= [ewsS

20°0=d ‘(€0°0- '¥€'0-) 8T°0-

T0°0=d ‘(80°0- '59'0-) 9€°0—

€00°0=d ‘(ST'0- ‘€2°0-) ¥¥'0-
€=

8¢0=d ‘(500 ‘€T°0-) ¥0'0-

zv'0=d ‘(v0'0 ‘0T°0-) €0°0—

12'0=d ‘(v0'0 '9T°0-) 90°0-
ST=)

£0°0=d ‘(T0°0 ‘ST'0-) L0°0— AA - <IN
91°0=d ‘(200 ‘2ZT0-) S00-  «A- AN
£0°0=d '(T0°'0 ‘02°0-) 600-  AA- AN

81=Y eI

01°0=d ‘(€00 '82°0-) £T°0-

Tv°0=d '(vT°0 ‘v€'0-) 0T'0-

9z0=d '(€T°0 ‘'9¥'0-) LT0-
=

26'0=d (90°0 ‘21°0-) £0°0-

6v'0=d '(€0°0 '£0°0-) 20°0-

0€'0=d ‘(¥0'0 ‘¥T°0-) G0'0-
ST=Y

91°0=d (200 '2T'0-) 00—  AA-xWN
v€0=d ‘(200 '£00-) 200-  xA- AN
y10=d '(z0'0 '¥T'0-) 90'0-  AA- AN

0z 53%aS Uiog

ueisy

J—eg 9|qel

ueiseane)

NIH-PA Author Manuscript

Aoz Auy
:s1red) parejal-A1aixue Auy (e)

"$19N41SU09 Aq ‘s1seU02 a1dA10usb pue AloIuyls ‘Xas Ag (1271 %56 ‘1DN %56) SAZIS 19949 Jo Alewwng

NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 34

Lee and Prescott

NIH-PA Author Manuscript

NIH-PA Author Manuscript

- 9v'0=d (L¢'0'210-) 00  2v'0=d ‘(€20 '0T'0-) L00  «A-WAW
- €50=d ‘(520 ‘€T0-) 900  L¥0=d ‘(€20 ‘TT0-) 900  AA- NI
7= =4 5= drews
- 09°0=d '(82'0 ‘9T'0-) 90°0 - AN - <IN
- Gy'0=d‘(ST'0 ‘€€'0-) 60°0- - *A\ - NN
- 960=d ‘(1€'0 ‘€€'0-) T0°0- - AN - NN
0= e=) (uerseone) |[e) SN
- vv'0=d ‘(¥2'0 'TT°0-) 00  08'0=d (8T°0 '¥1'0-) 200 AA- <IN
- /8'0=d'(6T°0'€2'0-) 20'0- ¥8'0=d '(ST'0 '6T°0-) 200-  »A- NI
- 2,0=d‘(¢e0'2cc0-) G000  €80=d‘(yz0'6T0-)200 AA-IAW
1= € 7= 5a%35 U10g
uelsy ueiseone) Aoy Auy
:$3[e3s OFN 843 Ag painsesw se wis1onoanaN (p)
Ly'0=d ‘(6T°0 ‘0¥"0-) TT'0- AN - <IN
G6'0=d ‘(TT°0 '21°0-) ¥00°0- *A-WIN
9v°0=d ‘(8T°0 ‘6€'0-) TT'0- AN-NIN
9= S[ewsy
¥00°0=d (50'0- '62°0-) LT'0- AA- <IN
6€°0=d (900 '9T°0-) G0'0- AW
10°0=d '(v0'0-'1€0-) LT'0- AN-NIN
G SN
T2'0=d (00 ‘€€°0-) €T°0- AA - <IN
€e0=d '(v0'0 ‘TT°0-) ¥0'0- *NA\-ININ
£0'0=d ‘(10°0 ‘€€°0-) 9T°0- AN-NIN
S §a%as ylog
ueliseane)
1$9]8aS YouasAg Ag padnsesw se ws1oioanaN (9)
- 66°0=d ‘(¥1'0'G2'0-) G0'0-  99'0=d ‘(y1°0 ‘22'0-) ¥0'0- A- =N
uelsy ueiseone)d Anouylg Auy

:ws19104neN (q)

NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 35

Lee and Prescott

- L€0=d'(L¥'0'8T°0-) ST'0  9T'0=d '(S¥"0 '20°0-) 6T°0 N\ - NN
- 6€0=d ‘(150 ‘'02'0-) ST'0  §T'0=d ‘(6¥'0 '200-) TZ0  AA-WIN
=2 €= 7= B EIER)
- - 06'0=d '(Lz'0'T€0-) 200-  AA- <IN
- - 8.°0=d '(8€'0 'TS'0-) 90'0-  =A-WI
- - 8.°0=d ‘(870 '¥9'0-) 80'0-  AA-WIN
=) = € 3N
- - 76°0=d (TT°0 ‘'0T°0-) T0'0 AN - =N
- - 69°0=d ‘(ST0‘0T0-) €00 A~ AW
- - €8'0=0d ‘(9T'0'€T'0-) 200  AA- AN
=X sl € S3Xas yrog
ueisy ueiseone) Aoy Auy

:uoniqIyul [edoineysg (3)

89'0=d '(€2°0 'G€'0-) 90°0- 2€0=d '(92°0 '60'0-) 60°0 16'0=d '(9T°0 'ST'0-) T0'0 AN - <IN
06'0=d (150 '05°'0-) €00 92'0=d '(0£'0'80'0-) TT'0  150=d '(0€'0 ‘ST'0-) 800 *N\ - NN
66'0=d '(€9°0 '¥9'0-) T0'0- 61°0=d ‘(€0 '20'0-) ST'0 85°0=d '(S€'0 ‘'02'0-) 80'0 AN -ININ
=y =) 8= EIUEE]

¥00°0=d (200~ '6€'0-) €20~  €1°0=d (570 '90'0-) 6T0  ¥50=d ‘(¥T'0 ‘92°0-) 90°0- AA- =N
20°0=d '(90°0- '29'0-) ¥€'0-  €r'0=d ‘(yT'0 'v€'0-) 0T'0- €0°0=d ‘(20°0- '8€'0-) 02'0-  »A - WIN
¥00'0=d ‘(yT'0- '22'0-) €¥'0-  25'0=d '(0¥'0'02'0-) 0T'0  6T°0=d '(80°0 '€¥'0-) LTO-  AA- AW
€= = L= SN

01'0=d (€00 ‘2€'0-) ¥T'0-  91°0=d '(y2'0 ‘v0'0-) 0T'0  2§'0=d ‘(200 ‘'ST°0-) ¥0'0- AA- <IN
Lz0=d'(yT°0'8¥'0-) LT'0- 66'0=d '(ST°0 '¥T'0-) T0'0  0v'0=d '(L0°0 'LT°0-) S0'0- N\ - NN
12°0=d '(yT°0'€9°0-) G20~  0v'0=d (G2'0°'0T'0-) 800  L¥0=d '(0T'0 ‘2C0-) 900-  AA- N
€ 7= 8= Saxas yiog

ueisy ueiseone) Aouy1g Auy

:3oueplone waeH (s)

19:0=d (81°0 ‘'2T°0-) €00

€5°0=d (81°0 '60°0-) ¥0°0

TAVAREY )\

uelsy

ueliseane)

Aoz Auy

:$9]29s OJN 8y} AQ painseaw se wsionoinaN (p)

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



Page 36

Lee and Prescott

"UeISBINRY) 8I3M S3|BIS %OUasA ayr pasaisiulwpe sajdwes [je ‘(9) 404 ‘G
"824U1 Uey] Jamo| sem () sajdues ajge|ieAe O Jaquuinu syl Usym pajonpuod Jou alom sasAjeuy
‘Papn|oxa usaq aAey wnugijinba Biaquispn-ApJeH Jo uonejoia ul Aouanbaiy adAloush yum sajduies ‘¢

'G0" S d 1e 8z1s 108448 JLIIIUBIS S31LdIPUI JUOY Plog 2

"SIBLUBI-BA = A ‘SISLUEO-IBN = <IN ‘TEA/IBA = AA ‘18IN/1BIN = INN :2dA10uab 18WSGTIeA 1INOD T

:J—eg s3|qe 1o} SAION

- 25°0=d ‘(€20 '21°'0-) 900  87°0=d ‘(€20 '¥0°0-) 60°0 AN - =N

uelsy ueiseone) Aoy Auy

:uoniqiyui reloineyag (3)

NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript

Psychiatr Genet. Author manuscript; available in PMC 2015 April 01.



