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Brief Report

Race Moderates the Association of Catechol-O-
methyltransferase Genotype and Posttraumatic Stress
Disorder in Preschool Children
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Abstract

Objective: The present study sought to replicate previous findings of an association between the Catechol-O-methyl-
transferase (COMT) vall58met polymorphism with posttraumatic stress disorder (PTSD) and symptomatology in a novel age
group, preschool children.

Methods: COMT genotype was determined in a sample of 171 3-6-year-old trauma-exposed children. PTSD was assessed
with a semistructured interview. Accounting for sex, trauma type, and age, genotype was examined in relation to categorical
and continuous measures of PTSD both controlling for race and within the two largest racial categories (African American
[AA] and European American [EA]).

Results: Race significantly moderated the association between genotype and PTSD. Specifically, the genotype associated
with increased PTSD symptoms in one racial group had the opposite association in the other racial group. For AA children the
met/met genotype was associated with more PTSD symptoms. However, for EA children, val allele carriers had more PTSD
symptoms. Whereas every AA child with the met/met genotype met criteria for PTSD, none of the EA children with the
met/met genotype did. This genetic association with COMT genotype, in both races but in opposite directions, was most
associated with increased arousal symptoms.

Conclusions: These findings replicate previous findings in participants of African descent, highlight the moderating effect of
race on the association between COMT genotype and PTSD, and provide direct evidence that consideration of population
stratification within gene-by-environment studies is valuable to prevent false negative findings.

Introduction expected to provide additional support for the role of dopaminergic

function in PTSD and enhanced insight into the pathophysiology of

RESEARCH ON THE ASSOCIATIONS OF genetic polymorphism
variants with psychiatric disorders has been beleaguered by
replication failures. Critics have further noted a pattern in which
initial studies demonstrate larger effects than subsequent studies
examining gene—phenotype associations (loannidis et al. 2001).
However, replication studies in well-selected and carefully con-
trolled cohorts, especially those that consider developmental fac-
tors, are necessary to advance the integration of genetic research
and developmental psychopathology.

The relevance of dopamine function in the development of
posttraumatic stress disorder (PTSD) has been supported in mul-
tiple studies (Stam 2007). Previously we, and others, have dem-
onstrated an association between the dopamine transporter gene
(DAT) and PTSD (Segman et al. 2002; Drury et al. 2009; Chang
et al. 2012; Drury et al. 2013); however, exploration of addi-
tional genes known to regulate dopaminergic neurotransmission is

PTSD. Catechol-O-methyltransferase (COMT), a gene on chro-
mosome 22q11 (Grossman et al. 1992), contains a frequently ex-
amined functional single nucleotide polymorphism rs4680, or
COMT val158met. The met allele results in COMT enzymatic ac-
tivity that is 40% less active than the val allele (Chen et al. 2004),
leading to decreased dopamine turnover in the synaptic cleft, par-
ticularly in the prefrontal cortex, where COMT is the primary
regulator of extracellular dopamine turnover (Sesack et al. 1998).

Two previous studies in adults have demonstrated an association
between the met allele of COMT vall58met genotype and PTSD.
One study was in an African sample (Kolassa et al. 2010) and the
other study was in a Caucasian sample (Boscarino et al. 2012).
Given the strong evidence linking dopaminergic function and
PTSD, this study sought to replicate the association of COMT ge-
notype and PTSD findings in a cohort of well-characterized pre-
school trauma-exposed children. We hypothesized that the met/met
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genotype would be associated with elevated risk for PTSD and
higher PTSD symptoms, and also explored whether the type of
trauma exposure moderated this relationship.

Methods
Participants

Participants were a subset of subjects recruited from a larger
project (RO1 MH65884-01A1) of 284 trauma-exposed children for
whom genetic data was obtained. Recruited children were exposed
to a range of traumatic events. Specifically, children were charac-
terized as those exposed to single traumatic events, repeated trau-
matic events, or Hurricane Katrina (Scheeringa et al. 2012). DNA
collection began 1 year after study initiation, as such DNA was
collected from 176 consecutively enrolled subjects. Analyses were
conducted on 171 children, which included 31 single event, 31
repeated event, and 109 Hurricane Katrina survivors. DNA samples
that did not amplify consistently (n=3) and individuals without
complete PTSD data (n=2) were not included in the analyses.

The Tulane University School of Medicine Institutional Review
Board approved this study. Participants were required to have ex-
perienced at least one life-threatening trauma when the child was
old enough to remember it with a narrative recall (at least 3 years
old). Exclusion criteria included head trauma with a Glasgow
Coma Scale score <7 in the emergency room, mental retardation,
autistic disorder, blindness, deafness, and coming from a foreign
language-speaking family. The primary female caregiver of each
child also participated.

Measures

Demographic information (e.g., age, sex, race) was obtained via
parent report. For child’s race, parents selected Black, White,
mixed, and other.

PTSD diagnosis and symptom counts were assessed using the
Preschool Age Psychiatric Assessment, performed by trained re-
search assistants who were blind to genotyping information. PTSD
was diagnosed by the empirically validated alternative algorithm
for young children (Scheeringa et al. 2003), in which only one of
the seven symptoms in Criterion C (avoidance and numbing
symptoms) was required instead of three symptoms. Severity var-
iables for Criterion B (re-experiencing), C, and D (increased
arousal) were summed scores of the 5, 7, and 5 symptoms re-
spectively, which constitute those criteria.

Genotyping

DNA was extracted from MasterAmp buccal swabs from
Epicentre Biotechnologies (Madison, WI) using the MasterAmp
DNA extraction solution following manufacturer’s recommendations.
Polymerase chain reaction (PCR) was performed using the fol-
lowing primers (Massat et al. 2004): 5'-ACT GTG GCT ACT CAG
CTG TG-3’ and 5’-CCT TTT TCC AGG TCT GAC AA-3’. PCR
was performed in a 50 uL reaction with 10 pmol of each primer,
1.25U of Ex Taq™ DNA Polymerase (TaKara Bio USA), 1x Ex
Taq Buffer, and 200 um deoxynucleotide triphosphates (ANTPS).
Thermal cycling conditions were an initial denaturation for 5
minutes followed by 33 cycles of 94 for 30 seconds, 58 for 30
seconds, and 72 for 45 seconds; 20 uL of the PCR was digested with
Nla III (New England Biolabs) and size fractionated on a 4%
agarose gel. Allele status was determined by fragment size, and all
samples were run in duplicate and coded by individuals blind to all
other data.
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Data analysis

Sex, age, and trauma exposure type were included as covariates
for all analyses. The relationship between the COMT vall58met
genotype and total PTSD symptoms and symptoms within each
cluster (i.e., B, C, and D) were examined using generalized linear
models specifying Poisson log linear distribution. PTSD diagnosis
was examined using logistic regression.

Results
Genotype data and allele frequencies

There were no significant associations identified among trauma
group, race, age, or sex with PTSD symptoms.

COMT genotype distribution was met/met (n=12), vallmet
(n=99), and val/val (n=62) in the complete sample. Genotypes did
not deviate from Hardy—Weinberg equilibrium. Genotype was not
significantly associated with sex or age (see Table 1). Given the
small sample size of the groups that identified as ‘“‘“mixed’ race
(n=11) and “other”” (n=8), we conducted all following analyses
in children who identified as either ““‘Black’ (hereafter referred to
as African American [AA]) or “White” (hereafter referred to
as European American [EA]) (n=152). Significant differences in
genotype frequencies were found between racial groups, as the EA
group had a higher frequency of met alleles than the AA group,
consistent with observed allele frequencies (http://www.ncbi
.nlm.nih.gov/SNP/snp_ref.cgi?rs =4680). Given the existence of
significant differences in allele frequencies, and the potential for
the impact of population stratification, analyses were conducted
including race as a moderator of the association between COMT
genotype and PTSD symptomatology.

COMT and PTSD symptomatology: Examining race
as a potential moderator

Race was unrelated to PTSD diagnosis, PTSD total symptoms,
and symptoms within each symptom cluster ( ps ranged from 0.60
to 0.95). Notably, the logistic regression for COMT genotype
by PTSD diagnosis did not terminate because of quasicomplete

TABLE 1. RACE, SEX, AND AGE BY COMT
GENOTYPE (N=171)

met/met val/met val/val ¥* or F
Sex 0.16, p=0.92
Male 8 61 37
Female 4 37 24
Age
Mean (SD) 5.74 (1.20) 5.23 (1.05) 5.14 (1.12) 1.55, p=0.22
African 5.42, p=0.07
American
PTSD 5 25 21
No PTSD 0 29 24
European 5.87, p=0.05
American
PTSD 0 15 6
No PTSD 6 17 4

Total sample size for sex and age was the full sample of 171 subjects.
The African American and European American groups comprised a subset
of 152 of the subjects.

COMT, Catechol-O-methyltransferase; PTSD, posttraumatic stress disorder.
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separation in the data (all AA children with met/met genotype met
criteria for PTSD; no EA children with the met/met genotype met
criteria for PTSD) (see Table 1).

A significant COMT genotype by race interaction was found
in predicting total PTSD symptoms, Wald > (2,142)=15.45,
p<0.001. Subsequent analyses within symptom clusters demon-
strated that the genotype by race interaction was not significant for
Criterion B symptoms, Wald xz (2,142)=2.94, p=0.23, or Criter-
jon C symptoms, Wald y* (2,142)=4.22, p=0.12. However, a
significant genotype by race interaction was found for Criterion D
symptoms, Wald ;(2 (2,142)=10.47, p=0.005. Given the repeated
post-hoc tests, the family wise « level was adjusted to p<0.017
(dividing 0.05 by 3 [for the three symptom clusters]) to determine
statistical significance. Even following this adjustment, the above-
cited p value for the interaction of genotype and race for Criterion D
symptoms remained statistically significant.

COMT and PTSD symptomatology:
Within racial subgroups

Based on 1) concerns about population stratification in case
control studies, 2) the presence of differences in allele frequencies
between AA and EA groups in our sample, and 3) the detection of a
significant moderation of the examined effect by race for both the
diagnosis and symptom level analyses, post-hoc tests within each
of the two largest race categories, AA (n=104) and EA (n=48),
were conducted with both total PTSD symptoms and Criterion D
symptoms.

AA analysis. Analyses within the AA group demonstrated
that COMT genotype was significantly associated with total PTSD
symptoms, Wald Xz (2,97)=12.44, p=0.002. Individuals with met/
met had significantly more PTSD symptoms than either other ge-
notype (ps<0.014) (Fig. 1A). A significant effect was found for
Criterion D symptoms, Wald ;(2 (2,97)=1.84, p=0.02 (Fig. 1B).
Pairwise post-hoc comparisons demonstrated that met/met indi-
viduals had significantly more Criterion D symptoms than indi-
viduals with the val/val genotype ( p =0.04), whereas neither group
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significantly differed from the val/met group, which was interme-
diate in Criterion D symptoms.

EA Analysis. Within the EA group, COMT genotype signifi-
cantly predicted total PTSD symptoms, Wald 7> (2,41)=10.99,
p=0.004 (Fig. 1A). In this group, however, the val/val genotype
group was associated with more PTSD symptoms, and significantly
differed from both met groups (ps <0.013). A significant genotype
effect was found for Criterion D symptoms, Wald 3> (2,41)=6.19,
p=0.045) (Fig. 1B). The met/met genotype group, associated with
the most symptoms in AA children, had significantly fewer Cri-
terion D symptoms than both val groups (i.e., val/val and val/met)
(ps<0.05) in EA children.

Discussion

Our findings replicated previous studies in African adults that
demonstrated an association between the met allele of COMT
vall58met and PTSD (Kolassa et al. 2010). However, the differ-
ential effect of COMT genotype in AA compared to EA preschool
children highlights the existence of racial heterogeneity in relation
to whether a particular allele is associated with elevated risk fol-
lowing trauma exposure. Our results demonstrated a significant
interaction between race and genotype where the genotype that
conferred risk for PTSD in one racial group appeared to confer
protection from PTSD in the other racial group. Specifically, the
met/met genotype was associated with elevated PTSD risk in AA
preschool children, whereas it was associated with the lowest risk in
EA individuals. In both racial groups, the association between
COMT genotype and PTSD was driven by Criterion D symptoms.

Our finding within the EA group differed from a study of adult
Caucasian participants in whom the presence of a met allele was
correlated with an increased risk of lifetime PTSD diagnosis
compared with controls (Boscarino et al. 2012). However, in this
study a cumulative risk index of four different genetic variants was
used, such that data specific to the COMT genotype and PTSD were
not included, and limited the ability to directly compare those re-
sults with the current findings.
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FIG. 1. Total posttraumatic stress disorder (PTSD) symptoms (A) and Criterion D symptoms (B) by race and Catechol-O-methyl-

transferase (COMT) genotype. *p <0.05. **p<0.01.
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Population stratification represents a critical challenge for the field
of psychiatric genetics. Whereas initial studies raised concerns about
false positive associations caused by genetic admixture, our findings,
and reviews by others (Cardon and Palmer 2003), suggest that
population stratification can also mask gene—phenotype associations.
The present study provides an example in which a false negative
association between COMT and PTSD may have been concluded,
had analyses not been performed that examined race as a moderator.
The finding that none of the EA children with the met/met genotype
were diagnosed with PTSD whereas all of the AA children with the
met/met genotype were diagnosed with PTSD resulted in secondary
analyses that demonstrated a significant moderation of the relation-
ship between genotype and PTSD by race. Our findings dovetail with
the recent meta-analytic work on the impact of another commonly
studied gene variant, with known significant racial differences in
allele frequencies, the serotonin transporter length polymorphism
(5-HTTLPR), where associations were also significantly moderated
by race (van IJzendoorn et al. 2012).

Several limitations should be noted. The results for the met/met
genotype should be interpreted with caution given the small sample
size (n=11). Additionally, research in human genetics that em-
phasizes racial differences requires caution (Berg et al. 2005), as
historical use of such real or perceived differences has provided
justification for bias and discrimination. Racial group was defined
by caregiver report; however, there is evidence that self-identified
race/ethnicity is highly correlated with ancient geographic ancestry
(Tang et al. 2005). Nevertheless, the underlying mechanism for this
differential association of COMT genotype and PTSD within both
racial groups is unclear, and merits further investigation, particu-
larly in light of the findings of an association between this same
genotype and PTSD in other studies.

Clinical Significance

The inclusion of potential moderators, including racial group, in
the study of candidate genes in the prediction of psychopathology,
are essential for advancing our understanding of risk and resilience in
terms of individual differences and complex biological systems.
Although trauma is a potent stressor on the brain, only a subset of
individuals appears susceptible to PTSD. Identifying these individ-
uals, as well as the potential pathways through which susceptibility is
conferred, requires consideration of genetic, developmental, and
environmental factors. These same factors can be equally useful
when considering targeted interventions following trauma exposure.
Our study adds additional support to the importance of dopaminergic
neurotransmission in the pathophysiology of PTSD, and also sug-
gests that both racial and developmental differences in the under-
lying neurobiology of PTSD exist. Given the effect of multiple
psychopharmacologic agents on dopamine metabolism, future
studies should carefully consider racial, developmental, and genetic
differences.
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