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Abstract
Background—Tobacco smoking has been found to increase after the experience of a traumatic
event and has been associated with posttraumatic stress disorder (PTSD). Initiation and persistence
of cigarette smoking is moderately heritable; two recent investigations have implicated the COMT
Val158Met (also known as rs4680) polymorphism in smoking age of initiation, dependence, as well
as in quantity and frequency of smoking.

Method—To examine a possible association of COMT Val158Met and posttrauma increases in
cigarette smoking, we studied 614 adults from the 2004 Florida Hurricane Study who returned saliva
DNA samples via mail.

Results—PTSD was strongly associated with increased smoking. Moreover, each COMT
Val158Met ‘Met’ allele predicted a 2.10 fold risk of smoking post-hurricane independent of PTSD;
follow-up analyses revealed that this finding was primarily driven by European-American males.

Conclusions—This study represents the first genetic association study (to our knowledge) of
smoking behavior following an acute stressor.
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Stress has long been recognized as a potential risk factor for smoking (Kassel, Stroud, &
Paronis, 2003). Numerous studies have shown that exposure to a potentially traumatic event
(PTE) is associated with increased likelihood and frequency of smoking (Joseph, 1993;
Parslow, 2006; Vlahov et al., 2002). As observed by Vlahov et al. (2002; 2004), psychological
symptoms (e.g., posttraumatic stress disorder [PTSD]) in the aftermath of traumatic event
exposure may also be related to smoking. Another large general population sample found that
PTE exposure increased risk of nicotine dependence and, moreover, reported that PTSD was
associated with higher risk of dependence than PTE exposure alone (Hapke et al., 2005). In a
sample of men who formerly belonged to a civilian resistance against the Nazi occupation of
the Netherlands, those with PTSD smoked a greater number of cigarettes each day than did
those without PTSD (Op Den Velde et al., 2002). In short, being exposed to a PTE, as well as
having a PTSD has been shown to confer greater risk for cigarette smoking and for increases
in smoking behaviors. Although these stress-related variables have been found to be predictive
of smoking behavior in the aftermath of a PTE, there is a large amount of variance that remains
unexplained, implicating the need to include other variables, such as genetic variants.

Genetic factors have been found to increase risk of smoking; heritability of smoking initiation
is estimated to range from 30–80% and smoking persistence and dependence found to range
from 50–70% (Munafo, 2008). Progress has also been made in identifying specific
chromosomal regions and genetic variants associated with increased risk of smoking. Four
recent gene-association studies have implicated the COMT Val158Met polymorphism (also
known as rs4680) in smoking age of initiation, dependence, and severity (Beuten, Payne, Ma,
& Li, 2006; Enoch, Waheed, Harris, Albaugh, & Goldman, 2006; Guo et al., 2007; Tochigi et
al., 2007). However, no study of which we are aware has examined the role of specific genetic
variants in risk of increased smoking following PTE exposure. This paper examines whether
the COMT Val158Met polymorphism predicts increased smoking among participants in 2004
Florida Hurricane Study (Acierno, Ruggiero, Kilpatrick, Resnick, & Galea, 2006).

Investigations aimed at identification of specific genes associated with smoking, have
frequently focused on functional genes known to influence the dopaminergic system.
Dopamine reward pathways have been repeatedly implicated in nicotine release and
dependence. The COMT Val158Met is of particular interest in this regard. It involves a common
valine (val; high activity) to methionine (met; low activity) transition that has been associated
with a 3–4 fold difference in homozygous COMT enzyme activity, with heterozygotes showing
intermediary enzyme activity (Lotta, 2005; Weinshilboum, 1999). The COMT enzyme
catalyzes the transfer of a methyl group from S-adenosyl-methionine to a hydroxyl group of
catecholamines (e.g., dopamine, epinephrine, and norepinephrine; Weinshilboum, 1999).
Thus, the COMT Val158Met polymorphism may act on the dopaminergic reward pathways
implicated in smoking through its influence on COMT enzyme activity.

The Val/Val genotype was associated with higher risk of heavy smoking in male participants,
but not female participants, in a sample of 451 healthy Japanese volunteers (Tochigi et al.,
2007). In contrast, increased Val allele frequency was found in female, but not male, smokers
compared with nonsmokers in a sample of 342 American Plains Indians (Enoch et al., 2006).
One explanation for these differences may be related to ethnicity, as both sex-dependent as
well as ethnicity-dependent effects were reported in an investigation of 602 African-American
(AA) and European-American (EA) families, with the Val allele generally found to be
protective (Beuten et al., 2006). Inconsistencies may also be explained by differences in
smoking-related outcome variables (e.g., amount of smoking, endorsement of any current
smoking, persistence of smoking). For example, although COMT Val158Met was not associated
with smoking initiation, persistence, or cessation in a sample of Chinese males, current smokers
with the Met allele were more likely to show nicotine dependence and had started smoking at
earlier ages (Guo et al., 2007). Two other investigations reported no association between
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COMT Val158Met and smoking behaviors (David, 2002; McKinney, 2000). Inconsistent
findings may be due to methodological and ascertainment differences across investigations,
including important demographic differences (particularly racial composition and single sex
investigations) and differences in smoking behaviors assessed (e.g., smoking persistence,
amount). Further, published investigations have not assessed participant exposure to PTEs.

Smoking behaviors, particularly changes in behavior, following a PTE are likely highly to be
influenced by an individual’s overall response to the event. The COMT Val158Met genotype
has previously been associated with higher sensory and affective ratings in response to
sustained pain (Zubieta et al., 2003), sensitivity to negative internal affective states (Zubieta
et al., 2003), and fMRI reactivity (in the limbic system, select prefrontal areas, and the
visuospatial attentional system) to unpleasant stimuli (Smolka et al., 2005). COMT variation
is also associated to trait anxiety (Stein et al, 2005). Individuals with the Met allele may be
more sensitive to environmental stressors and may respond to mild or moderate levels of stress
with increased emotional dysregulation.

Among the four published studies of COMT Val158Met in nicotine dependence-related traits
reporting an association, the findings are mixed as to which allele is protective, with two studies
reporting Val is protective, and two studies reporting that Met is protective. Published
investigations of smoking and COMT Val158Met have shown notable inconsistencies
methodology, including sample population and dependent variables of smoking. To date, no
study has examined smoking behaviors in response to PTEs. The present study examined PTSD
and COMT in relation to post-disaster increased smoking. Given findings from investigations
of sensitivity to unpleasant stimuli, as well the largest and most representative study to date
(Beuten et al., 2006) finding that the Met allele being associated with nicotine dependence, we
hypothesized that the low activity variant (Met allele) of the COMT Val158Met polymorphism
would be associated with increased smoking after one or more hurricanes during the 2004
Florida Hurricane season. Further, given previous findings of relationships among PTSD and
smoking behavior (Hapke et al., 2005), we hypothesized that PTSD would be predictive of
increased smoking.

Methods
Data Collection and Sample

Data from 614 participants in the 2004 Florida Hurricane Study who completed structured
telephone interviews and provided saliva samples through the mail that yielded genotype data
for COMT Val158Met (also known as rs4680) are the focus of the current study. Detailed
methodology about the Florida Hurricane Study are provided elsewhere (Acierno et al.,
2006).

Demographic characteristics of the 614 participants were as follows: 35.8% men, 64.2%
women; 22.1% ≤ 59 years of age, 77.0% ≥ 60 years of age; 90.8% white, 3.7% black, 3.7%
Hispanic, 1.6% other, 0.5% missing self-report race/ethnicity data. Consent was obtained
verbally from the participants, and a letter documenting the elements of verbal consent and
providing them with contact information for the principal investigator was mailed. Participants
were compensated $20 for a completed diagnostic interview and returned saliva sample. All
relevant institutions’ review boards approved all procedures.

Assessment Procedure
Interviews were conducted via telephone with a probability sample of English-and Spanish-
speaking adults from telephone households in 33 counties in Florida within 6–9 months of the
2004 Florida hurricane season, between April 5 and June 12, 2005. Oversampling of older
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adults (ages 60 and older) was conducted to address research questions specific to this age
group. Sample selection and telephone interviewing was performed by Schulman, Ronca,
Bucuvalas, Inc., a national survey research firm with expertise in conducting structured
telephone interviews. By use of random-digit-dial procedures, households within the sampling
frame were located. The most recent birthday method was used for selection of participants
when multiple eligible adults were present within a household. Highly structured interview
assessments were conducted via computer-assisted telephone interview (CATI) format.
Average length of the interviews was 26.5 minutes.

Increased smoking since the hurricanes was measured by asking participants, “Since the 2004
hurricanes: Have you been smoking more cigarettes than before the hurricanes?”

Hurricane exposure and social support were found to be associated with increased smoking in
this sample and are included as covariates in logistic regression models. Hurricane exposure
was assessed via use of factors previously identified in research on Hurricanes Hugo and
Andrew (Freedy, Saladin, Kilpatrick, Resnick, & Saunders, 1994) on the basis of their relation
to posthurricane psychiatric and health functioning: 1) presence during the storm (hurricane-
force winds or major flooding); 2) lack of adequate access to food, water, electricity, telephone,
or clothing for a week or longer; 3) at least two hurricane-related losses of furniture, sentimental
possessions, automobile, pets, crops, trees, or garden; 4) displacement from home for 1 week
or longer; and 5) non-reimbursed losses of at least $1,000. Based on previous research
(Kilpatrick et al., 2007), high hurricane exposure was operationalized as having experienced
two or more of these five indicators; 45.8% of the participants had high hurricane exposure.

We measured pre-hurricane perceived social support by using a slightly altered five-item
version of the Medical Outcomes Study module (Sherbourne & Stewart, 1991) (sample
range=0–20; mean=15.9, SD=4.8). We defined low social support as a score of 15 or less
(36.9% of the sample) based on the cutoff score derived from prior work (Acierno et al.,
2006). This scale had good reliability (alpha=0.86).

PTSD since the hurricanes was assessed with the National Women’s Study (NWS) PTSD
module, a widely used measure in population-based epidemiological research originally
modified from the Diagnostic Interview Schedule. Research on the NWS PTSD module has
provided support for concurrent validity and several forms of reliability (e.g., temporal
stability, internal consistency, diagnostic reliability) (Resnick, Kilpatrick, Dansky, Saunders,
& Best, 1993). The NWS PTSD module was validated in the DSM-IV PTSD field trial against
the Structured Clinical Interview for DSM (SCID), in which the interrater kappa coefficient
was 0.85 for the diagnosis of PTSD and comparisons between scores on the NWS PTSD
module and the SCID yielded a kappa coefficient of 0.71 for current PTSD (Kilpatrick et al.,
1998). Research also has found high correspondence between telephone versus in-person
administration of the PTSD module. We operationalized PTSD diagnosis based on DSM-IV
symptom requirements, including functional impairment.

Collection of DNA samples
As described elsewhere (Kilpatrick et al., 2007), saliva samples were obtained by use of a
mouthwash protocol, and were sent via mail to the Yale University laboratory for DNA
extraction and analyses. Saliva samples were returned by 651 participants (42.2% response
rate), and of this subsample, valid genetic ancestry data were available for 623 cases (95.7%),
and valid COMT Val158Met genotype data were available for 614 cases (94.3%). Returners
versus non-returners of saliva samples did not differ in relation to key study variables (i.e., sex,
level of hurricane exposure, level of social support, increased smoking status). Additional
methodological details on response rate and associations of participation are reported elsewhere
(Galea et al., 2006).
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Genotyping
Extraction of DNA from saliva samples was conducted via use of PUREGENE (Gentra
Systems, Minneapolis) kits. Genotyping of SNPs was conducted with a fluorogenic 5′ nuclease
assay method (“TaqMan”) using the ABI PRISM 7900 Sequence Detection System (ABI,
Foster City, CA, USA). All SNPs were assayed in duplicate; discordant genotypes were
discarded. In addition, 36 markers were assayed, yielding ancestry information (Yang, Zhao,
Kranzler, & Gelernter, 2005). We added one additional SNP marker, SLC24A5 (Lamason et
al., 2005) to the ancestry panel.

Ancestry Proportion Scores
Spurious associations can result from variation in allele frequency and prevalence of trait by
population. To control for this, ancestry proportion scores were generated. Bayesian cluster
analysis was used to estimate participants’ ancestries by with the marker panel described above
and STRUCTURE software (Pritchard & Rosenberg, 1999). For the STRUCTURE analysis,
we specified the “admixture” and “allele frequencies correlated” models and used 100,000
burn-in and 100,000 Markov chain Monte Carlo iterations.

Statistical Analyses
Chi-squared analyses were utilized to test whether PTSD and rs4680 were associated with
increased smoking post-hurricane. Logistic regression analyses were conducted to determine
whether any observed association persisted after adjusting for sex, age, ancestral proportion
scores, social support, and hurricane exposure. Given previous reports of sex and racial/ethnic
differences in the COMT Val158Met polymorphism, we conducted exploratory analyses
stratified by sex and race/ethnicity.

Results
Post-hurricane Increased Smoking and COMT Val158Met Genotype

Increased smoking post-hurricane was reported by 4.4% of participants (n=27). Allele
frequencies were consistent with Hardy-Weinberg equilibrium expectations. Genotype
frequencies were similar to those reported elsewhere
(http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=4680). For EA participants: Val/Val
(n=117, 21.1%), Val/Met (n=282, 50.8%, Met/Met (n=156, 28.1%); for African American
participants: Val/Val (n=11, 47.8%), Val/Met (n=10, 43.5%, Met/Met (n=2, 8.7%);. and for
all other participants: Val/Val (n=7, 21.2%), Val/Met (n=18, 54.5%, Met/Met (n=8, 24.2%).
Self-reported race/ethnicity was not associated with genotype frequency (χ2[1, n=611]=1.93,
p=.44) but was associated with increased smoking (χ2[1, n=611]=7.61, p<.01) with EAs more
likely to report increased smoking. Thus ancestry coefficients were included in our logistic
regression models to insure that population stratification was not a potential cause of false
positive findings.

Prediction of Increased Smoking: Full Sample
The chi-square test between post-hurricane PTSD and increased smoking as significant
(χ2=49.09, df=1, n=614 p<.001), with individuals with PTSD being more likely to report
increased smoking than those without PTSD. The chi-squared linear-by-linear association test
supported a trend for an association between COMT Val158Met and post-hurricane increased
smoking (χ2=3.47, df=1, n=614 p=0.06). The association between COMT Val158Met genotype
and post-hurricane increased smoking is shown in Figure 1. The final results of the logistic
regression analyses for the full sample are shown in Table 1. PTSD was highly predictive of
increased smoking (OR=14.23). COMT Val158Met was also predictive of increased smoking,
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with each Met allele confering 2.10 times increased risk of increased smoking post-hurricane
in the fully-adjusted model.

Stratified Analyses of Increased Smoking and COMT Val158Met Genotype
When we stratified by sex and population, we found that the COMT Val158Met genotype was
associated in a linear-by-linear analysis with increased smoking in EA men (χ2[1, n=199]=5.62,
p<.05), and no other subgroups. This finding in was in a consistent direction as was found in
the full sample, with the Met allele associated with increased smoking. As the finding in the
full sample appeared to be mostly driven by EA males, this subgroup was selected and a logistic
regression predicting increased smoking, controlling for age, social support, and hurricane
exposure, was conducted. PTSD was not included in this analysis as it was not prevalent in
males. This analysis revealed that the only significant predictor of increased smoking was the
COMT Val158Met genotype (OR=4.94; 95% CI: 1.03–23.79), again suggesting that the low
activity variant, Met, was associated with risk of increased smoking.

Discussion
To our knowledge, the present investigation is the first genetic association study of smoking
to examine genotype-phenotype relations within a sample exposed to an acute stressor. We
found that both PTSD and COMT Val158Met were significant predictors of increased smoking
post-hurricane, even after controlling for other key variables (age, ancestry, social support,
gender). The low activity variant of the COMT Val158Met polymorphism was associated with
post-hurricane increased smoking. This finding suggests that, for individuals with the Met
allele, exposure to even low levels of environmental stress are sufficient to increase smoking
behaviors above and beyond the variance accounted for by PTSD, a replicated predictor of
smoking (Vlahov et al., 2002). PTSD was the most powerful predictor of increased smoking
in our study, with individuals meeting criteria at over 14 times higher risk for increased smoking
than individuals without the disorder.

Of note, our genetic association findings were generally driven by EA males in the sample, as
demonstrated by our stratified analyses. Prior examinations have also noted sex differences in
associations between COMT and smoking behaviors (Beuten et al., 2006; Tochigi, et al.,
2007). COMT expression is regulated in part by estrogen (Jiang, Xie, Ramsden, & Ho, 2003;
Xie, Ho, & Ramsden, 1999) and women have been reported to show 20–30% lower COMT
activity than men (Boudikova, Szumlanski, Maidak, & Weinshilboum, 1990). Further, sex
differences have been identified in the associations between COMT and brain anatomy
(Zinkstok et al., 2006). One recent meta-analysis reported sex differences in genetic influences
on smoking, such that genetic influences on smoking initiation were stronger in females than
males and genetic influences on smoking persistence were stronger in males than females (Li,
Cheng, Ma, & Swan, 2003). Further, sex mediated the effects of shared environment on
smoking behavior, such that the effects of shared environment on both smoking initiation and
persistence were 2 to 2.5-fold greater in males relative to females.

In addition to the replicated finding of PTSD being predictive of smoking, and the novel finding
of the COMT genotype being predictive of increased smoking post-disaster, it is also notable
that low social support was predictive of increased smoking. Under conditions of low social
support and high hurricane exposure, those with the risk a genotype (s/s) of the 5-HTTLPR
were at increased risk for PTSD in this sample (Kilpatrick et al., 2007). Given that low social
support and PTSD were risk factors for increased smoking in the present study, possible
interrelationships between these variables may be important to fully understand smoking risk
in stress-exposed samples. Notably, as social support is also related to PTSD risk, it is possible
that increasing social support may have direct effects on PTSD and health risk behaviors (such
as smoking). Our social support finding has public health implications, as instrumental
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assistance (e.g., food, shelter), emotional support, and simple companionship delivered via
churches, synagogues, mosques, senior centers, schools, and other public or semi-public
institutions may well be among the best and most efficient approaches to community-based
intervention following natural disasters such as hurricanes for the great majority of affected
individuals who may have low social support. Our finding of PTSD being predictive of
increased smoking is not surprising, and suggests that effective treatment of this disorder may
also have the additional benefit of simultaneously decreasing an important health-risk behavior.

An important strength of the present methodology is population-based sampling of individuals
exposed to a natural disaster, which affords some control for the gene-environment correlation
(the propensity of genetic factors to influence exposure to environmental conditions) that limits
many genetic investigations. However, change in smoking behavior was assessed using a single
item, collected 6–9 months following hurricane exposure, introducing the potential for recall
bias. Further, due to the relatively low prevalence of participants who reported increased
smoking post-hurricane in this sample, we had limited power to examine to examine the role
of other potentially important variables. Additional research is needed to replicate and extend
our findings. However, our results suggest that studying a recently disaster-exposed sample is
both feasible and may improve power to find gene-phenotype associations.
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Figure 1.
Percentage of Participants by COMT Val158Met Genotype Who Reported Increased Smoking
Post-hurricane (p=.06).
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Table 1

Final Logistic Regression Analysis of the Association between COMT Val158Met Genotype and Increased
Smoking Post-hurricane in the Full Sample.

Increased smoking

Variable Adjusted Odds Ratio 95% CI p

Female Sex 1.12 .45 – 2.82 .81

Age greater than 60 years 4.24 1.74 – 10.34 <.001

Ancestral proportion score .83 .12 – 5.78 .85

High hurricane exposure 1.05 .42 – 2.58 .92

Low social support 3.87 1.52 – 9.81 <.001

PTSD since the hurricane 14.23 4.34 – 46.67 <.001

COMT Val158Met (Met is risk
allele)

2.10 1.11 – 3.98 <.05
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