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Abstract

The dopamine transporter (DATI) gene has been postulated to be involved in PTSD; however,
existing studies have shown inconsistencies when examining genotypic and allelic associations.
The primary objective of this study was to examine whether DAT1-40bp-VNTR (DAT1) 9R
polymorphism might increase the risk of PTSD development in combat veterans, utilizing a case-
control gene association study with both control and PTSD cases having previous exposure to
combat traumas. Participants with PTSD (V= 365) and combat-exposed controls without PTSD
(N = 298) were included in analysis. After controlling for race, sex and age, when dichotomized,
absence of DATZ 10R/10R genotypes was associated with PTSD diagnosis compared to no PTSD
diagnosis; these results were not statistically significant when trichotomized 10R/10R, 10R/X,
9R/9R. Similarly, odds ratio for absence of 10R/10R genotype showed a statistically significant
increase in the risk of developing PTSD. DAT1 genotype was also associated with statistically
significant mean total CAPS scores, both when dichotomized and trichotomized. In conclusion,
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our results indicate that the absence of 10R/10R is associated with an increased risk of PTSD and
higher CAPS total scores.
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1. Introduction

Posttraumatic stress disorder (PTSD) is a common and debilitating psychiatric illness. The
majority of individuals in the general population (40-90%) endorse lifetime exposure to at
least one traumatic event, and the lifetime prevalence of PTSD has been reported to be 7—
12% (Broekman et al., 2007). Among military veterans, rates of trauma exposure and PTSD
are substantially higher, with almost 90% of military veterans endorsing exposure to at least
one traumatic event, and up to 32% meeting criteria for lifetime PTSD (Wisco et al., 2014).
Although the majority of civilians and veterans are exposed to traumatic events, most do not
subsequently develop PTSD. Thus, identification of predictors of the development of PTSD
following exposure to trauma is critically needed to further advance prevention and
treatment interventions.

Genetic influences have been a target of investigation as previous research suggests
involvement of gene-environmental (GXE) interactions, including showing that
approximately 30% of variance in PTSD can be accounted for by genetic factors (Stein et
al., 2002; True et al., 1993). The dopaminergic system has been a focused target of interest
in PTSD research. Dopamine has been implicated in learning, fear and stress response
(Graham et al., 2014; Li et al., 2016) and is associated with the hypothalamic-pituitary-
adrenal (HPA) axis via its conversion to norepinephrine (NE) by dopamine p hydroxylase
(DBH) (Li et al., 2016). Abnormal dopamine-associated biological and molecular processes
have been correlated with PTSD diagnosis, including symptoms such as poor concentration,
flashbacks and hyperarousal (Hamner and Diamond, 1993; Hamner and Gold, 1998; Yehuda
etal., 1992). Dopamine transporters are involved in the reuptake process through regulation
of dopamine levels at the synapses (Li et al., 2016; Segman et al., 2002) and are regulated by
the DATI1 (SLC6A3) gene.

DAT1 gene is located on chromosome 5q15.3 and has a 40 base pair variable number
tandem repeat (VNTR) in the 3" untranslated region (DATI1-40bp-VINTR); the associated
VNTR can vary from 3-11 copies (Vandenbergh et al., 1992). The two most common alleles
of DAT1VNTR polymorphisms are: 10 repeats (10R) and 9 repeats (9R). The three main
genotypes, which are 9/9R, 9/10R and 10/10R (Kang et al., 1999; Vandenbergh et al., 1992),
may play a role in susceptibility to PTSD. Previous studies conducted among civilians,
however, have yielded mixed results (Bailey et al., 2010; Chang et al., 2012; Drury et al.,
2009; Valente et al., 2011). Additionally, to the authors’ knowledge, there have been no prior
studies examining DAT1 as a candidate gene for PTSD among military Veterans.

Existing studies of DATI gene in the general population contain moderate sample sizes (e.g.
200-300 participants) with skewed PTSD case-to-control ratios (Bailey et al., 2010; Chang
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etal., 2012; Segman et al., 2002; Valente et al., 2011). Furthermore, these studies are limited
by inclusion of participants with heterogenous trauma types (e.g. sexual assault, serious car
accidents, domestic violence, robbery and others) (Chang et al., 2012; Segman et al., 2002;
Valente et al., 2011). Studies with larger sample sizes and homogenous trauma types may
help advance the research on candidate gene studies for PTSD. Combat veterans are unique
and ideal candidates given the relative homogeneity of the trauma type and quantification of
the trauma event (i.e. via the Combat Exposure Scale). In addition, given that not all combat
veterans develop PTSD, a comparable control group is available.

Although there is a need for research examining DATZ in Veterans exposed to combat
trauma, there is currently a paucity of literature in this regard. The current study aimed to
meet this need by investigating the association between DA77 and PTSD among military
veterans with uniformed trauma type (i.e. combat), utilizing a balanced ratio of case-to-
control design. The primary objective was to examine whether DATI (DAT1-40bp-VNTR)
9R polymorphism might increase the risk of PTSD development in combat veterans; to the
authors’ knowledge, this is the first DA71 candidate gene study conducted in Veterans with
PTSD.

2. Methods

2.1. Recruitment and participants

365 veterans with PTSD and 298 combat exposed veterans without PTSD were recruited
from two Veterans Affairs Medical Centers (VAMC) from April 1st, 2002 to September
30th, 2016: one in Charleston, SC and one in Cincinnati, OH. Inclusion criteria included:
age 18 to 80 years old; history of combat exposure with DD214 (a Certificate of Release or
Discharge from Active Duty provided to service members after leaving active service); a
score=10 on the Combat Exposure Scale (CES). The CES is a validated assessment scale
which has been found to have good internal consistency and test-retest reliability (Keane et
al., 1989). The U.S. Department of Veterans Affairs and the VA National Center for PTSD
identifies it as a preferred assessment scale for clinical and research purposes. The score
>=10 was used as a threshold for inclusion to reflect a minimum of greater than “light”
exposure. Exclusion criteria included: current or lifetime DSM-1V diagnoses of bipolar
disorder, primary psychotic disorder and substance use in the six months prior to study
enrollment.

2.2. Measures

After collecting the demographic and deployment information, the participants were
assessed by a trained research assistant for the presence of PTSD or other psychiatric
disorders with either Structured Clinical Interview for DSM-IV (SCID) (First et al., 1995) or
Mini-International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998). SCID was
used at the Cincinnati VAMC from April 2002 through March 2007 (n = 320), and MINI
was used at the Charleston VAMC from April 2007 through September 2016 (7= 343).
Diagnoses were confirmed by study team members who are board certified psychiatrists
(M.H. and Z.W.) Both the SCID (First et al., 2007) and MINI (Sheehan et al., 1998); have
been to show to have good validity and reliability parameters.
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In addition, further assessments were also performed at the initial interview. The Clinician
Administered PTSD Scale (CAPS-1V), a structured and diagnostic interview, was used to
evaluate PTSD including symptom severity. The CAPS assess frequency and intensity of
PTSD symptoms, as well as assesses for functional impairment, subjective distress, and
other parameters (Weathers et al., 2001). The Combat Exposure Scale (CES) (Keane et al.,
1989), a 7-item, self-report measure, was used to gather information about combat-related
stressors and exposure. CES total scores range from 1 to 41 with lower scores reflecting
lower combat exposure severity. A CES total score =10 was required for inclusion in order
to control for trauma exposure levels when evaluating the PTSD group versus the combat-
exposed control group. The Quality of Life Enjoyment and Satisfaction Questionnaire (Q-
LES-Q) is a self-report item that measures quality of life. Q-LES-Q has good reliability and
validity psychometric parameters (Stevanovic, 2011; Endicott et al., 1993). Q-LES-Q was
initially obtained, but later removed from study protocol to decrease assessment burden on
participants.

2.3. Genotyping

Participants provided venous blood samples with standard genomic DNA isolation
performed according to the protocol of the Puregene kit (Gentra Systems Inc., Minneapolis,
MN). The SLC6A3 3’ VNTR polymorphisms were studied using methods described by
Vandenbergh (Vandenbergh et al., 1992). The PCR for DAT1-40 base pair-VNTR was
carried out in a 15 pl reaction containing: 50 ng DNA, 10 picomoles of each primer, 200 uM
dNTP, 0.1 u of Pfx DNA polymerase, 1x PCR buffer. The reaction was heated with multiple
cycles. The PCR products were separated by 3% agarose gel stained with ethidium bromide.
The gels were scored by a laboratory assistant and Z.W., who were blinded to case-control
status and other clinical assessments.

2.4. Ethical considerations

The study was approved by the Institutional Review Boards (IRB) of both the Medical
University of South Carolina and the University of Cincinnati. Written IRB-approved
informed consent was obtained prior to the occurrence of any study-related procedures.

2.5. Statistical analysis

Data were analyzed from April 10, 2018, through September 27, 2018. The sample size
provided 80% power to detect odds ratios (ORs) ranging from 1.6 to 2.0 when comparing
categorical variables (e.g., genotype) between groups, assuming 2-sided hypothesis testing
and an alpha level of 0.025. Additionally, the PTSD case sample provides sufficient power to
detect subtle differences (effect sizes of 0.33) in CAPS scores between genotype groups.
Further, these sample sizes also provided 80% power for the secondary outcomes, allowing,
for example, the detection of subtle differences in continuous measures (effect sizes of 0.24)
when comparing PTSD cases to controls and when comparing one genotype to another.

Descriptive statistics are presented as mean (standard deviation) and n (%) for continuous
and categorical variables, respectively. The DAT1 genotype was categorized in two ways: (1)
using a dichotomous variable indicating whether or not 10 repeats (10R) were present on
both alleles, and (2) using a trichotomous variable indicating whether a) at least 10R were
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present on both alleles (10R/10R), (b) 10R were present on only 1 allele (10R/X), or c)
exactly 9R were present on both alleles (9R/9R). These three gene categories covered all
combinations in our population. The Hardy-Weinberg equilibrium (HWE) was verified prior
to any formal analysis. Student’s #test and chi-square test were used for continuous and
categorical variables, respectively. To compare measures across the 3-category genotype
groupings, one-way ANOVA and chi-square tests were used for continuous and categorical
variables, respectively. To identify subject characteristics associated with PTSD, a
multivariable logistic regression was utilized with PTSD status as the dependent variable,
genotype as the independent variable, and race, sex, and age as covariates. To identify
characteristics associated with the CAPS total and subscale scores, general linear regression
models were utilized and included genotype, race, sex, and age in the models. The analysis
of CAPS scores included only participants with a diagnosis of PTSD. Statistical significance
was assessed with an a-level of 0.05 unless otherwise specified. In order to account for the
fact that genotype was categorized and tested two separate ways, we adjusted the alpha level
to 0.025 for analyses involving genotype, meaning that only AP-values <0.025 are considered
statistically significant. For the same reason, 97.5% confidence intervals (Cis) are presented
as opposed to 95% Cis. Analyses were performed using SAS software (version 9.4, SAS
Institute, Cary, NC).

3. Results

3.1. Baseline characteristics

The demographic and clinical characteristics of the final sample of 663 veterans (45.1 years
old [SD 14.1], 556 males [83.9%], 107 females [16.1%]) after removing records with
missing values (7= 13), are included in Table 1. On average, participants with PTSD were
significantly younger, had higher CES scores and had lower quality of life scores than
combat-exposed controls. In addition, participants with PTSD were more likely to be
African Americans and were more likely to have a substance use or depression diagnosis, as
compared to combat-exposed controls.

3.2. DAT1 genotypes

Table 2 provides information on demographic and clinical variables of interest, stratified by
the three genotypes. As noted in the multivariable model presented in Table 3, genotype was
significantly associated with PTSD diagnosis after controlling for age, sex, and ethnicity,
when using dichotomized genotype 10R/10R compared to 10R/X and 9R/9R (OR, 1.60:
97.5% Cl, 1.01-2.07; P= 0.022). When using the trichotomized genotype, there was not a
statistically significant association with PTSD after controlling for demographic variates. In
the trichotomized genotype model, the odds of having PTSD for those with 10R/X vs
10R/10R was 1.4 (97.5% CI, 0.97-2.04, P= 0.041), and for those with 9R/9R vs 10R/10R
was 1.80 (97.5% Cl 0.77-4.23, P= 0.12).

In the total sample, significant differences across genotypes were noted in total CAPS scores
in a dose-dependent relationship; this finding did not depend on whether genotype was
dichotomized (10R/10R vs. other) or trichotomized, as illustrated by Table 2. The CAPS D
subscale score exhibited significant (P= 0.02) differences when genotype was dichotomized,
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but not when genotype was trichotomized (P= 0.06). For the comorbidities and other
measures, there was no association between the DATZ genotypes and: substance use (P=
0.88for dichotomized genotype; P= 0.84 for trichotomized genotype); CES (P= 0.46 for
dichotomized genotype; P = (.76 for trichotomized genotype); depression (P= 0.33for
dichotomized genotype; P= 0.06 for trichotomized genotype); and Q-LES-Q (P= 0.20for
dichotomized genotype; P= 0.39for trichotomized genotype).

4. Discussion

4.1. Major findings and discussion of previous studies

To our knowledge, this is the first study to examine DATZ genotypes in a Veteran population
with PTSD. In this study of military Veterans with combat exposures, we found that absence
of 10R/10R alleles were associated with PTSD diagnosis after controlling for covariates,
suggesting the present of 9R may be a risk factor for developing PTSD. In the Veterans with
PTSD group, DAT1 genotypes were not associated with PTSD symptom severity as
measured by the CAPS. This suggests that the DAT1 gene may increase Veteran’s risk of
PTSD developing post combat exposure, however, once PTSD develops, the current findings
suggest that DA71 may not influence the severity of PTSD symptoms. The increased
likelihood of PTSD diagnosis with 9R/10R heterozygotes and 9R/9R homozygotes is
consistent with findings from a recent meta-analysis examining DATZ with PTSD, which
found that the 9R allele was associated with PTSD with an OR of 1.62 (Li et al., 2016). In
the current study, the genotypic and allelic association with PTSD symptom severity (i.e.
total CAPS score) replicates the finding in a Hurricane Katrina’s study by Drury and
colleagues (Drury et al., 2009) . However, two community studies did not find a DA71
association with PTSD symptom severity (Bailey et al., 2010; Valente et al., 2011). While
we found that the DAT genotype is associated with hyperarousal symptoms for
dichotomized genotype, previous literature is mixed (Drury et al., 2009; Valente et al.,
2011). Yet, conceptually, the association between hyperarousal symptoms and DAT1
supports the dopaminergic theory that correlates with certain PTSD symptoms such as
reactivity and hyperarousal symptoms (Lee et al., 2016). No association between the PTSD
intrusion or avoidance subscale scores was observed, which is consistent with prior
community studies (Bailey et al., 2010; Drury et al., 2009; Valente et al., 2011).
Interestingly, intrusive symptoms have been shown to be the most heritable PTSD cluster
category (Bailey et al., 2010).

Genotype frequencies of the DATZ 9th alleles in patients with PTSD were: non 9R alleles in
51.2%, one 9R allele in 59.5%, two 9R alleles in 63.6%. This stepwise increase provides a
possible gene dose effect, which supports our finding that the 9R alleles may be a potential
risk factor for development of PTSD after trauma exposure among veterans. In addition, the
9R/9R homozygote individuals presented with the most severe PTSD symptoms indicated
by highest CAPS scores (58.6), followed by 9R/10R heterozygote (50.6), then 10R/10R
homozygote (43.4). This provides further evidence supporting our hypothesis that the 9R
allele may have negative impacts on Veterans’ response to combat trauma.
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4.2. Baseline characteristic differences

Examination of baseline demographics revealed age and ethnicity differences between
Veterans with PTSD as compared to combat-exposed controls without PTSD. One
community DATI candidate gene study for PTSD found a statistical difference in age
between participants with and without PTSD; in that particular study, participants with
PTSD were on average six years younger than those without PTSD (Valente et al., 2011).
For our sample, this could also reflect recruitment bias, particularly selection bias as
participants are subjectively referred to the research study via another provider/clinic. This
age difference could also be reflective of the Veteran population at the time of recruitment
given the demographics of Veterans who were deployed for the Afghanistan and Iraq wars.
Given the start of study recruitment and of recent deployments, there were
disproportionately more Vietnam veterans recruited at the start of the study; however, at later
dates, more Afghanistan and Irag combat veterans, who are younger, entered the study.
Baseline ethnicity difference between the two groups could also be from recruitment bias. It
is unclear if African Americans, who are considered minorities in the U.S., are at increased
risk of having/being diagnosed with PTSD (Dohrenwend et al., 2008; Kaczkurkin et al.,
2016; Monnier et al., 2002; Rosenheck and Fontana, 1996; Steenkamp et al., 2017),
however, younger age and ethnic minorities have previously been shown to be potential risk
factors for PTSD in Veterans (Wisco et al., 2014).

4.3. Strengths and limitations

The strengths of this study include: large sample size, more balanced case-to-control ratio,
uniform trauma with verification in Veterans’ records, and the inclusion of comorbidities.
The current study has several limitations to consider. First, the findings only apply to
Veterans, specifically combat trauma-exposed Veterans, and thus may not be generalizable
to non-Veteran or heterogenous-trauma PTSD populations. Second, we did not have a
healthy, non-combat exposed, control Veteran group for comparison. Lastly, recruitment bias
could account for two baseline covariate differences between the PTSD cases and combat-
exposed controls which may have skewed our findings. Despite these limitations, the current
study is novel and is the first to show the association between DAT? genotype and PTSD
among Veterans.

Notably, DAT1 genotypes or alleles do not necessarily translate to changes in the intrinsic
function of the DAT1 protein, epigenetics or its density in the brain (Abdolmaleky et al.,
2008; Cimino et al., 2018; Jasiewicz et al., 2014). Even so, several studies report that 10R
allele has a differential affinity and/or expression compared to the 9R allele (Michelhaugh et
al., 2001; Mill et al., 2002; van Dyck et al., 2005). Moreover, the DATI genotype presented
pertains mostly to the 9R and 10R alleles as these are the predominant alleles in the general
population (Kang et al., 1999; Vandenbergh et al., 1992), as well as, in our sample.
Nonetheless, it is unclear if the DAT VNTR polymorphism is associated with DATI gene
expression.

4.4. Implications

These findings are clinically relevant. First, the DATZ gene may serve as a biomarker for
combat-exposed Veterans. As these Veterans return from their tour, the first encounter with a

Psychiatry Res. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zuschlag et al.

Page 8

clinician might include determining their DATZ genotype. If the combat-exposed Veterans
do not have 10R/10R allele, in addition to any other relevant clinical factors, then providers
may choose to closely monitor for PTSD development and may allow for earlier intervention
with mental health care. Second, there is evidence that individuals with the 9R allele are
slow responders to antidepressant medications (Kirchheiner et al., 2007), which are also the
pharmacological treatments recommended for PTSD (Courois et al., 2017). Thus, knowing
the Veteran’s DATI genotype may be instrumental to the therapeutic management decisions
between the provider and Veteran. Lastly, these findings suggest that pharmacological agents
that modulate the dopamine system may be of interest in PTSD. For example, a recent study
of the second generation antipsychotic quetiapine suggested efficacy for the treatment of
PTSD in a Veteran population (Villarreal et al., 2016); a finding which may be attributable to
quetiapine’s modulating dopaminergic action in particular brain regions (Silverstone et al.,
2012). Another pharmacological agent with growing interest for the treatment of PTSD is
atomoxetine, a selective norepinephrine reuptake inhibitor, which also has evidence for
dopaminergic modulation (Akay et al., 2015). This agent is being investigated as a potential
treatment for PTSD (Daud and Rydelius, 2009; Adler et al., 2004). Thus, DAT1 could be a
pharmacotherapeutic target as well as a potential biomarker for susceptibility to PTSD after
trauma exposure. In addition to being the first candidate gene study in Veterans, our study is
consistent with results found in non-Veteran community studies (Chang et al., 2012; Drury
etal., 2009; Segman et al., 2002;Valente et al., 2011; Li et al., 2016).

4.5. Conclusion

To the authors’ knowledge, the current study represents the largest sample for a single, non-
twin, non-familial, DATZ PTSD candidate gene association study to date. Results show that
the presence of the 9R allele may be a risk factor for Veterans developing PTSD following
combat exposure. In addition, we found an association between DAT1 genotypes and total
CAPS scores, in both dichotomized and trichotomized genotype models. For the CAPS
subscale scores, only CAPS D showed a linear relationship with decrease scores for the 10R
allele in dichotomized but not trichotomized genotypes. These results replicate previous
findings of DATI genotypes with PTSD in the general population and add to the growing
body of literature implicating 9R alleles with increased risk of developing PTSD. While
these findings are significant, future studies are needed to replicate the results. The authors
concur with Segman and colleagues that the best replication of a DA71 association with
PTSD should include a transmission disequilibrium design which will limit ethnic
confounds and false negative diagnoses (Segman et al., 2002). The clinical implications of
this study warrant further research to explore DATI as a potential target to improve PTSD
management for Veterans.
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Table 1

Demographic and clinical characteristics of veterans with combat-related PTSD by study group.

Variable NoPTSD (n=298) PTSD (n=365) P Value
Age, mean (SD) 46.8(13.8) 44.0(14.3) 0.01
Male, No (%) 247 (82.9) 310 (85.2) 0.46
Race, No. (%) 0.003

Caucasian 224 (75.2) 247 (67.7)

African American 49 (16.4) 98 (26.8)

Other 25(8.4) 20 (5.5)
CES, mean (SD)? 19.6(9.1) 21.6(8.8) 0.02
Q-LES-Q, mean (SD)” 61.3(12.4) 40.6(8.9) <0.001
Alcohol diagnosis, No. (%) 17 (8.9) 105 (30.9) <0.001
Substance use diagnosis, No. (%) 21 (7) 124 (34) <0.001
Depressive disorder diagnosis, No. (%) 14 (4.7) 240 (65.8) <0.001

aCES: Combat Exposure Scale from 436 veterans.

bQ-LES-Q: Quality of Life Enjoyment and Satisfaction Questionnaire from 107 veterans.
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Table 2

Comparison of demographic and clinical characteristics by genotype.

Genotype

Variable

Age, mean (SD), y

Male, No (%)

Race, No. (%)
Caucasian
African American
Other

PTSD diagnosis, No. (%)

’tCAPS total score, mean (SD)

CAPS subscale B score, mean (SD)
CAPS subscale C score, mean (SD)

CAPS subscale D score, mean (SD)

Depression, No. (%)
Alcohol Use Disorder, No. (%)

Substance Use Disorder, No. (%)
4CES, mean (SD)

bQ-LES-Q, mean (SD)

10R, 10R (7= 378)
45.1 (13.9)
314 (83.3%)

268 (70.9%)
81 (21.4%)
29 (7.7%)
194 (51.2%)

434 (38.4)%%

12.0 (11.6)
16.9 (16.0)

15 (12.5)7
139 (36.7)
61 (20.6)
82 (21.6)

21.2 (8.9)

46.5 (12.0)

10R, X (1= 252)
45.1 (14.7)
220 (87.3%)

180 (71.4%)
57 (22.6%)
15 (6%)
150 (59.5%)

506 (37.4) %

13.9 (12.0)
19.0 (15.7)

17.4 (12.6)"
96 (38.1)

57 (27)

57 (22.6)
20.6 (8.9)

43.4 (13.9)

9R, 9R (7= 33)
483 (12.9)
23 (69.7%)

23 (69.7%)
9 (27.3%)
1(3%)

21 (63.6%)
58.6 (36.7) "
13.79 (12.0)
16.42 (14.6)

18.95 (12.2)"
19 (57.6)
4(16)
6(182)

204 (9.1)

37.0 (0)

t

CAPS: Clinician Administered PTSD Scale on 638 veterans.

aCES: Combat Exposure Scale.
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bQ-LES-Q: Quality of Life Enjoyment and Satisfaction Questionnaire.* Tested on only genotypes 10R/10R vs. 10R/X due to an /7= 1 in genotype

9R/9R.

*
p-value <0.025 for trichotomized genotype.

#p-value <0.025 for dichotomized genotype.
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Table 3

Logistic regression results examining factors associated with PTSD diagnosis.

Variable OddsRatio  97.5% CI P Value
Genotype
(10R, X or 9R,9R)  1.60 (1.01,2.07) 0.022*
10R,10R Reference
Race
Non-white 7.25 (0.96,2.11) 0.047
White Reference
Sex
Male 1.42 (0.72,1.89) 0.8
Female Reference
Age 0.99 (0.97,1.00) 0.009™

*
pvalue <0.025.
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