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Abstract

Posttraumatic stress disorder (PTSD) and alcohol use disorders (AUD) are two of the most
common mental health disorders affecting civilians as well as military populations. If left

"Corresponding author at: Department of Psychiatry and Behavioral Sciences, Medical University of South Carolina, 5 Charleston
fenter Drive, Suite 151, Charleston, SC 29407, USA. backs@musc.edu.
These authors contributed equally to the work and are co-first authors.

Disclaimer
The views expressed herein are solely those of the authors and do not reflect an endorsement by or the official policy or position of the
Ralph H. Johnson VA, the U.S. Army Office of the Surgeon General, the Department of the Army, the Department of the Air Force,
the Department of Defense, the Department of Veterans Affairs, or the U.S. Government.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Back et al. Page 2

untreated, individuals with co-occurring PTSD/AUD are at increased risk for developing other
mental health problems (e.g., depression, anxiety), physical health problems, reduced resiliency
and military readiness, and vocational and social impairment. Substantial gaps in the treatment of
co-occurring PTSD/AUD exist and there is a critical need to develop more effective
pharmacological treatments. The current study addresses this gap in the literature by testing the
efficacy and safety of doxazosin, a long-acting and selective alpha-1 adrenergic antagonist, as
compared to placebo in reducing PTSD and AUD severity among U.S. military veterans.
Noradrenergic dysregulation has been implicated in the development and maintenance of PTSD
and AUD, and pilot studies examining doxazosin in PTSD-only or AUD-only samples have shown
promise. This is the first study, however, to evaluate doxazosin in a comorbid PTSD/AUD sample.
This paper describes the rationale, design and methodology of a randomized, double-blind,
placebo-controlled trial of doxazosin (16 mg/day) delivered over 12 weeks among military
veterans with current PTSD and AUD. In addition, functional magnetic resonance imaging (fMRI)
is applied at pre- and post-treatment to investigate the underlying pathophysiology of comorbid
PTSD/AUD and identify prognostic indicators of treatment outcome. This study is designed to
accelerate research on co-occurring PTSD/AUD and provide empirical evidence to inform clinical
practice.
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Introduction

Military veterans are at increased risk of developing of posttraumatic stress disorder (PTSD)
and substance use disorders (SUD) [56]. In comparison to the general population, rates of
PTSD are almost 5 times higher, and rates of SUD are approximately twice as high among
veterans [29,65,67]. Furthermore, extensive literature documents the frequent co-occurrence
of PTSD and SUD [63,69,70]. Initial reports among military personnel focused on Vietnam
veterans with PTSD, in which up to 84% met lifetime criteria for an alcohol use disorder
(AUD) [27]. More recently, data from the Department of Veterans Affairs indicate that,
among veterans serving in the Vietnam era or later (V= 1,001,996), 41.4% with SUD meet
criteria for current PTSD [43]. A series of associated problems are common among
individuals with dually diagnosed PTSD and SUD, including medical problems, family
dysfunction, homelessness, HIV risk behavior, and poor treatment outcomes
[6,34,36,39,45,46].

Despite the frequency and severity of co-occurring PTSD and addiction, there are substantial
gaps in treatment, particularly pharmacotherapeutic treatment. The studies conducted to date
have examined a variety of medications (e.g., sertraline, topiramate, naltrexone,
nacetylcysteine) with modest therapeutic effects observed and significant room for
improvement [4,9,14,44,63]. The noradrenergic system has been implicated in PTSD,
withdrawal states from chronic substance use, and in response to substance-related cues
[21,25,31,61], suggesting that therapeutic interventions targeting the noradrenergic system
may represent a promising avenue for the treatment of comorbid PTSD and SUD. Previous
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studies have examined the use of prazosin, an alpha-1 noradrenergic blocker approved by the
U.S. Food and Drug Administration (FDA) for hypertension and benign prostatic
hyperplasia, in the treatment of PTSD, AUD and comorbid AUD/PTSD. The findings have
been mixed with some studies showing significant reduction in AUD symptoms [15,59,60]
and reduction in PTSD symptoms, particularly nightmares, sleep disruption and daytime
hyperarousal symptoms [18,50,52], while other studies find no significant differences in
prazosin vs. placebo for AUD or PTSD symptoms [41,49]. Several studies suggest that pre-
treatment blood pressure may represent a biomarker to help identify who will respond
favorably to prazosin, or potentially other alpha-1 blockers [48,74].

Doxazosin is another alpha-1 noradrenergic antagonist that is approved by the FDA for the
treatment of hypertension and benign prostatic hyperplasia. Doxazosin and prazosin have the
same chemical structure, with the central element being a piperazine ring. However, there
are several advantages of doxazosin in comparison to prazosin [28]. For example, doxazosin
has a significantly longer half-life of approximately 22 h (vs. 2-3 h half-life of prazosin).
The longer half-life allows for a once-per-day dosing, rather than twice or thrice daily
dosing, which is generally preferred by patients and promotes medication adherence [73].
The slower onset of action also reduces the risk of first-dose postural hypotension as
compared to prazosin [17,30] and doxazosin has no significant effect on blood pressure
among normotensive patients, which further reduces the risk of hypotensive side effects
[26]. Unlike other alpha-1 blockers, doxazosin can be taken at any time during the day, with
or without food, which further promotes medication adherence [30].

Two small studies provide initial support for doxazosin’s safety and therapeutic effects on
PTSD. In a 12-week, open-label pilot trial (A= 12 civilians and veterans) of doxazosin (8
mg/day) in individuals with PTSD, De Jong et al. [13] found significant pre-to post-
treatment reductions (baseline = 77 vs. end of treatment = 53) on the Clinician Administered
PTSD Scale (CAPS; [72]). Depression severity, as measured by the Montogmery-Asberg
Depression Scale [77] also significantly decreased from baseline to end of treatment (score
at baseline = 25 vs. end of treatment = 19). More recently, a small randomized controlled
study (V= 8 male veterans) demonstrated that doxazosin (16 mg/day) was effective in
significantly reducing self-report PTSD symptoms as measured by the PTSD Checklist —
Military Version (PCL-5; [7,71]) and a trend for reduction on the CAPS hyperarousal scale
was observed [54,55]. However, both studies are limited by small samples sizes and require
replication with larger samples.

Several early trials have also examined doxazosin in individuals with SUD. In a 10-week,
randomized controlled trial of 41 individuals with AUD, Kenna et al. [28] found that
doxazosin (16 mg/day) was associated with significantly lower reductions in drinks per
week, heavy drinking days, and craving among individuals with high family history density
of alcoholism. In a secondary analysis of the same data set (V= 41), Haass-Koffler et al.
[20] examined the role of pre-treatment standing blood pressure (BP) as a moderator of
doxazosin’s effect on AUD severity and found that patients with high pre-treatment BP had
the most favorable AUD outcomes. Other clinical studies in patients with cocaine use
disorder [58] as well as preclinical studies [37] suggest that doxazosin may help reduce SUD
severity.
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The current study is the first study to evaluate doxazosin among individuals with co-
occurring PTSD/AUD. This paper describes the design and methodology of an ongoing
randomized controlled trial (RCT) to evaluate doxazosin in reducing PTSD and AUD
severity among a sample of military veterans. While the primary focus of the study is the
medication trial, we are also employing functional magnetic resonance imaging (fMRI) at
pre- and post-treatment to further investigate the underlying pathophysiology of PTSD/AUD
and identify potential prognostic indicators of treatment outcome.

Research objectives and hypotheses

This project is one of 11 nationwide research projects supported by the Consortium to
Alleviate PTSD (CAP), which is part of a National Research Action Plan jointly issued in
2013 by the U.S. Department of Defense, Department of Veterans Affairs (VA), Department
of Health and Human Services, and Department of Education. The overall aims of the CAP
are: (1) develop and evaluate effective treatments for PTSD and comorbid conditions, such
as alcohol and drug use disorders, in military service members and post-9/11 veterans; and
(2) identify the biological causes of PTSD and changes in those biomarkers that are
associated with treatment outcomes. More information about the CAP is available at
www.ConsortiumToAlleviatePTSD.org.

The primary research objective of the current study is to address the gap in the evidence base
regarding pharmacologic treatment of co-occurring PTSD and AUD by comparing
doxazosin (16 mg/day) versus placebo in reducing PTSD symptomatology and alcohol use
severity in veterans with co-occurring PTSD/AUD. There are three main hypotheses that
pertain to changes in outcomes of interest during the treatment phase (weeks 1-12).
Hypothesis 1 proposes that participants who receive doxazosin, as compared to placebo, will
evidence significantly greater reductions in PTSD severity at week 12, as measured by the
Clinician-Administered PTSD Scale for DSM-5(CAPS-5) ([72]a) and the PTSD Checklist
for DSM-5 (PCL-5) ([72]b). Hypothesis 2 is that participants who receive doxazosin, as
compared to placebo, will evidence significantly greater reductions in AUD severity at week
12, as measured by the Timeline Follow Back (TLFB; [62]) and biological tests of alcohol
consumption (e.g., breathalyzer, ethyl glucuronide). Hypothesis 3 centers on the
neuroimaging component of the project and predicts that (a) connectivity between the
prefrontal cortex and amygdala at rest and in response to trauma versus neutral cues will
predict amount of change in PTSD symptoms as measured by the CAPS-5 at week 12 [72];
and (b) connectivity between prefrontal cortex and the amygdala at rest and in response to
alcohol versus neutral cues will predict time to first use of alcohol (TLFB) during the
treatment phase.

Materials and methods

Research design

This study is a phase I, double-blind, 12-week RCT to evaluate the efficacy of the alpha-1
adrenergic antagonist doxazosin (16 mg/day, immediate release formulation), as compared
to placebo in reducing PTSD and AUD severity in veterans. A follow-up visit is included at
6-weeks post treatment. If eligible and interested, participants may also complete a

Contemp Clin Trials. Author manuscript; available in PMC 2018 December 13.


http://www.ConsortiumToAlleviatePTSD.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Back et al. Page 5

neuroimaging scan before and after the treatment phase. The project will last for
approximately four years and is illustrated in Fig. 1 (clinical trial) and Fig. 2 (neuroimaging
visit).

2.2. Participants

Participants (V= 144) are U.S. military veterans, ages 18-65, with current PTSD and AUD.
Inclusion criteria include: a veteran of the U.S. military (any branch), male or female, any
race or ethnicity, able to comprehend English, meet DSM-5 criteria for current (i.e., last 6
months) alcohol use disorder as assessed by the Mini International Neuropsychiatric
Interview (MINI; [57], meet DSM-5 criteria for current (i.e., last month) PTSD as assessed
by the CAPS-5 (Weathers et al., 2013), and enrolled for services at the Ralph H. Johnson VA
Medical Center or affiliated community-based outpatient clinic. Subjects taking
psychotropic medications are required to be maintained on a stable dose for at least 4 weeks
before study medication initiation. Exclusion criteria include the following: previous
treatment with doxazosin; women who are pregnant, nursing or not practicing an effective
form of birth control; individuals with a history of adverse reactions to quinazolines or other
alpha-1-antagonists; individuals currently taking alpha blockers (e.g., prazosin) or any other
medication that may have a hazardous interaction if taken with doxazosin; and individuals
with clinically significant medical or psychiatric conditions that in the opinion of the
investigators may adversely affect safety or study participation. Individuals presenting with
significant withdrawal symptoms as evidenced by a score on the revised Clinician Institute
Withdrawal Assessment of Alcohol (CIWA-Ar) [66] of =10 will be referred for medically
supervised detoxification and may be re-assessed for study eligibility after detoxification.
Individuals taking medications thought to influence alcohol consumption or craving (e.g.,
naltrexone) will be excluded. MRI exclusions include claustrophobia; cardiac pacemaker;
metal fragments in eye, skin, or body; heart valve replacement; brain clips; venous umbrella;
history of aneurysm surgery; intracranial bypass, renal, or aortic clips; joint replacements;
non-removable hearing aid, neurostimulator or insulin pump; shunts/stents; metal mesh/coil
implants; metal plate/pin/screws/wires; or any other metal implants.

2.3. Procedures

This study was reviewed and approved by the Institutional Review Boards (IRB) of the
Medical University of South Carolina (MUSC), the Ralph H. Johnson VA Medical Center,
and the University of Texas Health Science Center at San Antonio. Potential participants are
given a full description of the study and asked to read and sign IRB-approved informed
consent forms before any study procedures take place. All participants are enrolled in the VA
and have the option to receive weekly cognitive-behavioral therapy to ensure that all
participants receive adequate psychosocial support and monitoring, regardless of medication
arm. Interested individuals are screened for eligibility by telephone or in person. Individuals
who meet inclusion/exclusion criteria are invited to come into the office for a comprehensive
baseline assessment (see Table 1 for measures). Ineligible individuals are referred clinically
for treatment.
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2.4. Study medication

Participants are randomly assigned in a 1:1 manner to receive doxazosin (16 mg/day) or
placebo. The dose was selected based on previous research [32,54,55]. Study medication and
matching placebo are encapsulated in standard-sized gelatin capsules and are of sufficient
opacity and color so as not to reveal contents inside or disclose any possible difference
between placebo and active capsules. Active study medication capsules consist of USP-
grade doxazosin and 25 mg riboflavin. All study capsules contain dextrose as the inert filling
agent and are brought to proper packing level in color-matched, opaque, identically sized
capsules. Participants who wish to take a multivitamin during the treatment phase of the
study are given a multivitamin (TriVi-Sol) that does not contain riboflavin. Treatment
assignment follows a prearranged randomization scheme and is carried out by a research
pharmacist not involved in clinical management of participants in order to preserve the
double-blind design. Doxazosin is initiated at 1 mg/day and then titrated up as follows: 2 mg
at Week 2; 4 mg at Week 3; 8 mg at Week 4; and then 16 mg during Weeks 5-12. A
downward titration for safety occurs at the end of Week 12 [28] and participants are titrated
down to 8 mg on Day 1; 6 mg on Day 2; 4 mg on Day 3; 2 mg on Day 4; and 1 mg on Day
5.

2.5. Primary outcome measures

Participants complete the CAP Common Data Elements battery, which includes
demographic and military history information, personality, deployment stress, trauma,
psychiatric symptoms, traumatic brain injury, substance use, functional impairment, sources
of support, sleep impairment, pain, relationship functioning, and treatment credibility
expectancy [3]. The CAP Assessment Core has carefully reviewed and selected these
measures to ensure that only measures with the highest levels of validity and reliability are
included as part of the CAP Common Data Elements battery.

The primary outcome measures for this study are: (1) the CAPS-5 [72], (2) the PCL-5 [71],
and (3) the TLFB [62]. The CAPS-5 is a semistructured interview used to assess PTSD
diagnosis and symptom severity. The CAPS-5 is rated on a 5-point scale (0 = absentto 4 =
extreme/incapacitating) with a total score ranging from 0 to 80. In this study, the CAPS-5 is
administered by independent evaluators (IE) trained and certified by the CAP Assessment
Core and blind to treatment status. The PCL-5 is a 20-item, self-report measure that assesses
PTSD severity using a Likert scale (0 = not at allto 4 = extremely). Finally, the TLFB
obtains retrospective self-report of substance use by using a calendar and memory prompts
to stimulate recall. Quantity and frequency assessments are made using this instrument (e.g.,
total number of standard drink units, percent of days using) as well as abstinence (yes/no).
TLFB yields consistently high test-retest correlations and correlates well with other self-
reports and collateral reports. The TLFB assesses frequency and amount of substance use for
60 days prior to study entry, during the 12 weeks of treatment, and at follow-up.

2.6. Secondary outcome measures

Secondary outcomes related to alcohol craving and characterization of AUD are measured
by using the Obsessive Compulsive Drinking Scale (OCDS; [2]), Brief Addiction Monitor
(BAM; [10]), ethyl glucuronide (a conjugated alcohol metabolite biomarker of recent
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alcohol consumption), and family history of addiction using the Addiction Severity Index
family history section [35]. Symptoms of depression, suicidality, psychosocial functioning,
and emotional regulation will be assessed using the well-validated instruments shown in
Table 1. Related aspects of PTSD severity such as sleep disturbance, frequency of
nightmares, and insomnia will also be regularly monitored (see Table 1).

Neuroimaging component

In addition to testing the safety and efficacy of doxazosin, this study will investigate neural
circuitry underlying comorbid PTSD/AUD. This information may help inform the selection
of treatment targets and novel therapeutic agents in future research. To that end,
neuroimaging data is acquired immediately prior to medication initiation and medication
discontinuation on all eligible participants. As illustrated in Fig. 2, following the resting state
scans, participants are exposed to neutral, trauma, and alcohol cues. To minimize potential
carry-over effects, the trauma and alcohol cues are counterbalanced. For both resting state
and task runs, T2*-weighted gradient-echo planar images (EPI) are acquired with the
following parameters: TR = 1100 ms, TE = 30 ms, flip angle = 65°, ipat factor = 3, matrix
64 x 64, field of view = 19.2 cm, slice thickness = 3.0 mm with no gap, with 48 slices to
cover the entire brain. All scans are conducted at the MUSC Center for Biomedical Imaging,
which houses a Siemens 3 T Prisma MRI scanner (Siemens Medical, Erlangen, Germany).

2.8. Data analytic plan

2.8.1. General considerations and power—Analyses will be performed on the
intent-to-treat (ITT) sample consisting of all randomized participants who provide any
outcome data. Baseline clinical and demographic characteristics are collected, and contrasts
will be performed between treatment groups. This study is powered to estimate the effects of
doxazosin on significant reduction in PTSD symptoms at the end of treatment (see
Hypothesis 1), and increased abstinence rates at the end of treatment (Hypothesis 2).
Placebo rates of reduction in CAPS scores are conservatively estimated to be 20% [76]. In a
small pilot study, De Jong et al. [13] found ~31% reduction in CAPS total scores using
doxazosin. A sample of 100 participants will provide 80% power with a 0.05 type 1 error
rate to detect a difference in the reduction of CAPS scores between doxazosin (31 = 20%)
and placebo (20 £ 20%). Placebo rates of abstinence are estimated from established double-
blind, placebo-controlled trials. Continuous abstinence from weeks 9-12 is observed in 10—
15% of treatment seekers without co-occurring PTSD [58] so we anticipate an attenuated
rate of 5-10% in the placebo group. Although there is limited information on the
effectiveness of doxazosin in AUD, a sample of 100 participants (50 in each arm) will
provide adequate power to detect an abstinence rate as low as 32% in the doxazosin group
when the placebo cessation rate is 10%, and as low as 23% when the placebo rate is 5%.
Due to the nature of the study population, we anticipate ~30% dropout rate; thus, the number
of subjects randomized is inflated to 144 with 72 participants randomized to each treatment
arm of the study.

2.8.2. Clinical outcomes—To test hypothesis 1 that participants who receive
doxazosin, as compared to placebo, will evidence significantly greater reductions in PTSD
severity, restricted maximum likelihood (REML) methods will be used to estimate the fixed
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effects and variance components, and modelbased treatment effect estimates will be used to
construct group level tests over time. To test hypothesis 2 that participants who receive
doxazosin, as compared to placebo, will evidence significantly greater reductions in AUD
severity, logistic regression analysis will be used to examine rates of abstinence. Weekly
point prevalence abstinence will be examined using generalized linear models under a
generalized estimating equations (GEE) framework. Weekly abstinence (yes/no) as well as
amounts of alcohol use (standard drink units) will be examined over time to determine if
treatment is effective in reducing alcohol consumption when abstinence is not achieved.

2.8.3. Neuroimaging outcomes—We will measure functional connectivity using a
psychophysiological interaction (PPI) seed-based approach [16]. PPI is a method for
investigating task-specific changes in the relationship between activity in different brain
areas [38]. Following acquisition, preprocessing of the imaging data will correct for
geometric distortion, head motion or other artifacts. A mask of the two seed regions will be
made using a 12-mm diameter sphere located in the center of the left and right amygdala
using the Montreal Neurological Institute coordinates (x, y, z = £ 22, 0, —=22). For each
participant, the mean corrected and high pass temporal filtered time series of the blood-
oxygen-level dependent (BOLD) signal in the amygdala will be extracted using “fsimeants’
and used in a single subject whole brain PPI analysis. Statistical analysis will be performed
at the individual-subject level using FEAT (FMRI Expert Analysis Tool). The interactions of
interest are the frauma (v. neutral) x (left or right) amygdala time series and the a/cohol (v.
neutral) x (left or right) amygdala. A group-level analysis will use a mixed effects approach,
with separate group analyses for left and right amygdala. For resting state fMRI analysis, a
seed-based approach will also be used with the same amygdala seed regions used in the PPI
analysis. Group level analyses and extraction of parameter estimates from prefrontal cortex
(PFC) regions will be the same as for the PPI analysis.

To test hypotheses 3A and 3B that connectivity between the PFC and the left or right
amygdala in response to cues at baseline will predict change in PTSD and AUD severity due
to treatment, separate linear regression tests will be used. Changes in PTSD and AUD
severity will be regressed against the parameter estimate obtained from the voxel with the
maximum Z-score from each PFC cluster that exhibited a significant association with the
amygdala time series at rest, and a significant task x seed interaction with the amygdala in
response to the trauma cue (Hypothesis 3A) and alcohol cue (Hypothesis 3B).

3. Discussion

This paper presents the research design and methodology for an ongoing RCT that is part of
the national Consortium to Alleviate PTSD and is the first to investigate doxazosin in the
treatment of comorbid PTSD/AUD. PTSD and AUD are chronic, debilitating and common
psychiatric conditions observed in civilian and military populations. The co-occurrence of
PTSD and AUD is also highly prevalent, and military veterans incur a uniquely high risk of
developing this complex dual diagnosis [19,47].

While mental health services are in place for U.S. military personnel and veterans, there are
substantial gaps in the evidence base to guide the pharmacological treatment of co-occurring
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PTSD/AUD. Recent findings regarding several medications to treat AUD are encouraging
[5,11,33]. However, the only FDA-approved medications to treat substance use problems
target relapse prevention. While many medications have been investigated to treat PTSD,
only selective serotonin reuptake inhibitors (SSRI) have received FDA approval. Just 20—
30% of patients achieve PTSD remission with SSRI treatment [8,12,24,64]. Few
investigations have examined pharmacotherapies for co-occurring PTSD/ SUD, and those
that have been conducted suggest only a modest response [4,9,14,42,63]. Therefore,
identifying effective medications to treat co-occurring PTSD and SUD, particularly among
military veterans, is a national public health priority.

One potential medication for the treatment of PTSD and co-occurring SUD is the alpha-1
adrenergic antagonist prazosin. Several RCTs with varying sample sizes of veterans and
civilians demonstrate safety, tolerability and efficacy of prazosin to reduce nightmares, sleep
impairment, and overall PTSD symptom severity [1,18,51-53,59,68], as well as AUD
severity [59,60]. However, the largest RCT to date examining prazosin in the treatment of
PTSD (N =304) [49] resulted in null findings. Veterans in this study were recruited from 13
VA hospitals across the nation. Participants completed a 16-week treatment phase following
a 10-week maintenance phase in which participants were stabilized on their current new
medications and continued to participate in ongoing psychotherapy, but no new interventions
were added during the study apart from prazosin or placebo. The lengthy stabilization phase
in this trial is a substantial distinguishing factor between this and previous smaller prazosin
trials. The authors hypothesize that the null findings might be attributable, in part, to an a
priori inclusion criterion requiring participants to demonstrate psychiatric stability prior to
the treatment phase. It is necessary for future studies to explore the possibility that some
Veterans might benefit from initiating prazosin earlier in their course of treatment or sooner
after PTSD onset. In the [49] study, approximately one third of participants with similar
distributions between medication conditions received individual or group psychotherapy (7=
43; 28%) and the majority of participants were prescribed antidepressants (95% and 89% in
the prazosin vs. placebo group, respectively). Thus, an additional consideration posed by the
authors is that prazosin is less efficacious in the context of an established course of
evidence-supported medications and/or psychotherapy to treat PTSD.

Because hyperactivity of the noradrenergic system is also identified as a neurobiological
mechanism underlying AUD [21,31,40], the findings from the collective prazosin literature
lend support to the notion that alpha-1 adrenergic antagonists may also be effective in the
treatment of co-occurring PTSD and AUD. One limitation of prazosin is its relatively short
half-life, which commonly results in challenges to medication adherence in order to obtain a
therapeutic dose. Some literature has also demonstrated substantial and persistent
geographic differences in the effective prescribing of prazosin [22,23].

In order to address these gaps in the literature and add to the ongoing investigation of the
clinical utility and efficacy of alpha-1 blockers in the treatment of PTSD and SUD, the
current study will examine the ability of doxazosin versus placebo in reducing co-occurring
PTSD and AUD symptom severity among U.S. military veterans. Previous clinical studies,
described in more detail in the Introduction section, support the ability of doxazosin to
reduce PTSD symptoms [13,54,55], although they are based on small sample sizes. A proof-
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ofconcept study found preliminary support for the ability of doxazosin to reduce alcohol
consumption among individuals with AUD and high (versus low) family history density of
alcoholism [28]. This effect was also moderated by higher pretreatment BP such that
participants with higher pretreatment BP yielded greater reduction in alcohol consumption
during treatment [20]. Both family history and BP are being measured in the current study.
Future research in this area should include measurements of pre-treatment BP, family history
of AUD, as well as genetic data [75].

The current study is designed and adequately powered to examine the effects of treatment
group (doxazosin vs. placebo) on PTSD and AUD severity at the end of treatment. The
findings may inform future investigations of doxazosin and its potential translation to
treatment settings. Adverse events are monitored, recorded, and reviewed by the
investigative team, study prescribers, and safety monitor at regular intervals. Other important
considerations being examined include medication adherence and the effects of medication
on secondary outcomes such as depression, sleep, and anxiety. Notably, participants in the
current study are permitted to maintain or initiate behavioral intervention as needed in order
to maximize generalizability of study findings. Concurrent treatment engagement is
monitored closely by the study team at weekly visits. The neuroimaging component of this
study will allow us to identify possible neurobiological mechanisms underlying treatment
response (or nonresponse). Considering the significant heterogeneity in the etiology and
course of PTSD and AUD, as well as the complexity of individual treatment needs, the
findings from this study might allow us to maximize treatment outcomes and more
effectively identify and treat individuals with this complex and detrimental dual diagnosis.
Another important aspect of this study’s design is the rigorous coordination of our
assessment procedures under the guidance of the Consortium to Alleviate PTSD (CAP).
Joining our study’s findings with those of other ongoing CAP projects not only ensures
reliable and valid assessment of primary and secondary outcomes; it also improves the
ability of this study to contribute to the larger literature examining PTSD and SUD
comorbidity among military veterans.
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‘ Initial Screening Evaluation ‘

‘ Consent and Baseline Assessment ‘

Enrollment and Randomization
Doxazosin (n = 72)
Placebo (n =72)

N Neuroimaging Visit #1
(immediately prior to medication initiation)

Treatment Weeks 1-12
Doxazosin (16 mg) or Placebo daily
Weelly Study Visits Neuroimaging Visit #2
(immediately prior to medication discontinuation)

6-Week Follow-up

Fig. 1.
Study design overview.
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Neutral, Trauma and Alcohol Cue Tasks
(Trauma and alcohol cues are counterbalanced)

Structural Scan
Resting State Scan
Neutral Cue
Trauma or Alcohol Cue
Neutral Cue
Trauma or Alcohol Cue

Fig. 2.
Neuroimaging procedures design overview.
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