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Abstract

Background. Prazosin has been an accepted treatment for patients with post-traumatic stress
disorder (PTSD) who experience sleep disturbances, including nightmares. Results of a recent
large randomized control trial did not find benefit of prazosin vs placebo in improving such
outcomes. A meta-analysis that includes this most recent trial was conducted to examine the
pooled effect of prazosin vs placebo on sleep disturbances and overall PTSD symptoms in
patients with PTSD.

Methods. A systematic review of the published literature on trials comparing prazosin vs
placebo for improvement of overall PTSD scores, nightmares, and sleep quality was conducted.
Hedges’ g standardized mean differences (SMD) between prazosin and placebo were calculated
for each outcome across studies.

Results. Six randomized placebo-controlled studies representing 429 patients were included in
the analysis, including two studies with a crossover design. Results showed prazosin significantly
improved overall PTSD scores (SMD = —0.31; 95% confidence intervals [CI]: —0.62, —0.01),
nightmares (SMD = —0.75; 95% CI: —1.24, —0.27), and sleep quality (SMD = —0.57; 95% CI:
—1.02, —0.13). In the largest trial, prazosin showed a reduction in clinical outcome measures
similar to past studies, but a relatively large placebo effect size, particularly for nightmares,
contributed to no treatment differences.

Conclusions. Despite the results of a recent, large randomized study, pooled effect estimates
show that prazosin has a statistically significant benefit on PTSD symptoms and sleep distur-
bances. Limitations that should be considered include heterogeneity of study design and study
populations as well as the small number of studies conducted and included in this meta-analysis.

Introduction

Post-traumatic stress disorder (PTSD), a psychiatric condition consequent to experiencing or
witnessing a traumatic event and characterized by symptoms that include distressing dreams or
nightmares, avoidance behaviors, and hyperarousal, has a reported prevalence between 10% and
30% in U.S. Veterans, depending on the time or war served." PTSD has been associated with
worsening physical function,” development of chronic conditions, ™ and increased mortality risk.’

Patients suffering from PTSD have a number of evidence-based treatment options. These
include medications (e.g., serotonin reuptake inhibitors) and psychotherapies (e.g., prolonged
exposure and cognitive processing therapy and eye movement desensitization and reproces-
sing).! Unfortunately, these treatments often fall short of treatment goals and many individuals
suffer persistent symptoms, including sleep disturbances, that are associated with substantial
disability.”” As a result, there has been an urgent need for innovation in developing therapies to
treat PTSD and its related symptoms.

Prazosin, a centrally acting al-adrenergic receptor antagonist originally indicated for the
treatment of hypertension, was such an innovation as it was found to have benefit in reducing
trauma-associated nightmares and improving sleep in PTSD patients. Nearly 20 years ago,
Raskind et al® while leading a Vietnam Veteran’s support group, discovered that two members
who had begun treatment with prazosin for non-PTSD related medical reasons (to improve
urinary flow related to benign prostatic hypertrophy) surprisingly had a reduction in combat
related nightmares. This finding ultimately led to a number of placebo-controlled clinical trials
that all showed a benefit of prazosin over placebo for reducing patient-reported nightmares and
sleep quality, including one study that demonstrated sleep benefits with polysomnography.’
Several reviews and meta-analyses have summarized the clinical trial data comparing prazosin vs
placebo in alleviating PTSD symptoms finding an overall significant benefit of prazosin.”'’~"*
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Most recently, a large multicenter clinical trial sponsored by the
Veterans Health Administration’s Cooperative Studies Program'
enrolled 304 Veterans at 20 Veterans Affairs (VA) Medical Centers
across the country.'” Results surprisingly showed that prazosin
failed to distinguish itself from placebo on all the primary and
secondary outcome measures including nightmares and sleep
quality—two features that had consistently shown improvement
in previous controlled studies. Upon publication of these study
results, commentaries and position papers were published
highlighting the negative results of the study and thereby discour-
aging the use of prazosin in the treatment of PTSD.'°™'* However, a
number of clinician researchers expressed concerns regarding
biases and potential errors in the conduct of the trial."”~>' What
has been lacking in the ensuing discussion is an appreciation of the
trial details that could explain the negative findings, and place this
one study in the context of the extant literature that presents such a
consistent, but contrary story. In consideration of this new study,
we performed an updated meta-analysis of the impact of prazosin
vs placebo on PTSD symptoms as well as deeper examination of
where this new study falls in relation to previously published
trial data.

Methods
Search strategies

We performed a wide search to identify trials investigating the
effect of prazosin vs placebo on metrics of PTSD, sleep quality, and
nightmares. We primarily searched MEDLINE (PubMed) for pub-
lications listed through March of 2019 using the following key-
words: ([prazosin] AND [posttraumatic stress disorder dream* OR
PTSD OR nightmare* OR night terror* OR dyssomnia* OR insom-
nia* OR parasomnia* OR sleep disorder* OR sleep disruption* OR
sleep distress* OR fragmented sleep* AND trial]). The search terms
were similar to those listed in a prior published meta-analysis."” To
find additional articles that may not have been PubMed indexed, a
similar query was used to search Web of Science, EMBASE, Cumu-
lative Index to Nursing and Allied Health Literature (CINAHL),
and Cochrane Central Register of Controlled Trials (CENTRAL).
To search EMBASE, the above search query was slightly tailored to
match the searching keywords to EMTREE (the EMBASE’s index-
ing thesaurus). Three field experts (B.S., C.R, and E.S.) were
consulted to recognize any unidentified relevant study.

Study selection and quality assessment

Search results were imported into EndNote software and duplicate
records were removed. Inclusion criteria were the following:
(a) clinical trial study design in which participants were randomly
assigned to either a prazosin treatment group or to a control group;
(b) study participants >18 years of age that met criteria for PTSD
according to the Diagnostic and Statistical Manual of Mental
Disorders, Third Edition (DSM-III), Third Edition, Revised
(DSM-III-R), Fourth Edition (DSM-IV), or Fifth Edition (DSM-
V); and (c) reporting of baseline (pre-treatment) and follow-up
(post-treatment) measures of PTSD-related symptoms. Two inves-
tigators (B.S. and E.S.) independently screened and selected studies
that met inclusion criteria. The Cochrane Collaboration Risk of
Bias Tool*” was used to evaluate each study’s quality. For each
published trial, allocation concealment, study blinding, selective
reporting, and other biases were evaluated. Any discrepancies
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between the two reviewers on study eligibility were resolved by
discussion and consensus with a third author (C.R.).

Data extraction

Two authors (B.S. and C.T.) independently extracted relevant study
data from the identified studies, including study characteristics
(author, year, country, study design, cohort size, demographics of
participants, baseline blood pressures), follow-up time, dosage, and
baseline and follow-up outcome measures. Overall PTSD score was
assessed using Clinician-Administered PTSD Scale (CAPS)* or
PTSD checklist-Civilian (PCL-C).”* Sleep quality was assessed
using the Pittsburgh Sleep Quality Index (PSQI)* scales and CAPS
item 13, while nightmares were assessed using questions from
CAPS and PSQI and/or sleep diary information on nightmare
frequency. In cases of missing data, we sought to obtain additional
information by contacting study authors.

Statistical analyses

26,27

We calculated a Hedges standardized mean difference (SMD)
with a 95% confidence interval (CI) for each study, comparing
outcomes relating to overall PTSD severity, nightmares, and sleep
quality in prazosin vs placebo treated study arms. SMD is used as a
summary statistic in meta-analysis to standardize the estimates
when studies use different measures to assess outcomes. In primary
analysis, the mean and standard deviation at follow-up for each
outcome were compared across treatment arms. Standard devia-
tions were back-calculated from 95% CI in studies where only the
latter were reported.”® In sensitivity analysis, we used differences in
means from baseline to follow-up, back-calculating the standard
deviations for differences in both study arms from between-group
P values, mean differences, and sample sizes according to calcula-
tors provided by the Cochrane Handbook.*

We also conducted a placebo-effect meta-analysis for all three
outcomes with and without the inclusion of the 2018 Raskind
trial” (n=271; patients who completed 10weeks of the study).
In this analysis, we calculated SMD values at baseline and follow-up
for only the placebo arm of each study. All meta-analyses estimates
were calculated using random-effects models due to varying study
characteristics. For sensitivity analysis, we additionally examined
effect estimates including the four clinical trial design studies and
excluding the two crossover design studies. We further assessed
study heterogeneity by running a univariate, random-effects meta-
regression for each outcome. In addition, we ran Egger’s and Begg’s
tests to assess potential publication bias across published and
included studies. A 95% CI with no overlap of the null effect
parameter value was considered significant. For all statistical pro-
cedures, we used StataMP 13 (StataCorp, College Station, TX).

Results

Our initial search yielded 11 records, from which six studies™ >** '

were included in this meta-analysis (Figure S1). All of the included
studies reported scores at baseline and follow-up outcomes. Results
from all six studies were included in meta-analysis of each PTSD
outcome (Table S1). Table 1 describes the characteristics of each
study. Among the six included studies, there were two crossover
studies and four randomized controlled trials. Mean age per study
varied from 30 to 56 years and mean follow-up time varied from 7 to
20 weeks. Participants in the majority of studies were comprised
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primarily of male, U.S. Veteran or active-duty military subjects with
w . .
§e the prazosin study dosage ranging from 8.9 to 15.6 mg per day. The
g £ + + + i + i Taylor study differed from the other studies in that it had a civilian,
3 gb mostly female sample and achieved a much lower mean prazosin
study dose of 3.1 mg per day.’
u Results of the meta-analyses showed that, compared to the
% > . . . . . . placebo arms, prazosin treatment resulted in a significant decrease
= §T§ of overall PTSD symptoms (SMD = —0.31; 95% CI: —0.62, —0.01;
owo Figure 1), decrease in nightmares (SMD = —0.75; 95% CI: —1.24,
5 —0.27; Figure 2), and improvement of sleep quality (SMD = —0.57;
é _ 95% CI: —1.02, —0.13; Figure 3). Sensitivity analyses using differ-
S g g¢ * * * * * ! ences in baseline and follow-up mean scores to compute estimates
33K 8 g showed similar results (Figures S2 and S3). In addition, analysis
2 . . . . .
g including only trial studies and exclusion of the two crossover
S ot e in o ™ ~ © 3 5 studies yielded similar effect estimates.
guc g b H o it H + £ Significant heterogeneity was present for nightmare (I*: 74.8%,
NR 3= H ™ A 4 © @ g . s
E8= L o = & ) s 3 P value: .001; Figure 2) and sleep quality (I": 70.5%, P value =.005;
g Figure 3) outcomes, but not for overall PTSD (I-squared: 44.2%, P
H - - o o - - = value=.111; Figure 1). In univariate meta-regression analysis
o 8= + + + + + + 3 (Table S2) neither age, gender, study duration, nor study dosage
s 0O ™ © (<] — o ~ & . : :
T=U o 2 < N 2 o e could explain observed heterogeneity (P> .05 for all estimates per
_ g outcome) across study results.
: o) 8 10 E § g § E Meta-analysis of the placebo-effect for nightmares showed that
E& = £ placebo-treated patients had significant improvement between
a baseline and follow-up (pooled SMD of 0.40; 95% CI: 0.10-0.70;
§3% a Figure 4) even with exclusion of Raskind et al’s study.'” The
g 29 & © ~ b = = 3 Raskind et al’s studyl” alone had a large placebo effect SMD of
862 s 0.99, 95% CI: 0.75-1.24, which, when included with the other studies,
- ° - & increased the pooled SMD by 20% (pooled SMD with Raskind etal'”:
= = pi £ | 2 0.51; 95% CI: 0.13, 0.89; Figure 4). Similar impacts of the Raskind
2 2 2 2 N3 g et al's study'~ were observed for overall PTSD placebo effects
e S 3 528|838 as 5 (Figure S5A,B) as well as sleep quality placebo effects (Figure S6A,B).
e Qo Qo | aw | D a o . . . > PR
= ~ 8 R g8 2 @ As for publication bias, Egger’s tests detected no significant
3 ol % e« ¥ =% =" Z reporting bias for overall PTSD, nightmares, and sleep quality
[= — o — [32] © N 1] . 5>
5 outcomes (P values: .144, .299, and .371, respectively). Begg’s test
58 - s 8 was also not significant for overall PTSD, nightmares, and sleep
° v 2= = = 53 quality evaluated (P values: .260, .452, and .133, respectively).
g |25 |a€|s = 18 | £
B34/ %g 2|28 |5 |@g|sc
Ef25|es |22|2w |3 |as|gé
S2E|SE |2alf= |B,|cE| %5
© = =] c = c > == o . .
Eow(3% SEES |25 2% §% Discussion
cEcSIEE To| L@ +Elcc| 5=
2 £33 § o5 % g 25| 88| & gla The results of our six-study meta-analysis indicate that patients
= ERL|E .| ®5 S| O .. . .l . .
0| & E s|332 (5§ S.|% s 2 < < § receiving prazosin have significant improvements in overall PTSD
cElRcR| 88| EE| 55| ok 88| S scores, nightmares, and sleep quality as compared to placebo, even
algs28|ge5| =l 2alge| 88 . . . . .
S| 5ZE|TEG S®| 2|82 5E|l&% after inclusion of the large, randomized control trial by Raskind
e = = = ° 4 5
§4°°1g°°13% g i Rl R R I et al,"”” which failed to show benefit of prazosin for any outcome.
5 0
g2 Results were robust independent of the use of baseline to follow-up
g g 7 o differences or follow up means for effect estimates. Our results
o © . .
" 25 2 2 2§ build upon meta-analyses published by Khachatryan et al'’ and
2 238 ° G ° S| S| G|2§ Singh et al'* that similarly found overall benefit of prazosin vs
k] (Z2N=] (] o (&) [:3 x x| 58 1 8 b y P
& 3 = placebo.
3 8 ki 8 8 ki A As an al-adrenergic receptor antagonist, prazosin blocks nor-
2 % & a1 2 g & &|&< adrenergic activity in the central nervous system’” in areas related
= g ks 2 3B B OB OB g 'é to hypera{g)usal of symptoms typical of PTSD, including
° S = = = = = S| &% irritability,” sleep disturbances,”” increased cognitive processing
o holl 7 5 s 6
2 g g and fear response,” and related release of cortisol.”® Successful
g 5 3 s| 8 3 3 2|55 trials and case reports have reported that prazosin treatment is
S > & & & & & SERER . : : 8,14,28,29,31,37
g k8 related to improvement in these specific symptoms.™ >~
S - - c| | ol g2 Does the single, large Raskind et al’s study'~ completely negate
= o = S . . . s
- o £ £ s g £ €| 5 § the previous literature? Our random effects meta-analyses indicate
- w w P w w >
% E o 5 © & i gl L that it does not. The estimated average effect sizes across studies
F ¥ remained statistically significant in all three outcome domains,
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Study %
1D SMD (95% CI) Weight
i
Raskind 2003 : -0.76 (-1.67, 0.16) 8.94
1
i
Raskind 2007 ' -0.28 (-0.95, 0.40) 13.86
1
|
Taylor 2008 ; -0.40 (-1.18, 0.38) 1142
1
|
Germain 2012 ; -0.67 (-1.40, 0.06) 12.50
|
1
Raskind 2013 : -0.48 (-0.97, 0.00) 20.34
i
1
Raskind 2018 | —— 0.06 (-0.18, 0.30) 32.94
|
Overall (I-squared = 44.2%, p=0.111) @ -0.31 (-0.62, -0.01) 100.00
1
1
|
NOTE: Weights are from random effects analysis :
1
T T

-1.67 0
Favors Prazosin

Favors Placebo

Figure 1. Meta-analysis of standardized mean differences between prazosin and placebo for Overall PTSD Score using study follow-up (post-treatment) means and standard

deviations.

Study
D

Raskind 2003 -+

Raskind 2007 *

Taylor 2008

Germain 2012 +

Raskind 2013
I
:
Raskind 2018 }
1
|

Overall (I-squared = 74.8%, p = 0.001)

NOTE: Weights are from random effects analysis

SMD (95% Cl) ?:ieight
-1.22 (-2.19,-0.25) 12.28
-0.97 (-1.69, -0.26) 15.90
-0.69 (-1.48, 0.11) 14.70
-0.82 (-1.60, -0.04) 14.96
-1.07 (-1.59, -0.56) 19.12
-0.09 (-0.33, 0.15) 23.05
0.75 (-1.24, -0.27) 100.00

T

-2.19 0

Favors Prazosin

2.19
Favors Placebo

Figure 2. Meta-analysis of standardized mean differences between prazosin and placebo for Nightmares using study follow-up (post-treatment) means and standard deviations.

even with inclusion of Raskind et al.'” Did the “negative finding” in
that study reflect poor outcomes in patients treated with prazosin?
On the contrary, patients treated with prazosin had statistically and
clinically large positive effects in all outcomes. In fact, the standard-
ized pre-post change in overall PTSD severity for prazosin-treated

patients was nearly the equivalent of the average prazosin effect
size in the previously conducted studies. The negative finding
resulted from large effect sizes for patients who received placebo,
particularly for nightmares. The PTSD pre-post effect for placebo-
treated patients was the largest of all six studies. A large effect size
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Study
D

Raskind 2003 *

Raskind 2007 >

Taylor 2008

Germain 2012 +

Raskind 2013
1
i
Raskind 2018 H
1
|

Overall (I-squared = 70.5%, p = 0.005)

NOTE: Weights are from random effects analysis

%

SMD (95% CI) Weight
-1.45 (-2.46, -0.44) 11.09
-0.73 (-1.43, -0.03) 15.89
-0.42 (-1.20, 0.36) 14.48
-0.74 (-1.52, 0.05) 14.39
-0.68 (-1.18, -0.19) 19.77
0.02 (-0.22, 0.26) 24.37
-0.57 (-1.02, -0.13) 100.00

T
-2.46 0

Favors Prazaosin

2.46
Favors Placebo

Figure 3. Meta-analysis of standardized mean differences between prazosin and placebo forSleep Quality using study follow-up (post-treatment) means and standard deviations.

Study
ID SMD (95% C1)
With Raskind 2018 .

Raskind 2003 — 0.30 (-0.59, 1.18)
Raskind 2007 :t 0.51 (-0.17, 1.20)
Taylor 2008 . 0.00 (0.77,0.77)
Gemain 2012 . -0.09 (-0.91, 0.74)
Raskind 2013 e 0.70 (0.21, 1.18)
Raskind 2018 ' ———— 0.99(0.75, 1.24)

Subtotal (l-squared = 61.1%, p =0.025)

Without Raskind 2018
Subfotal (I-squared = 0.1%, p = 0.405)

NOTE: Weights are from random effects analysis

0.51(0.13, 0.89)

0.40 (0.10, 0.70)

00

T
-1.24

T
1.24

Figure 4. Forest plot of standardized mean differences between baseline (pre-treatment)and follow-up (post-treatment) for only the placebo arms of nightmares outcome, with

andwithout inclusion of Raskind et al. (2018).

for placebo-treated patients obviously minimizes differences
between prazosin and placebo-treated patients.

The reasons for the large placebo effects are not clear. The trial
did not differ significantly in achieved dose, trial duration, or
demographics (age, % male) of the study population compared to
previous trials that demonstrated benefit of prazosin (Table 1). An
unusual feature of the Raskind trial was that the population was
likely more stable with more concurrent treatment due to inclusion
and exclusion criteria than in previous trials. For example, due to

rightful concerns pertaining to clinical risk for patients only receiv-
ing placebo, “psychosocial instability” was an exclusion, thus allow-
ing participants to continue ongoing supportive therapy and
other possibly effective pharmacotherapy if initiated 4 weeks prior
to the trial. Approximately 80% of subjects were receiving antide-
pressants and 40% psychotherapy at the time of baseline assess-
ments. These clinical and treatment features could negate any real
difference between prazosin and placebo. Other multicenter VA
studies have produced negative outcomes in trial for medications
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with established efficacy,’”” but several of the trials included in
this meta-analyses were also conducted on U.S. Veterans at VA
clinics and found a benefit for prazosin.”**' Of note, all studies
reported demographics and clinical characteristics potentially
related to PTSD treatment such as concurrent use of other medi-
cations and abuse of alcohol or drugs. However, data on other
comorbidities were not reported and therefore we are unable to
ascertain if these comorbidities differed across treatment groups
and across studies.

Despite commentary and press regarding the negative results of
Raskind et al's'’ large trial, prescription rates for prazosin in
patients with PTSD across the VA increased from 2007 (7%) to
2012 (15%) and then 2017 (20%), and did not differ substantially
between last year (2018, 19%) and this year to date (2019, 18%).
Although these numbers are estimations, this observation likely
represents the value (benefit/risk) clinicians associate with this
treatment which continues to drive its use.

Although our meta-analysis included studies on prazosin and
placebo within our aforementioned criteria, results should be inter-
preted with caution as the majority of the studies, including the
largest and most recent trial, were conducted by or in collaboration
with a single researcher. Our assessment of publication bias did not
find any significant biases, however, the small number of pooled
studies included may limit the accuracy of this result. Additionally,
there were large heterogeneity in outcome effect estimates which
could not be accounted for by differences in study mean age, gender
distribution, mean prazosin dosage, or duration of follow up.

Overall, the addition of the negative results of the Raskind trial
does not negate a significant pooled overall effect observed for
prazosin compared to placebo across randomized trials for overall
PTSD score, nightmares, and sleep quality. The current pooled
analysis demonstrates that prazosin has a moderate benefit com-
pared to placebo in improving these symptoms. Additional studies
to further identify the populations and contexts that are best suited
for prazosin therapy may be beneficial in maximizing the utility of
this medication. This remains important as nearly all studies to date
have chiefly focused on Veteran populations, despite the extensive
use of prazosin for civilians.

Funding. There was no funding for this project.
Disclosure. The authors have no disclosures to report.
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