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SCIENTIFIC INVESTIGATIONS

Sleep Medicine

Treatment of OSA with CPAP Is Associated with Improvement in PTSD

Symptoms among Veterans

Jeremy E. Orr, MD'; Carolina Smales, BS? Thomas H. Alexander, MD, MHSc??; Carl Stepnowsky, PhD?; Giora Pillar, MD* Atul Malhotra, MD';

Kathleen F. Sarmiento, MD"?

'Division of Pulmonary and Critical Care Medicine, University of California San Diego, San Diego, CA; *Veterans Affairs San Diego Healthcare System, San Diego, CA; *Division of
Otolaryngology-Head & Neck Surgery, University of California San Diego, San Diego, CA; “Department of Sleep and Pediatrics, Carmel Medical Center, Haifa, Israel

Study Objectives: Posttraumatic stress disorder (PTSD) is common among veterans of the military, with sleep disturbance as a hallmark manifestation.
A growing body of research has suggested a link between obstructive sleep apnea and PTSD, potentially due to obstructive sleep apnea (OSA) related
sleep disruption, or via other mechanisms. We examined the hypothesis that treatment of OSA with positive airway pressure would reduce PTSD symptoms

over 6 months.

Methods: A prospective study of Veterans with confirmed PTSD and new diagnosis of OSA not yet using PAP therapy were recruited from a Veteran's Affairs
sleep medicine clinic. All subjects were instructed to use PAP each night. Assessments were performed at 3 and 6 months. The primary outcome was a

reduction in PTSD symptoms at 6 months.

Results: Fifty-nine subjects were enrolled; 32 remained in the study at 6 months. A significant reduction in PTSD symptoms, measured by PCL-S score was
observed over the course of the study (60.6 + 2.7 versus 52.3 + 3.2 points; p < 0.001). Improvement was also seen in measures of sleepiness, sleep quality,
and daytime functioning, as well as depression and quality of life. Percentage of nights in which PAP was used, but not mean hours used per night, was

predictive of improvement.

Conclusions: Treatment of OSA with PAP therapy is associated with improvement in PTSD symptoms, although the mechanism is unclear. Nonetheless,
PAP should be considered an important component of PTSD treatment for those with concurrent OSA. Improving PAP compliance is a challenge in this

patient population warranting further investigation.
Clinical Trial Registration: ClinicalTrials.gov, ID: NCT02019914.
Commentary: A commentary on this article appears in this issue on page 5.

Keywords: obstructive sleep apnea, posttraumatic stress disorder, continuous positive airway pressure, lung
Citation: Orr JE, Smales C, Alexander TH, Stepnowsky C, Pillar G, Malhotra A, Sarmiento KF. Treatment of OSA with CPAP is associated with improvement

in PTSD symptoms among veterans. J Clin Sleep Med. 2017;13(1):57-63.

INTRODUCTION

Posttraumatic stress disorder (PTSD) is highly prevalent
among veterans of the United States armed forces, afflict-
ing 11% to 22% of those returning from Iraq and Afghani-
stan."? Among Vietnam veterans, the lifetime prevalence
approaches 31%, and despite 40 years having elapsed since
combat exposure, PTSD remains in 10% of veterans of this
era, reflecting the challenges for recovery.’ Patients with
PTSD have a substantially reduced quality of life and in-
creased mortality.*® Sleep disturbance is often called the
“hallmark” of PTSD,® and formal DSM-5 criteria includes
several sleep-related complaints, including recurrent dis-
tressing dreams and sleep disturbances. Sleep disturbance
has been recognized as both an early predictor of develop-
ment of PTSD, and a marker of disease severity.”” However,
whether sleep disturbance is a reflection of disease, or a pre-
disposing factor in development and continuance of PTSD is
an ongoing subject of debate. Moreover, treatment of PTSD
has been elusive, leading to a search for potential therapeutic
targets in this condition.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Recent research has
revealed an association between OSA and PTSD, although the
significance of this association is unclear. We sought to determine if
treatment of OSA with CPAP could improve PTSD symptoms.
Study Impact: CPAP appears to improve a variety of symptoms
related to PTSD, with greatest improvements in those with better
compliance. Future research is needed to elucidate the mechanistic
link between PTSD and OSA, and to optimize patient compliance
with CPAP.

A growing body of research has suggested an association
between OSA and PTSD. Prevalence estimations for OSA in
PTSD patients range from 52% to 69%, with some as high as
95%.1%12 The odds of PTSD have been estimated at 2.7-fold
higher in patients with sleep apnea.”* While the nature of this in-
teraction is unclear, it has been hypothesized that OSA-related
sleep disruption contributes to PTSD, either by contributing
to symptoms or more direct influences on disease pathogen-
esis. In general, untreated OSA might contribute to symptoms
of depression and anxiety."> In PTSD patients, recurrent
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arousals might potentiate nighttime symptoms, such as recall
of nightmares, an assertion supported by the finding that treat-
ment of OSA with CPAP appears to reduce the frequency of
nightmares in PTSD patients.'® Poor sleep quality related to
sleep apnea may also contribute to daytime PTSD symptoms
of irritability, impairment in concentration, fatigue, as well as
comorbid psychiatric conditions. Sleep apnea has been asso-
ciated with worsened scores across a wide range of daytime
and nighttime symptoms.”” More fundamentally, there are a
number of mechanisms by which OSA has been postulated to
contribute to disease development, persistence or progression,
primarily relating to the effects of state instability.'>'8

Given the possible causal role of sleep apnea in PTSD sever-
ity, we hypothesized that for patients with concurrent PTSD
and OSA, treatment with CPAP might reduce PTSD symptoms
and improve quality of life in Veterans of the United States
Armed Services.

METHODS

Subjects

This study was approved by the VA San Diego Healthcare Sys-
tem IRB (#H130095). Veterans were recruited from the sleep
clinic and were eligible to participate if they had clinically sig-
nificant PTSD, a new diagnosis of OSA based on home sleep
apnea testing, and a willingness to use PAP therapy. The di-
agnosis of obstructive sleep apnea was established using the
NOX-T3 system (Carefusion, Yorba Linda, CA). As part of
routine clinical care, all subjects participated in a group class
where they received education about OSA and treatment with
PAP therapy from a sleep technologist and were instructed on
how to apply the recording device. Comprehensive sleep ques-
tionnaires were also completed at that time, which included
asking subjects about willingness to try PAP therapy if di-
agnosed with OSA. A single night of sleep using the T3 was
used to assess for the presence of sleep disordered breathing.
Events were scored according to American Academy of Sleep
Medicine criteria, with an apnea-hypopnea index (AHI) 3%
greater than or equal to 5 events per hour considered signifi-
cant. Subjects were enrolled following interpretation of their
sleep test but prior to initiating PAP treatment. Auto-titrating
PAP devices (ResMed S9 or Philips Remstar Auto with A-flex)
were used for therapy (ResMed, San Diego, CA and Respiron-
ics, Murrysille, PA). Minimum pressures were empirically se-
lected by the interpreting sleep physician based on body mass
index, overall AHI, and dominant event type (apnea versus hy-
popnea). Maximum pressures were set at 20 cm H,O.

The diagnosis of PTSD was established by a mental health
professional utilizing DSM-IV criteria. Severity of PTSD was
based on both clinical history and PTSD checklist specific ver-
sion (PCL-S) score. The PCL-S was selected for use to capture
any stressful experience or trauma, not just military experi-
ences. Exclusion criteria were major medical illness with an-
ticipated survival less than 6 months, or inability to travel to
follow up appointments.

Following informed consent, subjects underwent baseline
evaluations which included a face-to-face interview with a
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board-certified sleep physician, completion of the Epworth
Sleepiness Scale (ESS), patient health questionnaire (PHQ-9),
PCL-S, Functional Outcomes of Sleep Short form (FOSQ-10),
Pittsburgh Sleep Quality Index (PSQI), and general quality of
life (QOL) scale. Subjects were educated about OSA and po-
tential barriers identified related to PAP as part of standard
clinical care in VA sleep clinics. Participants were asked to
complete one-week sleep diaries at the beginning of the study.
Diary entries included nightmare frequency, sedative hypnotic
and alcohol use, bedtime, rise time, number of awakenings
(and reasons), and barriers to PAP use.

Subjects were scheduled for follow up visits at 3 and 6
months. All questionnaires were again administered at these
visits. As part of standard clinical care, the durable medical
equipment company providing PAP therapy to veterans at our
center, including the subjects enrolled, performed telephone
interviews to assess tolerance of therapy and offer help when
needed at days 7 and 30 after PAP initiation.

PAP Data

PAP device downloads were performed at 3- and 6-month
follow-up visits. Data abstracted included percentage of nights
used, average hours used per night, and percentage of nights
used more than 4 hours, and residual device AHI for time peri-
ods 0-3 months, 3—6 months, and 0—6 months.

Outcome Measures

The primary outcome of this study was pre-specified as a
change in PCL-S score from baseline to 6 months. Secondary
outcomes included changes in scores for the other question-
naires (PHQ-9, PSQI, FOSQ-10, QOL, and ESS), as well as
PAP compliance and efficacy. Data from the 3-month follow-
up were also examined to better understand the timing of any
changes. Insomnia, traumatic brain injury (TBI), and medica-
tion use were examined for interaction effects.

Statistical Analysis

Baseline characteristics were compared between the initial and
follow up cohorts using a t-test, rank sum, or Fisher exact test
as appropriate. Change in PCL-S score from baseline through
3 and 6 months was compared using ANOVA. Subjects in
whom data were only available up to 3 months were included
in the analysis using mixed effects modeling. The association
between change in PCL-S score and covariates were analyzed
using linear regression. Data were analyzed using SAS (SAS
Institute Inc, Cary, NC). A p value of < 0.05 was defined as
statistically significant. Based on a reported minimum reliable
PCL change of 5 points and an estimated standard deviation of
10 points, enrollment was targeted to 34 subjects to achieve a
power of 80%.

RESULTS

Subjects

A total of 172 patients were screened for inclusion. Sixty pa-
tients provided informed consent and 1 patient was excluded
due to not meeting PTSD diagnostic criteria (erroneous
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medical record entry of the diagnosis). A total of 59 subjects
were therefore enrolled. Forty-one subjects completed the
3-month follow-up, and 32 subjects completed the 6-month
follow-up. Subject flow throughout the study is shown in Fig-
ure 1. Baseline characteristics of subjects who participated
through each study interval are shown in Table 1.

Change in PTSD Symptoms

For the final cohort of 32 subjects, there was a significant
reduction in PCL-S score (Figure 2) between baseline and
3- and 6-month visits. The mean reduction from baseline
to 3-month follow-up was 8.3 points and from baseline to 6
months was 8.2 points. No significant change was observed
in PCL-S score between 3 and 6 months (difference 0.13;
p = 0.951). A mixed model analysis incorporating the 41 sub-
jects with at least 3-month follow-up data revealed similar
findings (Table 2).

Figure 1—CONSORT diagram of subjects and follow up
through the study.

| 172 patients screened |

| 60 subjects enrolled |

1 excluded:
Did not meet PTSD criteria

59 subjects with PAP

Baseline

prescribed
18 Subjects lost to follow up:
9 PAP users
8 non-users
1 relocated, no data
3 month 41 subjects
100% using PAP
16 compliant

25 non-compliant

9 subjects lost to follow up:

6 PAP users
3 non-users
6 month 32 subjects
81% using PAP
12 compliant

14 non-compliant

Change in Other Measures
Significant improvements were observed in PSQI, PHQ-9,
FOSQ-10, QOL and ESS over the course of the study (Table 3).

Figure 2—For the final cohort (n = 32) PCL-S scores
decreased significantly across baseline, 3 months, and 6
months follow up (p < 0.001 for the trend by ANOVA).

90

80

70

60

50

PCL-S score

40

30

20

10
6 month

3 month

Baseline

Mean score (dotted line) decreased from baseline to 3 months (60.6
versus 52.2 points; p < 0.001) but did not change significantly from
3 months to 6 months (52.2 versus 52.3; p = 0.95). Graph includes
all subjects (n = 59) denoted as solid dots and lines, including those
with only baseline (n = 18) or 3 month follow up (n = 9) for illustrative
purposes.

Table 1—Baseline characteristics of subjects participating in the study.

Baseline Variables

Age 47 (40-64)
Gender 51M,8F
Body mass index (kg/m?) 31.5+52
Apnea-hypopnea index (events/h) 21 (11-42.3)
Epworth Sleepiness Scale 13.2+56

PTSD checklist, specific version

Pittsburg Sleep Quality Index 17 (12-20)
Patient health questionnaire 15 (9-20)
Functional Outcomes of Sleep Questionnaire 12 (9.3-14.7)
Quality of life 4(3-7)

All Subjects (n = 59)

63 (49.5-70.5)

3-Month Cohort (n = 41)
47 (42.5-65)°

Final Cohort (n = 32)
52.5 (43-65)2

37M, 4 F® 28 M, 4 F®
312+48¢ 312+45¢
17.5(10.9-32.3)° 16.6 (10.9-32.5)°
124£57°¢ 11757

63 (50.5-72.5)° 63 (50.3-74.5)°

17 (115-20)° 16.5 (10.3-20)°

15 (10-20) 15 (9.3-20.5)°

12 (9.2-15.1) 12,5 (9.5-15.2)°

4(3-7) 4(3-7)

Data shown as mean =+ standard deviation or median (interquartile range). #p > 0.05 compared to baseline cohort, by Rank Sum test. ®p > 0.05 compared
to baseline cohort, by Fisher Exact test. ¢p > 0.05 compared to baseline cohort, by T test.
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Table 2—Mixed effects model in subject with at least 3-month follow up (n = 41).

Least Squares Means Estimates

Adjusted p values

Baseline 3 Month 6 Month Overall Model 0vs. 3 Month 0 vs. 6 Month 3 vs. 6 Month
PTSD checklist, specific version score 60.9 52.0 52.3 0.031 0.046 0.080 0.996
Pittsburg Sleep Quality Index 15.8 11.6 11.6 0.002 0.004 0.008 1.000
Epworth Sleepiness Scale 12.5 9.5 8.1 0.003 0.046 0.003 0.488
Functional Outcomes of Sleep Questionnaire 12.2 141 14.5 0.042 0.099 0.061 0.933
Patient health questionnaire 14.9 10.5 11.3 0.014 0.016 0.077 0.895
Quality of life 45 5.6 5.7 0.106 n/a n/a n/a
Table 3—Change in symptoms in the final cohort (n = 32) during baseline, 3-month, and 6-month follow-up.
Baseline 3 Months 6 Months p value (ANOVA)
PTSD checklist, specific version 60.6+2.7 522+33 523+3.2 <0.001
Question 2: “repeated disturbing dreams” 3.3+0.23 28+0.24 29+0.25 0.030
Pittsburg Sleep Quality Index 156+ 1.0 11.8+1.1 116+1.1 <0.001
Question 5h: *had bad dreams” 2(1-3) 1.5 (1-3) 2 (2-3) 0.103
Patient health questionnaire 148+12 106+1.3 11.3+£13 <0.001
Functional Outcomes of Sleep Questionnaire 12.6 £ 0.63 14.2 £ 0.86 145+0.78 0.001
Quality of life 4.6 +0.51 5.7+047 5.6+048 0.009
Epworth Sleepiness Scale 1.7+£1.0 94+0.95 8.1+0.97 <0.001

Data shown as mean + standard error of the mean or median (interquartile range).

Figure 3—Association between PAP use (averaged over 6 months) and change in PCL-S score from baseline to 6-month

follow-up.
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Neither average hours per night of PAP use (A) nor percentage of nights with > 4 h of PAP use (B) significantly predicted a change in PCL-S score (p = 0.061
and p = 0.069, respectively). Increasing percentage of nights with PAP use was found to modestly predict improvement in PCL-S score (C) (p = 0.023;

R?=0.191; B = -0.146).

Improvements in each measure seen throughout the study were
established by the 3-month visit; no significant improvement was
noted between the 3- and 6-month visits for these measures. A
mixed model analysis incorporating the 41 subjects with at least
3-month follow-up data similarly revealed significant improve-
ments in PSQI, PHQ-9, FOSQ-10, QOL, and ESS (Table 2).

Questions within the PCL-S and PSQI questionnaires were
used to assess nightmares. An improvement over the course
of the study was observed in PCL-S question 2 (“repeated
disturbing dreams”) (Table 3), although the improvement be-
tween baseline and 3 month follow up was not statistically sig-
nificant at 6 months. No improvement was observed in PSQI
question 5h (“had bad dreams”).

Journal of Clinical Sleep Medicine, Vol. 13, No. 1, 2017
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CPAP Efficacy and Compliance

At 3 months, all 42 subjects were using PAP therapy, with 39%
meeting CMS criteria for compliance (> 4h per night for > 70%
of nights). At 6 months, 81% of subjects were still using PAP
therapy, with 46% of users meeting Medicare compliance cri-
teria. Across the 6 months of follow-up, average hours of PAP
use were 3.5 + 2.6 hours. The mean percentage of nights used
was 59% =+ 36%, and percentage nights with > 4 h use was
45% =+ 37%. Device related AHI information revealed a resid-
ual mean AHI of 3.8 + 7.4 events/h at 3 months and 2.0 = 1.7
events/h at 6 months. All patients except one (with mild OSA)
had at least a 50% reduction in AHI and residual AHI < 5
events/h at 6 months.
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During this time period, there was no significant correlation
between average hours of PAP use and change in PCL-S score
or for percentage nights with use > 4 hours and PCL-S score
(Figure 3). However, increasing percentage nights used was
predictive of improvement in PCL-S score (Figure 3).

Sleep Duration and Insomnia

Self-reported sleep duration did not change from baseline to
3 months and 6 months (6.2 £+ 0.37 versus 6.6 + 0.36 versus
6.6 = 0.37 hours; p = 0.235 by ANOVA). Using each subject’s
average hours of PAP use divided by self-reported sleep dura-
tion, an estimated percentage of sleep with PAP use over the
6 months was calculated (mean 56% + 33%). There was no as-
sociation between this measure and 6-month change in PCL-S
score (p = 0.279). In multivariable linear modeling, there was
no association or interaction of self-reported hours of sleep
and average hours of PAP use on change in PCL-S score at 6
months (p = 0.207 overall).

Those with insomnia did have lower mean hours PAP use
compared to those without (1.8 = 0.6 versus 3.7 £ 0.5 h/night;
p = 0.032) but no statistically significant difference in percent-
age nights used (45% + 17% versus 61% + 8%; p = 0.493). How-
ever, the presence of insomnia was not predictive of change in
PCL-S score at 6 months. There was no significant independent
or interactive effect of insomnia with percentage nights of PAP
use on the change in PCL-S score at 6 months (p = 0.08 overall,
p = 0.477 for insomnia, and p = 0.271 for the interaction).

In addition, a history of traumatic brain injury, use of nar-
cotics, use of sedative-hypnotics, did not predict change in
PCL-S score. For each of these variables, multivariable linear
modeling including percent of nights of PAP use and an inter-
action term to predict change in PCL-S score was performed.
The only significant model was for prazosin: (p = 0.005 overall,
p = 0.011 for percent nights used, p = 0.377 for prazosin, and
p = 0.008 for the interaction).

DISCUSSION

The major finding of this study was a modest reduction in PTSD
symptoms as determined by PCL-S scores in subjects with
concurrent OSA who were treated with CPAP for 6 months.
This finding is in line with a prior retrospective study suggest-
ing an improvement in PTSD with use of CPAP for OSA." The
mean change observed reached statistical significance for the
PCL-S survey instrument (decrease of at least 5 points), but
was less than the threshold often cited for clinical significance
(decrease of at least 10 points).?® Nonetheless, PAP therapy is a
therapy with few downsides, and thus the benefit observed in
this study is encouraging.

Improvement was also noted in the other assessments mea-
suring sleep quality, daytime functioning, and quality of life.
Of note, the improvements occurred within the first 3 months
of treatment, suggesting that even short duration of PAP use
can be efficacious and strategies to improve compliance early
in the treatment period should be emphasized. Conversely,
substantial residual PTSD symptoms might not be expected to
improve after this early PAP treatment period, and therefore
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additional PTSD treatments such as pharmacotherapy and pro-
longed exposure therapy remain highly important.

While the correlation between improvement in PTSD symp-
toms and duration of PAP use each night did not reach sta-
tistical significance, PTSD improvement was associated with
higher percentage of nights used. This finding suggests that
the improvement in PTSD is mediated by PAP use, although
the absence of a clear relationship with hours used per night
might indicate that the amount of use needed for benefit may
differ among individuals. Of note, the overall PAP compliance
was poor, which is consistent with recent literature revealing
lower PAP use and greater symptoms among OSA patients
with PTSD compared to OSA patients without PTSD.?"* Our
findings are complementary in that benefits—albeit modest—
are associated with PAP compliance, while emphasizing that
there are unique treatment challenges in this population.

One potential modifier of the effect of PAP is insomnia
and resulting short sleep duration. Subjects with relatively
low hours of PAP use each night may have had either shorter
sleep times, or simply were not compliant with PAP use dur-
ing sleep. Those with short sleep duration might benefit by
PAP compliance—even if absolute hours of use are low—if
prevention of OSA-related hypoxemia and fragmentation is
of key importance in improving PTSD. On the other hand, if
a longer period of consolidated sleep is most important, the
presence of insomnia might negate any benefit to PAP use,
as overall sleep duration remains inadequate. In examining
this relationship, we found no significant modifying effect of
insomnia or sleep duration on the benefit of PAP use, but a
dedicated study on this topic would be required to make de-
finitive conclusions.

The mechanism by which treatment of OSA might lead to
improvement in PTSD is unclear.” Overlap in the effects of
untreated OSA and diagnostic or severity markers of PTSD
is considerable, such as daytime fatigue, irritability, and dif-
ficulty concentrating. On the other hand, several lines of evi-
dence regarding the pathophysiology of PTSD indicate that
OSA treatment might have a more fundamental effect on dis-
ease. First, REM abnormalities are common in PTSD.?* OSA
might further fragment sleep, worsening a proposed REM
deficit, which might be an impediment to emotional pro-
cessing. The importance of avoiding disrupted REM sleep
is exemplified by nightmares, as studies in holocaust survi-
vors have suggested that nightmare recall, but not the pres-
ence of nightmares, is associated with poor recovery from
PTSD.” Respiratory events related to OSA might interrupt
dreams that, even if disturbing, are important in emotional
processing.”® Second, complex effects on the hypothalamic-
pituitary-adrenal (HPA) axis leading to dysfunction have
been observed in PTSD.?” In untreated OSA, the HPA axis
is hyperactive, which may interact with alterations seen in
PTSD in maladaptive ways. Finally, hippocampal function
and structure is impaired in PTSD, which might account for
deficits in fear extinction and neuroplasticity that could help
with recovery.?® Reductions in growth hormone are felt to
be responsible for these changes,” and appear to be caused
by sleep fragmentation, to which OSA would contribute. On
the other hand, PTSD may worsen OSA by promoting sleep
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fragmentation and recurrent arousals. A low arousal thresh-
old is thought to contribute to OSA in some patients based on
state instability and by allowing insufficient time for accu-
mulation of respiratory stimuli to activate upper airway dila-
tor muscles and promote pharyngeal patency.”® Thus, further
work is clearly required, but biological plausibility exists that
OSA and PTSD are mechanistically linked.

Additional physiological studies examining these puta-
tive mechanisms in PTSD patients with and without OSA are
warranted. For PTSD patients with OSA, carefully controlled
treatment studies utilizing PAP may provide the most defini-
tive evidence as to whether there is a true pathophysiological
link between these two disorders.

Limitations

This study was performed in a population referred for sleep
studies, rather than pure PTSD cohort, and although OSA
screening is common in the VA system, this design may
have introduced some referral bias. Despite similar baseline
characteristics between those who enrolled in the study and
subjects who remained at 6 months, a relatively high attrition
rate might have affected the results, with concern that those
subjects least likely to improve might not have followed up
during the study. We cannot exclude that PAP contributed to
the dropout of these subjects, including the possibility that
PAP worsened PTSD symptoms in that group. However, our
conclusions are limited to the sample studied as we cannot
draw conclusions about those who did not follow-up. Due to
the clinical indications for PAP use and difficulties provid-
ing sham PAP treatment, no control group was examined for
comparison. Therefore, it is possible that the effect seen on
PTSD symptoms was due to co-interventions of the study
or natural history of disease. In addition, the association be-
tween PAP use and improvement in PTSD could be due to a
“healthy user” effect, whereby those who are compliant with
one intervention may be more compliant with non-study inter-
ventions, which were not controlled during this study. How-
ever, we doubt substantial efficacy of any co-interventions in
PTSD based on our clinical experience and the existing lit-
erature. Finally, the sample size in this study was small, and a
larger study would be needed to confirm these findings, better
quantify the magnitude of effect, and investigate important
covariates. Despite these limitations, we believe that our new
findings have value and that they provide compelling rationale
for further investigation.

CONCLUSIONS

In patients with PTSD and concurrent OSA, treatment with
PAP is associated with modest improvements in PTSD symp-
toms, as well as other subjective measures. These benefits are
seen within the first 3 months of treatment, but do not appear
to diminish at 6 months. PAP compliance appears to be as-
sociated with improvement, although comorbid insomnia may
complicate this relationship. Future investigations specifically
exploring strategies to concurrently treat OSA and PTSD are
warranted.
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ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale

FOSQ, Functional Outcomes of Sleep Questionnaire
HPA, hypothalamic-pituitary-adrenal
OSA, obstructive sleep apnea

PAP, positive airway pressure

PCL-S, PTSD checklist, specific version
PHQ-9, patient health questionnaire

PSQI, Pittsburg Sleep Quality Index
PTSD, posttraumatic stress disorder

QOL, quality of life

TBI, traumatic brain injury

VA, Veterans Affairs
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