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Improving PTSD Symptoms and Preventing Progression of Subclinical PTSD
to an Overt Disorder by Treating Comorbid OSA With CPAP

M. I. Ullah, MD, MPH'; Douglas G. Campbell, MD?, Rajesh Bhagat, MD?, Judith A. Lyons, PhD"?, Sadeka Tamanna, MD, MPH?
"University of Mississippi Medical Center, Jackson, Mississippi; 2G. V. (Sonny) Montgomery VA Medical Center, Jackson, Mississippi

Study Objectives: Obstructive sleep apnea (OSA) and posttraumatic stress disorder (PTSD) are common in United States veterans. These conditions often
coexist and symptoms overlap. Previous studies reported improvement in PTSD symptoms with continuous positive airway pressure (CPAP) therapy for
comorbid OSA but its effect has not been assessed in a non-PTSD cohort. We have prospectively assessed the effect of CPAP therapy on clinical symptom
improvement as a function of CPAP compliance levels among PTSD and non-PTSD veterans.

Methods: Veterans in whom OSA was newly diagnosed were enrolled in our study (n = 192). Assignment to PTSD and non-PTSD cohorts was determined by
chart review. Each patient completed the military version of the PTSD Checklist (PCL), Epworth Sleepiness Scale (ESS), and reported nightmare frequency
(NMF) at baseline and 6 months after CPAP therapy. CPAP adherence was objectively documented from machine compliance data.

Results: We had complete data for 177 veterans (PTSD n = 59, non-PTSD n = 118) for analysis. The mean ages were 51.24 years in the PTSD cohort and

52.36 years in the non-PTSD cohort (P = .30). In the PTSD cohort, the mean total PCL score (baseline = 66.06, post-CPAP = 61.27, P = .004, d = -0.34) and

NMF (baseline = 4.61, post-CPAP = 1.49, P =.0001, d = -0.51) decreased after 6 months of CPAP treatment. Linear regression analysis showed that the CPAP
compliance was the only significant predictor for these changes among veterans with PTSD (PCL score: P =.033, R? = .65; NMF; P = .03, R? = .61). Further analysis
by CPAP compliance quartiles in this cohort (Q1 = 0% to 25%, Q2 = 26% to 50%, Q3 = 51% to 75%, Q4 > 75%) revealed that mean total PCL score declined in Q2
(change =-3.91, P=.045, d = 0.43), Q3 (change = -6.6, P =.002, d = 0.59), and Q4 (change = -7.94, P =.037, d = 0.49). In the non-PTSD cohort, the PCL score
increased despite CPAP therapy in lower CPAP compliance quartiles Q1 (change = 8.71, P =.0001, d = 0.46) and Q2 (change = 4.51, P = .046, d = 0.27). With
higher CPAP compliance (in Q3 and Q4) in this cohort, the mean total PCL scores slightly improved with CPAP but they were not statistically significant (P > .05).
Conclusions: CPAP treatment reduces total PCL score and NMF in veterans with PTSD and OSA. Those with overt PTSD respond to even lower CPAP
compliance, whereas non-PTSD patients require higher compliance to achieve any symptom improvement. Poor CPAP compliance results in increased PCL
score in non-PTSD veterans and may lead to overt PTSD if the OSA remains undertreated.

Commentary: A commentary on this article appears in this issue on page 1121.
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INTRODUCTION

Sleep is one of the physiologic systems of the body that is af-
fected early when someone undergoes any physical or mental
stress." Sleep disruption is considered an important feature of
posttraumatic stress disorder (PTSD),> which is a psychiatric
disorder characterized by intrusive recollections, avoidance be-
havior, and hyperarousal state following experience of a trau-
matic event.* A diagnosis of PTSD is made if the characteristic
symptoms are present for at least 1 month after exposure to a
traumatic event. Symptoms typically begin within 3 months of
a traumatic exposure but it may be delayed for months or even
years before the diagnostic criteria are met. If the full diagnostic
criteria are not met until at least 6 months after the event, it is
labeled as “PTSD with delayed expression.” The veterans who
have some symptoms of PTSD but failed to qualify for a for-
mal diagnosis within 6 months of traumatic exposure have been
referred to as having “subclinical,” “subthreshold” or “partial”
PTSD.® The lifetime prevalence of PTSD among all adult Amer-
icans is approximately 8.7%,” but it is variable among United

BRIEF SUMMARY

Current Knowledge/Study Rationale: Obstructive sleep apnea
(OSA) and posttraumatic stress disorder (PTSD) are common
among United States veterans, and these two conditions often
coexist with overlapping clinical symptoms. CPAP therapy has been
shown to improve PTSD symptoms but its effect on subclinical
PTSD is unknown.

Study Impact: Our study shows that veterans with OSA and overt
PTSD respond readily to CPAP therapy with symptom improvement
proportionate to the CPAP compliance level. However, those

with OSA and subclinical PTSD demonstrate worsening clinical
symptoms with poor CPAP compliance. This may suggest that
adequate treatment of veterans with OSA by CPAP may prevent
development of overt PTSD.

States veterans who participated in different wars. It is estimated
that approximately 30% of Vietnam veterans will experience
PTSD in their lifetime,® whereas 10% to 20% of Afghanistan
and Iraq war veterans’ experience PTSD in a given year. PTSD
with delayed expression has also been commonly referred to as
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Figure 1—Flow diagram of study design and patient
distribution.
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“delayed-onset PTSD” in the existing literature. This condition
is not uncommon and symptoms may manifest several years
after returning home from war.* A study done in the United
Kingdom on Iraq war veterans revealed that deployed soldiers
remained at higher risk of the development of PTSD with de-
layed expression even 5 years after returning home." Previous
studies suggested that sleep-disordered breathing and PTSD ex-
hibit significant overlaps in symptoms and may exacerbate each
other and these two conditions frequently coexist.''> Obstruc-
tive sleep apnea (OSA) affects approximately 1 in 5 adults in
the general population.” However, its prevalence is about 2 to 3
times higher (50% to 67%) among active-duty soldiers who also
suffer from deployment-related PTSD.!*!5

Treatment of PTSD continues to be a major challenge for
both veterans and health professionals. PTSD has been diag-
nosed in approximately 25% of combat veterans evaluated at
United States Veterans Health Administration Hospitals from
2004 to 2009, costing approximately $1.4 billion to the United
States government for their treatment.'* Conventional treatment
of PTSD comprises medications and cognitive behavior ther-
apy, but treatment failure is very common. Veterans with PTSD
are 4 times more likely to have suicidal ideation than veterans
without PTSD who are receiving current treatment.”” A few pre-
vious studies suggested improvement in nightmares and PTSD
symptoms with continuous positive airway pressure (CPAP)
therapy, but they were either retrospective or did not have a non-
PTSD comparison cohort."®2' In addition, poor sleep quality
has been found to be associated with subclinical PTSD symp-
toms in healthy young individuals without a known history of
PTSD, and interventions directed at sleep quality may relieve
symptoms in persons with PTSD.?? In our prospective study, we
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hypothesized that treating coexisting OSA with CPAP therapy
will improve overall symptoms of PTSD and untreated OSA
may increase the severity of PTSD symptoms or change sub-
clinical symptoms to overt PTSD over time.

METHODS

Participant Selection

After receiving approval from the Institutional Review Board
of G.V. (Sonny) Montgomery VA Medical Center at Jackson,
Mississippi, 200 consecutive patients in whom OSA was diag-
nosed between May 2013 and June 2015 were selected. These
patients were approached when they came to the sleep clinic
for their follow-up appointment to discuss the sleep study result
and receive the CPAP equipment after their overnight polysom-
nography (PSG). By reviewing their electronic medical record,
we assigned the veterans into the PTSD cohort if they met all
of the following criteria: (1) a prior diagnosis of PTSD made by
a certified mental health care provider at least 1 year prior to
the sleep clinic visit, and (2) on a stable medication regimen for
PTSD for at least 6 months. Those in whom PTSD was never di-
agnosed were assigned to the non-PTSD cohort. Veterans with
marked cognitive impairment and active alcohol or drug abuse
were excluded from the study. If a subject needed any change
in medication regimen for PTSD during the study period, that
individual would also be dropped from the study.

After applying our inclusion and exclusion criteria, 8 pa-
tients were excluded from the study because they did not meet
these criteria. The remaining 192 subjects were enrolled in the
study, and each individual’s written informed consent was ob-
tained. Six of the 192 patients needed one or more changes in
their medication and/or psychotherapy by their mental health
providers during the study and were excluded from the study
analysis. Nine of the participants did not report for their visit
at the sleep clinic after 6 months and they were also excluded
from the study. Complete data for 177 patients were available
for analysis (Figure 1).

Criteria for OSA Diagnosis

OSA was diagnosed with full-night PSG with standard pro-
tocol approved by American Academy of Sleep Medicine us-
ing the following criteria: apnea-hypopnea index (AHI) > 15
events/h, or AHI > 5 events/h but < 15 events/h with one of
the following: excessive daytime sleepiness, insomnia, mood
disorder, impaired cognition, essential hypertension, ischemic
heart disease, or history of stroke.”® The therapeutic CPAP
pressure was determined from the split-night study with CPAP
titration in most patients. A few patients whose therapeutic
pressure could not be determined on the first night of PSG had
to come back for a full night of PSG with CPAP titration.

Procedures and Measures

During their initial encounter, each participant received a
CPAP machine equipped with a modem for monitoring their
CPAP compliance data. CPAP compliance was defined as the
percentage of nights a patient used the CPAP therapy for at
least 4 hours during the study period (the standard Medicare



criteria). For example, a CPAP compliance of 70% indicates
that the patient used CPAP in 70% of the nights for > 4 hours
in the previous 6 months. The patients also filled out a ques-
tionnaire to assess their PTSD Checklist (PCL) score, Epworth
Sleepiness Scale (ESS) score, and average number of night-
mares experienced per week in the previous month. The PSG
reports of the subjects were reviewed and data about the fol-
lowing variables were collected: age, body mass index (BMI),
total AHI and AHI while in stage R sleep, stage R sleep per-
centage, total sleep time (TST), and sleep efficiency (SE).
These questionnaires were repeated at the follow-up visit after
6 months in the sleep clinic. The patients” CPAP compliance
data were also downloaded during this time and the follow-
ing information was extracted: average hours of use/night and
percentage of nights used for > 4 h/night.

Questionnaires Used
PTSD Checklist

The PCL is a 17-item self-report measure reflecting Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) symptoms of PTSD asking, “how much you have
been bothered by that problem in the last month.” The sub-
jects answer on a scale of 1 to 5, (1 = not at all, 2 = a little bit,
3 = moderately, 4 = quite a bit, 5 = extremely).?*?* The PCL
has a variety of purposes, including (1) screening individuals
for PTSD, (2) aiding in diagnostic assessment of PTSD, and (3)
monitoring change in PTSD symptoms.?® There are 3 versions
of the PCL questionnaire available for DSM-IV and we have
used the PCL-M, which is more specific for assessing stress-
ful military experience. The 17 questions may be subdivided
into 3 subscales or clusters: Items 1 to 5 represent stressful
recaps of the military experiences (intrusions subscale), items
6 to 12 represent active efforts to avoid specific situations that
may bring back those stressful memories (avoidance subscale),
and items 13 to 17 represent the tendency to be hypersensi-
tive to ordinary stimuli, leading to difficulty in concentrating
or sleeping (hyperarousal subscale). The total possible scores
range from 17 to 85. When the instrument is used as a con-
tinuous measure, a cutoff score of 50 is optimal for making
the diagnosis of combat-related PTSD.?” Despite being a self-
reported score, PCL has been found to have no differences
in percentage of agreement between clinicians and patients
in clinical symptom changes.”® Evidence suggest that a 5- to
10-point change represents a reliable change (ie, change not
due to chance) and a greater than 10-point change represents a
clinically significant change.?®

Epworth Sleepiness Scale

The ESS determines the severity of one’s daytime sleepiness
through self-rating on 8 items, asking “How likely are you to
doze off or fall asleep in the following situations, in contrast
to feeling just tired?” Each item scores from 0 to 3 (0 = never,
1 = slight chance, 2 = moderate chance and 3 = high chance).
Scores may range from 0 to 24 after adding up all the items.
Available over the last 25 years, this scale has shown good sen-
sitivity for measuring daytime sleepiness in a variety of clini-
cal settings and research paradigms.?
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Statistical Analysis

The patients were categorized into cohorts of PTSD (n = 59)
and non-PTSD (n = 118). The demographic and polysomno-
graphic characteristics of both groups were compared using
chi-square tests. Changes in mean total PCL scores and night-
mare frequency per week before and after the CPAP therapy
were assessed by repeated-measure ¢ tests. Effect sizes have
been calculated (Cohen d) that expresses the mean difference
between 2 groups in standard deviation units. This provides
additional information regarding the magnitude of changes
between “means” as the P value may indicate statistical sig-
nificance of a change that may not be clinically meaningful.
Generally, the Cohen d is interpreted as: .8 = large effect (8/10
of a standard deviation unit), .5 = moderate effect (1/2 of a stan-
dard deviation) and .2 = small effect (1/5 of a standard devia-
tion). A one-way analysis of variance was performed to check
for statistically significant differences in changes of mean total
PCL score across quartiles of CPAP compliance. A multiple
linear regression analysis was performed to identify factors
that may predict change in total PCL score with CPAP ther-
apy. Independent variables tested in the initial model included
age, BMI, TST, total AHI, AHI while in stage R sleep, CPAP
compliance, baseline total PCL score, and number of average
weekly nightmares. Stepwise regressions eliminated the vari-
ables that were statistically insignificant (P > .05). A logistic
regression analysis (using a dichotomous outcome variable of
symptom reduction) was also performed to estimate the odds
of decline in total PCL score by at least 10 points after CPAP
therapy, adjusting for similar potential confounders. Data were
analyzed with STATA software, version 14.1 (StataCorp, Col-
lege Station, Texas, United States).

RESULTS

Demographic and polysomnographic characteristics of patients
with PTSD (n = 59) and non-PTSD (n = 118) are described in
Table 1. There were no significant differences in demographic
characteristics (age, BMI) and baseline polysomnographic
characteristics including total AHI, AHI while in stage R sleep
AHI, stage R sleep percentage, TST, SE, ESS, or CPAP com-
pliance among these two groups. However, the mean total PCL
score (P = .0001) and weekly nightmare frequency (NMF)
(P =.0001) were higher in the PTSD group than the non-PTSD
group before starting CPAP. In the PTSD group, 26 veterans
served in the Gulf War and 33 in the Vietnam War. In the non-
PTSD cohort, 65 veterans served in the Gulf War and 53 in
the Vietnam War. The Vietnam War veterans (mean age = 59.7
years) were approximately 15 years older than the Gulf War
veterans (mean age = 44.7 years). There was no significant
difference in BMI, baseline mean total PCL score, or weekly
NMF between these 2 groups of veterans (Table 2).

After 6 months of CPAP therapy, changes in ESS, mean to-
tal PCL score, and NMF show variable changes based on their
cohort assignment (Table 3). Daytime sleepiness (ESS) im-
proved significantly in all patients. In the PTSD cohort, mean
total PCL score (P = .004, d = —0.34) and NMF (P = .0001,
d =—0.51) decreased with CPAP therapy. The PCL intrusions
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Table 1—Demographic and polysomnographic features before CPAP.

PTSD (n = 59) Non-PTSD (n = 118) Effect Size

Mean SD Mean SD P (Cohen d)
Age (year) 51.24 14.74 52.36 12.78 .30 -0.08
BMI (kg/m?) 34.20 6.69 33.74 6.38 .66 0.38
Total AHI (events/h) 30.53 28.22 29.94 28.68 55 0.21
Stage R sleep (%) 9.76 11.22 12.57 11.81 .06 -0.24
AHI while in stage R sleep (events/h) 20.57 23.96 21.38 27.26 42 -0.03
TST (minutes) 281.46 91.35 261.06 101.24 .90 -0.21
SE (%) 70.92 20.78 70.67 19.31 94 0.01
CPAP compliance (%) 50.88 4.68 51.46 3.31 91 -0.12
ESS score 11.86 6.02 10.98 5.37 .329 0.33
Total PCL score 66.06 12.97 39.16 17.49 .0001 1.67
NMF (events/wk) 4.60 2.83 1.45 2.20 .0001 1.29

AHI = apnea-hypopnea index, BMI = body mass index, CPAP = continuous positive airway pressure, ESS = Epworth Sleepiness Scale, NMF = nightmare
frequency, PTSD = posttraumatic stress disorder, SD = standard deviation, SE = sleep efficiency, TST = total sleep time.

Table 2—Comparison of mean age, BMI, total PCL score, and NMF among Vietnam and Gulf War veterans at baseline.

PTSD Non-PTSD
Vietnam War  Gulf War Effect Size ~ Vietnam War Gulf War Effect Size
Variable, Mean Value (n=33) (n=26) P (Cohen d) (n=53) (n=165) P (Cohen d)
Age (years) 59.18 4115 .0001 1.53 60.02 46.12 .0001 1.29
BMI (kg/m?) 32.99 35.74 A2 -0.04 32.93 34.41 21 -0.23
Total PCL score 66.51 65.5 .38 -0.08 38.64 39.58 61 -0.05
NMF (events/wk) 478 4.36 28 0.15 1.66 1.29 18 0.17
BMI = body mass index, NMF = nightmare frequency, PCL = PTSD Checklist, PTSD = posttraumatic stress disorder.
Table 3—Comparison of mean total and subscale PCL scores, NMF, and ESS before and after CPAP therapy.
PTSD Non-PTSD
Effect Size Effect Size
Mean Score Baseline 6 Months P (Cohen d) Baseline 6 Months P (Cohen d)
Total PCL score 66.07 61.27 .004 -0.34 39.16 41.81 .061 0.14
PCL intrusions subscale 19.57 18.02 .002 -0.34 10.27 11.44 .091 0.21
PCL avoidance subscale 26.12 24.83 .051 -0.21 15.45 17.03 .062 0.19
PCL hyperarousal subscale 20.42 18.23 .003 -0.49 13.67 13.31 A79 -0.61
NMF (events/wk) 4.61 3.12 .0001 -0.51 1.49 1.34 164 -0.05
ESS score 14.69 11.86 .0001 -0.48 12.86 10.98 .0001 -0.34

CPAP = continuous positive airway pressure, ESS = Epworth Sleepiness Scale, NMF = nightmare frequency, PCL = PTSD Checklist, PTSD = posttraumatic

stress disorder.

subscale (P = .002, d = —0.34) and hyperarousal subscale
(P = .003, d = —0.49) also showed lower mean scores among
the PTSD cohort. But in the non-PTSD cohort, there were no
significant changes in NMF (P = .164, d =—0.05), overall mean
total PCL score (P = .061, d = 0.14), or subscales of PCL after
CPAP therapy. In a stepwise regression analysis, changes in
total PCL score (t=-4.91, df=2, P = .033, R* = .65) and NMF
(t=-4.42,df=2, P=10.03, R* = 0.61) after 6 months of CPAP
therapy were predicted only by CPAP compliance. There was a
positive correlation between the CPAP compliance percentage
and the degree of decline in mean total PCL score after CPAP
in both the PTSD (r = .38) and the non-PTSD group (r = .24).
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We also investigated the changes in mean total PCL score
(contrast = mean total PCL score at baseline — PCL score after
6 months) further across various CPAP compliance levels and
the compliance was divided into 4 quartiles: Q1 = 0% to 25%,
Q2 =26% to 50%, Q3 = 51% to 75%, Q4 > 75%. A one-way
analysis of variance confirmed statistically significant differ-
ences in mean total PCL score changes across various quartiles
of CPAP use among patients with PTSD (F = 1.08, P = .0481)
and without PTSD (F = 4.78, P = .0036). In the PTSD cohort,
there was a steady decline in mean total PCL score after 6
months in each quartile of CPAP compliance, with the highest
decline in Q4. The contrasts were statistically significant in
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all quartiles (Q2 contrast = 3.91, P = .045, d = 0.43; Q3 con-
trast = 6.6, P = .002, d = 0.59; Q4 contrast = 7.94, P = .037,
d = 0.48) except in QI (contrast = 1.12, P = .641, d = 0.08).
However, in the non-PTSD cohort, mean total PCL score in-
creased after 6 months in Q1 (contrast = —=8.71, P = .0001,
d =-0.46) and Q2 (contrast = —4.51, P = .046, d = —0.27). In
higher quartiles, the mean total PCL score started to decline
but was not statistically significant (Q3 contrast=1.58, P = .68,
d=0.08, Q4 contrast =2.27, P = .93, d = 0.14) (Figure 2).

When comparing the change in scores for subscales of PCL
by CPAP compliance quartiles, significant progressive de-
cline in mean scores (P < .01) was seen in all subscales after 6
months in all quartiles in the PTSD cohort. In the non-PTSD
cohort, the mean scores increased in all subscales (P < .003)
when the CPAP compliance was in Q1 and Q2. The scores de-
clined in higher quartiles but the changes were not statistically
significant (Figure 3).

We also looked at the proportion of subjects who had changes
in mean total PCL score by at least 10 points after CPAP ther-
apy (the accepted threshold denoting a clinically significant
change).”® In the PTSD cohort, 27% (n = 16) had a decline in
score > 10 points (improvement of PTSD) with CPAP therapy.
In the non-PTSD cohort, 11% (n = 13) had a decline in score
with CPAP therapy after 6 months. For every 10% increase in
CPAP compliance, the odds of clinically meaningful decline
in mean total PCL score increases by 1.77-fold (P = .02) in the
PTSD cohort and 1.09-fold (P = .043) in the non-PTSD cohort.

DISCUSSION

Consistent with previous study findings, our study demon-
strated that CPAP treatment helps improve symptoms of PTSD
and reduces the frequency of nightmares. Additionally, it
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showed the beneficial effect of PCL score improvement in non-
PTSD subjects. It has been reported previously that veterans
with PTSD tend to have lower CPAP compliance compared to
the non-PTSD group (PTSD versus non-PTSD: 30.2% versus
55.1%, P = .02;'2 25.2% versus 58.3%, P = .01;*° and 41% ver-
sus 70%, P < .001°"). PTSD itself was thought to be a barrier
for effective CPAP use from different factors including higher
insomnia prevalence, polypharmacy, and causation of flash-
backs (eg, for veterans whose trauma occurred while wear-
ing a gas mask or scuba gear). However, our study population
had similar CPAP compliance in both PTSD and non-PTSD

Figure 2—Change in mean PCL score by four quartiles of
CPAP compliance.
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Figure 3—Comparison of changes in mean PCL subscale scores by CPAP compliance quartiles.

54 54

Change in Hyperarousal Subscale
o
1
Hi—
Change in Avoidance Subscale
o

54

Q1
mQ2
mQ3
Q4

Change in Intrusions Subscale
o

Non-PTSD PTSD Non-PTSD

PTSD Non-PTSD PTSD

Negative change in total score means worsening of PTSD symptom, positive change means symptom improvement. Error bars denote 95% confidence
interval. CPAP = continuous positive airway pressure, PCL = PTSD Checklist, PTSD = posttraumatic stress disorder, Q = quartile.

1195

Journal of Clinical Sleep Medicine, Vol. 13, No. 10, 2017



MI Ullah, DG Campbell, R Bhagat, et al. PTSD Symptoms Improve with CPAP

groups (50.88% versus 51.46%, P = .91). This finding may not
be generalized to other settings because various factors may
influence CPAP compliance. For our referral center, it may
be partly explained by the fact that we had a robust follow-up
policy for those who have been newly initiated on CPAP. Our
sleep laboratory staff proactively call the patients to trouble-
shoot any problem with the machine or the mask and encour-
age them to keep using it nightly. Common mask-related issues
are dealt with aggressively, resulting in better CPAP adher-
ence. It is also possible that the PTSD group in our study might
have been somehow better treated prior to starting CPAP com-
pared to the PTSD subjects in previous studies, resulting in
better sleep continuity and improved CPAP compliance. After
CPAP therapy for 6 months, the PTSD group demonstrated a
significant drop in mean total PCL score (baseline score 66.06,
post-CPAP score=61.27, P =.004, d=—0.34), whereas the non-
PTSD group had an increase in mean total PCL score (baseline
score 39.16, post-CPAP score = 41.81, P = .061, d = 0.14). Al-
though this increase was not statistically significant, it clearly
showed an increasing trend in total PCL score. Further analysis
of change in total PCL score scores by CPAP compliance quar-
tiles helped explain this finding (Figure 2). In the PTSD co-
hort, the mean total PCL score started to decline in the second
CPAP compliance quartile and progressive increase of CPAP
compliance in each higher quartile resulted in more substantial
decrease in total PCL score. However, in the non-PTSD co-
hort, low CPAP compliance (in Q1 and Q2) failed to decrease
the mean total PCL score at all. In fact, the total PCL score
increased after 6 months in these lower two quartiles. Their
mean total PCL score scores were 37.45 in Q1 and 46.87 in Q2
at baseline and their score increased to 46.17 (P = .0001) in QI
and 51.37 (P = .041) in Q2 after 6 months. From this finding,
we may postulate that the patients with overt PTSD respond
readily even with minimum CPAP usage, whereas non-PTSD
patients require a compliance of more than 50% to reduce the
risk of the development of overt PTSD.

PTSD with delayed expression is a known phenomenon that
has been reported widely, especially among veterans. It has
been commonly referred to as “delayed-onset PTSD” in the
existing literature. We are using the term “PTSD with delayed
expression” to conform to the DSM-5 terminology. A system-
atic meta-analysis of 39 prospective studies reported that 24.5%
(95% confidence interval 19.5% to 30.3%) of all PTSD cases
were PTSD with delayed expression.* Another study using data
from the National Health and Resilience in Veterans Study
(NHRVS) revealed that approximately 1 in 10 older United
States veterans experiences a clinically significant exacerba-
tion of PTSD symptoms in late life. A comparison of immedi-
ate and PTSD with delayed expression showed that both were
similar in the number and type of symptoms reported at on-
set, but the delayed-onset group differed in showing a gradual
accumulation of symptoms that began earlier and continued
throughout their military career.? Because sleep disruption is
an important feature of PTSD, the presence of untreated OSA
may serve as a continued stressor to trigger PTSD with de-
layed expression by sleep fragmentation and sympathetic over-
activity.**3* All our study subjects served either in the Vietnam
War (ended in 1975) or the Gulf War (ended in 1991), yet the
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non-PTSD cohort with CPAP noncompliance demonstrated a
trend of increasing PCL score in only 6 months. A future study
with a larger sample size and a longer follow-up duration may
further strengthen (or refute) the causal association between
untreated OSA and PTSD with delayed expression.

As mentioned before, a cutoff total DSM-IV PCL score of 50
may be considered optimal for making the diagnosis of com-
bat-related PTSD.” In our study, we found that the mean to-
tal PCL score already increased to PTSD range for non-PTSD
patients in Q2 after 6 months. The patients in Q1 had a much
lower baseline total PCL score (37.45) and it went up to 46.17
after 6 months. With its upward trend, it may be presumed that
their score may eventually reach the “50” cutoff mark soon if
their CPAP compliance remains low. Only the CPAP compli-
ance of greater than 50% (in Q3 and Q4) had any meaningful
effect to decrease the total PCL score in the non-PTSD cohort.
This finding may indicate that, if OSA remains untreated or
undertreated, veterans with OSA who have been exposed to
combat experience in the past but still had lower total PCL
scores may have a gradual increase in their total PCL score,
leading to overt PTSD.

The CPAP therapy (or the lack of it) also showed an effect
on both cohorts in terms of clinically significant change (at
least 10 points) in mean PCL score. One-fourth of all PTSD
patients (n = 16) experienced clinically significant decline in
PCL score after CPAP, whereas only one-tenth of non-PTSD
patients (n = 13) had such decline. This may again be explained
by the better responsiveness of the PTSD patients to any level
of CPAP compliance.

Chronic sleep deprivation from any cause (including OSA)
has significant detrimental effect on memory, and the role of
sleep in memory processing and retention is a well-known
phenomenon.** Encoding and retention of memory is adversely
affected by lack of sleep, and memories associated with nega-
tive emotions are better retained with chronic sleep depriva-
tion.*** It is believed that a memory has two components: an
emotional component and an informational core. Memories
with positive emotions easily lose their emotional components
over time despite sleep deprivation, whereas the negative emo-
tions are resistant from decoupling from their informational
core. This may partly explain the progressive increase in PCL
scores when sleep continuity is disrupted from OSA.

Research on neurobiological findings of PTSD showed evi-
dence of volumetric changes in the hippocampus, amygdala,
and multiple frontal-limbic system structures of the brain in
individuals with PTSD. Germain et al.* propose that stage R
sleep amplifies activation of the amygdala and reduces medial
frontal cortex activation in PTSD patients, causing worsening
nightmares. It also causes increased activity in arousal-promot-
ing centers and reduced activity in sleep-promoting centers,
resulting in fragmentation of sleep and insomnia.** Restora-
tion of stage R and non-stage R sleep help consolidate both
fear and extinction memory.* Because PTSD is characterized
by impairments of both sleep and extinction memory, improv-
ing sleep quality may improve these symptoms by strength-
ening naturally acquired extinction. It is also known that the
hippocampus is extremely sensitive to hypoxia* and reduction
in hippocampal activity correlates with the severity of PTSD



symptoms.*> Nocturnal hypoxia is common in untreated OSA,
which may be a trigger for PTSD symptoms. CPAP therapy has
been reported to make significant improvements in memory,
attention, and executive function and paralleled gray-matter
volume increases in hippocampal and frontal structures.
Thus, CPAP therapy may help improve PTSD symptoms by
restoring sleep continuity and correcting nocturnal hypoxia.

Our study had some advantages compared to previous stud-
ies. We had a unique combination of a prospective study, pres-
ence of a non-PTSD comparison cohort, availability of PCL
scores before and after CPAP treatment for both cohorts, and
objective documentation of CPAP compliance. The United
States Department of Veteran Affairs requires PCL adminis-
tration to veterans with PTSD in active treatment as part of
an effort to establish national PTSD outcome measures.** As
a psychometric measure, PCL shows good temporal stability,
internal consistency, test-retest reliability and convergence va-
lidity.* Use of downloaded CPAP compliance data eliminated
patient recall bias (common in self-reported compliance data)
and helped accurately measure usage data.*

We also had some limitations in our study. The patients in
the PTSD cohort were already under treatment by their psychi-
atrists on a stable regimen before initiating CPAP. Therefore, it
is not clear if there was any interaction between the treatment
effect of medications and CPAP. Most psychiatric medications
have variable effects on sleep including altering the sleep ar-
chitecture, particularly causing change in sleep stages, which
may result in change in severity of sleep apnea. These medica-
tions obviously also cause improvement in PTSD symptoms. A
future study may be done recruiting patients from psychiatric
clinics in whom PTSD has just been diagnosed and who are
randomized to either psychotherapy or pharmacotherapy. They
may be screened for OSA symptoms and then referred to the
sleep clinic for PSG if indicated. These patients may then be
prescribed CPAP and be compared to a control group of non-
PTSD patients with OSA. This may be helpful to tease apart the
true effect of CPAP without any interaction with medication.
Another study could be done where recent combat veterans
are recruited and specifically screened for subclinical PTSD.
Those who meet a specific range of PCL criteria may then be
screened for OSA. Thereafter, the veterans with OSA are fol-
lowed up, looking for change in PCL score for a given period
of time to test if higher CPAP compliance can prevent develop-
ment of overt PTSD. Chronicity of PTSD may also influence
treatment-response to both medication and CPAP therapy. We
have not collected this information and were unable to control
for time since PTSD diagnosis.

In summary, CPAP treatment improves total PCL scores
and reduces nightmare frequency in veterans with PTSD and
OSA. CPAP compliance is the most important predictor for
symptom improvement and those with PTSD readily respond
to even low CPAP compliance. However, veterans with sub-
clinical PTSD require high CPAP compliance to achieve any
improvement in PCL score and poor compliance leads to rapid
increase in symptoms, potentially unmasking the delayed ex-
pression of PTSD over time. Early screening of combat veter-
ans with OSA for PTSD with optimum comprehensive therapy
may help reduce the social and financial burden of this disease.
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ABBREVIATIONS

AHI, apnea-hypopnea index
ANOVA, analysis of variance

BMI, body mass index

CPAP, continuous airway positive pressure
ESS, Epworth Sleepiness Scale
NMEF, nightmare frequency

OSA, obstructive sleep apnea

PCL, PTSD Checklist

PTSD, posttraumatic stress disorder
Q, quartile

SE, sleep efficiency

TST, total sleep time
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