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Study Objectives: Despite the overall improvement in posttraumatic stress disorder (PTSD) symptomatology with continuous positive airway pressure
(CPAP) therapy, adherence to CPAP is far worse in veterans with PTSD compared to the general population with obstructive sleep apnea (OSA). The aim of
this study was to compare the efficacy, adherence, and preference of CPAP versus mandibular advancement device (MAD) and the effect of these treatments
on health outcomes in veterans with PTSD.

Methods: Forty-two subjects with PTSD and newly diagnosed OSA by polysomnography were treated in a randomized, crossover trial of 12 weeks with
CPAP alternating with MAD separated by a 2-week washout period. The primary outcome was the difference in titration residual apnea-hypopnea index (AHI)
between CPAP and MAD. Secondary outcome measures included PTSD Checklist and health-related quality of life (Medical Outcomes Study 36-ltem Short
Form and Pittsburgh Sleep Quality Index).

Results: Analyses were limited to the 35 subjects (mean age 52.7 + 11.6 years) who completed the trial, regardless of compliance with their assigned
treatment. CPAP was more efficacious in reducing AHI and improving nocturnal oxygenation than MAD (P < .001 and P = .04, respectively). Both treatments
reduced PTSD severity and ameliorated scores of the Medical Outcomes Study Short Form 36 and Pittsburgh Sleep Quality Index, although no differences
were detected between the CPAP and MAD arms. The reported adherence to MAD was significantly higher than CPAP (P < .001), with 58% preferring MAD
to CPAP.

Conclusions: Although CPAP is more efficacious than MAD at improving sleep apnea, both treatment modalities imparted comparable benefits for

veterans with PTSD in relation to PTSD severity and health-related quality of life. MAD offers a viable alternative for veterans with OSA and PTSD who are
nonadherent to CPAP.

Clinical Trial Registration: Title: A Randomized Cross Over Trial of Two Treatments for Sleep Apnea in Veterans With Post-Traumatic Stress Disorder; URL:
https://www.clinicaltrials.gov/ct/show/NCT01569022; Identifier: NCT01569022
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INTRODUCTION BRIEF SUMMARY

Current Knowledge/Study Rationale: In veterans with
posttraumatic stress disorder (PTSD), the disturbed sleep can

Sleep-related breathing disorders are frequently encoun-

tered among United States veterans with posttraumatic stress worsen the cognitive-behavioral manifestations of PTSD and

disorder (PTSD)." Veterans having PTSD suffer from non- contribute to poor mental and physical health outcomes. Because

restorative sleep and nightmares leading to heightened state adherence to treatment with CPAP is less than optimal in this

of arousal and anxiety, increased severity of depression, and populgtlon, this study.was undertaken to examine the clinical eff|gacy,
. . . . . compliance, and quality of sleep of mandibular advancement devices

poor quality of life.? Accruing evidence suggests that patients (MAD) compared to CPAP in veterans with OSA and PTSD.

with PTSD are at higher risk for sleep-disordered breathing Study Impact: Although CPAP is more efficacious in eliminating

than the general population.>* In a series of studies looking respiratory events, both MAD and CPAP result in similar beneficial

at postdeployment combat veterans with PTSD, rates of over- changes in daytime sleepiness, PTSD symptomatology, and health-

related quality of life measures in veterans with OSA and PTSD.

all sleep disturbance symptoms approached 90%, with up to
70% considered to be at high risk for OSA.>¢ Concomitant
sleep disorders have been shown to independently worsen
outcomes. Compared with patients without sleep com- experience higher rates of suicidality,” psychiatric distress,’
plaints, patients with PTSD and coexisting sleep disorders  and substance abuse.
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Continuous positive airway pressure (CPAP) remains the
preferred treatment for OSA. The benefits of using CPAP
therapy extend beyond the recognized improvement in ex-
cessive daytime sleepiness, cognitive function, and cardio-
vascular parameters in patients with PTSD. Recent clinical
investigations suggest that treatment of OSA in veterans
with PTSD may improve the underlying psychological dis-
turbances and reduce nightmares.*®* However, despite the
overall improvement in PTSD symptomatology with CPAP
therapy, adherence to treatment is far worse in these patients
compared with the general population with OSA.'"*!' The rea-
sons behind this poor adherence have not been thoroughly
investigated but anxiety disorder, nightmares, claustropho-
bia, and comorbid insomnia have been implicated in low
CPAP usage. Additionally, the CPAP mask may act as a re-
minder of war imagery that leads to a significant number of
patients to refuse using it. Mandibular advancement devices
(MAD) have been used as an alternative treatment for CPAP-
intolerant patients and proven beneficial in mild to moder-
ate cases of OSA without PTSD. Moreover, MAD is a more
preferred therapy than CPAP treatment.'>" Yet, the efficacy
of this treatment modality has not been examined in patients
with PTSD and OSA.

We hypothesized that MAD is not inferior to CPAP in
eliminating apneic events, improving quality of life (QOL)
measures, and ameliorating PTSD symptoms in veterans with
PTSD and concomitant OSA. Therefore, we conducted a prag-
matic randomized crossover trial of 12 weeks of CPAP and
12 weeks of MAD in 42 consecutive outpatients with PTSD
and newly diagnosed OSA with the aim of comparing efficacy,
reported side effects, adherence, and preference of both MAD
and CPAP. We also examined the effectiveness of these 2 treat-
ments using the PTSD Checklist,' the Pittsburgh Sleep Qual-
ity Index (PSQI),” and a generic Medical Outcomes Study
36-Item Short Form (SF-36).'¢

METHODS

Participants

All study-related procedures were conducted on an outpatient
basis in compliance with the Institutional Review Board of
the VA Western New York Health Care System and the trial
was registered at ClinicalTrials.gov (NCT01569022). Re-
cruitment was conducted from August 2013 to April 2016.
Potential participants were screened for preliminary eligibil-
ity and provided with a complete description of the study,
after which written informed consent was obtained and par-
ticipants were enrolled. Inclusion criteria were: (1) veteran
aged 18 to 70 years with an established diagnosis of PTSD
based on Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition criteria as documented by the attending
psychiatrist responsible for the patient psychiatric care; (2)
documented OSA by polysomnography (apnea-hypopnea in-
dex [AHI] > 5 events/h); and (3) ability to sign an informed
consent. Veterans with central apnea defined as central ap-
nea/hypopnea > 50% of the total respiratory events, coex-
isting narcolepsy, unstable medical or psychiatric condition,
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and presence of temporomandibular joint disease were ex-
cluded from participation.

Measurements

Clinical Evaluation

A general medical history was recorded and a clinical exami-
nation was performed on each patient. Additional information
on comorbidities, coexisting psychiatric disorders, daytime
sleepiness,” severity of PTSD (assessed by the PTSD Checklist
(PCL-M),"® sleep quality (assessed by the PSQI'), quality of
life (assessed by SF-36!¢), and medications use were obtained.

Polysomnography

Initial standard overnight polysomnography and CPAP ti-
tration were performed according to recognized standards.
Sleep stages were recorded in 30-second epochs using the
Rechtschaffen and Kales sleep scoring criteria.”” Each epoch
was analyzed for the number of apneas, hypopneas, arousals,
and oxygen desaturation. Apnea was defined as the absence
of airflow for more than 10 seconds. Hypopnea was defined
as reduction in airflow of at least 30% lasting at least 10 sec-
onds associated with either a 4% decrease in arterial oxyhe-
moglobin saturation or an electroencephalographic arousal.
An arousal was defined according to the criteria proposed by
the Atlas Task Force.” Severity of OSA was graded based on
the AHI as mild OSA (§ > AHI < 15 events/h), moderate OSA
(15> AHI < 30 events/h), or severe OSA (AHI > 30 events/h).

CPAP titration was conducted on a separate night in the
sleep laboratory. Patients were initiated at a pressure of 4 cm
H,O. The pressure was gradually increased by 1 cm H,O every
20 minutes until such a level at which apnea, hypopnea, snor-
ing, and recurrent oxyhemoglobin desaturations, but not arous-
als were eliminated. The residual AHI was determined based
on the optimal pressure recorded during CPAP titration. Reso-
lution of OSA was considered to be achieved when AHI < 5
events/h. Following CPARP titration, a respiratory therapist pro-
vided education about the basic operation and care of the mask
and CPAP device. An educational brochure on OSA and CPAP
treatment was given to each patient during the education ses-
sion. The respiratory therapist then selected and fit the patient
with a comfortable nasal CPAP mask.

Dental Evaluation

Following a dental examination, alginate impressions were
taken of the upper and lower arches, and dental models were
made with dental stone. Custom MAD appliances were then
fabricated for each patient. The MAD provided full coverage
of the upper and lower dental arches. The initial protrusion was
set at 75% of maximal protrusion (corresponding to a protru-
sion of 10 £ 0.4 mm [mean + standard error]). Patients were
asked to use the MAD on a daily basis over a 4-week period
during which the device was incrementally advanced to the
maximum comfortable limit. If a patient reported that snoring,
sleepiness, or morning headache persisted without side effects
such as tooth pain or jaw muscle pain, the dentist advanced
the MAD. Conversely, if the patient reported side effects, the
jaw position of the MAD was set back. These adjustments
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continued until a maximum subjective effect was achieved.
Following final adjustments of the device, the treatment effect
of MAD was assessed with a polysomnographic evaluation.

Intervention

Participants were asked to acclimate to CPAP and MAD for
4 weeks (total) during which adjustments to both modes of
therapy were made aiming to optimize comfort and abolish
snoring. If the interface was found to be uncomfortable, the
patient was given the opportunity to change the mask. None of
the participants were exposed to dual therapy or had access to
both devices at the same time. Weekly phone calls were made
to inquire about side effects or problems with CPAP or MAD.
At the end of the acclimatization period, patients underwent a
2-week washout. After washout, they were randomly assigned
in a 1:1 ratio via a presealed and numbered opaque white enve-
lope to one of the two treatment modalities (CPAP or MAD).
This included the assignment to receive 12 weeks of treatment
with MAD and CPAP in alternating order, with an interven-
ing 1-week washout. For each intervention, a clinic visit was
scheduled at the beginning, middle, and end of treatment. Dur-
ing each visit, a review of medications, adherence assessment,
and adverse event surveillance were made when applicable. In
addition, the following surveys were completed: the Epworth
Sleepiness Scale (ESS),"” PCL-M,'"® the PSQL," and the SF-36."°

Assessment Instruments

ESS is a short questionnaire validated to measure excessive
daytime sleepiness in patients with OSA."” It measures the like-
lihood of falling asleep in 8 different situations, with a score
of 03 for each situation. The sum of individual scores for the
eight items gives the final ESS score, ranging from 0-21. An
ESS score > 10 suggests excessive daytime sleepiness.

The SF-36 is a generic 36-item Short Form Medical Outcomes
Study.” It has 8 main domains: physical functioning, role limita-
tion due to physical problems, role limitation due to emotional
problems, social functioning, mental health, energy/vitality,
bodily pain, and general health perception. Each dimension item
score is coded, summed, and transformed into a scale from 0 to
100 (worst to best possible health). The PSQI is a self-rating ques-
tionnaire that consists of 7 dimensions of sleep quality including:
subjective sleep quality, sleep latency, sleep duration, sleep ef-
ficiency, daytime dysfunction, sleep fragmentation, and use of
sleep aid medications."” The possible scores range from 0-21,
with a score greater than 5 indicative of impaired sleep quality.
The PTSD Checklist is a 17-item self-report measure (1-5 points
each) that assesses PTSD symptoms in relation to stressful mili-
tary experiences. PTSD symptom severity scores are determined
by summing the participants’ answers to all 17 items from 1 (“not
at all”) to 5 (“extremely”) (range 17-85)* with 5- to 10-point
change indicating statistically significant response to treatment.

Adherence

CPAP use was objectively measured using a downloadable
monitoring smartcard, whereas MAD adherence was derived
from a diary in which participants recorded nightly use (from
the time it is applied until it is removed) as well as any prob-
lems or side effects they were experiencing.

Statistical Analysis

The analysis was designed to establish noninferiority of MAD
compared with CPAP for the primary outcome. We limited our
evaluation to the 35 subjects who completed the trial regardless
of adherence to their assigned treatment. All analyses were
conducted by observers blinded to the subjects’ identity. The
results are expressed as mean + standard deviation (SD) or me-
dian with interquartile range when indicated. Categorical vari-
ables were displayed as numbers and percentages. The primary
endpoint of the study was tested by comparing the upper limit
of the 95% confidence interval for the CPAP-MAD difference
in residual AHI with the a priori noninferiority margin using
the paired ¢ test. Health outcomes including ESS, PCL-M, SF-
36, and PSQI were assessed using hierarchical- level modeling
with fixed effects for treatment (two treatment conditions), and
sequence (the treatment by period interaction).?'?* In all mod-
els, random effects included subjects nested within sequence
as a sampling cluster. This approach allowed direct between-
treatment comparisons as well as post hoc comparisons be-
tween each treatment and baseline. A potential order effect
of the different regimens was investigated through analysis of
variance expected versus observed frequencies were compared
with the chi-square statistic, applying Yates correction. Carry-
over was evaluated separately for each outcome with unpaired
t tests comparing sum of the scores between those who started
on CPAP and those who started on MAD.? A carryover effect
is demonstrated if the summed values are different between
the two treatment groups (ie, CPAP first and MAD first). Ef-
fect sizes were assessed using the Cohen d relating the magni-
tude of group difference to the SD, and may be interpreted as
follows: small, 0.20 to 0.49; medium, 0.50 to 0.79; and large,
0.80 or more.** A statistically significant difference among
means was defined by a value of P < .05. The P value was cor-
rected for multiple comparisons using the Bonferroni adjust-
ment when indicated. Statistical analysis was conducted using
STATA version 13.0 (StataCorp LP, College Station, Texas,
United States).

Sample Size Determination

Power for the proposed crossover trial was calculated with the
XSAMPSI routine in STATA version 12.1 (StataCorp LP, Col-
lege Station, Texas, United States) following steps described
by Senn.” In the assessment of noninferiority of oral appli-
ance to CPAP therapy, noninferiority was defined as a differ-
ence between the proportions of treatment effectiveness of less
than 25%. With a one-sided significance level of 5%, a power
of 80%, and an assumed proportion of treatment effective-
ness of 90%, a minimum of 36 participants would be required.
This difference was based on the detection of a large effect
(8 =10.80).* Allowing for a 15% attrition rate, a total sample of
42 subjects was targeted for enrollment.

RESULTS

A total of 127 veterans were considered for study participa-
tion between August 2013 and April 2016. Fifty-four patients
agreed to enroll in the study but 12 patients either failed to
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return for scheduled visits or withdrew from further partici-
pation because of lack of time or other pressing matters. The
patients who declined to participate were not different from
the participants in terms of age, ESS score, or severity of
apnea during sleep (P > .2). Forty-two were randomized to
CPAP or MAD. During the course of the trial, 7 patients were
lost to follow-up, leaving 35 patients for statistical analysis
(Figure 1). Overall, the study sample included predominantly

Figure 1—Study flow chart: randomization, treatment, and
follow-up.

Eligible patients considered
for participation
(n=127)

v

No response (n=47)
Declined to participate (n=17)
Prefer no treatment (n=9)

Eligible patients recruited

(n=54)
Lost for follow up (n=7)
Unable to continue (n=4)
Withdraw consent (n=1)
Randomized
(n=42)
CPAP MAD
(n=21) (n=21)

Dropped out Dropped out
(n=2) (n=1)
MAD CPAP
(n=19) (n=20)

Dropped out Dropped out
(n=2) (n=2)

|
A
Analysis
(n=35)

CPAP = continuous positive airway pressure, MAD = mandibular
advancement device.

men, who were middle aged and obese. The mean age of the
studied population was 52.7 + 11.6 years. The mean body
mass index (BMI) was 32.5 = 5.6 kg/m? and mean ESS score
was 11.8 + 5.6. At enrollment, 57% of patients had excessive
daytime sleepiness with ESS score greater than 10. Hyper-
tension and depression were the predominant comorbidities
in the study population with a prevalence rate of 65% and
60%, respectively. Polysomnographic data showed a mean
AHI of 34.7 £ 29.7 events/h with a mean arousal index of
33.4 + 26.4 events/h and mean nadir oxygen saturation of
82.9 + 5.6%. Thirty percent had mild OSA with a mean AHI
of 10.0 + 2.3 events/h, 23% had moderate OSA with mean
AHI of 21.5 + 4.8 events/h, and 47% had severe OSA with a
mean AHI of 58.9 + 28.9 events/h.

Treatment Efficacy
After titration and acclimatization with each device, the
mean (SD) CPAP pressure was 8.9 + 2.6 cm H,0 (range, 4-14
cm H,0), whereas the mean mandibular advancement was
7.2 + 2.8 mm (range, 1.1-14 mm). There was a significant dif-
ference in the efficacy of the two intervention modalities on
sleep apnea treatment. Although AHI dropped with both CPAP
and MAD treatment, sleep titration studies showed that the
mean residual AHI was significantly higher for MAD com-
pared to CPAP (26.3 + 25.6 events/h versus 3.9 + 4.8 events/h;
P <.001, respectively) (Table 1). In total, 71% of CPAP titrated
participants had complete resolution of their sleep apnea with
CPAP, compared with only 14% with MAD (P < .001). The
failure rate of normalizing AHI was 92% in patients with mod-
erate and severe OSA for MAD and 26% for CPAP (P <.001).
Other metrics of sleep-disordered breathing showed improve-
ment with both treatments compared to baseline; however,
participants on MAD had a longer total sleep time and higher
sleep efficiency during the titration study than those on CPAP
(Table 1). Conversely, subjects titrated with CPAP had a lower
arousal index and an improved percent sleep time spent with
SpO, above 90% than those titrated with MAD.

Both CPAP and MAD resulted in significant improvement
in ESS by 1.6 (95% CI 0.59 to 2.68) (P =.003) and 2.3 (95% CI
1.11 to 3.45) (P <.001) with estimated effect sizes (Cohen d) of

Table 1—Polysomnographic characteristics of CPAP and MAD titration.

Baseline Diagnostic CPAP

AHI, events/h 34.7(29.7) 3.9(4.8)*
Total sleep time, h 55(1.3) 5.7(1.4)
NREM sleep, h 4.6 (1.0) 4.7 (1.1)
REM sleep, h 0.8(0.7) 0.9(0.7)
Sleep latency, h 0.7 (0.7) 0.7 (0.9)
Sleep efficiency, % 70.7 (19.4) 72.5(17.0)
Arousal index, events/h 33.4 (26.5) 11.4 (10.4)
Sp0, TI0, % total sleep time 86.7 (19.6) 93.1 (17.6)*

MAD P
26.3 (25.6) <001
6.1 (1.3) 02
5.3 (1.1) 001
0.8 (0.6) 9
0.5 (0.6) 9
829 (13.7)t 001
20.3 (13.9) 2
88.2(19.3) 04

Values are presented as mean (standard deviation). P value represents significance between CPAP and MAD. * = statistically significant difference
between baseline and CPAP at P < .05. t = statistically significant difference between baseline and MAD at P < .05. AHI = apnea-hypopnea index,
CPAP = continuous positive airway pressure, MAD = mandibular advancement device, NREM = non-rapid eye movement, REM = rapid eye movement,

Sp0,T90 = percent of time spent with SpO, above 90%.
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0.35 (95% CI 0.16 to 0.62) and 0.48 (95% CI 0.24 to 0.74), re-
spectively. ESS scores after the washout period were similar to
baseline, indicating a return to pretreatment sleepiness levels
(P=.52).

PTSD Severity

PTSD symptoms, as assessed by PCL-M, improved follow-
ing treatment with both MAD and CPAP (Figure 2). Com-
pared to baseline, PCL-M scores decreased by 4.29 + 12.0 and
6.22 + 8.0 after 12 weeks of treatment with CPAP and MAD
with estimated effect sizes (Cohen d) of 0.27 (95% CI 0.01 to
0.59; P = .04) and 0.47 (95% CI 0.28 to 0.73, P < .001), re-
spectively. There was no significant difference in the extent of
PTSD improvement using either CPAP or MAD (mean differ-
ence 1.97 [95% CI -2.89 to 6.83], P = .42).

Quality of Life Measures
Unpaired ¢ tests for carryover were nonsignificant for all
quality heath outcome measures (all values of P > .05).
Eight components of the SF-36 were collected in the stud-
ied group. The CPAP treatment arm resulted in significant
improvement in 6 specific individual domains: vitality, pain,
physical functioning, social functioning, role physical, and
role emotional (Figure 3). The MAD arm showed improve-
ment in 4 domains: social functioning, pain, role physical,
and role emotional (Figure 3). The mental health and the
standardized general health component score of the SF-36
did not have statistically significant change from baseline
with either treatment.

PSQI showed a significant decrease between baseline and
end of treatment in the following specific items for the CPAP

arm: daytime dysfunction, sleep disturbances, sleep duration,
sleep latency, and sleep quality (Figure 4). The overall PSQI
score showed improvement from 11.57 + 4.02 to 9.63 + 3.52
(P =.001). In the MAD arm, sleep disturbances, sleep latency,
and sleep quality had significant decrease compared to base-
line (Figure 4). The PSQI also exhibited a significant drop
from 10.96 + 3.04 to 8.36 = 2.58 (P < .001). However, there
were no significant differences between treatments in scores
for SF-36 and PSQI (Table 2).

Figure 2—PTSD response to treatment with CPAP and
MAD.
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Figure 3—SF-36 subdomain scores at baseline and at 12-week follow-up with CPAP (A) and with MAD (B).
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Figure 4—PSQI subdomain scores at baseline and at 12-week follow-up with CPAP (A) and with MAD (B).
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Table 2—Quality of life response to OSA treatment in
veterans with PTSD (n = 35).

CPAP-MAD 95% Confidence
Mean Difference Interval P
SF-36
Mental Health 0.28 -8.44 10 9.01 .94
Vitality 3.32 -7.96 to 14.61 54
Physical functioning 1.62 -9.68 to 6.44 .68
Social functioning -6.33 -18.11t0 5.44 27
Pain 0.38 -7.821t0 8.58 92
Role-physical -0.13 -18.05t0 17.79 .98
Role-emotional -7.73 -28.9910 13.53 46
General health -1.59 -11.68 to 8.50 14
PsQl
Daytime dysfunction -0.17 -0.57 10 0.233 .39
Sleep efficiency 0.3 -0.36 to 0.96 .35
Sleep disturbances 0.13 -0.26 t0 0.51 49
Sleep duration 0.08 -0.44 10 0.61 .75
Sleep latency -0.001 -0.37 t0 0.36 .99
Sleep quality 0.13 -0.34 0 0.61 .56
Sleep medications 0.43 -0.17 t0 1.02 14
PsQl 0.90 -0.91t02.72 31
CPAP = continuous positive airway pressure, MAD = mandibular
advancement device, OSA = obstructive sleep apnea, PSQI = Pittsburgh

Sleep Quality Index, PTSD = posttraumatic stress disorder, SF-
36 = Medical Outcomes Study 36-Item Short Form.

Adherence and Reported Side Effects

Adherence to CPAP was significantly lower compared to
MAD (P < .001). The mean nightly use of CPAP during
nights used was only 3.4 + 2.48 h/night. In contrast, MAD
average device reported use per night was 5.66 + 2.43 h/night.
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The 3 predominant reasons reported for CPAP nonadherence
were mask discomfort (33%), claustrophobia (28%), and dry
mouth (17%). Fifty-seven percent reported that the machine
interfered with either falling asleep or maintaining sleep.
Of interest, 10 of 19 patients with 50% or less use of ther-
apy for an average of 4 h/night reported insomnia prior to
CPAP treatment.

Alternatively, minor side effects were common with the oral
appliance, particularly in the first month of treatment. These
side effects included dryness of the mouth (26%), tooth dis-
comfort or pain (19%), jaw pain (38%), and excessive saliva-
tion (15%). In most patients, the side effects were mild and
improved with time. In no patient did any symptoms of tem-
poromandibular joint dysfunction develop. Treatment prefer-
ence results showed that 10 patients (29%) preferred CPAP;
20 (58%) preferred MAD; and 5 (13%) preferred neither. The
medication regimen in both groups was unchanged, except |
patient was taken off benzodiazepine at the beginning of CPAP
treatment and 2 other patients had their dose of antidepressant
drugs adjusted.

DISCUSSION

To the best of our knowledge, this is the first randomized com-
parative trial comparing CPAP and MAD based on PSG titra-
tion of both treatments in veterans with PTSD. Both therapies
had salutatory effects on polysomnographic variables during
follow-up, but CPAP therapy was significantly more effica-
cious in improving AHI and oxyhemoglobin saturation levels.
Consistent with previous investigations,”' both treatment
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modalities were comparable in improving subjective sleepi-
ness, functional outcomes, and health perceptions.

Four separate meta-analyses were conducted comparing
MAD against CPAP in OSA.3** With a total of 13 studies se-
lected for review (746 patients), the estimated overall differ-
ence in AHI was 7.03 events/h (95% CI 5.41, 8.66), with CPAP
having lower posttreatment AHI than MAD. CPAP produced
an improvement of approximately 3 times that of the com-
bined estimate for MAD. The difference in AHI between the
two treatment modalities was more accentuated in our study,
as severe sleep apnea accounted for 47% of the total apneic
population. A lower baseline AHI, lower BMI, and younger
age were all associated with better treatment responses to oral
appliance.’**7 In this follow-up, we observed a higher rate of
MAD failure to normalize AHI as the severity of sleep apnea
worsened. There was no other discernible trend pointing to a
higher MAD efficacy but the relatively small sample size could
have been a limiting factor in our analysis. Lateral cephalom-
etry can identify craniofacial characteristics that could have
an effect on treatment response, although no definitive clinical
recommendations are available because of inherent method-
ological weaknesses of the currently available studies.*

Reported improvements in subjective daytime sleepiness
and health perceptions were found in both treatment groups,
underscoring the therapeutic benefit of CPAP and MAD
therapy at all timepoints during the follow-up period, even in
patients with severe OSA. Similar findings in different stud-
ies using the same questionnaires (pooled) were reported in
a review article by Chan and asociates.** Gagnadoux and col-
leagues® found comparative subjective improvements among
patients treated with CPAP or MAD using the Nottingham
Health Profile questionnaire. For CPAP, a significant improve-
ment was observed for 2 out of 6 domains of health-related
quality of life, namely emotional reaction and energy. For
MAD, health-related quality of life was significantly im-
proved for 4 out of 6 domains, namely physical mobility, pain,
emotional reaction, and sleep. We have observed parallel im-
provement in social functioning, pain, role physical, and role
emotional with both CPAP and MAD with no significant dif-
ference between the two treatments. Energy (vitality) was the
only measure in both the study by Gagnadoux et al. and the
current investigation to show improvement with CPAP but not
MAD, which may reflect an acute alteration of energy balance
secondary to sleep consolidation given the higher efficacy of
CPAP compared to MAD.

Results from recent investigations have revealed that ad-
equate treatment of OSA with CPAP has been linked to ame-
lioration of symptoms of PTSD including nightmares.®*** In
one of these studies involving 40 veterans with combat-related
PTSD, a positive association was established between the re-
duction in PCL-M and the average of hours of CPAP use per
night.** Similarly, Orr and colleagues* showed significant
reduction in PTSD symptoms following 6 months of treat-
ment with CPAP. In this study, we were able to show that the
amelioration in PTSD severity extended also to OSA treat-
ment with MAD. Surprisingly, the effect size improvements
in PTSD Checklist were comparable for both CPAP and MAD
despite the lower efficacy of MAD. Evidence of equivalent
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health outcomes between oral appliances and CPAP suggests
that treatment effectiveness may not be captured solely by re-
duction in AHI. Theoretically many patients with incomplete
efficacy on oral appliance are no worse off than when on fully
efficacious CPAP in terms of treatment effectiveness. As the
overall effectiveness of treatment intervention in sleep-disor-
dered breathing depends on adherence to treatment, it follows
that treatment effectiveness can be expressed as a composite
of efficacy and hours of treatment usage.* In support of this
argument, studies that have evaluated noninvasive treatment of
sleep-disordered breathing have uniformly reported a superior
rate of adherence to MAD over CPAP across the entire AHI
spectrum.*? Alternatively,” although greater nightly adherence
to MAD compared with CPAP therapy has been the driving
hypothesis for the lack of difference in health outcomes, other
physiologic indices may be at play. AHI, the defining measure
of sleep apnea, appraises only the respiratory component of the
disease and may not account for the myriad of inflammatory
markers that are upregulated in patients with this ailment.*
Studies of a sleep apnea cohort have documented higher con-
centrations of proinflammatory cytokines such as tumor ne-
crosis factor, interleukin-1, and interleukin-6 in patients with
sleep apnea compared with controls; however, the association
of these markers with AHI has not been universal.**¢ Con-
sidering that these biomarkers have been linked to impaired
endovascular and cognitive functioning,”** abatement of these
inflammatory biomarkers following treatment whether by us-
ing CPAP or MAD**** may infer additional benefit beyond the
rectification of respiratory abnormalities by either modality.

Systematic reviews have extensively examined physiologi-
cal, psychological and motivational factors associated with
treatment adherence in patients with sleep apnea.”' Patient
characteristics such as age, sex, BMI, race, education, and
socioeconomic status have been examined as possible predic-
tors of CPAP adherence without consistent findings.>? Factors
such as education, telephone calls, and reinforcement alone
had also no effect on CPAP utilization.® Data are scarce on
the relevance of these variables in patients with PTSD and no
uniform predictors of adherence have been formalized in this
population. However, presence of nightmares, claustrophobia,
and concomitant insomnia have been implicated in low CPAP
adherence in veterans with PTSD.!!! In our cohort, concom-
itant insomnia was a factor in CPAP nonadherence as more
than half of those who participated reported difficulty falling
asleep. Collen and colleagues' have reported a greater use of
CPAP in veterans with PTSD using sedating medications than
those not prescribed these agents. We did not find a link be-
tween use of hypnotics and CPAP adherence in our partici-
pants; however, we did not account for sedatives sold over the
counter or antipsychotic medications.

Several limitations should be considered in relation to our
study. First, participants were selected from a specialized sleep
disorders clinic with a research interest in alternatives to CPAP
therapy and therefore, referral bias cannot be excluded. Second,
daytime sleepiness and insomnia were subjectively assessed
and no objective measures of these parameters were obtained.
Consequently, we are unable to ascertain the underlying causes
and the reproducibility of insomnia and sleep disturbances in
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this population. Third, the protocol is designed to provide a
2-week washout period to minimize any carryover effects from
previous assigned therapy. This period is more than adequate
because 2 previous studies that used crossover design to com-
pare the efficacy of mandibular appliances with nasal CPAP
failed to detect any significant carryover effects.’** Fourth,
the residual AHI for MAD-treated subjects was higher than
previously reported.*> The subjective titration by self-reporting
may have resulted in suboptimal response to MAD.>® Advanc-
ing the oral appliance during a titration polysomnogram could
have reduced the difference in residual AHI between CPAP
and MAD. However, it is unlikely that the health outcomes
would have been significantly different had the device been ad-
vanced during a titration sleep study for those with incomplete
response because the magnitude of the MAD-attributed ben-
efits on health outcomes would have been potentially larger,
leading to a much smaller effect size. Fifth, we have relied on
participants’ diary to denote MAD adherence, which may have
overestimated compliance. However, recordings from oral ap-
pliance devices with embedded microsensors have found no
difference between objective and subjective MAD adherence.”’

In conclusion, the results of our study support titrated
MAD as an effective treatment for veterans with PTSD and
OSA. Although less efficacious than CPAP, MAD was asso-
ciated with comparable improvement in PTSD severity and
functional outcomes.

ABBREVIATIONS

AHI, apnea-hypopnea index

CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale

MAD, mandibular advancement device
OSA, obstructive sleep apnea

PCL, PTSD Checklist

PSQI, Pittsburgh Sleep Quality Index
PTSD, posttraumatic stress disorder
REM, rapid eye movement

SD, standard deviation

TST, total sleep time
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