CHEST

Sleep Disorders in US Military Personnel

Original Research

SLEEP DISORDERS

A High Rate of Comorbid Insomnia
and Obstructive Sleep Apnea

Vincent Mysliwiec, MD, FCCP; Jessica Gill, PhD; Hyunhwa Lee, PhD;
Tristin Baxter, AAS; Roslyn Pierce, BS; Taura L. Barr, PhD, RN; Barry Krakow, MD;
and Bernard |. Roth, MD, FCCP

Background: Sleep disturbances are among the most common symptoms of military personnel
who return from deployment. The objective of our study was to determine the presence of sleep
disorders in US military personnel referred for evaluation of sleep disturbances after deployment
and examine associations between sleep disorders and service-related diagnoses of depression,
mild traumatic brain injury, pain, and posttraumatic stress disorder (PTSD).

Methods: This was a cross-sectional study of military personnel with sleep disturbances who
returned from combat within 18 months of deployment. Sleep disorders were assessed by clinical
evaluation and polysomnogram with validated instruments to diagnose service-related illnesses.
Results: Of 110 military personnel included in our analysis, 97.3% were men (mean age, 33.6 = 8.0 years;
mean BMI, 30.0 + 4.3 kg/m?), and 70.9% returned from combat within 12 months. Nearly one-
half (47.3%) met diagnostic criteria for two or more service-related diagnoses. Sleep disorders
were diagnosed in 88.2% of subjects; 11.8% had a normal sleep evaluation and served as control
subjects. Overall, 62.7% met diagnostic criteria for obstructive sleep apnea (OSA) and 63.6% for
insomnia. The exclusive diagnoses of insomnia and OSA were present in 25.5% and 24.5% of sub-
jects, respectively; 38.2% had comorbid insomnia and OSA. Military personnel with comorbid
insomnia and OSA were significantly more likely to meet criteria for depression (P<.01) and
PTSD (P <.01) compared with control subjects and those with OSA only.

Conclusions: Comorbid insomnia and OSA is a frequent diagnosis in military personnel referred
for evaluation of sleep disturbances after deployment. This diagnosis, which is difficult to treat, may
explain the refractory nature of many service-related diagnoses. CHEST 2013; 144(2):549-557

Abbreviations: AHI = apnea-hypopnea index; ESS = Epworth Sleepiness Scale; NBDRA = nonbenzodiazepine
receptor agonist; OCO = Overseas Contingency Operations; OSA = obstructive sleep apnea; PSG = polysomnography;
PTSD = posttraumatic stress disorder; TBI = traumatic brain injury

Sleep disturbances are reported in almost one-third
of military personnel who have deployed in sup-
port of Overseas Contingency Operations (OCO),
resulting in approximately 600,000 military personnel
and veterans with clinically relevant sleep conditions.!
US Department of Defense medical data report a
marked increase in the incident diagnoses of insomnia
and obstructive sleep apnea (OSA) across all services.2?
From 2001 to 2009, the diagnostic rates for insomnia
and OSA increased by 19 and 5.8 times, respectively.
Yet to date, the research on sleep disorders in mili-
tary personnel is limited to subjective assessment tools
or retrospective analyses.'*$ Thus, there is limited
understanding of the etiology of sleep disorders and

journal.publications.chestnet.org

the contributing impact of comorbid psychologic and
medical factors.

Sleep disturbances in military personnel are attrib-
uted to a multifactorial process. Deployment across
multiple time zones results in circadian misalignment.”
Chronic sleep deprivation, a component of the military
culture,! is exacerbated by the physical and emotional
stressors of deployment; this results in sleep fragmenta-
tion and insomnia.* Mission requirements foster mal-
adaptive sleep practices such as excess caffeine intake
and the use of sedative hypnotics.!12 Upon returning
from combat operations, sleep disturbances frequently
persist.}41314 It is currently unknown, though, if deploy-
ment exacerbates a previously undiagnosed sleep
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disorder or results in the onset of a new sleep disorder.
The sleep disorder most likely to develop as a result
of deployment is insomnia.>$ However, military per-
sonnel in previous studies that included polysomnog-
raphy (PSG) were diagnosed primarily with OSA.6715
Conceivably, comorbid insomnia and OSA, a condi-
tion originally termed “complex insomnia” in 2001,'6
may be an underdiagnosed or misdiagnosed clinical
entity.!” Moreover, sleep-disordered breathing may
be aggravated by the detrimental effects of insomnia
and sleep deprivation motivating military personnel
to seek care. Failure to fully address all aspects of dis-
ordered sleep could result in a less-than-optimal clin-
ical response, potentially compromising the ability of
service members to perform military duties or respond
fully to treatments.

In addition to sleep disorders, current studies link
combat or war-zone experiences to the development
of chronic psychologic and physical health problems,
including the service-related illnesses of traumatic brain
injury (TBI), posttraumatic stress disorder (PTSD),
depression, and chronic pain.!3141519 We recently
reported that 58.1% of military personnel undergoing
a sleep study have one or more medical comorbidi-
ties, and that those diagnosed with insomnia are two
times more likely to have PTSD and 1.5 times more
likely to have pain.'> Collen et al® reported on 116 sol-
diers with TBI, noting 97.4% had sleep complaints,
with insomnia and OSA as the primary diagnoses. A
more comprehensive assessment of sleep disorders
and associated diagnoses may demonstrate important
implications for the health and well-being of military
personnel.

Our study assessed the presence of sleep disorders
in military personnel presenting for the evaluation of
sleep disturbances after deployment, as well as the
service-related diagnoses of depression, mild TBI, pain,
and PTSD. The purpose of the study was to deter-
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mine relationships between service-related diagnoses
in military personnel with sleep disorders.

MATERIALS AND METHODS

Study Design

This was a cross-sectional study of US military personnel pre-
senting for an initial evaluation of sleep disturbances. The study
was approved by the institutional review board at Madigan Army
Medical Center (Protocol #210090), and informed consent was
obtained from each participant prior to any measurements. Par-
ticipants were recruited by advertisements in the Sleep Medicine
Clinic and notification by clinic personnel regarding the study. All
1,416 military personnel who underwent a sleep medicine evalua-
tion between March 2011 and May 2012 were potentially eligible
to participate. There were 160 who volunteered for participation
in the study protocol and underwent eligibility screening (Fig 1).
Inclusion criteria included the following: active-duty military per-
sonnel presenting for an initial evaluation of sleep disturbances
and having returned from deployment within 18 months. Exclusion
criteria included the following: no ongoing treatment, or military
administrative actions regarding drug or alcohol abuse, or unstable
psychiatric diagnoses (ie, schizophrenia or bipolar disorder). One
hundred and seventeen patients met eligibility criteria and con-
sented to enrollment. Four subjects were excluded for failure to
complete the PSG and sleep medicine evaluation. One hundred
thirteen subjects completed baseline assessments, clinical evalua-
tions, and a diagnostic PSG. For these analyses, we excluded three
participants who were diagnosed with uncommon sleep disorders
in our cohort: periodic limb movement disorder (n = 1), restless
legs syndrome (n= 1), and shift-work sleep disorder (n=1). While
these represent significant sleep disorders, their small numbers
limit our ability to identify substantive relationships with the vari-
ables of interest.

Sleep Medicine Evaluation

All participants underwent a sleep medicine evaluation and
diagnostic, attended PSG using standardized techniques. PSG
was performed with 16 channels, including electrooculogram,
EEG, ECG, electromyogram (submental, bilateral tibial), airflow
measurements using both oronasal-thermal sensors and nasal air
pressure transducers, tracheal sounds via microphone, rib cage and
abdominal movement by inductance plethysmography using thora-
coabdominal belts, and continuous pulse oximetry. The patient’s
sleep period was approximately 8 h long with recording time start-
ing at approximately 9:30 PM and ending at 5:30 aMm. This sleep
period is conducive for the evaluation of military personnel and
their duty requirements. We used the American Academy of Sleep
Medicine alternate scoring method for hypopneas requiring
a =50% decrease in the nasal pressure signal excursion from base-
line lasting = 10 s with either a =3% desaturation or an arousal .0
PSGs were scored and interpreted in accordance with American
Academy of Sleep Medicine criteria.2 Six of the participants with
OSA underwent a split-night PSG in accordance with our labora-
tory’s standard procedures. The PSG variables we analyzed included
sleep onset latency, rapid eye-movement onset latency, total sleep
time, wakefulness after sleep onset, sleep efficiency, arousal index,
sleep stages (stages N1-3, stage R), apnea-hypopnea index (AHI),
and maximal desaturation.

Sleep diagnoses were classified in accordance with the Interna-
tional Classification of Sleep Disorders, Second Edition,* inte-
grating the clinical assessment, PSG, and questionnaires. For the
diagnosis of insomnia, participants were required to have one or
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FIGURE 1. Inclusion criteria for study participants. BIISS = behaviorally induced insufficient sleep

syndrome; OSA = obstructive sleep apnea.

more sleep-related complaints consisting of difficulty initiating
sleep, maintaining sleep, waking too early, or sleep that is chroni-
cally nonrestorative or of poor quality with at least one of the associ-
ated symptoms of daytime impairment. The diagnosis of OSA was
rendered in cases where the participant’s PSG demonstrated
apneas or hypopneas with an AHI > 5/h. For the purposes of this
study, the diagnoses of insomnia and OSA were not mutually
exclusive; specifically, the diagnosis of comorbid insomnia and
OSA was rendered if the participant met criteria for insomnia and
if the AHI was >5/h, unless their insomnia symptoms were solely
from a service-related diagnosis or another medical disorder, in
accordance with Research Diagnostic Criteria for insomnia related
to sleep apnea.?? For analysis purposes, we used the following
diagnostic categories: insomnia, comorbid insomnia and OSA, OSA,
and control subjects, as these were the most frequent diagnoses
rendered. Control subjects were participants diagnosed with behav-
iorally induced insufficient sleep syndrome or snoring with an
otherwise normal PSG. While these military personnel are not
without sleep disturbances, our prior research validated these diag-
noses as an acceptable control population for military personnel.!s
All diagnoses were adjudicated by a physician board-certified in
sleep medicine (V. M.).

Demographic characteristics included sex, age, BMI, educa-
tion, branch of service, rank, deployment history (number and
times each military participant left their home base in support of
0OCO), and time since most recent deployment. Medications that
the participants were taking at the time of their PSG were recorded
in the following categories: antidepressants, atypical antipsychotics,
benzodiazepines, nonbenzodiazepine receptor agonists (NBDRAs),
prazosin, and narcotics.

Questionnaires

Clinical data regarding combat experiences, including TBI,
psychologic health, pain, and sleep were obtained using validated
scales that have demonstrated reliability and validity. The Combat
Experiences Scale was used to assess combat intensity, with scores
ranging from 0 to 15, with a higher score indicating more, dif-
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ferent combat-related exposures on one or more occasions.?* The
assessment of TBI was determined using the Warrior Adminis-
tered Retrospective Casualty Assessment Tool. This tool obtains
data on possible TBI-related war injuries as well as postdeploy-
ment injuries, assessing alteration of consciousness and presence
of postconcussive symptoms at the time of injury.2* The diagnosis
of mild TBI was made in accordance with the American Congress
of Rehabilitation Medicine mild TBI criteria, which required an
injury event followed by a loss of consciousness or alteration of
mental state.?

PTSD was assessed by the PTSD Checklist Military Version,
with a score of =50 resulting in a positive diagnostic screen, which
is a score that provides the maximum specificity (0.98) and is con-
sistent with the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, Third Edition, Revised.2
The Quick Inventory of Depressive Symptoms was used to screen
for depression, using a cutoff score of 11 for a positive screen for
depression.?” Chronic pain was evaluated using the RAND 36-Item
Short-Form Health Survey component for the bodily pain score.
We used this score in conjunction with the subject’s medical
record to determine a diagnosis of pain, by either score <70 for
military personnel with a pain diagnosis in their electronic med-
ical record,? or by low bodily pain subscale score (< 30) on the
RAND 36-Item Short Form Health Survey.

Subjective sleep assessments included the following: self-
reported habitual sleep duration; measures of sleep quality includ-
ing difficulties falling asleep, staying asleep, frequent awakenings,
and reporting sleep was not sound or refreshing; and the Epworth
Sleepiness Scale (ESS), which assesses an individual’s “likelihood
of dozing or falling asleep” in eight situations of daily living.
Scores > 10 on the ESS are consistent with significant sleepiness.®

Statistical Analysis

Data are presented as the mean * SD or No. (%). To deter-
mine differences among the sleep diagnoses groups, X2 tests with
post hoc standardized residuals test for categorical variables were
used; one-way analysis of variance with post hoc analyses was
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performed using the Bonferroni correction for multiple comparisons.
The significance level for group comparisons was set at 0.05 and
was corrected for multiple comparisons. The mean and propor-
tional differences among participant groups for the demographic
characteristics and the health-related variables are reported in
Tables 1 to 3. Data were analyzed using Predictive Analytics
SoftWare version 18.0 (IBM).

RESULTS

This study included 110 active duty military per-
sonnel. Most participants were men (97.3%), and 92.7%
were active duty in the US Army; 7.3% were active
duty in the US Air Force (Table 1). The mean age of
participants was 33.6 * 8.0 years. Most participants
recently returned from deployment, with 70.9% in
the past year; 64.5% had deployed multiple times.
Ninety-seven participants (88.2%) were diagnosed
with a sleep disorder and 13 (11.8%) served as control
subjects (Table 1). Sixty-nine (62.7%) met PSG criteria
for OSA with an AHI >5 and 70 (63.6%) for insomnia
using International Classification of Sleep Disorders,
Second Edition, criteria for insomnia. Participants
are grouped into the diagnostic categories of insom-
nia, comorbid insomnia and OSA, OSA, and control
subjects.

The category comorbid insomnia and OSA applied
to 38.2% of the cohort. Insomnia and OSA were exclu-
sively diagnosed in 25.5% and 24.5% of subjects,
respectively. The mean BMIs of participants in the

comorbid insomnia and OSA group (31.6 £3.7 kg/m?)
and OSA group (31.3 +4.1 kg/m?) were elevated com-
pared with the control group (27.0 =4.0 kg/m?) (P = .001,
P <.01, respectively) and insomnia group (27.8 =
3.9 kg/m?) (P =.001, P <.01, respectively) (Table 1).
Reported habitual sleep duration was less in partici-
pants with insomnia (5.5* 1.3 h) (P <.05) and sub-
jects with comorbid insomnia and OSA (5.1 1.3 h)
(P<.001) compared with control subjects (6.8%1.0 h)
(Table 2). The mean ESS for all participants was
13, consistent with abnormal daytime sleepiness, which
did not differ among the groups (Table 2).

Seventy percent of our cohort exhibited service-
related diagnoses with a mean of 1.6 (* 1.4) diagnoses,
which included depression, mild TBI, pain, and PTSD
(Table 2). The comorbid insomnia and OSA group
reported the highest scores on the Quick Inventory of
Depressive Symptoms and PTSD Checklist Military
Version, with 71.4% meeting criteria for depression and
59.5% for PTSD, rates that were far higher than the
control group (P=.001) and the OSA group (P <.001).
Not surprisingly, subjects in the comorbid insomnia
and OSA group were also more likely than those in
the OSA group to be taking one of the medication
classes assessed (P <.05) as well as antidepressants
(P<.01) (Table 3).

Post hoc analysis among the four diagnostic groups
revealed a significant increase in rapid eye-movement
latency in the insomnia vs the OSA group (+65.6;

Table 1—Characteristics of Study Participanis

Control Subjects
Characteristics Overall (N=110) Insomnia (n=28) Comorbid (n=42) OSA (n=27) (n=13) x2or F P Value
Demographics
Male sex 107 (97.3) 26 (92.9) 42 (100.0) 27 (100.0) 12 (92.3) 5.20 158
Age,y 33.6 £8.0 31.4+7.5: 33.8*+79 38.6 = 7.2ab 27.8 5.7 7.67 <.001
BMI, kg/m2 30.0+t4.3 27.8 = 3.9b 31.6 &+ 3.7ac 31.3=4.1bd 27.0 = 4.0d 8.77 <.001
Education, y 13.9+2.0 13.8*+1.9 13.7+1.7 13.9+2.1 146 +3.5 0.43 735
Branch of service 0.99 .804
Army 102 (92.7) 26 (92.9) 40 (95.2) 24 (88.9) 12 (92.3)
Air Force 8(7.3) 2(7.1) 2 (4.8) 3(11.1) 1(7.7)
Rank 12.38 054
Junior enlisted (E1-E4) 69 (62.7) 19 (67.9) 29 (69.0) 13 (48.1) 8 (61.5)
Senior enlisted (E5-E9) 34 (30.9) 7(25.0) 12 (28.6) 13 (48.1) 2(15.4)
Officers 7(6.4) 2(7.1) 1(2.4) 1(3.7) 3(23.1)
Deployments, No. 7.31 605
1 39 (35.5) 11 (39.3) 16 (38.1) 5(18.5) 7 (53.8)
2 28 (25.5) 7(25.0) 11 (26.2) 8(29.6) 2(15.4)
3 25 (22.7) 6(21.4) 7 (16.7) 9(33.3) 3(23.1)
=4 18 (16.4) 4(14.3) 8(19.0) 5(18.5) 1(7.7)
Time since last 9.90 .359
deployment, mo
<3 15 (13.6) 1(3.6) 10 (23.8) 3(11.1) 1(7.7)
3-6 18 (16.4) 6(21.4) 5(11.9) 4(14.8) 3(23.1)
6-12 45 (40.9) 14 (50.0) 16 (38.1) 9(33.3) 6 (46.2)
12-18 32(29.1) 7(25.0) 11 (26.2) 11 (40.7) 3(23.1)

Data are presented as No. (%) or mean = SD. OSA = obstructive sleep apnea.
+dGroups with the same letter(s) represent significant differences as tested by one-way analysis of variance with post hoc analysis with Bonferroni

correction.
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Table 2—Validated Questionnaires and Service-Related Diagnoses

Control Subjects

Variable Overall (N=110) Insomnia (n=28) Comorbid (n=42) OSA (n=27) (n=13) x2or F P Value

Questionnaires
PCL-M 40.3*+16.2 42.2 +16.62 48.6 + 15.4b«c 29.4 +10.7xb 31.9*+11.2¢ 11.63 <.001
QIDS 10.3+5.0 10.9*+5.1s 13.0 = 4.1bc 6.5+ 3.1ab 8.0+5.0¢ 1441 <.001
SF-36 Bodily Pain 58.6 =252 53.0+25.1 50.9 = 23.82b 69.4 +24.02 73.3+20.5> 546 <.01
CES 6.5+4.3 75%45 71x42 49+39 55+4.4 2.34 077
ESS 13.0+5.2 12.3+4.5 12.8+5.7 145+49 12.2*5.0 1.05 375
SR-Habitual Sleep Duration 56+1.3 55+ 1.3 51+1.3 6.0*+1.1 6.8+ 1.0eb 6.73  <.001

Diagnosis
>9 52 (47.3) 14 (50.0)2 28 (66.7)bc 6 (22.2)ab 4(30.8)¢ 1464 <.01
None 33 (30.0) 7(25.0) 6 (14.3)sb 13 (48.1)* 7 (53.8)v 13.03 <.01
PTSD 39 (35.5) 10 (35.7)* 25 (59.5)bc 2 (7.4)b 2 (15.4)¢ 22.20 <.001
Depression 49 (44.5) 12 (42.9)ab 30 (71.4)acd 3 (11.1)be 4(30.8)¢ 25.54 <.001
Pain 43 (39.1) 14 (50.0) 17 (40.5) 10 (37.0) 2(15.4) 4.55 208
Mild TBI 48 (43.6) 14 (50.0) 23 (54.8) 7(25.9) 4(30.8) 6.89 075

Data are presented as No. (%) or mean = SD. CES = Combat Experiences Scale; ESS = Epworth Sleepiness Scale; PCL-M = PTSD Checklist
Military Version; PTSD = posttraumatic stress disorder; QIDS = Quick Inventory of Depressive Symptoms; SF-36 = RAND 36-Item Short-Form
Health Survey; SR-Habitual Sleep Duration = Self-Reported Habitual Sleep Duration; TBI = traumatic brain injury. See Table 1 legend for
expansion of other abbreviation.

+dGroups with the same letter(s) represent significant differences as tested by one-way analysis of variance with post hoc analysis with Bonferroni

correction or x2 analysis.

P=.01) (Table 4). Comparing the severity of sleep-
disordered breathing in military personnel with OSA
vs the comorbid insomnia and OSA group, those with
OSA had a higher AHI (+14.0; P =.001), with a sim-
ilar desaturation percentage (Table 4). Otherwise,
there were no significant differences in the PSG var-
iables between the OSA and comorbid insomnia and
OSA groups.

Di1scuUssION

To our knowledge, this is the first study to diagnose
sleep disorders with a clinical evaluation and PSG, as
well as associated psychologic and medical comor-
bidities, using validated clinical instruments in a sample
of military personnel recently returned from deploy-
ment. In military personnel with sleep disturbances
after deployment that warranted a sleep medicine
evaluation, 88.2% were diagnosed with a clinically
significant sleep disorder. Considering insomnia and

OSA as separate disorders, 62.7% subjects met PSG
criteria for OSA and 63.6% clinical criteria for insom-
nia. However, if comorbid insomnia and OSA is clas-
sified as a distinct disorder, it was the most common
diagnosis in 38.2% of subjects. The reported incidence
of sleep disturbances in military personnel and veterans
who served in OCO ranges from 30% to 93.5%"+13.14;
yet, most research efforts have focused on the diag-
noses of mild TBI and PTSD. Sleep disorders are
increasingly recognized by medical providers; none-
theless, it is common to ascribe sleep disturbances
solely to insomnia or an associated diagnosis,**! and
delay or forgo a definitive sleep evaluation and PSG.
This delay further aggravates the difficulties in treat-
ing service-related diagnoses of depression, mild TBI,
and PTSD 3233

Our finding that comorbid insomnia and OSA
(“complex insomnia”) was a frequent diagnosis in mili-
tary personnel with combat exposures is consistent
with previously reported civilian studies of patients

Table 3—Medications by Class

Control Subjects

Medication Overall (N=110) Insomnia (n=28) Comorbid (n=42) OSA (n=27) (n=13) X2 P Value
Currently on medications 41 (37.3) 12 (42.9) 21 (50.0)xb 6 (22.2) 2 (15.4)> 856 <.05

NBDRA 6 (5.5) 2(7.1) 3(7.1) 1(3.7) 0(0.0) 1.30 730
Antidepressants 30 (27.3) 8 (28.6)2 18 (42.9)p 2 (7.4)2> 2(15.4) 1147 <.01

Atypical antipsychotics 2(1.8) 1(3.6) 1(2.4) 0(0.0) 0(0.0) 1.30 730
Benzodiazepines 4(3.6) 3(10.7) 0(0.0) 1(3.7) 0(0.0) 6.08 108
Narcotics 18 (16.4) 6(21.4) 9(21.4) 3(11.1) 0(0.0) 4.40 221
Prazosin 6(5.5) 2(7.1) 4(9.5) 0(0.0) 0(0.0) 3.81 283

Data are presented as No. (%) unless otherwise indicated. NBDRA = nonbenzodiazepine receptor agonist. See Table 1 legend for expansion of

other abbreviation.

sbGroups with the same letter(s) represent significant differences as tested by x2 analysis.
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Table 4—Polysomnographic Variables by Sleep Diagnoses

Control Subjects

Variable Overall (N=110) Insomnia (n=28) Comorbid (n=42) OSA (n=27) (n=13) F P Value
SOL, min 10.3+15.3 12.9+22.6 12.6 152 53+49 75+6.0 1.72 .168
REM latency, min 114.6 = 78.3 145.1 =93.22 1147772 79.6 = 54 .4« 121.0 £ 66.3 3.47 <.05
TST, min 4229 +57.1 422.7+50.7 421.9+59.7 420.1 +=64.1 432.4+51.8 0.14 935
Sleep efﬁciency, % 91.3*=6.7 90.6 £9.0 90.3x7.0 924+35 93.7+4.0 1.25 .296
Stage N1, % 11.3+7.0 94+47 11.8+55 13.8*+11.0 8.7+3.3 2.51 .063
Stage N2, % 43.5*+9.1 441 8.8 43.3 9.6 43.4+10.3 43.1*+5.8 0.06 981
Stage N3, % 19.7+9.2 20.7+9.1 18.8+8.6 18.9+10.7 21.7+8.3 0.53 .660
Stage R, % 18.6 =8.3 16.7+6.4 17.7+6.2 214*124 20.1*x59 1.88 137
WASO, min 38.0=29.0 41.3+40.1 41.9+28.0 33.6 =19.6 27.7+16.6 1.14 .338
Arousal index 21.8+16.7 15.5+10.32 22.3+13.5 31.2+ 25,00 14.8+5.1> 5.42 <.01
Apnea-hypopnea index 13.4+17.3 2.0+ 1.4sb 14.7 % 11.10ed 28.7 & 24.5bce 1.9%15d 2006  <.001
Desaturation, % 86.0£6.2 90.4 = 3.8b 84.0 £ 5.2ac 83.3 +7.3bd 88.8 4. 7cd 11.27 <.001
Self-reported sleep duration, h 53*+1.7 55+2.0 50+1.3 54+1.7 5.8+2.0 0.88 457

Data are presented as mean = SD. Desaturation = minimum recorded oximetry value during sleep; REM = rapid eye movement; SOL = sleep
onset latency; TST = total sleep time; WASO = wakefulness after sleep onset. See Table 1 legend for expansion of other abbreviation.
+eGroups with the same letter(s) represent significant differences as tested by one-way analysis of variance with post hoc analysis with Bonferroni

correction.

who had traumatic experiences.'63435 As our study, to
our knowledge, is the first substantial assessment of
the complex insomnia diagnosis in military personnel,
it raises concerns about whether comorbid insomnia
and OSA is underreported in military personnel as
has been noted in civilian studies.!”?6 In the literature,
there are two distinct groups of patients with comor-
bid insomnia and OSA: patients without an associated
behavioral-medicine diagnosis®™* and those who have
anxiety, depression, or PTSD with comorbid insomnia
and OSA.1634353940 Most of the patients with comor-
bid insomnia and OSA (66.7%) met criteria for a
service-related diagnosis, which is consistent with the
“complex sleep disorders or complex insomnia” model
postulated by Krakow et al’! that integrates their sleep
and behavioral-medicine diagnoses and treatment. A
recent study showed compliance with CPAP in soldiers
with OSA and PTSD, many of whom had comorbid
insomnia and OSA, was suboptimal, suggesting that
treating this syndrome is difficult.?® Another study
reported that achieving CPAP compliance in these
patients requires much more effort, which is consistent
with our clinical experience.*! There are no defini-
tive treatment recommendations for comorbid insom-
nia and OSA, although combined therapy addressing
insomnia with cognitive behavioral therapy and either
surgical treatment or CPAP for OSA has shown
promise. 354244

In this study, we report that medical and psycho-
logic comorbidities are frequent in military personnel
referred for sleep disturbances, with 70% having at
least one of the following: depression, mild TBI, pain,
or PTSD, and almost one-half (47.3%) reporting two
or more diagnoses. These rates are similar to studies
that used either an interview or questionnaire to deter-
mine rates of diagnoses, and lower than studies that
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relied on retrospective reviews of medical records.!345-4
Patients with comorbid insomnia and OSA had the
highest rates of depression, mild TBI, PTSD, and two
or more diagnoses. When compared with both the
control and OSA groups, these were significant dif-
ferences except for mild TBI, which trended toward
significance. This finding is consistent with previous
reports in which patients with comorbid insomnia and
OSA had elevated rates of psychiatric diagnoses and
illustrates the multifaceted nature of complex insom-
nia in military personnel.*

Medication use, especially antidepressants and nar-
cotics, was frequent in our cohort and highest in mil-
itary personnel diagnosed with comorbid insomnia and
OSA. Notably, while 63.7% of the participants received
an insomnia diagnosis, only 5.5% were receiving an
NBDRA. Possible explanations for this include that
participants with insomnia were not previously diag-
nosed with this sleep disorder, that is, were referred
solely for sleep disturbances, or that prior treatment
with an NBDRA was not effective, thus, resulting in
a sleep referral. Similarly, while 35.5% of participants
met diagnostic criteria for PTSD, only 5.5% were
receiving prazosin, a medication used in the treat-
ment of nightmares. Previous studies have shown that
OSA is more prevalent in both veteran and nonvet-
eran populations with PTSD and mental health dis-
orders.#5052 This is consistent with our finding of a
high prevalence of sleep-disordered breathing (62.7%)
in our cohort. Seal et al? recently reported veterans
with PTSD were 2.6 times more likely to receive opi-
oids and 5.5 times more likely to receive sedative
hypnotics than those without PTSD. In this study,
prescription opioids were associated with adverse out-
comes (eg, ED or inpatient admissions). While there
are no studies, to our knowledge, that specifically
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addressed this, a sleep medicine evaluation early in
the diagnoses of PTSD and pain could conceivably
help mitigate medication-related complications. Treat-
ing insomnia and OSA with nonpharmacologic ther-
apies such as cognitive behavioral therapy and CPAP
may well decrease the need for, and the complica-
tions of, sedatives and opioids; the latter have been
known to exacerbate OSA or even provoke central
sleep apnea.

The pathogenesis of sleep disorders, specifically the
onset of symptoms, in participants in our study is
unknown as there was no difference in number of
deployments or time from deployment among the
diagnostic groups. The most likely etiology in those
that received a diagnosis of insomnia is that it devel-
oped, in part, due to stressors during their deployment,
as their Combat Experiences Scale scores were the
highest.*? It is also more than likely that some pro-
portion of participants in our study who were diag-
nosed with OSA suffered from this condition prior to
deployment. Hoge et al'® suggests disturbed sleep in
combat, which is the result of prolonged operations
or lack of quality sleep due to insomnia, is a potential
precursor not only to PTSD but to postconcussive
symptoms following a TBI. There is evidence that
disturbed sleep prior to a traumatic event poses an
increased risk of PTSD.** The importance of this tem-
poral relationship is further illustrated by a study of
military personnel that reported high levels of sleep
disturbances following deployment, which were sub-
sequently linked to a greater risk for PTSD.% As our
study shows high rates of insomnia and sleep-disor-
dered breathing in otherwise young, healthy military
personnel, it is possible that prolonged sleep depriva-
tion along with fragmentation and hyperarousal due
to the physical and psychologic stressors of combat
contributed to the pathogenesis of not only insomnia
but OSA as well. A potential mechanism is the com-
bined effects of sleep deprivation, which are known to
exacerbate sleep-disordered breathing,5" and increased
arousals resulting in the development of OSA. Arousals
are typically viewed as protective for patients with
OSA. In some patients with OSA, arousals can cause
ventilatory instability by triggering ventilatory over-
shoot, resulting in an increased tendency for upper
airway collapse.3s5

There are several limitations to our study that should
be addressed. Participation in our study was low, with
only 11.3% of potentially eligible military personnel
referred for screening. It is possible that through this
selection bias, only those with more significant sleep
disturbances volunteered for our study. This could
elevate the percentage of those diagnosed with sleep
disorders and service-related illnesses. Our control
group was not truly normal, as control subjects had
sleep complaints and nearly one-half had a service-
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related diagnosis. This may have minimized the dif-
ferences between the diagnostic and control groups
regarding service-related diagnoses. The cross-sectional
nature of our study did not allow us to definitively
establish the onset or etiology of the sleep disorders
rendered. Military personnel are assessed for med-
ical disorders prior to deployment and receive appro-
priate evaluations to ensure predeployment conditions
are addressed. Thus, it is more than likely that their
deployment experiences contributed in some part to
the development or worsening of their sleep disorder.
Six participants in our study underwent a split-night
PSG. This likely affected their AHI but would not
have otherwise affected their sleep diagnosis. As we
only evaluated military personnel, the results of our
study likely do not apply to all patients with sleep dis-
turbances, but are potentially applicable to civilians
who experience significant trauma, especially those
who subsequently develop PTSD or TBI. Although
there are limits to our methods, this is the first study,
to our knowledge, to comprehensively assess sleep
disorders and service-related diagnoses in military
personnel and can serve as a reference for larger stud-
ies that are required given the scope of this problem.

The nearly universal feature of all service-related
diagnoses is the complaint of “sleep disturbances,”
and our findings show it is not merely sleep distur-
bances but specific “sleep disorders” in the majority
of cases. Although our study included only military
personnel, sleep disturbances are present in virtually
all patients with TBI and PTSD. Thus, our findings of
a high prevalence of sleep-disordered breathing and
comorbid insomnia and OSA are likely applicable to
physicians who treat civilian patients with similar trau-
matic experiences. Of considerable clinical import,
seeking care for disturbed sleep does not typically
carry the stigma of mental health disorders in military
personnel.® Therefore, we believe sleep evaluations
are an underused portal to address the complex dis-
orders of military personnel and veterans. With the
extremely high reported rates of sleep disturbances,
the mounting evidence that these are specific sleep
disorders, and that improved sleep results in enhanced
outcomes, the requirement for sleep research in mil-
itary personnel is substantial.
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