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SCIENT IF IC INVEST IGATIONS

Sex differences in US military personnel with insomnia, obstructive
sleep apnea, or comorbid insomnia and obstructive sleep apnea
Vincent Mysliwiec, MD1; Kristi E. Pruiksma, PhD1,2; Panagiotis Matsangas, PhD3; Tyler Powell, MD4; Casey L. Straud, PsyD1,2,5; Daniel J. Taylor, PhD6;
Shana Hansen, MD4; Shannon N. Foster, DO4; Sara Mithani, PhD7; Sarah Zwetzig, PhD1; Jennifer Martin, PhD8,9; Kelsi Gerwell, PhD1;
Stacey Young-McCaughan, RN, PhD1,2; John A. Blue Star, PhD4; Daniel G. Cassidy, PhD4; Kimberly D. Gomes10; Brian A. Moore, PhD10;
Alan L. Peterson, PhD1,2,5; Matthew S. Brock, MD4; on behalf of STRONG STAR Consortium
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Healthcare System, Los Angeles, California; 10Department of Psychological Science, Kennesaw State University, Kennesaw, Georgia

Study Objectives: The aim of this study was to evaluate sex-related differences in symptoms of sleep disorders, sleep-related impairment, psychiatric
symptoms, traumatic brain injury, and polysomnographic variables in treatment-seeking military personnel diagnosed with insomnia, obstructive sleep apnea
(OSA), or comorbid insomnia and OSA (COMISA).
Methods: Participants were 372 military personnel (46.2% women, 53.8% men) with an average age of 37.7 (standard deviation = 7.46) years and median body
mass index of 28.4 (5.50) kg/m2. Based on clinical evaluation and video-polysomnography, participants were diagnosed with insomnia (n = 118), OSA (n = 118), or
COMISA (n = 136). Insomnia severity, excessive daytime sleepiness, sleep quality, nightmare disorder, sleep impairment, fatigue, posttraumatic stress disorder,
anxiety, depression symptoms, and traumatic brain injury were evaluated with validated self-report questionnaires. Descriptive statistics, parametric and
nonparametric t-tests, and effect sizes were used to assess sex differences between men and women.
Results: There were no significant differences between women and men with insomnia or OSA in sleep-related symptoms, impairment, or polysomnography-
based apnea-hypopnea index. Military men with COMISA had a significantly greater apnea-hypopnea index as compared to military women with COMISA, but
women had greater symptoms of nightmare disorder, posttraumatic stress disorder, and anxiety.
Conclusions: In contrast to civilian studies, minimal differences were observed in self-reported sleep symptoms, impairment, and polysomnography metrics
between men and women diagnosed with the most frequent sleep disorders in military personnel (ie, insomnia, OSA, or COMISA) except in those with COMISA.
Military service may result in distinct sleep disorder phenotypes that differ negligibly by sex.
Keywords: military, service member, sex, sleep, insomnia, obstructive sleep apnea, comorbid insomnia and obstructive sleep apnea, COMISA,
nightmares, posttraumatic stress disorder, traumatic brain injury, anxiety, veteran
Citation:Mysliwiec V, Pruiksma KE, Matsangas P, et al. Sex differences in US military personnel with insomnia, obstructive sleep apnea, or comorbid insomnia
and obstructive sleep apnea. J Clin Sleep Med. 2024;20(1):17–30.

BRIEF SUMMARY
Current Knowledge/Study Rationale: There are recognized differences in the sleep-related symptoms and objective polysomnographic variables in
civilian men and women with insomnia and obstructive sleep apnea; however, there is a substantial lack of understanding regarding differences or
similarities in military men and women with these sleep disorders. In order to develop a better understanding of sex-related characteristics of sleep
disorders in military personnel, this study evaluated treatment-seeking service members, both men and women, who were diagnosed with insomnia, OSA,
or COMISA.
Study Impact: In contrast to most civilian studies, there were no significant differences between military women and men with insomnia or OSA in
sleep-related symptoms, impairment, or PSG-based apnea-hypopnea index (AHI). The referral patterns for clinical sleep evaluations and polysomnography of
military women should be evaluated as military service potentially results in distinct sleep disorder phenotypes that differ negligibly by sex.

INTRODUCTION

Although women constitute approximately 17% of the active
duty US military,1 relatively little is known regarding sleep dis-
orders and associated comorbid diagnoses affecting women
serving in the military.2 Previous studies evaluating clinical

sleep disorders in military personnel have included predomi-
nantly military men and focused on insomnia and obstructive
sleep apnea (OSA).3 In addition to the fact that military popula-
tions are primarily men, this focus on sleep disorders in military
men was potentially driven by two biases: (1) the presumption
that women in the military do not have OSA, as many are
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premenopausal and thus do not have typical risk factors for this
sleep disorder and (2) the presumption that women do not have
the same combat experiences as men and thus are not at as high
risk for sleep disorders and associated comorbid diagnoses.4

Both of these presumptions are problematic. First, the majority
of clinical cohorts were those who had undergone polysomno-
graphy (PSG) for suspected OSA, which requires a referral
from a primary care provider who is less familiar with the nuan-
ces of sleep medicine. Second, in 2015, women in the US mili-
tary were authorized to serve in the same combat jobs as men.5

Since that time, diagnoses of insomnia and OSA have steadily
increased throughout all branches of the US military, but mili-
tary women remain underdiagnosed,2,6 possibly because they
are underassessed.

In the civilian population, sex differences in OSA have long
been recognized.7 Snoring, witnessed apneas, and excessive
daytime sleepiness are considered hallmark symptoms of OSA,
though women with OSA often do not present with these symp-
toms. Instead, women are more likely than men to present with
symptoms of insomnia and fatigue. The lack of recognition of
these differences has led to the underdiagnosis and delayed
diagnosis of OSA in women.8–10 For instance, in a retrospective
cohort of 130 men and women with similar degrees of OSA
severity, Shepertycky et al reported that women were signifi-
cantly more likely than men to have insomnia symptoms,
depression, and hypothyroidism.11 In a larger study of 2,827
men and women, Basoglu et al reported that women diagnosed
with OSA were older, had higher body mass indexes and more
comorbid medical disorders, and more frequently reported
insomnia and nonrestorative sleep than their male counter-
parts.12 Women in the study had a significantly lower apnea-
hypopnea index (AHI) but greater rapid eye movement (REM)
AHI than the men. Regarding REM-related OSA, this finding is
aligned with previous studies whereby women have a higher
prevalence of REM-related OSA compared to men.13 In the
military, men and women are of similar ages, with comparable
physical fitness requirements and experiences inherent to mili-
tary service, including high levels of trauma exposure. Consid-
ering this, it is currently unknown if the sex-related differences
in the characteristics of OSA reported in civilian populations
also exist in military men and women.

In research among civilian populations, there is substantial
evidence that insomnia is more prevalent in women compared
to men.14 In large part this finding is ascribed to psychosocial
factors such as women often being primary caregivers for
children and family members and experiencing higher rates of
anxiety and depression. However, military research of the prev-
alence of insomnia has found different patterns. Specifically, in
a study of soldiers in the US Army prior to deployment, the
overall prevalence of insomnia was 19.9% with no difference
between men and women.15 In a study that evaluated sleep dis-
orders in all branches of the US military, women were found to
have a lower rate of insomnia than men.6 Potential reasons for
these findings may be that military men and women have
similar military occupational requirements or that the rates of
comorbid disorders to include anxiety, depression, posttrau-
matic stress disorder (PTSD), and mild traumatic brain injury
(TBI) are similarly high in men and women. Another potential

reason is that the underlying neurobiological mechanisms of
insomnia, including hyperarousal and homeostatic and circa-
dian dysregulation, are similarly present in military men and
women.16 Currently, there is a limited understanding regarding
the differences in the clinical presentation of insomnia in mili-
tary men and women, which likely has diagnostic and treatment
implications.

The combination of insomnia and OSA, also known as
comorbid insomnia and OSA (COMISA), was first reported in
the military population in 2013.17 COMISA as a distinct clini-
cal condition is increasingly recognized and noted to be associ-
ated with higher rates of medical and psychiatric disorders than
either insomnia or OSA alone in the civilian population17–20

and in miliary populations.21 Differences between men and
women with COMISA are less well established than differences
found with OSA and insomnia, but women appear to present
with greater insomnia and sleep disturbance symptoms than
men whereas men have more witnessed apneas than women.22

This is similar to their overall presentations of OSA. One study
performed PSG to evaluate differences in OSA in men and
women with chronic insomnia. Men had a higher overall preva-
lence of COMISA that peaked between 45 and 55 years of age
while the peak in women was ≥ 55 years of age.23 We have
recently found that COMISA is the most frequent sleep disorder
diagnosed in service members seen in a sleep disorders clinic
and is associated with greater overall morbidity than OSA
alone, to include significantly higher rates of PTSD.18 How-
ever, given the younger age of this population and relatively
few studies evaluating COMISA in military populations, it is
currently unknown if there are sex differences in this sleep
condition or associated diagnoses.

To develop a better understanding of sex-related differences
in the most frequent sleep disorders in military personnel (ie,
insomnia, OSA, and COMISA), we examined baseline data col-
lected as part of a larger prospective observational study of
active duty military men and women seeking treatment for sleep
disturbance. The primary objective of the current study was to
determine if there are overall differences in self-reported symp-
toms of sleep disorders, sleep-related impairment, comorbid
psychiatric symptoms, and history of mild TBI between mili-
tary women and men. The secondary objective was to deter-
mine if there are differences in objective PSG variables
between military men and women diagnosed with insomnia
only, OSA only, or COMISA.

METHODS

Participants
This parent study recruited men and women seeking treatment
for sleep disturbance and subsequently diagnosed with the three
different sleep disorders (Figure 1 and Figure 2). A total of
372 active duty US military personnel were enrolled, including
200 men (54%) and 172 women (46%). Recruitment was from
June 2019 to May 2022 at the Wilford Hall Ambulatory Surgi-
cal Center Sleep Disorders Center located at Joint Base San
Antonio-Lackland in San Antonio, Texas. The current paper
focused on data collected at baseline. All participants were
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(1) active duty military personnel; (2) ≥ 18 years of age; and (3)
diagnosed with insomnia only, OSA only, or COMISA follow-
ing an overnight attended in-lab video-PSG (vPSG) and clinical
evaluation to determine their sleep diagnosis. Exclusion criteria
were (1) primary sleep diagnosis other than insomnia, OSA, or

COMISA (noting co-occurrence of another sleep disorder was
not exclusionary); (2) previous positive airway pressure treat-
ment for OSA or cognitive behavioral therapy for insomnia;
(3) opted for a treatment other than cognitive behavioral ther-
apy for insomnia, Brief Behavioral Treatment for Insomnia, or

Figure 1—Study flow chart.

COMISA = comorbid obstructive sleep apnea and insomnia, OSA = obstructive sleep apnea.

Figure 2—Number of women and men in each sleep disorder group.
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positive airway pressure; (4) unstable medical or psychiatric
illness; (5) receiving treatment for alcohol or substance abuse;
(6) pregnant; (7) experiencing suicidality warranting immedi-
ate care; (8) planned major surgery; or (9) inability to make
follow-up visits.

Procedures
Following informed consent, participants completed the clinical
assessments of sleep and associated comorbid disorders, an
overnight-attended in-lab vPSG, and clinical evaluation to
determine their sleep diagnosis. Participants with other sleep
disorders such as insufficient sleep syndrome or nightmare
disorder in addition to OSA, insomnia, or COMISA were not
necessarily excluded unless the other sleep disorder was deter-
mined to be the primary reason for the patient’s sleep-related
symptoms. For cases in which two or more sleep disorders were
present, the study team consisting of at least two board-certified
sleep medicine physicians (M.B., S.F., S.H., V.M., T.P.) deter-
mined if a potential participant was included or excluded.

The 59th Medical Wing Institutional Review Board served
as the institutional review board of record for this study. The
University of Texas Health Science Center at San Antonio
deferred their institutional review board review to the 59th
Medical Wing. The regulatory approvals were monitored by the
US Army Medical Research and Development Command
Human Research Protection Office.

Sleep medicine evaluation

Video-polysomnography

All service members underwent an in-lab attended diagnostic,
level 1 vPSG performed in accordance with American Acad-
emy of Sleep Medicine standards in an American Academy of
Sleep Medicine-accredited lab. The system used was Sleepware
G3 version 3.9.0 (Philips Respironics, Murrysville, PA). Stud-
ies were scored utilizing the American Academy of SleepMedi-
cine Scoring Manual Version 2.5 from June 2019 until March
2020 and 2.6 from March 2020 until study completion.24

Hypopneas were scored according to the recommended criteria
with either an arousal and/or ≥ 3% desaturation.

Sleep medication usage

Sleep medication usage was assessed for each participant with a
standardized list including the following medications: zolpi-
dem, diphenhydramine, eszopiclone, prazosin, trazodone, mel-
atonin, Nyquil, valerian root, or other.

Sleep disorder diagnosis

Participants were diagnosed in accordance with the Interna-
tional Classification of Sleep Disorders, third edition25 by a
physician board-certified in sleep medicine. All diagnoses were
adjudicated by the study team. Note that participants were not
excluded for other co-occurring sleep disorders (eg, nightmare
disorder, shift work disorder, restless legs syndrome, etc.).

Chronic insomnia disorder: Participants in the “insomnia
group” were diagnosed with chronic insomnia disorder by
a clinical interview. This diagnosis was rendered when

participants reported symptoms of difficulty initiating or main-
taining sleep and/or awakening earlier than desired ≥ 3 times per
week for at least 3months and reported associated daytime
impairments (ie, daytime sleepiness, irritability, risk of accidents/
errors).25 For a diagnosis of chronic insomnia disorder, partici-
pants were required to have an AHI < 5 events/h.

Obstructive sleep apnea: OSA was diagnosed if participants
had an AHI ≥ 5 events/h on vPSG with symptoms of sleepiness,
fatigue, and/or problems with nocturnal breathing (ie, snoring,
gasping, choking) or an associated illness (eg, hypertension,
mood disorder, etc.).25

COMISA: For the diagnosis of COMISA participants were
required to meet the International Classification of Sleep Disor-
ders, third edition diagnostic criteria for both chronic insomnia
disorder and OSA as described earlier. Further, on clinical inter-
view, insomnia symptoms (eg, nocturnal or early morning awa-
kenings) could not be solely attributed to the symptoms of
sleep-disordered breathing, as the symptoms of insomnia and
OSA can overlap.20 Specifically, a service member could not
describe their nocturnal awakenings were exclusively due to the
symptoms of gasping, choking, snoring, and so on.

Measures
The measures to evaluate sleep-related symptoms and impair-
ment as well as psychiatric symptoms and TBI were adminis-
tered in a supervised setting by a research assistant or a
postdoctoral fellow and included the following.

Demographics

Demographic questionnaire: The self-reported demographic
information collected included sex, race, ethnicity, height,
weight, marital status, and highest level of education. Military
service information included branch of service, current rank,
number of deployments, duties during deployment, and the mil-
itary operations in which they served.

Sleep characteristics

Insomnia Severity Index: The seven-item Insomnia Severity
Index26 evaluates self-reported insomnia symptoms over the
preceding month. Items measure the severity of falling asleep,
staying asleep, waking up too early as well as sleep satisfaction,
functional impact, how noticeable their impairment is, and an
individual’s degree of concern about their sleep. Responses are
summed to produce a score ranging from 0 to 28. A score of ≥
15 is consistent with clinically significant insomnia. The Insom-
nia Severity Index has adequate internal consistency (Cron-
bach’s a = 0.74) in civilian populations and high internal
consistency in military populations (Cronbach’s a = 0.92).15

Epworth Sleepiness Scale: The eight-item Epworth Sleepi-
ness Scale27 is a measure of self-reported daytime sleepiness.
Individuals rate the likelihood of dozing or falling asleep on a
4-point Likert scale ranging from 0 (“would never doze”) to 3
(“high chance of dozing”) across eight situations. Responses
are summed for a total score ranging from 0 to 24, with higher
scores indicating greater levels of daytime sleepiness. Internal
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consistencies range from 0.73 to 0.88. Test–retest reliability is
reported at 0.82.28

The Pittsburgh Sleep Quality Index: The Pittsburgh Sleep
Quality Index (PSQI)29 evaluates sleep quality in the preceding
month. The PSQI global score is derived from seven compo-
nents: self-reported sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of sleep
medication, and daytime dysfunction. A threshold score of ≥ 5
differentiates “good” vs “poor” sleepers. The PSQI has good
internal homogeneity (Cronbach’s a = 0.83) and test–retest reli-
ability (r = .85).29

Patient Reported Outcomes Measurement Information
System Sleep-Related Impairment Short Form: The eight-
item Patient Reported Outcomes Measurement Information
System (PROMIS) Sleep-Related Impairment short form is a
self-report measure of sleep-related impairments in the past
week to include alertness, sleepiness, tiredness, and functional
impairments. The PROMIS items use a 5-point Likert scale
from 1 (“not at all”) to 5 (“very much”). The overall raw score
is converted to a standardized t score using conversion tables
available on the PROMIS website.30 The PROMIS has shown
strong reliability and construct validity.31

Nightmare Disorder Index: The five-item Nightmare Disor-
der Index32 was used to evaluate for nightmare disorder in
accordance with the Diagnostic and Statistical Manual of Men-
tal Disorders, fifth edition33 criteria. Higher scores on the
Nightmare Disorder Inventory indicate greater nightmare
severity. The Nightmare Disorder Inventory has adequate psy-
chometric characteristics, with a good internal consistency (a =
0.80) and interitem correlations (r = .50).32 For this study, parti-
cipants were determined to have nightmare disorder if their
score on all Nightmare Disorder Inventory items was ≥ 2. This
is indicative of experiencing nightmares one to three nights per
week, awakening and becoming alert at least “sometimes,” and
experiencing distress and impairment at least “somewhat” for
≥ 1month.

Fatigue

Multidimensional Fatigue Inventory: The Multidimensional
Fatigue Inventory34 is a 20-item self-report measure of fatigue
symptoms, designed to index five dimensions of fatigue: gen-
eral fatigue, physical fatigue, mental fatigue, reduced motiva-
tion, and reduced activity. Each fatigue dimension includes four
questions that are scored on a 5-point Likert scale ranging from
1 (“Yes, that is true”) to 5 (“No, that is not true”). For this study,
the overall fatigue measures were summed for a total score,
with higher scores indicating greater fatigue. Clinically signifi-
cant fatigue is considered present if the summed score for all
five dimensions is greater than 60. The Multidimensional
Fatigue Inventory has been shown to have good internal consis-
tency (a = 0.84).34

Psychiatric disorders

Generalized Anxiety Disorder Screener: The Generalized
Anxiety Disorder screener 35 is a validated instrument for mea-
suring anxiety symptoms. It consists of seven items that ask

participants to rate the frequency with which they have been
bothered by anxiety symptoms within the past 2weeks on a
scale ranging from 0 (“not at all”) to 3 (“nearly every day”).
Scores for all questions are summed with a higher score corre-
sponding to greater anxiety symptoms. The Generalized Anxi-
ety Disorder screener has been shown to have high internal
consistency (Cronbach’s a = 0.92).35 A Generalized Anxiety
Disorder screener score ≥ 10 was considered diagnostic
of anxiety.

Patient Health Questionnaire-9: The Patient Health Ques-
tionnaire-936 is a validated instrument for measuring the sever-
ity of depressive symptoms. It consists of nine items that assess
affective and somatic symptoms related to depression. Indivi-
duals rate the frequency with which they have been bothered by
depressive symptoms within the past 2weeks on a scale ranging
from 0 (“not at all”) to 3 (“nearly every day”). Scores for all
questions are summed with a higher score corresponding to
greater depressive symptomatology. The Patient Health
Questionnaire-9 has high internal consistency (eg, a ranging
from 0.83 to 0.92) and correlates strongly with other measures
of depression.36 For this study, a Patient Health Questionnaire-
9 score of ≥ 10 was considered diagnostic of depression.

The PTSD Checklist for DSM-5: The PTSD Checklist for
DSM-537 consists of 20 self-report items that assess the severity
of PTSD symptoms based onDiagnostic and Statistical Manual
of Mental Disorders, fifth edition33 criteria. Participants rate
how bothersome a symptom has been in the past month, from 0
(“not at all”) to 4 (“extremely”). Higher scores reflect greater
perceived PTSD symptom severity. The PTSD Checklist for
DSM-5 has demonstrated good internal consistency (a = 0.96),
test–retest reliability (r = .84), and convergent and discriminant
validity.37 To meet the diagnostic criteria for PTSD, individuals
must report a Criterion A traumatic event (ie, that the person
was exposed to death, threatened death, actual or threatened
serious injury, or actual or threatened sexual violence) and at
least one B item (intrusion or re-experiencing symptoms), one
C item (avoidance), two D items (negative alterations in
cognitions and mood), and two E items (alterations in arousal
and reactivity or hyperarousal), each at a severity rating of
“moderately” or higher.37

Traumatic brain injury

History of head injuries: The modified Defense and Veterans
Brain Injury Center three-item screening tool38 asks about
causes of head injuries, altered consciousness following the
injury, and postconcussive symptoms following the head injury.
This tool was modified to capture the number of TBIs that
occurred in both deployed and nondeployed settings.

Statistical analysis
Descriptive statistics were used to examine the demographic and
military service characteristics of the total sample, and we assessed
sex differences in demographic and military service variables.
Next, participants were classified in three groups: OSA only,
insomnia only, or COMISA. Within each of these groups, we
assessed sex differences in terms of demographic characteristics,
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sleep medication usage, self-reported measures of interest (ie,
insomnia severity, daytime sleepiness, sleep quality, sleep dura-
tion, nightmares, sleep-related impairment, fatigue, PTSD symp-
toms, anxiety, depression, and TBI), and PSG variables.

Statistical analyses were conducted with a statistical soft-
ware package (JMP Pro 16; SAS Institute; Cary, NC). Data nor-
mality was assessed with the Shapiro-Wilk test. Given that
some of variables violated the assumption of normality, statisti-
cal analysis was based on parametric (t-test assuming unequal
variances) and nonparametric (Wilcoxon’s rank sum test) meth-
ods as appropriately needed. Fisher’s exact test was used for
pairwise comparisons between proportions.

An a level of 0.05 was used to determine statistical signifi-
cance. Accounting for family-wise error, post hoc statistical
significance was assessed by the Benjamini–Hochberg false dis-
covery rate-controlling procedure with q = 0.20.39 To assess the
strength of the observed differences we used relative risk with
95% confidence interval, Hedge’s g, and the nonparametric effect
size r. Data is presented as mean ± standard deviation, median
(interquartile range), or number of occurrences (percentage).

The data from this study are maintained at The University of
Texas Health Science Center at San Antonio in the South Texas
Research Organizational Network Guiding Studies on Trauma
and Resilience Repository.

RESULTS

Detailed demographic and military service characteristics are
shown in Table 1. Participants were 21 to 57 years old
(37.7 ± 7.46) with 200 (53.8%) men and 172 women (46.2%).
Participants were predominantly non-Hispanic (76.3%), White
(67.5%), and married or living with a partner (76.9%). Partici-
pants were from all branches of the military but primarily
served in the Air Force (50.0%) and Army (36.6%). Approxi-
mately, 73.0% of the military personnel evaluated had
deployed. The study flow chart is depicted in Figure 1.

Comparisons within each of the three sleep disorder groups
(OSA only, insomnia only, or COMISA) are presented in
Table 2, Table 3, and Table 4. In the OSA only group (118
patients in total, 34 women), there were no statistically significant
differences between men and women on self-report or objective
PSG variables. Of note, women diagnosed with OSA only tended
to be older than men (�3.4 years on average), but this difference
was not statistically significant in post hoc analysis. In the insom-
nia only group (118 patients in total, 84 women), there were no
statistically significant differences between men and women on
self-report or objective PSG variables. In the COMISA group
(136 patients in total, 54 women), analyses of the self-report mea-
sures indicated that women were at significantly higher risk than
men to have symptoms denoting probable nightmare disorder
(P = .009) and probable PTSD (P = .033). Women also reported
significantly worse symptoms of anxiety (P = .013) compared to
men. On objective PSG variables, women spent significantly less
time of their sleep in N1 (P = .009), had lower wake after sleep
onset (P = .022), non-REMAHI (P < .001), and overall AHI (P <
.001) as compared to men.

DISCUSSION

This prospective study compared active duty military men and
women seeking treatment for sleep disturbance who were
subsequently diagnosed with insomnia only, OSA only, or
COMISA. Although sex differences in patients diagnosed with
insomnia only and OSA only are well studied among civilians,
relatively less is known regarding the sex differences in civi-
lians diagnosed with COMISA. The overall similarity in PSG
variables and symptoms of sleep disorders between men and
women in our sample was unexpected. Specifically, in those
with insomnia and OSA alone, there were no significant sex dif-
ferences in any self-reported symptoms or PSG variables. To
our knowledge, this has not otherwise been reported in any
other patient population with sleep disturbances. In civilian
studies, women with OSA40 and insomnia41 report higher rates
of nightmares and psychiatric symptoms and are diagnosed
with anxiety and depression more often than men.7,42 Our find-
ings may be a result of similarities in age, health status, and
other factors among active duty service members. However, it
is still common to find differences between men and women in
objective sleep metrics in the general population, and we found
the absence of significant differences somewhat surprising.

Across the three sleep disorder groups, there were no differ-
ences between men and women on measures of sleepiness
(Epworth Sleepiness Scale), sleep impairment (PROMIS), and
fatigue (Multidimensional Fatigue Inventory). Minor statistical
differences in insomnia symptoms (Insomnia Severity Index)
and sleep quality (PSQI) were observed but are likely not clini-
cally meaningful.43,44 This degree of similarity in symptom-
atology is distinctly different than what is reported in civilians
with sleep disorders in which men generally have greater sleepi-
ness and women more fatigue and insomnia.8,42 Research speci-
fically focusing on sex differences in OSA symptomatology has
generally shown men to endorse typical symptoms such as
loud snoring, witnessed apneas, and daytime sleepiness while
women more often endorse atypical symptoms like insomnia,
fatigue, and depression.45,46 Military men and women with
OSA only in our cohort demonstrated similar degrees of sleepi-
ness and insomnia symptoms. Previous studies that evaluated
the Epworth Sleepiness Scale21 and Insomnia Severity Index15

in service members have found no significant differences
between men and women.

In all three sleep disorder groups, one potential reason for the
similarities in self-reported symptoms between sexes in our
military sample may be the rigorous military lifestyle for both
men and women, which includes deployments and military
duties, both of which are associated with insufficient sleep.3 Of
note, the average sleep duration in both men and women in our
cohort was only 6 hours. Another potential reason for the simi-
larities in self-reported symptoms may be cultural, whereby
both military men and women have learned throughout their
military careers to acknowledge sleepiness and associated
impairment in similar ways.

The lack of significant differences in any of the PSG vari-
ables between men and women with OSA only in our cohort
was substantially different from the corresponding civilian
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literature. While both men and women with OSA have higher
body mass indexes, most research has found that women pre-
sent with less severe OSA as represented by AHI and SpO2
nadir, likely related to sex-related differences in susceptibility
to sleep-disordered breathing.12 This was especially surprising
considering the relatively young age of women in our study
(38.6 years, standard deviation = 7.63). Other differences noted
in prior research of patients presenting with OSA include less
impact of sleep position on respiratory events (less positional
OSA) and greater frequency of events during REM sleep in

women.13,47,48 These trends were not found in the women in
our OSA-only group. Women displayed a similarly mild sever-
ity of sleep-disordered breathing to men with a comparable
degree of REM-related events, a phenotype that has been found
in studies of primarily military men.49 This pattern has been
theorized to represent a “low-arousal threshold” in which sleep-
disordered breathing is characterized by a propensity to arouse
from sleep during less pronounced upper airway obstruction.50

A validated explanation for this phenotypic association in mili-
tary personnel remains unclear but may be related to a state of

Table 1—Demographic and military service characteristics: women compared to men.

Variables

Entire Sample Women Men

Unadjusted P(n = 372) (n = 172) (n = 200)

Age (years), M ± SD 37.7 ± 7.46 37.7 ± 7.72 37.6 ± 7.28 .845a

Ethnicity, total # (%) .328c

Non-Hispanic 284 (76.3) 127 (73.8) 157 (78.5)

Hispanic 88 (23.7) 45 (26.1) 43 (21.5)

Race, total # (%) .047c,d

African American 74 (19.9) 40 (23.3) 34 (17.0)

Caucasian 251 (67.5) 105 (61.1) 146 (73.0)

Othere 47 (12.6) 27 (15.6) 20 (10.0)

Marital status, total # (%) <.001c,d

Divorced/separated 36 (9.68) 28 (16.3) 8 (4.0)

Married/living with partner 286 (76.9) 114 (66.3) 172 (86.0)

Single/not living with partner 50 (13.4) 30 (17.4) 20 (10.0)

Education, total # (%) .498c

High school diploma to associate degree 168 (45.2) 72 (41.9) 96 (48.0)

Four-year college degree 97 (26.1) 48 (27.9) 49 (24.5)

Graduate degree 107 (28.8) 52 (30.2) 55 (27.5)

Branch, total # (%) .187c

Air Force 186 (50.0) 94 (54.7) 92 (46.0)

Army 136 (36.6) 56 (32.6) 80 (40.0)

Marines 6 (1.61) 1 (0.58) 5 (2.5)

Navy 44 (11.8) 21 (12.2) 23 (11.5)

Rank group, total # (%) .061c,d

E1–E3 5 (1.3) 0 (0.0) 5 (2.5)

E4–E6 135 (36.3) 56 (32.6) 79 (39.5)

E7–E9 127 (34.1) 66 (38.4) 61 (30.5)

W01-O6 105 (28.2) 50 (29.1) 55 (27.5)

Years in the military, MD (IQR) 17.4 (10.7) 17.7 (11.6) 17.0 (9.5) .902b

Number of deployments, total # (%) <.001c,d

0 101 (27.2) 66 (38.4) 35 (17.5)

1 91 (24.5) 45 (26.2) 46 (23.0)

2 67 (18.0) 27 (15.7) 40 (20.0)

3+ 113 (30.4) 34 (19.7) 79 (39.5)

aStatistical comparisons between women and men with t-test assuming unequal variances. bStatistical comparisons between women and men with Wilcoxon’s
rank sum test. cStatistical comparisons between women and men with Fisher’s exact test. dStatistically significant according to posthoc analysis with the
Benjamini–Hochberg false discovery rate controlling procedure. eOther race category was comprised of Asian, Native American, Pacific Islander, and
multiracial individuals. IQR = interquartile range, M = mean, MD = median, SD = standard deviation.
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Table 2—Comparisons between female and male service members with OSA only.

Variables

Women Men

Unadjusted P(n = 34) (n = 84)

Age (years), M± SD 39.9 ± 8.55 36.5 ± 6.91 .043a

BMI (lb./in2), MD (IQR) 29.3 (9.01) 30.0 (5.28) .617b

Sleep medication use, # (%) 6 (17.7) 4 (4.76) .033c

PSG variables

SOL (minutes), MD (IQR) 9.25 (13.4) 6.9 (11.4) .128b

REM latency (minutes), MD (IQR) 111 (104) 99 (75.5) .209b

TST (hours), MD (IQR) 6.1 (1.03) 6.2 (1.18) .671b

SE (%), MD (IQR) 87 (12.6) 89 (11.2) .577b

N1 (%), MD (IQR) 6 (4.23) 8 (8.7) .126b

N2 (%), M ± SD 56.7 ± 8.95 56.2 ± 11.8 .814a

N3 (%), M ± SD 17.6 ± 6.83 15.5 ± 9.34 .201a

REM (%), M ± SD 18.6 ± 7.56 18.7 ± 6.04 .939a

WASO (minutes), MD (IQR) 44 (40.9) 37.1 (46.0) .713b

AHI (events/h), MD (IQR) 15.1 (22.2) 15.9 (12.8) .854b

ARI (events/h), MD (IQR) 22 (17.6) 21.6 (14.2) .854b

REM index (A+H), MD (IQR) 28.4 (28.7) 24 (29.9) .536b

Non-REM index (A+H), MD (IQR) 11.6 (18.0) 13.1 (16.8) .607b

Desaturation (%), MD (IQR) 86.5 (7.75) 88 (4) .610b

SpO2 < 89 (minutes), MD (IQR) 0.15 (1.05) 0 (0.68) .387b

ARI (PLM), MD (IQR) (only 18 data points) 1.3 (2.6) 0.8 (1.0) .632b

Index (PLM), MD (IQR) 0 (3.1) 0 (1.5) .305b

Time in bed (hours), M ± SD 7.03 ± 0.41 7.08 ± 0.51 .622a

Self-report measures

Insomnia severity score (ISI), M ± SD 13.9 ± 5.07 13.9 ± 4.58 .990a

Daytime sleepiness score (ESS), M ± SD 11.5 ± 4.30 12.4 ± 4.16 .297a

Excessive daytime sleepiness (ESS > 10), # (%) 22 (64.7) 60 (71.4) .512c

Sleep quality score (PSQI), M ± SD 9.94 ± 3.80 9.54 ± 3.13 .584a

Sleep duration in hours (PSQI Item 4), M ± SD 6.12 ± 1.19 5.94 ± 1.24 .465a

Nightmare disorder score (NDI), MD (IQR) 1.5 (9.25) 0.5 (8.75) .866b

Probable nightmare disorder diagnoses (NDI), # (%) 2 (5.88) 2 (2.38) .578c

Sleep impairment (PROMIS), MD (IQR) (only 45 points) 53.8 (14.8) 56.3 (9.2) .525b

Multidimensional fatigue score (MFI), M± SD 61.9 ± 4.81 60.0 ± 5.15 .062a

Clinically significant fatigue (MFI > 60), # (%) 21 (61.8) 36 (42.9) .071c

PTSD severity score (PCL-5), MD (IQR) 8.5 (23.8) 11 (15.8) .879b

PTSD diagnosis (PCL-5), # (%) 6 (17.7) 10 (11.9) .392c

Generalized anxiety score (GAD-7), MD (IQR) 6.5 (7.5) 4.5 (7) .239b

Anxiety diagnosis (GAD-7), # (%) 11 (32.4) 17 (20.2) .231c

Depression score (PHQ-9), M ± SD 9.32 ± 4.79 7.66 ± 4.09 .080a

Depression diagnoses (PHQ-9 ≥ 10), # (%) 14 (41.2) 25 (29.8) .281c

TBI diagnosis (HHI), # (%) 10 (29.4) 33 (39.3) .399c

aStatistical comparisons between women and men with t-test assuming unequal variances. bStatistical comparisons between women and men with Wilcoxon’s
rank sum test. cStatistical comparisons between women and men with Fisher’s exact test. dStatistically significant according to post hoc analysis with the
Benjamini–Hochberg false discovery rate controlling procedure. A+H = apnea + hypopnea, AHI = apnea-hypopnea index, ARI = arousal index, BMI = body
mass index, COMISA = comorbid obstructive sleep apnea and insomnia, ESS = Epworth Sleepiness Scale, GAD-7 = Generalized Anxiety Disorder screener,
HHI = history of head injury, IQR = interquartile range, ISI = Insomnia Severity Index, MFI = Multidimensional Fatigue Inventory, M = mean, MD = median,
NDI = Nightmare Disorder Inventory, OSA = obstructive sleep apnea, PCL-5 = PTSD Checklist for DSM-5, PHQ-9 = Patient Health Questionnaire-9,
PLM = periodic limb movement, PROMIS = PROMIS Sleep Disturbance subscale, PSG, polysomnography, PSQI = Pittsburgh Sleep Quality Index, PTSD =
posttraumatic stress disorder, REM = rapid eye movement, RDI = respiratory disturbance index, REM = rapid eye movement, SE = sleep efficiency, SD =
standard deviation, SOL = sleep onset latency, TBI = traumatic brain injury, TST = total sleep time, WASO = wake after sleep onset.
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Table 3—Comparisons between female and male service members with insomnia only.

Variables

Women Men

Unadjusted P(n = 84) (n = 34)

Age (years), M ± SD 36.3 ± 7.22 36.8 ± 7.71 .775a

BMI (lb/in2), MD (IQR) 27.2 (4.19) 28.0 (3.76) .318b

Sleep medication use, # (%) 27 (32.1) 7 (20.6) .265c

PSG variables

SOL (minutes), MD (IQR) 15.7 (19.9) 11.1 (14.9) .074b

REM latency (minutes), MD (IQR) 106.5 (73.5) 103 (92.4) .313b

TST (hours), MD (IQR) 6 (0.98) 6.05 (0.8) .558b

SE (%), MD (IQR) 85 (13) 88 (12.3) .574b

N1 (%), MD (IQR) 6 (5.4) 5 (7.6) .794b

N2 (%), M ± SD 55.8 ± 8.68 55.0 ± 9.06 .652a

N3 (%), M ± SD 18.6 ± 9.72 19.0 ± 9.81 .834a

REM (%), M ± SD 18.7 ± 7.0 17.9 ± 6.70 .532a

WASO (minutes), MD (IQR) 40.5 (45.9) 41.5 (38.4) .456b

AHI (events/h), MD (IQR) 2.4 (2.3) 2.8 (2.4) .152b

ARI (events/h), MD (IQR) 13.4 (8.8) 13.8 (8.25) .724b

REM index (A+H), MD (IQR) 3.95 (5.9) 4.65 (7.5) .662b

Desaturation (%), MD (IQR) 93 (3) 91 (3.3) .087b

Non-REM index (A+H), MD (IQR) 1.5 (1.8) 1.7 (1.7) .119b

SpO2 < 89 (minutes), MD (IQR) 0 (0) 0 (0) .732b

ARI (PLM), MD (IQR) (only 29 data points) 1.9 (3.1) 1.1 (1.1) .370b

Index (PLM), MD (IQR) 0 (1.8) 0 (2.0) .910b

Time in bed (hours), M ± SD 7.08 ± 0.47 6.92 ± 0.38 .064a

Self-report measures

Insomnia severity score (ISI), M ± SD 18.9 ± 4.09 18.5 ± 5.41 .658a

Daytime sleepiness score (ESS), MD (IQR) 12 (7) 14 (7.3) .176b

Excessive daytime sleepiness (ESS > 10), # (%) 54 (64.3) 22 (64.7) .990c

Sleep quality score (PSQI), M ± SD 13.7 ± 3.06 13.5 ± 3.28 .779a

Sleep duration in hours (PSQI Item 4), MD (IQR) 5 (1.5) 5 (1.5) .052b

Nightmare disorder score (NDI), MD (IQR) 8.5 (9.75) 7.5 (11.3) .513b

Probable nightmare disorder diagnoses (NDI), # (%) 13 (15.5) 8 (23.5) .301c

Sleep impairment (PROMIS), M ± SD 59.0 ± 6.78 59.0 ± 4.43 .980a

Multidimensional fatigue score (MFI), MD (IQR) 61 (6) 60 (9.3) .870b

Clinically significant fatigue (MFI > 60), # (%) 45 (53.6) 16 (47.1) .548c

PTSD severity score (PCL-5), MD (IQR) 22 (30.8) 34 (34.3) .091b

PTSD diagnosis (PCL-5), # (%) 28 (33.3) 18 (52.9) .061c

Generalized anxiety score (GAD-7), M ± SD 10.1 ± 5.03 11.3 ± 6.28 .324a

Anxiety diagnosis (GAD-7), # (%) 44 (52.4) 20 (58.8) .548c

Depression score (PHQ-9), M ± SD 11.2 ± 4.50 12.1 ± 4.90 .345a

Depression diagnoses (PHQ-9 ≥ 10), # (%) 48 (57.1) 23 (67.7) .309c

TBI diagnosis (HHI), # (%) 35 (41.7) 9 (26.5) .145c

aStatistical comparisons between females and males with t-test assuming unequal variances. bStatistical comparisons between females and males with
Wilcoxon’s rank sum test. cStatistical comparisons between females and males with Fisher’s exact test. dStatistically significant according to post hoc analysis
with the Benjamini–Hochberg false discovery rate controlling procedure. A+H = apnea + hypopnea, AHI = apnea-hypopnea index, ARI = arousal index, BMI =
body mass index, COMISA = comorbid obstructive sleep apnea and insomnia, ESS = Epworth Sleepiness Scale, GAD-7 = Generalized Anxiety Disorder
screener, HHI = history of head injury, ISI = Insomnia Severity Index, M = mean, MFI = Multidimensional Fatigue Inventory, NDI = Nightmare Disorder
Inventory, OSA = obstructive sleep apnea, PCL-5 = PTSD Checklist for DSM-5, PHQ-9 = Patient Health Questionnaire-9, PLM = periodic limb movement,
PROMIS = PROMIS Sleep Disturbance subscale, PSG, polysomnography, PSQI = Pittsburgh Sleep Quality Index, PTSD = posttraumatic stress disorder,
RDI = respiratory disturbance index, REM = rapid eye movement, SD, standard deviation, SE = sleep efficiency, SOL = sleep onset latency, TBI = traumatic
brain injury, TST = total sleep time, WASO = wake after sleep onset.
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Table 4—Comparisons between female and male service members with COMISA.

Variables

Women Men

Unadjusted P Effect Size(n = 54) (n = 82)

Age (years), M ± SD 38.6 ± 7.63 39.0 ± 7.32 .729a –

BMI (lb/in2), MD (IQR) 29.6 (6.7) 28.7 (4.42) .312b –

Sleep medication use, # (%) 16 (29.6) 23 (28.1) .495c –

PSG variables

SOL (minutes), MD (IQR) 16.7 (18.1) 14 (22.6) .448b –

REM latency (minutes), MD (IQR) 113 (92.5) 99.5 (85.5) .458b –

TST (hours), MD (IQR) 6 (0.5) 5.95 (0.83) .596b –

SE (%), MD (IQR) 86 (10.6) 85 (12.6) .132b –

N1 (%), MD (IQR) 5 (5.3) 9 (10.7) .009b,d 0.225e

N2 (%), M ± SD 54.8 ± 10.5 55.9 ± 11.2 .570a –

N3 (%), M ± SD 18.7 ± 7.95 16.0 ± 8.84 .065a,d 0.319g

REM (%), M ± SD 19.3 ± 6.98 17.5 ± 6.17 .144a –

WASO (minutes), MD (IQR) 41.2 (42.9) 46.4 (48.6) .022b,d 0.197e

AHI (events/h), MD (IQR) 8.8 (7.1) 15.8 (15.9) <.001b,d 0.394e

ARI (events/h), MD (IQR) 20.2 (9.4) 22.4 (13.4) .062b,d 0.160e

REM index (A+H), MD (IQR) 17.1 (14.7) 23.7 (26.7) .079b –

Non-REM index (A+H), MD (IQR) 6.8 (6.4) 13.1 (16.5) <.001b,d 0.393e

Desaturation (%), MD (IQR) 90 (5.5) 88 (5.25) .156b –

SpO2 < 89 (minutes), MD (IQR) 0 (0.3) 0 (0.8) .035b,d 0.181e

ARI (PLM), MD (IQR) (only 32
data points)

1.45 (2.4) 0.85 (0.98) .379b –

Index (PLM), MD (IQR) 0 (3.3) 0 (3.78) .868b –

Time in bed (hours), M ± SD 6.96 ± 0.57 7.08 ± 0.40 .178a –

Self-report measures

Insomnia severity score (ISI), M ± SD 18.9 ± 5.15 18.6 ± 4.66 .681a –

Daytime sleepiness score (ESS),
MD (IQR)

13.5 (6.3) 14 (7) .943b –

Excessive daytime sleepiness
(ESS > 10), # (%)

41 (75.9) 60 (73.2) .842c –

Sleep quality score (PSQI), M ± SD 14.5 ± 3.26 13.8 ± 3.70 .220a –

Sleep duration in hours (PSQI Item 4),
M± SD\

5.04 ± 0.98 4.97 ± 1.13 .692a –

Nightmare disorder score (NDI),
MD (IQR)

10 (9) 7 (11) .022b 0.197e

Probable nightmare disorder diagnoses
(NDI), # (%)

18 (33.3) 11 (13.4) .009c,d 2.49 (1.28 – 4.84)f

Sleep impairment (PROMIS), MD (IQR)
(only 56 points)

59 (16.4) 58.3 (8.3) .832b –

Multidimensional fatigue score (MFI),
MD (IQR)

60 (5.25) 60 (7) .544b –

Clinically significant fatigue (MFI > 60),
# (%)

25 (46.3) 40 (48.8) .861c –

PTSD severity score (PCL-5), MD (IQR) 30.5 (33) 22.5 (27) .054b,d 0.165e

PTSD diagnosis (PCL-5), # (%) 29 (53.7) 28 (34.2) .033c,d 1.57 (1.07 – 2.33)f

Generalized anxiety score (GAD-7),
MD (IQR)

14 (11) 10 (9) .013b,d 0.213e

Anxiety diagnosis (GAD-7), # (%) 36 (66.7) 45 (54.9) .212c –

Depression score (PHQ-9), MD (IQR) 12 (10.5) 11 (7.3) .054b,d 0.165e

(continued on following page)
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hyperarousal related to military service, exposure to traumatic
events, and the presence of psychiatric comorbidities including
anxiety and PTSD.21,51,52 Recognition of this phenotype in
both military men and women has important implications as
OSA in this population may be less responsive to traditional
treatment options, such as positive airway pressure therapy, and
patients may benefit from treatments addressing maintenance
of sleep continuity, such as sedative hypnotics.53

The similar rate of sleep medication use in women and men
in our study is consistent with a Department of Defense-wide
study in which military men and women received sedative hyp-
notics in similar proportions.54 Women in the general popula-
tion report a higher rate of sedative hypnotic use. In military
women, a referral from primary care to a specialty sleep center
may be delayed or foregone in favor of prescribing hypnotics as
women tend to lack the usual clinical presentation of OSA.
Given that we did not find differences in AHI among military
men and women with OSA only, it may be important to increase
diagnostic testing for OSA in military women.

Interestingly, most of the sex-related difference in psychiat-
ric morbidity appeared to be in those with COMISA. COMISA
as a distinct sleep condition with unique clinical characteristics
is increasingly recognized in military, veteran, and civilian
populations.17,18,55,56 Relatively little is known regarding the
sex-related differences in COMISA, with one study finding that
men with COMISA were younger than women with this disor-
der.23 The finding that military women with COMISA had
more psychiatric symptoms was unexpected. Military men in
our cohort had a higher rate of deployment, which has been
linked to overall risk for psychiatric symptoms in prior
research.57 However, in a prior retrospective study of sex differ-
ences in sleep disorders in the US military, military women had
significantly higher rates of anxiety and depression but not of
PTSD.21 A large study of active duty soldiers studied upon
return from deployment reported women to have slightly
greater depressive symptoms compared to the men, but PTSD
symptoms did not differ between the sexes.58

The reason for the increased psychiatric symptoms in women
with COMISA is not readily apparent. It may be that the
presence of both insomnia and psychiatric comorbidities, like

anxiety or PTSD, predispose women to the development of
OSA, especially of a low-arousal threshold phenotype.20,59

Conversely, it may be that the concomitant diagnoses of insom-
nia and OSA exacerbate underlying psychiatric vulnerabilities,
specifically to anxiety and PTSD, a theory that is supported by
prior research showing greater incidence of mood disorders and
PTSD in patients with COMISA.21,55 Further, it may be due to
a sex bias in referring military women to sleep disorders centers
as has been reported in civilian settings.60

In our sample of military women and men with insomnia
only, there were no significant differences in any of their poly-
somnographic variables. This is consistent with the findings
from a meta-analysis of polysomnographic studies of civilians
with insomnia that reported no differences in PSG variables
between men and women.61 There were also no sex-related dif-
ferences in sleep medication usage or self-reported measures of
interest (ie, sleep, fatigue, psychiatric, and TBI variables) in
patients with insomnia only. This represents a departure from
civilian literature in which women with insomnia report higher
levels of depression as compared to men62 and further suggests
military service may result in distinct sleep disorder pheno-
type(s) that differ minimally by sex.

Strengths and limitations
This was the largest study to comprehensively evaluate military
men and women diagnosed with the three most common sleep
disorders and represents a substantial advancement in our
understanding of insomnia, OSA, and COMISA in those serv-
ing in the military. Furthermore, all participants underwent an
attended in-lab PSG, which increases the precision of OSA
severity assessment compared to home sleep apnea testing or
symptom screening alone. This is relevant to military personnel
who are in high-risk occupations for which precise determina-
tion of disease severity is critical. Despite its strengths, it is
worth noting this study recruited only treatment-seeking active
duty military personnel and focused on the three most prevalent
sleep disorders in service members (insomnia only, OSA only,
and COMISA) with less focus on other sleep disorders (eg,
hypersomnias, restless legs syndrome, periodic limb movement
disorder, circadian rhythm sleep-wake disorders), which may

Table 4 (continued )—Comparisons between female and male service members with COMISA.

Variables

Women Men

Unadjusted P Effect Size(n = 54) (n = 82)

Depression diagnoses (PHQ-9 ≥ 10), # (%) 37 (68.5) 48 (58.5) .280c –

TBI diagnosis (HHI), # (%) 15 (27.8) 31 (37.8) .269c –

aStatistical comparisons between females and males with t-test assuming unequal variances. bStatistical comparisons between females and males with
Wilcoxon’s rank sum test. cStatistical comparisons between females and males with Fisher’s exact test. dStatistically significant according to post hoc analysis
with the Benjamini–Hochberg false discovery rate controlling procedure. eEffect size r. fRelative risk (95% confidence interval). gHedge’s g. A+H = apnea +
hypopnea. AHI = apnea-hypopnea index, ARI = arousal index, BMI = body mass index, COMISA = comorbid obstructive sleep apnea and insomnia,
ESS = Epworth Sleepiness Scale, GAD-7 = Generalized Anxiety Disorder screener, HHI = history of head injury, ISI = Insomnia Severity Index, M = mean,
MFI = Multidimensional Fatigue Inventory, NDI = Nightmare Disorder Inventory, OSA = obstructive sleep apnea, PCL-5 = PTSD Checklist for DSM-5,
PHQ-9 = Patient Health Questionnaire-9, PLM = periodic limb movement, PROMIS = PROMIS Sleep Disturbance subscale, PSG = polysomnography,
PSQI = Pittsburgh Sleep Quality Index, PTSD = posttraumatic stress disorder, RDI = respiratory disturbance index, REM = rapid eye movement, SD =
standard deviation, SE = sleep efficiency, SOL = sleep onset latency, TBI = traumatic brain injury, TST = total sleep time, WASO = wake after sleep onset.
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play an important role in sex differences in military personnel
overall; thus this study does not represent the overall prevalence
of sleep disorders in the military. The assessment of sex was
also a limitation of this study. Participants responded to a dichot-
omous variable (ie, What is your sex: [1] Male or [2] Female)
and further assessment of gender identity (ie, whether partici-
pants were transgender, cisgender, or other gender identities)
was not included. Also, the study was performed at one aca-
demic military sleep disorders center, and, although participants
in our study represented all branches of the Department of
Defense, the study included more individuals serving in the Air
Force and Army than in the Marines or Navy. Lastly, there were
multiple questionnaires performed as part of the study, and
questionnaire-related fatigue may have resulted in spurious
responses. Thus, these findings may not be generalizable to all
military personnel, those with nonspecific sleep disturbances, or
those with other sleep disorders. Nearly half of service members
regardless of branch have sleep disturbances.63 As standardized
questionnaires such as the STOP-BANG, Epworth Sleepiness
Scale, and PSQI are markedly less useful in assessing military
populations compared to civilians, the results from this study
represent a substantial advancement in the understanding of the
similarities and differences in military men and women diag-
nosed with insomnia, OSA, and COMISA.63–65

CONCLUSIONS

The overarching finding of our study is that there are minimal
differences in self-reported symptoms and PSG metrics
between military men and women with insomnia, OSA, or
COMISA. These findings indicate unique military phenotypes
that do not substantially differ between the sexes in the same
way these conditions differ in nonmilitary populations. How-
ever, the differences we found between military men and
women with COMISA suggest sex-specific factors emerge
when these two sleep disorders (ie, OSA and insomnia)
co-occur. This may have implications for treatment as men with
higher AHI may experience greater insomnia symptom reduc-
tion when OSA is treated concurrently with insomnia, while
women with COMISA may require interventions to address
comorbid psychiatric symptoms in addition to treatment of
OSA and insomnia disorder. As this is the first study to com-
prehensively evaluate military men and women with these
sleep disorders, confirmatory studies are required. Given the
high rates of comorbid behavioral medicine disorders in mili-
tary personnel and the absence of useful screening measures
for sleep disorders, a clinical evaluation and objective testing
to include vPSG are indicated for military men and women
who report sleep disturbances.

ABBREVIATIONS

AHI, apnea-hypopnea index
COMISA, comorbid insomnia and obstructive sleep apnea
OSA, obstructive sleep apnea

PROMIS, Patient Reported Outcomes Measurement Informa-
tion System

PSG, polysomnography
PSQI, Pittsburgh Sleep Quality Index
PTSD, posttraumatic stress disorder
REM, rapid eye movement
TBI, traumatic brain injury
vPSG, video-polysomnography
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