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ABSTRACT Introduction: Sleep disorders are increasingly recognized in active duty service members (ADSM). While
there are multiple studies in male ADSM, there are limited data regarding sleep disorders in women in the military. The
purpose of this study was to characterize sleep disorders in female ADSM referred for clinical evaluation to provide a bet-
ter understanding of this unique population. Materials and Methods: We conducted a retrospective review of female
ADSM who underwent a sleep medicine evaluation and an attended polysomnogram (PSG). Demographic and polysom-
nogram variables, as well as medical records, were reviewed. Associated illnesses to include post-traumatic stress disorder,
pain disorders, anxiety, and depression, were recorded. Results: The cohort consisted of 101 women. The average age was
33.9± 9.0 years and body mass index was 27.3± 4.5, with an average Epworth Sleepiness Scale score of 12.9± 5.2, and
Insomnia Severity Index score of 17.6± 5.7. Overall, 36.6% were diagnosed with insomnia only, 14.9% with obstructive
sleep apnea (OSA) only, and 34.7% met diagnostic criteria for both insomnia and OSA. The average apnea-hypopnea
index for the entire cohort was 5.37± 7.04/h whereas it was 10.34 ± 3.14/h for those meeting diagnostic criteria for OSA.
The women referred for sleep evaluations had the following rates of associated illnesses: pain disorders (59.4%), anxiety
(48.5%), depression (46.5%), and post-traumatic stress disorder (21.8%). For patients with OSA, the relative risk of having
post-traumatic stress disorder was 2.72 (95% confidence interval 1.16–6.39). Conclusions: Women in the U.S. military
who have sleep disorders have a high rate of behavioral medicine and pain disorders. Interestingly, nearly 50% of active
duty females referred for a sleep study have OSA while not necessarily manifesting the typical signs of obesity or
increased age. The reasons for this finding are not completely understood, though factors related to military service may
potentially contribute. The findings from our study indicate a need for increased awareness and evaluation of sleep disor-
ders in women in the military, especially those with behavioral medicine disorders.

INTRODUCTION
The prevalence of disturbed sleep and sleep disorders is
increasingly recognized in the military. According to the
Department of Defense, the number of females in the U.S. mil-
itary constituted 15.1% of the total force in 2014.1 However,
there is limited understanding of sleep and sleep disorders in
this population. The RAND Report, Sleep in the Military,
reported that 48.6% of active duty service members (ADSM)
surveyed met criteria for a clinically significant sleep disorder
as assessed by the Pittsburgh Sleep Quality Index (PSQI).2

Yet, even in this large epidemiologic study, there were limited
data regarding sleep disturbances in female ADSM who only
constituted 8.4% of the study population. The Millennium
Cohort Study analyzed sleep in 2,790 female ADSM, which
included pregnant female ADSM and mothers with young
children.3 They reported a mean sleep duration of 5.45–5.84 h
per night, which was markedly lower than their male counter-
parts.1,4,5 A potential reason for this difference is that female

ADSM face unique stressors related to family responsibilities
and military duties; however, it is unknown if underlying sleep
disorders contributed to these findings.

Female ADSM are typically between the ages of 18 and 50
yr and based on civilian data, the most common sleep disorder
expected in this age group is insomnia.5,6 Women of all ages
typically report more sleep disturbances than men.7 Yet, women
are referred less frequently for evaluation.8 Similarly, there are
limited data on clinical sleep disorders in female ADSM as they
constitute less than 5% of the patients in studies on sleep disor-
ders in military personnel.9

Combat deployments and exposure to physical and psycho-
logical stressors result in increased rates of post-traumatic
stress disorder (PTSD), anxiety, depression, and musculoskele-
tal injuries.10–12 With the incorporation of female ADSM into
combat roles, they are now exposed to physical and psycho-
logical stressors previously experienced primarily by male
ADSM.13 Mota et al14 found that female ADSM reported
higher levels of work-related stress than male ADSM. Female
ADSM in this study were also more likely than men to have
PTSD, depression, or anxiety disorders.

The prevalence of sleep disordered breathing (SDB) among
women in the general population is 9%, with 2% of women in
the working-age group meeting the diagnostic criteria for sleep
apnea syndrome.15 The symptomatology of SDB differs
between men and women. Whereas men commonly present
with complaints classically associated with obstructive sleep
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apnea (OSA) including daytime sleepiness and snoring, women
often present with fatigue and insomnia. Young et al16 reported
that 40% of women with an apnea-hypopnea index (AHI) of
greater than 15 did not report any “classic” OSA symptoms.
Additionally, women with SDB are often misdiagnosed with
depression or other illnesses.17 Currently, there are no studies
reporting on SDB in female ADSM.

As female ADSM represent a unique population subjected
to stressors not commonly seen in the general civilian popu-
lace (e.g., deployments, moves, shift work, family separation,
and work hours) and it is currently unknown what clinical
sleep disorders they manifest, the purpose of this study was to
characterize sleep disorders in this population. An additional
objective was to determine if there was an association between
specific sleep disorders and the illnesses of anxiety, pain disor-
ders, depression, and PTSD, which are more commonly asso-
ciated with military service.

METHODS
We conducted a retrospective review of all female ADSM
referred for the evaluation of a sleep concern to an academic
military sleep disorders center and who subsequently under-
went an attended, in-lab polysomnogram (PSG) from March
2014 to September 2015. All patients were currently on active
duty status in the U.S. Army, Air Force, Navy, and Marines
referred from several local clinics by primary care and mental
health providers. Approximately 20% of the referrals to our
sleep disorders center are female. All of the female ADSM
referred to the sleep disorders center during this time period
who completed our clinic intake questionnaire and received a
PSG and were included in this study. The need for a PSG was
adjudicated by a sleep physician after review of the patient’s
intake questionnaire and referral consult. Polysomnographic vari-
ables, demographic/biometric parameters, sleep center intake
questionnaires, and electronic medical records (EMR) were
reviewed. Individuals with previous PSGs, those referred for
post-surgical evaluation, or those who did not complete our sleep
center intake questionnaire were excluded from the analysis.

Approval for this research was obtained from the Wilford
Hall Ambulatory Surgical Center Institutional Review Board.
Medical record review was performed using the EMR system.
After collection, data were recorded in a de-identified database
prior to statistical analysis. One hundred eight patients’ records
were reviewed with 101 female ADSM from the U.S. Army,
Air Force, and Navy meeting inclusion criteria.

The Epworth Sleepiness Scale (ESS) was used to assess
patients’ sleepiness. A score >10 indicates excessive day-
time sleepiness.18 The Insomnia Severity Index (ISI) was
used to assess insomnia symptoms. A score ≥15 is consis-
tent with clinical insomnia.19

Level 1 PSG was performed in accordance with the
American Academy of Sleep Medicine (AASM) standards
within an AASM accredited lab (Embla Systems, Broomfield,
CO, Sandman Version 9.3), with a subset undergoing a

split-night PSG in accordance with laboratory policy. Studies
were scored utilizing the 2012 AASM scoring guidelines.20

Polysomnographic variables of interest, to include sleep onset
latency, sleep efficiency, wake after sleep onset, AHI, and
maximal desaturation were analyzed. Biometric parameters of
age, body mass index (BMI), branch of service, and deploy-
ment experience were obtained.

The International Classification of Sleep Disorders, third
edition, was used to adjudicate sleep disorders in our patients
integrating PSG data, EMR review, ESS, ISI, and our sleep
lab questionnaire.21 All diagnoses were adjudicated by two
board certified sleep medicine physicians. The diagnosis of
insomnia was rendered when patients with self-reported symp-
toms of insomnia had a sleep onset latency >30 min and a
reduced sleep efficiency from the sleep lab questionnaire, as
well as an ISI score consistent with insomnia (≥15). Patients
with a sub-threshold ISI of 11–14 were required to have the
same self-reported insomnia symptoms along with at least one
PSG variable consistent with insomnia to include: sleep onset
latency >30min, wakefulness after sleep onset of >30min,
and/or sleep efficiency <85%. Patients with a PSG demonstrat-
ing apneas or hypopneas with an AHI ≥5/h were rendered a
diagnosis of OSA. The diagnoses of insomnia and OSA were
not mutually exclusive; a diagnosis of comorbid insomnia and
OSA was adjudicated when the patient’s sleep and wake com-
plaints were not solely due to SDB or another disorder in
accordance with ICSD-3 and when PSG variables were consis-
tent with insomnia as noted above.21,22 Associated diagnoses
including depression, anxiety, PTSD, and pain disorders were
obtained from the EMR. Patients with an EMR and sleep lab
questionnaire self-reported diagnosis of: back or neck pain,
fibromyalgia, migraines, temporomandibular joint pain, or
arthritis who were taking a pain medication at the time of sleep
evaluation were determined to have a pain disorder.23

Statistical analysis was conducted utilizing statistical software
package (JMP Pro 12; SAS Institute; Cary, NC). Data normality
was assessed with the Shapiro–Wilk test. Given that our data vio-
lated the assumption of normality, statistical analysis was based
on nonparametric methods. All variables underwent descriptive
analysis to designate our population in terms of demographic
characteristics. Participants were then classified into four groups,
“Insomnia Only,” “OSA Only,” “Both Insomnia and OSA” for
patients with comorbid insomnia and OSA, and “Other Sleep
Disorders” for participants with other sleep-related disorders.

An α-level of 0.05 was used to determine statistical signifi-
cance. For analysis of multiple comparisons, we used Dunn’s
method for joint ranking with control accounting for family-
wise error. Comparisons between proportions are based on
Fisher’s exact test. Data are presented as mean (M) ± standard
deviation (SD).

RESULTS
Participants’ ages ranged from 20 to 65 years (33.9± 9.03)
(Table I). The BMI ranged from 19.4 to 43.8 kg/m2 (27.3± 4.46),
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with 65.4% of the cohort either overweight (39.6%) or obese
(25.7%). Participants were predominantly U.S. Air Force
(54.5%); 41.6% were U.S. Army, and 3.9% were U.S. Navy.
Approximately 50% of the participants had previously
deployed. The average self-reported sleep duration during
weekdays was 6.41 ± 2.10 h and 7.86 ± 2.76 h during days
off. The average ESS score was 12.9 ± 5.16, with 67.3% of
the patients having an ESS>10.

The study sample was characterized by a high rate of insom-
nia (71.3%) and OSA (49.5%), with 34.7% of the participants
having Both Insomnia and OSA, 36.6% with insomnia only,
and 14.9% having OSA only. Fourteen patients were diagnosed
with other sleep disorders, which included: 4 with idiopathic
hypersomnia, 4 with snoring, 2 with shift work disorder, 1 with
nightmare disorder, 1 with restless legs syndrome, and 1 with
sleepwalking. The diagnostic rate of sleep disorders in the study
sample is shown in Figure 1. Polysomnographic variables and

demographic characteristics for each primary sleep disorder
are shown in Table II. Within our cohort, several illnesses
commonly associated with sleep disturbances were present,
to include pain disorder (59.4%), anxiety (48.5%), depres-
sion (46.5%), and PTSD (21.8%).

The average AHI for the entire cohort was 5.37 ± 7.04/h
whereas it was 10.34 ± 3.14/h for those meeting diagnostic
criteria for OSA. Correlations between AHI and associated ill-
nesses of interest was also assessed. Patients diagnosed with
PTSD had an increased AHI (12.2± 13.4 events/h) compared
with patients without PTSD (8.2± 14.2 events/h; Wilcoxon
Rank Sum test, Z= 2.08, p= 0.037, effect size r= 0.207). The
relative risk of being diagnosed with PTSD was 2.7 (95% con-
fidence interval, 1.16–6.39) for patients with OSA compared
with patients without OSA. In patients with moderate or severe
OSA, the occurrence of PTSD was approximately four times
higher than patients with “Other Sleep Disorders.”

Lastly, we assessed the rate of associated illnesses of inter-
est in our cohort by each primary sleep disorder diagnosis.
Analysis showed that patients with both Insomnia and OSA
had a 2.39 (95% confidence interval, 1.39–4.09) times relative
risk of having three or more associated illnesses (PTSD, anxi-
ety, pain disorder, or depression) compared with patients with-
out both sleep disorders.

DISCUSSION
To our knowledge, this is the first study that describes sleep
disorders and associated illnesses in female ADSM referred
for the evaluation of sleep disturbances. Although insomnia
was the most common sleep disorder in our cohort (>70%), a
notable finding was that nearly 50% of relatively young female
ADSM had OSA. A previous study24 evaluating sleep disor-
ders in a primarily male clinical cohort of ADSM whose age
and BMI were similar to ours reported OSA in 51.2%, com-
parable to the 49.6% in our female ADSM study. Our find-
ings differ from civilian data, in which the incidence of OSA
in women referred for PSG is 16–21%25,26 and the male to
female OSA diagnostic ratio is 8:1 to 10:1.27–29 This sug-
gests there are differences in the development and/or presen-
tation of OSA between female ADSM and civilian women.

The high diagnostic rate of OSA may represent an under-
recognition of a clinically significant sleep disorder in female
ADSM. Specifically, many of the female ADSM in our study
had the comorbid illnesses of PTSD,30 anxiety,31 depression,32

and pain disorders,33 all of which are associated with disturbed
sleep. It is likely that the symptoms of disturbed sleep were
initially attributed to either these comorbid disorders or only
insomnia. Only when their sleep disturbances proved refrac-
tory to either behavioral or pharmacologic treatments, were the
female ADSM referred for a sleep evaluation. While the basis
for this high rate of OSA is unknown, central nervous system
alterations, including sympathetic activation resulting in a state
of hyperarousal, may accompany psychiatric disease. The result-
ing sleep fragmentation may lead to upper airway instability and

TABLE I. Sample Demographic Characteristics and
Polysomnographic Variables

Entire sample (N= 101)

Demographics, M± SD
Age, years 33.9 ± 9.03
BMI 27.3 ± 4.46
Normal weight, % (No.) 34.7% (35)
Overweight, % (No.) 39.6% (40)
Obese, % (No.) 25.7% (26)
BMI 30–34.9, % (No.) 19.8% (20)
BMI 35–39.9, % (No.) 3.96% (4)
BMI ≥40, % (No.) 1.98% (2)

Previously deployed, % (No.) 49.5% (50)
Self-reported measures, M± SD
ESS
Elevated daytime sleepiness, % (No.) 67.3% (68)

Sleep duration, M± SD
Weekdays 6.41 ± 2.10
Weekend 7.86 ± 2.76

ISI, M± SD 17.6 ± 5.66
Primary sleep diagnoses: % (No.)
Insomnia (overall) 71.3% (72)
OSA (overall) 49.5% (50)
Insomnia only 36.6% (37)
OSA only 14.9% (15)
Both Insomnia and OSA 34.7% (35)

Associated illnesses: % (No.)
Anxiety 48.5% (49)
Pain disorders 59.4% (60)
Depression 46.5% (47)
PTSD 21.8% (22)

PSG variables, M± SD
SOL (min) 21.4 ± 24.5
SE (%) 82.3 ± 13.6
WASO (min) 49.1 ± 40.9
AHI (events/h) 5.37 ± 7.04
Desaturation (%) 89.5 ± 7.02

BMI, body mass index; ESS, Epworth Sleepiness Scale; ISI, Insomnia
Severity Index; PTSD, post-traumatic stress disorder; PSG, polysomnogram;
SOL, sleep onset latency; SE, sleep efficiency; WASO, wakefulness after
sleep onset; AHI, apnea-hypopnea index; desaturation, minimum recorded
oximetry value during sleep.
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potentially the development of OSA.34,35 Another reason for
the high rate of OSA diagnoses is that as a tertiary military
treatment facility, referral bias may have been present, leading
to a higher rate of female ADSM with OSA referred to our
sleep disorders center.

Though limited by our small sample size, there was a sig-
nificant association between OSA and PTSD, with a relative
risk of being diagnosed with PTSD of 2.72 for patients with

OSA. Lettieri et al36 recently reported that in a primarily
male patient population, 56.6% were diagnosed with OSA.
Additionally, a study of male veterans reported a similar find-
ing: those with OSA had an odds ratio of 1.5 for a diagnosis
of PTSD compared with veterans without OSA.37 A separate
study reported 28% of male veterans with OSA had PTSD.38

Thus, the association between OSA and PTSD appears to
occur in both male and female ADSM. While this association

FIGURE 1. Diagnostic rate of primary sleep disorders.

TABLE II. Polysomnographic Variables and Demographic Characteristics by Primary Sleep Disorder.

Insomnia Only (n= 37) OSA Only (n= 15) Both Insomnia and OSA (n= 35) Other Sleep Disorders (n= 14)

Demographics, M± SD
Age, years 34.6 ± 9.97 36.1 ± 9.95 33.7 ± 8.04 30.0 ± 7.27
BMI 26.8 ± 4.48 28.3 ± 3.32 27.7 ± 4.87 26.5 ± 4.52

Self-reported measures, M ± SD
ESS 13.1 ± 5.44 11.9 ± 4.51 11.9 ± 5.30 15.6 ± 4.01

Sleep duration, M ± SD
Weekdays 6.08 ± 1.87 7.30 ± 1.71 5.66 ± 1.65** 8.11 ± 2.83
Weekend 7.89 ± 2.93 8.87 ± 2.10 6.90 ± 2.63 9.04 ± 2.64
ISI, M ± SD 18.5 ± 4.66 11.2 ± 4.62 20.5 ± 4.16** 14.6 ± 5.94

Associated illnesses: % (No.)
Anxietya 51.4% (19) 26.7% (4) 57.1% (20) 42.9% (6)
Pain disorders 64.9% (24) 53.3% (8) 57.1% (20) 57.1% (8)
Depressiona 46.0% (17) 26.7% (4) 57.1% (20) 42.9% (6)
PTSDa 13.5% (5) 13.3% (2) 40.0% (14) 7.14% (1)

PSG variables, M ± SD
SOL (min) 17.6 ± 16.2 21.1 ± 26.5 27.9 ± 33.2 15.5 ± 9.06
SE (%) 82.1 ± 15.0 80.7 ± 14.7 80.5 ± 13.2 87.3 ± 8.69
WASO (min) 53.0 ± 46.2 55.4 ± 58.7 46.6 ± 29.2 39.4 ± 34.3
AHI (events/h) 2.15 ± 1.57 13.7 ± 17.8*** 8.91 ± 3.96*** 2.38 ± 1.70
Desaturation (%) 91.3 ± 3.82 88.6 ± 7.87 88.1 ± 7.04 87.5 ± 13.1

OSA, obstructive sleep apnea; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index; PTSD, post-traumatic stress disorder; PSG, polysomnogram;
SOL, sleep onset latency; SE, sleep efficiency; WASO, wakefulness after sleep onset; AHI, apnea-hypopnea index; desaturation, minimum recorded oxime-
try value during sleep.
Statistical significance for differences with the “Other Sleep Disorders” group: **p < 0.01; ***p < 0.001.
aMultiple comparison analysis not feasible due to small number of patients.
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is intriguing, the pathophysiologic mechanism linking OSA
and PTSD has not been fully elucidated.

A high rate of anxiety, depression, and pain was present in
our cohort. The occurrence of these illnesses in female ADSM
with sleep disorders is not necessarily unexpected as sleep dis-
orders are common among patients with psychiatric and pain
disorders.39–42 Pain disorders were the most frequent associ-
ated illness in our cohort with approximately 55% meeting cri-
teria for OSA. The potential role of chronic pain medications,
most notably opioids, to this finding is unknown but requires
further study.

In our cohort, insomnia was the most common sleep disor-
der diagnosed (71.3%). This is consistent with other studies
that show a high incidence of insomnia among ADSM and
veterans presenting for clinical evaluation.22,43 Insomnia in
ADSM may be related to maladaptive sleep practices related
to irregular work hours, deployments, family separation, and
working in a high stress environment with inconsistent oppor-
tunities for sleep. Importantly, our data revealed that 70% of
female ADSM diagnosed with OSA were also diagnosed with
comorbid insomnia. The combination of insomnia and OSA
leads to greater sleep disruption and increased medical and
psychiatric morbidity.44 This is substantiated by our findings
whereby female ADSM with comorbid insomnia and OSA
were 2.39 more likely to have three or more associated
illnesses.

In addition to the disrupted sleep caused by sleep disorders,
insufficient sleep is also an important consideration in this pop-
ulation with patients in our cohort reporting 6.41± 2.1 h. Short
sleep duration, defined as sleeping less than 7 h per night, is
endemic in the military. There is evidence to suggest that female
ADSM may sleep less than their male counterparts with post-
deployed mothers reporting 5.58 h of sleep per night.3 Thus
female ADSM may face unprecedented challenges to obtain
sufficient sleep. This may predispose them to an increased risk
of sleep disorders and associated illnesses.

Our study has several limitations. We established the rate
of sleep disorders in a relatively small cohort of female
ADSM referred with sleep disturbances, and our findings may
not be applicable to all female ADSM or women in the general
population. Additionally, as this study was retrospective, asso-
ciated illnesses were determined by patient self-report in com-
bination with the diagnosis in the EMR and do not necessarily
represent definitive diagnoses. However, all PSGs and sleep
data were obtained in a standardized manner. We also did not
assess for pregnancy or child rearing responsibilities that may
have impacted sleep quality or duration. Despite the noted lim-
itations, this study provides an initial basis for the diagnostic
rates of sleep disorders and associated illnesses in female
ADSM with sleep disturbances.

CONCLUSIONS
In conclusion, we found insomnia was the most frequent sleep
disorder in female ADSM with sleep disturbances. However,

nearly 50% had OSA, suggesting that a sleep medicine evalua-
tion and PSG is indicated in female ADSM with persistent
sleep disturbances. Prospective research is needed to validate
these findings and further explore potential underlying mecha-
nisms. Ultimately, modification of existing screening methods
and guidelines for women with sleep complaints, especially
female ADSM and those with similar occupations, are required
to ensure appropriate diagnosis and treatment of sleep disorders.
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