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Abstract
Introduction and objectives Obstructive sleep apnea (OSA) is a prevalent disorder among military veterans. The goal of this
study is to compare the polysomnographic patterns of OSA in military veterans who have a history of post-traumatic stress
disorder (PTSD) with those of veterans who have not PTSD.
Materials and methods Seventy-two Iranian military male veterans were classified into two groups: those with PTSD (40 cases)
and those without PTSD (32 cases). Each participant was diagnosed with OSA using an overnight polysomnography, during
which sleep-related parameters such as sleep efficiency (SE) and apnea-related events were detected. The bodymass index (BMI)
and Epworth Sleepiness Scale (ESS) were also assessed.
Results For the PTSD group, mean age was 53.83 ± 7.3 years, elapsed time since they participated in war was 28.3 ± 3.4 years,
apnea-hypopnea index (AHI) was 41.2 ± 27, SEwas 77.7 ± 17.55%, ESSwas 7.93 ± 2.04, BMI was 26.5 ± 5.7, and PLM index was
12.725 ± 8.64. The above respective parameters for the non-PTSDgroupwere 51.33 ± 5.9 years, 28.3 ± 3.4 years, 30.33 ± 14.7, 82.4
± 15.65%, 10.08 ± 3.02, 31.5 ± 6.7, and 8.8 ± 3.54. The relationships of AHIwith ESS and BMIwere not significant in PTSD group.
Conclusion OSA in military veterans suffering from PTSD presents more often with insomnia than obesity or increased daytime
sleepiness. These findings are different from those typically seen in non-PTSD veterans with OSA.
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Introduction

Military veterans with post-traumatic stress disorder
(PTSD) frequently complain of sleep disturbances. The
most common sleep-related complaints are difficulty in
sleep initiation and maintenance, restless nights, and

nightmares [1]. Poor sleep quality may exacerbate psy-
chological disturbances, obesity, diabetes mellitus, and
cardiovascular disorders in the military veterans [2, 3].
Moreover, obstructive sleep apnea (OSA) seems to be
more prevalent among military veterans than among the
general population [1, 3].

This article is part of the Topical Collection on Comorbid Insomnia and
OSA (COMISA) in Veterans.
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Obstructive sleep apnea is described as recurrent episodes
of upper airway obstruction during sleep [4]. The pathophys-
iology of OSA is not completely clear [5]. OSA may result in
serious consequences including arterial and pulmonary hyper-
tension, cardiovascular diseases [6], and impaired cognition
[7, 8]. These conditions are also prevalent among veterans [9].
Interestingly, continuous positive airway pressure (CPAP),
which is an effective treatment for OSA, has been shown to
relieve symptoms of PTSD in veterans with OSA [10].

In this study, we examined the polysomnographic parame-
ters of Iranian military veterans with and without PTSD. To
the best of our knowledge, this is the first study on sleep
laboratory findings among a population of Middle East
veterans.

Materials and methods

Seventy-two military veterans with OSA participated in a
cross-sectional study. The veterans were diagnosed with
OSA at the sleep laboratory of Ebn-e-Sina Hospital,
Mashhad, Iran, between September 2014 and May 2015.
The Ethics Committee of the Mashhad University of
Medical Sciences (registered number 921368) approved the
study. Written informed consent was taken from all partici-
pants. Only those people who were officially registered as
military veterans with the Foundation of Martyrs and
Veterans (a national foundation in charge of Veterans
Affairs) were included in this study. Those veterans with a
history of respiratory or cardiovascular disorders, opium con-
sumption during the past month, or head trauma and those
who had been victims of chemical exposure were excluded
from the study.

Medical histories, focused on sleep-related complaints, were
collected from each participant by a physician. Demographic
data (including weight, height, and BMI), duration of PTSD
symptoms, smoking, substance abuse, and drug history were
all recorded and registered according to a check-list.

The Epworth Sleepiness Scale (ESS) scoring was applied to
evaluate daytime sleepiness. The ESS, which includes eight
items rated on a 4-point scale (0–3), evaluates the usual chances
of dozing off or falling asleep while engaged in eight different
activities. A total score of 9 or higher indicates excessive sleep-
iness in the responder. The validity and reliability of this ques-
tionnaire have been verified in the Iranian population [11].

We also assessed the participants with the Beck Anxiety
Inventory (BAI) and Beck Depression Inventory (BDI). The
BAI is a 3-point scale measuring the severity of anxiety [12],
with each question being scored as 0 (not at all), 1 (it did not
bother me much), 2 (moderately, it was not pleasant at times),
and 3 (severely, it bothered me a lot) [12]. The BDI assesses the
severity of depression in children and adults. The original BDI
was designed in 1961 [13] and is rated on a 4-point scale

ranging from 0 to 3 based on the severity of each item; the
maximum total score is 63. The standard cut-off scores are 0–
9 (minimal depression), 10–18 (mild depression), 19–29 (mod-
erate depression), and 30–63 (severe depression) [13].

After all baseline data were gathered, the participants
underwent an overnight polysomnography (PSG). Sleep-
related parameters including sleep onset latency, sleep efficien-
cy (SE), wake after sleep onset (WASO), number of awaken-
ings during the record, total sleep time (TST), and rapid eye
movement (REM) latency were recorded. The apnea-hypopnea
index (AHI), sleep-related movements, snoring index, arousals,
and blood-oxygen desaturations were detected while the par-
ticipants weremonitored by a surveillance camera during sleep.
Sleep efficiency was ascertained as total sleep time divided by
time spent in bed expressed as a percentage. Sleep onset latency
(SOL) is time in minutes from the beginning of the study to the
first epoch of sleep [14]. According to the instructions of
AASM, the following definitions were also given for PSG
regarding the diagnosis of sleep apnea: (1) apnea occurs after
10 s of airflow cessation, (2) hypopnea happens after 10 s of a
30% decrease of air flow with brainwave arousal or a drop of
more than 3% in arterial oxygen saturation, (3) the apnea-
hypopnea index (AHI) is the average frequency of apnea and
hypopnea in 1 h of sleep, and (4) the arousal index denotes the
frequency of arousals during sleeping hours [15].

Finally, patients were referred to a psychiatrist to confirm
the diagnosis of PTSD. Accordingly, the participants were
divided into two groups: participants with PTSD (n = 40)
and participants without PTSD (n = 32).

Statistical analysis

Descriptive statistics were used to calculate mean and stan-
dard deviation. To analyze the data, the independent samples’ t
test and Pearson product-moment correlation were calculated
using SPSS, version 16. AP value of < 0.05was considered as
statistically significant.

Results

In the PTSD group, the mean age was 53.8 ± 7.3 years, and the
mean time of combat exposure was 28.3 ± 3.4 years. Average
duration of PTSD symptoms was 25.7 ± 8.5 years. The mean
age of the non-PTSD group was 51.33 ± 5.9 years, and in
average, combat exposure was 27.8 ± 4.1 years (Table 1).
Descriptive statistics of sleep structure (Table 2) indicated
different results between the two groups for the parameters
of sleep architecture. For the PTSD group, mean SE was
77.7 ± 17.56% [normal figure, > 85% [14]] and mean SOL
was 32.28 ± 20.43 min [normal range, < 21 min [14]]. For
the non-PTSD group, mean SEwas 82.40 ± 15.65% andmean
SOL time was 14.45 ± 6.2 min (P value < 0.05).
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In the PTSD group, the most frequent complaint was
chronic insomnia (24 sufferers; 60%); data were gathered
through clinical evaluation, based on the ICSD-3 criteria for
insomnia [15]. The majority of PTSD patients (n = 20) had
difficulty maintaining sleep. Mean sleep efficiency in these
patients was less than 75%. Other common complaints were
diurnal aggression (24; 55%), morning headache (18, 45%),
choking during sleep (12; 40%), and fatigue (10; 25%). All
participants in the PTSD group were taking medications for

insomnia, PTSD, or both. The medications most frequently
taken were benzodiazepines (clonazepam, lorazepam, or al-
prazolam), SSRIs or SSNRIs (sertraline, citalopram, fluoxe-
tine, or venlafaxine), gabapentin, tricyclic antidepressants, and
quetiapine, see Table 1 for a complete listing. None of the
participants were alcohol consumer. Thirty patients were reg-
ular smokers (more than five cigarettes per day).

In the non-PTSD group, the most common complaint was
tiredness (16 individuals; 50%) followed by insomnia (nine

Table 1 Demographic data and
assessed parameters Data PTSD Group

Mean ± SD

Non-PTSD Group

Mean ± SD

P value

Age 53.83 ± 7.3 51.33 ± 5.9 NS

Years elapsed since participated in war 28.3 ± 3.4 27.8 ± 4.1 NS

History of PTSD symptoms (years) 25.7 ± 8.5 – –

BMI 26.5 ± 5.7 31.5 ± 6.7 < 0.05

ESS 7.93 ± 2.04 10.08 ± 3.02 NS

BDI 21.47 ± 15.09 19.2 ± 11.8 NS

BAI 31.42 ± 18.11 29 ± 5.8 NS

Taking a benzodiazepine 36 (90%) 16 (50%) NS

Taking SSRI 20 (50%) 8 (25%) < 0.05

Taking SNRI 8 (20%) 2 (6.25%) NS

Taking gabapentin 16 (40) 0 < 0.05

Taking TCA 2 (5%) 0 < 0.05

Taking quetiapine 4 (10%) 0 < 0.05

BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; BMI, bodymass index; ESS, Epworth Sleepiness
Scale; NS, nonsignificant; PLM, periodic limb movement; TCA, tricyclic antidepressants

Table 2 PSG variables
Parameter PTSD Group

Mean ± SD

Non-PTSD Group

Mean ± SD

P value

Total sleep time (TST) (min) 317.50 ± 97.01 269.47 ± 106.77 NS

Wake after sleep onset 37.05 ± 21.2 39.33 ± 11.2 NS

Sleep efficiency (SE) (%) 77.7 ± 17.55 82.40 ± 15.65 < 0.05

Sleep onset latency (SOL) (min) 32.28 ± 20.43 14.45 ± 6.2 < 0.05

Number of awakenings 14.4 ± 6 13.1 ± 6 NS

Number of REM periods 5.5 ± 1.5 6.1 ± 1.4 NS

REM latency (min) 132.8 ± 17.9. 106.47 ± 16.7 < 0.05

Stage N1 (min) 107.87 ± 57.4 57.57 ± 19.1 < 0.05

Stage N2 (min) 139.05 ± 48.9 125.8 ± 31.1 NS

Stage N3 (min) 34.61 ± 9.6 39.61 ± 8.6 NS

REM stage (min) 37.51 ± 9.1 47.51 ± 7.1 NS

AHI 41.2 ± 27.2 30.33 ± 14.7 < 0.05

Arousal index 49.3 ± 16.9 34.7 ± 12.9 < 0.05

Min SpO2 (%) 79.5 ± 8.3 85.5 ± 6.3 NS

Mean SpO2 (%) 90.7 ± 5.1 91.1 ± 3.1 NS

PLM index 12.725 ± 8.64 8.8 ± 3.54 < 0.05

Percent of time with an oxygen saturation less than 88% 28.3 ± 20 18.3 ± 11.2 < 0.05

AHI, apnea-hypopnea index; NS, nonsignificant; REM, rapid eye movement
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individuals; 28.12%) and snoring (six individuals; 18.7%).
Sleeping pills were taken by eight patients. Half of them (16
patients) were smokers, and none of them consumed alcohol.

The BAI scores showed that 37 PTSD veterans (92.5%)
suffered from anxiety, 22 (55%) of whom had severe anxiety.
Based on BDI scores, 29 PTSD veterans (72.5%) showed de-
pression symptoms; in 13 (32.5%), the symptoms were severe.
These figures were lower in the control group (Table 1).
Eighteen PTSD veterans (45%) and 12 non-PTSD veterans
(36.1%) had hypertension, and eight PTSD veterans (17.4)
and six non-PTSD patients (18.6) had a history of heart disease.

For the PTSD group, mean BMI was 26.5 ± 5.7 kg/m2

(BMI range, 19–44 kg/m2), mean ESS was 7.93 ± 2.04, and
mean AHI was 41.2 ± 27.2. The results are summarized in
Table 2. Among these patients, 16 had severe sleep apnea,
15 moderate, and nine mild. We also investigated for other
sleep disorders. According to ICSD-3 criteria [15], two par-
ticipants in the PTSD group were diagnosed with REM sleep
behavior disorder (RBD), who had REM sleep without atonia
accompanied with sleep-related vocalizations. Periodic limb
movement of sleep (PLMS) with an index of more than 15
was detected in eight (20%) participants. Four had a history of
diabetes mellitus, and one was on imipramine. None of them
abused opium. The mean PLM index was 12.725 ± 8.64 in the
PTSD group. We did not find other sleep-related disorders
such as bruxism or confusional arousals in either group.

In non-PTSD veterans, mean BMI was 31.5 ± 6.7, mean
AHI was 30.33 ± 14.7, mean ESSwas 10.08 ± 3.02, and mean
PLM index was 8.8 ± 3.54. RBD was not found in this group
and PLMS with an index of more than 15 was detected in
eight patients (25%). All parameters are presented in Table 2.

We examined the correlation between daytime sleepiness,
as evaluated by ESS, and AHI (r = 0.109), BMI (r = 0.335),
SE (r = − 0.104), SpO2 (r = 0.095), and DES (r = 229) in the
PTSD group. These results show that there is no significant
correlation between the ESS score and either OSA severity or
any other parameters. According to the independent samples
test, there was no significant relationship between AHI and
headache (P = 0.66), aggression (P = 0.987), insomnia (P =
0.159), tiredness (P = 0.104), or choking (P = 0.714). In other
words, there was no relationship between these symptoms and
the severity of sleep apnea in PTSD veterans.

Discussion

The current study was conducted on 72 Iranian male veterans
with and without PTSD, all of whom had been diagnosed with
OSA. Some studies suggest that the frequency of OSA is
higher in military veterans with PTSD than in the general
population [3, 16–19]. Male gender, age, and obesity are ma-
jor risk factors for OSA [20, 21]. A high BMI is strongly
associated with the risk of OSA in middle age [14], while this

is not the case for young patients [21]. In our study, all OSA
patients were male and most were middle-aged, but their BMI,
especially in the PTSD group, was not consistent with obesity.
Thus, our study suggests that high BMI is not a reliable pre-
dictor for OSA in veterans with PTSD. This is similar to
Langton et al.’s study, which did not find a relationship be-
tween enlistment body mass index and the development of
obstructive sleep apnea in the US military [22]. Another study
by Colvonen et al. indicated that a classic presentation of
OSA, such as obesity and older age, may not be seen in Iraq
and Afghanistan war veterans [23]. We proposed that war-
related PTSD itself might be a risk factor for OSA regardless
of weight. Factors like serotonin-related mechanisms, which
may be involved in the pathophysiology of PTSD [24], could
play a role in developing OSA. The latter also has been shown
to be associated with the presence of serotonin receptors in the
brainstem centers responsible for ventilation control and in the
hypoglossal neurons [25].

Regarding their presenting symptoms, sleep maintenance
insomnia was the most frequent symptom in veterans with
PTSD. Their mean ESS was not in the range of excessive
daytime sleepiness. The PSG variables indicated significant
increased sleep onset latency and decreased sleep efficiency
which were compatible with the patients’ symptoms. Krakow
et al.’s and Forbus et al.’s studies also showed a high frequen-
cy of OSA among American veterans suffering from insomnia
[19, 26]. Whether these findings can be attributed to a high
level of anxiety or other reasons, these demand further inves-
tigation; nonetheless, these findings indicate the complex clin-
ical presentation of OSA in PTSD veterans. In addition, we
did not find a significant correlation between ESS and AHI in
these veterans. In comparison, non-PTSD veterans commonly
complained from excessive daytime tiredness, which is simi-
lar to the majority of OSA patients. Thus, it seems that war-
related PTSD alters the clinical picture of OSA. Moreover, we
failed to show a significant link between AHI and any of the
symptoms of PTSD veterans. Similar findings have been not-
ed in other studies conducted with different methods and
among different ethnic groups of veterans [19, 23, 26, 27].

While anxiety and depression are common symptoms in
PTSD, our study demonstrates that these symptoms also occur
in the absence of PTSD. Although each condition (PTSD and
OSA) can increase the anxiety and depression symptoms [19,
28], the high scores of BAI and BDI among non-PTSD veterans
demonstrate the potential contribution of OSA alone. Liempt
et al. have shown that OSA is correlated with the severity of
PTSD and, therefore, exacerbates PTSD symptoms [1].

Sleep-related movement disorders in the form of PLM
were more common among subjects with PTSD; however,
their occurrence was as frequent as in ordinary individuals
with OSA [29, 30]. Asmany patients had been onmedications
influencing PLM (gabapentin, clonazepam, or SSRIs), it is
difficult to make a rough conclusion regarding this result.
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Further investigations are required to evaluate the frequency
of PLMS in veterans and its effect on their clinical state.
Regarding RBD and its relation with PTSD or OSA, the gath-
ered data from our study should be interpreted with caution
due to the small sample size. We found cases of RBD only in
PTSD group; however, according to Mysliwiec et al.’s study,
RBD has been reported in both PTSD and non-PTSD veterans
as a component of trauma-associated sleep disorder [31].

Conclusion

Polysomnography records from military veterans who suffer
from OSA and PTSD indicate significant lower sleep efficien-
cy (SE), which is compatible with their most common com-
plaint (insomnia). Unlike veterans without PTSD, this condi-
tion is not accompanied by daytime sleepiness and weight
gain. Thus, there should always be high suspicions of OSA
in PTSD veterans, even without its common red flags (morbid
obesity or sleepiness).
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