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Study Objectives: Recent results from the PTSD Initiative, a cross-sectional cohort study in Australian Vietnam veterans (VV) with and without 
posttraumatic stress disorder (PTSD), demonstrated an increased prevalence of self-reported sleep disturbances in those with PTSD. This study aimed to 
objectively assess the prevalence of sleep disorders in the same cohort using detailed polysomnography (PSG).
Methods: Participants from the PTSD Initiative were recruited to undergo PSG. PTSD status was determined with the Clinician Administered PTSD Scale for 
DSM-5 (CAPS-5). Subjective sleep information was attained via structured questionnaires. Data from single night PSG were compared between trauma-
exposed VV with and without PTSD.
Results: A total of 74 trauma-exposed male VV (40 with PTSD) underwent PSG (prospective n = 59, retrospective n = 15). All PSG parameters were similar 
between groups. No difference was seen in PSG-diagnosed obstructive sleep apnea (OSA) or periodic limb movements of sleep (PLMS). VV with PTSD 
showed a trend toward increased duration of sleep with oxygen saturations < 90% (10% versus 1.8%; P = .07). VV with PTSD reported increased sleep 
onset latency (42.4 versus 13.3 minutes; P < .01); were less likely to report sleeping well (32.5% versus 67.5%; P < .01); had higher OSA risk using Berlin 
Questionnaire (BQ) (70% versus 38.2%; P < .01); and had higher rates of partner-reported limb movements (56.4% versus 17.6%; P < .01). No association 
between PSG-diagnosed OSA and PTSD severity was evident.
Conclusions: In Australian VV with and without PTSD, no difference was seen across all PSG parameters including the diagnosis and severity of OSA and 
PLMS. However, VV with PTSD demonstrated an increased perception of sleep disturbances.
Keywords: Berlin Questionnaire, BQ, obstructive sleep apnea, OSA, periodic limb movements of sleep, PLMS, polysomnography, posttraumatic stress 
disorder, PSG, PTSD, sleep architecture, sleep disorders, veterans
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INTRODUCTION

Posttraumatic stress disorder (PTSD) is a mental health condi-
tion that may develop after one or more traumatic events, par-
ticularly combat-related trauma.1,2 Veterans have a particularly 
high prevalence of PTSD, with up to 20.9% of Australian Viet-
nam veterans (VV) having lifetime PTSD.3 Importantly, sleep 
disturbance including insomnia and nightmares are hallmark 
features of PTSD, with more than 87% of individuals with 
PTSD reporting some type of sleep disturbance.4

Although previous studies have reported a high prevalence 
of sleep disturbances in PTSD,4,5 data from objective measure-
ment of sleep architecture and sleep disorders are variable and 
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few studies investigating sleep in veterans have used trauma-
exposed controls. Furthermore, limited studies have utilized 
polysomnography (PSG) to specifically examine sleep archi-
tecture, respiration, periodic limb movements of sleep (PLMS), 
and obstructive sleep apnea (OSA) in veterans with PTSD and 
none in the Australian veteran population.

Of note, the prevalence of OSA in veterans exposed to 
trauma remains uncertain, with inconsistent results across 
studies and discrepancies between subjective and objective 
findings.4–6 Moreover, a recent PSG-based study in Dutch vet-
erans importantly suggested that OSA diagnosis and severity, 
based on respiratory disturbance index (RDI), may be asso-
ciated with worse PTSD symptoms.6 Finally, no prior studies 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Although sleep disturbances are characteristic of posttraumatic stress disorder (PTSD), limited studies 
have objectively assessed sleep and obstructive sleep apnea risk in veterans with PTSD compared to trauma-exposed control patients. This study 
examined the prevalence of sleep disorders in a cohort of matched trauma-exposed Australian Vietnam veterans (VV) with and without PTSD using 
detailed polysomnography.
Study Impact: Compared to trauma-exposed control patients, Australian VV with PTSD demonstrated no difference in the prevalence of objective 
sleep disorders including obstructive sleep apnea and periodic limb movements. This study suggests that despite the high incidence of self-reported 
sleep disturbances, VV with PTSD may have a similar prevalence of polysomnography-diagnosed sleep disorders to trauma-exposed controls.
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have examined the utility of the Berlin Questionnaire (BQ) to 
predict OSA risk in VV or in trauma-exposed individuals.

Recently, our Gallipoli Medical Research Institute (GMRI) 
PTSD Initiative, a cross-sectional cohort study in 214 trauma-
exposed Australian veterans VV with and without PTSD, 
reported an increased prevalence of a wide variety of sleep dis-
turbances using self-reported subjective structured question-
naires, including OSA and PLMS.7 Given that disturbed sleep 
is a hallmark symptom of PTSD, we wanted to further explore 
whether these findings described true differences in our popu-
lation, or whether the general experience and/or expectation 
of “poor sleep” in those with PTSD resulted in more negative 
subjective reporting (including OSA risk evaluated by BQ an-
swers), and increased clinical diagnosis of OSA due to having 
sought clinical evaluation and treatment.

Therefore, the aim of this current study primarily was to 
objectively compare the prevalence of sleep disorders in the 
same trauma-exposed Australian VV cohort, using detailed 
PSG, with a focus on sleep architecture, OSA, and PLMS. Ad-
ditionally, the study aimed to assess the relationship between 
OSA and PTSD severity and to directly examine the utility of 
the BQ in this cohort.

METHODS

This study was performed on a subset of participants from the 
GMRI PTSD Initiative, a larger cross-sectional cohort study 
that investigated a range of physical and psychosocial comor-
bidities, including self-reported sleep disturbances, in 214 
trauma-exposed Australian VV.7 In this current study, all 214 
PTSD Initiative participants, apart from 4 who had died and 
11 who were deemed as living too far away (> 2-hour drive), 
were invited to undergo assessment with detailed PSG or al-
low access to previous PSG if already performed. Participants 
in whom OSA had previously been diagnosed were ineligible 
for prospective PSG; only their retrospective data were used.

PTSD diagnosis and severity was determined by specialist 
psychiatric evaluation and psychologist assessment with the 
Clinician Administered PTSD Scale for DSM-5 (CAPS-5). 
Trauma exposure was evaluated using Criterion A on the 
CAPS-5 with those not deemed as trauma exposed excluded.

Baseline characteristics including age, body mass index 
(BMI), and medications were recorded. Participants report-
ing use of one or more respiratory depressant and/or sedative 
medication were additionally categorized as “yes” (Table 1). 
Subjective daytime sleepiness was evaluated using the Ep-
worth Sleepiness Scale (ESS); excessive alcohol consump-
tion and alcohol use disorders were screened for using the 
Alcohol Use Disorders Identification Test (AUDIT); and co-
morbid major depressive disorder (MDD) determined using 
the Mini-International Neuropsychiatric Interview (MINI).8,9 
Risk of OSA was assessed using BQ.10 Self-reported restless 
legs and partner-reported limb movements were assessed using 
supervised structured questionnaires including the validated 
Mayo Questionnaire.11

Participants prospectively underwent 1 night of PSG or had 
previous PSG data attained. Prospective PSG tests were per-
formed from February 2014 to April 2017. Home PSG studies 
were conducted where appropriate as per patient preference. 
PSG data collated included sleep architecture, body posi-
tion, respiratory and arousal indices, PLMS; oximetry statis-
tics, and the cardiovascular parameters mean heart rate and 
evening and waking blood pressures. OSA was diagnosed in 
participants with a RDI > 5 events/h. OSA severity was subcat-
egorized as mild (5–15 events/h), moderate (15–30 events/h), 
severe (30–50 events/h), or very severe (> 50 events/h) based 
on RDI.

Statistical analysis was conducted using SPSS (version 24.0, 
IBM Corp, Armonk, New York, United States). Variables were 
compared between VV groups with and without PTSD by un-
paired Student t tests and Pearson chi-square or Fisher exact 
tests. Data were assessed for normality with non-normal data 
assessed by Mann-Whitney U tests.

Table 1—Medication use in Australian Vietnam veterans with and without PTSD.

Medication Class
Single Agent Multiple Agents

PTSD (n = 40) No PTSD (n = 34) PTSD (n = 40) No PTSD (n = 34)
Antidepressant (SSRI) 10 (25.0) 1 (2.9)* 3 (7.5) 0 (0.0)
Antidepressant (other) 8 (20.0) 0 (0.0)* 0 (0.0) 0 (0.0)
Benzodiazepines a,b 5 (12.5) 3 (8.8) 1 (2.5) 0 (0.0)
Nonbenzodiazepine hypnotics b 3 (7.5) 0 (0.0) 0 (0.0) 0 (0.0)
Opiates a,b 2 (5.0) 2 (5.9) 0 (0.0) 1 (2.9)
Dopamine agonists 0 (0.0) 1 (2.9) 0 (0.0) 0 (0.0)
Prazosin 1 (2.5) 0 (0.0) 0 (0.0) 0 (0.0)
Nonopiate analgesics 6 (15.0) 2 (5.9) 0 (0.0) 1 (2.9)
Antiepileptics 4 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
Antipsychotics b 4 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
Beta blockers 5 (12.5) 5 (14.7) 1 (2.5) 0 (0.0)
Respiratory depressant /sedative medication (yes) a,b 14 (35) 5 (14.7) 1 (2.5) 0 (0.0)

Values are presented as n (%). * = P < .05. Superscript letters indicate: a = respiratory depressants and b = sedative medication. PTSD = posttraumatic 
stress disorder, SSRI = selective serotonin reuptake inhibitors.
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To examine the relationship between PTSD symptom se-
verity and RDI, both Pearson correlation and linear regression 
were performed. Logistic regressions were also performed to 
examine the relationship between PTSD symptom severity and 
OSA. Separate models were run for risk of OSA determined by 
BQ and for PSG-diagnosed OSA. Potential risk factors of OSA 
including age, use of respiratory depressant and/or sedative 
medications (yes/no), smoking status (yes/no within the past 12 
months), MDD (yes/no), and BMI were controlled for within 
a single step for each analysis. High BMI, a criterion for high 
risk of OSA on the BQ, was excluded from the OSA risk model.

The accuracy of the BQ to predict OSA was assessed by 
Fisher exact test. Sensitivity, specificity, positive predictive 
values, negative predictive values, and diagnostic odds ratios 
(OR) of the BQ were calculated for total participants as well 
as veterans with and without PTSD. Values of P < .05 were 
considered statistically significant.

Ethics approval was obtained from Greenslopes Research 
and Ethics Committee (reference 16/09) and the Department of 
Veterans Affairs (reference E016/010).

RESULTS

Descriptive Analysis
Of the 214 original PTSD Initiative subjects, 74 were included 
for PSG analysis (4 died; 44 had unavailable previous PSG; 

and 92 declined or lived too far away) (Figure 1). A total of 59 
underwent prospective PSG and 15 had PSG data retrospec-
tively obtained. Most studies (n = 70) were type 1 (in-labora-
tory) and 4 were type 2 (home studies). Baseline participant 
characteristics are described in Table 2. Age, BMI, smoking 
status, and total AUDIT scores were similar between groups. 
VV with PTSD had significantly higher CAPS-5 scores (17.1 
versus 2.09; P < .01) and increased comorbid MDD (20.1% ver-
sus 2.9%; P = .03).

Use of respiratory depressants and/or sedatives was higher 
in VV with PTSD, although this did not reach statistical sig-
nificance (35% versus 14.7%; P = .07). A full description of 
medication classes is listed in Table 1. Significantly more VV 
with PTSD reported use of selective serotonin reuptake inhibi-
tor (SSRI) antidepressants (25.0% versus 2.9%; P < .01) and 
other antidepressants (20.0% versus zero; P < .01). All other 
medication classes were similar between groups.

Using supervised structured questionnaires, VV with 
PTSD reported longer sleep latencies (42.4 versus 13.3 min-
utes; P < .01) and were subjectively less likely to sleep well 
(32.5% versus 67.5%; P < .01). Estimated total sleep time, 
nocturnal awakenings, and subjective daytime sleepiness 
(measured by ESS) were similar between groups. Partner 
reported limb movements during sleep were significantly 
higher in VV with PTSD (56.4% versus 17.6%; P < .01) with 
a trend toward higher self-reported restless legs (40% ver-
sus 20.6%; P = .08). The OSA risk determined by the BQ 

Figure 1—Study design.

PTSD = posttraumatic stress disorder.
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was greater in VV with PTSD (70% versus 38.2%; P < .01) 
(Table 2).

In contrast with self-reported data, all variables measured 
from single overnight PSG were similar across VV with and 
without PTSD (Table 3 and Table 4). No difference was seen 
across sleep architecture, respiratory indices, electroencepha-
lography arousal indices, mean heart rate, and blood pressure. 
Of the 74 VV without PTSD, 22 (30.2%) had a periodic limb 
movement index (PLMI) > 15 events/h, and 13 of the 40 VV 
with PTSD (32.5%) had a PLMI > 15 events/h. No difference 
in the mean PLMI or severity of PLMS was seen between co-
horts (Table 4). OSA was diagnosed in almost all participants 
on PSG with no difference in prevalence between groups (VV 

with PTSD n = 37, 92.5%; VV without PTSD n = 34, 100%, 
P = .25). RDI was not significantly different between groups. 
There was no difference in the oxygen saturation (SpO2) na-
dir between groups; however, those with PTSD demonstrated 
a trend to having an increased duration of sleep time with 
SpO2 < 90% (10% versus 1.8%; P = .07).

Relationship Between RDI and PTSD Severity and BQ 
OSA Risk and PTSD Severity
There was no significant correlation between RDI and 
CAPS scores (r = −.048, P = .684, Figure 2). Multiple re-
gression analysis was performed to assess the relationship 
between RDI and PTSD severity controlling for potential 

Table 2—Baseline characteristics and self-reported sleep variables of Australian Vietnam veterans with and without PTSD.
PTSD (n = 40) No PTSD (n = 34) P

Baseline Characteristics
Age (years) 70.9 ± 3.9 71.7 ± 2.9 .30
BMI (kg/m2) 29.2 ± 4.1 27.9 ± 3.7 .15
CAPS-5 score 17.1 ± 8.5 2.1 ± 3.5  < .01*
AUDIT score 8.6 ± 7.3 6.7 ± 4.2 .17
Respiratory depressants/sedatives, n (%) a 13 (32.5) 5 (14.7) .10
MDD, n (%) 8 (20.1) 1 (2.9) .03*
Current smokers, n (%) 5 (12.5) 5 (14.7) 1.00

Sleep Variables
Berlin (% high likelihood OSA), n (%) 28 (70.0) 13 (38.2)  < .01*
ESS 7.7 ± 6.1 6.9 ± 3.9 .45
Restless legs - self, n (%) 16 (40.0) 7 (20.6) .07
Limb movements - partner, n (%) 22 (56.4) 6 (17.6)  < .01*
Estimated sleep time 7.8 ± 1.6 7.6 ± 1.2 .75
Estimated sleep latency 42.4 ± 49.3 13.3 ± 8.7  < .01*
Nocturnal awakenings 2.6 ± 1.7 2.1 ± 1.6 .18
Sleeps well, n (%) 13 (32.5) 27 (67.5)  < .01*

Values are presented as n (%) or mean ± standard deviation. * = P < .05. Superscript letters indicate: a = full list of respiratory depressants and sedatives 
can be found in Table 1. AUDIT = Alcohol Use Disorders Identification Test, BMI = body mass index, CAPS-5 = Clinician Administered PTSD Scale for 
DSM-5, ESS = Epworth Sleepiness Scale, MDD = major depressive disorder, OSA = obstructive sleep apnea, PTSD = posttraumatic stress disorder.

Table 3—Polysomnographic sleep architecture in Australian Vietnam veterans with and without PTSD.
PTSD (n = 40) No PTSD (n = 34) P

Sleep Architecture
TST (minutes) 321.1 ± 62.0 324.1 ± 66.4 .77
Sleep onset latency (minutes) 36.3 ± 29.0 29.6 ± 24.0 .13
WASO (minutes) 89.9 ± 42.3 84.6 ± 41.3 .71
Sleep efficiency (%) 72.1 ± 11.4 73.6 ± 12.0 .45
REM sleep latency (minutes) 135.9 ± 64.0 121.0 ± 80.3 .09
REM sleep (%) 14.2 ± 7.7 16.6 ± 6.5 .09
Stage N1 sleep (%) 11.4 ± 6.8 12.1 ± 9.6 .96
Stage N2 sleep (%) 59.9 ± 11.4 58.9 ± 11.6 .61
Stage N3 sleep (%) 13.6 ± 11.8 13.0 ± 8.4 .78
Supine sleep (%) 26.5 ± 19.9 29.6 ± 21.4 .54
Supine REM sleep (%) 17.6 ± 28.5 20.3 ± 27.5 .66

Values are presented as mean ± standard deviation. PTSD = posttraumatic stress disorder, REM = rapid eye movement, TST = total sleep time, 
WASO = wake after sleep onset.
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risk factors (Table 5A). The model explained 10.7% of the 
variance (adjusted r2 = .107, F6,67 = 2.46, P = .03). However, 
only BMI significantly contributed to the prediction of RDI 
(β = .297, P < .01). PTSD severity did not predict a rise in RDI 
(β = −.052, P = .67).

Logistic regression analyses were performed to assess the 
relationship between OSA risk or diagnosis and PTSD sever-
ity while controlling for potential risk factors. Higher CAPS-5 
scores were significantly associated with screening positively 
for high risk of OSA by the BQ (Table 5B). Every 10-point 
increase in CAPS-5 scores was associated with a 90% increase 

in the probability for high risk of OSA. Age, medications, 
smoking status, and MDD were not significantly associated 
with OSA risk.

Neither PTSD severity nor other OSA risk factors were 
associated with PSG-diagnosed OSA (χ2

6, [n = 74] = 7.0, 
P = .67).

We also explored whether study type (prospective in-
laboratory, prospective at-home study, or retrospective) 
was a potential confounder; however, addition of study 
type to the models did not significantly affect outcomes 
(data not shown).

Table 4—Polysomnography-measured respiratory, arousal, periodic limb movements, oximetry, and cardiovascular indices in 
Australian Vietnam veterans with and without PTSD.

PTSD (n = 40) No PTSD (n = 34) P
Respiratory 

Diagnosed OSA % (RDI > 5) 37 (92.5) 34 (100) .24
OSA Severity, n (%) .47

None (RDI < 5) 3 (7.5) 0 (0.0)
Mild (RDI 5–15) 10 (25.0) 10 (29.4)
Moderate (RDI 15–30) 11 (27.5) 11 (32.4)
Severe (RDI 30–50) 13 (32.5) 12 (35.3)
Very severe (RDI > 50) 3 (7.5) 1 (2.9)

RDI (events/h) 27.5 ± 22.0 25.8 ± 13.8 .77
AHI (events/h) 26.6 ± 22.4 25.6 ± 13.7 .60
REM RDI (events/h) 24.9 ± 20.3 24.6 ± 19.1 .94
NREM RDI (events/h) 26.9 ± 24.5 25.4 ± 14.6 .64
Supine RDI (events/h) 48.2 ± 35.0 48.7 ± 18.0 .76
Lateral RDI (events/h) 19.3 ± 20.6 16.0 ± 15.0 .61
Apnea index (events/h) 5.9 ± 11.6 4.1 ± 5.9 .27
Obstructive apnea index (events/h) 2.1 ± 3.8 3.4 ± 5.5 .26
Central apnea index (events/h) 2.3 ± 7.6 0.5 ± 0.6 .93
Mixed apnea index (events/h) 0.8 ± 2.5 0.2 ± 0.6 .99
Hypopnea index (events/h) 21.9 ± 18.0 21.5 ± 12.6 .68
RERA index (events/h) 0.8 ± 2.5 0.3 ± 0.6 .59

Arousal and PLMS 
Arousal index (events/h) 31.9 ± 22.6 27.4 ± 14.8 .55
Respiratory arousal index (events/h) 19.0 ± 21.8 17.8 ± 13.8 .53
PLM index (events/h) 20.2 ± 34.2 17.6 ± 30.2 .38
PLM arousal index (events/h) 2.8 ± 7.2 1.26 ± 3.2 .45

Oximetry 
Baseline SpO2 (%) 93.8 ± 1.8 94.3 ± 1.2 .29
Nadir SpO2 (%) 85.2 ± 6.7 86.0 ± 4.8 .88
Time < 90% SpO2 (minutes) 37.7 ± 75.7 8.03 ± 12.4 .06
Time < 90% SpO2 (%) 10.0 ± 20.3 1.80 ± 3.5 .07

Cardiovascular 
Mean heart rate (bpm) 62.5 ± 9.2 59.4 ± 8.7 .16
Systolic BP night (mmHg) 136 ± 16.8 130.9 ± 14.0 .30
Diastolic BP night (mmHg) 78.0 ± 12.0 78.1 ± 11.3 .99
Systolic BP morning (mmHg) 128.7 ± 16.8 127.7 ± 13.6 .82
Diastolic BP morning (mmHg) 74.8 ± 10.9 76.2 ± 10.0 .66

Values are presented as mean ± standard deviation or n (%). AHI = apnea hypopnea index, BP = blood pressure, NREM = non-rapid eye movement, 
OSA = obstructive sleep apnea, PLMS = periodic limb movements of sleep, PTSD = posttraumatic stress disorder, RDI = respiratory disturbance index, 
REM = rapid eye movement, RERA = respiratory event-related arousal, SpO2 = peripheral capillary oxygen saturation.
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Utility of BQ
The sensitivity, specificity, positive predictive value, negative 
predictive value, and diagnostic OR were calculated to assess 
the predictive ability of the BQ in predicting PSG diagnosis 
of OSA (Table 6). Of those with a high-risk BQ score, 39 

of 41 participants (95.1%) had PSG-diagnosed OSA, whereas 
only 1 of 33 patients (3.03%) with a low-risk BQ score did 
not have PSG-diagnosed OSA. The association between OSA 
risk by BQ and OSA diagnosis by PSG was not significant 
(P = 1.00).

Figure 2—Correlation between RDI and CAPS-5 in Australian Vietnam veterans with and without PTSD.

n = 74, r = −.05, P = .68. CAPS-5 = Clinician Administered PTSD Scale for DSM-5, PTSD = posttraumatic stress disorder, RDI = respiratory disturbance 
index.

Table 5—Regression analysis.
A Linear Regression Analysis: PTSD Severity and RDI (n = 74)

Predictors Beta 95% CI t P
CAPS-5 −0.05 −0.54 to 0.35 −0.42 .67
Age −0.03 −1.37 to 0.98 −0.33 .74
Respiratory depressants 0.16 −3.13 to 17.0 1.38 .17
Smoking Status 0.06 −8.72 to 15.9 0.58 .56
MDD −0.17 −23.8 to 3.67 −1.46 .14
BMI 0.29 0.29 to 2.51 2.52 .01

B Logistic Regression Analysis: PTSD Severity and OSA Risk (n = 74)
Low-Risk OSA Versus High-Risk OSA
Predictors Beta Wald T OR 95% CI P

CAPS-5 0.08 6.40 1.09 1.02 to 1.16 .01
Age 0.11 2.34 1.13 0.96 to 1.31 .12
Respiratory depressants 1.28 3.45 3.61 0.93 to 14.0 .06
Smoking status 0.27 0.13 1.31 0.30 to 5.64 .71
MDD 1.09 0.85 2.97 0.29 to 29.7 .35

r2 = .170, adjusted r2 = .096, df = 6, F = 2.287, P = .045. BMI = body mass index, CAPS-5 = Clinician Administered PTSD Scale for DSM-5, CI = confidence 
interval, MDD = major depressive disorder, OR = odds ratio, OSA = obstructive sleep apnea, PTSD = posttraumatic stress disorder, RDI = respiratory 
disturbance index.

Table 6—Berlin Questionnaire predictability for polysomnography-diagnosed OSA in Australian Vietnam veterans with and 
without PTSD.

Sensitivity Specificity PPV NPV OR (95% CI) P
Total 54.9% 33.3% 95.1% 3.0% 0.61 (0.05–7.03) 1.00
PTSD 70.3% 33.0% 92.9% 8.3% 1.18 (0.09–14.4) 1.00
No PTSD 38.2% 0.0% 100.0% 0.0% 0.63 (0.01–33.6) 1.00

CI = confidence interval, NPV = negative predictive value, OR = odds ratio, PPV = positive predictive value, PTSD = posttraumatic stress disorder.
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Prospective Studies
Although the main aim was to determine rates of PSG-diag-
nosed OSA in the whole cohort of participants from the PTSD 
Initiative study, as a secondary investigation, prospective stud-
ies (n = 59; Table 1) were analyzed separately. There were no 
significant changes in PSG parameters in the prospective-only 
analysis with the exception of an increased apnea index in VV 
without PTSD (data not shown).

DISCUSSION

This cross-sectional cohort study is the first to objectively 
investigate the prevalence of sleep disorders in the Aus-
tralian VV population using PSG. It demonstrates that in 
trauma-exposed Australian VV with and without PTSD, 
PSG revealed no difference in OSA, PLMS, and sleep archi-
tecture. Although PTSD severity was associated with risk 
of OSA from BQ, CAPS-5 scores were not associated with 
OSA diagnosis or OSA severity. Additionally, this study 
questions the utility of the BQ for screening OSA risk in 
Australian VV.

Baseline Characteristics
Age, BMI, alcohol use, and smoking history were similar 
between cohorts. However, VV with PTSD were more likely 
to have comorbid MDD with more antidepressant use, as 
well as demonstrating a trend toward increased respiratory 
depressant and/or sedative medications use. MDD is a well-
described comorbidity in individuals with PTSD and has 
also been suggested to be associated with an increased risk 
of OSA.1,12 Furthermore, it has been shown that antidepres-
sants, particularly SSRIs, are associated with an increased 
risk of PLMS.13 The trend toward increased use of respira-
tory depressants/sedative medications is possibly the result 
of the high rates of insomnia reported in individuals with 
PTSD and is an important finding, as it is known that ben-
zodiazepines and opioids are associated with an increased 
risk of nocturnal hypoxemia as well as both OSA and central 
sleep apnea.3,14–16

Subjective Sleep Variables
VV with PTSD had poorer sleep, increased self-reported 
sleep onset latency, and higher rates of partner-reported 
limb movements during sleep. Additionally, VV with PTSD 
had a significantly higher risk of OSA on BQ (Table 2). Al-
though these findings are consistent with a number of pre-
vious studies, they are in contrast with our objective PSG 
data discussed in the following paragraphs.3,17–19 Of note, 
estimated total sleep time and ESS were similar between 
groups, with ESS being surprisingly low across the entire 
cohort. Although it is difficult to speculate on the exact cause 
of this, it may reflect our main finding that individuals with 
PTSD have a greater prevalence of perceived rather than ob-
jective sleep disorders. It would be interesting to examine 
this more directly with actigraphy as well as the validated 
Insomnia Severity Index questionnaire, both limitations of 
this particular study.

PSG Variables
In our study, no difference in sleep architecture was seen be-
tween groups including total sleep time, sleep onset latency, 
wake after sleep onset, rapid eye movement (REM) sleep la-
tency, and sleep stages (N1, N2, N3, and R) (Table 3). This is 
in contrast to the self-reported measures in our cohort as well 
as previous studies that suggest PTSD veterans have higher 
rates of insomnia, greater sleep onset latencies, and more noc-
turnal awakenings.3,14,20 Moreover, a meta-analysis of PSG 
studies in PTSD by Kobayashi et al. reported subtle changes 
in sleep architecture including more stage N1 sleep, less stage 
N3 sleep, greater REM sleep density, and a reduction in REM 
sleep in subjects with PTSD.21 Although our study did not spe-
cifically assess REM density, it is the largest controlled study 
comparing PSG data in veterans with and without PTSD, and 
challenges previous notions of altered sleep architecture in vet-
erans with PTSD.

One of the primary outcomes of our study was OSA diagno-
sis. Previous uncontrolled studies have reported an increased 
prevalence of OSA in individuals with PTSD with 69% to 91% 
of subjects with PTSD demonstrating an apnea-hypopnea in-
dex (AHI) > 10 events/h.5,22 In contrast, although our study 
found a high prevalence of OSA in all VV, no difference was 
seen in OSA prevalence or severity between trauma-matched 
veterans with and without PTSD (Table 4). Similar findings 
have been reported in three prior controlled PSG studies as-
sessing United States active-duty service members, Dutch vet-
erans, and traffic accident victims.6,23 This supports the notion 
that PTSD may not be associated with an increased prevalence 
of OSA when objectively assessed using PSG.5,19

To date, there have been limited studies assessing the preva-
lence of PLMS in individuals with PTSD. In one uncontrolled 
PSG study in 25 VV with severe PTSD, Brown et al. reported 
clinically significant PLMS (defined as > 15 events/h) in 76% of 
subjecs.24 In another study, PLMS were reportedly experienced 
in 33% of veterans with PTSD and not at all in controls.25 Our 
study demonstrated 30.2% of participants (32.5% in VV with 
PTSD) to have significant PLMS. However, no difference in the 
mean PLM index or PLM severity was seen between VV with 
and without PTSD (Table 4). Furthermore, those with PTSD 
reported significantly higher rates of partner reported limb 
movements and a trend toward increased self-reported restless 
legs (Table 2). Although it is difficult to speculate on the rea-
sons behind these subjective and objective discrepancies, the 
results challenge the previously reported higher prevalence of 
PLMS in PTSD individuals. Interestingly, these findings are in 
spite of the increased use of antidepressant medications by par-
ticipants with PTSD, a known risk factor for increased PLMS 
as previously discussed.13

Of interest in our study, despite no difference being found 
in PSG-diagnosed OSA, VV with PTSD demonstrated a trend 
toward an increased duration of sleep with oxygen saturations 
(SpO2) < 90% (Table 4). Although total AUDIT scores and use 
of respiratory depressants and/or sedatives were not found to 
be associated with duration of sleep with SpO2 < 90%, it is 
important to note that accurate data on specific alcohol and 
medication use on the night of PSG was not captured. This 
highlights a possible limitation of the study and although it is 
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plausible that the use of benzodiazepines and/or opioids on the 
night of PSG may have contributed to the duration of sleep 
with SpO2 < 90%, this cannot be concluded. Nonetheless, it is 
an important reminder of appropriate rationalization of medi-
cations in individuals with PTSD to ensure nocturnal hypox-
emia and sleep disorders are minimized.

Finally, it has been described that individuals with PTSD 
have an increased resting heart rate and elevated systolic and 
diastolic blood pressures with a resultant increased risk of 
coronary artery disease and stroke.26,27 This is thought to 
be related to the permanent state of hyperarousal or “sym-
pathetic overdrive” associated with PTSD.28 Our study did 
not demonstrate any difference between groups across these 
parameters, with no difference being seen in the use of beta 
blockers between groups. However, despite these findings, 
the results should be read with caution, as other potentially 
confounding non beta blocker cardiovascular medications 
were not directly analyzed.

PTSD Severity and OSA
It has been previously suggested that comorbid sleep disor-
ders, including OSA, are associated with an increased risk of 
PTSD and worse PTSD symptoms.17,29,30 A recent controlled 
PSG study by van Liempt et al., assessing younger Dutch vet-
erans with and without PTSD, concluded that OSA severity 
(based on AHI) directly correlated with PTSD severity (ie, the 
higher the AHI, the higher the CAPS-5 score).6 In contrast, our 
study found no relationship between CAPS-5 scores and PSG-
diagnosed OSA or severity.

Conversely, CAPS-5 scores significantly predicted high risk 
of OSA determined by the BQ, indicating PTSD severity may 
be more related to BQ scoring categories including snoring, 
perception of fatigue, BMI, and high blood pressure, rather 
than actual OSA diagnosis. Interestingly, this has also been 
found in younger United States Iraq and Afghanistan veter-
ans where PTSD severity was associated with increased risk of 
screening positively for snoring and fatigue on the BQ.18

Utility of BQ
Despite VV with PTSD screening as high risk for OSA at 
higher rates than those without PTSD, no difference was seen 
in the diagnosis or severity of OSA with PSG (Table 2 and 
Table 4). Moreover, the sensitivity and specificity for BQ 
predicting OSA in VV with PTSD were 70.3% and 33%, re-
spectively (Table 6), and 38.2% and zero, respectively for the 
trauma-exposed group. Although our assessment of the BQ is 
limited by the high rates of PSG- diagnosed OSA in our cohort, 
the findings are in contrast to previous studies, and suggest that 
BQ may not be an efficacious screening tool in trauma-exposed 
veterans.18 Further research is needed to assess the validity of 
BQ and other screening questionnaires for OSA in the veteran 
and PTSD populations.

Limitations
Our study has several limitations, some already discussed. Al-
though we objectively analyzed participants’ sleep with over-
night PSG, individuals only underwent a single night study. 
It is possible that the results may be limited by “first-night 

effects” and may not have been a true representation of their 
sleep patterns. Additionally, the 15 retrospective PSG tests 
were performed over extended periods with 9 prior to 2012 and 
7 prior to 2007. As there have been some minor changes in the 
American Academy of Sleep Medicine scoring criteria over 
the past decade, it is possible that some of the older PSG tests 
may have underestimated respiratory events in comparison 
with more recent PSG tests.31,32 Furthermore, 12 of the 15 par-
ticipants with retrospective PSG tests were already undergoing 
active treatment for their OSA at the time of this study (11 with 
continuous positive airway pressure and 1 with a mandibular 
advancement splint; all with PTSD). Although this may have 
confounded the subjective data gathered in these individuals, it 
should have theoretically improved their symptoms.

It must also be noted that the mean age across our entire 
study was 69 years, and all participants were male. Although 
this was dictated by the target cohort being Australian VV, this 
must be considered in comparison with younger veteran and 
other PTSD cohorts, as the risk for OSA is likely greater in 
our subjects. This is supported by the extremely high rates of 
diagnosed OSA seen across our entire cohort.

Finally, this study did not directly assess parasomnias, in-
cluding nightmares and REM sleep behavioral disorder, both 
well-described phenomena in veterans with PTSD. A follow-
up study aims to specifically address these parasomnias, in 
addition to further investigating the newly proposed trauma-
associated sleep disorder, a disorder entailing these aforemen-
tioned phenomena in trauma-exposed individuals.33,34

CONCLUSIONS

In Australian VV with and without PTSD, no difference was 
seen across all PSG parameters, including sleep architecture 
and the presence and severity of OSA and PLMS, with high 
rates of PSG-diagnosed OSA in both groups. However, VV 
with PTSD demonstrated an increased perception of sleep 
disorders. Exploration into these objective and subjective dis-
crepancies is warranted so that more appropriate screening 
methods for OSA and other sleep disorders in trauma-exposed 
veterans can be developed.

ABBRE VI ATIONS

AUDIT, Alcohol Use Disorders Identification Test
BMI, body mass index
CAPS-5, Clinician Administered PTSD Scale for DSM-5
CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale
MINI, Mini-International Neuropsychiatric Interview
MDD, major depressive disorder
OSA, obstructive sleep apnea
PLMI, periodic limb movement index
PLMS, periodic limb movements of sleep
PSG, polysomnography
PTSD, posttraumatic stress disorder
BQ, Berlin Questionnaire
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REM, rapid eye movement
VV, Vietnam veterans
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