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Study Objectives: Disturbed sleep is a hallmark feature of posttraumatic stress disorder (PTSD). However, few studies have examined sleep objectively in 
individuals with PTSD compared to trauma-exposed controls. This study used wrist actigraphy to measure and compare sleep patterns in trauma-exposed 
Australian Vietnam veterans (VV) with and without PTSD.
Methods: Trauma-exposed Australian VV with and without PTSD were recruited from the PTSD Initiative. VV wore wrist accelerometers over 14 days and 
completed daily sleep diaries. Sleep parameters were compared between groups including sleep latency (SL), time in bed (TIB), total sleep time (TST), wake 
after sleep onset (WASO), and movement index (MI). Night-to-night and overall within-individual variability were assessed by root mean squared successive 
differences and comparison of individual standard deviations. Correlations between sleep diary (self-reported) and wrist actigraphy (objective) variables were 
also assessed.
Results: A total of 40 male VV (20 with PTSD) participated in the study. We found no difference in sleep patterns determined by wrist actigraphy between 
groups with the exception of reduced SL in VV with PTSD (3.9 ± 0.9 versus 4.9 ± 1.4 minutes, P < .05). Overall within-individual variability was significantly 
greater in VV with PTSD for TIB, TST, WASO, and MI. Self-reported and objective TST and WASO were more strongly correlated in VV without PTSD than 
those with PTSD.
Conclusions: Although there were no significant differences in sleep parameters, VV with PTSD had increased within-individual overall sleep variability 
and reduced correlation between self-reported and objective sleep parameters compared to trauma-exposed controls. Further evaluation of extended sleep 
patterns by actigraphy in VV with PTSD is warranted.
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INTRODUCTION

For many veterans, posttraumatic stress disorder (PTSD) is a major 
health issue associated with significant morbidity and mortality. 
Because of the nature of combat, military veterans are at particular 
risk of PTSD. In Vietnam veterans (VV), the lifetime prevalence of 
PTSD is estimated to be 20% to 30% of individuals.1,2 In addition 
to psychological distress, sleep disturbances and disorders includ-
ing nightmares and insomnia are characteristic of PTSD. Untreated 
sleep issues may exacerbate PTSD and underlying psychiatric con-
ditions in addition to adversely affecting health outcomes.3,4

The relationship between sleep and PTSD is evident, with 
almost 90% of individuals reporting some type of sleep 
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disturbance.5 Pharmacological and psychological interven-
tions including cognitive behavioral therapy for insomnia have 
shown promise in improving both sleep disturbances and re-
ducing PTSD symptomology.6 In VV, PTSD severity has been 
positively associated with increased self-reported sleep diffi-
culties,7,8 reduced sleep quality, and increased nightmares.9

Recently, the Gallipoli Medical Research Institute (GMRI) 
conducted the PTSD Initiative, a cross-sectional cohort study in 
214 trauma-exposed Australian VV with and without PTSD.10 
Despite reporting significantly increased sleep disturbances,10,11 
objective sleep parameters measured by polysomnography 
(PSG) in a subset of participants were no different between VV 
with PTSD compared to trauma-exposed controls.12 This was 
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consistent with a study in elderly veterans with and without 
PTSD who were exposed to trauma, where PSG measures were 
clinically similar between groups despite those with PTSD re-
porting reduced sleep quality.13 Other PSG studies compar-
ing individuals with PTSD to trauma-exposed controls have 
been variable, with some reporting limited or no differences 
between groups in both veteran and civilian populations.6,14–16

Although PSG is used for clinical diagnosis of certain sleep 
disorders such as obstructive sleep apnea (OSA) and periodic 
limb movement disorder, it is limited to short-term measure-
ment of sleep and is not generally indicated for routine in-
vestigation of insomnia or disturbances in circadian rhythm 
or sleep phase. As such, PSG may not be appropriate for the 
evaluation of certain PTSD-related sleep disturbances. Actig-
raphy, in combination with a sleep diary, has been shown to be 
useful in documentation of extended sleep patterns including 
the diagnosis of circadian rhythm disorders.17,18

Evaluating sleep patterns by actigraphy may be impor-
tant in understanding PTSD-related sleep disturbances. This 
is highlighted by a recent study in contemporary veterans in 
which those with PTSD had significantly greater sleep pattern 
variability compared to individuals with insomnia and healthy 
controls.19 Currently, few studies have used actigraphy to as-
sess extended sleep patterns in VV with PTSD. Therefore, the 
primary aim of this exploratory study was to compare objec-
tive sleep patterns determined by wrist actigraphy monitoring 
over 14 successive days in VV with and without PTSD from the 
GMRI PTSD Initiative. We also aimed to determine whether 
there were differences in perception of sleep, that is, the cor-
relation between self-reported and objective sleep parameters, 
between groups.

METHODS

Participants
Participants were recruited from the GMRI PTSD Initiative, 
a large cross-sectional cohort study that investigated physical 
and psychological health outcomes in Australian VV exposed 
to trauma with and without PTSD.10 A total of 40 male VV par-
ticipated in the current study between March and October 2016 
(PTSD n = 20; trauma-exposed controls n = 20). PTSD status 
and trauma exposure were determined by psychiatric evalu-
ation and the Clinician-Administered PTSD Scale (CAPS) 
for Diagnostic Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5) as part of the PTSD Initiative.10 Participants 
were selected for recruitment based on highest and lowest 
available CAPS-5 scores. Ethics approval was obtained from 
the Greenslopes Research Ethics Committee (Protocol 15/66) 
and Department of Veteran Affairs Human Research Ethics 
Committee (E016/003). Informed consent was obtained prior 
to study initiation.

Measures
Wrist actigraphy data were collected and analyzed in ac-
cordance with the SBSM Guide to Actigraphy Monitoring.20 
Participants wore wrist accelerometers (wGT3X-BT activity 
monitors, ActiGraph, Pensacola, Florida, United States) day 

and night for 14 consecutive days on their nondominant wrist. 
Daily paper sleep diaries were completed concurrently to col-
lect self-reported data including sleep latency (SL), wake after 
sleep onset (WASO), total sleep time (TST), caffeine, alcohol, 
food, and medication intake and timing, nap frequency and 
duration, time in and out of bed, and abnormal events affect-
ing sleep or daily routine. Participants also completed a stan-
dardized self-report sleep questionnaire to assess overall sleep 
patterns, nightmares, nighttime movement, sleep medications, 
and reported history of OSA.10 OSA diagnosis was determined 
by previous diagnostic sleep study if available. Comorbid 
major depressive disorder (MDD) was determined using the 
Mini-International Neuropsychiatric Interview.21 Participants 
were recruited and data collected equally from each group 
from March to October 2016, in Australia.

Wrist actigraphy data were downloaded from wrist acceler-
ometers and analyzed using ActiLife 6 (ActiGraph). Actigraphy 
parameters were set as standard with a sample rate of 30 Hz. 
Downloaded data were validated by a blinded skilled sleep sci-
entist and were manually adjusted using the self-reported data, 
such as time in and out of bed, as a guide. The self-reported 
information was interpreted in view of the wrist actigraphy 
data, including reduced movement index (MI) and luxe moni-
tor (light detection) to establish sleep duration and patterns. MI 
settings and luxe monitor settings were programmed to default. 
After wrist actigraphy data and sleep diary data had been ratio-
nalized, automated algorithms generated values for total time 
in bed (TIB), sleep efficiency (SE), SL, TST, WASO, number of 
awakenings, average duration of awakening, and MI.

Statistical Analysis
Group demographics were compared by unpaired t test for con-
tinuous variables and Fisher exact test for binary variables.

Sleep parameters (TST, SL, SE, TIB, WASO, number of 
awakenings, awakening length, bed time, wake time and 
MI) were compared between groups in terms of group means 
and variability. Night-to-night variability within individuals 
(herein referred to as night-to-night variability) was assessed 
by the root mean squared successive difference (RMSSD) cal-
culated as:

RMSSD = 
n − 1

n − 1
i = 1Σ     (xi + 1 − xi)2

where x is the parameter and i is the night. Overall variability 
within individuals (overall variability) was assessed by com-
puting individual standard deviations (SDs) for parameters 
across the 14 nights. Assessment of night-to-night sleep vari-
ability by comparison of RMSSDs has been used by Straus et 
al.22 whereas overall sleep variability by comparison of SDs 
has been used previously by Kay et al.23

Due to the non-normal distribution of most sleep parame-
ters, group comparisons were performed using non-parametric 
Mann-Whitney U tests. Cohen effect sizes were calculated 
for each significantly different variable as the test statistic Z 
divided by √N, with values corresponding to parametric es-
timates of small (0.1), medium (0.3), and large (0.5) group ef-
fects.24 Where confounding demographics of sleep medication 
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use, alcohol and caffeine intake, and OSA were found to dif-
fer between groups, these were included as variables in an ad-
ditive multiple regression model to explore independence of 
PTSD diagnosis as an explanatory variable.

To assess the relationship between PTSD severity and sleep 
parameters, Spearman correlations were performed using 
CAPS-5 scores and sleep parameter averages or individual SDs 
(overall variability).

To assess sleep phase, participants were considered as hav-
ing an advanced sleep phase if their average bedtime was be-
fore 8:00 pm or delayed sleep phase if their average out of bed 
time was after 8:00 am. Differences between groups were de-
termined using Fisher exact tests.

Sleep perception differences in SL, TST, and WASO were 
assessed by determining the correlation between mean self-
reported (sleep diary) and objectively measured (wrist actigra-
phy) values for each group.

Statistical analyses were performed using R (Version 3.2 
The R Foundation for Statistical Computing, Vienna, Austria). 
All P values were two-tailed, with significance level set at 
P < .05.

RESULTS

Table 1 shows group demographics and self-reported informa-
tion. A full description of medication use is listed in Table 2.  
The PTSD group had significantly increased CAPS-5 scores 

and increased prevalence of MDD compared to that of the 
control group. There were no significant differences between 
groups for age, body mass index (BMI), diagnosis of OSA, or 
risk of sleep-disordered breathing; however, BMI and OSA di-
agnosis were trending toward significance (P = .051 and .054, 
respectively), with higher mean BMI and increased prevalence 
of OSA in the PTSD group. Although there was higher use 
of sleep medication in the PTSD group (52.6% versus 26.3%), 
this was not significant (P = .19), nor was there a significant 
difference in the number of nights medications were used dur-
ing the course of the study (P = .79). Daily caffeine and alcohol 
intake was comparable between groups, as was daytime nap-
ping (Table 1). As expected, 85% of the PTSD group reported 
experiencing nightmares compared to only 20% of the control 
group (P < .001).

Average SL was the only significantly different average 
measure between groups, being lower in the PTSD group 
of 3.9 minutes compared to 4.9 minutes in the control group 
(Table 3). No differences were observed in night-to-night 
variability between groups (as assessed by comparison of in-
dividual RMSSD); however, overall sleep pattern variability 
within individuals (as assessed by comparison of individual 
SD) was significantly higher in the PTSD group for several 
parameters including TIB, TST, WASO, wake time, and MI, 
all of which showed medium-large differences between groups 
(Table 3). An example of the difference in variability in TIB/
TST observed between two participants (one from each group) 
is shown in Figure 1. PTSD severity determined by CAPS-5 

Table 1—Participant demographics and self-reported information.
Participant Demographics and Self-Reported Information No PTSD (n = 20) PTSD (n = 20) P

Age (years) 70.4 ± 3.2 (65–79) 69.5 ± 3.4 (64–78) .39
Body mass index (kg/m2) 27.3 ± 3.7 (21.4–34.3) 30.3 ± 5.7 (22.3–42.8) .055
CAPS-5 scores 0 28.9 ± 8.0 (18–45)  < .001 ***
Major depressive disorder 1 (5.0%) 7 (35.0%) .044 *
Diagnosed OSA a
Treatment of OSAb

5 (26.3%)
4 (80.0%)

12 (60.0%)
10 (83.3%)

.054
> .99

Sleeps well 14 (73.7% of n = 19) 11 (61.1%) .50
Suffers from nightmares 4 (21.1% of n = 19) 17 (85.0%)  < .001 ***
Sleep medication use

Avg. nights use during study
5 (26.3% of n = 19)

2.4 ± 4.8 (0–11)
10 (52.6%)

3.2 ± 5.6 (0–14)
.19
.79

Caffeine intake
Days consumed
Avg. serves/d on days consumed
Avg. serves/d total

12.1 ± 3.6 (0–14)
2.6 ± 1.0 (1.1–4.4) (n = 19)
2.3 ± 1.3 (0–4.4)

13.4 ± 0.9 (11–14)
3.1 ± 1.6 (1.1–7)
3.0 ± 1.6 (1–7)

.18 †

.45 †

.18 †
Alcohol intake

Days consumed
Avg. serves/d on days consumed
Avg. serves/d total

8.5 ± 4.7 (0–14)
2.0 ± 1.0 (1–4.6) (n = 19)
1.3 ± 1.1 (0–4.6)

6.5 ± 5.6 (0–14)
3.1 ± 1.7 (1–6) (n = 15)
1.6 ± 1.8 (0–5.1)

.12 †

.056 †

.83 †
Daytime naps

Days when naps taken
Avg. nap time/d on days napped (minutes)
Avg. nap time/d total (minutes)

2.4 ± 3.7 (0–13)
50.3 ± 29.7 (28.8–118) (n = 11)

9.2 ± 16.8 (0–67.5)

2.8 ± 4.0 (0–13)
45.9 ± 18.1 (15–70.7) (n = 11)

8.4 ± 12.9 (0–42.9)

.74 †

.80 †

.91 †

Results presented as mean ± standard deviation (range for demographics) or n (%). Asterisks indicate statistical significance: * = P < .05, *** = P < .001. 
Superscript letters indicate: a = not all participants had undergone diagnostic testing for OSA; b = OSA treatment including continuous positive airway 
pressure, dental appliance, weight loss, and surgery. † = comparison of log-transformed data (log(x+1) for distributions including values of zero). 
Avg. = average, CAPS-5 = Clinician-Administered PTSD Scale for DSM-5, OSA = obstructive sleep apnea, PTSD = posttraumatic stress disorder.
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scores was moderately and positively correlated with overall 
variability in TIB, TST, and WASO (Table 4). In addition, 
PTSD severity was negatively correlated with SL.

None of the 40 participants had an advanced sleep phase, 
and there was no significant difference between groups in the 
proportion of participants with a delayed sleep phase, with 
only 4 participants (1 in the control group and 3 in the PTSD 
group, P = .60) having an average out of bed time after 8:00 am.

There was a positive correlation between mean self-reported 
SL for the control group (r = .34) and a weakly negative cor-
relation for the PTSD group (r = −.07) (Figure 2A), although 
neither association was significant (P > .05). Self-reported es-
timation of TST was more strongly correlated with actigraphy 
for the control group (r = .88, P < .001) compared to the PTSD 
group (r = .52, P = .018) (Figure 2B), and also for WASO, with 
a highly significant correlation between self-report and objec-
tive WASO for the control group (r = .71, P < .001) but no cor-
relation for the PTSD group (Figure 2C).

DISCUSSION

This study was the first to objectively measure extended sleep 
patterns using wrist actigraphy in trauma-exposed Australian 
VV. Although limited mean objective differences were ob-
served, VV with PTSD showed significantly greater overall 
variability in sleep parameters compared to trauma-exposed 
controls. Additionally, VV with PTSD demonstrated reduced 
correlation between self-reported sleep diary and objective 
wrist actigraphy sleep parameters. Understanding the relation-
ship between objective sleep patterns and PTSD is essential 
in establishing interventions that not only improve sleep, but 
also PTSD symptomology. This may be particularly relevant 
in an older veteran population when age and comorbid disease 
increase the risk for disrupted sleep.25

With the exception of SL, we found no differences in ob-
jective sleep parameters including TST, TIB, WASO, and SE 
between trauma-exposed VV with and without PTSD. This 

corresponds with the PSG results from a similar cohort12 and 
with previous studies demonstrating limited objective sleep 
differences between those with PTSD and trauma-exposed 
controls.6,14–16 In contrast to previous studies,26,27 however, SL 
was significantly lower in VV with PTSD compared to that in 
controls, and this was not because of the use of sleep medica-
tions or respiratory depressants/sedatives. A possible explana-
tion may be that reduced SL is a result of increased daytime 
sleepiness, which although was not assessed at the time of this 
study, was significantly higher in VV with PTSD from the 
larger cohort.11 It should be noted, however, that these results 
must be interpreted cautiously because actigraphy devices may 
be inaccurate in estimating SL.

Perception of sleep was variable between VV with and with-
out PTSD. Specifically, self-reported and actigraphy-measured 
TST and WASO were more strongly correlated in VV without 
PTSD compared to VV with PTSD. This could suggest that self-
reported sleep patterns estimated by VV with PTSD were less 
accurate than those without PTSD. Correspondingly, increased 
discrepancy between self-reported and objective sleep has been 
associated with reduced mood upon waking and higher levels 
of presleep cognitive activity.28 Misperception of sleep is as-
sociated with insomnia as well as other psychological disorders 
and can contribute to sleep-related anxiety.29 This highlights the 
need to objectively measure sleep in populations of PTSD. VV 
with PTSD also tended to report increased sleep disturbances 
including nightmares, OSA, and restless legs syndrome. Of 
note, there was no difference in overall perception of sleeping 
well between groups. However, a more detailed assessment of 
self-reported sleep quality was lacking in this study. Further-
more, night-to-night sleep quality was not reported.

Night-to-night and overall within-individual variability 
were also compared between groups. Overall variability was 
significantly increased in VV with PTSD compared to controls 
for several sleep parameters including TST, TIB, WASO, wake 
time, and MI. However, despite differences in overall vari-
ability, night-to-night variability was not significantly differ-
ent between veterans with and without PTSD, suggesting there 

Table 2—Medication usage.

Medication Class
Single Agent Multiple Agents

PTSD (n = 20) No PTSD (n = 20) PTSD (n = 20) No PTSD (n = 20)
Antidepressant (SSRI) 0 0 0 0
Antidepressant (other) 1 (5%) 0 0 0
Benzodiazepines 4 (20%) 2 (10%) 0 0
Nonbenzodiazepine hypnotic drugs 1 (5%) 1 (5%) 0 0
Opiates 0 0 0 0
Dopamine agonists 0 1 (5%) 0 0
Prazosin 1 (5%) 0 0 0
Nonopiate analgesic drugs 0 1 (5%) 1 (5%) 0
Antiepileptic drugs 1 (5%) 0 0 0
Antipsychotic drugs 4 (20%) 0 0 0
Beta blockers 0 0 0 0
Other/not reported 1 (5%) 2 (10%) 1 (5%) 0

Values are presented as n (%). PTSD = posttraumatic stress disorder, SSRI = selective serotonin reuptake inhibitors.
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were gradual shifts in sleep parameters over the 2 weeks rather 
than substantial night-to-night changes. This is important 
when addressing sleep hygiene issues and regular rise times to 
strengthen circadian rhythms.

Increased night-to-night variability has been associated 
with other sleep and mental disorders including insomnia, de-
pressive symptoms, and bipolar disorder.30,31 Additionally, in 
a study by Straus et al., younger veterans (age 35 ± 9 years) 

Figure 1—Example 14-night actigraphy graphs for participants in each group.

PTSD = posttraumatic stress disorder.

Figure 2—Correlation between self-reported and objective parameters.

PTSD = posttraumatic stress disorder, WASO = wake after sleep onset.
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with PTSD were found to have greater night-to-night vari-
ability compared to both veterans with insomnia and healthy 
controls. However, unlike the current study, controls from the 
Straus study were not trauma-exposed.23 Trauma exposure 
may significantly mediate sleep,6 and may influence night-to-
night variability and other sleep patterns independent from 
PTSD status. Use of trauma-exposed controls in this study 
may have resulted in limited differences in night-to-night vari-
ability and other sleep patterns in this cohort. Future studies 
would benefit from the addition of a control group not exposed 
to trauma to better understand the relationship between trauma 
and disturbed sleep.

In addition to trauma exposure, other factors including age, 
PTSD severity, nightmares, depression, substance abuse, and 
comorbid disease may significantly influence sleep patterns 

Table 4—Correlation with sleep patterns measured by 
actigraphy and PTSD severity (CAPS-5).

Actigraphy Measures CAPS-5 P
Sleep latency (minutes)

Average −.460 .003 *
Time in bed (minutes)

SD .386 .015 *
Total sleep time (minutes)

SD .388 .015 *
WASO (minutes)

SD .320 .015 *

Asterisks indicate statistical significance: * = P < .05. CAPS-5 = Clinician-
Administered PTSD Scale for DSM-5, PTSD = posttraumatic stress 
disorder, SD = within individual standard deviation, WASO = wake after 
sleep onset.

Table 3—Comparison of actigraphy measures.
Actigraphy Measures No PTSD (n = 20) PTSD (n = 20) P Cohen D

Sleep latency (minutes)
Average
SD
RMSSD

4.9 ± 1.4 (2.5–7.7)
3.1 ± 2.5 (0.8–10.2)
4.7 ± 3.5 (1.3–13.4)

3.9 ± 0.9 (2.1–6.6)
2.2 ± 1.0 (0.8–4.1)
3.4 ± 1.4 (1.2–6.1)

.0097 **

.61

.42

0.58 (medium-large)

Sleep efficiency (%)
Average
SD
RMSSD

89.3 ± 6.9 (69.1–96.8)
3.2 ± 1.5 (1.1–6.9)
9.0 ± 3.5 (4.3–16.3)

88.5 ± 5.8 (73.6–95.4)
4.3 ± 2.1 (1.4–9.2)
9.3 ± 2.8 (4.3–15.4)

.46

.086

.68
Time in bed (minutes)

Average
SD
RMSSD

458.0 ± 72.6 (322.0–584.0)
43.3 ± 22.4 (8.8–93.1)

112.0 ± 36.4 (60.9–179.0)

494.0 ± 47.5 (381.0–612.0)
59.4 ± 17.4 (30.3–94.0)

123.0 ± 28.0 (73.0–169.0)

.072

.0061 **

.29
0.61 (large)

Total sleep time (minutes)
Average
SD
RMSSD

408.0 ± 69.2 (298.0–543.0)
41.1 ± 19.7 (12.6–86.2)

109.0 ± 36.0 (54.3–174.0)

438.0 ± 50.5 (339.0–542.0)
57.0 ± 16.4 (31.8–87.1)

115.0 ± 29.7 (63.0–160.0)

.076

.0047 **

.55
0.63 (large)

WASO (minutes)
Average
SD
RMSSD

44.9 ± 36.0 (9.4–161.0)
14.8 ± 6.6 (4.4–33.7)
44.8 ± 17.5 (20.3–85.5)

52.8 ± 28.7 (18.7–118.0)
21.8 ± 11.3 (7.4–44.3)
48.2 ± 16.0 (23.6–77.9)

.21

.040 *

.57
0.46 (medium-large)

Number of awakenings
Average
SD
RMSSD

13.6 ± 6.6 (6.6–28.4)
4.1 ± 1.3 (1.7–6.6)

11.0 ± 2.5 (7.0–17.4)

15.9 ± 7.1 (6.1–34.0)
5.0 ± 1.9 (2.5–9.1)

11.8 ± 3.2 (5.9–18.7)

.21

.22

.27
Awakening length (minutes)

Average
SD
RMSSD

3.1 ± 1.3 (1.3–6.7)
1.0 ± 0.5 (0.4–2.1)
1.9 ± 0.6 (0.9–3.3)

3.3 ± 0.8 (1.9–4.8)
1.2 ± 0.6 (0.5–2.5)
2.2 ± 0.7 (1.2–4.1)

.23

.34

.17
Movement index

Average
SD
RMSSD

14.9 ± 8.5 (5.8–44.8)
3.3 ± 1.8 (1.1–7.5)

10.2 ± 4.2 (3.3–18.1)

15.9 ± 6.1 (8.2–31.7)
4.6 ± 2.2 (2.0–10.8)

10.9 ± 3.0 (5.3–15.6)

.40

.038 *

.72
0.47 (medium-large)

Wake time (hour:minute)
Average
SD
RMSSD

6:25 ± 1:05 (3:58–8:58)
0:31 ± 0:16 (0:09–0:59)
1:43 ± 0:26 (1:03–2:38)

6:55 ± 1:08 (4:46–9:31)
0:52 ± 0:21 (0:14–1:41)
1:51 ± 0:26 (1:08–2:48)

.16

.0025 **

.33
1.1 (large)

Bedtime (hour:minute)
Average
SD
RMSSD

22:48 ± 1:21 (21:12–03:18)
0:37 ± 0:21 (0:08–1:49)
2:10 ± 0:30 (1:27–3:08)

22:42 ± 1:09 (20:54–01:12)
0:42 ± 0:13 (0:21–1:03)
2:12 ± 0:29 (1:26–3:13)

.79

.17

.75

Results presented as mean ± standard deviation (range). Asterisks indicate statistical significance: * = P < .05, ** = P < .01. PTSD = posttraumatic stress 
disorder, RMSSD = root mean squared successive difference, SD = within individual standard deviation, WASO = wake after sleep onset.
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and variability.6,22,25,32 These factors may contribute to the 
variable relationship between objective sleep and PTSD dem-
onstrated in the literature, particularly when compared to 
trauma-exposed controls. Increased PTSD severity, comorbid 
MDD, and nightmare incidence in VV with PSTD may have 
significantly contributed to increased overall within-individ-
ual variability compared to that in controls. Correspondingly, 
this study demonstrated a significant positive correlation be-
tween CAPS-5 scores and overall variability for TIB, TST, 
and WASO (Table 4). Age and alcohol intake were similar 
between VV with and without PTSD. Unfortunately, data on 
daily nightmare incidence were unavailable for this analysis 
and would be worthwhile to explore in future studies.

Specifically in an older VV population, age is an important 
consideration. Normal aging has been associated with reduced 
sleep quality and increased sleep disorders.25 Additionally, 
older individuals may have increased comorbid diseases and 
associated medications, which could also negatively affect 
sleep.25,33 Age-related sleep disturbances may conceal dif-
ferences between VV with and without PTSD. Additionally, 
younger age has been previously associated with increased 
sleep variability,30 and may explain why increased night-to-
night variability was reported in younger veterans with PTSD19 
and not seen in our older cohort. Age, trauma, and other pos-
sible factors contributing to PTSD-related sleep disturbances 
and sleep variability should be further investigated.

Limitations
We recognize that this exploratory study is limited by small 
sample size, which may have insufficient power to detect small 
differences between groups; however, any clinically significant 
differences in parameter means would have been identified in 
trends toward significance (P < .1 or .2). Furthermore, the large 
difference in CAPS-5 scores between veterans with PTSD and 
controls exposed to trauma also increased the likelihood of de-
tecting differences attributable to PTSD status.

We also note that wrist actigraphy has certain limitations 
including underestimation of SL and overestimation of WASO 
compared to PSG.18 Nevertheless, in combination with a sleep 
diary, wrist actigraphy is still a useful and cost-effective re-
search tool to measure objective sleep patterns over extended 
periods, and is particularly useful to measure individual sleep 
variability, which is not possible with only 1 or 2 nights of PSG.

Our results are limited to older Caucasian male veterans and 
may not be applicable to other demographic groups, includ-
ing younger veterans of recent conflicts. Similarly, participants 
of this study were experiencing relatively mild to moderate 
PTSD symptomology, which may influence sleep differently 
compared to more severe cases of PTSD. Furthermore, the ad-
dition of more variables including daily nightmare incidence 
and sleep quality indices would be beneficial to better under-
stand potential factors influencing sleep. As previously men-
tioned, this study did not specifically include daily reporting 
of nightmare incidence and therefore could not assess the rela-
tionship between nightmares and sleep patterns. Nonetheless, 
this study provides an interesting insight into objective sleep 
patterns of an aging Australian veteran population, 40 or more 
years after conflict.

CONCLUSIONS

In conclusion, limited objective sleep pattern differences were 
observed in trauma-exposed Australian VV with and without 
PTSD. However, VV with PTSD demonstrated greater overall 
within-individual variability and reduced correlation between 
self-reported and objective outcomes compared to controls. 
Overall sleep variability and perceptions of sleep may be 
important features of PTSD-related sleep disturbances and 
should be further investigated. This study highlights a future 
role for wrist actigraphy in monitoring extended sleep patterns 
in individuals with PTSD. Interventions to improve sleep, tar-
geting reduced sleep variability and improved sleep percep-
tion, with the use of actigraphy to provide biofeedback, may 
be beneficial.

ABBRE VI ATIONS

BMI, body mass index
CAPS-5, Clinician-Administered Posttraumatic Stress 

Disorder Scale for DSM-5
DSM, Diagnostic and Statistical Manual of Mental Disorders
GMRI, Gallipoli Medical Research Institute
MDD, major depressive disorder
MI, movement Index
OSA, obstructive sleep apnea
PSG, polysomnography
PTSD, posttraumatic stress disorder
RMSSD, root mean squared successive difference
SD, standard deviation
SE, sleep efficiency
SL, sleep latency
TIB, time in bed
TST, total sleep time
VV, Vietnam veterans
WASO, wake after sleep onset
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