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Study Objectives: Physical inactivity is linked to health
outcomes such as obesity, diabetes, and psychiatric
disorders. Sleep disturbance has been linked to the same
adverse outcomes. We examine the influence of sleep on
physical activity as a novel approach to understand these
relationships. Specifically, our objective was to determine
whether low sleep quality predicts low physical activity in
posttraumatic stress disorder (PTSD), a disorder associated
with sleep disturbance, physical inactivity, and poor health
outcomes.

Methods: We used data from the Mind Your Heart Study, a
prospective cohort study of 736 outpatients recruited from
two Department of Veterans Affairs (VA) medical centers. We
assessed PTSD with the Clinician Administered PTSD Scale,
sleep quality using an item from the Pittsburgh Sleep Quality
Index, and physical activity by self-report at baseline and
again one year later. Hierarchical multiple regression models
and structural equation modeling were used to examine the

(7]
=
o
[ -
<
(O
[ -
n
Ll
>
=
(&}
(T8
-
=
Ll
(&)
n

relationships among PTSD, sleep, and physical activity.
Results: Sleep quality but not PTSD status was prospectively
associated with lower physical activity in a model adjusting for
age, sex, apnea probability, depression, body mass index, and
baseline physical activity (8 = 0.129, SE = 0.072, p < 0.01).
Structural equation modeling indicated that the results were
consistent with sleep quality statistically mediating the
relationship between PTSD status at baseline and physical
activity one year later.

Conclusions: Worse sleep quality predicts lower physical
activity in PTSD, providing possible evidence for a behavioral
pathway from disturbed sleep to poor physical health outcomes.
Keywords: posttraumatic stress disorder, sleep quality,
physical activity
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hysical activity is associated with a range of outcomes

relevant to psychiatric disorders. For example, regular
physical activity is associated with lower rates of numerous
disorders including depression, panic disorder, agoraphobia,
social phobia, and specific phobia'; a large body of evidence
indicates that exercise improves anxiety and depression?; and
accruing evidence suggests that acrobic exercise is associated
with neurogenesis and improved memory function.> A recent
study also demonstrated that the association between depres-
sive symptoms and cardiovascular events in a sample of 1,000
outpatients with coronary artery disease was largely explained
by self-reported physical inactivity.*

Studies suggest that sleep may be a predictor of physical
activity. In general, more sleep is associated with increased
levels of physical activity,™® although one epidemiological
study did not see this association.” While more research has
assessed the influence of physical activity on sleep, the rela-
tionship between the two factors has been proposed to be
bidirectional,® and a growing literature supports the effects
of sleep on physical activity. For example, a recent study of
11 women with insomnia tracked for 16 weeks demonstrated
that sleep influenced next day exercise (i.e., longer sleep
onset was associated with shorter next-day exercise duration);
interestingly, in this sample, exercise did not have an effect
on subsequent sleep.® An observational study of adolescents

BRIEF SUMMARY

Current Knowledge/Study Rationale: Both physical activity and sleep
have been linked to health outcomes such as obesity. We examined the
influence of sleep on physical activity as a novel approach to under-
stand these relationships, particularly in posttraumatic stress disorder, a
disorder associated with sleep disturbance, physical inactivity, and poor
health outcomes.

Study Impact: Worse sleep quality predicts lower physical activity in
PTSD, providing possible evidence for a behavioral pathway from dis-
turbed sleep to poor physical health outcomes.

indicated that poor sleep quality (rather than sleep duration)
was associated with decreased physical activity measured
using accelerometry.’ A few small laboratory studies have also
examined the influence of sleep on physical activity. Some
of these studies have yielded discordant findings,'® perhaps
because the experimental studies on this topic have generally
relied on acute sleep deprivation. It is possible that the forced
short sleep duration characteristic of these studies may not
represent the chronic sleep disturbance that is experienced
by many individuals in daily life (e.g., longer sleep duration
but with fragmentation resulting in reduced sleep quality). In
addition, these studies typically only capture next-day activity,
whereas many individuals may engage in physical activity
several times per week but not daily. A recent longer study
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involving a small sample of healthy, non obese adults with a
family history of type 2 diabetes found that one week of sleep
restriction resulted in less physical activity and more seden-
tary time compared to a matched period with sufficient sleep
opportunity."

Notably, sleep has numerous dimensions such as duration,
continuity, timing within the 24-hour day, alertness/sleepiness,
and satisfaction/quality.'” The sleep-physical activity literature
has focused on several different dimensions. For example, the
previously cited studies focused on sleep duration, poor sleep
quality (i.e., a subjective assessment of sleep), or sleep distur-
bance broadly, which can include sleep discontinuity. In the
present study, we focus on sleep quality given (a) the impor-
tance of subjective satisfaction or dissatisfaction with sleep (i.e.,
it leads individuals to seek treatment); (b) its relationship to
objective measures (e.g., slow wave sleep™); and (c) its connec-
tion to poor health outcomes.'*'3

Indeed, sleep disturbance across all of its dimensions has been
linked to the same adverse physical health outcomes as physical
inactivity. For example, sleep duration has been prospectively
associated with weight gain, while poor sleep quality has been
associated with metabolic syndrome, hypertension, and coro-
nary heart disease.'*'” Neuroendocrine changes caused by poor
sleep partially account for these relationships,” but behavioral
factors related to sleep disturbance, such as decreased physical
activity, may also play a role.

Given that sleep disturbance and physical inactivity are
associated with the same poor health outcomes and recent
evidence suggests poor sleep predicts physical inactivity, we
use a prospective design to evaluate whether sleep quality
predicts physical activity in individuals with PTSD. We specifi-
cally examine this question in PTSD because the disorder is
strongly linked to sleep disturbance, physical inactivity, and
poor physical health outcomes. In terms of sleep, poor sleep
quality is characteristic of PTSD, with sleep disturbance being
the most frequently reported symptom of PTSD.?!"** Moreover,
self-reported poor sleep quality in PTSD appears to be mini-
mally influenced by age, gender, and psychiatric comorbidity.**
Several studies also suggests that individuals with PTSD
demonstrate lower rates of exercise compared to others without
PTSD and that the majority of individuals with PTSD exercise
infrequently.>-?” Additionally, rates of physical activity appear
to decrease following the onset of PTSD.?® Finally, posttrau-
matic stress disorder (PTSD) is associated with poor physical
health outcomes, including obesity, metabolic syndrome, and
cardiovascular disease.?!

There is a lack of prospective research examining sleep
and physical activity in PTSD, and disentangling these rela-
tionships could serve as a first step to developing targeted
behavioral interventions to prevent morbidity and mortality
in PTSD. In the current study, we assessed the relation-
ship between sleep quality at baseline and physical activity
one year later in individuals with and without PTSD. We
hypothesized that PTSD would be associated with lower
sleep quality and that both PTSD and sleep quality at base-
line would predict lower physical activity one year later. We
further hypothesized that the association between PTSD and
physical activity one year later would be explained partially
or fully by sleep quality.
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METHODS

Participants

The Mind Your Heart Study is a prospective cohort study
designed to examine the association between PTSD and health
outcomes. Participants were recruited between February 2008
and June 2010 from two Department of Veterans Affairs (VA)
Medical Centers (San Francisco VA Medical Center and the VA
Palo Alto Health Care System, California). Potential partici-
pants were excluded if they planned on leaving the area in 3
years or did not have contact information for follow-up. Poten-
tial participants were also excluded if they were unable to
walk one block or had a myocardial infarction in the prior 6
months, as a cardiac treadmill test was done for the larger study
and could be contraindicated in these cases. All participants
provided written informed consent and appropriate institutional
review boards approved the research protocol.

Overall, 1,020 VA patients were assessed for eligibility. One
hundred four (10.2%) were found ineligible, primarily due
to lack of contact information for follow-up (n = 82). Of the
remaining 916 eligible patients, 170 (18.6%) declined to partic-
ipate or did not complete the baseline consent process, such
that 746 participants were ultimately enrolled in the study. Ten
participants were excluded from these analyses because they
did not complete full PTSD assessments or because the super-
vising study psychologist had concerns about the accuracy of
the PTSD diagnosis. Fifty participants did not complete the
one-year follow-up by phone; of this group, 10 had died.

PTSD

We evaluated PTSD with the Clinician-Administered PTSD
Scale (CAPS)** using criteria from the Diagnostic and Statis-
tical Manual of Mental Disorders IV (DSM-IV). The CAPS
is the most widely used structured interview for diagnosing
PTSD and has excellent test-retest reliability (r = 0.92-0.99)
and internal consistency (o = 0.80-0.90).3*%* The PTSD group
consisted of subjects with either full or subsyndromal PTSD,
as subsyndromal PTSD is associated with significant impair-
ment in health and functioning.** Subsyndromal PTSD was
defined as meeting diagnostic criteria for the reexperiencing
cluster and either avoidance or hyperarousal clusters, in addi-
tion to the other CAPS criteria.*> We also required this group to
exhibit symptoms meeting a total CAPS score > 40, as defined
by the authors of the CAPS as signifying moderate or threshold
PTSD.*® Two hundred fifty-eight individuals met criteria for
full or subsyndromal PTSD.

Sleep

We assessed sleep by asking participants to rate their sleep
quality overall during the last month using a single rating from
0 (“very good”) to 4 (“very bad”). Sleep quality was coded as
a continuous variable, and items were reversed scored prior
to analyses, such that a higher score reflected better sleep
quality. The question was derived and modified from the Pitts-
burgh Sleep Quality Index (PSQI),* a self-rated questionnaire
which assesses sleep quality and disturbances. The published
version of the PSQI uses a 0-3 scale, but in the present study an
expanded 0-4 scale for the sleep quality item was adopted. The



global PSQI has an overall reliability coefficient of 0.83, and the
test-retest reliability showed no significant difference was found
between two separated occasions.*® Self-reported sleep quality
is an important clinical construct which involves a subjective
assessment of sleep that has more specifically been defined
by individuals with and without sleep problems as relating to
tiredness on waking and throughout the day, feeling rested and
restored on waking, and the number of awakenings experienced
in the night.’” A question assessing sleep quality has been recom-
mended as essential when assessing sleep by self-report,*® and
the particular sleep quality question used in the present study
has previously predicted outcomes such as anger expression.*

Physical Activity

To assess baseline physical activity, we asked participants,
“Which of the following statements best describes how physi-
cally active you have been during the last month, that is, doing
activities such as 15 to 20 minutes of brisk walking, swim-
ming, general conditioning, or recreational sports?” Partici-
pants chose from one of the following 6 categories: not at all
active, a little active (1-2 times per month), fairly active (3-4
times per month), quite active (1-2 times per week), very active
(3-4 times per week), or extremely active (5 or more times per
week). Self-report assessment of physical activity is reliable
and valid, and single-response items have demonstrated excel-
lent construct validity.***! In particular, this item was the stron-
gest mediator of the association of depression and recurrent
cardiovascular events in a previous study.* Participants again
answered this question during the telephone follow-up inter-
view one year later.

Covariates

We administered a self-report demographics questionnaire to
all participants to determine age, sex, ethnicity, income, educa-
tion, and medical history.* We assessed sleep apnea probability
using a validated multivariate apnea risk index.** The index
was primarily derived from 3 self-report items assessing sleep
disordered breathing (snorting or gasping, loud snoring, and
breathing stops/choking/struggling for breath). The 3 questions
have test-retest correlations between a 2-week period of 0.92
(p <0.0001) and high internal consistency (Cronbach o = 0.85
to 0.93).* The multivariate apnea index also included age,
gender, and body mass index (BMI).* We used the Alcohol Use
Disorders Identification Test-Consumption Questions (AUDIT-
C), a validated screening questionnaire, to assess possible prob-
lematic alcohol use.*” We measured height and weight using
standardized protocols, and BMI was calculated by dividing
weight in kilograms by the square of height in meters. The
Patient Health Questionnaire (PHQ-9)* was used to evaluate
depressive symptoms. This self-report instrument measures
the frequency of depressive symptoms corresponding to the
9 symptom criteria in the DSM-IV. A standard cut-point > 10
is used to define depression and has demonstrated excellent
validity when compared with a mental health interview, with a
sensitivity of 88% and a specificity of 88%.*

Statistical Analyses
Our objectives were to evaluate the association of PTSD
with sleep quality and the interrelationships among PTSD,
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sleep quality, and physical activity one year later. We compared
differences in characteristics between participants with and
without PTSD using #-tests for continuous variables and y* tests
for dichotomous variables. Hierarchical multiple regression
models were used to examine the relationships among sleep
quality, PTSD, and predictors of physical activity. Models
assessing the relationship between PTSD and sleep quality
were first adjusted for age and sex to ensure that any observed
differences were not simply due to basic demographic differ-
ences. We then adjusted for baseline physical activity, apnea
probability, depression status, and BMI, as these variables
differed between participants with and without PTSD. Simi-
larly, models assessing the predictors of year 1 physical activity
were first adjusted for age and sex and then for baseline phys-
ical activity, apnea probability, depression status, and BMI.
These analyses were performed with IBM SPSS 19, Release
Version 19.0 (2010, Armonk, NY), and all statistical tests were
two-sided with a = 0.05.

Mediation analyses were conducted to determine the poten-
tial mediating effect of sleep quality on the relationship between
PTSD status and physical activity one year later. Specifically,
path analyses via a structural equation modeling framework
and bootstrap estimation were performed. Participants were
excluded from the mediation analyses if they did not have
complete data on physical activity at baseline, sleep quality at
baseline, and physical activity at year 1 follow-up. Few partic-
ipants were excluded, and exclusion did not differ by PTSD
status (n = 24 [9.3%] participants with PTSD were excluded
compared to n = 46 [9.6%] participants without PTSD). The
analysis was performed with SPSS Amos, Release Version 20.0
(2010, Armonk, NY), and statistical tests were two-sided with
a=0.05.

RESULTS

Participants

Of the 736 military veteran participants, 258 (35%) had
current or subsyndromal PTSD. Compared with participants
who did not have PTSD, those with PTSD were significantly
more likely to be female, have current depression, have a higher
probability of sleep apnea, have a higher BMI, and have lower
levels of baseline physical activity (Table 1). We did not find
significant differences in age, ethnicity, education, marital
status, income, likelihood of smoking, mean alcohol use scores,
illicit drug use in the past year, or marijuana use in the past year.
Both groups demonstrated a significant increase in physical
activity from baseline to year 1 follow-up.

PTSD and Sleep Quality

When sleep quality was regressed on group status in an unad-
justed model, participants with current PTSD reported worse
sleep quality (Table 2). When demographic variables (age, sex)
were added to the model, PTSD status continued to be associ-
ated with worse sleep quality. When baseline physical activity,
apnea risk, depression status, and BMI were added to the model,
PTSD remained independently associated with worse sleep
quality. Baseline physical activity and depression status were
also associated with sleep quality
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Table 1—Characteristics of participants with and without PTSD

Variable PTSD (n=258) No PTSD (n = 478) p

Age, years (SD) 58.0 (10.0) 58.8 (12.0) 0.36

Male, n (%) 230 (89%) 464 (97%) <0.001

White, n (%) 152 (59%) 275 (58%) 0.72

High school education, n (%) 245 (95%) 462 (97%) 0.30

Married/partnered, n (%) 102 (40%) 162 (34%) 0.11

Annual household income < $20,000, n (%) 73 (29%) 159 (33%) 0.17

Depression, n (%) 152 (60%) 70 (15%) <0.001

Smoking status (yes), n (%) 64 (24%) 116 (25%) 0.78

Apnea probability (SD) 0.54 (0.23) 0.48 (0.21) 0.001

Body mass index 30.1(6.0) 28.5(5.3) <0.001

Alcohol use score (AUDIT-C) 3.0(3.2) 34 (3.0) 0.10

Illicit drug use (excluding marijuana) in past year, n (%) 32 (13%) 48 (10%) 0.29

Marijuana use in past year, n (%) 71 (28%) 111 (23%) 0.16

Sleep quality, 0-4 (SD) 1.4(0.9) 2.2(1.0) <0.001

Baseline physical activity (SD) 22(1.7) 2.8(1.5) <0.001

Year 1 physical activity (SD) 3.0(1.8) 3.4 (1.6) 0.003

Table 2—Sleep quality predicted by PTSD status
Model 1 Model 2 Model 3
B B SE B B SE B B SE

PTSD status -0.805**  -0.366 0.085 -0.831**  -0.378 0.085 -0.514*  -0.234 0.093
Age at baseline 0.009* 0.101 0.003 0.009* 0.101 0.004
Sex 0.467* 0.100 0.183 0.323 0.069 0.195
Baseline physical activity 0.084** 0.128 0.025
Apnea probability -0.427 -0.090 0.324
Depression status 0.571™*  -0.249 0.098
Body mass index 0.010 0.047 0.012
R? 0.134 0.151 0.228
AR2 (Step) 0.134 0.017 0.078

*p <0.05, *p <0.01, **p <0.001. Baseline physical activity was assessed using a 0-5 rating with higher scores indicative of more physical activity. Apnea
probability was computed using a validated multivariate apnea risk index, which included self-report ratings of breathing-related behaviors, age, gender, and
BMI. Depression status was evaluated using the Patient Health Questionnaire (PHQ-9).

Predictors of Physical Activity One Year Later

In unadjusted models, participants with current PTSD at
baseline had lower physical activity one year later compared
to those without PTSD one year later (Table 3). When demo-
graphic variables (age, sex) were added to the model, PTSD
status continued to be associated with lower physical activity.
When sleep quality was added to the model, PTSD was no
longer independently associated with lower physical activity
one year later. However, lower sleep quality predicted lower
physical activity one year later. Hence, sleep was more strongly
associated with physical activity one year later than was PTSD
status. Finally, baseline physical activity, apnea probability,
depression status, and BMI were added to the model. In this
final model, sleep quality continued to be positively associated
with physical activity one year later.

Mediation Effects
PTSD diagnosis was entered into the mediation model
as a predictor, with baseline physical activity as a covariate.
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Physical activity one year later was entered as the dependent
variable, with baseline sleep quality entered as a possible
mediator. There were significant direct effects whereby PTSD
status was associated with worse sleep quality and base-
line sleep quality predicted physical activity one year later
(Figure 1). There was a significant indirect effect from PTSD
status to physical activity one year later through baseline sleep
quality. The direct effect from baseline PTSD status to physical
activity one year later was not significant, indicating that sleep
quality completely mediated the relationship between baseline
PTSD status and physical activity one year later in this model
(Figure 1).

While it is not possible to infer causality from the aforemen-
tioned mediation analysis given the concurrent measurement
of sleep and PTSD, we ran the model in the reverse direction
to substantiate our conclusions from the mediation analysis. In
this analysis, baseline sleep quality was entered as a predictor.
Physical activity one year later was entered as the dependent
variable, with PTSD diagnosis entered as a possible mediator.
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Table 3—Predictors of year 1 physical activity

Model 1 Model 2 Model 3 Model 4
B B SE B B SE B B SE B B SE

PTSD status -0.371* -0.108 0.148  -0.387* -0.113  0.150 -0.113  -0.033 0.158 0.036  0.011 0.160
Age at baseline 0.008 0.056 0.006 0.004  0.032 0.006 0.004  0.031 0.007
Sex 0.386 0.053 0.324 0.203  0.028 0.321 0263  0.036 0.330
Baseline sleep quality 0.335** 0.212 0.073 0.204** 0.129  0.072
Baseline physical activity 0.353** 0.352  0.042
Apnea probability 0.158  0.021  0.539
Depression status -0.030  -0.008 0.170
Body mass index -0.024  -0.077  0.020
R? 0.012 0.016 0.055 0.179

AR2 (Step) 0.012 0.005 0.038 0.125

*p<0.05, *p<0.01, " p < 0.001. Sleep quality was assessed using a 0-4 self-report rating and was coded such that higher scores indicated better sleep
quality. Baseline physical activity was assessed using a 0-5 rating with higher scores indicative of more physical activity. Apnea probability was computed
using a validated multivariate apnea risk index, which included self-report ratings of breathing-related behaviors, age, gender, and BMI. Depression status

was evaluated using the Patient Health Questionnaire (PHQ-9).

This mediation model did not fit. There was a significant direct
effect whereby sleep quality was associated with PTSD status.
However, there was no significant direct effect of PTSD status
to physical activity one year later, nor was there a significant
indirect effect from sleep quality to physical activity one year
later through PTSD status. The direct effect from sleep quality
to physical activity one year later also was not significant.

DISCUSSION

In this cohort of 736 VA patients, sleep quality statisti-
cally mediated the association between PTSD and physical
activity one year later. In addition, consistent with a large body
of previous research, PTSD was associated with lower sleep
quality after adjusting for potential confounders.?*¢ We also
found that, unlike sleep quality, PTSD and depression did not
independently predict physical activity in adjusted models.

Our finding that future physical activity was predicted by
sleep quality at baseline provides some insight into the rela-
tionship between sleep and later physical activity. Previous
research assessing the question of the relationship between
sleep and physical activity has yielded mixed findings in
healthy individuals, in which reduced sleep has been associ-
ated in various studies with less, more, or no change in phys-
ical activity. Several possibilities may explain the previous
mixed findings on sleep and physical activity. For example,
the mostly cross-sectional studies on the topic leave open the
question of directionality between sleep and physical activity.
That is, substantial evidence suggests that physical activity
improves sleep,” but there has been a dearth of research
on the other direction. The longitudinal association in the
present study between sleep at baseline and physical activity
one year later provides initial evidence that sleep may influ-
ence physical activity, consistent with other recent studies on
this topic.®!® The previous sleep-physical activity mixed find-
ings may also relate to the short-term nature of experimental
studies (i.e., acute sleep deprivation, next-day measurement
of physical activity). The present study assessed self-reported

Figure 1—Sleep quality mediates the relationship between
PTSD and physical activity at year 1.

-0.051***

Sleep Quality

-0.345* 0.147***

[
ns

***p < 0.001. Baseline physical activity was included as a covariate.

Physical Activity
at Year 1, controlling
for baseline physical
activity

sleep over the past month, and had a full year follow-up period
for assessing habitual physical activity. Different samples may
have also contributed to varying sleep-physical activity asso-
ciations. For example, one study that found decreased sleep
duration was associated with higher activity levels consisted
of healthy adults in the Old Order Amish. The authors noted
that this community was very physically active and such stren-
uous activity may be associated with increased wakefulness.*
Finally, few studies have examined sleep quality rather than
duration. Our data regarding sleep quality and physical activity
align with the one previous study on sleep quality, in which in
a study of adolescents’ sleep quality rather than sleep duration
was associated with decreased physical activity measured using
accelerometry.’

The finding that sleep quality predicts physical activity in
patients with PTSD raises the possibility that behavioral factors
could contribute to some of the poor physical health outcomes
in PTSD such as obesity, metabolic syndrome, and coronary
heart disease.'®!'"!” To date, most studies have investigated
biological mechanisms through which sleep disturbance may
cause negative health outcomes.® However, initial research
suggests that behaviors such as disinhibited eating in the
context of poor sleep® also appear to contribute to such health
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outcomes. The present study provides preliminary evidence that
the association of reduced sleep quality with reduced physical
activity could comprise another behavioral link to such health
outcomes.

Clinically, the findings from the present study suggest that
both low sleep quality and low physical activity are behav-
ioral factors that should be assessed and potentially targeted
in patients with PTSD, as we observed that individuals with
PTSD reported worse sleep and lower physical activity at base-
line compared to those without PTSD, consistent with previous
research.”* Interestingly, physical activity for both the indi-
viduals with and without PTSD in this study increased from
baseline to year one. The study did not include an intervention,
but it is possible that participating in a study which focused on
such topics may have influenced individuals’ awareness of and
engagement in health behaviors such as exercise. With regard to
clinical interventions, the finding in the present study that sleep
quality predicts later physical activity raises the possibility that
sleep disturbance may need to be considered in interventions to
increase physical activity. For example, sleep problems could
affect individuals’ willingness or ability to implement physical
activity behavioral interventions, while sleep improvements
might encourage exercise participation.® Additionally, sleep
quality might influence physical activity quality, such as effort
expended during exercise or duration of exercise. Further
research is needed to assess possible poor sleep-physical inac-
tivity behavioral linkages.

Strengths of this study include its large sample size and longi-
tudinal design. However, several limitations are important to
consider. First, the assessments of sleep and physical activity
were based on self-reported single-item measures. As such,
participants may have misestimated their sleep quality or phys-
ical activity levels. However, we note that insomnia is currently
defined based on self-report,™ and that single-item measures of
sleep and physical activity have previously been associated with
important psychological and medical outcomes.*** In particular,
self-reported measures of sleep and physical activity have been
predictors of metabolic syndrome' and cardiovascular events*
in previous studies. Nonetheless, we recommend that future
research include longer and/or more frequent subjective assess-
ments as well as objective assessments to examine physiological
correlates of sleep quality and physical activity (i.e., objec-
tive measurement of fitness). Second, PTSD and sleep quality
were measured concurrently; hence, we cannot assume that the
pathway is from PTSD to reduced sleep quality rather than the
opposite direction. However, we note that (a) there is substan-
tial evidence for sleep disturbance occurring after the onset of
trauma (although there is also some initial evidence suggesting
that sleep disturbance may be a risk factor for PTSD), and (b)
an exploratory analysis indicated that the mediation model in
the opposite direction (i.e., PTSD mediating the effect between
sleep quality and physical activity one year later) did not fit.
Finally, the sample consisted primarily of male veterans, and as
such the findings may not generalize to other groups.

In summary, our results demonstrate that PTSD is associ-
ated with lower sleep quality and that lower sleep quality is
prospectively associated with lower physical activity. These
results raise the possibility that improving sleep quality may be
one component of increasing physical activity in PTSD.
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ABBREVIATIONS

AUDIT-C, Alcohol Use Disorders Identification Test-
Consumption Questions

BMI, body mass index

CAPS, Clinician-Administered PTSD Scale

DSM-1V, Diagnostic and Statistical Manual of Mental
Disorders IV

PHQ-9, Patient Health Questionnaire

PSQI, Pittsburgh Sleep Quality Index

PTSD, posttraumatic stress disorder

VA, Department of Veterans Affairs
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