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Abstract Pain frequently co-occurs with elevated post-
traumatic stress symptoms (PTSS); women are at elevated
risk for their co-occurrence. PTSS and pain are associated
with poor sleep quality; yet, little research has examined
how sleep impacts their co-occurrence. The current study
examines the indirect role of sleep on the relationship
between PTSS and pain. A community sample of 182
women completed psychometrically-sound questionnaires
assessing PTSS, sleep quality, pain characteristics,
depression and anxiety symptoms, and anxiety sensitivity.
We examined how sleep quality impacted associations
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among PTSS and pain intensity and pain interference,
while controlling for key psychological factors. Greater
PTSS was associated with worse pain interference, and
poor sleep quality had a significant indirect effect on this
relationship. Sleep may represent a modifiable behavioral
mechanism that contributes to the mutual maintenance of
PTSS and pain in women. Future research is needed to
further clarify the role of sleep quality in their co-occur-
rence.

Keywords Chronic pain - Posttraumatic stress disorder -
Sleep quality

Introduction

Chronic pain, defined as pain persisting longer than three
months, is one of the most common (Johannes et al., 2010),
costly (Gaskin & Richard, 2012), and debilitating (Burke
et al., 2015; Nahin, 2015) health problems. Individuals
with chronic pain are at risk for developing internalizing
mental health problems such as posttraumatic stress dis-
order (PTSD), or sub-clinical PTSD symptoms (PTSS).
PTSS include trauma-related symptoms of re-experiencing,
avoidance, negative thoughts or feelings, and arousal and
reactivity, which persist for longer than one month (APA,
2013). Whereas the 12-month prevalence of PTSD in the
United States is around 4% (Kessler et al., 2012), the rate
of PTSD among community samples with chronic pain is
around 10% (Sigveland et al., 2017). Compared to men,
women are at elevated risk for developing both PTSD
(8.5% vs. 3.4%; McLean et al., 2011) and chronic pain
(34% vs. 27%; Johannes et al., 2010), and thus may be at
particular risk for developing comorbid chronic pain and
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PTSD. However, limited research has investigated co-oc-
curring PTSD and pain in a community sample of women.
A number of theories explain the co-occurrence of PTSS
and pain symptoms. These theories emphasize overlapping
psychological factors between PTSS and chronic pain
symptomology, the mutually reinforcing and bidirectional
nature of PTSS and chronic pain symptoms (Sharp &
Harvey, 2001), as well as their shared physiological and
neurobiological factors (e.g., hyperarousal; Holley et al.,
2016; Sharp & Harvey, 2001). Sharp and Harvey (2001)
posited that psychological (i.e., depression symptoms,
anxiety symptoms, anxiety sensitivity) and cognitive (i.e.,
attentional biases, reminders of the trauma, cognitive
demand) factors are common to both disorders, and may
mutually maintain their co-occurrence. Asmundson et al.
(2002) further posited that shared vulnerability factors,
such as anxiety sensitivity, may predispose individuals to
develop co-occurring PTSS and chronic pain. Indeed, it is
established that psychological factors including depression
symptoms (Morasco et al., 2013), anxiety symptoms and
anxiety sensitivity (Asmundson & Katz, 2009) are impli-
cated in the co-occurrence of chronic pain and PTSS.

Although less studied in the context of this co-occur-
rence, poor sleep quality is another factor shared by
chronic pain and PTSS. A great deal of literature demon-
strates direct associations between poor sleep and PTSS.
For example, a recent review concluded that poor sleep
quality is ubiquitous in both veteran and civilian popula-
tions with PTSD (Cox & Olatunji, 2016). A review of
longitudinal studies in this area concluded that sleep may
be a mechanism in the maintenance of PTSD (Babson &
Feldner, 2010) and research has demonstrated direct links
between poor sleep quality and chronic pain (Smith &
Haythornthwaite, 2004). Chronic pain and sleep deficiency
share a number of underlying neurobiological (e.g.,
increased activation of the limbic system) and neuro-
chemical (e.g., dysregulation of the hypothalamic pituitary
adrenal axis) correlates (Boakye et al., 2016). Around half
of adults with chronic pain also have insomnia, and around
half of adults with insomnia have chronic pain (Taylor
et al. 2007a, b). Indeed, poor sleep quality in individuals
with chronic pain has been demonstrated in cross-sectional
(Kelly et al., 2011) and longitudinal (Axén, 2016; @degard
et al., 2013) studies.

Given the presence of poor sleep in both PTSS and
chronic pain, poor sleep may represent a mutually rein-
forcing factor underlying co-occurring PTSS and chronic
pain that relates to symptoms in both domains. For
example, poor sleep may relate to alterations in mood and
exacerbate cognitive biases and hypervigilance towards
pain (O’brien et al., 2010; Pavlova et al., 2017). Despite
compelling evidence drawing direct links between poor
sleep and both chronic pain and PTSS, little research has

empirically examined the indirect effect of poor sleep
quality on the relationship between PTSS and pain. The
few published studies indicate that poor sleep quality helps
explain the relationship between total PTSS and pain
intensity and interference in adult cancer survivors (Lillis
et al., 2017) and in youth with chronic pain (Noel et al.,
2018). It is important to build on this existing research and
examine the indirect role of sleep in elevated PTSS and
pain in adult women, who are at elevated risk for both.
Pediatric pain is distinct from pain in adulthood, with
neurological, development and social differences distin-
guishing the two. Pain in adults with cancer is also distinct,
with consideration to the psychological distress that often
accompanies cancer diagnosis, treatment and survivorship
(Deimling et al. 2006). Finally, it is critical that future
research account for those psychological factors that have
been identified as critical considerations in co-occurring
PTSS and pain, specifically: depression symptoms, anxiety
symptoms and anxiety sensitivity (Sharp & Harvey, 2001).
Ultimately, clarifying these relationships has important
treatment implications for individuals with elevated PTSS
and pain, as targeted sleep interventions have been shown
to result in improvements in both domains. For example, a
recent meta-analysis concluded that cognitive behavioral
therapy based interventions targeting sleep disturbances in
adults led to reduced PTSS and improved sleep quality,
effects that were moderate in magnitude (Ho et al., 2016).

To fill these gaps in the literature, the current study
sought to investigate the indirect effect of poor sleep
quality on the relationship between PTSS and pain in a
community sample of women. Specifically, we aimed to
determine the role of poor sleep quality in the relationship
between total PTSS and pain intensity and pain interfer-
ence, key pain characteristics related to PTSS (Asmundson
et al., 2004; Stratton et al., 2014). We build on previous
literature in this area by examining these relationships in a
sample of adult women with pain while accounting for
shared psychological factors of depression symptoms,
anxiety symptoms and anxiety sensitivity. Leading theo-
retical accounts identify these three psychosocial factors as
key potential covariates in the relationship between PTSD
and sleep, and their consideration is essential in parsing the
role of sleep in the relationship between PTSD and pain
(Asmundson et al., 2002; Sharp & Harvey, 2001). We
hypothesized significant positive relationships between
PTSS and pain experiences, similar to prior research.
Furthermore, we hypothesized that poor sleep quality
would help explain these relationships, above and beyond
other psychological symptoms. Importantly, we examined
separate models examining the role of sleep on the rela-
tionship between PTSS and (1) pain intensity, and (2) pain
interference. These distinct pain-related experiences carry
different implications for understanding the impact of pain
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and its treatment, particularly in the context of sleep. For
example, improving sleep in adults with chronic pain
results in improved pain interference, but not pain intensity
(Jungquist et al., 2010).

Methods

This is a secondary data analysis from a previously pub-
lished study investigating the prevalence and impact of
posttraumatic stress disorder in youth with and without
chronic pain (Noel et al., 2016, 2018). This paper focuses
on the caregivers of this sample, and the results have not
previously been published. The original study included 195
caregivers (13 men, 182 women); however, given the
predominance of women in this sample and because
women are at heightened risk for both PTSD and pain
(Johannes et al., 2010), we excluded the male caregivers
from this analysis, resulting in a total of 182 participants.
Detailed recruitment processes have been described in
detail elsewhere (Noel et al., 2016), and thus are only
briefly summarized below.

Participants and procedure

Participants were originally recruited, with their child aged
10-17 years, through their child’s pediatric chronic pain
clinic, the community, or via a healthy participant research
database, and were required to have fluency in English and
access to the Internet to complete study measures through
Research Electronic Data Capture (REDCap), a secure
online server. Participants completed informed consent
prior to completing study questionnaires online, and sub-
sequently received gift cards for their participation. The
institution’s Institutional Review Board approved all study
procedures.

Measures

Demographic characteristics

Participants reported on their sex, race, marital status and
educational attainment. Participants were not asked to
report their age; however, because this sample was com-
prised of the mothers of youth aged 10-17, we expect that
variability in age was restricted.

Pain characteristics

To identify the presence of chronic pain, participants

responded to a yes/nmo question “Do you have a pain
problem that has been present for at least 3 months and has
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your pain intensity been greater than 0 on a 0-10 scale at
some time in the last month?” This assessment reflects
chronic pain as defined by the International Association for
the Study of Pain (Merskey & Bogduk, 1994) and aligns
with chronic pain epidemiological research (Tunks et al.,
2008). Women indicating the presence of chronic pain
were then asked “how long have you had your pain
problem” and responded in a free response field to report
on pain duration.

PTSD checklist for DSM-5

Participants completed the PTSD Checklist for DSM-5
(PCL-5; Blevins et al., 2015), which is used to screen for
PTSD and can be used in making a provisional PTSD
diagnosis. Participants were provided with a list of 17
stressful events (e.g., ‘fire or explosion,” ‘life threatening
illness of injury’), and indicated whether each event had
‘happened to me,” whether they ‘witnessed it,” ‘learned
about it,” experienced it as ‘part of your job,’ if they were
‘not sure,” or if the event ‘doesn’t apply.’

Next, participants were instructed to think of, and
record, the event that bothered them the most and indicate
the level to which they experienced 20 PTSD-related
symptoms over the past month (e.g., “feeling very upset
when something reminded you of the stressful experience,”
“avoiding memories, thoughts, or feelings related to the
stressful experience”). Each item is rated on a 5-point
Likert scale, where O indicates “not at all” and 4 indicates
“extremely.” A total score (range: 0-80) is calculated by
summing responses to all 20 items, with higher scores
indicating greater symptom severity. Four PTSD symptom
subscale scores, which correspond to DSM-5 PTSD crite-
ria, can also be calculated: re-experiencing, avoidance,
negative cognitions and mood, and hyperarousal. A clinical
psychologist (R.A.) coded participant’s description of the
event that bothered them the most to determine exposure to
a Criterion A trauma (exposure to actual or threatened
death, serious injury, or sexual violence).

A provisional PTSD diagnosis can be made by treating
each item rated as a 2 or higher as a symptom endorsed,
then following the DSM-5 diagnostic rule which requires at
least one re-experiencing symptom, one avoidance symp-
tom, two negative cognitions and mood symptoms, and two
hyperarousal symptoms for a diagnosis of PTSD. The PCL-
5 is psychometrically sound, with excellent reliability and
strong convergent and discriminant validity (Blevins et al.,
2015). Psychometric studies also show good diagnostic
utility for identifying provisional PTSD diagnoses, based
on comparison to clinician-administered diagnostic
assessment (Bovin et al., 2016). The internal consistency
for this sample was excellent, « = .95 for the total score,
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and ranged from o = .86 to oo = .91 for the subscale scores.
Because the mechanisms proposed to underlie the co-oc-
currence of chronic pain and PTSS are proposed to func-
tion at the symptom (versus diagnostic) level (Asmundson
et al.,, 2002; Sharp & Harvey, 2001), we consider total
PTSS symptom score in our analyses of indirect effects,
and provide rates of provisional PTSD diagnoses to help
characterize our sample.

Pittsburgh sleep quality index

Participants completed the Pittsburgh Sleep Quality Index
(PSQI; Buysse et al., 1989) to assess their perceived sleep
quality over the past 4 weeks. The PSQI contains 19 items
(e.g., “cannot get to sleep within 30 min,” “taken medi-
cine to help you sleep”) that generate seven component
scores (subjective sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, sleep disturbances, use of
sleeping medication, daytime dysfunction), which have a
range of 0-3. Total scores are computed by summing all
component scores, with higher scores indicating poorer
sleep quality. The PSQI has shown strong test-retest reli-
ability and discriminant validity (Buysse et al., 1989). For
the current study, the internal consistency for the total
PSQI score was good, o = .86.

PROMIS-profile 29 version 2.1

The Patient-Reported Outcomes Measurement Information
System (PROMIS) Profile instrument was used to assess
physical, mental, and social health. The 29-item profile is a
collection of short forms from eight domains (physical
function, anxiety, depression, fatigue, sleep disturbance,
ability to participate in social roles and activities, pain
interference, and pain intensity) with the response frame
over the past 7-days. For use in the present study, we
included pain interference, anxiety, depression, and pain
intensity domains. Participants completed 4-items which
are used to assess pain interference (e.g., ‘how much did
pain interfere with your daily activities?’). Items are scored
on a 5-point Likert scale where 1 indicated “not at all” and
5 indicated “very much.” Participants completed 4-items
about negative cognitions and affect to assess depressive
symptoms (e.g., “I felt worthless,” “I felt depressed”), and
4-items about anxious cognitions, affect and behaviors to
assess for anxiety symptoms (e.g., “I felt fearful,” “I found
it hard to focus on anything other than my anxiety”). Items
for the depression and anxiety domains are scored on a
5-point Likert scale where 1 indicated “never” and 5
indicated “always.” The pain intensity domain includes a
single question, “In the past 7 days, how would you rate
your pain on average?” Participants responded using a 0-10

scale, where 0 indicated “no pain’ and 10 indicated “worst
pain imaginable.”

For the pain interference, depression, and anxiety
domains, total raw scores were transformed into standard-
ized T-scores for analyses. The T-score distribution has a
mean of 50 (SD =+ 10), with higher T-scores indicating
greater interference or symptomatology. The PROMIS
measures are normed against the United States general
population as well as multiple disease populations,
including chronic pain (Cella et al., 2010). Internal con-
sistency for the pain interference, anxiety and depression
domains ranged from good, o = .84 to excellent, o = .97.
The pain intensity rating is one question, thereby preluding
internal consistency analysis.

Anxiety sensitivity index

Participants completed the Anxiety Sensitivity Index—
version 3 (ASI-3; S. Taylor et al. 2007a, b) to assess
anxiety sensitivity, or fear of arousal-related sensations.
The ASI contains 18 items that map onto three domains:
physical concerns (e.g., “It scares me when my heart beats
rapidly”), cognitive concerns (e.g., “When I feel ‘spacey’
or spaced out I worry that I may be mentally ill”), and
social concerns (e.g., “I worry that other people will notice
my anxiety”). Items are scored on a 5-point Likert scale
where 0O indicates “very little” and 4 indicates “very
much”. Domain scores are calculated by summing the
corresponding items and a total score can be calculated by
summing domain scores, with higher scores indicating
greater anxiety sensitivity. The ASI has shown strong
reliability, and convergent, discriminant and criterion
validity (Taylor et al. 2007a, b). For the current study,
internal consistency of the ASI was good, o = .89.

Data analysis

We conducted descriptive statistics to characterize our
sample. Specifically, we characterize the number of women
in our sample who reported the presence of a chronic pain
problem, and the number of women meeting criteria for a
provisional PTSD diagnosis. We described category of
traumatic events, as well as rate of exposure to Criterion A
trauma. We conducted a series of one way analysis of
variance (ANOVAs) to determine whether demographic
characteristics (race, education, employment status) were
significantly related to key study variables (total PTSS,
sleep quality, pain intensity, and pain interference scores).
Because women in this study were initially recruited
because they had a child with or without a chronic pain
condition, we also conducted a series of ANOVAs to
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determine whether child pain status was significantly
related key study variables.

To address our primary aim, we first conducted
descriptive analyses of study variables (Means, SDs) as
well as zero-order correlations between key study variables
and psychological covariates. We then assessed the indirect
effect of sleep quality on the relationships between PTSS
total on pain intensity and pain interference. In both
models, we entered PROMIS depression and anxiety
symptom scores and total ASI score as covariates, to better
isolate the unique influence of PTSS above and beyond that
of other relevant psychological factors. We also included
level of education attainment and employment status, as
these demographic factors were significantly related to key
variables in our model (i.e., PTSS, sleep quality, pain
interference). We also included child pain status, as this
was related to significantly higher PTSS, worse sleep
quality, and greater pain interference. We then replicated
these models with consideration to a potential confound:
one PCL item assesses “trouble falling or staying asleep.”
To account for the possibility that this sleep-related item
inflated significant results, we calculated a total PCL score
without this item. This new total was then entered as the
independent variable in our models. This is similar to
previous research in this area (Lillis et al., 2017; Noel
et al., 2018). All indirect effect analyses were conducted in
SPSS using Preacher and Hayes’ (Preacher & Hayes, 2008)
PROCESS macro, using model 4. PROCESS generates,
and we report, multiple regression models demonstrating
the relationships between the independent variable and
“mediator” (a path), “mediator” and dependent variable
(b path), independent variable and dependent variable
(c path), and the independent and dependent variable after
accounting for the “mediator” (¢’ path). In this case, the
independent variable was always PCL total, the “media-
tor” was always PSQI global sleep quality, and the
dependent variable was either pain intensity or pain inter-
ference (both scores generated from PROMIS). PROCESS
also generates a bootstrapped confidence interval (CI); in
this case, a 95% Cl is generated from bootstrap measures of
standard errors from 5000 resamples. When this interval is
significant (i.e., does not include the value zero), the
“mediator” has a significant indirect effect on the rela-
tionship between the independent and dependent variable.
For each indirect effect analysis, we also reported this
value.

@ Springer

Results
Participants

The mean pain intensity of the total sample was 2.52
(SD = 1.40) and mean pain interference was 49.14 (SD =
8.72). Of the total sample, 35.7% of participants reported
having chronic pain, with an average duration of
11.69 years (SD = 12.63). Participant demographics are
reported in Table 1. Based on PCL-5 scoring criteria (en-
dorsement of DSM-5 PTSD Criteria B-E), 8.8% (n = 16)
of women met criteria for a provisional PTSD diagnosis.
Of the entire sample, 68.1% of women endorsed exposure
to a Criterion A stressor. The most common traumatic
event exposures were death (n =157, 31.3%), illness
(n =27, 14.8%), accident (n =125, 13.7%), and abuse
(n = 22, 12.1%). More women reporting chronic pain had
PTSD as compared to women not reporting chronic pain
(n = 10, 15% vs. n = 6, 5%; X°(1) = 5.48, p = .019).

Indirect effect of sleep on the relationship
between PTSS and pain characteristics

Means and standard deviations of key variables are pre-
sented in Table 2, as are zero-order Pearson correlations
between key study variables and psychological covariates.
We conducted indirect effect analysis examining whether

Table 1 Participant demographics

Demographic Variable Percent of sample (%)

Race and ethnicity

White, non-hispanic 87.5
White, hispanic 2.2
Asian or Asian American 33
Black or African American 2.7
Other 4.3
Marital status
Married 76.4
Not married 22.5
Missing 1.1
Education
High school or less 4.4
Vocational school/some college 22.0
College 41.2
Graduate/professional school 324

Employment status

Full time 53.9
Part time 28.0
Not working 17.0
Missing 1.1
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Table 2 Descriptive statistics and correlation matrix

Range Mean (SD) 1 2 3 4 5 6 7

1. PTSD symptoms 0-80 12.30 (13.98)

(total)
2. PTSD symptoms 0-76 11.53 (13.23) 1.00 (< .001)

(excluding sleep

item)
3. Pain intensity 0-10 2.52 (1.40) .14 (097) .12 (.142)
4. Pain interference  10-90 49.14 (8.72) .41 (<.001) .40 (< .001) .67 (< .001)
5. Sleep quality 0-57 6.70 (3.93) .55 (< .001) .54 (<.001) .33 (<.001) .55 (< .001)
6. Depression 10-90 49.05 (7.90) .48 (< .001) .49 (< .001) .21 (.012) .35 (<.001) .46 (< .001)
7. Anxiety 10-90 51.53 (7.98) .57 (<.001) .55 (<.001) .16 (.048) .36 (<.001) .51 (<.001) .64 (< .001)
8. Anxiety sensitivity 0-90 10.86 (9.47) .38 (< .001) .38 (<.001) .30 (< .001) .41 (<.001) .39 (<.001) .51 (<.001) .56 (< .001)

Depicts zero-order correlations between key study variables and psychological covariates. PTSD was measured using the PCL; Sleep Quality
was measured using the PSQI; Anxiety Sensitivity was measured using the ASI; All other variables (pain intensity, pain interference, depression,

anxiety) were assessed using PROMIS

sleep quality accounts for the relationship between PTSS
and pain characteristics (intensity and interference). In
Fig. 1, we report coefficients for the a path (i.e., relation-
ship between PCL total and sleep quality), b path (i.e.,
relationship between sleep quality and pain), ¢ path (i.e.,
relationship between PCL total and pain), and ¢’ path (i.e.,
relationship between PCL total and pain while accounting
for sleep). We also report the significance of an indirect
effect analysis using bootstrapped confidence intervals. In
these visually depicted models, depression symptoms,
anxiety symptoms, anxiety sensitivity, education attain-
ment, employment status, and child pain status are entered
as covariates. In Supplementary Material, we report indi-
rect effect models with and without clinical and demo-
graphic covariates.

For the model examining the indirect effect of sleep
quality on the relationship between total PTSS and pain
intensity, poor sleep quality was associated with greater
total PTSS and higher pain intensity. There was not a
significant relationship between PTSS and pain intensity;
however, examination of bootstrapped confidence intervals
revealed a small, significant indirect effect of sleep on this
relationship [.003, .03].

For the model examining the indirect effect of sleep
quality on the relationship between total PTSS and pain
interference, there were statistically significant relation-
ships between all three variables. Greater total PTSS was
associated with poorer sleep quality and greater pain
interference. The significant relationship between PTSS
and pain interference became nonsignificant once
accounting for the effect of sleep quality. Further sup-
porting the significance of poor sleep quality for explaining
the significant positive relationship between total PTSS and
pain interference, bootstrapped confidence intervals also

suggested a significant indirect effect of poor sleep quality
[.04, .14].

Finally, we then re-ran the two indirect effect models
described previously, with an alternate PTSD total score
variable that excluded the PCL-5 sleep item as the inde-
pendent variable. Both models, examining the indirect
effect of sleep quality on the relationships between PTSD
and pain intensity and pain interference had the same
pattern of findings (see Supplementary Material), reflecting
significant indirect effects of sleep quality on the rela-
tionship between PTSS and pain interference.

Discussion

This study assessed PTSS in women with varying pain
experiences to examine the role of poor sleep quality on
relationships between PTSS and pain intensity and inter-
ference. To our knowledge, this is the first study to
examine these relationships in a non-clinical sample of
adult women, who are at heightened risk for both PTSS and
pain. Compared to large prevalence studies, rates of
reported chronic pain (35.7%) and provisional PTSD
diagnoses (8.8%) in the current community sample were
similar (Johannes et al., 2010; McLean et al., 2011). As
expected, poor sleep quality was related to greater PTSS
and worse pain symptoms, and had an indirect effect on
relationships between PTSS and pain interference and
intensity. We extend previous literature in adult women by
showing these findings remain consistent even when
accounting for theoretically-derived psychological covari-
ates. Predominant theory about the co-occurrence between
PTSD and chronic pain posits that shared symptoms
mutually maintain both conditions (Sharp & Harvey,
2001). A wealth of literature draws direct links between
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Sleep Quality
PTSD Symptoms () b001,p0583 Pain Intensity
(") b=-0.00,p=0.793
Sleep Quality
PTSD Symptoms Pain Interference

(c) b=0.13,p=0.029
(') b=0.05,p=0.390

Fig. 1 Models depicting direct paths between key study variables.
Indirect effect analysis using bootstrapping revealed a significant
indirect effect of sleep on the relationship between PTSD Symptoms
and Pain Intensity (b = .01, CI [.003, .03]) and pain interference
(b = .08, CI [.04, .14])

poor sleep quality and PTSD as well as between poor sleep
quality and chronic pain, pointing to poor sleep quality as a
shared symptom that may contribute to this mutual main-
tenance. The current study examined the indirect effect of
poor sleep on the relationship between PTSS and pain
characteristics, suggesting that indeed, poor sleep quality
partially accounts for the positive relationship between
PTSS and pain interference. The role of poor sleep quality
on the positive relationship between PTSS and pain
intensity is less clear. Future iterations of existing con-
ceptual models of PTSS and pain-related physical inter-
ference may consider including poor sleep quality as a key
underlying behavioral mechanism.

Many studies have demonstrated elevated rates of PTSS
among individuals with chronic pain (Sigveland et al.,
2017), and the current findings extend this finding to a
sample of adult, civilian women. Using bootstrapping, we
found a significant indirect effect of sleep quality on the
relationship between PTSS and pain characteristics, con-
sistent with other research in this area (Lillis et al., 2017,
Noel et al., 2018). Critically, this indirect effect was pre-
sent even after accounting for key shared psychological
symptomology in the mutual maintenance of PTSD and
chronic pain, namely depression symptoms, anxiety
symptoms and anxiety sensitivity, supporting the robust
role of poor sleep quality. Examination of the direct paths
between these variables suggests this effect may be stron-
ger for the relationship between PTSS and pain interfer-
ence. Even after accounting for key psychosocial and
demographic covariates, there was a statistically significant
relationship between PTSS and pain interference. Further
supporting the indirect effect of sleep on this relationship,
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the relationship became nonsignificant after accounting for
sleep quality. These findings are similar to those in adults
with cancer-related pain (Lillis et al., 2017). Departing
from Lillis’ et al. (2017) findings, there was no statistically
significant relationship between PTSS and pain intensity,
after accounting for psychological covariates. This high-
lights the importance of considering psychological and
demographic covariates in the relationship between PTSS
and pain, as well as possible divergences in an adult cancer
populations versus a non-clinical sample of women with
pain. Whereas the relationship between PTSS and pain
intensity could largely be accounted for by these covari-
ates, the relationship between PTSS and pain interference
was more robust. The posited alterations in cognition and
mood related to elevated PTSS might not increase pain
perception, but more broadly drive behavioral avoidance
which more directly affects the experience of pain inter-
ference rather than pain intensity. This has important
clinical implications given that changes in pain interference
and disability, versus reductions in pain intensity, are often
the primary focus for intervention and indicator of chronic
pain treatment success (e.g., McCracken & Vowles, 2014).

The results provide further rationale for targeting poor
sleep in psychosocial interventions for individuals with co-
occurring PTSS and pain. Cognitive behavioral therapy for
insomnia (CBT-I) is a short-term and targeted intervention
that results in meaningful improvement to sleep quality in
individuals with insomnia (Trauer et al., 2015). Specifically
in adults with PTSS, CBT-I has been shown to improve
sleep quality and reduce PTSS (Ho et al., 2016). There
have also been applications of CBT-I to adults with chronic
pain, finding improvements in sleep quality and improved
pain interference but not pain intensity (Jungquist et al.,
2010). This is consistent with the present findings showing
differential relationships between PTSS and pain interfer-
ence and pain intensity. CBT-I also results in small to
medium improvements in depression and anxiety symp-
toms in adults with insomnia (Taylor & Pruiksma, 2014),
other factors that contribute to the PTSD and chronic pain
comorbidity. Targeting an underlying modifiable mecha-
nism like sleep, particularly in individuals who are least
likely to respond to conventional pain treatments, could
improve physical functioning in this vulnerable population.

An important limitation of the current study is its cross-
sectional design, which precludes examination of temporal
pathways between poor sleep quality, PTSD and pain
experiences. Growing research suggests that poor sleep
quality may precede the onset of chronic pain (Finan et al.,
2013) and PTSD (Babson & Feldner, 2010). For example,
greater insomnia symptoms in the year following hospi-
talization for motor vehicle crashes predicts PTSD diag-
nosis at one-year follow-up (Koren et al.,, 2002).
Researchers have applied advanced longitudinal analysis to
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characterize the relationship between sleep and pain over
time, concluding that sleep reliably and robustly predicts
subsequent pain intensity and frequency, with stronger
relationships than the reverse direction of pain predicting
subsequent sleep quality (Bigatti et al., 2008; Edwards
et al., 2008; Quartana et al., 2010). Moreover, adverse
childhood events have been linked to the onset of chronic
pain (Felitti et al., 1998; Nelson et al., 2017), which sug-
gests that trauma symptoms might precede the develop-
ment of chronic pain. Future longitudinal research is
needed to delineate temporal pathways between poor sleep
quality, PTSD and pain: if it is the case that poor sleep
drives co-occurring pain and insomnia, sleep intervention
would be particularly important to implement.

A second limitation of the current study is its exclusive
reliance on self-report measures of core constructs. While
self-report assessment is arguably the ideal way to assess
internalizing mental health symptoms and pain, future
research should utilize objective measures of sleep to capture
additional parameters beyond perceived sleep quality. Use of
ambulatory EEG and actigraphy would enable a more
objective assessment of sleep duration, sleep efficiency,
wake after sleep onset, and slow wave sleep (de Souza et al.,
2003; Finan et al., 2016). In addition, subjective assessment
of pre-sleep arousal and insomnia might be particularly rel-
evant given their close connection with anxiety and trauma.
Parasomnias, such as nightmares, should also be assessed
given the presence of re-experiencing symptoms in PTSD
that can manifest during sleep (APA, 2013). This study did
not utilize clinical interviews to assess PTSD at the diag-
nostic level. Rather, participants completed a measure that
assessed exposure to traumatic events as well as PTSD
symptoms that they attributed to their most distressing event.
While this measure provides calculation of provisional
PTSD diagnoses, future research should incorporate clinical
interviews to more fully capture the nature and presence of
PTSD. A number of other covariates may be considered in
future studies. Most notably, we were unable to examine age
as a moderator in the models in this study; while we expect
limited variability in age given participants were all mothers
to children aged 10-17 years, age may have been a mean-
ingful factor in the observed relationships. Other psycho-
logical (e.g., catastrophizing), cognitive (e.g., attention
bias), physiological (e.g., BMI) and neurobiological (e.g.,
hyperarousal) factors may be considered in future research to
shed additional light on the relationship between pain and
PTSD symptoms.

In conclusion, the present study shows that poor sleep
quality helps explain significant positive relationships
between PTSS and pain experiences, particularly physical
interference related to pain, and may be a modifiable
behavioral mechanism that contributes to the mutual
maintenance of PTSS and chronic pain in women, who are

at greater risk for both disorders. Future research is needed
to clarify the role of sleep quality in this common comor-
bidity and to delineate temporal pathways between these
factors.
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