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Abstract

Objective. Sleep and pain-related experiences are consistently associated, but the pathways linking these experien-
ces are not well understood. We evaluated whether pain catastrophizing and arthritis self-efficacy mediate the asso-
ciation between sleep disturbance and osteoarthritis (OA) symptom severity in patients with knee OA. Methods. We
analyzed cross-sectional baseline data collected from Veterans Affairs (VA) patients enrolled in a clinical trial exam-
ining the effectiveness of a positive psychology intervention in managing pain from knee OA. Participants indicated
how often in the past two weeks they were bothered by trouble falling asleep, staying asleep, or sleeping too much.
We used validated scales to assess the primary outcome (OA symptom severity) and potential mediators (arthritis
self-efficacy and pain catastrophizing). To test the proposed mediation model, we used parallel multiple mediation
analyses with bootstrapping, controlling for sociodemographic and clinical characteristics with bivariate associa-
tions with OA symptom severity. Results. The sample included 517 patients (Mage ¼ 64 years, 72.9% male, 52.2%
African American). On average, participants reported experiencing sleep disturbance at least several days in the
past two weeks (M¼ 1.41, SD¼ 1.18) and reported moderate OA symptom severity (M¼48.22, SD¼16.36). More fre-
quent sleep disturbance was associated with higher OA symptom severity directly (b¼3.08, P <0.001) and indirectly,
through higher pain catastrophizing (b ¼ 0.60, 95% confidence interval [CI] ¼ 0.20 to 1.11) and lower arthritis self-
efficacy (b ¼ 0.84, 95% CI ¼ 0.42 to 1.42). Conclusions. Pain catastrophizing and arthritis self-efficacy partially
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mediated the association between sleep disturbance and OA symptom severity. Behavioral interventions that
address pain catastrophizing and/or self-efficacy may buffer the association between sleep disturbance and OA
symptom severity.

Key words: Sleep; Self-Efficacy; Pain Catastrophizing; Pain; Veterans; Osteoarthritis

Introduction

Pain is a complex phenomenon influenced by a host of

biological, psychological, and social factors [1]. Previous

reports have established that there is a bidirectional rela-

tionship between sleep and pain [2–6]. Although it is well

established that sleep and pain are associated, the factors

that contribute to the sleep–pain relationship are not

fully understood [2]. Based on their work investigating

Cognitive Behavioral Therapy for insomnia (CBT-I) in

older patients with osteoarthritis (OA), Vitiello and col-

leagues proposed that sleep and pain are linked via a pos-
itive feedback loop [7]. Specifically, they posit that

dysregulated sleep schedules lead to nonrestorative sleep,

reduced pain thresholds, and more negative pain-related

emotions and cognitions, which, in turn, lead to

increased pain and activity limitations and further exac-

erbation of sleep difficulties [7]. Pain catastrophizing, the

tendency to approach pain with negative cognitions, and

pain-related self-efficacy, expectations about one’s ability

to cope with pain, are two pain-related cognitions that

have been uniquely linked to both sleep [8,9] and pain
outcomes [10,11]. Though each represents pain-related

cognitions, greater pain catastrophizing is consistently

associated with poorer outcomes (e.g., heightened pain

severity, greater functional impairment) [11], whereas

greater pain-related self-efficacy is consistently associated

with better outcomes (e.g., lower pain severity, lower lev-

els of functional impairment, enhanced quality of life)

[10,12,13]. Consistent with the conceptual model pro-

posed by Vitiello and colleagues [7], pain catastrophizing

and pain-related self-efficacy may serve as mediating fac-
tors linking sleep and pain-related experiences such as

pain severity and activity limitations; however, their

mediating role has not been empirically demonstrated.

Observational research in individuals with chronic

pain has indicated that poorer habitual sleep is associated

with higher levels of catastrophizing and that, at the daily

level, worse previous-night sleep is associated with worse

next-morning pain catastrophizing [9,14–16].

Experimental studies have corroborated

observational findings linking poor sleep and pain cata-

strophizing [17–20]. Despite also representing

pain-related cognitions and being a unique predictor of

pain-related outcomes [13], pain-related self-efficacy has

received less attention as a correlate of sleep. Sturgeon

and Zautra proposed a paradigm for understanding pain

coping that emphasizes consideration of factors that con-

tribute not only to vulnerability but also to resilience

[21]; the same consideration is arguably necessary when

investigating influences on pain experiences. Based on

existing literature linking better sleep with better cogni-

tive and affective functioning [22,23], poor sleep may

deplete adaptive resources such as one’s sense of self-

efficacy. Accordingly, emerging observational [24,25]

and experimental [19] research has supported the associ-

ation of sleep with pain-related self-efficacy.

In sum, it has been established that sleep and pain

experiences are bidirectionally related in individuals with

chronic pain, with current evidence suggesting that sleep

may be a more reliable predictor of pain than pain is of

sleep [2,6]. Pain catastrophizing and pain-related self-

efficacy are important predictors of pain experiences

[10,11] and have been associated with sleep [8,9], but

have not been examined as pathways linking sleep and

pain-related experiences. The concurrent consideration

of both pain catastrophizing and pain-related self-effi-

cacy as mediating pathways is essential to further our

understanding of both deteriorative and restorative pain-

related processes. The objective of the current analysis

was to determine if pain catastrophizing and arthritis

self-efficacy mediate the association of sleep disturbance

and pain-related experiences in a sample of African

American and white middle-aged to older US military

veterans with knee OA. We hypothesized that more fre-

quent sleep disturbance would be associated with higher

levels of OA symptom severity both directly and indi-

rectly, through higher levels of pain catastrophizing and

lower levels of arthritis self-efficacy.

Method

Participants and Procedure
The current study is a secondary analysis of data col-

lected during the baseline visit of the Staying Positive

with Arthritis (SPA) study (ClinicalTrials.gov Identifier:

NCT02223858), a randomized controlled trial examin-

ing the impact of a positive psychological intervention on

racial disparities in pain in US military veterans [26,27].

To participate in the SPA study, individuals were

required to be age 50 years or older; identify their race as

non-Hispanic African American or non-Hispanic white;

report symptomatic knee pain consistent with knee OA

(defined by the Osteoarthritis Initiative [28]); endorse

pain severity ratings �4 on a 0–10 scale; receive primary

care at one of two participating Veterans Affairs (VA)

medical centers; and have the ability to speak, read, and

write in English. Exclusion criteria included significant

problems with hearing, vision, or memory; diagnoses of
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arthritis other than OA or degenerative arthritis; treat-

ment for cancer in the past three years; receipt of steroid

injection into one or both knees in the past three months;

replacement of one or both knees in the past three

months; plans to undergo knee replacement in the next

six months; inability to complete study procedures; lack

of a reliable telephone number; or two or more items

answered incorrectly on a six-item cognitive screening

instrument [29].

Prospective participants were recruited from the VA

Pittsburgh Healthcare System and the Corporal Michael

J. Crescenz VA Medical Center in Philadelphia.

Recruitment procedures, which are described in detail

elsewhere [26,27], involved distributing study brochures

at participating medical centers and via targeted mailings

based on basic eligibility criteria ascertained from VA

electronic health records (EHR). Prospective participants

completed an in-depth telephone screening to determine

study eligibility. Eligible participants provided written

informed consent and completed a battery of measures

administered by research personnel during a baseline visit

held at their VA medical center. The current analysis

included baseline measures collected from 517 SPA study

participants (Figure 1; Supplementary Data). The study

procedures were approved by the VA Central

Institutional Review Board.

Study Measures

Primary Predictor: Sleep Disturbance

We assessed sleep disturbance with a single item from the

Patient Health Questionnaire-8 (PHQ-8) [30], which

asked participants to indicate how often in the preceding

two weeks they were bothered by “trouble falling or stay-

ing asleep, or sleeping too much” (0¼ not at all,

1¼ several days, 2¼more than half the days, and

3¼ nearly every day). This item has previously demon-

strated concurrent validity with the Insomnia Severity

Index [31,32]. We treated sleep disturbance as a continu-

ous variable in statistical analysis.

Primary Outcome: OA Symptom Severity

We measured OA symptom severity using the Western

Ontario and McMaster (WOMAC) Osteoarthritis Index

[33]. The WOMAC Index includes subscales for the

dimensions of pain (five items), physical function (17

items), and stiffness (two items), which can be combined

into a composite score indicative of overall OA symptom

severity [33]. For the pain and physical function items,

respondents are asked to indicate the extent to which

they experience pain or difficulty while completing daily

tasks. For the stiffness items, respondents are asked to

indicate the extent of stiffness they experience after first

awakening in the morning and later in the day. All

responses are based on experiences in the past seven days

and use a five-point Likert-type scale (0¼ none, 1¼mild,

2¼moderate, 3¼ severe, 4¼ extreme). We calculated an

overall score of OA symptom severity (WOMAC total)

by summing the scores of the three subscales and convert-

ing the summed score to a 0–100 scale. Total scores were

calculated if there were no missing subscale scores; pain

subscale scores (Cronbach’s a ¼ 0.80 in the current sam-

ple) were calculated if there was no more than 1 missing

pain item, physical function subscale scores (Cronbach’s

a ¼ 0.94 in the current sample) were calculated if there

were no more than three missing physical function items,

and stiffness subscale scores (Cronbach’s a ¼ 0.68 in the

current sample) were calculated if there was no more

than one missing stiffness item.

Proposed Mediators

We measured pain catastrophizing using the Pain

Catastrophizing Scale (PCS) [34]. This 13-item scale

prompts respondents to indicate the degree to which they

have thoughts and feelings characterized by rumination,

magnification, and helplessness in the context of pain

(0¼ not at all, 1¼ to a slight degree, 2¼ to a moderate

degree, 3¼ to a great degree, 4¼ all the time). PCS scores

were derived by summing item responses, yielding a total

score ranging from 0 to 52 (Cronbach’s a ¼ 0.94 in the

current sample). Scores were calculated if there were no

more than three missing items. Higher scores indicate

higher levels of catastrophic thinking.

We measured self-efficacy using the Arthritis Self-

Efficacy Scale [35]. The Arthritis Self-Efficacy Scale is a

20-item measure in which respondents indicate on a 10-

point Likert scale their degree of certainty in their ability

to cope with symptoms or consequences of arthritis

(1¼ very uncertain, 10¼ very certain). Responses are

used to derive subscale scores related to pain, function,

and other symptoms. Subscale scores were created by

averaging item responses, yielding scores ranging from 1

to 10, where higher scores are indicative of greater per-

ceived efficacy. Pain (Cronbach’s a ¼ 0.82 in the current

sample) and other symptoms (Cronbach’s a ¼ 0.88 in the

current sample) subscale scores were calculated if there

was no more than one item missing; function subscale

scores (Cronbach’s a ¼ 0.87 in the current sample) were

calculated if there were no more than two items missing.

Consistent with prior studies [36,37], we then calculated

a total arthritis self-efficacy score by summing the pain,

function, and other symptoms subscale scores, yielding

scores ranging from 3 to 30 (Cronbach’s a ¼ 0.79 in the

current sample).

Sociodemographic and Clinical Characteristics

Participant characteristics were measured using self-

report questionnaires and EHR data. Self-reported char-

acteristics included gender, age, race, income, level of

education, and current use of pharmacological treat-

ments for OA [28]. Self-report items from Behavioral

Risk Factor Surveillance System Questionnaires [38]

were used to assess history of depression and anxiety.
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Body mass index (BMI), radiographic evidence of OA,

and history of insomnia or sleep-related breathing disor-

der diagnoses were collected from the EHR (see the

Supplementary Data for sleep disorder diagnostic codes).

Statistical Analysis
Statistical significance was set at the 0.05 probability

level, with analyses reported from SPSS, version 25. We

examined bivariate correlations among sleep disturbance,

pain catastrophizing, arthritis self-efficacy, and OA

symptom severity and evaluated the strength of bivariate

correlations using Cohen’s criteria [39]. The PROCESS

macro for SPSS 2.16.3 [40] was used to test several paral-

lel multiple mediation models. The PROCESS macro

assesses parallel multiple mediation models using ordi-

nary least squares path analysis and bootstrapping tech-

niques [40]. We estimated 95% bias-corrected bootstrap

confidence intervals for total indirect effects using

10,000 bootstrap samples. A significant indirect effect is

indicated when the 95% confidence interval (CI) associ-

ated with the bootstrapped estimates does not contain 0.

For our main analysis, we assessed a parallel multiple

mediation model in which sleep disturbance was the pri-

mary predictor, pain catastrophizing and arthritis self-

efficacy (Arthritis Self-Efficacy Scale total score) were

mediators, and OA symptom severity (WOMAC total

score) was the primary outcome. Given the cross-

sectional nature of our data, we also tested an alternative

model to determine whether the mediational pattern of

findings held with OA symptom severity as the primary

predictor and sleep disturbance as the primary outcome.

Based on established associations with pain, we con-

sidered the following variables for inclusion as covariates

in the parallel multiple mediation models: age, gender,

BMI, race, education, income, history of anxiety, history

of depression, radiographic evidence of knee OA, self-

reported use of opioid analgesics for knee pain, self-

reported receipt of steroid injection for knee pain in past

six months, history of insomnia disorder diagnoses, and

history of breathing-related sleep disorder diagnoses. We

included variables as covariates in the parallel multiple

mediation models if they had significant (P< 0.05)

bivariate associations with WOMAC total scores.

We conducted sensitivity analyses to determine

whether the relationships observed in the main analysis

were consistent when distinct pain-related experiences

were considered separately. Specifically, we first repeated

the main analysis replacing the total self-efficacy and

WOMAC scores with the Arthritis Self-Efficacy Scale

pain subscale score and WOMAC pain subscale score,

respectively. Second, we replaced the total self-efficacy

Baseline Assessment/Randomized 
(n=517)

Assessed for eligibility (n=1,211)

Mailed (n=7,507)
Brochure/word of mouth (n=76)

Eligible (n=704)

Not Screened (n=6,372)
• Not interested (n=3,142) 
• Unreachable (n=1,694) 
• Determined ineligible prior to screening 

(n=1,158) 
• Enrollment targets met (n=253) 
• Deceased (n=125) 

Did not meet inclusion criteria (n=507)*

Not randomized (n=187)
• Enrollment targets met (n=3) 
• Other (n=8) 
• Unable to reach (n=15) 
• Chose not to participate (n=25) 
• Cancelled baseline visit (n=60) 
• Did not attend baseline visit (n=76) 

Figure 1. Study flow diagram. *Reasons prospective participants did not meet exclusion criteria are listed in the Supplementary
Data.
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and WOMAC scores with the Arthritis Self-Efficacy

Scale function subscale score and WOMAC physical

function subscale score, respectively.

Results

Sample Characteristics
Among the 517 participants in this predominantly male

(72.9%) sample, the average age was 63.7 years.

Roughly half of the sample identified as African

American and half as white. Over one-third had a history

of depression (44.1%) or anxiety (38.9%), and nearly

one-third were using an opioid analgesic for their knee

pain at the time of the study (31.7%) (see Table 1 for

additional sample characteristics). At the bivariate level,

OA symptom severity was significantly associated with

age, BMI, race, education, income, history of depression,

history of anxiety, radiographic evidence of OA, and cur-

rent use of opioid analgesics (all P < 0.05)

(Supplementary Data). Thus, these variables were

included as covariates in multiple mediation analyses.

Relations Among Sleep Disturbance, OA

Symptom Severity, and Potential Mediators
On average, participants reported having sleep disturb-

ance between “several days” and “more than half the

days” in the last two weeks (M¼ 1.41, SD¼ 1.18; full

response distribution: 30.2% not at all, 25.9% several

days, 16.8% more than half the days, and 27.1% nearly

every day). Participants also reported moderate OA

symptom severity (M¼ 48.22, SD¼ 16.36) (Table 2). As

shown in the bivariate correlation matrix in Table 2,

sleep disturbance showed statistically significant small to

moderate positive associations with pain catastrophizing

and OA symptom severity and a significant small to

moderate negative association with arthritis self-efficacy.

Pain catastrophizing and arthritis self-efficacy showed

statistically significant moderate positive and negative

associations, respectively, with OA symptom severity.

Results from the parallel multiple mediation model

(Figure 2 and Table 3) indicated that frequency of sleep

disturbance was significantly associated with higher lev-

els of pain catastrophizing (a1 ¼ 2.47, P < 0.001) and

lower levels of arthritis self-efficacy (a2 ¼ –0.78, P <

0.001). Higher levels of catastrophizing (b1 ¼ 0.24, P <

0.001) and lower levels of arthritis self-efficacy (b2 ¼ –

1.08, P < 0.001) were, in turn, significantly associated

with higher levels of OA symptom severity. A bias-

corrected bootstrap confidence interval for the total indi-

rect effect was entirely above 0 (95% CI ¼ 0.83 to 2.15),

indicating that pain catastrophizing and arthritis self-

efficacy collectively mediated the association of sleep dis-

turbance and OA symptom severity. Bias-corrected boot-

strap confidence intervals for the specific indirect effects

were similarly above zero for pain catastrophizing (a1b1 ¼
0.60, 95% CI ¼ 0.20 to 1.11) and arthritis self-efficacy

(a2b2 ¼ 0.84, 95% CI ¼ 0.42 to 1.42), evidencing specific

indirect effects of sleep disturbance on OA symptom

severity through pain catastrophizing and arthritis self-

efficacy. Accounting for pain catastrophizing and arthritis

self-efficacy, sleep disturbance remained significantly posi-

tively associated with OA symptom severity (c’ ¼ 1.64,

P ¼ 0.01), suggesting that pain catastrophizing and arthri-

tis self-efficacy are partial mediators of the association of

sleep disturbance and OA symptom severity.

Due to the cross-sectional, observational study design,

we also tested an alternative model wherein OA symp-

tom severity was the primary predictor and sleep disturb-

ance was the outcome [40]. In the alternative model, a

bias-corrected bootstrap confidence interval for the total

indirect effect was entirely above 0 (95% CI ¼ 0.002 to

0.01), indicating that pain catastrophizing and arthritis

self-efficacy collectively mediated the association of OA

symptom severity and sleep disturbance. A bias-corrected

bootstrap confidence interval for the specific indirect

effect through pain catastrophizing was above 0 (95% CI

¼ 0.002 to 0.009), but a bias-corrected bootstrap confi-

dence interval for the specific indirect effect through

arthritis self-efficacy included 0 (95% CI ¼ –0.002 to

0.01) (Supplementary Data). This pattern of findings sug-

gests that OA symptom severity is linked to sleep disturb-

ance directly and indirectly, through pain catastrophizing

but not arthritis self-efficacy.

Sensitivity Analyses Examining Relations Among

Sleep Disturbance, Specific OA Symptoms, and

Potential Mediators
We found a consistent pattern of results in models where

the total self-efficacy and WOMAC scores were replaced

with symptom-specific subscales. First, when total

Table 1. Sample characteristics (N¼517)

Characteristic M SD

Age 63.72 8.47

Body mass index 32.18 6.45

Characteristic n %

Male gender 377 72.9

African American race 270 52.2

Education

High school or less 144 27.9

At least some college 373 72.1

Annual income

<$20,000 127 26.0

�$20,000 362 74.0

History of depression 228 44.1

History of anxiety 201 38.9

Radiographic evidence of osteoarthritis* 330 63.8

Currently utilizing opioid analgesics 164 31.7

Steroid injection for knee pain in past 6 mo 47 9.1

History of insomnia disorder* 44 8.5

History of sleep-related breathing disorder* 107 20.7

*Derived from Veterans Affairs Electronic Health Records.
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arthritis self-efficacy and WOMAC scores were replaced

with pain-specific subscale scores, bias-corrected boot-

strap confidence intervals for the total indirect effect

(95% CI ¼ 0.71 to 1.89) and the specific indirect effects

(pain catastrophizing: 95% CI ¼ 0.40 to 1.43; pain self-

efficacy: 95% CI ¼ 0.12 to 0.80) were entirely above 0.

Therefore, both pain catastrophizing and pain self-

efficacy mediated the association of sleep disturbance

and pain severity (Supplementary Data). Similarly, when

total arthritis self-efficacy and WOMAC scores were

replaced with function-specific subscale scores, bias-

corrected bootstrap confidence intervals for the total

indirect effect (95% CI ¼ 0.62 to 2.04) and the specific

indirect effects (pain catastrophizing: 95% CI ¼ 0.36 to

1.40; self-efficacy related to function: 95% CI ¼ 0.10 to

0.94) were entirely above 0. Therefore, both pain cata-

strophizing and functional self-efficacy mediated the

association of sleep disturbance and functional difficul-

ties related to OA (Supplementary Data).

Discussion

In a sample of African American and white US veterans

with knee OA, we sought to determine if pain catastroph-

izing and arthritis self-efficacy were cross-sectional medi-

ators of the association of sleep disturbance and overall

OA symptom severity. We also examined whether these

pain-related beliefs played an intermediary role linking

sleep disturbance with specific symptoms (i.e., pain

severity and physical functioning). We found that more

frequent sleep disturbance was associated with higher

levels of OA symptom severity both directly and indi-

rectly, through higher levels of pain catastrophizing and

lower levels of arthritis self-efficacy. A similar pattern of

findings emerged when we specifically examined pain

severity and functioning as outcomes.

Our findings both complement and extend existing lit-

erature investigating sleep and pain. The direct positive

association of sleep disturbance with OA symptom

severity observed in this study corroborates existing

work relating poor sleep to heightened pain experiences

and worse self-reported physical functioning [2,3,5]. Our

analysis also adds to the limited number of studies that

have investigated the interrelations of sleep, pain cata-

strophizing, and pain [9,41] by examining differing con-

ceptualizations of how these processes relate, with the

additional consideration of the role of self-efficacy as an

adaptive pain-related cognition. Our findings that sleep

disturbance was related to OA symptom severity, pain

severity, and self-reported physical function indirectly

through pain catastrophizing and self-efficacy are novel

and align with the conceptualization of pain as a multi-

factorial phenomenon linked to sleep via multiple path-

ways, including pain-related cognitions [2,7].

Though individuals’ inclinations toward catastrophiz-

ing and sense of self-efficacy in the context of pain may

be dispositional to some extent, they can also be influ-

enced by situation-specific factors and are modifiable

through intervention [42–44]. Results from the current

analysis suggest that sleep is among the situational factors

relevant to pain catastrophizing and pain self-efficacy.

The mechanisms underlying the associations of sleep with

pain catastrophizing and pain self-efficacy have yet to be

clarified. However, previous research has linked sleep dis-

turbance and sleep deprivation to worse cognitive [45,46]

and affective functioning [47–49], suggesting the explan-

atory potential of cognitive and affective processes.

Due to the cross-sectional nature of the data used in

the current analysis and existing evidence for other con-

figurations of the variables of interest [9,41], we assessed

an alternative multiple mediation model wherein OA

symptom severity was the primary predictor and sleep

disturbance was the outcome. In this model, greater OA

symptom severity was significantly associated with more

frequent sleep disturbance directly and indirectly only

through pain catastrophizing; arthritis self-efficacy was

Table 2. Descriptive statistics and Pearson correlations among sleep, pain beliefs, and OA symptom severity variables

Variable Range M SD 1. 2. 3. 4.

1. Sleep disturbance 0–3 1.41 1.18 —

2. Pain catastrophizing 0–52 19.11 12.35 0.38** —

3. Arthritis self-efficacy 4.2–30 19.31 5.14 –0.30** –0.60** —

4. OA symptom severity 2.08–95.83 48.22 16.36 0.30** 0.46** –0.53** —

OA¼osteoarthritis.

**P < 0.001, two-tailed.

Figure 2. Model assessing pain catastrophizing and arthritis
self-efficacy as parallel mediators of the association of sleep
disturbance and osteoarthritis (OA) symptom severity.
Covariates in this model included age, body mass index, race,
education, income, history of depression, history of anxiety,
radiographic evidence of OA, and current use of opioid analge-
sics. Effects are expressed in an unstandardized metric. *P <

0.05; **P < 0.001.
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not a significant pathway linking OA symptom severity

and sleep disturbance. This pattern of findings aligns

with Vitiello and colleagues’ proposition that sleep, pain

catastrophizing, and pain are linked via a positive feed-

back loop [7]. However, the same may not be true for

self-efficacy. Although temporality cannot be established

using cross-sectional data, the finding that sleep disturb-

ance was associated with pain self-efficacy when exam-

ined as predictor but not an outcome suggests that sleep

disturbance may be more likely to negatively impact self-

efficacy than the reverse (low levels of self-efficacy nega-

tively impacting sleep disturbance).

If replicated in studies with causal research designs,

our findings have several implications for the manage-

ment of pain. The primary findings suggest the potential

value of incorporating strategies targeting sleep and pain-

related beliefs, both adaptive and maladaptive, to pro-

mote effective pain management in persons with chronic

pain. Findings from the alternative explanatory model

suggest that interventions targeting OA symptom severity

alone may similarly be inadequate to affect sleep and that

intervention on pain catastrophizing may bolster treat-

ment effects. The application of multicomponent, non-

pharmacological interventions targeting pain and

insomnia has been of growing interest, with promising

findings in a limited number of studies [50–53]. Our find-

ings reinforce the need for further clinical studies of treat-

ments that address both pain-related beliefs and sleep

disturbance in individuals with osteoarthritis.

Limitations of the current study are worth noting.

Foremost, causal inferences cannot be drawn due to the

observational, cross-sectional study design. However,

experimental and prospective research supports the cur-

rent conceptualization of sleep disturbance, pain cata-

strophizing and pain self-efficacy, and pain severity

[2,6,18]. Recent reviews of prospective studies of sleep

and pain have concluded that sleep disturbance and sleep

deterioration exacerbate existing pain conditions and

heighten the risk of new onset of pain conditions [2,6].

Though more nascent, limited research has also favored

sleep disturbance as a predictor of pain catastrophizing

but not the reverse [18]. Replication of the current con-

ceptualization of sleep, pain catastrophizing, pain self-

efficacy, and pain using microlongitudinal (e.g., daily

measurement of the variables of interest, over multiple

days to weeks) or experimental study designs would pro-

vide additional clarification for how these phenomena

interrelate.

An additional limitation is that sleep disturbance was

measured retrospectively using a single self-report item.

Consequently, information regarding specific sleep

parameters was not gleaned, and the measure was sus-

ceptible to potential biases encountered in self-report

measures more generally. Additionally, we did not collect

data on the use of pharmacological or nonpharmacologi-

cal methods for managing sleep disorders as part of this

study and thus were unable to account for this in our

analyses. Nevertheless, the average frequency of sleep

disturbance in the current sample is comparable to the

average PHQ-assessed sleep disturbance reported in

Koffel and colleagues’ recent evaluation of sleep and pain

in adult veterans (aged 19–65 years) with chronic muscu-

loskeletal pain [5]. It is also consistent, more generally,

with literature indicating that sleep disturbance fre-

quently co-occurs with arthritis [37,38]. The prevalence

of EHR-derived insomnia diagnoses was approximately

9% in this sample. This rate is lower than estimates

derived from self-report measures of insomnia in veterans

with chronic pain [54] but is consistent with work con-

ducted using VA EHRs [55,56]. The lower rate of insom-

nia diagnoses using this method may be a reflection of

the underdetection of insomnia in routine clinical care

[57]. It may also reflect under-reporting of diagnoses in

the VA EHRs, specifically, relative to non-VA health care

settings that rely on diagnostic codes for billing purposes

[55,58,59].

Conclusions

In summary, this cross-sectional analysis identified that

sleep and pain-related experiences are related directly

and indirectly, through pain catastrophizing and

Table 3. Regression coefficients, standard errors, and model summary statistics for the sleep disturbance, pain catastrophizing,
arthritis self-efficacy, and OA symptom severity parallel multiple mediation model (N¼478)

Pain Catastrophizing Arthritis Self-Efficacy OA Symptom Severity

Predictor Coeff. SE P Coeff. SE P Coeff. SE P

Sleep disturbance a1 2.47 0.44 <0.001 a2 �0.78 0.19 <0.001 c’ 1.64 0.58 0.01

Pain catastrophizing — — — — — — b1 0.24 0.07 <0.001

Arthritis self-efficacy — — — — — — b2 �1.08 0.16 <0001

Constant iM1 17.86 5.38 0.001 iM2 28.23 2.30 <0.001 iY 55.87 8.46 <0.001

R2 ¼ 0.28 R2 ¼ 0.26 R2 ¼ 0.36

F(10,467) ¼ 18.06, P <0.001 F(10,467) ¼ 16.20, P <0.001 F(12,465) ¼ 21.66, P <0.001

Parallel multiple mediation analysis was conducted using ordinary least squares path analysis. Analysis adjusted for age, body mass index, race, education,

income, history of depression, history of anxiety, radiographic evidence of osteoarthritis, and current use of opioid analgesics. Effects are expressed in an unstan-

dardized metric.

OA ¼ osteoarthritis.
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self-efficacy, in veterans with pain from knee OA. These

findings lend empirical support to theoretical models sug-

gesting that pain-related cognitions may be one of the

numerous biobehavioral processes underlying the associ-

ation of sleep and pain [2,7,44].

Supplementary Data

Supplementary data are available at Pain Medicine online.
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