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Abstract

In a primary care population of 367 older adults (age 60+) with osteoarthritis (OA) pain and

insomnia, we examined the relationship between short-term improvement in sleep and long-term

sleep, pain and fatigue outcomes through secondary analyses of randomized controlled trial data.

Study participants, regardless of experimental treatment received, were classified as either

Improvers (≥30% baseline to 2-month reduction on the Insomnia Severity Index [ISI]) or Non-

Improvers. After controlling for treatment arm and potential confounders, Improvers showed

significant, sustained improvements across 18 months compared to Non-Improvers in Pain

Severity (p<.001, Adjusted Mean Difference = −0.51 [95% Confidence Interval: −0.80, −0.21]),

Arthritis Symptoms (p<.001, 0.63 [0.26, 1.00]), and Fear Avoidance (p=.009, −2.27 [−3.95,

−0.58]) but not in Catastrophizing or Depression. Improvers also showed significant, sustained
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improvements in ISI (p<.001, −3.03 [−3.74, −2.32]), Pittsburgh Sleep Quality Index Total (p<.

001, −1.45 [−1.97, −0.93]) and General Sleep Quality (p<.001, −.28 [−.39, −.16]) scores, Flinders

Fatigue Scale (p<.001, −1.99 [−3.01, −0.98]), and Dysfunctional Beliefs about Sleep (p=.037,

−2.44 [−4.74, −0.15]), but no improvements on the Functional Outcomes of Sleep Questionnaire

or the Epworth Sleepiness Scale. We conclude that short-term (2-month) improvements in sleep

predicted long-term (9- and 18-month) improvements for multiple measures of sleep, chronic pain,

and fatigue. These improvements were not attributable to non-specific benefits for psychological

well-being such as reduced depression. These findings are consistent with benefits of improved

sleep for chronic pain and fatigue among older persons with osteoarthritis pain and co-morbid

insomnia if robust improvements in sleep are achieved and sustained.
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1. Introduction

A growing literature suggests that poor nighttime sleep is associated with reduced pain and

increased next-day pain reports [15,19,34,36]. If so, improving sleep in pain populations

might improve chronic pain outcomes [31]. Several trials evaluating cognitive behavioral

therapy for insomnia (CBT-I) in pain populations have found improved sleep outcomes, but

benefits of CBT-I for pain outcomes have been inconsistent [6,10,18,38]. However, these

studies had significant limitations including small sample sizes, inadequate controls,

recruitment of convenience samples, and short follow-ups, making it difficult to draw clear

conclusions on the impact of improved sleep on pain.

Recently, we reported results from “Lifestyles”, a randomized controlled trial of CBT for

pain and insomnia among older adults with co-morbid osteoarthritis pain and insomnia

[23,39]. The Lifestyles trial had notable strengths: a large population-based sample (N=367);

broad eligibility criteria; primary care treatment delivery; high participant retention; and a

highly credible, well-accepted attention control. Over a 9-month assessment period, a

combination CBT for pain and insomnia (CBT-PI) was associated with more favorable

outcomes for insomnia severity than either CBT for pain alone (CBT-P) or control [39].

However, at 18 months benefits were non-significant for all treatment arms [23]. Post-hoc

analyses of participants with greater baseline insomnia and pain severity showed significant

reductions in pain for CBT-PI compared to CBT-P, and moderate, albeit non-significant

treatment effects for insomnia severity and sleep efficiency in the CBT-PI group [23].

Further, although unadjusted effect sizes for sleep and pain were attenuated over time, they

were greater at 18 months for both outcomes for CBT-PI compared to the other two

treatment arms [23]. Thus Lifestyles trial results showed a pattern of treatment estimates

consistent with the a priori hypothesis that improving sleep could improve pain.

The failure to find statistically significant and sustained improvements may have resulted

from trial limitations [23,39] including: (1) many participants had relatively mild pain and

insomnia at study entry, attributable to screening to baseline regression to the mean; and (2)

greater than planned intraclass correlations of pain and sleep because of group-based
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interventions, which reduced the effective sample size of the trial [1,28]. Given these

unanticipated limitations, it is possible that Lifestyles was unable to detect clinically

meaningful benefits of CBT-PI for sleep and pain outcomes, particularly among the patients

with less severe insomnia at baseline. Fortunately, the Lifestyles trial provides an

opportunity to assess the relationship of short-term improvement of sleep, regardless of

experimental treatment received in the trial, with long-term sleep, pain, and fatigue

outcomes, by comparing persons from all treatment groups whose sleep improved short-

term to those whose sleep did not.

Here we report secondary analyses of Lifestyles data, testing the hypotheses that short-term

(2-month) improvements in sleep predict long-term benefits in sleep, pain, and fatigue

outcomes over 9–18 months.

2. Methods

The “Lifestyles” trial was a double-blind, cluster-randomized, controlled trial of a six-week

cognitive-behavioral pain coping skills intervention (CBT-P), cognitive-behavioral therapy

for pain and insomnia (CBT-PI), and an education only attention control (EOC), all

delivered as group interventions to improve sleep and pain outcomes. The study was

approved by Group Health, an integrated practice healthcare management organization in

Western Washington State, and University of Washington institutional review boards. Study

recruitment began January, 2009 and the last 18 month assessment was made May, 2012.

Details describing Lifestyles’ study design rationale, recruitment, screening, randomization

procedures, and intervention protocols have been published elsewhere [22,42], as have the

primary outcome results from initial (post-treatment and 9-month) and long-term (18-

month) assessments [23,39].

2.1 Participants

Three hundred sixty-seven Western Washington members of Group Health, an integrated

practice healthcare management organization, age 60 or older, were enrolled in the

Lifestyles trial (see Figure 1). When screened for trial eligibility, all participants had

clinically significant pain and insomnia. Significant arthritis pain was defined by Grade II,

III or IV pain on the Graded Chronic Pain Scale (GCPS [41]). Significant insomnia was

defined by self-reported sleep difficulties (trouble falling asleep, difficulty staying asleep,

waking up too early, or waking up unrefreshed) three or more nights per week during the

past month with at least one daytime sleep-related problem, consistent with established

research diagnostic criteria [9].

Exclusion criteria were initially determined through electronic health records and included

diagnosis of rheumatoid arthritis, obstructive sleep apnea, periodic leg movement disorder,

restless leg syndrome, sleep-wake cycle disturbance, rapid eye movement behavior disorder,

dementia or receiving cholinesterase inhibitors, Parkinson’s disease, cancer in the past year,

receiving chemotherapy or radiation therapy in the past year, and inpatient treatment for

congestive heart failure within the prior 6 months [42]. Additional screening occurred during

telephone contact by study staff; potentially eligible subjects with a score of 7 or greater on

the Blessed Short Orientation Memory and Concentration Test, or with a score greater than
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32 on the sleep apnea sub-scale of the Sleep Disorders Questionnaire were also excluded as

well as those who self-reported any of the following limitations or chronic conditions:

unable to read a newspaper; difficulty hearing in a group situation; unable to walk across a

room without help; and persons reporting the following chronic conditions: periodic leg

movement disorder; rapid eye movement behavior disorder; sleep apnea; Parkinson’s

disease; rheumatoid arthritis [42].

2.2 Comparison groups

For the current analyses, the 367 Lifestyles participants, regardless of randomly assigned

treatment arm, were defined as either Improvers (a 30% or greater baseline to 2-month

[post-treatment] reduction on the Insomnia Severity Index [ISI]) or Non-Improvers. We

employed a 30% or greater reduction in the ISI to identify improvers based on a convention

established for defining clinically significant improvement in pain severity [7], since a

standard for identifying clinically significant improvement has not been defined for sleep

outcomes.

2.3 Data collection

Baseline, 2-month (post-treatment), and 9 and 18-month follow-up assessments were each

carried out at two visits to participants’ homes one week apart. Actigraphy and sleep diary

data were collected during the intervening week.

3. Measures

3.1 Pain outcomes

• Pain Severity – Six Graded Chronic Pain Scale (GCPS [41]) items assessing

arthritis pain intensity (average pain, worst pain, pain right now), and interference

with usual work, recreational, social, and family activities (possible range 0–10;

higher is worse).

• Arthritis Symptoms - A 3-item arthritis symptom subscale from the Arthritis Impact

Measurement Scales Version 2, Short Form, Revised (AIMS [14,24,29]), which

queried three pain-related questions: How often did you have severe pain from your

arthritis? How often did your morning stiffness last more than one hour from the

time you woke up? How often did your pain make it difficult for you to sleep?

(possible range 1–10, higher is better).

• Catastrophizing – The Pain Catastrophizing Scale (PCS [33]) consists of 13 items

describing different thoughts and feelings that individuals may experience when

they are in pain (possible range 0–52, higher is worse).

• Fear Avoidance – Participants completed a 10 item version of the Tampa Scale for

Kinesiophobia [5,25,40]. This ten-item scale measures fear of movement, pain and

injury on a four-point scale (possible range 17–68, higher is worse).
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3.2 Sleep and Fatigue outcomes

• Insomnia Severity – Score on the Insomnia Severity Index (ISI [26]), a 7-item

questionnaire assessing global insomnia severity (possible range 0–28; higher is

worse).

• Sleep Efficiency - Average time asleep as a percent of time in bed (possible range

0–100; higher is better), measured using wrist actigraphy (Actiwatch-2;

Respironics, Inc., Bend, Oregon) for one week at each assessment. The night (in-

bed) period was defined as “lights out” at bedtime until the final morning rising.

Bed and rising times were derived from a daily sleep log kept by participants.

• Sleep Quality – Total score on the 19-item Pittsburgh Sleep Quality Index (PSQI

[2,3]) (possible range 0–21; higher is worse). Component #1 of the PSQI (PSQI-1)

was also analyzed separately (possible range 0–3; higher is worse).

• Sleep Beliefs and Attitudes – Total score on the 10-item version of the

Dysfunctional Beliefs and Attitudes About Sleep scale (DBAS-10 [8,11] (possible

range 0–100; higher is worse).

• Fatigue – Total fatigue measured by the 7-item Flinders Fatigue Scale (FFS [13])

(possible range 0–31; higher is worse).

• Daytime Sleepiness -Total score on the 8-item Epworth Sleepiness Scale (ESS [17])

(possible range 0–24; higher is worse).

• Daytime Function – Total score on the 10-item version of the Functional Outcomes

of Sleep Questionnaire (FOSQ-10 [4] assessing the daytime functional impact of

disturbed sleep (possible range 5–20; higher is better).

3.3 Other outcomes

• Depression – The Geriatric Depression Scale (GDS [44]), a 30-item questionnaire

assessing depressive symptoms in older persons (possible range 0–30, higher is

worse).

3.4 Baseline covariate measures

• Patient characteristics were collected from Group Health electronic medical

records and baseline Lifestyle’s participant surveys including age, gender, and

chronic illness comorbidity. Information about education, retirement status, and

race were obtained by self-report in the baseline interview.

• Mental Status – The Modified Mini-Mental State Examination (3MS [35]), a 100-

point cognitive screen based on an expanded version of Folstein’s Mini-Mental

State Examination (possible range 0–100, higher is better).

• Antidepressant, analgesic, and/or sedating medication use – Participant self-report

of current medication use to relieve pain and/or improve sleep.
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3.5 Statistical Analysis

Multiple imputation was used with 10 imputations to accommodate missing information in

statistical analyses. Demographics and observed pain, insomnia, and functional outcomes

collected at all assessments were used in the imputation models. Fully conditional

specification was used to estimate imputation models and to multiply impute information

from missed visits, missed items during study visits (including missing actigraphy data), and

missing information from participant drop out [37,43].

Sleep, pain, fatigue and other outcomes for Improvers and Non-improvers at baseline, post-

treatment, 9-month, and 18-month assessments were compared. At baseline, Improvers and

Non-improvers were compared on all covariates and outcome variables using linear

regression for continuous variables and logistic regression for categorical variables combing

over all 10 imputations. Baseline variables that differed between Improvers and Non-

improvers (p-value < 0.10) were included as covariates in regression models assessing

differences in long-term outcomes (9 and 18 months) between Improvers and Non-

improvers. At two months, Improvers and Non-improvers were compared on all outcome

variables using linear regression for continuous variables and logistic regression for

categorical variables combing over all 10 imputations and using the robust sandwich

estimator for account for clustering due to intervention class [45]. Unadjusted percentages

for categorical data and means and standard deviations were calculated for Improvers and

Non-improvers at baseline and 2 months, averaged over all 10 imputations with standard

deviations adjusted using Rubin’s formula [20].

To compare long-term sleep, pain, fatigue, and other outcomes for Improvers versus Non-

improvers, repeated measures linear regression with outcomes measured at 9 and 18 months

were used. Regression models used generalized estimating equations with an independence

working correlation matrix [45]. The robust sandwich estimator was used to account for

within-person correlation over time. In order to account for the cluster randomization

implemented in the Lifestyles trial, a small-sample adjustment [21] was employed because

when fewer than 40 groups are included, standard error estimates using the sandwich

estimator are known to be biased downward [12,27]. All regression models comparing

Improvers and Non-improvers were adjusted for treatment assignment; age; baseline values

of the outcome of interest; ISI, GDS, and 3MS score; antidepressant, analgesic, and sedating

medication use recorded at baseline; an indicator for whether the outcome was measured at

18 months; and the clinic at which the intervention was delivered.

Sensitivity analyses to assess if the comparison between Improvers and Non-improvers

differed between treatment groups or if the comparison changed over time were performed

by including interactions of improver status and treatment assignment or improver status and

time in the linear regression models. Summary information was calculated and comparison

tests at baseline and 2 months were performed using SAS 9.2 (SAS Institute, Inc, Cary, NC).

Imputation and regression models were estimated using Stata© 11.1 (Stata Corp., College

Station, TX) [30].
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4. RESULTS

The Lifestyles trial included 367 participants assigned to three experimental arms. Among

these 367 trial participants, there were 131 individuals whose ISI scores were improved (a

30% or greater baseline to 2-month [post-treatment] reduction), 223 participants whose ISI

scores were not improved at 2-month assessment, and 13 persons with a missing ISI score at

2 months whose improvement status varied across the 10 imputed analyses.

Table 1 reports descriptive statistics and comparisons between Improvers versus Non-

Improvers on baseline covariates and baseline values of sleep, pain, fatigue, and other

outcomes. Improvers as a group were two years younger (p=0.03) and used more anti-

depressant medications (p=0.02) than Non-Improvers. None of the other 23 baseline

variables examined differed significantly at the 0.05 level between the two groups.

Table 2 reports the 2-month (post-treatment) unadjusted means and standard deviations for

Improvers versus Non-Improvers for sleep, pain, fatigue and other outcomes. In addition to

significant improvement on the ISI (p<.0001, used to define improver status), Improvers

showed significant 2-month improvements compared to Non-Improvers on self-reported

sleep quality (PSQI and PSQI-1, p<.0001), sleepiness (ESS, p=0.04), fatigue (FFS, p<.

0001), and Arthritis Symptoms (p=0.0003). Improvers did not show 2-month improvements

on Sleep Efficiency, sleep beliefs and attitudes (DBAS), function (FOSQ), Pain Severity,

Catastrophizing, Fear Avoidance, or depression (GDS).

Results of analyses comparing Improvers and Non-Improvers at long-term (9 and 18 month)

follow-up for sleep and fatigue outcomes are reported in Table 3. Improvers showed

significant sustained improvement in Insomnia Severity at 9 and 18 months compared to

Non-Improvers (Adjusted Mean Difference = −3.03 [95% Confidence Interval −3.74,

−2.32]). Significant sustained improvements in the Improver versus Non-Improver groups

were also observed in overall sleep quality (total PSQI, p<.001, −1.45 [−1.97, −0.93];

PSQI-1; p<.001, −.28 [−.39, −.16]), sleep beliefs and attitudes (DBAS, (p=.037, −2.44

[−4.74, −0.15]), and fatigue (FFS, p<.001, −1.99 [−3.01, −098]), but not in daytime function

or sleepiness.

Results of analyses comparing Improvers and Non-Improvers at long-term (9 and 18 month)

follow-up for pain and depression outcomes are reported in Table 4. Improvers showed

significant sustained improvement compared to Non-Improvers in Pain Severity (p<.001,

−0.51 [−0.80, −0.21]), Arthritis Symptoms (p<.001, 0.63 [0.26, 1.00]), and Fear Avoidance

(p<.01, −2.27 [−3.95, −0.58]) but not on Catastrophizing or GDS.

Figure 2 provides an overview of the pattern of study findings reporting raw (unadjusted)

mean values for the ISI, PSQI, Pain Severity, Arthritis Symptoms, FFS and GDS for the

Improver and Non-Improver groups at baseline, 2-month (post-treatment), and 9 and 18-

month (follow-up) assessments. The figure shows that the criterion improvement in ISI (the

criterion variable for group assignment) seen at 2 months in the Improver versus Non-

Improver groups was sustained across 9 and 18 months in the Improvers. It also shows both

short-term (2-month) and sustained sleep improvement (9 and 18 months) in the PSQI and

fatigue (FFS) in the Improvers versus Non-Improvers. Improvements in Arthritis Symptoms
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over time paralleled sleep quality and fatigue changes. Pain Severity declined in the

Improvers versus the Non-Improvers; however, it is noteworthy that this improvement

lagged improvements in sleep. Finally, depression (GDS) remained unchanged in both

groups across all time points.

Finally, an analysis for pain improvers (a baseline to post treatment reduction of 30% or

more in Pain Severity, N=65) analogous to that for Insomnia Severity was conducted in

order to determine the ability of short-term improvements in Pain Severity to predict long-

term improvements in the various OA symptom measures. Short-term pain improvement

predicted long-term improvements in Pain Severity (p<.001, −0.86 [−1.27, −0.45]) and

Arthritis Symptoms (p = 0.05, 0.55 [0.00, 1.10]), but did not predict long-term improvement

in Insomnia Severity nor fatigue and only marginally predicted long-term improvements in

sleep (PSQI) (p = 0.046, −0.62 [−1.23, −0.01]) and depression (GDS) (p = 0.04, −0.81

[−1.58, −0.04]).

5. DISCUSSION

Regardless of the experimental treatment received in the Lifestyles trial, participants with

clinically significant improvement in insomnia symptom severity from baseline to 2 months

showed sustained beneficial sleep outcomes on multiple measures of self-reported sleep

quality over the 18-month follow-up period, while Non-Improvers showed substantially less

favorable long-term sleep outcomes. Crucially, these initial and sustained improvements in

sleep quality were also associated with clinically significant long-term improvements in

measures of Pain Severity, Arthritis Symptoms and fatigue (FFS). The fact that these pain

outcomes which had only marginally improved (Arthritis Symptoms) or not improved at all

(Pain Severity) at 2 months subsequently showed sustained improvements at 9 and 18

months suggests that benefits of improved sleep for pain outcomes may have accumulated

over time in the context of sustained, clinically significant improvements in sleep.

It is also notable that improved short-term sleep did not have a statistically significant

association with improvements in depressive symptoms or pain catastrophizing, although

modest improvements in pain fear-avoidance and dysfunctional beliefs about sleep were

observed. This suggests that any benefits for pain outcomes associated with improved sleep

were not likely to have been achieved primarily through general improvements in

psychological well-being that might influence pain perceptions or reporting. However, it is

possible that failure to observe improvements in depression and catastrophizing may have

been due to the sub-clinical level of impairment on these measures at baseline for most study

participants.

The observed longitudinal reductions in daytime fatigue observed in the Improver group are

also noteworthy because of the importance of daytime activation for successful management

of chronic pain. Although we did not observe longitudinal improvements in daytime

function, this may reflect the FOSQ being designed for use with sleep apnea patients. Also,

generally low baseline scores may have made this measure less sensitive to clinically

significant change in sleep in this general primary care population.
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These findings demonstrate that OA patients with co-morbid pain and insomnia whose sleep

quality improves in the short-term (2 months) are likely to show sustained (up to 18 months)

improvements in sleep on multiple measures of sleep quality. Our findings further

demonstrate that sustained improvements of sleep of sufficient magnitude may influence

cumulative benefits for arthritis pain outcomes and for fatigue, relative to persons whose

sleep does not initially improve.

While short-term improvements in insomnia severity predicted long-term reductions in pain

severity, arthritis symptoms, fear avoidance, insomnia severity, sleep quality, sleep beliefs/

attitudes, and fatigue; a parallel analysis found that short-term improvements in pain severity

predicted long-term reductions in pain severity, arthritis symptoms, and depression, but

modest and inconsistent improvements in sleep outcomes, possibly because of the smaller

number of short-term Pain Improvers (N=65) compared to short-term Sleep Improvers (N =

131) in the study sample.

Differences between these results and those of the Lifestyles randomized trial have several

potential explanations. The randomized trial did not find robust benefits for pain outcomes

subsequent to an intervention (CBT-PI) that did yield improved sleep outcomes. The ability

of the randomized trial to detect cumulative benefits of improved sleep for pain outcomes

may have been reduced by reductions in sleep and pain severity (regression to the mean)

between the screening and baseline assessments, and by the larger than anticipated intraclass

correlation within treatment groups. We estimate that the larger than expected intraclass

correlations for both pain and insomnia severity (ICC=0.10) reduced the effective sample

size of the LIFESTYLES trial by 62 percent [16,39]. The observable benefits of the CBT-PI

intervention for sleep and pain outcomes, relative to CBT-P and the education-only control

group, may also have been attenuated somewhat by non-specific benefits of participation in

the well-received CBT-P and EOC group interventions. Further, dividing the focus of

treatment between insomnia and pain in the CBT-PI intervention may have diluted insomnia

treatment efficacy and potentially pain treatment efficacy of that integrated intervention arm;

particularly in the context of a lack of meaningful CBT-P treatment effects. This lack of

compelling CBT-P treatment effects supports the notion that future research on this question

might best advance the field by concentrating on the impact of insomnia-focused treatment

alone on pain, without the additional effort, expense and subject burden of complementary

pain-focused treatment. In any case, current results suggest that detection of benefits of

improved sleep for chronic pain outcomes may depend on robust and sustained

improvements in sleep status as these benefits may accumulate over time, at least among

moderately impaired community-based osteoarthritis patients.

There is a growing body of evidence supporting the notion that improvements in sleep can

improve pain [32,38]. Smith and colleagues [32] recently noted that disturbed sleep has

become increasingly recognized as a direct contributor to both hyperalgesia and impaired

endogenous pain modulation. They have described putative pathways by which sleep

disturbance interacts directly with central pain and inflammatory processes, and indirectly

with mood and physical functioning to exacerbate clinical OA pain [32]. If so, improved

sleep, particularly when sustained long term, would be expected to result in sustained

improvements in pain, such as were demonstrated here.
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The current study has weaknesses. It is a secondary analysis of data gathered in a

randomized controlled trial and so is effectively descriptive and can only describe

associations and not ascribe causal relationships among the variables reported. It is possible

that there is unmeasured confounding in this study independent of treatment that led to both

improved short and long term sleep outcomes and to improved long-term pain and fatigue

outcomes. While baseline use of analgesics and hypnotics and depression (GDS scores)

were co-variates in the analyses of long-term outcomes, changes in subjects’ medication

scheduling or dosing over time including use of anti-depressant medications were not

analyzed.

Nevertheless, the study also has considerable strengths. It employed a large, well

characterized study sample that is representative of a primary care population of older adults

with OA pain and insomnia with multiple long-term follow-up assessments [22,23,39,42].

The trial had excellent subject retention (89% at 18 months) which required minimal lost

data to be imputed. Finally, the analytic design involved assigning participants’ improver

status based on ISI change from baseline to 2-month assessment, while sustained changes in

sleep, pain and related outcomes of Improvers and Non-Improvers were analyzed using 9

and 18 month data with baseline data as covariates, providing a time-order to the observed

sleep/pain relationships consistent with a sleep to pain causality.

In conclusion, this secondary analysis of the Lifestyles trial findings demonstrated that OA

patients with co-morbid pain and insomnia whose sleep improved in the short-term (2

months), were likely to show continued long-term (up to 18 months) improvement in sleep.

These sustained and robust improvements in sleep were accompanied by significant and

sustained benefits in chronic pain and fatigue outcomes relative to OA patients whose sleep

did not improve initially. It is noteworthy that benefits for pain and fatigue outcomes did not

occur in the context of general benefits for psychological well-being, since depression and

pain catastrophizing outcomes did not show differences by insomnia improver status. These

findings may be particularly salient given that commonly prescribed drug therapies for

controlling chronic pain (e.g. NSAIDs and opioids) have clinically significant and

potentially life-threatening adverse effects, particularly among older adult, and often less

than desired analgesic efficacy.

These findings support the hypothesis that successful treatment of sleep disturbance in pain

populations with co-morbid insomnia may yield benefits for reduced pain over the long-

term, contingent on achieving robust and sustained improvements in sleep between

intervention and control patients.
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Summary

Sleep, pain and fatigue were longitudinally examined in 367 osteoarthritic older adults.

Two-month sleep improvement predicted eighteen-month in sleep, pain, and fatigue

improvements.
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Figure 1.
Consort Flow Diagram for enrollment of potentially eligible participants.
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Figure 2.
Raw (unadjusted) data for the Improver and Non-Improver groups at 0 (baseline), 2 (post-

treatment), 9 and 18 (follow-up) month assessments for the Insomnia Severity Index,

Pittsburgh Sleep Quality Index, Pain Severity, Arthritis Symptoms, Flinders Fatigue Scale,

and Geriatric Depression Scale.
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Table 1

Baseline mean (standard deviation) of demographic, health and sleep and pain measures by Improver versus

Non-Improver status (Improver: ≥ 30% reduction of ISI score between baseline and 2 months). Imputed data

used.

Improvers Non-Improvers P**

N* 131 223 -

Age*** 71.9 (7.9) 73.8 (8.2) 0.03

Women (%)*** 79.1 78.1 0.82

Retired (%) 79.3 77.9 0.75

Caucasian (%) 89.3 92.4 0.32

Some College (%) 89.9 84.3 0.14

3MSE 93.0 (5.1) 93.7 (4.7) 0.20

3MSE < 90 (%) 19.3 15.5 0.35

Chronic Illness (%)*** 53.4 52.5 0.87

Anti-depressants (%) 29.1 18.5 0.02

Anti-psychotics (%) 0.7 0.4 0.71

Anxiolytics (%) 11.0 9.1 0.55

Hypnotics (%) 22.1 15.2 0.10

Analgesics (%) 88.3 91.7 0.29

ISIa 11.7 (5.1) 11.4 (4.9) 0.64

Sleep Efficiencyb 81.8 (8.8) 83.0 (8.9) 0.21

PSQIa 9.2 (3.3) 9.6 (3.7) 0.32

PSQI-1a 1.4 (0.6) 1.5 (0.7) 0.28

DBASa 47.9 (16.9) 49.1 (16.4) 0.50

FOSQa 17.4 (1.9) 17.4 (1.9) 0.88

FFSa 11.5 (6.4) 11.2 (6.1) 0.66

ESSa 6.9 (4.1) 7.3 (4.1) 0.38

Pain Severity 4.5 (1.6) 4.3 (1.5) 0.16

Arthritis Symptoms 5.9 (2.2) 6.1 (2.2) 0.42

Catastrophizing 11.9 (9.9) 10.5 (8.9) 0.15

Fear avoidance 37.0 (9.3) 36.3 (8.9) 0.53

GDSa 7.3 (5.5) 6.7 (4.6) 0.30

*
Thirteen participants had a missing ISI score at 2 month follow-up, thus their improvement status was missing. Their status was imputed in all

analyses and varied between the 10 imputations.

**
P-values correspond to estimated treatment effect of Improvement status in linear or logistic regression models for the baseline values. Standard

errors were adjusted to account for multiple imputations.

***
Derived from electronic medical record; all other variables assessed during the baseline data collection.
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a
ISI = Insomnia Severity Index; PSQI = Pittsburgh Sleep Quality Index; PSQI-1 = Component #1 (subjective sleep quality) of the PSQI; DBAS =

Dysfunctional Beliefs About Sleep scale; FOSQ = Functional Outcomes of Sleep Questionnaire; FFS = Flinders Fatigue Scale; ESS = Epworth
Sleepiness Scale

b
Sleep Efficiency based on actigraphic recording.
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Table 2

Post-treatment (2-month) means (standard deviations) of sleep, pain and related measures by Improver versus

Non-Improver status (Improver: ≥ 30% reduction of ISI* score between baseline and 2 months). Imputed data

used.

Improvers Non-Improvers P**

N* 131 223 -

ISI*** 5.3 (3.5) 11.3 (4.5) <.0001

Sleep Efficiencya 82.8 (9.2) 82.6 (8.6) 0.79

PSQI*** 6.5 (2.9) 8.7 (3.5) <.0001

PSQI-1*** 0.9 (0.6) 1.3 (0.6) <.0001

DBAS*** 43.5 (16.4) 46.7(16.2) 0.08

FOSQ*** 18.1 (1.7) 17.8 (1.7) 0.11

FFS*** 7.0 (5.5) 10.2 (6.1) <.0001

ESS*** 6.2 (3.5) 6.8 (4.1) 0.04

Pain Severity 3.9 (1.6) 4.1 (1.6) 0.42

Arthritis Symptoms 7.3 (1.9) 6.5 (2.2) 0.0003

Catatrophizing 8.4 (9.1) 8.7 (8.4) 0.71

Fear avoidance 35.6 (9.0) 35.6 (9.5) 0.98

GDS*** 6.0 (4.7) 6.1 (4.4) 0.81

*
Thirteen participants had a missing ISI score at 2 month follow-up, thus their improvement status was missing. Their status was imputed in all

analyses and varied between the 10 imputations.

**
P-values correspond to estimated treatment effect of Improvement status in linear or logistic regression models for the post-treatment values.

Standard errors were adjusted to account for multiple imputations.

***
ISI = Insomnia Severity Index; PSQI = Pittsburgh Sleep Quality Index; PSQI-1 = Component #1 (subjective sleep quality) of the PSQI; DBAS

= Dysfunctional Beliefs About Sleep scale; FOSQ = Functional Outcomes of Sleep Questionnaire; FFS = Flinders Fatigue Scale; ESS = Epworth
Sleepiness Scale; GDS = Geriatric Depression Scale

a
Sleep Efficiency based on actigraphic recording.
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