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INTRODUCTION
Prevalence studies indicate high rates of comorbid chronic 

pain and insomnia in the aging population that might benefit 
from treatment. Among older adults, osteoarthritis (OA), which 
affects 50% of persons age 65 y or older, is one of the most 
common comorbidities associated with poor sleep.1 In the 
United States, 60% of arthritis sufferers report pain during the 
night,2 and pain secondary to arthritis is one of the most common 
factors predicting sleep disturbance in the population at large.3,4 
Both insomnia and pain adversely affect physical function, 
mood, and cognition, and their combined healthcare costs place 
a substantial economic burden on patients and society.5,6

Cognitive behavioral therapy for insomnia (CBT-I) is a well-
established, evidence-based treatment.7-10 Research suggests 
that positive effects of CBT-I on sleep quality are robust over 
time, although follow-up assessment beyond 1 y is rare with 
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one notable exception.11 CBT-I has been found to be efficacious 
in populations with a variety of comorbid medical conditions, 
including persons with chronic pain.12-16

There is a growing body of literature indicating that poor 
sleep is associated with increased pain thresholds and next-day 
pain reports,17-20 suggesting that integrating sleep/pain inter-
ventions could enhance treatment effects for both outcomes.21 
Several trials evaluating CBT-I in pain populations have 
reported positive sleep outcomes, but they have shown mixed 
benefits on pain.22-25 Unfortunately, these studies have suffered 
from a variety of methodological concerns that make it difficult 
to draw conclusions from the results, including recruitment of 
convenience clinic samples, variable pain diagnoses, exclusion 
of common age-related medical morbidities, relatively small 
sample sizes, inadequate controls, lack of active pain treatment 
comparisons, and short longitudinal follow-up periods.

We recently reported the short-term (post-intervention 
and 9-mo) results from a large randomized controlled trial 
(called Lifestyles) of older adults with comorbid OA pain 
and insomnia.26 The Lifestyles study had notable strengths 
compared to earlier trials, including a large population-based 
sample (n = 367), broad eligibility criteria, treatment delivery 
within a primary care setting, very low study attrition, ongoing 
monitoring of treatment fidelity, and a highly credible atten-
tion control group that was well accepted by study participants. 
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Over the 9-mo assessment period, a combination cognitive 
behavioral treatment for pain and insomnia was associated with 
more favorable outcomes for insomnia severity than CBT for 
pain alone or an education control.26 There were, however, no 
differences in pain severity across the three treatment arms. In 
the current paper, we report long-term sleep and pain outcomes 
from the Lifestyles trial at 18 mo after enrollment in this sample 
of older adults with comorbid insomnia and OA pain. We also 
present analyses for a subset of patients with more severe base-
line pain and insomnia symptoms, and discuss the implications 
of study findings for targeting delivery of CBT interventions in 
population-based samples and healthcare systems.

METHODS
The Lifestyles trial was a double-blind, controlled, cluster-

randomized trial of a 6-w-long cognitive behavioral pain coping 
skills intervention (CBT-P), cognitive behavioral therapy for 
pain and insomnia (CBT-PI), and an education-only control 
(EOC). Details describing Lifestyles enrollment and study 
design rationale have been published elsewhere,27,28 as have the 
results from short-term (posttreatment and 9-mo) follow-up.26 
Here we provide a brief overview of the trial design. Partici-
pants were blinded to which study arms contained active treat-
ments by being told that they would be assigned to one of three 
groups, all of which taught skills to manage pain, sleep prob-
lems, and stress but differed in emphasis and had never been 
compared to one another. Assessors were blind to which of the 
intervention arms participants were assigned. The study was 
approved by Group Health, an integrated practice healthcare 
management organization in Western Washington State, and 
University of Washington institutional review boards.

Participants
Members of Group Health age 60 y or older who had received 

health care for OA in the prior 3 y were screened for chronic pain 
and insomnia severity via mailed survey.27 Persons with both 
clinically significant pain and insomnia were eligible for enroll-
ment. Significant arthritis pain was defined by Grade II, III, or 
IV pain on the Graded Chronic Pain Scale (GCPS).29 Significant 
insomnia was defined by self-reported sleep difficulties (trouble 
falling asleep, difficulty staying asleep, waking up too early, 
or waking up unrefreshed) 3 or more nights per week during 
the past month with at least one daytime sleep related problem, 
consistent with established research diagnostic criteria.30 Three 
hundred sixty-seven participants were enrolled in the trial.28

Randomization and Interventions
Eligible participants were assigned to CBT-P, CBT-PI, or EOC 

through a clustered randomization procedure.28 Clusters were 
participant groups that received one of the three interventions. 
Interventions were delivered in a classroom setting at the partici-
pants’ Group Health primary care clinic. Each class consisted 
of six weekly 90-min sessions. CBT-P involved pain education, 
physical activation, goal setting, relaxation, activity pacing, 
guided imagery, and cognitive restructuring. CBT-PI included 
standard components of CBT for insomnia (sleep hygiene 
education, stimulus control, sleep restriction, and daily sleep 
monitoring) added to the CBT-P intervention. The EOC inter-
vention contained educational content related to pain and sleep 

management, but classes were facilitated in a nondirective, self-
help format that included no homework assignments, no guided 
practice or instruction in CBT principles, and no daily behavioral 
self-monitoring. Classes were co-led by a pair of female mental 
health professionals (Masters-level family counselor and PhD 
psychologist) experienced in working with older adults. Details 
of the Lifestyles interventions are published elsewhere.26,28

Data Collection
Baseline, 2-mo (posttreatment), 9-mo, and 18-mo follow-

up assessments were each carried out at two visits to partici-
pants’ homes 1 w apart. Actigraphy and sleep diary data were 
collected during the intervening weeks.

Measures

Primary Outcomes
Insomnia Severity: Score on the Insomnia Severity Index 

(ISI)31 a seven-item questionnaire assessing global insomnia 
severity (possible range 0-28; higher is worse).

Pain Severity: Seven GCPS29 items assessing arthritis pain 
intensity (average pain, worst pain, pain right now), and inter-
ference with usual, work, recreational, social, and family activi-
ties (possible range 0-10; higher is worse).

Clinically significant improvement in both primary outcomes 
was defined as a 30% or more reduction from baseline.32

Secondary Outcomes
Sleep Efficiency: Average time asleep as a percent of time 

in bed, measured using wrist actigraphy (Actiwatch-2; Respi-
ronics, Inc., Bend, OR) for 1 w at each assessment (possible 
range 0-100; higher is better). 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. Participants were required to have a minimum 
of 3 nights’ actigraphy data to be included in sleep efficiency 
analyses (range 3-7 days, mean = 6.88 and 6.86 days, respec-
tively, at baseline and 18-mo assessments).

Arthritis Symptoms: A three-item arthritis symptom 
subscale from the Arthritis Impact Measurement Scales Version 
2, Short Form, Revised (AIMS)33-35 (possible range 1-10, higher 
is better).

Baseline Covariates
Depression: The Geriatric Depression Scale (GDS),36 a 

30-item questionnaire assessing depressive symptoms in older 
persons.

Mental Status: The Modified Mini-Mental State Exami-
nation (3MS),37 a 100-point cognitive screen based on an 
expanded version of Folstein’s Mini-Mental State Examination.

Analgesic or Hypnotic Use: Participant self-report of 
current medication use to relieve pain and/or improve sleep.

Statistical Analysis
We used analysis of variance (ANOVA) and chi-square tests 

to compare baseline patient characteristics across the interven-
tion arms (Table 1). Baseline information was collected on 
366 persons, and primary outcome information was collected on 
320 participants (87.2%) at the 18-mo assessment. Forty-seven 



SLEEP, Vol. 37, No. 2, 2014 301 Longitudinal Effects of CBT for Pain and Insomnia—McCurry et al

participants were missing insomnia severity 18-mo 
outcomes, 46 were missing pain severity, and 
45 were missing arthritis symptom scale data. Sixty 
individuals were missing actigraphy information 
because in addition to participant dropout, some 
actigraphy data were lost due to recording failure; 
this equipment failure was completely at random.

Multiple imputation methods using 10 imputa-
tions were used to accommodate missing infor-
mation in statistical analyses. Imputation models 
were estimated using demographics and observed 
pain, insomnia, and physical function information 
collected at all study visits. Missing information 
due to dropout, missed visits, missed items during 
assessment, and missing actigraphy data were 
imputed using Fully Conditional Specification 
imputation models38,39 implemented using Stata’s 
11.1 ICE package.40

We used a modified intention-to-treat 41,42 anal-
ysis including all individuals who attended the first 
group session regardless of the number of sessions 
they completed over the 6-w intervention. For each 
outcome, we initially tested the null hypotheses of 
no difference across the three intervention arms at 
a significance level of 0.05. Post hoc pair-wise tests 
and corresponding confidence intervals (CIs) are 
reported only for outcomes for which this omnibus 
test was rejected.

Intervention effects for primary and secondary 
outcomes were estimated from a linear regres-
sion model using 18-mo follow-up data estimated 
using generalized estimating equations with 
an independence working correlation matrix.43 
Treatment effect estimates were computed as the 
average treatment effect over the 10 imputations 
and standard errors were combined across the 
10 imputations, taking into account the uncer-
tainty in the imputation process using standard 
formulae.44,45 The omnibus hypothesis of no 
difference across the three intervention arms was tested using 
the modified Wald test,46,47 using the appropriate degrees of 
freedom and taking into account the imputation process,44 
and within each imputation estimating the covariance matrix 
using the sandwich estimator to account for any within-
group correlation. Additionally, a small sample adjustment48 
was used because standard error estimates with fewer than 
40 groups are biased downward.49,50

Linear regression models were adjusted for baseline values 
of the relevant outcome, age, depression, 3MS, analgesic use 
(yes/no), hypnotic use (yes/no), and the clinic at which the inter-
vention was delivered.28 We calculated unadjusted effect sizes 
and appropriate 95% CIs accounting for correlation between 
participants in the same class.51 In addition to performing anal-
yses in the entire sample, planned analyses were performed in 
a subgroup of patients with severe pain at baseline, defined as a 
pain severity score of 5 or greater. Ad hoc analyses on an addi-
tional subgroup of individuals with both severe pain (GCPS 5 or 
greater) and severe insomnia symptoms (ISI 11 or greater) were 
also performed. Analyses were performed using Stata© 11.1.

Detectable Effect Sizes
Power for primary and secondary outcomes analyses was 

calculated assuming an intraclass correlation of 0.022, esti-
mated from prior pain severity data. Because we lacked compa-
rable data for other outcomes, we assumed an equal intraclass 
correlation (0.022). Considering intraclass correlation and an 
85% retention rate, the effective sample size was 87 in each 
treatment arm.41,52 In the conservative case that an intervention 
effect is observed in only one of the two arms, the Wald test is 
equivalent to a two-sample test comparing means. We based 
detectable effect sizes on a two-sample z-test comparing means 
with 80% power and a two-sided test with a significance level 
of 0.05. The estimated detectable standardized effect size for 
the Lifestyles’ 18-mo follow-up was approximately 0.42.

RESULTS
The Lifestyles trial included 367 participants assigned to 

three experimental arms (Figure 1). Treatment arms did not 
differ significantly by age, sex, ethnicity, education, or by 
primary or secondary outcome measures at baseline (Table 1). 

Table 1—Baseline values of demographic, health, sleep and pain measures for the 
education-only control (EOC), cognitive behavioral therapy for pain (CBT-P) and cognitive 
behavioral therapy for pain and insomnia (CBT-PI) groups.a

EOC CBT-P CBT-PI Pf

N 123 122 122
Age 73.1 (8.0) 73.0 (8.4) 73.2 (8.1) 0.97
Women (%) 75.6 80.3 79.5 0.63
Retired (%) 78.2 73.6 83.6 0.16
Caucasian (%) 90.2 91.7 91.8 0.89
Some College (%) 87.8 86.9 84.4 0.73
3MSb 93.1 (5.4) 94.0 (4.8) 93.3 (4.4) 0.37
3MSb < 90 (%) 15.5 17.2 18.0 0.86
GDSc 7.0 (5.6) 6.6 (4.5) 6.5 (5.1) 0.64
GDSc 14+ (%) 17.1 9.1 9.8 0.11
Chronic Illness (%) 49.6 49.2 59.8 0.17
Anti-depressants (%) 17.1 23.8 26.5 0.19
Anti-psychotics (%) 0 0.8 0.8 0.60
Anxiolytics (%) 8.1 9.0 12.3 0.50
Hypnotics (%) 10.6 20.5 22.1 0.04
Analgesics (%) 92.7 94.3 83.6 0.01
Insomnia Severityd 11.5 (5.1) 11.8 (4.7) 11.2 (5.2) 0.60
ISId 15+ (%) 18.3 23.4 17.2 0.75
Sleep Efficiencye 83.0 (8.9) 83.1 (8.7) 81.6 (9.1) 0.37
Total Sleep Timee 406.9 (73.9) 430.2 (63.9) 417.7 (73.6) 0.16
Total Wake Timee 85.3 (46.4) 89.1 (47.9) 93.9 (48.4) 0.39
Pain Severity 4.1 (1.5) 4.3 (1.6) 4.6 (1.5) 0.09
Pain Severity ≥ 5 (%) 33.3 35.3 42.6 0.28
Arthritis Symptoms 6.1 (2.2) 5.9 (2.3) 6.1 (2.1) 0.75
Average Pain 4.7 (1.6) 4.8 (1.6) 4.9 (1.4) 0.57
Pain Disability 34.6 (23.2) 36.0 (22.5) 38.6 (22.2) 0.38

aPercentages are reported for dichotomous variables, means with standard deviations 
in parentheses are reported for continuous variables. bModified Mini-Mental State 
Examination (3MS). cGeriatric Depression Scale (GDS). dInsomnia severity measured by 
Insomnia Severity Index (ISI). eActigraphically derived. fP values are for chi-square tests for 
dichotomous variables and ANOVAs for continuous variables.
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Differences were observed in the proportion of participants 
using analgesics and hypnotics; for this reason we adjusted for 
baseline use of these medications in all regression models. The 
observed 18-mo retention rates were 83%, 86%, and 93% for 
CBT-PI, CPT-P, and EOC, respectively. The unadjusted intra-
class correlations of primary and secondary outcomes were 
substantially larger than projected based on preliminary data: 
0.14 for insomnia severity, 0.11 for pain severity, 0.11 for sleep 
efficiency, and 0.15 for arthritis symptoms.

Unadjusted baseline, adjusted 18-mo means, adjusted mean 
18-mo change from baseline, and adjusted mean differences 
between treatment groups are presented in Table 2 along with 
95% CIs. The modified Wald test showed no significant differ-
ences in insomnia severity, pain severity, sleep efficiency, 
or arthritis symptoms across the three intervention arms. A 
planned subgroup analysis was performed on 136 participants 
with baseline pain severity scores of at least 5.0. Similar statis-
tically non-significant adjusted mean differences between treat-
ment groups were observed in this analysis (Table 2).

Although benefits for insomnia observed over 9 mo26 were 
reduced at 18 mo and did not achieve statistical significance for 
any group comparison, results indicated that both insomnia and 
pain severity estimates of adjusted mean differences between 

CBT-PI participants and EOC participants were greater in the 
planned subgroup analysis of persons with severe baseline 
pain than in the overall sample comparisons (see Table 2). For 
example, at 18 mo the adjusted mean difference (comparing 
CBT-PI and EOC) for insomnia severity was -0.86 (95% CI 
-2.13, 0.40) in the full group, versus an adjusted mean differ-
ence of -1.63 (-3.77, 0.50) in the subgroup of participants with 
high pain severity scores at baseline.

The results of an ad hoc subgroup analysis of participants 
who had baseline elevated levels of both insomnia and pain 
severity (ISI 11+, GCPS 5+; n = 98) are reported in Table 3. 
Although the Wald test results were consistent with the overall 
sample for insomnia severity, sleep efficiency, and arthritis 
symptoms, the Wald test for pain severity rejected the null 
hypothesis of no difference between the adjusted mean differ-
ences in the three treatment arms (P = 0.02). This result was 
driven by the adjusted mean difference between the CBT-PI and 
CBT-P groups, which was estimated to be -1.29 (-2.24, -0.33; 
P = 0.01). The adjusted mean difference comparing the CBT-PI 
and EOC group was -0.89 (-2.09, 0.31; P = 0.15) and comparing 
the CBT-P and EOC group it was 0.40 (-0.48, 1.28; P = 0.36).

Unadjusted effect sizes for the two primary outcomes are 
presented in Figure 2 for the total Lifestyles sample (n = 367), 

Figure 1—Consort flow diagram for enrollment of potentially eligible participants. Imputed 18-mo analyses for all three treatment arms based on n = 367. 
CBT, cognitive behavioral therapy.
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the planned elevated pain severity sample (n = 136), and the 
post hoc elevated insomnia and pain severity sample (n = 98). 
The figure shows results over 9 mo (including both 2- and 9-mo 
assessments; previously reported by Vitiello et al.26) and at 
18 mo for the two active intervention arms compared to EOC. 
Although insomnia treatment effects were attenuated at 18 mo 
compared to the data over 9 mo, they were larger for the CBT-PI 
versus EOC comparison than for CBT-P versus EOC, and 
greatest for the subset of participants with both high levels of 
baseline insomnia and pain severity. Pain severity also showed 
moderate effect size benefits for pain outcomes over 9 mo and 

at 18 mo for CBT-PI versus EOC in the high insomnia and pain 
severity subgroup. The CBT-P versus EOC group comparisons 
showed little signs of improvement for either time or subgroup 
analysis, and in fact indicated a worsening in pain severity 
scores over time in the high insomnia and pain participants.

Table 4 summarizes the analysis results of clinically signifi-
cant (30%) change from baseline for the primary outcomes, 
insomnia severity, and pain severity.32 In the overall sample 
42%, 45%, and 51% of participants, for EOC, CBT-P, and 
CBT-PI, respectively, had a clinically significant reduction in 
insomnia severity symptoms from baseline to 18 mo, whereas 

Table 2—Modified intent-to-treat analysis for primary and secondary sleep and pain outcomes for the entire sample and for the planned subgroup analysis 
of participants with severe pain at baseline. Multiple imputation was used (10 imputations) to accommodate missing data at baseline and 18 month follow-up

Measurea
Baseline

Mean [95% CI]

18-mo 
Adjusted meanc 

[95% CI]

Δ Baseline to 18 mo
Adjusted mean Δc 

[95% CI]
Treatment effect

Estimatec [95% CI]
Omnibus 
P valued

Pair-wise 
P valuee

Unadjusted 
effect size

Entire sample
Insomnia severityb

EOC 11.51 [10.62, 12.41] 9.43 [8.00,10.87] -2.09 [-3.52, -0.66] N/A 0.13 N/A
CBT-P (vs. EOC) 11.85 [11.02, 12.68] 9.75 [7.30, 12.21] -1.77 [-4.23, 0.69] 0.32 [-0.97, 1.61] 0.06 [-0.19, 0.31]
CBT-PI (vs. EOC) 11.20 [10.28, 12.13] 8.57 [6.14, 11.00] -2.95 [-5.38, -0.52] -0.86 [-2.13, 0.40] -0.24 [-0.50, 0.01]

Pain severityb

EOC 4.14 [3.86, 4.41] 4.11 [3.39, 4.83] -0.23 [-0.95, 0.49] N/A 0.27 N/A
CBT-P (vs. EOC) 4.34 [4.06, 4.62] 4.07 [3.15, 5.00] -0.27 [-1.20, 0.66] -0.04 [-0.53, 0.45] N/A 0.01 [-0.24, 0.26]
CBT-PI (vs. EOC) 4.56 [4.30, 4.83] 3.75 [2.73, 4.78] -0.59 [-1.61, 0.43] -0.36 [-0.82, 0.10] N/A -0.13 [-0.38, 0.12]

Sleep efficiencyb 
EOC 82.97 [81.29, 84.64] 79.49 [75.67, 83.31] -3.07 [-6.89, 0.75] N/A 0.41 N/A
CBT-P (vs. EOC) 83.05 [81.36, 84.73] 80.40 [74.20, 86.59] -2.16 [-8.35, 4.03] 0.91 [-2.10, 3.91] N/A 0.13 [-0.13, 0.38]
CBT-PI (vs. EOC) 81.65 [79.86, 83.44] 81.59 [74.92, 88.25] -0.97 [-7.64, 5.70] 2.10 [-1.39, 5.59] N/A 0.19 [-0.10, 0.49]

Arthritis symptomsb 0.77
EOC 6.10 [5.71, 6.50] 6.62 [5.93, 7.31] 0.59 [-0.10, 1.28] N/A N/A
CBT-P (vs. EOC) 5.90 [5.50, 6.31] 6.53 [5.45, 7.60] 0.50 [-0.58, 1.58] -0.09 [-0.63, 0.45] N/A -0.01 [-0.26, 0.24]
CBT-PI (vs. EOC) 6.07 [5.68, 6.47] 6.69 [5.56, 7.81] 0.66 [-0.46, 1.78] 0.07 [-0.55, 0.68] N/A 0.12 [-0.13, 0.38]

Subgroup: participants with severe pain at baseline
Insomnia severityb 0.08

EOC 13.51 [11.98, 15.03] 10.29 [7.47, 13.11] -2.64 [-5.46, 0.18] N/A N/A
CBT-P (vs. EOC) 12.67 [11.15, 14.20] 10.74 [6.56, 14.92] -2.18 [-6.36, 2.00] 0.45 [-1.84, 2.74] -0.08 [-0.46, 0.30]
CBT-PI (vs. EOC) 12.67 [11.29, 14.06] 8.66 [4.35, 12.96] -4.27 [-8.58, 0.04] -1.63 [-3.77, 0.50] -0.41 [-0.76, -0.06]

Pain severityb 0.31
EOC 5.89 [5.67, 6.11] 4.93 [3.79, 6.07] -1.05 [-2.19, 0.09] N/A N/A
CBT-P (vs. EOC) 6.07 [5.78, 6.35] 5.02 [3.44, 6.59] -0.96 [-2.54, 0.62] 0.09 [-0.78, 0.96] N/A 0.08 [-0.29, 0.46]
CBT-PI (vs. EOC) 5.97 [5.76, 6.19] 4.38 [2.85, 5.91] -1.60 [-3.13, -0.07] -0.55 [-1.48, 0.39] N/A -0.28 [-0.61, 0.06]

Sleep efficiencyb 0.57
EOC 81.25 [78.44, 84.06] 77.85 [72.91, 82.79] -2.98 [-7.92, 1.96] N/A N/A
CBT-P (vs. EOC) 80.10 [76.49, 83.71] 79.60 [72.44, 86.76] -1.23 [-8.39, 5.93] 1.75 [-2.36, 5.86] N/A 0.25 [-0.14, 0.65]
CBT-PI (vs. EOC) 81.09 [78.50, 83.69] 80.38 [70.73, 90.02] -0.45 [-10.10, 9.20] 2.53 [-3.29, 8.35] N/A 0.39 [-0.11, 0.89]

Arthritis symptomsb 0.70
EOC 4.88 [4.28, 5.47] 5.90 [4.72, 7.08] 1.04 [-0.14, 2.22] N/A N/A
CBT-P (vs. EOC) 4.67 [3.97, 5.37] 6.05 [4.09, 8.00] 1.18 [-0.77, 3.13] 0.14 [-0.88, 1.16] N/A 0.02 [-0.36, 0.40]
CBT-PI (vs. EOC) 5.02 [4.46, 5.57] 6.32 [4.45, 8.19] 1.46 [-0.41, 3.33] 0.42 [-0.69, 1.52] N/A 0.18 [-0.18, 0.55]

aInsomnia severity = Insomnia Severity Inventory (ISI); Pain severity = Graded Chronic Pain Scale (GCPS); Sleep efficiency = (actigraphic total sleep/total 
time in bed) × 100; Arthritis symptoms = Symptom subscale of the Arthritis Impact Measurement Scale (AIMS). bDecrease = improvement for insomnia 
severity and pain severity; increase = improvement for sleep efficiency and arthritis symptoms. cMeans and treatment effect estimates adjusted for baseline 
values of relevant outcome, age, depression, Modified Mini-Mental State Examination, analgesic use (yes/no), hypnotic use (yes/no), and the clinic at which 
the intervention was delivered. dP value for omnibus Wald test adjusted for baseline values, depression, cognitive status, opioid and hypnotic medication 
use, and clinic. ePair-wise P values for CBT-P minus EOC, CBT-PI minus EOC, and CBT-PI minus CBT-P. P values correspond to a two-sided test of the null 
hypothesis that the difference between the two means is zero. CBT-P, cognitive behavioral therapy for pain; CBT-PI, cognitive behavioral therapy for pain and 
sleep; CI, confidence interval; EOC, education-only control.
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28%, 33%, and 39%, respectively, had a clinically signifi-
cant reduction in pain severity ratings. Odds ratio and Wald 
test results were consistent with the primary analysis of the 
continuous outcomes; i.e., there were no statistically significant 
differences across the three treatment arms in the number of 
individuals who experienced a clinically significant reduction 
in insomnia severity or pain severity.

DISCUSSION
The Lifestyles trial was conducted to evaluate the hypothesis 

that an integrated cognitive behavioral intervention combining 
treatment for both insomnia and pain would enhance treatment 
effects for both insomnia and pain outcomes relative to CBT 
for pain alone or an EOC. Study results indicate that in this 
large population-based sample of older adults with insomnia 
symptoms and chronic OA pain, significant improvements in 
insomnia severity and sleep efficiency observed over the 9 mo 
following treatment with a combination CBT intervention for 
pain and sleep were not sustained at 18 mo, nor were there any 
significant differences between treatment groups for measures 
of pain severity or arthritis symptoms at either time period. 
Examination of unadjusted effect size data, however, showed 
that although insomnia treatment effects were attenuated over 
time, they were greater for both sleep and pain outcomes in 
persons receiving the combination CBT-PI intervention. In the 
subgroup of participants who had a combination of elevated pain 
plus elevated insomnia symptoms at baseline, unadjusted effect 
sizes were larger on both outcomes than in the overall sample.

An unexpected finding of the Lifestyles trial was that CBT 
for pain alone did not show any treatment effects on pain 
severity compared to EOC. The hypothesized active ingre-
dients included in the CBT-P intervention (e.g., relaxation 
training and practice, guided imagery, activity pacing)53 were 
carefully excluded from the EOC protocol, and ongoing treat-
ment fidelity monitoring of all groups ensured that there was no 
spillover contaminating the EOC condition. It may be that the 
CBT-P intervention was briefer than other CBT treatments that 
have shown positive effects on pain.54,55 However, in primary 
care settings under the current healthcare funding system, it is 
unlikely that interventions lasting longer than 6 weeks could 
have widespread adoption. It may also be that CBT-I offers 
a stronger test against a credible education-based attention 
control because it contains treatment components (e.g., sleep 
restriction or stimulus control instructions)56 that are based on 
known physiological mechanisms underlying sleep, whereas 
such mechanisms are less well understood for chronic pain. 
Because in this study we were unable to separately test the 
treatment effects of CBT-I alone, future studies are needed to 
determine the interaction between CBT for pain and CBT for 
insomnia delivered separately and in combination. The lack of 
compelling CBT-P treatment effects, however, suggests that an 
argument could be made for future research focused solely on 
the effect on pain of insomnia-focused treatment alone, without 
the additional time, expense, and patient burden of combining 
CBT-I with behavioral strategies previously developed for 
treating chronic pain.

Table 3—Modified intent-to-treat analysis for the ad hoc subgroup analysis of participants with severe pain and insomnia symptoms at baseline. Multiple 
imputation was used (10 imputations) to accommodate missing data at baseline and 18-mo follow-up

Measurea
Baseline

Mean [95% CI]

18-mo 
Adjusted Meanc 

[95% CI]

Δ Baseline to 18 mo
Adjusted mean Δc 

[95% CI]
Treatment effect

Estimatec [95% CI]
Omnibus 
P valued

Pair-wise
P valuee

Unadjusted 
effect size

Insomnia severityb 0.44
EOC 15.39 [14.16, 16.63] 11.62 [7.91, 15.33] -3.78 [-7.49, -0.07] N/A N/A
CBT-P (vs. EOC) 15.13 [13.99, 16.26] 11.98 [6.40, 17.56] -3.41 [-8.99, 2.17] 0.36 [-2.80, 3.53] -0.04 [-0.46, 0.39]
CBT-PI (vs. EOC) 15.63 [14.73, 16.52] 10.19 [3.92, 16.47] -5.20 [-11.48, 1.08] -1.43 [-4.71, 1.86] -0.36 [-0.75, 0.03]

Pain severityb 0.02
EOC 5.97 [5.71, 6.23] 4.99 [3.7, 6.28] -1.04 [-2.33, 0.25] N/A N/A
CBT-P (vs. EOC) 6.15 [5.81, 6.48] 5.39 [3.64, 7.15] -0.64 [-2.40, 1.12] 0.40 [-0.48, 1.28] 0.36 0.29 [-0.13, 0.70]
CBT-PI (vs. EOC) 5.98 [5.72, 6.24] 4.11 [2.08, 6.14] -1.92 [-3.95, 0.11] -0.89 [-2.09, 0.31] 0.15 -0.55 [-0.90, -0.19]
CBT-PI vs. CBT-P -1.29 [-2.24, -0.33] 0.01

Sleep efficiencyb,c 0.40
EOC 80.51 [77.07, 83.94] 76.43 [70.75, 82.11] -2.91 [-8.59, 2.77] N/A N/A
CBT-P (vs. EOC) 78.38 [73.89, 82.88] 78.68 [69.69, 87.67] -0.67 [-9.66, 8.32] 2.25 [-3.47, 7.97] N/A 0.27 [-0.15, 0.69]
CBT-PI (vs. EOC) 79.13 [75.96, 82.3] 78.93 [66.86, 91.00] -0.41 [-12.48, 11.66] 2.50 [-5.04, 10.05] N/A 0.38 [-0.15, 0.90]

Arthritis symptomsb 0.43
EOC 4.53 [3.88, 5.18] 5.65 [4.35, 6.95] 1.27 [-0.03, 2.57] N/A N/A
CBT-P (vs. EOC) 3.82 [3.14, 4.49] 5.82 [3.59, 8.05] 1.44 [-0.79, 3.67] 0.17 [-1.10, 1.44] N/A -0.11 [-0.54, 0.32]
CBT-PI (vs. EOC) 4.74 [4.20, 5.28] 6.27 [3.91, 8.63] 1.89 [-0.47, 4.25] 0.62 [-0.78, 2.02] N/A 0.31 [-0.08, 0.70]

aInsomnia severity = Insomnia Severity Inventory (ISI); Pain severity = Graded Chronic Pain Scale (GCPS); Sleep efficiency = (actigraphic total sleep/total 
time in bed) × 100; Arthritis symptoms = Symptom subscale of the Arthritis Impact Measurement Scale (AIMS). bDecrease = improvement for insomnia 
severity and pain severity; increase = improvement for sleep efficiency and arthritis symptoms. cMeans and treatment effect estimates adjusted for baseline 
values of relevant outcome, age, depression, Modified Mini-Mental State Examination, analgesic use (yes/no), hypnotic use (yes/no), and the clinic at which 
the intervention was delivered. dP value for omnibus Wald test adjusted for baseline values, depression, cognitive status, opioid and hypnotic medication 
use, and clinic. ePair-wise P values for CBT-P minus EOC, CBT-PI minus EOC, and CBT-PI minus CBT-P. P values correspond to a two-sided test of the null 
hypothesis that the difference between the two means is zero. CBT-P, cognitive behavioral therapy for pain; CBT-PI, cognitive behavioral therapy for pain and 
sleep; CI, confidence interval; EOC, education-only control.
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It is well established that CBT interventions for sleep are 
effective for the treatment of insomnia and their widespread 
use has been recommended in the general population where 
insomnia symptoms are prevalent.7 The current study suggests 
that the need for widespread treatment may be overstated. Life-
styles was designed as a population-based trial with broad entry 
criteria to treat OA-related insomnia and pain complaints in 
a primary care population and was designed to examine both 
efficacy and effectiveness, rather than recruiting only the more 
severe insomnia cases typically treated in smaller efficacy 
trials. Our data suggest that for a significant number of these 
individuals, their sleep and pain complaints may well be tran-
sient and consequently, response to CBT interventions might be 
expected to be modest. We observed meaningful regression to 
the mean between screening and baseline (median = 65.8 days) 
for both pain and insomnia severity scores.28 These pretreatment 
decreases led many participants who had been identified by 

population-based screening to enter treatment with subclinical 
levels of insomnia and pain, reducing potential for detecting 
improvement in these outcomes. Prevalence estimates based on 
screening at a single point in time may thus overestimate the 
need for population-based treatment because a large segment of 
prevalent cases may improve to subclinical levels of insomnia 
and pain severity without any intervention.

The presence of moderate to large effect sizes in both 
insomnia and pain at 18 mo among that subset of individuals 
with elevated baseline pain and insomnia symptoms further 
suggests that baseline severity may need to be above some 
minimal threshold for reciprocal and durable effects of treating 
sleep and pain to be observed. These observations have potential 
implications for targeting interventions in primary care settings. 
Specialty studies have shown analgesic effects from CBT inter-
ventions for pain, and it has been suggested that insomnia treat-
ment may enhance these treatment effects. The current study 

Figure 2—Comparison of unadjusted effect sizes over 9 mo (including both 2- and 9-mo assessments) 26 and at 18 mo for primary outcome measures in the 
total sample (n = 367), for participants with high levels of baseline pain severity (Graded Chronic Pain Score 5+; n = 136), and participants with high levels 
of baseline pain and insomnia severity (Insomnia Severity Index 15+; n = 98). Decreasing severity scores = improvement. CBT, cognitive behavioral therapy; 
EOC, education-only control; P, pain alone; PI, insomnia and pain.
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illustrates that it is less clear how such interventions should be 
translated into clinical practice and what associated long-term 
benefits may be expected from such treatment for conditions 
comorbid with insomnia such as chronic pain. Although further 
research is needed, the fluctuating nature of both OA pain and 
insomnia symptoms may explain why benefits for pain have 
been reported in previous smaller clinical trials that enrolled 
more severely impaired patients based on physician referrals 
or from specialty sleep clinics, but not in a general population-
based trial such as ours with broad eligibility criteria.

Previous studies have emphasized the durability of treat-
ment effects from CBT-I, whereas we observed some decline in 
insomnia treatment effect at long-term follow-up. This may be 
in part because our follow-up period was longer than has been 

previously reported, with the exception of a single 
trial with individuals with clinically diagnosed 
insomnia.11 Generalizability of results from that 
trial to a broader range of persons with comorbid 
OA pain and insomnia may be limited. It is also 
conceivable that dividing focus between insomnia 
treatment and pain treatment in the CBT-PI inter-
vention may have diluted the insomnia treat-
ment efficacy of that integrated intervention arm. 
However, decline in sleep outcomes over time may 
not be surprising given that OA is a degenerative 
condition, and a behavioral sleep protocol places 
many lifestyle demands (e.g., sleep restriction, 
consistent sleep scheduling) on people that may be 
difficult to sustain for a long period of time in the 
face of advancing age. Perhaps more surprising is 
the fact that treatment effect sizes for the CBT-PI 
intervention compared to education only and CBT 
for pain alone remained as large as they did over 
time in this aging population of individuals with 
progressive joint disease.

It is important to note some study limitations. 
Although subjects were initially identified for 
recruitment using an ICD-9 OA code in the Group 
Health electronic records, we could not separate 
individuals who had received that code during 
a clinic visit as a rule-out diagnosis from those 
with definitive clinical symptoms of OA. For this 
reason, inclusion in the trial required that partici-
pating individuals know that they had OA and were 
reporting a certain severity level of pain, which 
may reduce generalizability of the sample. Exclu-
sionary screening was done primarily through 
patient records and not by clinical interview, so it 
is also possible that additional comorbidities above 
those noted in Table 1 may have been present in 
the study sample, and composition of the study 
sample could well have diluted treatment efficacy. 
A much higher than projected intraclass correla-
tion (correlations between individuals in the same 
intervention group) created by our cluster random-
ized design may have reduced our ability to detect 
significant treatment-related changes in pain and 
insomnia. Future population-based trials might 
consider the implications of potentially high intra-

class correlations from group interventions on the precision 
of intervention effect estimates. Long-term data on treatment 
adherence was not collected, so it is unknown to what extent 
continued improvement (or nonimprovement) in sleep and pain 
was associated with CBT treatment recommendations. This 
information is not widely available in the insomnia treatment 
literature, and its addition to future studies would enhance inter-
pretation of study outcomes. Although we controlled for base-
line use of analgesics and hypnotics in analyses of long-term 
outcomes, changes in participants’ medication scheduling or 
dosing over time were not analyzed, so it is unknown whether 
or how such changes in medications may have affected longitu-
dinal study results. Finally, because we did not adjust P values 
for multiple comparisons, the results of secondary outcomes and 

Table 4—Modified intent-to-treat analysis for clinical significance of primary outcomes 
for the entire sample, the planned subgroup analysis of participants with severe pain at 
baseline, and the ad hoc subgroup analysis of participants with severe pain and insomnia 
symptoms at baseline.

Measurea

18-month Follow-up
Percent with 30% 

reduction

Treatment effect
Odds ratioc

[95% CI]
Omnibus 
P valued

Entire sample (N = 367)
Insomnia severity 0.48

EOCb 42
CBT-P (vs. EOC) 45 1.06 [0.59, 1.90]
CBT-PI (vs. EOC) 51 1.51 [0.72, 3.12]

Pain severity 0.90
EOC 28
CBT-P (versus EOC) 33 1.05 [0.52, 2.13]
CBT-PI (versus EOC) 39 1.21 [0.52, 2.82]

Subgroup: participants with severe pain at baseline (n = 136)
Insomnia severity 0.27

EOC 41  
CBT-P (versus EOC) 34 0.59 [0.17, 2.11]
CBT-PI (versus EOC) 56 2.06 [0.51, 8.41]

Pain severity 0.71
EOC 40
CBT-P (versus EOC) 43 1.01 [0.35, 2.92]
CBT-PI (versus EOC) 54 1.64 [0.40, 6.80]

Subgroup: participants with severe pain and insomnia symptoms at baseline (n = 98)
Insomnia severity  0.58

EOC 40
CBT-P (vs. EOC) 38 0.81 [0.16, 4.07]
CBT-PI (vs. EOC) 61 2.16 [0.34, 13.74]

Pain severity 0.36
EOC 40
CBT-P (vs. EOC) 35 0.72 [0.18, 2.89]
CBT-PI (vs. EOC) 58 2.01 [0.35, 11.66] 

aInsomnia severity = Insomnia Severity Inventory (ISI); Pain severity = Graded Chronic 
Pain Scale (GCPS); bEOC, educational only control; CBT-P, cognitive behavioral therapy 
for pain; CBT-PI, cognitive behavioral therapy for pain and sleep. cOdds ratio estimates 
from logistic regression adjusted for baseline values of relevant outcome, age, depression, 
3MS, analgesic use (yes/no), hypnotic use (yes/no), and the clinic at which the intervention 
was delivered. dP-value for omnibus Wald test employing both post-treatment visits (post-
intervention and 9-months) controlled for baseline values, depression, cognitive status, 
opioid and hypnotic medication use, and clinic.
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the subgroup analysis should be interpreted cautiously due to the 
potential for increased type-1 error.

In conclusion, our results point to the need to target indi-
viduals with more severe and persistent insomnia and pain 
symptoms in future research, and ultimately in clinical practice 
if insomnia interventions are to be delivered on a large scale 
and expected to produce enduring effects. This observation may 
be less important for randomized trials conducted in specialty 
settings that treat more severe and chronic cases, but is highly 
relevant to targeting services for sleep disorders in future 
community-based trials and ultimately to widespread deploy-
ment of CBT-I based treatments in healthcare systems.
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