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Introduction

Knee Osteoarthritis (KOA) is one of the most common forms of Osteoarthritis, affecting 

millions of individuals and causing significant disability and suffering [10]. Pain is the most 

prevalent and troublesome symptom of KOA [6; 33], however, to date, traditional 

approaches to manage pain and other symptoms are still suboptimal [47]. Thus, treatment 

efforts often focus on the behavioral and psychological aspects of pain in order to improve 

patients’ quality of life. One such target is pain-catastrophizing, a cognitive and emotional 

coping style which is considered one of the most salient psychological factors contributing 

to heightened acute and chronic pain [36; 46]. In KOA, catastrophizing is associated with 

pain and disability [44] and is a risk factor for continuation of chronic pain following total 

knee arthroplasty [3; 18; 54].

Sleep disturbances are a significant comorbidity of KOA, with a prevalence rate of more 

than 70% [2; 32; 53], and an emerging target for intervention and improving quality of life 

[39; 51]. Poor sleep, especially short duration and/or fragmented sleep, are thought to 

enhance pain sensitivity in KOA [35; 38; 42] and may be heightened by pain-catastrophizing 

[4]. Pain-catastrophizing has been conceptualized as a form of repetitive negative thinking 

closely related to worry [12]. Pre-sleep worry, is common in both insomnia and chronic pain 

[15; 16; 41] and is associated with poor sleep [29]. Analyses of pre-sleep cognitions in those 

with chronic pain suggest that patients worry about both pain and sleep. Specifically, 

thoughts about pain were found to be more strongly associated with sleep-continuity 

disturbances than thoughts about sleep [40]. Importantly, sleep disturbance in chronic pain 

often includes periods of awakening during the night, which may also elicit worry that 

prolong awakenings.
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For patients with comorbid chronic pain and insomnia, Cognitive Behavioral Therapy for 

Insomnia (CBT-I) is effective in improving insomnia symptoms, and is partially effective in 

reducing pain [11; 38; 39; 51]. Disrupted sleep may cause an increase in maladaptive coping 

responses to pain, which can be modified through CBT-I [51]. Recently, psychological sleep 

interventions have been shown to reduce pain-catastrophizing in pain populations with high 

pain-catastrophizing [22; 28; 48]. However, these studies have not investigated daily or 

nocturnal pain-catastrophizing. An additional gap in the literature remains in regards to the 

effect of behavioral sleep interventions on the pain-catastrophizing of patients with KOA, 

who tend to have lower levels of pain-catastrophizing [17; 18].

In the present study, secondary analyses from a randomized, double-blind controlled trial of 

CBT-I and an active control condition [39] evaluated changes in pain-catastrophizing in a 

sample of KOA with comorbid insomnia. Pain-catastrophizing was measured in three ways: 

(1) Pain Catastrophizing Scale (PCS), the most commonly used measure of general trait-like 

catastrophizing, (2) Evening daily-diary measuring daytime pain-catastrophizing, (3) 

Morning daily-diary measuring pain-catastrophizing during the previous night (nocturnal 

catastrophizing). Given the focus of CBT-I on sleep-related worry, we hypothesized a 

treatment effect on all three measures of pain-catastrophizing, and that the CBT-I group will 

show a greater reduction in pain-catastrophizing than the active control group.

Methods

Procedure

As part of a randomized controlled clinical trial assessing the effectiveness of CBT-I in KOA 

patients (ClinicalTrials.gov identifier: NCT00592449), questionnaires, and daily diaries 

(catastrophizing, pain and sleep) were collected at five different time points: baseline, mid-

treatment, post-treatment and at 3 and 6 month follow-up. One hundred patients diagnosed 

with KOA and insomnia were randomized to receive either eight sessions of CBT-I or an 

active placebo intervention of behavioral desensitization. A detailed description of the study, 

including detailed information on recruitment and the interventions can be found in the main 

trial paper [39].

Outcome measures

Questionnaires

Catastrophizing: Pain catastrophizing was assessed by the Pain Catastrophizing Scale 

(PCS)[45], a 13-item self-report questionnaire in which participants rate the frequency with 

which they experience thoughts and feelings regarding their pain on a 5-point Likert scale 

(0=“not at all” to 4=“all the time”). Scores can range from 0–52 with higher scores 

representing higher catastrophizing. This is a well validated scale that assesses the trait-like 

aspects of pain catastrophizing [46]. Internal consistency values for baseline, mid-treatment, 

post-treatment, 3-month and 6-month follow-up were: Cronbach α = .92, .95, .94, .95 and .

95 respectively.

Depressive symptoms: Depressive symptoms were assessed through the Center for 

Epidemiological Studies Depression Scale (CES-D) [37], a 20 item self-report questionnaire 
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which has been validated in chronic pain populations [13]. Participants report the frequency 

they have experienced each symptom during the past week on a 4-point Likert scale 

(0-”none of the time” to 3-”all of the time”. Internal consistency for the baseline 

administration was Cronbach α = .87.

Diary data—Electronic personal digital assistants (PDAs) were used to capture daily sleep 

and pain-related information from each participant at each study time point. During each 

monitoring period, participants entered sleep-specific information as well as nocturnal pain 

ratings and other pain-related measures into the PDA diary each morning after waking. Pain 

ratings and other pain-related measures were completed each evening prior to bedtime. All 

entries were stamped with the time and date. At baseline, entries were made daily for 

approximately 2 weeks. Following randomization, each PDA sleep diary collection period 

spanned approximately 1 week before each visit.

Diary catastrophizing

Daytime Catastrophizing – each night before participants went to bed they were asked the 

following statement on their PDA system: “Indicate HOW MUCH you had each thought or 

feeling when you were in pain today, including now”.

Nocturnal Catastrophizing - In the morning upon awakening participants were asked the 

following statement on their PDA system: “The next few questions ask about your thoughts 

and feelings WHEN YOU HAD PAIN during the night. Rate how much you had each 

thought or feeling”.

Ratings for both daytime and nocturnal catastrophizing were made on an 11-point Likert 

scale ranging from “0” - not at all to “10” – very much. Scores were converted to a 100-

point scale, as the items were presented on a digital display. Items for both daytime and 

nocturnal catastrophizing included three selected questions from the PCS: “I felt like I 

couldn’t stand the pain”; “I couldn’t stop thinking about how much it hurt” (see [50]). The 

third question was adapted from a PCS helplessness subscale item to be more appropriate 

for use in the daily and nocturnal ratings: “I felt like the pain was never going to get any 

better”. Internal consistency for both daytime and nocturnal catastrophizing at all time points 

was excellent and ranged between Cronbach α = .97–.99.

Diary pain

Diary Clinical Daytime Pain: Participants completed pain ratings of the “usual pain” they 

experienced during the entire day on a PDA through a sliding Visual Analogue Scale [(VAS) 

“0” equal to “no pain” and “100” equal to “the worst pain imaginable”]. Patients made 

ratings each night before they went to bed.

Diary Clinical Nocturnal Pain: Participants completed ratings of the pain they experienced 

during the night on a PDA through a sliding Visual Analogue Scale [(VAS) “0” equal to “no 

pain” and “100” equal to “the worst pain imaginable”]. Patients made ratings each morning 

upon awakening.
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Diary sleep

Diary Wake After Sleep Onset: Although a variety of sleep continuity measures can be 

calculated from a sleep diary, the analyses in the present paper focus on Wake After Sleep 

Onset (WASO), which indexes the time spent awake in the middle of the night after initially 

falling asleep. We elected to limit our sleep-related analyses to this measure in order to 

reduce the number of statistical models tested and control alpha inflation. Furthermore, in 

our published primary outcomes analyses, WASO was the only sleep continuity measure to 

demonstrate significantly greater improvement in CBT-I compared to the active placebo 

control [39].

Analytic Strategy

Statistical analysis—In order to evaluate treatment related changes in the three measures 

of pain catastrophizing and their relation to pain and WASO, two sets of temporal 

parameters were used:

1. Temporal lags between data gathered at the primary assessment points: baseline, 

mid-treatment, post-treatment, 3-month and 6-month follow-up (Stable/trait 

catastrophizing analyses).

2. Day to day temporal lags were assessed through variables gathered by daily 

diaries.

1) Stable/trait catastrophizing analyses: Stable daytime and nocturnal catastrophizing was 

assessed by averaging daily reports within participant, over the days of each primary study 

assessment point. The PCS administered at each primary assessment point was also used as 

a stable measure of catastrophizing.

Multilevel modeling was used to evaluate longitudinal treatment associated changes in pain-

catastrophizing across the primary assessment points. This was done by running three 

models (one for each measure of pain catastrophizing). The first set of models tested the rate 

of change in pain-catastrophizing between baseline and post-treatment and whether this 

change differed between the intervention groups. These same models were also run between 

the post-treatment and 6-month follow-up to test if changes were maintained after the end of 

treatment. The next set of models evaluated whether early changes in average daily pain and 

WASO moderated later changes in catastrophizing from mid-treatment to post-treatment. 

Residual change scores were created to represent early changes (baseline to mid treatment) 

in WASO and clinical pain (ΔWASO and ΔPain, respectively). These models, thus, included 

conditional interactions of ΔWASO X Time and ΔPain X Time in addition to the main effect 

of time. We tested if this early change in pain or WASO predicted the later change from mid-

treatment to post-treatment. We choose to look at the contribution of pain and WASO to the 

change in pain-catastrophizing since results from the primary study indicated that both pain 

and WASO change early in treatment. We also tested the reverse relationship, namely, if 

early change in catastrophizing predicted later change in pain and WASO.

Mixed-effects models were used to account for random variation in intercepts, control for 

autoregression, and include all available data points. An autoregressive 1(AR1) variance-

Lerman et al. Page 4

Pain. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



covariance matrix was chosen due to high autocorrelation between catastrophizing at the 

different assessment points. The following clinical and demographic covariates were entered 

into the preliminary models as conditional effects with Time: Age, sex, BMI, education 

level, race, and baseline depression. These covariates have been found in previous studies to 

be associated with sleep and catastrophizing. Non-significant conditional effects of these 

covariates with time (p > .20) were removed from the final models.

The Reliable Change Index (RCI) was used to estimate if the changes in pain catastrophizing 

scores from baseline to post-treatment were reliable and not due to the measure’s 

unreliability. The RCI was calculated by using the Cronbach’s alpha and standard deviation 

of each measure. The RCI provides a magnitude of change that is reliable at a significance 

level of .05 [20; 21].

2) Daily diary analyses: In order to test the relationships between catastrophizing, sleep and 

pain on a day-to-day basis, daily diary data was analyzed using multilevel modeling. Diary 

daytime and nocturnal catastrophizing, WASO and pain were computed by centering the 

daily scores around each individual’s mean scores across all the days in each main study 

assessment point resulting in daily within-person deviations.

Missing Data: The overall attrition rate was 27% and did not differ between the intervention 

groups (a full attrition analysis and information on treatment integrity have been previously 

reported [39]). Since no group differences were observed in attrition, we assume the data are 

missing at random.

In the daily diary analyses, at each assessment period the number of days participant 

completed their PDA varied based on their scheduled visits. At baseline, 66% of participants 

met the goal of 14 days of complete PDA data, 73% has at least 10 days of compete data and 

95% had at least one week of complete data. At mid-treatment assessment 70% of 

participants had at least one week of complete data. At post-treatment assessment 76% of 

participants had at least one week of complete data. At the 3-month follow-up 92% of 

participants had at least one week of complete data, and at the 6-month follow-up 91% of 

the participants had at least one week of complete data. Instances in which data from the 

next day was missing were not included in the analyses.

All analyses were conducted using SPSS 24.

Results

1. Patient characteristics and preliminary analyses

Baseline demographic and clinical characteristics by intervention group can be found in 

Table 1. Out of the 100 randomized participants 79% were female, mean age was 59.4±9.5. 

Forty three percent were African American, 55% Caucasian and the rest were of other 

ethnicities.

PCS scores, daytime diary catastrophizing and nocturnal diary catastrophizing were 

autocorrelated between time points and ranged from r=.53–.82 for PCS, r=.72–.78 for 
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daytime catastrophizing and r=.75–.80 for nocturnal catastrophizing. Baseline depression 

was moderately correlated with catastrophizing measures at all time points ranging from r=.

23–.53, as was BMI ranging from r=.11–.37.

2. Treatment related change in the three measures of pain catastrophizing

As shown in Figure 1, PCS scores, average daytime diary catastrophizing and average 

nocturnal diary catastrophizing decreased over time between baseline and post treatment 

assessment in both intervention groups and remained stable at the 3 and 6 month follow-up. 

Values of the three catastrophizing measures across the study time points are presented in 

Table 2. We used the initial mixed-effects model to test if the rate of change in pain-

catastrophizing (represented by the Time variable) was significant and if it differed between 

the two intervention groups (represented by the Group X Time interaction) in the baseline to 

post-treatment assessment time period. Results indicate that Time was a significant predictor 

of changes in PCS (B =−2.34, SE = .62, t(185) = −3.77, p < .01, d=.52), daytime 

catastrophizing (B =−4.86, SE = .97, t(178) = −5.02, p < .01, d=.51) and nocturnal 

catastrophizing (B =−4.35, SE = .88, t(182) = −4.93, p < .01, d=.42), however, there was no 

Group X Time interaction in any of the models. Thus, it can be concluded that all measures 

of pain-catastrophizing decreased in response to treatment but there was no difference 

between the treatment groups in the rate of this change. None of the covariates were 

significant in this model and thus were removed and not used in further analyses.

To verify that there were no significant changes from post treatment to the follow-up 

assessments, the same models were run again only for the post-treatment to 6-month follow-

up time points. Time was not a significant predictor in these models. This suggests that the 

treatment gains were maintained over time. Since the changes in pain-catastrophizing 

occurred between baseline and post treatment, we limited any further analyses to this time 

frame which also allowed us to maximize our data points due to attrition in the follow-up 

assessments.

The low pain-catastrophizing scores in our sample could result in a floor effect, making it 

harder to assess treatment benefits reliably through percent change scores. For this reason, 

the Reliable Change Index (RCI) was used to assess a statistically significant reliable 

change. According to the RCI, 39% of the sample obtained a reliable and significant change 

in PCS scores from baseline to post-treatment (reduction greater than 6.25 points), 33% 

obtained a significant change in daytime catastrophizing scores from baseline to post-

treatment (reduction greater than 10.11 points) and 47% obtained a significant change in 

nocturnal catastrophizing scores from baseline to post-treatment (reduction greater than 9.57 

points).

3. Contribution of early changes in WASO

In the second set of models we tested if early ΔWASO contributed to later changes in 

catastrophizing mid-treatment to post-treatment. The interaction of ΔWASO X Time was a 

significant predictor of change in PCS scores (B =−.05, SE = .02, t(82) = −2.81, p < .01) and 

also of nocturnal catastrophizing (B =−.08, SE = .04, t(81) = −2.17, p < .05), however the 
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interaction of ΔWASO X Time did not significantly predict daytime catastrophizing (B =−.

02, SE = .04, t(78) = −.60, p = .55).

In testing the reverse relationship, we did not find that early change in any of the 

catastrophizing measures (baseline to mid-treatment) predicted later change (mid to post 

treatment) in WASO.

4. Contribution of early change in pain

The third set of models was designed to test if early ΔPain contributed to later changes in 

catastrophizing from mid-treatment to post-treatment. The interaction of ΔPain X Time did 

not significantly predict any of the measures of catastrophizing: PCS (B =.09, SE = .06, 

t(85) = 1.41, p = .16), daytime catastrophizing (B =−.14, SE = .10, t(83) = −1.32, p = .19), 

nocturnal catastrophizing (B =−.03, SE = .10, t(84) = −.31, p = .76).

In testing the reverse relationship, we did not find that early change in any of the 

catastrophizing measures (baseline to mid-treatment) predicted later change (mid to post 

treatment) in average daytime pain (measured by PDA).

5. Analyses of daily diary data

In order to test if there were day to day associations between diary pain, WASO and daytime 

catastrophizing, a mixed-effects model was tested in which daytime catastrophizing was 

regressed upon prior night nocturnal pain and WASO during the baseline assessment period. 

Only nocturnal pain was a significant predictor of next-day daytime catastrophizing (b =.07, 

SE = .03, t(1020) = 2.47, p = .01). In a second model, same day pain and nocturnal 

catastrophizing were added as covariates into the model. Daytime catastrophizing from the 

previous day was also controlled for in order to account for autocorrelations between the 

different days. In this model, nocturnal pain was not a significant predictor (B =−.03, SE = .

03, t(922) = −1.06, p = .29), however, nocturnal catastrophizing (B =.09, SE = .04, t(934) = 

2.37, p < .05) and same day pain (B =.68, SE = .03, t(924) = 19.92, p < .001) predicted 

daytime catastrophizing. The second step added Time and the conditional effects of Time 

and nocturnal pain and WASO into the model and tested if the relationships found in the 

previous model changed as a response to treatment. Daytime catastrophizing did decrease 

over time (B =−4.98, SE = .37, t(2334) = −13.28, p < .001) however there was no significant 

interaction between Time and nocturnal pain (B =0.01., SE = .03, t(2312) = .45, p = .65), 

WASO (B =0.01., SE = .01, t(2311) = .04, p = .96) or any of the other covariates from the 

second model. Thus, it can be concluded that the prospective relationship between nocturnal 

pain and WASO and next-day catastrophizing did not change as a result of the intervention.

Discussion

Our results show that interventions focusing on sleep, including both CBT-I and an active 

control using desensitization, resulted in a significant reduction in all three measures of pain-

catastrophizing in a sample of KOA patients with comorbid insomnia. Reductions occurred 

after eight weeks of treatment and were maintained at the six-month follow-up. Analyses of 

the timing of these changes indicate that larger reductions in WASO by mid-treatment were 

associated with later reductions in PCS and nocturnal catastrophizing, but not daytime 
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catastrophizing. While reducing pain-catastrophizing, both as a general coping style (PCS) 

and as a daytime and nighttime pain coping strategy (daily diaries), the sleep interventions 

did not change the day-to-day relationships between nocturnal catastrophizing, WASO, and 

next-day catastrophizing.

Our most important finding is the reduction of pain-catastrophizing by both sleep 

interventions. We did not find that early changes in pain were associated with the magnitude 

of later change in pain-catastrophizing, nor did we find the reverse relationship. This implies 

that the changes in pain-catastrophizing are not simply a result of reduced pain. Because 

pain-catastrophizing plays a critical role in the experience of pain and is a risk factor for 

poor outcome [3; 46], the ability to reduce it through psychosocial intervention is an 

important clinical goal. Traditionally, pain-catastrophizing is one of the main targets of CBT 

for Pain (CBT-P), in which patients are taught to identify and change maladaptive 

catastrophic thoughts [8]. Despite being an effective treatment for KOA [43], CBT-P 

requires maintaining thought logs that rely heavily on reading and writing skills, making it 

harder for low-literacy patients to adhere to and benefit from treatment [49]. Sleep 

interventions rely less on cognitive monitoring and use diaries that monitor timing of sleep 

schedules. Thus, sleep interventions may be more engaging and achieve greater adherence 

than CBT-P for some groups. Moreover, stigma and embarrassment can prevent patients 

from seeking psychological help for their pain [19] or mental health [14]. Thus, targeting 

sleep may be an acceptable alternative for patients who perceive stigma regarding their 

chronic pain condition. This could be determined in future studies comparing the 

effectiveness of CBT-I and CBT-P. Our findings, combined with the primary results from the 

original trial [39], support the notion that by focusing on improving sleep and not explicitly 

focusing on cognitions about pain, we can also improve a host of pain related outcomes.

The magnitude of change in WASO early in treatment (baseline to mid-treatment) predicted 

the rate of reduction in pain-catastrophizing later in treatment for both trait and nocturnal 

catastrophizing. This is similar to the finding that improvements in sleep were associated 

with reduction of negative sleep cognitions [30]. Poor sleep and sleep fragmentation may 

cause individuals to be more prone to maladaptive coping [31]. In the present study, the 

consolidation of sleep appeared to reduce negative nighttime cognitions, as demonstrated by 

our finding of reduced nocturnal catastrophizing but also a more general reduction of 

negative pain cognitions as seen by the reduction in trait catastrophizing. The importance of 

these sequential effects – the change in WASO preceding the change in trait and nocturnal 

catastrophizing, is further bolstered by the absence of an effect of early changes in 

catastrophizing predicting later changes in WASO.

Our measure of nocturnal catastrophizing is novel and derives from our interest in sleep-pain 

interactions, and the rich insomnia literature demonstrating the major role of negative 

cognitions in initiating and perpetuating insomnia [9]. Nocturnal pain catastrophizing was 

monitored in a daily (morning) diary assessing catastrophizing about pain when awake 

during the night. The high correlation between nocturnal catastrophizing and daytime and 

trait catastrophizing suggests that patients who catastrophize during the day also tend to 

catastrophize when they are awake at night. Day-to-day analyses of the diary data show that 

nocturnal catastrophizing predicts next-day pain catastrophizing. Not surprisingly, when 
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patients’ sleep improves and they are awake for less time during the night, they concurrently 

report less nocturnal catastrophizing. Yet, in addition to reduced opportunity, the findings on 

the other measures of pain-catastrophizing suggest this reduction is also due to a more 

general shift in the patient’s tendency to catastrophize. Negative cognitions about pain 

before sleep are associated with sleep discontinuity in chronic pain [40], and our findings 

support continued investigation of pain-related cognitions during the night. Future work 

should investigate the possibility that nocturnal and daytime catastrophizing could have 

differential effects on other sleep continuity measures as well as sleep quality and cortical 

arousal during sleep.

Both intervention groups demonstrated a similar reduction in all measures of catastrophizing 

explained in part by the change in WASO. Another mechanism shared by both groups and 

may account for these changes, is the use of daily symptom monitoring, which on its own 

can result in a significant reduction in pain-catastrophizing [48]. This may occur through a 

general process of increased awareness to negative thoughts that promotes various changes, 

including self-initiated strategies to decrease worry. Thus, the effect of sleep interventions on 

pain-catastrophizing might be part of a more general reduction in worry. Future work is 

needed to disentangle treatment effects on different types of worry (about sleep or pain) in 

patients with chronic pain and comorbid insomnia.

There may be other underlying mechanisms contributing to the reductions in pain-

catastrophizing that differ between the interventions. Since similar cognitive processes are 

shared by pain and sleep [26; 40], the cognitive strategies designed to change negative sleep 

cognitions used in CBT-I may generalize to negative cognitions about pain. A different 

therapeutic mechanism likely underlies the effect in the desensitization intervention which 

addressed sleep-related conditional arousal by pairing neutral images with arousing thoughts 

and behaviors related to sleep. Examples of arousing thoughts and behaviors included 

worrying, clock watching and experiencing pain; examples of neutral images include 

preparing a meal or watching TV. During this exercise participants are asked to “close their 

eyes and clear their mind from any distraction”. Thus, this imaginary exercise may have 

acted as a relaxation technique which is known to be effective in reducing pain and related 

outcomes [1]. Although at least one major study has conceptualized the desensitization 

condition as a control intervention for CBT-I in primary insomnia [7], this desensitization 

intervention appears to have a more powerful effect on sleep in KOA patients with insomnia, 

which is consistent with a study of insomnia in older adults [23].

Despite our finding of the temporal relationship between change in WASO and treatment 

related changes in catastrophizing, we did not find a day-to-day relationship between WASO 

and next day catastrophizing. Nocturnal catastrophizing did predict next day catastrophizing, 

yet there was no change in this day-to-day relationship over the course of treatment. It 

appears that more stable measures of catastrophizing are malleable to and predicted by 

treatment-related changes in WASO, whereas temporally sensitive measures are not. More 

research is needed in order to understand the source of these differences and their 

contribution to clinical outcomes.
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A number of limitations should be noted. Our sample exhibited low levels of pain-

catastrophizing at baseline (Mean PCS=15.01) similarly to those reported in other studies of 

KOA patients [17; 18], but lower than baseline PCS scores reported in intervention studies in 

other chronic pain conditions [5; 22; 28]. This could have caused a floor effect, and possibly 

larger effects might be observed in patients with greater pain-catastrophizing. Alternatively, 

recent findings suggest that patients who are low in pain-catastrophizing may respond better 

to treatment [24; 52]. Thus, generalization of the findings to other populations with higher 

rates of pain-catastrophizing should be done with caution. Although pain-catastrophizing 

was not explicitly targeted in the interventions, its repeated assessment may have suggested 

its importance to the participants and contributed to the changes found. As there are known 

discrepancies between objective and subjective sleep measures [25] the use of another 

measure of WASO (e.g., polysomnography) could have led to different results; however, we 

believe the use of self-report electronic diaries is both theoretically and clinically appropriate 

for several reasons. First, we sought to control alpha inflation by avoiding the duplication of 

analyses with actigraphically-measured WASO. Second, our previous data suggest that 

actigraphy may not be a reliable estimate of WASO in distinguishing between KOA patients 

with and without insomnia [4]. Third, self-report daily diaries are most commonly used to 

monitor treatment gains in CBT-I and for modifying sleep schedules [34].

Conclusions

We find reductions in pain-catastrophizing in patients with KOA following two different 

interventions for sleep disturbance. As a whole, our findings support the relationship 

between catastrophizing and WASO, and specifically, we demonstrate that through a short 

intervention that focuses only on sleep, three measures of pain-catastrophizing, including a 

novel measure of nocturnal catastrophizing, can be significantly reduced. Reduction in pain-

catastrophizing is particularly important in this population since high levels can increase the 

risk for poor recovery from knee surgery [3] which is a common procedure for KOA [27]. 

Future research is needed in order to test if these sleep related changes in pain-

catastrophizing are also longitudinally associated with improved pain and quality of life.
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Figure 1. 
Treatment related changes in the three measures of pain catastrophizing by intervention 

group from baseline through the six-month follow-up.

CBT = Cognitive Behavioral Therapy for Insomnia; PCS = Pain Catastrophizing Scale
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Table 1

Baseline demographic and clinical characteristics of the sample by treatment group

CBT-I BD

Characteristic

Age, mean±SD years 59.2±69.9 59.6±9.1

Female sex 38 (76%) 41 (82%)

Ethnicity

 African American 21 (42%) 22 (44%)

 Caucasian 28 (56%) 27 (54%)

 Asian 0 (0%) 1 (2%)

 Multicultural 1 (2%) 0 (0%)

Education level

 High school/some college 31 (62%) 17 (34%)

 College graduate 8 (16%) 17 (34%)

 Graduate studies 11 (22%) 16 (32%)

Clinical variables

Body mass index kg/m2 31.6±6.2 31.5±7.0

CES-D score 14.6±7.7 14.0±9.4

WASO, mean±SD minutes 65.9±37.8 68.6±43.1

Average daytime diary pain 47.4±17.2 46.8±18.9

Average nocturnal diary pain 35.6±19.9 37.8±20.1

CBT-I = Cognitive Behavioral Therapy for Insomnia; BD = Behavioral Desensitization; CES-D = Center for Epidemiological Studies Depression 
Scale; WASO = Wake After Sleep Onset;
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Table 2

Values of catastrophizing across study time points by intervention group

CBT-I group N BD group N

PCS

Baseline 14.82±14.83 50 15.18±10.16 49

Mid-treatment 11.86±9.31 45 13.17±12.99 46

Posttreatment 9.09±7.59 45 10.49±11.07 49

3-month follow-up 10.87±9.47 35 9.95±11.06 41

6-month follow-up 10.41±9.77 36 11.31±11.33 41

Daytime catastrophizing

Baseline 30.30±19.70 48 28.97±22.49 49

Mid-treatment 21.19±21.03 43 24.46±23.51 47

Posttreatment 19.51±20.37 42 20.27±21.32 48

3-month follow-up 21.70±22.26 36 23.12±24.06 42

6-month follow-up 20.89±23.77 32 19.93±22.89 39

Nocturnal catastrophizing

Baseline 23.09±19.23 50 24.50±20.81 48

Mid-treatment 17.21±18.73 44 20.43±21.79 46

Posttreatment 15.32±18.61 43 16.41±19.25 48

3-month follow-up 16.83±17.45 32 18.89±21.46 42

6-month follow-up 17.12±21.41 32 15.80±20.36 38

CBT-I = Cognitive Behavioral Therapy for Insomnia; BD = Behavioral Desensitization; PCS = Pain Catastrophizing Scale
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