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What is already known about this topic? 

 Interdisciplinary CBT for chronic pain is effective in reducing pain catastrophizing and 
improving functioning and mood among individuals with chronic pain.  

What does this study add? 

 Patterns of change in pain catastrophizing over the course of three weeks of 
interdisciplinary CBT for chronic pain were related to treatment outcome at post-
treatment.   
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Introduction 

Chronic pain is major health care problem occurring in an estimated 100 million United 

States citizens with an economic cost of over $600 billion annually (Institute of Medicine, 2011).  

It is commonly associated with significant difficulties across emotional, occupational, social and 

self-care activities among sufferers.  Psychosocial interventions for chronic pain have reasonable 

support for efficacy and represent an attractive treatment option to medical intervention (Vowles 

and McCracken 2008; Woods and Amundson 2008; Smeets et al., 2009; Ehde et al., 2014; 

Ardito et al., 2017).    

Cognitive-behavioral therapy (CBT) is a widely accepted psychosocial approach for 

chronic pain and is commonly integrated into interdisciplinary pain rehabilitation programs.  The 

rationale for integration of CBT is rooted in behavioral theory (Fordyce, 1976; Gatchel et al., 

2014) and research indicating that an individual’s appraisal of, and subsequent response to 

chronic pain influences physical and psychological adjustment (Burns et al., 2015).  These 

programs are effective in promoting restoration, and reducing pain severity, medication use, and 

healthcare utilization (Townsend et al., 2008; Sletten et al., 2015; Gilliam et al., 2018).     

A theorized active ingredient of CBT is the process of cognitive change in terms of 

maladaptive cognitions.  Given the empirical support for the effectiveness of CBT, a critical next 

step is to examine how CBT works for individuals with chronic pain.  If putative therapeutic 

processes variables  can be identified and empirically supported, efforts can be directed towards 

more precisely targeting these variables in future interventions to presumably enhance treatment 

effect. This will also help translate effective treatments to real-world clinical practice by 

elucidating critical treatment components.  

Pain catastrophizing is a robust predictor of chronic pain outcome (Severeijns et al., 

2001; Sullivan et al., 2001).  Longitudinal studies show that treatment-related improvements in 
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pain catastrophizing are associated with improvements in pain-related functioning (Jensen et al., 

2001; Thorn et al, 2007; Turner et al., 2007).  Further evidence from longitudinal cross-lagged 

analysis suggests early changes in pain catastrophizing predict subsequent changes in pain 

severity and interference in multidisciplinary pain treatment programs (Burns et al., 2003a; 

Burns et al., 2003b).  These findings indicate changes in pain catastrophizing precede and predict 

change in outcome, supporting an argument for pain catastrophizing as a cognitive process  

variable in CBT treatment. However, these cross-lagged studies are limited by relatively low 

sample sizes and the statistical approach does not allow for both within- and between-person 

assessment of change over time. Further, these analyses are not able to examine whether there 

are distinct patient groups based on change trajectories – for example, it seems plausible that a 

group of individuals may evidence decreased pain catastrophizing, while another group evidence 

no change. 

In this non-randomized cohort  study, we utilized latent growth curve modeling (LGCM) 

and Growth Mixture Modeling (GMM) to test the validity of pain catastrophizing as a cognitive 

process variable in a three-week interdisciplinary CBT of chronic pain.  The aim of this study is 

to evaluate pain catastrophizing change trajectories during treatment and the relevance of change 

trajectories to outcomes at posttreatment.   

Methods 

Participants 

Participants included individuals with chronic pain admitted to the Mayo Clinic Pain 

Rehabilitation Center (PRC) for a three-week course of interdisciplinary CBT for chronic pain 

between the dates of January 2017 and October 2018.  All participants completed a pre-

admission assessment to determine eligibility for inclusion.  Exclusion criteria included: 1) 
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evidence of problematic opioid or other substance use requiring substance use treatment prior to 

program participation; 2) active suicidality with verbalized plan and intent for self-harm; 3) an 

active psychotic or mood disorder that required immediate psychiatric management at a higher  

level of care, or symptom severity sufficient enough to impact active participation the 

programming; or 4) unwillingness to participate in a group-based outpatient program of 

treatment. When individuals met inclusion criteria, agreed to initiate treatment, and had payment 

approval, they were scheduled to begin treatment.  

This study was approved by the institutional review board at the Mayo Clinic in 

Rochester, MN and informed consent was completed by all participants prior to treatment’s 

beginning.  Participants completed a battery of self-report measures at treatment admission and 

discharge. A measure of pain catastrophizing, described below, was completed weekly over the 

three weeks of treatment.  Outcome measures included pain interference, depressive symptoms, 

and physical and mental health quality of life (QOL). Thirty-five individuals dropped out of 

treatment early (7%), thus analyses used data from the 463 individuals who completed treatment.  

The primary pain diagnoses of the sample were variable.  Low back pain comprised the largest 

diagnostic category (n = 112, 22.2%), with fibromyalgia (n = 95, 20.5%) and headache pain (n = 

71, 15.3%) comprising the next two largest diagnostic groups.   Descriptive information appears 

in Table 1. 

Treatment Program 

 The Mayo Clinic Pain Rehabilitation Center (PRC) is a group-based, intensive, outpatient 

interdisciplinary pain rehabilitation program focusing on functional restoration (Fordyce, 1979; 

Gatchel et al., 2014).  Patients admitted into the PRC have generally received extensive medical 

care and experienced incomplete symptom relief from multiple pharmacologic trials, surgical 
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procedures and interventional pain procedures. The PRC combines functional restoration with 

CBT as its chief components.  The underlying treatment philosophy emphasizes that when 

meaningful pain reduction is not possible, treatment approaches must shift towards maximizing 

functioning. PRC entails concurrent treatment by multiple disciplines including physicians, 

psychologists, physical therapists, nurses and clinical nurse specialists, counselors, occupational 

therapists, pharmacists, and dieticians, all of whom offer convergent expertise with a balance of 

overlapping and distinct knowledge.  

The PRC treatment program is 15 days in duration with rolling admission to allow 

patients entry into the program as soon as is feasible.  The daily program census is typically 

between 24 to 27 patients.  Patients attend programming for 8 hours daily for 15 consecutive 

work days (i.e., Monday – Friday) and participate in daily physical therapy, occupational 

therapy, and individual and group-based CBT sessions.  Each CBT session is 60 minutes in 

duration and follows an empirically supported treatment protocol for pain which include topics 

such as neuroscience of pain education, restructuring of maladaptive pain appraisals, relaxation 

training, activity pacing, and mood/anxiety management.  See figure 1 for an example of a 

treatment day.  Physician and pharmacist supervised opioid tapering is also executed for patients 

that enter treatment prescribed opioids for pain.  A more detailed description of the opioid 

tapering process in the PRC has been detailed elsewhere (Cunningham, et al., 2016).    

Measures 

 Demographic and pain-related information. Participants completed a battery of self-report 

measures on the first and last days of treatment. Demographic information captured included 

gender, ethnicity, age, and education level. Pain related information included primary pain 

location and pain duration. 
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Pain Catastrophizing. Participants completed the Pain Catastrophizing Scale (PCS) at pre, 

mid- (approximately day 8) and posttreatment (Sullivan et al., 1995).  The PCS contains 13 items 

across three subscales: rumination (e.g., “I worry all the time about whether the pain will end”), 

magnification (e.g., “I wonder whether something serious may happen”), and helplessness (e.g., 

“There’s nothing I can do to reduce the intensity of the pain”). Psychometric evaluation of this 

instrument has indicated high test-retest reliability and adequate internal consistency (Osman et 

al., 2000).  Items are rated on a Likert-type scale from 0 – 4 (0 = “not at all,” 1 = “to a slight 

degree,” 2 = “to a moderate degree,” 3 = “to a great degree,” 4 = all the time”) with a total score 

range of 0-52.  Higher scores suggest greater tendency to catastrophize in response to pain.  Total 

scores greater or equal to 30 represent clinically significant levels of pain catastrophizing.  In the 

current sample, the internal consistency of the PCS was excellent at pre-, mid- and posttreatment 

(range Cronbach’s α = .94 - .95).  

Measures of outcome. As noted, all other measures were completed on two occasions, 

pretreatment and posttreatment. 

Pain Interference. The Pain Interference subscale of the West Haven-Yale 

Multidimensional Pain Inventory (WHYMPI) was utilized as a primary measure of pain impact 

on activity (Kerns et al., 1985).  The pain interference subscale is made up of 9 items, all of  

which are  rated on a Likert-type scale from 0 - 6 (0 = “not at all severe,” 6 = “extremely 

severe”). Higher scores suggest more perceived pain-specific limitations. The pain interference 

subscale yielded adequate levels of internal consistency at pre- and posttreatment (Cronbach’s α 

= .91 and .89, respectively).  

Depressive Symptoms. The Patient Health Questionnaire-9 (PHQ-9) is a 9-item measure 

assessing depressive symptoms (Spitzer et al., 1999).  The PHQ-9 total score ranges from 0 - 27 
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with severity thresholds for mild (5), moderate (10), moderately severe (15), and severe (20 or 

higher) depressive symptoms.  Patients rate how often in the previous two weeks they 

experienced a variety of depressive symptoms on a Likert scale of 0-3 (0 = “not at all”, 1 = 

“several days”, 2 = “more than half the days”, 3 = “nearly every day”).  The PHQ-9 has 

demonstrated strong test-retest reliability as well as strong discriminant validity (Kroenke et al., 

2001).  Responses are summed to yield a total score.  The internal consistency of the current 

sample was appropriate at pre- and posttreatment (Cronbachs α= .82 and.83, respectively). 

Physical and Mental QOL. The Medical Outcomes Study, 36-Item Short Form Health 

Survey (SF-36) is a measure of 8 domains of health-related quality of life, including: general 

health perceptions, physical health functioning, mental health functioning, role limitations due to 

emotional problems, role limitations due to physical health, bodily pain, vitality, and social 

functioning (Ware et al., 1993).  The subscales can be combined into two summary scores: 

physical health-related QOL and mental health QOL. Items are rated on a Likert-type scale, 

which are then transformed into percentages (0-100).  Lower scores reflect worse QOL. 

Research supports strong psychometric properties for the measure, including high convergence 

with clinical data (McHorney et al., 1993).  Internal consistency in the current sample was high 

at pre- and posttreatment (Physical health QOL Cronbach’s α = .86 and .91; Mental health QOL 

Cronbach’s α = .87 - .89), respectively. 

Statistical Approach 

There were three primary analytic steps. All analyses were conducted using MPlus 

version 8 (Muthen and Muthen, 1998-2017) and missing data was addressed using maximum 

likelihood (ML), which uses all available data. 

First, the effectiveness of treatment was examined through posttreatment using multilevel 
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structural equation modeling (SEM: Preacher et al., 2010) for the outcomes of pain interference, 

depression, and physical and mental health QOL. Because treatment cohort membership was not 

static (due to the process of rolling admission to the PRC), we were not able to examine the role 

of treatment cohort on outcome. Within participant effect size (Hedges’ g) was also calculated. 

Second, Latent Growth Curve Modeling (LGCM) analyses were conducted to determine 

trajectory of change and identify any latent classes of change in the participant data (i.e., 

participant groups) in the PCS at pre-, mid-, and posttreatment. We examined the fit of both 

linear and linear + quadratic trajectories of change. Model fit was examined using several 

indicators, including the Root Mean Square Error of Approximation (RMSEA), the Standardized 

Root Mean Square Residual (SRMR), and the Comparative Fit Index (CFI). Adequate model fit 

was defined as RMSEA of < .08, SRMR < .08, and CFI > .95 (Bryne, 2001; Hu and Bender 

1999; MacCallum et al., 1996). 

Latent classes were examined by adding a categorical variable specifying the number of 

patient groups to be extracted from the LGCM. Additional latent classes were added until 

comparative analyses between models indicated a lack of improvement in fit or a failure of 

model convergence. Specifically, the initial analyses examined one latent class of change, 

followed by an examination of two latent classes of change with additional classes being 

examined sequentially until this addition did not provide improved model fit. Model fit was 

evaluated using the Bayesian information criterion (BIC: Schwarz, 1978; Nylund et al., 2007), 

sample size adjusted BIC (aBIC: Sclove, 1987), Vuong-Lo-Mendell-Rubin test (VLMR: Vuong, 

1989; Lo et al., 2001; Asparouhov and Muthen, 2012), and entropy. For BIC and aBIC, smaller 

values indicate better fit. The VLMR offers a significance test for the improvement in model fit 

with the addition of one class (e.g., fit of a two class model in comparison to a one class model). 
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Entropy ranges from 0 – 1 with higher values indicating better classification precision. The best 

fitting latent growth trajectory and number of latent classes of change was retained for 

subsequent analyses. 

Finally, Growth Mixture Modeling (GMM) was performed to examine whether different 

classes of change evidenced differential rates of improvement at post treatment on the outcome 

variables of pain interference, depression, and physical and mental health QOL. When 

significant, these analyses indicate that trajectory of change in the PCS during treatment is 

differentially related to amount of change in treatment outcomes. Between class comparisons 

used the BCH method, which allows a between-class significance test in relation to continuous 

distal outcomes (Asparouhov & Muthén, 2014).  

Results 

 Descriptive Details and Data Integrity. Descriptive information for study variables is 

presented in Table 2. With regard to sample size, 498 individuals began treatment and 463 

(93.0%) completed treatment. Attrition analyses did not indicate any significant differences 

between those who did and did not complete treatment for gender, age, or pain duration, nor 

were there differences in pre-treatment scores for any measure, including pain catastrophizing, 

pain interference, depression, physical health QOL, and mental health QOL.    

Treatment Effectiveness. As noted, multilevel SEM was used to evaluate for change in 

the outcome measures across time, including pretreatment and posttreatment. Data were nested 

hierarchically at two levels: (1) repeated assessment over time and (2) within participants.  These 

analyses indicated a significant effect of time on outcome at each assessment point. The effect of 

time was associated with decreases in pain interference and depression, B (SE) = -0.99 (0.05), p 

< 0.001 and B (SE) = -4.17 (1.30), p < 0.001, respectively. It was associated with increases in 
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physical and mental health functioning, B (SE) = 11.8 (0.78), p < 0.001 and B (SE) = 5.16 

(0.81), p < 0.001, respectively. Table 2 also displays within participants effect size, Hedges’ g, 

which were large for each of the four outcome measures. 

Classes of Latent Change. The LGCM analyses of a single class of change indicated 

poor fit with the data for the linear model [RMSEA = .24 (90% CI: .17 – .31), SRMR = .05, CFI 

= .93], while the single class linear+quadratic model was unidentified. Therefore, analyses 

proceeded with an examination of multiple classes of change. 

As shown in Table 3, analyses indicated that a two class linear model fit significantly 

better than the single class linear model. Entropy was acceptable as well, indicating good 

separation between the two latent classes. The 2 class linear + quadratic model did not fit 

significantly better than a single class model. Furthermore, all models with additional latent 

classes failed to converge. Therefore, the 2 class linear change model was retained for the 

remaining analyses.  

See Figure 1 for details regarding the two latent classes of change on the PCS. The first 

class, comprising 11.7% of the sample (n = 58), was characterized by a non-significant slope in 

PCS across the three measurement points (slope: -0.18; SE: 0.28, p = .51). The second class, 

comprising 88.3% of the sample (n = 439), was characterized by a significant negative slope in 

PCS (slope: -1.96, SE: 0.25; p < .001). These classes were labeled as the “unchanged” and 

“improved” groups, for class 1 and 2, respectively. As shown in Table 4, the two classes did not 

significantly differ with regard to gender, age, education, or pain duration. GMM Analyses. As 

the final analytic step, the two classes of change on the PCS were examined in relation to 

treatment outcomes at post-treatment using several GMMs. These analyses sought to determine 

if the trajectories differed from one another in terms of raw change in treatment outcome 
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measures of pain interference, depression, and physical and mental health functioning.  As 

shown in Table 4, the improved PCS group of patients had significantly greater improvements in 

comparison to the unchanged PCS group across all four measures of outcome at post-treatment, 

including pain interference, depression, and physical and mental functioning.  

Discussion 

The present analysis examined patterns of change in pain catastrophizing over the course 

of a three-week interdisciplinary CBT for chronic pain program to evaluate if aspects of change 

were related to posttreatment outcome. Overall, findings indicated that change in pain 

catastrophizing, as assessed by the PCS, was best characterized by a two class linear trajectory 

model. The first class was characterized by a non-significant slope in PCS (i.e., “unchanged”) 

over the course of treatment while the second class was characterized by a significant negative 

slope in PCS (i.e., “improved”).  While results revealed that each class of participants improved 

in pain-related function, the “improved” PCS class was associated with a significantly greater 

magnitude of improvement in pain interference, mood and quality of life when compared to the 

“unchanged” class.  These outcomessuggest that reducing catastrophic responses to pain during 

interdisciplinary CBT may enhance the magnitude of effect on psychosocial outcome at the end 

of treatment.  These findings provide support for the CBT model and the importance it places on 

altering cognitive content and cognitive processes, such as reducing catastrophic pain appraisals.  

Examining treatment process within interdisciplinary CBT for pain is important.  The 

CBT model specifies that altering maladaptive perceptions of and poor coping with chronic pain 

should promote improved functioning and mood.  Therefore, the debilitating effects of pain 

should diminish as people with pain learn to conceptualize pain less as an unmitigated 

catastrophe, and more as a manageable condition. A tendency in evaluating outcomes in 
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interdisciplinary CBT is to assume that when salutary pre- to posttreatment improvements in 

outcome are observed, that change in cognitive appraisal is the active agent that accounted for 

those improvements.  This has been referred to this as the “Specific Mechanism Model” whereby 

change in outcome is believed to be due strictly to the specific therapeutic operations used in a 

CBT intervention (Burns et al, 2015).  While findings from numerous studies exploring the 

effectiveness of interdisciplinary CBT treatment report pre- to posttreatment improvement in 

pain catastrophizing, and important pain- related outcomes such as pain adjustment, mood and 

quality of life, this work is predominantly limited to cross-sectional data or longitudinal data 

where both the process and outcome variables are collected at the same time point, preventing 

examination of temporal relationships (Craner et al., 2016; van der Mass et al., 2016).  

Furthermore, studies utilizing methodology allowing for examination of timing of change 

between process and outcome (e.g., pain catastrophizing) do not allow for the comparison of 

distinct patient groups based on process change trajectories (Burns et al., 2003a; Burns et al, 

2003b).  

To our knowledge, the present study is the first to have utilized LGCM and GMM to 

examine treatment process in an interdisciplinary CBT for chronic pain program.  This statistical 

approach offers some advantage over cross-lagged analysis in that it not only allows for 

examination of the extent to which change in catastrophizing during treatment contributes to 

posttreatment improvement in pain outcome, but it also allows for more fine-grained analysis of 

change at the level of the individual patients.  That is, GMM allows for examination of whether 

there are different groups of participants that could be classified by PCS change trajectory, and 

then compare these groups on outcome to determine if one trajectory is more responsive to 

treatment than another. 
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There are several limitations that should be considered when interpreting these results. 

First, because this trial was uncontrolled, the effectiveness of treatment in comparison to an 

alternative treatment approached was not assessed. Second, the treatment model was intensive 

and interdisciplinary, delivered in a tertiary care setting.  It is possible that the treatment findings 

are not generalizable to patients with chronic pain treated in a less intensive environment.  Third, 

approximately 7% of participants dropped out before providing post-treatment data.  It is 

possible that a more complete set of data would have resulted in different outcomes.  However, 

the large sample size of treatment completers provides some confidence in the reliability of the 

findings.  Of course, these findings will need to be replicated in similarly structured programs 

and in alternative treatment contexts to enhance confidence in both reliability and 

generalizability of these findings.  Fourth, changes that occurred in treatment may have been 

better accounted for not by CBT but by other modalities included in the interdisciplinary 

treatment package such as physical or occupational therapy.   Fifth, follow-up data was not 

reported, thus it was not possible to examine the role of the latent trajectories of change in PCS 

over the three weeks of treatment on longer term outcomes. In addition, it is possible that more 

frequent assessment of the PCS during treatment would have allowed for a more detailed 

analysis of change trajectories. Future research utilizing follow-up data is needed. 

In conclusion, our findings provide evidence that reductions in the tendency to pain 

catastrophize over the course of interdisciplinary CBT for chronic pain constitutes a potential 

cognitive process variable that contributes to improvement in pain outcome.  The present data 

indicated that slope of change in PCS was statistically useful in predicting core outcome domains 

of chronic pain management, which provides support for the CBT model.      
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Table 1. 

Daily Pain Rehabilitation Center Schedule 

________________________________________________________________________ 
Time      Activity 
________________________________________________________________________ 
 
8:00am-9:00am    Morning stretch and daily goal setting 
________________________________________________________________________ 

9:00am-10:00am    CBT for pain group 
________________________________________________________________________ 

10:00am-11:00am    Tai Chi or Yoga group plus relaxation 
________________________________________________________________________ 

11:00am – 12:00pm    OT group 
________________________________________________________________________ 

12:00pm-1:00pm    Lunch hour 
________________________________________________________________________ 

1:00pm-2:00pm    CBT for Pain group 
________________________________________________________________________ 

2:00pm-3:00pm    Medication education group 
________________________________________________________________________ 

3:00pm-4:00pm    PT Group 
________________________________________________________________________  
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Table 1 

Participant Characteristics (N = 463) 

_____________________________________________________________________ 

Age (years)   M = 48.33 (SD = 15.02) 

Gender (female)  68.5% 

Education   M = 15.46 (SD = 2.99) 

Race/ethnicity 90.5% Caucasian 

   9.5% Other 

Marital Status 64.1% Married  

22.7% Single  

 9.5% Divorced 

 1.5% Separated  

 2.2% Widowed 

Duration of Pain (years) M = 10.36 (SD = 9.86) 

Primary Pain Location 24.2% Low back 

    20.5% Fibromyalgia 

    15.3% Headache 

    14.0% Pain in three or more locations 

     5.6% Abdominal   

    20.4% Other    

___________________________________________________________________________ 
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Table 2 

Means (SDs) and Effect Size (ES; Hedges’ g) for outcome variables 

Measure Pre-Treatment Post-Treatment ES 

Pain Interference 4.5 (1.1) 3.0 (1.4) 1.20 

Depression 12.6 (6.0) 5.6 (4.5) 1.25 

Physical Health QOL  35.3 (17.0) 65.9 (18.9) 1.60 

Mental Health QOL 30.3 (15.2) 67.1 (20.9) 1.71 

Note: Pain Interference assessed with the West Haven Yale Multidimensional Pain Inventory 

Pain Interference subscale; Depression assessed with Patient Health Questionnaire-9; Physical 

and Mental Health Quality of Life assessed with the SF-36. 
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Table 3 

Criteria used to assess fit for number of classes and trajectory of change in the Pain 

Catastrophizing Scale. 

 Linear  Quadratic 

# 

classes 

BIC aBIC VLMR Entropy  BIC aBIC VLMR Entropy 

1 10564 10539 n/a n/a  Model unidentified 

2 10471 10436 2v1: 

106.4, p < 

.001 

.87  10496 10564 2v1: 20.7, 

p = .24 

.58 

 

NOTE: BIC = Bayesian Information Criteria, aBIC = Sample-size adjusted BIC; VLMR = 

Vuong-Lo-Mendell-Rubin Likelihood Ratio Test for k versus k-1 classes. 
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Table 4 

Pain catastrophizing trajectory class comparisons for baseline characteristics and change in post-

treatment outcomes. Means (SE’s) in units of raw change are displayed. 

Measure Pre/Post 

 Class 1 

(unchanged PCS) 

Class 2 

(improved PCS) 

 

p 

Baseline Characteristics 

Gender ( % female) 63% 71% .32 

Age 50.9 (2.3) 47.6 (0.7) .19 

Education (yrs.) 14.7 (0.6) 15.5 (.1) .19 

Pain Duration (yrs.) 8.3 (1.4) 10.8 (0.5) .11 

Change in Post-Treatment Outcomes 

Pain Interference -0.5 (0.1) -1.7 (0.1) < .001 

Depression -4.6 (0.9) -7.4 (0.3) < .01 

Physical Health  15.5 (2.7) 32.4 (1.0) < .001 

Mental Health  20.3 (3.6) 39.0 (1.1) < .001 

Note: Pain Interference assessed with the West Haven Yale Multidimensional Pain Inventory 

Pain Interference subscale; Depression assessed with Patient Health Questionnaire-9; Physical 

Health and Mental Health assessed with the SF-36. 
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