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A B S T R A C T   

Objective: Given the increasing incidence and prevalence of chronic pain, effective treatments for chronic pain are 
needed. This study aimed to investigate the role of cognitive and behavioral pain coping regarding the prediction 
of treatment outcomes among inpatients with chronic primary pain participating in an interdisciplinary multi-
modal treatment program. 
Methods: At intake and discharge, 500 patients with chronic primary pain completed questionnaires on pain 
intensity, pain interference, psychological distress, and pain processing. 
Results: Patients’ symptoms, cognitive and behavioral pain coping improved significantly after treatment. 
Similarly, separate cognitive and behaviroal coping skills improved significantly after treatment. Hierarchical 
linear models revealed no significant associations of pain coping with reductions in pain intensity. Whereas the 
overall level and improvements in cognitive pain coping predicted reductions in pain interference and psycho-
logical distress, the overall level and improvements in behavioral pain coping were associated with reductions in 
pain interference alone. 
Discussion: Since pain coping seems to influence both pain interference and psychological distress, improving 
cognitive and behavioral pain coping during an interdisciplinary multimodal pain treatment seems to be a key 
component in the successful treatment of inpatients with chronic primary pain, enabling them to function better 
physically and mentally despite their chronic pain. Clinically, it might be worth fostering and exercising cognitive 
restructuring as well as action planning in treatment to reduce both pain interference and psychological distress 
levels post-treatment. In addition, practicing relaxation techniques might help reduce pain interference post- 
treatment, whereas making experiences of personal competence might help reduce psychological distress post- 
treatment.   

1. Introduction 

The increasing incidence and prevalence of chronic pain suggest that 
more and more people worldwide suffer from chronic pain, resulting in 
severe psychological, social, and physical consequences [1,2]. Physical 
and psychological consequences are strongly interrelated and can also 
reinforce each other [2]. It is estimated that 20–50% of people who 
suffer from chronic pain also suffer from anxiety and depression [3,4]. 
Due to the high burden of chronic pain on the individual and society, it is 
crucial to find appropriate and effective treatment options for chronic 

pain [4]. 
The biopsychosocial approach of interdisciplinary multimodal 

treatment is considered particularly suitable for chronic pain, as it 
combines different treatment modalities (e.g., psychological treatment, 
physical therapy, occupational therapy, relaxation techniques) [5]. A 
major goal of psychological treatment is to identify and change 
dysfunctional pain coping that potentially contributes to the chron-
ification of pain via maladaptive thoughts and behaviors (e.g., cata-
strophizing, fear avoidance behaviors, and beliefs) and to promote 
effective coping strategies. In psychoeducation, as an early part of 
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psychological treatment, therapists aim to convey the biopsychosocial 
model of pain to the patient and help them identify such maladaptive 
coping thoughts and behaviors [6]. In addition, it is often necessary to 
set new, more realistic goals to cope with the pain, since patients are 
mostly focused on the physical symptoms and want a reduction in pain, 
which is challenging to improve during an interdisciplinary multimodal 
pain treatment [5]. To find these new, more realistic goals, clinicians 
support patients and frame therapies so that patients experience ac-
complishments based on smaller steps on the way to long-term goal 
attainment. Physical therapy and occupational therapy aim to experi-
ment with new behaviors and activities, serving to actively reduce 
maladaptive behaviors and to build build new and effective habits [6]. 
In addition, various relaxation techniques (e.g., biofeedback, muscle 
relaxation, and mindfulness) are taught and practiced to help patients 
cope with stressful situations and their pain [6]. 

In sum, the general aims of chronic pain treatment are to improve 
physical and psychological symptoms, e.g., reduce pain intensity and 
pain interference, and enhance patients’ emotional well-being. For this, 
learning and implementing new cognitive and behavioral pain coping 
skills or adapting current (potentially inefficient) coping skills [5–7] aim 
to help patients function better physically and mentally despite their 
chronic pain. 

Although changes in coping strategies have been associated with 
treatment outcomes in interdisciplinary multimodal treatment [8,9], it 
is unclear how specific strategies relate to change over time. Insights 
about specific cognitive and behavioral strategies and how they relate to 
positive outcomes might help target the most effective strategies in the 
treatment of patients with chronic pain. 

Considering the importance of learning new or adapting current pain 
coping strategies in the treatment of chronic pain, we aimed to inves-
tigate the prediction of treatment outcome by pain coping among in-
patients with chronic primary pain participating in an interdisciplinary 
multimodal treatment. Using hierarchical linear models allowed for 
disaggregating within (the effects of variations in cognitive and behav-
ioral coping on treatment outcomes) and between patients (the effects of 
the overall level of cognitive and behavioral coping on treatment out-
comes) effects. Furthermore, we explored which single pain coping 
strategies are most predictive and might be particularly worth fostering 
to improve treatment outcomes. 

2. Methods 

2.1. Sample 

The sample consisted of 500 inpatients with chronic primary pain 
treated between December 2015 and July 2022 in a tertiary psychoso-
matic university clinic. Patients were included in the sample if they (a) 
fulfilled the diagnostic criteria of chronic primary pain (MG30.0) ac-
cording to the ICD-11 [10], (b) were at least 18 years old, (c) with 
sufficient German-language proficiency, and (d) gave general consent to 
further use their data. 

2.2. Ethics statement 

This research is in accordance with the Declaration of Helsinki and 
has been approved by the ethics committee of the Canton of Bern, 
Switzerland (project ID 2018–00493, ID 2021–02214). All patients in 
this sample agreed and signed informed consent to further use their 
anonymized data for research and publication. 

2.3. Procedures 

All patients received inpatient care in a tertiary psychosomatic uni-
versity clinic for three weeks. As part of interdisciplinary multimodal 
pain treatment, each patient received an individualized selection of in-
terventions from various available treatments: psychotherapy, medical 

interventions, pharmacotherapy, physiotherapy, and occupational 
therapy [6]. At intake and discharge, patients completed psychometric 
assessments for quality management purposes. During three 45-min 
psychometry sessions, patients completed a battery of self-reported 
questionnaires with the assistance of a research assistant, including 
questionnaires on the patient’s overall condition, psychopathological 
symptoms, clinically relevant behavior and experience, as well as other 
treatment-related psychological constructs. 

2.4. Measures 

Primary outcome measures for this research were defined in accor-
dance with the Initiative on Methods, Measurement, and Pain Assess-
ment in Clinical Trials (IMMPACT) recommendations [11,12], as well as 
the VAPAIN consensus statement [5], i.e., changes in pain intensity, pain 
interference, and psychological functioning. 

2.4.1. BPI 
The German version of the Brief Pain Inventory was used to assess 

pain intensity and pain interference (BPI) [13]. Four items measure the 
worst, least, average, and current pain on a Likert scale ranging from no 
pain at all (0) to the worst pain imaginable (10). These four items can be 
averaged to compute the pain intensity scale. Seven items measure pain 
interference during the last week regarding different aspects of life (e.g., 
general activity, mood, relations with other people, normal work) on a 
Likert scale ranging from no interference (0) to complete interference 
(10). Both subscales can result in a score between 0 and 10. The two- 
factor structure of the German version has been confirmed and 
showed good psychometric properties [13]. Both pain intensity (alpha 
= 0.88) and pain-related interference (0.80) show good internal con-
sistency. In the current sample, 15% of patients reported a reduction in 
pain intensity larger than 30%, which can be regarded as a moderately 
important decrease during treatment according to the IMMPACT 
criteria. Regarding pain interference, 58% of all patients reported a 
reduction by at least one unit on the NRS scale, indicating a clinically 
significant reduction [11]. 

2.4.2. HADS-D 
The German version of the Hospital Anxiety and Depression Scale 

was used to assess psychological functioning, respectively psychological 
distress during the past week (HADS-D) [14]. This questionnaire consists 
of 14 items and measures anxiety and depression symptoms as psycho-
logical distress on a four-point Likert scale from 0 to 3, leading to a 
possible total score of 0–42. Previous research shows good psychometric 
properties and confirms the two-factor structure of the German version 
of the HADS-D [14,15]. Cronbach’s alpha for this sample’s psychologi-
cal distress total score can be considered good, with 0.87. 

2.4.3. FESV 
The German version of the questionnaire was used for the assessment 

of pain processing (FESV) [16]. This questionnaire consists of two parts, 
one measuring pain coping and the other pain-related mental interfer-
ence with 38 items. Only the first part assessing pain coping, was used 
for this research. Pain coping can be further subdivided into cognitive 
and behavioral pain coping skills, measured by three skills. Cognitive 
pain coping is measured via action planning, cognitive restructuring, and 
competence experience. Behavioral pain coping includes mental distrac-
tion, counteractive activities, and relaxation techniques. Items can be 
answered on a six-point Likert scale ranging from 1 = “not at all true” to 
6 = “completely true” to describe the typical pain in the last few days. 

2.5. Statistical analyses 

R and IBM SPSS Statistics (version 27) were used for statistical an-
alyses [17,18]. Descriptive analyses were performed to describe this 
sample’s demographic and clinical data. Paired t-tests were conducted to 
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determine differences between assessments at intake and discharge. 
Pearson correlations were used to assess possible associations of the 
variables under investigation. 

As the repeated assessments were nested within the patients, hier-
archical linear models (HLM) were used to handle the hierarchical 
structure of the data and test the effects of cognitive and behavioral pain 
coping on treatment outcomes [19,20]. Moreover, HLM allows the dif-
ferentiation of effects within patients (the effects of variations in pain 
coping during treatment on outcomes) and between patients (the effects 
of the overall level of pain coping on outcome levels). 

Generally, three measurement points are recommended for HLM. 
Since only intake and discharge assessments were conducted, the sta-
tistical procedures had to be slightly modified to adjust for the two 
measurement points [21,22]. Therefore, an approach usually applied in 
couple’s research was used, having two measurements from one person 
of the couple [23]. In this process, the items of the outcome variables 
were matched based on their variance and randomly assigned to two 
scales. This procedure results in two parallel and equivalent subscales 
for each outcome variable at intake and discharge, providing enough 
variability to run two-level hierarchical linear models. 

First, fully unconditional models were calculated for each treatment 
outcome. Then, time-as-only predictor models (TAOP) with time 
centered at intake were computed as an additional measure of change in 
each outcome measure. Next, conditional hybrid random effect models 
were calculated for each outcome measure, including level-1-predictors 
of the variation of the patients around their own mean of pain coping 
(person-mean centered) and level-2-predictors of the mean value over 
both measurement points (grand-mean centered) [24]. Then, condi-
tional hybrid random effect detrended models were needed to address 
time effects due to the significant TAOP models, adjusting for time as an 
additional level-1 predictor [25]. Lastly, age, sex, pain duration, in-
tensity, and interference were added as level-2 predictors (grand-mean 
centered). Due to singularity issues, random effects were fixed. 

The predictive value of the single pain coping skills changes on 
treatment outcomes at post-treatment was investigated exploratorily 
using a linear regression analysis with a stepwise elimination technique 
using the same control and pain-related variables as in the HLM. Change 
scores were computed for pain intensity and pain interference as control 
variables and all pain coping scales. Bonferroni correction was applied 
due to multiple comparisons of the different pain coping scales. 

3. Results 

3.1. Demographics and clinical data 

Descriptive characteristics of sociodemographic and pain-related 
variables are summarized in Table 1. On average, patients were 47 
years old. Most patients were female and had suffered from their pain for 
1–5 years. Almost two-thirds were not able to work part-time or full- 
time. On average, patients stayed for 23.3 days (SD = 4.9 days). 

3.2. Comparisons between pre- and post-treatment 

Pre-post comparisons are summarized in Tables 2 and 3. Table 2 
shows that patients improved significantly (p < .001) over the course of 
treatment in terms of acquiring cognitive and behavioral pain coping 
strategies. Furthermore, pain intensity, pain interference, and psycho-
logical distress reduced significantly (p < .001) after treatment with 
effect sizes ranging mostly between medium to high. Only the effect of 
change in pain intensity was small. Table 3 shows detailed comparisons 
of the separate cognitive and behavioral pain coping skills. Patients 
improved all assessed skills in cognitive and behavioral pain coping 
significantly (p < .001) with effect sizes ranging mostly between me-
dium to high. 

3.3. Correlation analysis 

Table 4 shows Pearson correlations of relevant study variables. All 
study variables correlated significantly (p < .001) except behavioral 
pain coping pre-treatment and pain intensity pre- (p = .958) and post- 

Table 1 
Descriptive characteristics of the sociodemographic and pain-related variables.   

Overall sample 
N (500) 

Age – M (SD) 47.3 (14.3) 
Sex – N (%)   

Female 310 (62.0) 
Male 190 (38.0) 

Treatment duration – M (SD) 23.9 days (5.0 days) 
Pain duration – N (%)   

0–3 months 7 (1.4) 
4–6 months 20 (4.0) 
7–11 months 23 (4.6) 
1–5 years 227 (45.4) 
6–10 years 80 (16.0) 
> 10 years 143 (28.6) 

Inability to work – N (%)   
0% 185 (37.2) 
≤ 25% 6 (1.2) 
≤ 50% 32 (6.4) 
≤75% 18 (3.6) 
≤100% 256 (51.5) 

Abbreviations: N = number of patients; M = mean; SD = standard deviation. 

Table 2 
Number of patients, mean, standard deviation, pre-post comparison, and effect 
size of different outcome measures.    

Pre- 
treatment 

Post- 
treatment    

N M SD M SD t d 

Cognitive coping FESV 500 14.2 4.0 16.1 4.1 23.0*** 0.51 
Behavioral coping 

FESV 500 11.9 3.6 13.5 3.8 22.6*** 0.51 

Pain intensity BPI 500 5.4 1.7 5.1 1.9 − 8.0*** 0.18 
Pain interference BPI 500 5.7 1.9 4.4 2.0 − 31.9*** 0.71 
Psychological distress 

HADS-D 
500 19.9 8.2 14.8 8.2 − 36.4*** 0.81 

Notes: *p < .05, **p < .01, ***p < .001. 
Abbreviations: N = number of patients; M = mean; SD = standard deviation; t = t 
value; d = Cohen’s d; BPI: Brief Pain Inventory - German version; HADS-D: 
Hospital Anxiety and Depression Scale - German version; FESV: Pain Process-
ing Questionnaire. 

Table 3 
Dependent t-tests of the separate cognitive and behavioral pain coping skills 
between pre- and post-treatment.    

Pre- 
treatment 

Post- 
treatment    

N M SD M SD t d 

Cognitive coping        
Action planning 500 14.7 5.2 17.0 4.5 20.1*** 0.45 
Cognitive restructuring 500 13.6 4.7 15.4 4.7 17.6*** 0.39 
Competence 
experience 

500 14.3 4.7 15.9 4.7 16.8*** 0.38 

Behavioral coping        
Mental distraction 500 11.9 4.9 13.0 4.9 11.5*** 0.26 
Counteractive 
activities 500 11.8 5.1 12.7 4.9 9.5*** 0.21 

Relaxation techniques 500 12.1 5.2 14.9 4.9 25.8*** 0.58 

Notes: *p < .05, **p < .01, ***p < .001. 
Abbreviations: N = number of patients; M = mean; SD = standard deviation; t = t 
value; d = Cohen’s d; FESV: Pain Processing Questionnaire. 
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treatment (p = .053). 

3.4. Hierarchical linear modeling predicting outcome measures 

All computed hierarchical linear models predicting outcome mea-
sures are summarized in Tables 5–7. A detailed description and evalu-
ation of all models can be found in the supplementary material. 

The unconditional models showed an estimated average pain in-
tensity of 5.25 (γ00= 5.25, SE = 0.07, Cl95 = [5.10, 5.40], t(1997) =
70.03, p < .001), pain interference of 5.06 (γ00= 5.06, SE = 0.08, Cl95 =

[4.91, 5.22], t(1997) = 64.25, p < .001), and psychological distress of 
1.25 (γ00= 1.25, SE = 0.02, Cl95 = [1.20, 1.30], t(1997) = 51.47, p <
.001) across treatment. The time-as-only-predictor models (TAOP) 
showed a significant negative time effect on pain intensity (γ10 = − 0.25, 
SE = 0.06, Cl95 = [− 0.38, 0.13], t(1996) = − 4.04, p < .001), pain 
interference (γ10 = − 1.29, SE = 0.07, Cl95 = [− 1.43, − 1.15], t(1996) =
− 18.13, p < .001) and psychological distress (γ10 = − 0.34, SE = 0.03, 
Cl95 = [− 0.37, − 0.30], t(1996) = − 19.53, p < .001). This indicated that 
during treatment pain intensity decreased by 0.25 units, pain interfer-
ence by 1.29 units, and psychological distress by 0.34 units from intake 
to discharge. 

The best-fitting model regarding the prediction of pain intensity 
revealed significant effects of sex (γ01 = 0.27, SE = 0.13, Cl95 = [0.01, 
0.53], t(1988) = 2.08, p = .039), pain duration (γ02 = 0.13, SE = 0.06, 
Cl95 = [0.02, 0.24], t(1988) = 2.37, p = .018) and pain interference (γ03 
= 0.29, SE = 0.02, Cl95 = [0.25, 0.33], t(1988) = 14.55, p < .001). 
Therefore, none of the pain coping skill dimensions (i.e., between pa-
tient effects of cognitive (p = .113) and behavioral (p = .321) coping, as 
well as within patient effects of cognitive (p = .966) and behavioral (p =
.813) coping) showed significant effects on pain intensity, 

For the prediction of pain interference, the best-fitting model 
revealed significant effects of the control variable pain intensity (γ01 =

0.35, SE = 0.02, Cl95 = [0.31, 0.39], t(1991) = 15.86, p < .001) and time 
(γ10 = − 0.85, SE = 0.08, Cl95 = [− 1.00, − 0.69], t(1991) = − 10.75, p <
.001). Furthermore, significant between patient effects of cognitive pain 
coping (γ02 = − 0.16, SE = 0.02, Cl95 = [− 0.20, − 0.12], t(1991) =
− 7.57, p < .001) and behavioral pain coping (γ03 = − 0.06, SE = 0.02, 
Cl95 = [− 0.11, − 0.02], t(1991) = − 2.87, p = .004) on pain interference, 
as well as significant within patient effects of cognitive pain coping (γ20 
= − 0.11, SE = 0.02, Cl95 = [− 0.15, − 0.07], t(1991) = − 5.32, p < .001) 
and behavioral pain coping (γ30 = − 0.09, SE = 0.02, Cl95 = [− 0.14, 
− 0.05], t(1991) = − 3.94, p < .001) were found. Therefore, this model 
indicates that a one-unit increase in the sample’s cognitive pain coping 
mean score was associated with a reduction of 0.16 in pain interference 
and a reduction of 0.06 in behavioral pain coping. A one-unit decrease 
from the patient’s own mean was associated with a reduction of 0.11 in 
pain interference for cognitive and a reduction of 0.09 in behavioral 
pain coping. 

The best-fitting model regarding the prediction of psychological 

distress revealed significant effects of the control variable pain inter-
ference (γ01 = 0.05, SE = 0.01, Cl95 = [0.04, 0.06], t(1990) = 8.79, p <
.001) and time (γ10 = − 0.21, SE = 0.02, Cl95 = [− 0.25, − 0.17], t(1990) 
= − 10.22, p < .001). Significant between (γ02 = − 0.07, SE = 0.01, Cl95 
= [− 0.08, − 0.06], t(1990) = − 10.71, p < .001) and within (γ20 = − 0.03, 
SE = 0.01, Cl95 = [− 0.04, − 0.02], t(1990) = − 4.92, p < .001) patient 
effects of cognitive pain coping could be found for psychological 
distress. This model suggests that a one-unit increase in the sample’s 
cognitive pain coping mean score was associated with a reduction of 
0.07 in psychological distress. A one-unit decrease from the patient’s 
own cognitive pain coping mean was associated with a reduction of 0.03 
in psychological distress. 

3.5. Exploratory regression analyses 

Exploratory regression analyses using a stepwise elimination strat-
egy were conducted to determine which pain coping skills of the FESV 
were associated with treatment success. Pain interference and psycho-
logical distress post-treatment were chosen as dependent variables, as 
they were significantly reduced, and their reduction could be predicted 
by pain coping. Due to multiple comparison of the separate pain coping 
skills, Bonferroni correction was applied. Change scores for all pain 
coping skills, as well as the control variables pain interference and pain 
intensity, were computed. Table 8 summarizes the exploratory regres-
sion analyses regarding the prediction of different treatment outcomes 
post-treatment by change scores of the separate pain coping skills with 
Bonferroni correction. The adjusted p-value for the prediction of pain 
interference levels post-treatment was p < .008 since both changes in 
cognitive and behavioral pain coping skills were considered predictor 
variables. The adjusted p-value for the prediction of psychological 
distress levels post-treatment was p < .017 since only changes in 
cognitive pain coping skills were considered predictor variables. 

The first analysis predicting pain interference post-treatment, 
including change in pain intensity and pain interference levels pre- 
treatment as control variables, was significant, F(2, 1997) = 725.71, 
p < .001. In the next step, the separate cognitive and behavioral pain 
coping skill dimensions of the FESV questionnaire were added. The 
change in cognitive restructuring was significant F(3, 1996) = 634.48, p <
.001, the additional outcome variance explained 6.7%, R2 = 0.49, 
Fchange (1, 1996) = 262.20, p < .001, and resulted in an adjusted R2 of 
0.49. The change in the scale relaxation techniques was also significant F 
(4, 1995) = 507.89, p < .001, the additional outcome variance explained 
1.7%, R2 = 0.51, Fchange (1, 1995) = 66.06, p < .001, and resulted in an 
adjusted R2 of 0.65. The change in the scale action planning was also 
significant F(5, 1994) = 409.27, p < .001, the additional outcome 
variance explained 0.1%, R2 = 0.51, Fchange (1, 1994) = 7.82, p = .005, 
and resulted in an adjusted R2 of 0.65. 

The second analysis predicting psychological distress post-treatment, 
including change in pain intensity and pain interference, as well as 

Table 4 
Correlation of study variables.    

1 2 3 4 5 6 7 8 9 

1 Cognitive coping FESV pre-treatment          
2 Behavioral coping FESV pre-treatment 0.509***         
3 Pain intensity BPI pre-treatment − 0.071** − 0.001        
4 Pain interference BPI pre-treatment − 0.324*** − 0.267*** 0.476***       

5 
Psychological distress HADS-D pre- 
treatment − 0.460*** − 0.329*** 0.246*** 0.572***      

6 Cognitive coping FESV post-treatment 0.588*** 0.451*** − 0.141*** − 0.331*** − 0.454***     
7 Behavioral coping FESV post-treatment 0.374*** 0.633*** − 0.085*** − 0.230*** − 0.307*** 0.646***    
8 Pain intensity BPI post-treatment − 0.123*** − 0.043 0.699*** 0.404*** 0.211*** − 0.271*** − 0.190***   
9 Pain interference BPI post-treatment − 0.250*** − 0.227*** 0.397*** 0.575*** 0.430*** − 0.515*** − 0.404*** 0.564***  

10 
Psychological distress HADS-D post- 
treatment − 0.394*** − 0.329*** 0.232*** 0.470*** 0.714*** − 0.624*** − 0.461*** 0.336*** 0.659*** 

Notes: *p < .05, **p < .01, ***p < .001. 
Abbreviations: FESV: Pain Processing Questionnaire; BPI: Brief Pain Inventory – German version; HADS-D: Hospital Anxiety and Depression Scale – German version. 
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psychological distress levels pre-treatment as control variables, was 
significant, F(3, 1996) = 1108.48, p < .001. In the next step, the separate 
cognitive pain coping skill dimensions of the FESV questionnaire were 
added. The change in cognitive restructuring was significant F(4, 1995) =
897.00, p < .001, the additional outcome variance explained 1.9%, R2 =

0.64, Fchange (1, 1995) = 99.11, p < .001, and resulted in an adjusted R2 

of 0.64. The change in the scale action planning was also significant F(5, 
1994) = 735.92, p < .001, the additional outcome variance explained 
0.6%, R2 = 0.65, Fchange (1, 1994) = 33.37, p < .001, and resulted in an 
adjusted R2 of 0.65. The change in the scale competence experience was 
also significant F(6, 1993) = 618.47, p < .001, the additional outcome 
variance explained 0.2%, R2 = 0.65, Fchange (1, 1993) = 11.62, p < .001, 
and resulted in an adjusted R2 of 0.65. 

4. Discussion 

This study aimed to investigate the role of pain coping in the pre-
diction of treatment outcomes among inpatients with chronic primary 
pain. Using hierarchical linear models, we were able to underscore the 
importance of improving cognitive and behavioral pain coping during 
interdisciplinary multimodal pain treatment to more successfully treat 
inpatients with chronic primary pain. Moreover, exploratory regression 
analyses revealed single cognitive and behavioral strategies that are 
associated with positive outcomes as worthwhile targets to promote 
during the interdisciplinary multimodal treatment of inpatients with 
chronic pain. 

After interdisciplinary multimodal pain treatment, inpatients with 
chronic pain reported significantly lower pain intensity, pain interfer-
ence, and psychological distress levels, with effect sizes ranging mostly 

Table 5 
Summary of the unconditional, time-as-only predictor, conditional random ef-
fect, and conditional random effect detrending models analyzing the effect of 
cognitive and behavioral coping on pain intensity.   

Pain intensity  

γ SE t 

Unconditional model 
Intercept 5.25 0.07 70.03***  

Time-as-only predictor model 
Intercept 5.12 0.08 62.98*** 
Time − 0.25 0.06 − 4.04*** 
Model comparison Δχ2(1) = 16.25, p < .001  

Conditional random effect model 
Intercept 6.52 0.34 19.35*** 
Between patient effects of cognitive coping − 0.09 0.03 − 3.64*** 
Between patient effects of behavioral coping 0.01 0.03 0.44 
Within patient effects of cognitive coping − 0.05 0.02 − 2.50* 
Within patient effects of behavioral coping − 0.05 0.02 − 2.19* 
Model comparison Δχ2(3) = 26.11, p < .001  

Conditional random effect model detrending 
Intercept 6.46 0.34 19.05*** 
Time − 0.13 0.07 − 1.76 
Between patient effects of cognitive coping − 0.09 0.03 − 3.64*** 
Between patient effects of behavioral coping 0.01 0.03 0.44 
Within patient effects of cognitive coping − 0.04 0.02 − 1.91 
Within patient effects of behavioral coping − 0.04 0.02 − 1.64 
Model comparison Δχ2(1) = 3.08, p = .079  

Conditional random effect model detrending 
Intercept 4.01 0.34 11.72*** 
Time 0.13 0.07 1.81 
Between patient effects of cognitive coping − 0.04 0.02 − 1.63 
Between patient effects of behavioral coping 0.03 0.02 1.22 
Within patient effects of cognitive coping 0.01 0.02 − 0.03 
Within patient effects of behavioral coping 0.01 0.02 − 0.23 
Pain interference 0.29 0.02 14.64*** 
Model comparison Δχ2(1) = 195.27, p < .001  

Conditional random effect model detrending 
Intercept 2.64 0.49 5.33*** 
Time 0.13 0.07 1.79 
Between patient effects of cognitive coping − 0.04 0.02 − 1.59 
Between patient effects of behavioral coping 0.02 0.02 0.99 
Within patient effects of cognitive coping 0.01 0.02 − 0.04 
Within patient effects of behavioral coping − 0.01 0.02 − 0.24 
Pain interference 0.29 0.02 14.55*** 
Age 0.01 0.01 1.78 
Sex 0.27 0.13 2.07* 
Pain Duration 0.13 0.06 2.37* 
Model comparison Δχ2(3) = 14.16, p = .003 

Notes: *p < .05, **p < .01, ***p < .001. 
Abbreviations: γ = regression coefficient; SE = standard error; t = t value. 

Table 6 
Summary of the unconditional, time-as-only predictor, conditional random ef-
fect, and conditional random effect detrending models analyzing the effect of 
cognitive and behavioral coping on pain interference.   

Pain interference  

γ SE t 

Unconditional model 
Intercept 5.06 0.08 64.25***  

Time-as-only predictor model 
Intercept 4.42 0.09 51.09*** 
Time − 1.29 0.07 − 18.13*** 
Model comparison Δχ2(1) = 297.33, p < .001  

Conditional random effect model 
Intercept 8.74 0.32 27.5*** 
Between patient effects of cognitive coping − 0.19 0.02 − 7.87*** 
Between patient effects of behavioral coping − 0.06 0.03 − 2.3* 
Within patient effects of cognitive coping − 0.19 0.02 − 8.92*** 
Within patient effects of behavioral coping − 0.18 0.02 − 7.35*** 
Model comparison Δχ2(3) = 98.18, p < .001  

Conditional random effect model detrending 
Intercept 8.29 0.32 25.89*** 
Time − 0.89 0.08 − 11.06*** 
Between patient effects of cognitive coping − 0.19 0.02 − 7.87*** 
Between patient effects of behavioral coping − 0.06 0.03 − 2.3* 
Within patient effects of cognitive coping − 0.12 0.02 − 5.8*** 
Within patient effects of behavioral coping − 0.10 0.02 − 4.37*** 
Model comparison Δχ2(1) = 117.62, p < .001  

Conditional random effect model detrending 
Intercept 6.04 0.31 19.49*** 
Time − 0.85 0.08 − 10.75*** 
Between patient effects of cognitive coping − 0.16 0.02 − 7.57*** 
Between patient effects of behavioral coping − 0.06 0.02 − 2.87** 
Within patient effects of cognitive coping − 0.11 0.02 − 5.32*** 
Within patient effects of behavioral coping − 0.09 0.02 − 3.94*** 
Pain intensity 0.35 0.02 15.86*** 
Model comparison Δχ2(1) = 223.72, p < .001  

Conditional random effect model detrending 
Intercept 5.63 0.45 12.48*** 
Time − 0.85 0.08 − 10.75*** 
Between patient effects of cognitive coping − 0.16 0.02 − 7.48*** 
Between patient effects of behavioral coping − 0.06 0.02 − 2.81** 
Within patient effects of cognitive coping − 0.11 0.02 − 5.32*** 
Within patient effects of behavioral coping − 0.09 0.02 − 3.95*** 
Pain intensity 0.35 0.02 15.67*** 
Age 0.01 0.01 0.22 
Sex − 0.09 0.12 − 0.75 
Pain Duration 0.11 0.05 2.01* 
Model comparison Δχ2(3) = 4.66, p = .199 

Notes: *p < .05, **p < .01, ***p < .001. 
Abbreviations: γ = regression coefficient; SE = standard error; t = t value. 
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between medium to high. Only the effect of change in pain intensity was 
small. This is not surprising since large reductions in pain intensity are 
rather improbable among patients with chronic pain suffering from their 
pain and the associated impairments for at least three months [5]. As 
pain intensity is challenging to improve, interdisciplinary multimodal 
pain treatment usually focuses more on increasing physical and psy-
chological functioning so that reducing pain interference and psycho-
logical distress can be considered more adequate outcomes in short-term 
pain treatment [5]. Moreover, after treatment patients reported higher 
levels of cognitive and behavioral pain coping in general, as well as in 
every single pain coping skill. Therefore, most patients in this sample 
seem to have benefitted from the inpatient stay, underscoring the suit-
ability of interdisciplinary multimodal pain treatment of chronic 

primary pain. 
Using hierarchical linear models, we did not find any significant 

associations between pain coping with reductions in pain intensity when 
control variables were included. This finding might also be due to the 
small changes in pain intensity after the three weeks mentioned above. 
However, hierarchical linear models revealed that the overall level and 
improvements in cognitive pain coping were associated with reductions 
in both pain interference and psychological distress above and beyond 
improvements in pain-related factors and controlling for time. However, 
the overall level and improvements in behavioral pain coping were 
associated with reductions in pain interference alone when controlled 
for time, as well as changes in pain intensity and pain interference. 
Therefore, pain interference seems to be influenced by both, cognitive 
and behavioral pain coping, whereas psychological distress seems to be 
influenced only by cognitive pain coping. Taken together, these results 
align with previous research [8,9] and strengthen the general notion 
that experiencing less pain interference and psychological distress over 
treatment might be partially explained by better pain coping. 

The change of both, cognitive and behavioral pain coping skills seem 
worthwile targests for inpatient pain treatment as the overall level of 
cognitive and behavioral coping and according changes over treatment 
may have substantial impacts on treatment outcomes. Fostering and 
exercising cognitive restructuring as well as engaging in action planning, 
might be worthwhile to reduce both pain interference and psychological 
distress levels, as changes in these cognitive pain coping skills predicted 
the outcome levels post-treatment. Moreover, practicing and promoting 
relaxation techniques might help reduce pain interference post-treatment, 
whereas experiencing competence might help reduce psychological 
distress post-treatment. 

Psychotherapy sessions might have helped patients identify mal-
adaptive behaviors, maintaining factors, or negative thoughts that may 
be partly responsible for triggering or worsening the pain. Thus, patients 
may have realized why they need to adjust their maladaptive thoughts 
and behaviors and how this adjustment might change their perception of 
pain, allowing them to reframe their pain experience, i.e., engage in 
cognitive restructuring. 

Since all involved disciplines aim for patients to regain competencies 
in various ways, individual goals usually need to be adapted, and new, 
more realistic goals need to be set. In order to achieve those goals, cli-
nicians assist patients in engaging in action planning and help them 
practice effective coping strategies. Through physiotherapy and occu-
pational therapy, patients have the opportunity to further practice ac-
tion planning and experience competence via own successes despite also 
experiencing pain while working and moving. Moreover, patients 
practiced biofeedback, muscle relaxation, and mindfulness during the 
inpatient stay, which might have further improved the implementation 
of relaxation techniques in daily life. Thus, patients might have made 
more experiences of personal competence due to changing initially 
maladaptive strategies and practicing new and effective coping strate-
gies, i.e., via engaging in cognitive restructuring, implementing action 
planning, and practicing relaxation techniques. 

The results of this study suggest that it is the synergy of the different 
therapeutic modalities within the inpatient pain treatment rather than a 
single modality or strategy that makes for successfully adjusting one’s 
coping strategies. Even though these regression analyses were explor-
atory and should be interpreted cautiously, these findings suggest 
promising treatment targets and avenues for further research. 

5. Limitations 

Several limitations need to be addressed. Our findings might not be 
representative of all patients with chronic pain since consent was 
required to use the data, and we have only included patients from one 
clinic with chronic primary pain. Future studies might benefit from 
further differentiating between the various primary chronic pain di-
agnoses and the different pain locations. Furthermore, our study design 

Table 7 
Summary of the unconditional, time-as-only predictor, conditional random ef-
fect, and conditional random effect detrending models analyzing the effect of 
cognitive and behavioral coping on psychological distress.   

Psychological distress  

γ SE t 

Unconditional model 
Intercept 1.25 0.02 51.47***  

Time-as-only predictor model 
Intercept 1.08 0.03 41.99*** 
Time − 0.34 0.02 − 19.53*** 
Model comparison Δχ2(1) = 339.80, p < .001  

Conditional random effect model 
Intercept 2.65 0.09 29.40*** 
Between patient effects of cognitive coping − 0.08 0.01 − 11.30*** 
Between patient effects of behavioral coping − 0.02 0.01 − 2.24* 
Within patient effects of cognitive coping − 0.05 0.01 − 9.62*** 
Within patient effects of behavioral coping − 0.04 0.01 − 6.07*** 
Model comparison Δχ2(3) = 126.39, p < .001  

Conditional random effect model detrending 
Intercept 2.52 0.07 27.83*** 
Time − 0.25 0.02 − 12.84*** 
Between patient effects of cognitive coping − 0.08 0.01 − 11.30*** 
Between patient effects of behavioral coping − 0.02 0.01 − 2.24* 
Within patient effects of cognitive coping − 0.03 0.01 − 6.12*** 
Within patient effects of behavioral coping − 0.02 0.01 − 2.70** 
Model comparison Δχ2(1) = 156.32, p < .001  

Conditional random effect model detrending 
Intercept 2.16 0.10 21.93*** 
Time − 0.21 0.02 − 10.22*** 
Between patient effects of cognitive coping − 0.07 0.01 − 10.70*** 
Between patient effects of behavioral coping − 0.01 0.01 − 1.95 
Within patient effects of cognitive coping − 0.03 0.01 − 4.92*** 
Within patient effects of behavioral coping − 0.01 0.01 − 1.83 
Pain intensity − 0.01 0.01 − 1.71 
Pain interference 0.05 0.01 8.79*** 
Model comparison Δχ2(2) = 71.42, p < .001  

Conditional random effect model detrending 
Intercept 2.19 0.14 15.54*** 
Time − 0.21 0.02 − 10.22*** 
Between patient effects of cognitive coping − 0.07 0.01 − 10.66*** 
Between patient effects of behavioral coping − 0.01 0.01 − 1.87 
Within patient effects of cognitive coping − 0.03 0.01 − 4.92*** 
Within patient effects of behavioral coping − 0.01 0.01 − 1.83 
Pain intensity − 0.01 0.01 − 1.68 
Pain interference 0.05 0.01 8.77*** 
Age − 0.01 0.01 − 0.35 
Sex − 0.02 0.04 − 0.60 
Pain Duration 0.01 0.02 0.30 
Model comparison Δχ2(3) = 0.52, p = .915 

Notes: *p < .05, **p < .01, ***p < .001. 
Abbreviations: γ = regression coefficient; SE = standard error; t = t value. 
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does not allow for any causal or sustainable conclusions due to the two 
measuring points at intake and discharge. As interdisciplinary multi-
modal pain treatment includes different treatment methods, it was not 
possible to control for or manipulate all potentially confounding vari-
ables. Future studies should use controlled and experimental longitu-
dinal designs with larger samples to draw conclusions on the 
sustainability and causality of effects, as well as to disentangle medi-
ating effects. Moreover, future studies might elaborate on which in-
terventions are related to the most significant changes in pain coping 
strategies and evaluate additional treatment outcomes relevant for pa-
tients with chronic pain. 

6. Conclusions 

Overall, improving cognitive and behavioral pain coping seems to be 
a key component in the successful interdisciplinary multimodal pain 
treatment of inpatients with chronic primary pain, enabling them to 
function better physically and mentally despite their chronic pain. 
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treatment of chronic pain syndrome. Consensus paper of the ad hoc commission on 
multimodal interdisciplinary pain management of the German pain society on 
treatment contents, Schmerz. 28 (2014) 459–472, https://doi.org/10.1007/ 
s00482-014-1471-x. 
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