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Psychologically-based chronic pain variables measure multiple domains of the pain
experience such as anxiety, depression, catastrophizing, acceptance and stages of
change. These variables measure specific areas such as emotional and cognitive
states towards chronic pain and its management, acceptance towards the chronic
pain condition, and an individual's readiness to move towards self-management
methods. Conceptually, these variables appear to be interrelated to each other,
and also form groupings of similar underlying themes. Groupings that have been
previously discussed for these variables include positive and negative affect, and
improved and poor adjustment. Psychological experience of chronic pain as a
whole is mostly understood through conceptually consolidating individual scores
across different measures covering multiple domains. A map of these variables in
relation to each other can offer an overview for further understanding and
exploration. We hereby visualize highlights of relationships among 11 psychosocial
chronic pain variables including measures examining physical and somatic
aspects, using three-dimensional biplots. Variables roughly form two groupings,
with one grouping consisting of items of negative affect, cognition, and physical
state ratings, and the other grouping consisting of items of acceptance and the
later three stages of change (contemplation, action, maintenance). Also, we follow
up with canonical correlation as a complement to further identify key relationships
between bimodal groupings. Key variables linking bimodal relationships consist of
catastrophizing, depression and anxiety in one grouping and activity engagement
in the other. Results are discussed in the context of existing literature.

KEYWORDS

chronic pain, visualization, biplot, canonical correlation analyses (CCA), outcomes—health
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Introduction

The biopsychosocial model conceptualizes pain from three perspectives, the
physiological, psychological and sociocultural and their interactions (1). The psychological
portion of the model further comprises individual factors such as affect, cognition,
acceptance and stages of change. Affective factors include anxiety, depression, and
catastrophizing, which are negative in quality (2). Multiple anxiety and trauma-related
disorders such as panic and posttraumatic stress (PTSD) are associated with chronic pain
and pain-related impairment (3, 4). The presence of pain or depression negatively
influences treatment outcomes of the other, and these two factors may also interact with
each other to negatively influence pain outcomes (5). Anxiety, together with depression
increases odds of disabling pain, even with anxiety or depression in remission (6).

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fpain.2023.1125992&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fpain.2023.1125992
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpain.2023.1125992/full
https://www.frontiersin.org/articles/10.3389/fpain.2023.1125992/full
https://www.frontiersin.org/articles/10.3389/fpain.2023.1125992/full
https://www.frontiersin.org/articles/10.3389/fpain.2023.1125992/full
https://www.frontiersin.org/journals/pain-research
https://doi.org/10.3389/fpain.2023.1125992
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Li and Hapidou

Anxiety and depression can interact with cognitive factors such
as catastrophizing, which is a mediator for both anxiety and
depression, and has also been found to predict depressive
(7-9).

potentiate catastrophizing (10).

symptoms Conversely, anxiety and depression can

In addition to affective factors, chronic pain experiences have
been captured through variables with positive qualities including
pain acceptance and stages of change. These are related to
improved functioning (11), and are intertwined with negative
affect and cognition. The pain willingness (PW) and activities
engagement (AE) subscales of the Chronic Pain Acceptance
Questionnaire (CPAQ) are negatively associated with depressive
symptoms and pain intensity and positively associated with
functioning and work (12, 13). Acceptance is a mediator for the
effect of pain on catastrophizing (14). In a study that examined
the effects of a multidisciplinary CBT-based intervention on pain
intensity and interference, only catastrophizing and AE were
significant predictors of changes in pain and interference (15).
Catastrophizing also has a notable influence on the relationship
between acceptance and chronic pain adjustment (16).

The Pain Stages of Change Questionnaire (PSOCQ) is also
intermingled with pain affect. Patients with chronic pain have
different beliefs regarding pain management, and changing
behaviour might be related to changes in stages of readiness
(17, 18).
pre-contemplation subscale of the PSOCQ (19) in patients with

Anxiety and depression significantly predicted the

chronic pain assessed at multidisciplinary pain clinics. Lower
depression scores were associated with decreased scores in
pre-contemplation and increased scores in maintenance pre- to
post-treatment from interdisciplinary pain management programs
(20, 21). Also, reductions in pre-contemplation and increases in
action/maintenance were associated with improvements in
functioning and pain (20). Change scores in pre-contemplation
before and after pain neuroscience education were positively
related to change scores in pain catastrophizing (22). In patients
with fibromyalgia, increase in contemplation was associated with
increase in catastrophizing, and post-treatment, depression was
associated with contemplation in pain clinic patients (23).
For patients in the action/maintenance stages, higher scores on
weekly positive affect were associated with lower weekly pain
perception (24).

These different measures make up two groups of factors: one
consisting of negative affect/poor adjustment to chronic pain
(depression, anxiety, catastrophizing), and the other consisting of
positive affect/improved adjustment to chronic pain (CPAQ,
PSOCQ) (11). Pain management aims at decreasing negative
affect/poor adjustment and increasing positive affect/improved
adjustment. These two groups may be bivalent, consisting of
negative affect/poor adjustment and positive affect/improved
adjustment (25). However, according to the Dynamic Affect
Model, the differentiation between positive and negative affect is
not as clear during stressful events such as pain and this may
show variation between people as well. In chronic pain, which is
a stressful event, there is more overlap between positive and
negative affect (26). This study aims to explore the relationship
between positive and negative factors, how these conceptual
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groups are reflected in practice, and which factors are key in the
connection between the positive and negative.

Data were collected as described in Li and Hapidou (27).
In short, participants were adults attending a four-week chronic
pain management program from 2007 to 2017. The program
has been described in Williams et al. (21). The University and
Ethics Board study protocol and
determined ethical approval for retrospective data analysis was

Hospital reviewed the

not necessary.

Brief description of the sample

The average age (SD) of the participants was 44.20 (10.28),
with 49% males and 51% females. Their educational level was
13.35 years (3.24) and their pain duration was 64.99 (76.20). The
majority, 80%, were Canadian-born and 65% were employed.
The majority of patients had musculoskeletal pain.

Previous data analysis demonstrated highly significant changes
between admission and discharge (p <0.001) on the variables
administered in the program such as pain intensity, depression,
catastrophizing, anxiety, stages of change and pain acceptance (27).

Data analysis

Principal component analysis (PCA) examined the structure
and relationship of psychometric variables at admission and
discharge (28). Then, the principal components were scaled and
plotted on three-dimensional variable biplots for visualization.
Biplots allow visual representation of the relationships among
variables. A variable biplot focuses on relationships among
variables (29).

The angle between the variable vectors represents correlation
between the variables, and the length of the vector represents the
variance of the variable (30).

A three-dimensional biplot includes the first 3 eigenvectors,
and can capture the dimensions to a greater degree as compared
to a two-dimensional representation (31).

The lengths of the vectors in the biplot were calculated as
follows: the first 3 principal components in the admission and
discharge datasets were scaled by the square root of their
respective eigenvalues (32).

Canonical correlation analysis was conducted on both
admission and discharge datasets, dividing the variables into two
conceptual sets: negative affect/poor adjustment, positive affect/
improved adjustment (33, 34). Canonical correlation can be used
as a complement to PCA to further examine and concur
structural relations (35).

Statistical analysis was conducted using R Statistical
(v4.1.1) and RStudio (v2021.09.0.351) (36, ).
Biplots were created using the plotly package (v4.10.0) (38).

Software
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Kaiser-Meyer-Olkin test and Bartlett’s test of sphericity were
conducted using the psych package (v2.1.9) (39). Canonical
correlation analysis was conducted using the CCA package (v1.2.1)
and significance tests were conducted using the CCP package (v1.1)
(40, 41).

Results

Principal component analysis (PCA) was performed on
admission and discharge datasets from a total of 927 patients
with chronic pain who attended a four-week interdisciplinary
chronic pain management program.

There were complete data on the 11 variables from 780 patients
in the admission dataset, and from 797 patients in the discharge
dataset.

Outliers were calculated with Mahalanobis distances, with criterion
at p <0.001 (28). After removing outliers, there were 770 patients in
the admission dataset and 788 patients in the discharge dataset.

Variables were overall normally distributed as assessed by their
graphed distribution (28).

Assumptions of linearity between 2 variables within the
admission and discharge set were also met, as assessed by
bivariate scatterplots (28).

The large samples were adequate for analysis. The Kaiser-
Meyer-Olkin test was 0.83 for the admission dataset, and 0.89 for
the discharge dataset (42).

The determinant of the correlation matrices for admission and
discharge were non-zero and there were enough correlations
between the variables to conduct dimensional analysis (43).
Bartlett’s test of sphericity for the admission dataset was 3120.79
(p <0.001) and 4,330.22 (p <0.001) for the discharge dataset (44).

There were two moderately high correlations, between the
action and maintenance subscales of the PSOCQ (correlation =
0.73 for (See
Tables 1, 2). There were no correlations above 0.90. For the

admission, correlation=0.75 for discharge)

TABLE 1 Correlation table of variables in admission dataset.

10.3389/fpain.2023.1125992

purposes of structural and dimensional analysis, presence of
higher correlations will not affect the strength of the analysis (28).

The first 3 principal components in the admission dataset and
the discharge dataset were plotted in 3-dimensional biplots (See
Figures 1, 2). Principal components and eigenvalues are shown
in Tables 3, 4. Admission and discharge structures were similar,
with roughly two groupings. One grouping consisted of somatic
symptoms, anxiety, depression, catastrophizing, pain intensity
and pre-contemplation. The other grouping consisted of activity
engagement, action, maintenance, and contemplation. The vector
for pain willingness leaned towards the second grouping. Vectors
within the groupings became more tightly correlated at discharge
as compared to admission, as shown by the distance between
their vectors in the biplot.

Canonical correlation was performed between the two sets of
variables representing negative affect/poor adjustment (somatic
symptoms, anxiety, depression, catastrophizing, pain intensity)
and positive affect/ improved adjustment (CPAQ, PSOCQ). For
admission, the first canonical correlation was 0.68, the second
was 0.20, the third was 0.12, and the following two correlations
were close to zero. The F-test was F (30, 3080.00) =18.65, p <
0.001 for all 5 canonical correlations. After removing the first
canonical correlation, the F-test value was F (20, 2521.59) = 2.41,
p<0.001.
subsequent removals produced F-tests that were not significant.

Removing the second canonical correlation and

Therefore, significant relationships between the two groupings
were captured by the first two pairs of canonical variates.

Table 5 shows standardized canonical variate coefficients,
correlations between the variates and canonical variates,
proportion of variance, redundancy and canonical correlations
for the admission data. From total proportion variance and
redundancy, the first pair of canonical variates were moderately
related, and the second pair of canonical variates were weakly
related.

All variables in the negative affect/poor adjustment set were

correlated with the first canonical variate, with all correlations of

Admission

1. Pain Intensity 1

2. Depression 0.29*** 1

3. Catastrophizing 0.33%%* 0.64*** 1

4. Anxiety 0.26** 0.72%%* 0.58*** 1

5. Somatic Symptoms 0.21%%* 0.59*** 0.48*** 0.57***
6. Activity Engagement —0.26%** —0.50** —0.49%* —0.44*
7. Pain Willingness —0.230* —0.354* —0.470* —0.30%**
8. Pre-contemplation 0.21°°%* 0.330%* 0.45%¢ 0.25%%*
9. Contemplation —0.02 —0.05 —-0.05 —0.04

10. Action —0.09** —0.244* —0.287%* —0.16***
11. Maintenance —0.13%* —0.280* =031 —0.22°07¢

1

—0.33%* 1
=027 0.330¢ 1
0.220¢ —0.29+** —0.34*** 1
0.05 0.08* —0.15*** —0.21*** 1
—0.10** 0.36*** 0.09* —0.30*** 0.25%%* 1
—0.15%** 0.43¢ 0.1 —0.24*** 0.16%** 0.730*

Pain Intensity = Pain Intensity Scale; Depression = Center for Epidemiological Studies-Depressed Mood Scale; Catastrophizing = Pain Catastrophizing Scale; Anxiety =
Clinical Anxiety Scale; Somatic Symptoms = Patient Questionnaire of the PRIME-MD; Activity Engagement = Chronic Pain Acceptance Questionnaire — Activity
Engagement; Pain Willingness = Chronic Pain Acceptance Questionnaire — Pain Willingness; Pre-contemplation = Pain Stages of Change Questionnaire -
Pre-contemplation; Contemplation = Pain Stages of Change Questionnaire — Contemplation; Action = Pain Stages of Change Questionnaire — Action; Maintenance =
Pain Stages of Change Questionnaire — Maintenance.

*<0.05.

**p<0.01.

***p < 0.001.
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TABLE 2 Correlation table of variables in discharge dataset.

10.3389/fpain.2023.1125992

Discharge

1. Pain Intensity 1

2. Depression 0.35%%* 1

3. Catastrophizing 0.34%%* 0.66*** 1

4. Anxiety 0.31%** 0.74** 0.65%** 1

5. Somatic Symptoms 0.29%** 0.65%** 0.53*** 0.64** 1

6. Activity Engagement —0.28** —0.55"* —0.56*** —0.48* —0.43* 1

7. Pain Willingness —0.18** —0.33* —0.54* —0.33* —0.26%** 0.27*** 1

8. Pre-contemplation 0.26** 0.43*%* 0.56*** 0.36*** 0.33%** —0.45* —0.30%** 1

9. Contemplation —0.20%** =021 —0.20%** —0.16"* —0.13*** 0.30%** —-0.06 —0.41* 1

10. Action —0.32%%* —0.40* —0.39%* —0.30* —0.29%* 0.46*** 0.08* —0.53* 0.59*** 1
11. Maintenance —0.30"** —0.44% —0.39*** —0.33* —0.31%* 0.48*** 0.08* —0.54* 0.56*** 0.75%**

Pain Intensity = Pain Intensity Scale; Depression = Center for Epidemiological Studies-Depressed Mood Scale; Catastrophizing = Pain Catastrophizing Scale; Anxiety =
Clinical Anxiety Scale; Somatic Symptoms = Patient Questionnaire of the PRIME-MD; Activity Engagement = Chronic Pain Acceptance Questionnaire — Activity

Engagement; Pain Willingness = Chronic Pain Acceptance Questionnaire -

Pain Willingness; Pre-contemplation = Pain Stages of Change Questionnaire -

Pre-contemplation; Contemplation = Pain Stages of Change Questionnaire — Contemplation; Action = Pain Stages of Change Questionnaire — Action; Maintenance =

Pain Stages of Change Questionnaire — Maintenance.
*<0.05.

**p<0.01.

***p < 0.005.
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3-dimensional biplot of principal component 1, 2, and 3 (shown as PC1, PC2, PC3 in figure) of admission dataset.
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Action
/%1

Contemplation

Pre-contemplation

90

Depression

these variables above 0.3 (28). The strongest correlations were
catastrophizing (0.95) and depression (0.82). Except for
contemplation, all variables in the positive affect/ improved
adjustment set were correlated with the first canonical variable.
The strongest correlation was activity engagement (—0.81). The
first canonical variate indicated that increases in catastrophizing,
depression, pain intensity, anxiety, and somatic symptoms were
associated with decreases in activity engagement, pain willingness,
action and maintenance and increase in pre-contemplation.

Frontiers in Pain Research

The second canonical variate consisted of depression (0.43)
and anxiety (0.61) in the negative affect/poor adjustment set, and
activity engagement (—0.56) and pre-contemplation (—0.47) in
the positive affect/ improved adjustment set. The second
canonical variate showed that decreased depression and anxiety
were associated with increase in activity engagement, and
pre-contemplation.

For discharge, the first canonical correlation was 0.76, the
second was 0.30, the third was 0.16 and the following two

frontiersin.org
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FIGURE 2
3-dimensional biplot of principal component 1, 2, and 3 (shown as PC1, PC2, PC3 in figure) of discharge dataset.

TABLE 3 Principal components of admission and discharge datasets. Principal components consist of eigenvectors scaled by the square root of
eigenvalues.

Admission Variable PC1 PC2 PC3 e PC5 PC6 PC7 PC8 PC9 PC10 PC11
Pain Intensity 0.44 —0.14 0.37 —0.12 —0.79 0.12 —0.03 0.01 —-0.03 0.00 —0.01
Depression 0.82 —0.21 -0.25 —-0.09 0.02 —0.01 0.01 —0.18 —0.10 0.38 0.16
Catastrophizing 0.82 —0.14 0.10 —0.04 0.09 0.00 0.00 —0.22 0.49 —0.07 —0.02
Anxiety 0.75 —0.28 —0.34 —0.14 0.00 —0.04 0.00 —0.26 -0.25 —0.27 —0.13
Somatic Symptoms 0.64 —0.36 -0.35 —0.08 0.06 0.30 —0.12 0.47 0.07 —0.03 —0.01
Activity Engagement —0.71 —0.12 0.04 —-0.18 0.09 0.52 —0.32 -0.25 —-0.01 —0.01 0.05
Pain Willingness —0.54 0.30 —0.52 —-0.26 —0.25 0.20 0.41 —0.06 0.12 0.00 0.00
Pre-contemplation 0.56 0.16 0.51 —-0.29 0.32 0.28 0.35 0.04 -0.13 —0.03 0.03
Contemplation —0.13 —0.54 0.03 0.75 —0.02 0.24 0.25 —0.07 —0.02 0.01 —0.03
Action —0.49 —0.73 0.05 -0.23 0.00 —0.18 0.11 0.03 0.02 —0.14 0.32
Maintenance —0.53 —0.66 0.12 -0.35 0.08 —0.10 0.07 0.02 0.03 0.17 —0.31

Discharge Variable PC1 PC2 PC3 PC4 PC5 PCé PC7 PC8 PC9 PC10 PC11
Pain Intensity 0.50 —0.01 0.17 —0.85 —0.03 0.05 —0.07 0.02 —-0.02 —0.01 0.00
Depression 0.81 0.28 0.24 0.10 0.04 —0.01 0.01 —0.19 -0.23 0.32 —0.08
Catastrophizing 0.81 0.31 -0.22 0.02 0.03 0.02 —0.12 —0.13 0.32 0.00 —0.26
Anxiety 0.75 0.38 0.28 0.11 0.11 —0.12 —0.09 -0.25 0.01 —0.24 0.23
Somatic Symptoms 0.68 0.34 0.38 0.12 0.17 0.06 0.14 0.45 0.05 —0.02 —0.03
Activity Engagement -0.73 0.00 0.01 —-0.13 0.63 0.01 0.16 -0.13 0.03 0.02 —0.05
Pain Willingness —0.43 —0.50 0.64 0.12 —0.04 0.28 —0.20 —0.10 0.12 0.01 —0.07
Pre-contemplation 0.71 —0.19 —-0.38 0.08 0.21 0.44 —0.22 0.06 —-0.10 —0.01 0.11
Contemplation —0.48 0.67 0.00 —-0.04 —0.20 0.41 0.30 -0.12 0.04 —0.01 0.04
Action —0.69 0.55 0.03 0.00 0.02 0.01 -0.29 0.05 -0.24 —0.17 —0.22
Maintenance —0.71 0.51 —0.01 —0.04 0.04 —0.06 —0.32 0.10 0.16 0.23 0.20

Pain Intensity = Pain Intensity Scale; Depression = Center for Epidemiological Studies-Depressed Mood Scale; Catastrophizing = Pain Catastrophizing Scale; Anxiety =
Clinical Anxiety Scale; Somatic Symptoms = Patient Questionnaire of the PRIME-MD; Activity Engagement = Chronic Pain Acceptance Questionnaire — Activity
Engagement; Pain Willingness = Chronic Pain Acceptance Questionnaire — Pain Willingness; Pre-contemplation = Pain Stages of Change Questionnaire -
Pre-contemplation; Contemplation = Pain Stages of Change Questionnaire — Contemplation; Action = Pain Stages of Change Questionnaire — Action; Maintenance =
Pain Stages of Change Questionnaire — Maintenance.
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TABLE 4 Eigenvalues of principal component analysis of admission and discharge datasets.

Admission Principal Component Eigenvalue Proportion Variance Cumulative % Variance
1 4.14 37.64% 37.64%
2 1.68 15.25% 52.89%
3 0.99 9.02% 61.91%
4 097 8.85% 70.76%
5 0.82 7.42% 78.18%
6 0.60 5.44% 83.62%
7 0.48 441% 88.02%
8 0.44 4.02% 92.05%
9 0.35 3.19% 95.24%
10 0.27 2.49% 97.73%
11 0.25 2.27% 100.00%

Discharge Principal Component Eigenvalue Proportion Variance Cumulative % Variance
1 5.00 45.47% 45.47%
2 1.74 15.81% 61.28%
3 0.90 8.19% 69.47%
4 0.80 7.25% 76.72%
5 0.53 4.86% 81.58%
6 0.47 4.23% 85.81%
7 043 3.91% 89.72%
8 0.38 3.48% 93.20%
9 027 2.43% 95.63%
10 0.24 2.22% 97.85%
11 0.24 2.15% 100.00%

TABLE 5 Canonical correlation analysis of the admission dataset. Variables grouped by negative affect/ poor adjustment (Pain Intensity, Depression,
Catastrophizing, Anxiety, Somatic Symptoms) and positive affect/ improved adjustment (Activity Engagement, Pain Willingness, Pre-contemplation,
Contemplation, Action, Maintenance).

Admission First Canonical Variate Second Canonical Variate

Correlation Function Coefficient Correlation Function Coefficient

Negative Affect/ Poor Adjustment Set Variables

Pain Intensity 0.47 0.15 0.07 0.06
Depression 0.82 0.32 0.43 0.49
Catastrophizing 0.95 0.69 —0.24 -1.05
Anxiety 0.69 0.03 0.61 0.91
Somatic Symptoms 0.55 —0.01 0.22 —-0.09
Proportion of Variance 0.52 0.13 Total = 0.65
Redundancy 0.24 0.01 Total =0.25
Positive Affect/ Improved Adjustment Set Variables
Activity Engagement —0.81 —0.52 —0.56 —-0.95
Pain Willingness —0.71 —0.40 0.32 0.41
Pre-contemplation 0.67 0.35 —0.47 —-0.53
Contemplation —0.08 0.00 —0.07 -0.13
Action —0.42 —0.01 0.18 0.42
Maintenance —0.48 —0.12 —0.03 —-0.08
Proportion of Variance 0.34 0.11 Total = 0.45
Redundancy 0.15 0.00 Total =0.15
Canonical correlation 0.68 0.20
Canonical correlation squared 0.46 0.04

Pain Intensity = Pain Intensity Scale; Depression = Center for Epidemiological Studies-Depressed Mood Scale; Catastrophizing = Pain Catastrophizing Scale; Anxiety =
Clinical Anxiety Scale; Somatic Symptoms = Patient Questionnaire of the PRIME-MD; Activity Engagement = Chronic Pain Acceptance Questionnaire — Activity
Engagement; Pain Willingness = Chronic Pain Acceptance Questionnaire — Pain Willingness; Pre-contemplation = Pain Stages of Change Questionnaire -
Pre-contemplation; Contemplation = Pain Stages of Change Questionnaire — Contemplation; Action = Pain Stages of Change Questionnaire — Action; Maintenance =
Pain Stages of Change Questionnaire — Maintenance.

correlations were close to zero. The F-test was F (30, 3110.00) = 2581.28) =4.96, p<0.001. Removing the third canonical
29.05, p<0.001 for all 5 canonical correlations. After removing  correlation and subsequent removals produced F-tests that were
the first canonical correlation, the F-test value was F (20, not significant (p>0.001). Therefore, significant relationships
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TABLE 6 Canonical correlation analysis of the discharge dataset. Variables grouped by negative affect/ poor adjustment (Pain Intensity, Depression,
Catastrophizing, Anxiety, Somatic Symptoms) and positive affect/ improved adjustment (Activity Engagement, Pain Willingness, Pre-contemplation,
Contemplation, Action, Maintenance).

Discharge First Canonical Variate Second Canonical Variate
Correlation Function Coefficient Correlation Function Coefficient
Negative Affect/ Poor Adjustment Set Variables
Pain Intensity 0.45 0.10 —0.41 —0.39
Depression 0.79 0.26 —0.52 -0.95
Catastrophizing 0.97 0.79 0.22 1.14
Anxiety 0.70 —0.07 —0.30 —0.11
Somatic Symptoms 0.62 0.04 —-0.36 -0.17
Proportion of Variance 0.53 0.14 Total = 0.67
Redundancy 0.31 0.01 Total = 0.32
Positive Affect/ Improved Adjustment Set Variables
Activity Engagement —0.78 —0.42 0.41 0.43
Pain Willingness —0.69 —0.44 —0.52 —0.54
Pre-contemplation 0.76 0.34 0.12 0.57
Contemplation —0.30 0.07 0.30 —0.12
Action —0.57 —0.11 0.48 0.20
Maintenance —0.58 —0.11 0.61 0.68
Proportion of Variance 0.40 0.19 Total = 0.59
Redundancy 0.23 0.02 Total = 0.25
Canonical correlation 0.76 0.30
Canonical correlation squared 0.58 0.09

Pain Intensity = Pain Intensity Scale; Depression = Center for Epidemiological Studies-Depressed Mood Scale; Catastrophizing = Pain Catastrophizing Scale; Anxiety =
Clinical Anxiety Scale; Somatic Symptoms = Patient Questionnaire of the PRIME-MD; Activity Engagement = Chronic Pain Acceptance Questionnaire — Activity
Engagement; Pain Willingness = Chronic Pain Acceptance Questionnaire — Pain Willingness; Pre-contemplation = Pain Stages of Change Questionnaire -
Pre-contemplation; Contemplation = Pain Stages of Change Questionnaire — Contemplation; Action = Pain Stages of Change Questionnaire — Action; Maintenance =

Pain Stages of Change Questionnaire — Maintenance.

between the two groupings were captured by the first two pairs of
canonical variates.

Table 6 shows standardized canonical variate coefficients,
correlations between the variates and canonical variates,
proportion of variance, redundancy and canonical correlations
for the discharge data. Similar to admission, the first pair of
canonical variates were moderately related, and the second pair
of canonical variates were weakly related. As compared to
admission, both pairs of canonical correlates were more
correlated in the discharge set.

All variables in the negative affect/poor adjustment set were
correlated with the first canonical variate, with all correlations of
these variables above 0.3 (28). The strongest correlations were
again catastrophizing (0.97) and depression (0.79). All variables
in the positive affect/ improved adjustment set were correlated
with the first canonical variable. The strongest correlation was
activity engagement (—0.78) and pre-contemplation (0.76). The
first canonical variate indicated that increase in catastrophizing,
depression, pain intensity, anxiety, and somatic symptoms
was associated with decrease in activity engagement, pain
willingness, contemplation, action, maintenance and increase in
pre-contemplation.

The second canonical variate consisted of pain intensity
(—0.41), depression (—0.52), and somatic symptoms (—0.36) in
the negative affect/poor adjustment set, and pain willingness
(—0.52), activity (0.41) (0.48),

maintenance (0.61) in the positive affect/improved adjustment

engagement action and

set. The second canonical variate showed that decreased pain
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intensity, depression and somatic symptoms were associated with
increase in activity engagement, action and maintenance and
decrease in pain willingness.

Overall, negatively
correlated with the positive affect/improved adjustment, with

negative affect/poor adjustment is
pre-contemplation positively correlated with positive affect/

improved adjustment.

Discussion

The aim of this study was to examine the structure of
variables in patients attending a chronic pain program,
specifically groupings illustrating positive and negative variables.
In the biplot, the overall structure of the variables makes up
roughly two groupings. One grouping consists of anxiety,
depression, catastrophizing, somatic symptoms, pain intensity
and pre-contemplation. The second grouping roughly consists
of contemplation, action, maintenance, activity engagement and
pain willingness. Pain willingness appears to be the least
correlated with the other factors in the second group. These
two groupings appear to resonate with the bivalent Behavioral
Inhibition ~System-Behavioral ~Activation System (BIS-BAS)
model (45, 46), with one grouping consisting of generally
positive variables and the other representing negative variables.
The negative variables appear to consist of anxiety, depression
and cognitive content; and the positive variables appear to
consist of positive emotions and affect (46). The BIS-BAS
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model, as proposed by Jensen et al. (2016, 2017) was devised to
explain the benefits of psychosocial treatments for chronic pain
(45, 46). It hypothesizes the existence of two groups of negative
and positive cognitions, affect and behavioral intensions or
motivations.

When comparing across admission and discharge biplots, the
two groupings of variables become more tightly related at
discharge. For example, in the positive variables grouping,
contemplation moves closer to activity engagement, action, and
maintenance cluster at discharge. This type of change has been
previously described in the Dynamic Model of Affect (26)
according to which, in stressful situations, the separation between
positive and negative emotions decreases. The general pattern of
clustering changes between admission and discharge as visualized
in the biplots seems to reflect similar notions as those described
in the Dynamic Model of Affect. That is, under stressful
situations, the emotions become less differentiated.

This mixed state is shown in the admission biplot, with a wide
spread of variables whereas in the discharge biplot, the separation
between the groupings increases to create more distinct groupings,
referring to a change to a possible lower stress state overall at
discharge. This in fact, corresponds to the fact that all variables
consistently improve at discharge from the four-week
interdisciplinary pain management program (47).

Factors in the negative group, such as catastrophizing and
anxiety, can be broadly considered to be related to poor
psychological adjustment to pain (11). The physical functioning

factors, namely pain intensity and somatic symptoms are very

closely associated with emotional factors. Thus, physical
sensation can be seen as an aspect of emotion. This highlights
the importance of psychological treatment (48, 49). With the

high correlation of pain intensity and somatic symptoms with
these first
considered as an aggregation of factors associated with poor

psychological factors, the grouping may be

psychological ~ adjustment  and  physical  functioning.
Catastrophizing, emotional distress, and pain intensity have
been found to be closely associated with each other (9, 50, 51).
The pre-contemplation subscale of the PSOCQ is also positively
associated with the close interplay of negative emotions,
cognition, and physical pain. Patients in the pre-contemplation
stage are focused on their physical pain and on seeking
biomedical solutions (52). This grouping reflects earlier similar
findings (23, 53).

In the canonical correlation analysis, at both admission and
discharge, all five factors (pain intensity, depression,
catastrophizing, anxiety, somatic symptoms) contribute to the
poor adjustment canonical variate. Depression, and especially,
catastrophizing contributes the most to predicting improved
adjustment factors (activity

engagement, pain willingness,

pre-contemplation, contemplation, action, maintenance) as
compared to the physically-focused factors, pain intensity and
somatic symptoms.

Catastrophizing is the most influential factor in predicting
improved adjustment. It is different from anxiety and depression. In
the biplot, catastrophizing was more related to pre-contemplation as

compared to other affective factors (depression, anxiety). In patients
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with chronic pain, depression and anxiety are more closely related
to each other as compared with catastrophizing (54). Conceptually,
catastrophizing is not pain intensity (55) but catastrophizing may
be a mediator within the affective and physical factors such as the
indirect effect of pain intensity on depressive symptoms via
catastrophizing (7), or as a mediator for depressed mood, pain
). Within the context of

the pain experience and its effect on patients’ lives, from the fear-

interference, and pain severity (10, 51,

avoidance model, catastrophizing may be a gatekeeper between
recovery and the loop of negative affect (54, 57).

In this study, catastrophizing was measured as a single
dimension, which limits its interpretability in terms of its three
sub-dimensions of rumination, magnification, and helplessness
(58). However, it appears that the most notable sub-dimension of
(58).

catastrophizing is related to pain intensity (59). There may be an

catastrophizing  is  helplessness Helplessness  in
interplay between wanting to engage in recovery and return to
normal living but helplessness keeps patients with chronic pain
from doing so in the short term. Depression and anxiety may be
related to long-term helplessness, as catastrophizing and
depression are risk factors for physical disability and other poor
adjustment outcomes in patients with chronic pain (50, 60).
Thus, in this canonical correlation analysis specifically, it may be
helplessness that most strongly correlates with factors of
improved adjustment and functioning. Further analysis may
examine this potential relationship.

In both admission and discharge biplots, there is another group
of factors that appears generally negatively correlated with factors
in the poor adjustment/functioning as mentioned previously.
These factors consist of pain willingness, activity, engagement,
contemplation, action, and maintenance. These are subdivisions
of the chronic pain acceptance questionnaire and the stages of
change questionnaire (13, 52), and psychological factors related
to improved adjustment to chronic pain (11). The correlations
within these factors are weaker as compared to poor adjustment/
functioning. The weaker correlation is most noticeable with pain
willingness, as it appears to be almost unrelated to both poor
and improved adjustment and functioning. In the biplots
(PCI1)

component 2 (PC2), the two adjustment/functioning groupings

comparing principal component 1 and principal
point in another direction away from pain willingness. This open
space may be representative of factors related to positive
psychology, such as life satisfaction or self-efficacy. Pain
willingness contributes less to the canonical variate as compared
to the other subscale of the CPAQ, activities engagement. Pain
willingness has been shown to be different from activities
engagement, as activities engagement appears to be more closely
related to pain intensity and depression in comparison (12, 61-
). Even though it appears to be different from activities
engagement in the biplot, pain willingness contributes to the
improved adjustment measures in a similar manner as activities
engagement.
Further examination is needed to see how other factors fit into
this space captured by the biplot. The action and maintenance
subscales of the PSOCQ are closely related, and may measure

similar concepts (52, 53). Patients with chronic pain were more
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willing to engage in self-management at discharge (23). In the
biplot, at discharge, contemplation becomes more correlated with
action and maintenance as compared to admission (64).

Of the six different factors that make up the improved
adjustment/functioning canonical variate (pain willingness,
activity engagement, pre-contemplation, contemplation, action,
and maintenance), activity engagement has the largest
contribution to the canonical variate in relating to lower scores
on the poor adjustment/functioning measures. High scores on
activity ~engagement, and lower

pain  willingness scores

on pre-contemplation are predictive of lower scores on
poor adjustment/functioning. The negative contribution of
with

vector placement on the biplot, grouping together with poor

pre-contemplation corroborates the pre-contemplation
adjustment variables. Pre-contemplation is negatively correlated
with the rest of the PSOCQ subscales, and has been shown to be
correlated with negative pain control, depression, disability and
pain severity (23, 53). The contemplation subscale contributed
the least to the canonical variate. It has been shown to be
different from the other subscales as well (23). At discharge, the
contemplation variable became more closely related to the poor
adjustment latent. Even though the PSOCQ was developed for
assessing patient readiness to engage in self-management at
admission to a program or therapy (52), it may be important to
re-examine subscales, especially the pre-contemplation and
contemplation subscales at discharge as well as when patients
move into long-term self-management.

In terms of relating poor adjustment/functioning and improved
adjustment/functioning, the most notable relationship between the
two groups is highlighted by catastrophizing and activity
engagement. This relationship had been conceptualized with the
Coping Strategies Questionnaire (CSQ), as catastrophizing in the
CSQ was associated with pain interference in activities and
increased pain behavior (65, 66). As well, acceptance may be an
important factor of consideration for examining catastrophizing
(16). It is unclear if pain level is correlated with pain willingness
or activity engagement (9). Thus, it may be possible that change
in pain cognition, such as catastrophizing, is a more immediate
essential treatment outcome as compared to pain willingness,
which may reflect behaviors that follow successful cognitive
transition to self-management. Further studies may examine this
relationship and possible precedents.

In conclusion, this study mapped the overall structure and
pattern of interplay between variables in pain management. The
relationships were found to be congruent with theories and models
of pain psychology. Further work is needed develop these variable
structures and improve understanding of treatment outcomes.

Potential limitations include the sample studied. This study
utilizes one group of patients from one pain clinic in Canada.
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