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ABSTRACT

Background: Chronic pain is challenging and costly to treat. Depression and anxiety co-occur with chronic pain.
Identifying psychosocial mechanisms contributing to emotional outcomes among chronic pain patients can
inform future iterations of this intervention.

Methods: We examined explanatory mechanisms of change in emotional distress following a mind-body and
activity intervention among 82 participants (21 — 79 years old, 65.85% female, 80.48% White). With depression
and anxiety as outcomes, we hypothesized that potential mediators would include pain catastrophizing, mind-
fulness, and pain resilience. We used mixed-effects modeling to assess the indirect effects of time on each
outcome variable through hypothesized mediators simultaneously.

Results: Improvements in depression from baseline to post-treatment were most explained by pain catastroph-
izing (b = -2.53, CI = [-3.82, -1.43]), followed by mindfulness (b = -1.21, CI = [-2.15, -0.46]), and pain resilience
(b=-0.76, CI = [-1.54, -1.66]). Improvements in anxiety from baseline to post-treatment were most explained by
pain catastrophizing(b = -2.16, CI = [-3.45, -1.08]) and mindfulness (b = -1.51, CI = [-2.60, -0.65]), but not by
pain resilience, (b = -0.47, CI = [-1.26, 0.17]).

Limitations: Findings are limited by the lack of a control group, relatively small sample, and two timepoints.
However, findings can guide future mind-body intervention efficacy testing trials.

Conclusions: Pain catastrophizing and mindfulness appear to be important intervention targets to enhance
emotional functioning for chronic pain patients, and should be considered simultaneously in interventions for
chronic pain.

Introduction

Chronic pain, or pain that persists for more than three months, af-

focus on pain intensity and pain-related disability, as opposed to
emotional distress (Barke et al., 2020). Among psychosocial in-
terventions for chronic pain - cognitive-behavioral therapy (CBT),

fects up to 100 million adults in the US and totals about $600 billion in
costs annually (Institute of Medicine, 2011; Treede et al., 2015). Up to
72% of chronic pain patients experience clinically significant levels of
depression and anxiety (Rayner et al., 2016). Depression and anxiety are
closely linked to worse long-term physical functioning among chronic
pain patients, and although modifiable, they are insufficiently addressed
in treatment (Tseli et al., 2019). Biomedical treatments for chronic pain,
such as surgery and medication are costly, only partially effective, and
often include serious side effects that can worsen emotional distress
(Domenichiello and Ramsden, 2019). Despite the relationships among
pain, depression, and anxiety, most randomized controlled trials (RCTs)
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acceptance and commitment therapy (ACT), mindfulness - that are
cost-effective and pose low risk for patients have exhibited
small-to-moderate effects in managing pain and decreasing emotional
distress (Eyer and Thorn, 2016). We have previously shown that a
mind-body activity program with two RCT arms (GetActive; GetActive--
Fitbit) developed iteratively with feedback from patients, has high
feasibility, acceptability, and is associated with improvements in
depression and anxiety among patients with heterogenous musculo-
skeletal chronic pain (Greenberg et al., 2019, 2020). Given the impor-
tance of identifying mechanisms (i.e., process variables) prior to RCT
efficacy testing (Nielsen et al., 2018), the present secondary analysis
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sought to test whether the mechanisms targeted within this program
contributed to improved depression and anxiety.

Few interventions have merged conceptual models (Meints and
Edwards, 2018)and examined multiple mediators of change that
uniquely contribute to emotional outcomes among those with chronic
pain (Trompetter et al., 2015). Our mind-body activity program is based
on a conceptual biopsychosocial model (Relaxation Response Resiliency
Program (3RP); Park et al., 2013) and integrates elements from the
fear-avoidance model of pain (Crombez et al., 2012), cognitive model of
pain (Turk and Okifuji, 2002), acceptance and commitment therapy for
chronic pain (McCracken et al., 2004), mindfulness for pain (Grabovac
et al., 2011), and positive psychology(Fredrickson, 2001) to promote
resilience and willingness to engage in physical activity. Based on these
conceptual models and current literature, hypothesized mechanisms of
change included pain catastrophizing (fear-avoidance and cognitive
models), mindfulness (ACT and mindfulness models), and pain resil-
ience (ACT and positive psychology models).

Pain catastrophizing, or negative beliefs about pain, has been identi-
fied as a vulnerability factor that helps to explain patient improvement
within CBT RCTs for chronic pain (Trompetter et al., 2015). Decreases in
pain catastrophizing mediate the relationship between pain and
depressed mood (e.g., Cheng et al., 2018; Wood et al., 2016). Recently,
Dong and colleagues (2020) reported a significant relationship between
catastrophizing and anxiety. However, interventions that specifically
target pain catastrophizing tend to exhibit small-to-moderate effect sizes
on pain, disability, and mood (Vlaeyen and Linton, 2012). Chronic pain
interventions that target multiple psychological factors, such as pain
acceptance or resilience, may help to increase effect sizes and enhance
efficacy (Dong et al., 2020).

Interventions that promote resilience, positive activities, and
acceptance of chronic pain (e.g., ACT, positive psychology, mindfulness)
provide insights into additional potential mechanisms of change that
informed our program (Hassett and Finan, 2016; Lumley and Schubiner,
2019). Mindfulness, or nonjudgmental awareness of the present moment,
skills have been successful in improving emotional functioning in pa-
tients with chronic pain (Baer, 2003). However, few studies have
examined mindfulness as a process of change (McCracken and Vowles,
2014). Curtin and Norris (2017) reported that mindfulness practice was
associated with reduced anxiety among individuals with chronic pain,
suggesting that it may be an important target for intervention. Further,
although pain resilience remains understudied, several researchers have
hypothesized that increased self-efficacy may increase resilience to stay
active while coping with chronic pain (Akerblom et al., 2015; Cheng
et al., 2018; Radat and Koleck, 2011). Together, findings suggest that
pain catastrophizing, mindfulness, and pain resilience may be important
targets of intervention for improving emotional outcomes in patients
with chronic pain.

The current study

We conducted a secondary analysis of data from a RCT testing a
mind-body activity program. We used mixed-effects modeling to
determine whether the hypothesized mechanisms of change - pain
catastrophizing, mindfulness, pain resilience — helped to explain the
effect of the intervention on depression and anxiety (baseline to post-
treatment) among patients with chronic pain. Our goal was to deter-
mine the extent to which these psychological processes explained the
effect of the treatment on the emotional outcomes, over and above the
effects of each other, by simultaneously including them in one over-
arching model. We hypothesized that improvement in pain catastroph-
izing, mindfulness, and pain resilience would each uniquely explain
improvements in depression and anxiety within a mind-body activity
intervention across both RCT arms (GetActive; GetActive-Fitbit). Given
that both arms utilized an active intervention, we assessed mediators of
change across groups and controlled for any group differences in ana-
lyses. Findings regarding mechanisms of change for emotional outcomes
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will inform future fully powered efficacy trials of the intervention.
Methods

Information regarding sample, recruitment, intervention groups, and
assessments relevant to this secondary analysis are described below.
Additional details about intervention screening, randomization, inter-
vention components, and effects of interventions on measured variables
are reported in previous manuscripts (Greenberg et al., 2019, 2020).

Participants

Eighty-two participants with heterogenous musculoskeletal chronic
pain were enrolled in this study between July 2018 and September 2019
at Massachusetts General Hospital Pain Clinic. Participant ages ranged
from 21 to 79 (M = 51.77, SD = 14.53). Table 1 presents additional
socio-demographics for the sample. Table 2 displays clinical character-
istics, including medical diagnoses, mental health history, and current
medications.

Patients were referred directly from their medical providers or
indirectly through flyers and hospital-wide emails. Participants included
in the study were: (1) adults (at least 18 years old), (2) experienced
nonmalignant chronic pain for more than 3 months, (3) able to walk
without assistance for 6 min, (4) had mobile device with Bluetooth (for
Fitbit), (5) had no psychotropic or pain medication changes for past 3
months, and (6) medically cleared by a physician to participate. Par-
ticipants were excluded if they had: (1) physical illness expected to

Table 1
Participant Socio-Demographics Variables.

Total (N = 82)

Sex/Gender n (%)
Female 54 (65.85%)
Male 28 (34.15%)
Racial background
White 66 (80.48%)
Black or African-American 7 (8.54%)
Bi/multiracial 4 (4.87%)
Asian 3 (3.66%)
American Indian or Alaska Native 2 (2.44%)
Ethnicity
Non-Hispanic or Latino/Latina 72 (87.80%)
Hispanic or Latino/Latina 8 (9.75%)
Not reported 2 (2.44%)

Marital Status

Single, never married 28 (34.15%)

Married 23 (28.05%)
Separated/Divorced 16 (19.51%)
Living with significant other 11 (13.41%)
Widowed 4 (4.87%)

Annual Household Income
Less than $10,000
$10,000 — less than $20,000
$20,000 - less than $35,000
$35,000 - less than $50,000

18 (21.95%)
14 (17.07%)
12 (14.63%)
9 (10.97%)

$50,000 - less than $75,000 7 (8.54%)
$75,000 or greater 17 (20.73%)
Not reported 5 (6.10%)
Education
High school graduate or GED 11 (13.41%)
Some college/Associate degree 26 (31.71%)
Completed 4 years of college 17 (20.73%)
Graduate/professional degree 28 (34.15%)
Employment

Employed full-time
Employed part-time

17 (20.73%)
11 (13.41%)

Student (full-time or part-time) 3 (3.70%)
Self-employed 1 (1.22%)
Retired 18 (21.95%)
Unemployed 18 (21.95%)
Disability 12 (14.63%)

Worker’s Compensation 2 (2.44%)
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Table 2
Participant Medical and Mental Health History.

Total (N = 82)

Medical diagnosis present n (%)
Yes 56 (68.29%)
No 22 (26.83%)
History of mental health diagnosis’
None 41 (50.00%)
Depression 32 (39.02%)
Anxiety 31 (37.80%)
PTSD 11 (13.41%)
Bipolar 1 (1.22%)
Panic Disorder 1 (1.22%)

Current mental health diagnosis

None 49 (59.76%)
Depression 23 (28.05%)
Anxiety 24 (29.27%)
PTSD 10 (12.20%)
Bipolar 2 (2.44%)
Panic Disorder 1 (1.22%)

Current psychiatric medication

Yes 36 (43.90%)

No 43 (52.44%)
Current pain medication

Yes 59 (71.95%)

No 21 (25.61%)

Iparticipants checked all mental health diagnoses that applied, therefore co-
morbidities are included in the frequencies for each diagnosis.

decline in next 6 months, (2) serious psychiatric illness not currently
treated or actively suicidal, (3) substance abuse disorder present and not
treated, (4) engaged in meditation, yoga, or relaxation skills for more
than 45 min per week over the past 6 months, (5) Fitbit regularly used
over last 6 months, and (6) regularly exercise for more than 30 min each
day.

Procedure

The Massachusetts General Hospital Institutional Review Board
approved all study procedures. We screened participants by phone for
eligibility. Those who met inclusion criteria were provided information
about the study and randomly assigned to one of two 10-week 90-min
groups that focus on increasing walking using time goals (GetActive, n =
41) or step-count reinforced via Fitbit (GetActive-Fitbit, n = 41). The two
programs are identical except one group received a Fitbit (GetActive-
Fitbit), while the other group self-managed walking goals without the aid
of Fitbit. After providing written informed consent and randomization,
participants completed baseline assessments, including the self-report
measures of emotional functioning, pain catastrophizing, pain resil-
ience, and mindfulness behaviors described in the Measures section
below (see Greenberg et al., 2020). One week following baseline as-
sessments, participants started the 10-week program (90-minute weekly
sessions). Participants repeated the assessments one-week post--
intervention and were compensated $30 at each assessment.

Intervention

Details on the intervention development process and content have
been published (Greenberg et al., 2019, 2020). Briefly, the 10-week
GetActive and GetActive-Fitbit programs (90 minutes/week) were devel-
oped based on a conceptual theoretical model (Relaxation Response
Resiliency Program (3RP); Park et al., 2013). The 3RP model is based on
principles from stress management, cognitive-behavioral therapy, and
positive psychology (Park et al., 2013). The 3RP aims to enhance
adaptive responses to stress through increased awareness and engage-
ment in strategies that help individuals move from the stress response to
the relaxation response (Benson et al., 1974). Our GetActive and
GetActive-Fitbit programs retain core skills of the 3RP and include new
pain-specific skills. These programs teach mind-body skills focused on
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eliciting the relaxation response (e.g., diaphragmatic breathing, body
scan) and mindfulness skills (guided meditations), pain-specific
cognitive behavioral skills (e.g., behavioral activation techniques,
adaptive restructuring of pain-related misconceptions such as cata-
strophizing and avoidance of fear), and physical restoration skills (e.
g., quota-based pacing noncontingent on pain).

Measures
Emotional functioning outcomes

We assessed depression and anxiety with the PROMIS Short-Form
Depression (v1.0, 8b; Outcomes Measurement Information System,
2015) and Anxiety (v1.0, 8a; Outcomes Measurement Information Sys-
tem, 2015) inventories. Depression items focus on negative mood and
negative views of self and anxiety items address fear, hyperarousal, and
somatic symptoms (Cella et al., 2010). Example items include, “In the
past 7 days, I felt like a failure,” “In the past 7 days, I felt nervous.” Both
measures are 8-items with responses ranging from 1 (Never) to 5 (Al-
ways), and higher scores indicating greater distress. Scores are reported
on T-score metric (M = 50; SD = 10) centered on the general U.S.
population (Reeve et al., 2007). T-scores greater than 55 indicate clin-
ically significant levels of distress (Reeve et al., 2007). Internal reli-
ability for the PROMIS depression and anxiety scales in this sample were
strong (Cronbach’s a = .95 - .96) and consistent with previously re-
ported values (Cronbach’s @ = .95; Marrie et al., 2018). Validity of
PROMIS instruments has been confirmed in general and US sample
populations, including those with chronic pain (Amtmann et al., 2010;
Pilkonis et al., 2011).

Pain catastrophizing

We assessed pain catastrophizing with the Pain Catastrophizing Scale
(PCS; Sullivan et al., 1995). It is a 13-item measure that focuses on
helplessness, magnification, and rumination about pain. Participants
responses range from 0 (Not at all) to 4 (All the time), with total scores
ranging from O to 52 (higher scores mean greater pain catastrophizing).
An example item includes, “I keep thinking about how badly I want the
pain to stop.” Internal consistency was excellent within the sample
(Cronbach’s a = .94), and in line with previous work (Cronbach’s a =
.87) (Osman et al., 2000). PCS has been well-validated and is correlated
with negative pain-related thoughts, greater emotional distress, and
greater pain intensity (Sullivan et al., 1995).

Mindfulness

We measured mindfulness with the Cognitive and Affective Mind-
fulness Scale - Revised (CAMS-R; Feldman et al., 2007). This 12-item
self-report inventory assesses the frequency of mindfulness behaviors
(1 = Rarely/Not at all; 4 = Almost always). Scores range from 12 to 48
with higher scores indicating greater endorsement of mindfulness in
everyday life (i.e., regulation of attention, orientation to present,
awareness of experience, and acceptance/non-judgment towards expe-
rience). An example item includes, “I try to notice my thoughts without
judging them.” Internal consistency within the sample was adequate
(Cronbach’s a = .77), which is similar to current literature (Cronbach’s
a = .74 - .77) (Schmertz et al., 2009). CAMS-R has strong validity as it
has been highly correlated with existing measures of mindfulness as well
as measures of distress, well-being, and emotion regulation (Feldman
et al., 2007).

Pain resilience
We used the Pain Resilience Scale (PRS; Slepian et al., 2016) to

measure pain resilience, or the ability to maintain positive functioning
despite physical or psychological adversity. This 14-item assessment
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asks participants to report responses on a scale of 0 (not at all) to 4 (to a
great degree). Example items include, “I like to stay active,” or “I keep a
hopeful attitude.” Scores are summed and range from 0 to 56, with
higher scores indicating greater level of resilience to pain. The PRS is
well-validated and exhibited strong internal reliability in the current
sample (Cronbach’s a .94), which is in line with previous work
(Cronbach’s a@ = .72 - .94) (Slepian et al., 2016).

Data analytic plan

We analyzed data using multilevel linear modeling (MLM) through
linear mixed-effects models (MIXED) procedure in SPSS, version 26.0
(IBM, 2017). Mixed-effects modeling accommodates interindividual
differences in baseline levels of participants (i.e., random intercepts)
and allows retention of all available data for analyses thereby increasing
power (Chakraborty and Gu, 2009). Prior to modeling, we examined
assumptions and descriptive statistics and mean centered all variables.
The estimation method within the mixed-effects models were based on
the restricted maximum-likelihood estimation. The models included two
levels, where repeated assessments across time (Level 1; variables
included time, hypothesized mediators) were nested within participants
(Level 2).

Two separate multiple mediation models were run for each outcome
(i.e., depression and anxiety). Each model examined the unique medi-
ator role of changes in the three hypothesized mechanisms of change
(pain catastrophizing, mindfulness, and pain resilience) for changes in
either depression or anxiety between baseline and post-treatment. In
each multiple mediation model, Time was the predictor, the three hy-
pothesized mechanisms of change (in a simultaneous analytic model)
were the mediators, and depression or anxiety was the outcome. Given
that the focus was on identifying mechanisms of change across both
groups, we adjusted for treatment group by including it as a fixed effect
in the mediation models. We present findings for each step of mediation
(path q, path b, path c, path ¢’, and path a*b). The indirect effect, from
the predictor variable through the hypothesized mediator to the
outcome variable, is the only requirement necessary to demonstrate
mediation (Preacher and Hayes, 2008; Zhao et al., 2010).

First, changes in pain catastrophizing, mindfulness, and pain resil-
ience were regressed on Time in separate models (path a). Then, either
change in depression or change in anxiety (in separate models) were
regressed on changes in pain catastrophizing, mindfulness, and pain
resilience (as well as the treatment group variable) and simultaneously
entered as fixed effects in the model (path b). We used Monte Carlo
Method run by RMediation package (Tofighi and MacKinnon, 2011) to
calculate the confidence interval (CI) of the indirect effects for each
hypothesized mediator (path a*b). The 95% confidence intervals not
containing zero indicates a significant indirect effect (i.e., mediation)
(Preacher & Selig, 2012). We also reported the direct effects (changes in
depression or anxiety regressed on time) (path c), as well as the atten-
uation of the direct effects after inclusion of the hypothesized mediators
(path ¢’) for descriptive purposes. Effect sizes of the significant indirect
effects were calculated using “completely standardized indirect effects”
(CSIE) with small, medium, and large effect size estimates to be about
.01, .09, .25, respectively (Preacher and Selig, 2012).

Results
Preliminary analyses

Descriptive statistics

Table 3 displays descriptive statistics for outcome variables (i.e.,
depression and anxiety) and hypothesized mediators (i.e., pain cata-
strophizing, mindfulness, and pain resilience) across both timepoints.
Baseline means of pain catastrophizing (M = 20.99, SD = 11.96),
mindfulness (M = 31.21, SD = 6.74), and pain resilience (M = 35.10, SD
= 10.06) fell into expected ranges based on measures and current
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Table 3
Total Scores for Primary Variables.
Variable, Measure, and M + SD Sample
Possible Range Range
Emotional Distress
(Outcomes)
Depression T-scores (PROMIS 54.07 + 37.1-
v1.0 8b) (37.1 -81.1) 10.05 80.9
Anxiety T-scores (PROMIS v1.0 55.07 + 37.1-
8a) (37.1-83.1) 9.73 76.9
Hypothesized
Mediators
Pain Catastrophizing Scale (0 — 17.33 + 0-48
52) 11.70
Cognitive and Affective 32.83 + 19-48
Mindfulness Scale, Revised (12 6.83
-48)
Pain Resilience Scale (0 - 56) 37.33 £ 9-56
10.78

Note. Higher depression and anxiety scores indicate more symptoms. Higher
pain catastrophizing scores indicate more catastrophizing. Higher pain resil-
ience scores mean greater resilience to pain. Higher mindfulness scores indicate
more engagement in mindful behaviors.

literature among adults with chronic pain (e.g., Dong et al., 2020;
Feldman et al., 2007; Slepian et al., 2016; Sullivan et al., 1995; Vowles
et al., 2014). Forty-eight participants (58.54%) in our sample endorsed
clinically significant levels of depression at baseline (T-scores > 55), and
53 participants (64.63%) endorsed clinically significant levels of anxiety
at baseline (T scores > 55), which is in line with rates of emotional
distress among chronic pain patients (Rayner et al., 2016). Separate
bivariate correlations revealed that higher levels of depression and
anxiety were associated with greater pain catastrophizing (r = .74, p <
.001; r= .65, p < .001), less mindfulness (r = .74, p < .001;r=-.64,p <
.001), and lower pain resilience (r = -.53,p < .001; r = -.48, p < .001),
respectively.

Multiple mediation analyses

Depression. The a paths revealed that the three hypothesized
mechanisms of change improved from baseline to post-intervention as
reported in Greenberg et al., 2020. Pain catastrophizing significantly
decreased (b = -7.44, SE = 1.40, p < .001, CI = [-10.23, -4.65]),
mindfulness significantly increased (b = 3.35, SE = 0.73, p < .001, CI =
[1.89, 4.80]), and pain resilience significantly increased (b = 4.73, SE =
1.23,p < .001, CI = [2.28, 7.18]) from baseline to post-treatment in the
sample overall. Regarding b Paths, when simultaneously included in
one model, decreases in pain catastrophizing(b = 0.34, SE = 0.05, p <
.001), increases in mindfulness (b = -0.36, SE = 0.10, p < .001), and
increases in pain resilience (b = -0.16, SE = 0.06, p < .01) each
accounted for significant and unique variance in depression from base-
line to post-treatment (see Table 4). Further, path c (depressive
symptoms regressed on time) was significant (b = -3.54, SE = .91, p <
.001, CI = [-5.36, -1.73]), indicating that depression decreased signifi-
cantly from baseline to post-treatment (direct effects), which is in line
with pervious work (Greenberg et al., 2020).

When hypothesized mechanisms of change were included in the
model, the relationship between time and depression (path c¢’) was no
longer significant (b = 0.84, SE = 0.77, p = .279), indicating that hy-
pothesized mechanisms fully mediated depression changes from base-
line to post-treatment. The indirect effects (path a*b) of time on
improvements in depression through pain catastrophizing (b = -2.53, SE
=0.61, CI = [-3.82, -1.43], CSIE = -0.26), mindfulness (b = -1.21, SE =
0.43, CI = [-2.15, -0.46], CSIE = -0.12), and pain resilience (b = -0.76,
SE = 0.35, CI = [-1.54, -1.66], CSIE = -0.07), were all significant (see
Fig. 1). In other words, time had the largest effect on depression through
pain catastrophizing, followed by mindfulness, and then pain resilience.

Anxiety. The a paths are the same across mediation models for both
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Table 4
Mixed-Effects Models for Depression and Anxiety.
Outcome: Depression b Std. Error t p Lower CI Upper CI
Time 0.84 0.77 1.09 .279 -0.69 2.36
Group 2.97 1.26 2.36 .021 0.46 5.47
Pain Catastrophizing 0.34 0.05 6.52 .000 0.24 0.45
Mindfulness -0.36 0.10 -3.61 .000 -0.56 -0.05
Pain Resilience -0.16 0.06 -2.90 .004 -0.27 -0.05
Outcome: Anxiety b Std. Error t P Lower CI Upper CI
Time 1.49 1.00 1.48 142 -0.51 3.48
Group 2.54 1.31 1.94 .056 -0.07 5.15
Pain Catastrophizing 0.29 0.06 4.65 .000 0.17 0.41
Mindfulness -0.45 0.11 -3.86 .000 -0.67 -0.22
Pain Resilience -0.10 0.07 -1.58 116 -0.23 0.03
Note. AIC = 979.96 for Depression model; AIC = 1026.80 for Anxiety model.
Pain
Catastrophizing 40 (.06)***
-.64 ((12)**%
_ sk .
Time A9 (11)*r Mindfulness 25 (07) > Depression
A4 (L11)*** . - -.17 (.06)**
Pain Resilience

Fig. 1. Mediation model testing the effect of hypothesized mechanisms of change on depression
Note. Paths specificy level-1 mixed linear modeling (MLM) equations with standardized values, *p < .05; ** p < .01; ***p < .001, path ¢’ = 8 = -0.08 (.08). Solid lines

represent significant pathways.

outcomes (see above). In terms of b Paths, when simultaneously
entered in one model, decreases in pain catastrophizing (b = 0.29, SE =
0.06, p < .001), and increases in mindfulness (b = -0.45, SE = 0.11,p <
.000) significantly accounted for unique variance in anxiety from
baseline to post-treatment (see Table 4). Path b for pain resilience was
not significant (b = -0.10, SE = 0.07, p = .116) (see Table 4). Further,
path c (anxiety symptoms regressed on time) was significant (b = -2.56,
SE = 1.04, p < .05, CI = [-4.64, -.49]), indicating a significant decrease
from baseline to post-treatment (direct effects) as reported in Greenberg
et al., 2020.

When the three hypothesized mechanisms of change were included
in the model, the relationship between time and depression (path c’)
was no longer significant (b = 1.49, SE = 1.00, p = .142), indicating that
hypothesized mechanisms fully mediated anxiety changes from baseline
to post-treatment. The indirect effects (path a*b) of time on im-
provements in anxiety through pain catastrophizing (b = -2.16, SE =
0.06, CI = [-3.45, -1.08], CSIE = -0.22), and mindfulness (b = -1.51, SE
= 0.50, CI = [-2.60, -0.65], CSIE = -0.15), were both significant (see
Fig. 2). There was no significant indirect effect of time on improvements
in anxiety through pain resilience (b = -0.47, SE = 0.36, CI = [-1.26,
0.17]). Similar to depression, time had the largest effect on anxiety

through pain catastrophizing, followed by mindfulness.
Discussion

Among psychosocial interventions for chronic pain, few have inte-
grated conceptual models and examined multiple psychosocial pro-
cesses that contribute to depression and anxiety outcomes (Barke et al.,
2020; Meints and Edwards, 2018). We addressed this gap by examining
the extent to which multiple mediators explained changes in emotional
outcomes in response to our recently developed mind-body activity
intervention that incorporated elements of CBT, ACT, and mindfulness
(Greenberg et al., 2019, 2020). We hypothesized that pain catastroph-
izing, mindfulness, and pain resilience would each uniquely explain
improvements in depression and anxiety from baseline to
post-treatment. Consistent with our hypothesis, pain catastrophizing,
mindfulness, and pain resilience uniquely and fully mediated depression
from baseline to post-treatment. Further, pain catastrophizing and
mindfulness, but not pain resilience, uniquely and fully mediated anxi-
ety from baseline to post-treatment. We discuss the implications of
findings below for each hypothesized mediator of change.

Pain
Catastrophizing .35 (L08)***
-64 (12)%5%
Time A9 (L11)**F* Mindfulness =31 (08)*** > Anxiety
7
~
-
_-
A4 (11)*** ~ .12 (.07)
Pain Resilience |-~

Fig. 2. Mediation model testing the effect of hypothesized mechanisms of change on anxiety
Note. Paths specificy level-1 mixed linear modeling (MLM) equations with standardized values, *p < .05; **p < .01; ***p < .001, path ¢’ =8 = 0.15 (.10). Solid lines
represent significant pathways and dashed line represents non-significant pathway.
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Pain catastrophizing and emotional outcomes

Decreases in pain catastrophizing explained a large portion of vari-
ance in depression and anxiety improvements (CSIEs = -0.26 and -.22)
(Preacher and Kelley, 2011). In fact, pain catastrophizing explained
more than twice the magnitude explained by mindfulness and more than
three times the magnitude explained by pain resilience in emotional
outcomes, when all included in the same models. Findings are consistent
with previous literature that pain catastrophizing is a mediator of
depression and associated with anxiety among people experiencing
chronic pain (Dong et al., 2020; Wood et al., 2016). This analysis
highlights the value of addressing negative cognitions surrounding pain
and provides evidence for the fear-avoidance model given that pain
catastrophizing can perpetuate depression (e.g., Crombez et al., 2012).
Our mind-body activity program directly addressed the disability spiral
by restructuring pain-related misconceptions or pain-related thoughts,
which may explain why pain catastrophizing was the largest mediator of
change in emotional outcomes. In other words, restructuring beliefs
about pain seems to serve as a useful mechanism for developing a more
adaptive perspective on pain. This shift in perspective may help increase
engagement in activities and therefore decrease anxious and depressive
symptoms (Cheng et al., 2018). Although restructuring cognitions about
pain appeared to be an effective technique in our program, other re-
searchers have identified psychological flexibility as a potential tool to
decrease negative pain-related thoughts, suggesting that other in-
terventions techniques also may be useful to address pain catastroph-
izing (Vowles and McCracken, 2008).

Mindfulness and emotional outcomes

Increases in mindfulness explained a medium to large portion of the
variance in depression and anxiety (CSIEs = -.12 and -0.15) improve-
ments from baseline to post-treatment (Preacher and Kelley, 2011).
These findings are consistent with reports that mindfulness practice has
been effective for improving emotional functioning in patients with
chronic pain (e.g., Baer, 2003; Curtin and Norris, 2017). The present
results, which suggest that mindfulness is an important mechanism of
change, address limitations of previous studies which have overlooked it
as a process variable in emotional function outcomes (McCracken and
Vowles, 2014; Shen et al., 2020). The fact that mindfulness explained
unique change in emotional outcomes, above and beyond pain cata-
strophizing, emphasizes its value for chronic pain interventions. Mind-
fulness has been negatively associated with ruminative anxiety and may
disrupt the cycle of chronic pain and emotional distress by decreasing
negative pain-related cognitions (Curtin and Norris, 2017). Mindfulness
also has been associated with neurobiological changes, lower perceived
stress, fewer appraisals of everyday events as hassles, less self-blame,
and less escape-avoidance behaviors, which can decrease depressive
symptoms (Shen et al., 2020; Moskowitz et al., 2015). Within our pro-
gram, relaxation response skills (e.g., mindfulness mediation, body scan)
likely helped participants increase awareness of their internal experi-
ences (e.g., negative pain-related thoughts, body sensations), thereby
enhancing adaptive coping and decreasing emotional distress.

Pain resilience and emotional outcomes

Changes in pain resilience explained a small to medium portion of
the variance in depression (CSIE = -0.07), but not significant variance in
anxiety following participation in our mind-body activity program
(Preacher and Kelley, 2011). Findings regarding pain resilience and
depression confirm previous reports that resilience helps to attenuate
depression and maintain physical activity (Akerblom et al., 2015; Radat
and Koleck, 2011). Willingness to engage in activities with pain may be
more relevant for improving mood, but not anxiety, which is consistent
with literature on the value of behavioral activation for mood among
patients with chronic pain (Kim et al., 2017). It is also possible that items

539

Journal of Affective Disorders 292 (2021) 534-541

on the Pain Resilience Scale (e.g., “I still find joy in my life””) are more
sensitive to mood.

It is important to note that the significant effect for pain resilience on
depression was small when compared with contributions of pain cata-
strophizing and mindfulness. This finding may be because the program
indirectly targeted resilience by focusing on physical activity, mind-
body skills, and correcting negative pain-related thoughts; therefore,
less change was evident in pain resilience. Future iterations of this
intervention or adapted interventions could consider the inclusion of
acceptance and/or positive psychology skills which may more directly
address pain resilience (Dong et al., 2020). Further, pain catastrophizing
and mindfulness may have shared variance with pain resilience, making
it more conceptually difficult to tease apart their unique contributions.

Strengths and limitations

The current analysis has several strengths. First, the present study
utilized a rigorous methodological design in the implementation of a
novel pilot mind-body activity RCT. Our program incorporated strong
conceptual foundations (e.g., biopsychosocial 3RP model, fear-
avoidance model, CBT, ACT), well-established measures, and randomi-
zation. This methodology sets the stage to effectively assess mechanisms
of change, which is an important step prior to RCT efficacy testing
(Nielsen et al., 2018). Second, we examined multiple mediators simul-
taneously to extend the current literature regarding psychosocial pro-
cesses that may explain emotional outcomes. Few researchers have
examined more than two mediators to understand emotional outcomes
among patients with chronic pain, despite the evidence that enhanced
outcomes involved multiple processes (Dong et al., 2020; Wongpakaran
et al., 2016). To our knowledge, this is the first study to merge several
evidence-based conceptual models and test multiple mediators in the
context of a novel intervention. Each of our hypothesized mediators
represented core processes in the conceptual underpinnings of this
intervention (i.e., negative cognitions about pain, nonjudgmental
awareness of pain-related beliefs, and willingness to function with pain).
In addition, our analytical approach allowed us to: (1) assess unique
explanatory role of multiple psychosocial processes for depression and
anxiety; (2) adjust for individual differences at baseline; (3) control for
group effects; and (4) include all available data to increase power.

Study limitations also should be considered. First, the study did not
include a control condition and, therefore, data between two treatment
groups (GetActive, GetActive-Fitbit) were merged to determine processes
that may explain outcomes to inform to future efficacy testing (Aklin
et al., 2020). Without a control condition, we cannot rule out that par-
ticipants’ improvement in processes and outcomes may have been a
function of time or other factors. Second, although the analytical
approach was the most appropriate for the data, mediation analyses
were limited by two time points and a small sample size. Further, cau-
sality and directionality cannot be assumed without more time points
and control conditions. Previous literature has highlighted a reciprocal
relationship between pain catastrophizing and depression, which em-
phasizes the complex nature of directionality and should be addressed in
future studies with more timepoints and control groups (Wongpakaran
et al., 2016). Future studies can address these limitations by including
more timepoints, control conditions, and larger samples.

Clinical implications and future directions

This work provides evidence for treatment mechanisms that are
important to consider in the development and implementation of psy-
chosocial interventions targeting emotional distress among patients
with chronic pain. Pain catastrophizing, mindfulness, and pain resil-
ience mediated improvements in depression and/or anxiety, which
highlights that these processes are important to target in future itera-
tions of our mind-body activity program. Our finding that pain cata-
strophizing exhibited a large effect on emotional outcomes suggests that
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patients with chronic pain would benefit from addressing negative pain-
related thoughts and pain misconceptions in psychotherapy. The result
that mindfulness explained medium to large effects on emotional out-
comes emphasizes that clinicians should consider incorporating mind-
fulness and/or mind-body skills into treatment to enhance functioning.
Future RCT trials of this intervention should attempt to replicate and test
directionality of these mechanisms of change with a larger sample,
increased power, and control condition.

The findings that multiple psychological processes — pain cata-
strophizing, mindfulness, and pain resilience — explain unique portions
and different magnitudes of variance in emotional outcomes highlights
the value of targeting all processes given that they fully accounted for
changes in depression and anxiety across time. Interventions should
consider utilizing several techniques to address negative pain-related
cognitions, increase nonjudgmental awareness, and increase willing-
ness or acceptance of pain to enhance functioning. Further work
examining how these processes may interact is warranted. This would
help clarify how these skills should be presented and taught to patients
in psychosocial interventions. Merging mechanisms of change across a
variety of psychosocial interventions (e.g., ACT, mindfulness, CBT) may
reveal the most effective treatments for chronic pain patients. Future
interventions that consider the value of multiple theoretical models
might elucidate psychosocial processes involved in managing emotional
distress associated with chronic pain.

Conclusions

Few chronic pain interventions include depression and anxiety as
outcomes and assess multiple mediators of change within interventions.
Our work highlights core elements of treatment that can enhance
emotional functioning. Pain catastrophizing and mindfulness helped to
explain improvements in depression and anxiety following a pilot mind-
body activity RCT for chronic pain. Pain resilience contributed to a small
portion of change in depression and did not contribute to anxiety.
Within this program, negative pain-related beliefs and mind-body skills
likely contributed to improved pain catastrophizing and mindfulness
and better emotional outcomes. Future iterations of our program could
include techniques that target resilience (e.g., acceptance) to further
enhance emotional functioning. Next steps include testing the efficacy of
a fully powered RCT to determine core mechanisms of change that
improve functioning among patients with chronic pain. Current findings
provide valuable information to clinicians and researchers as to
important processes — pain catastrophizing and mindfulness - to
consider for treatment and intervention development.
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