Journal of Pain Research

Dove

ORIGINAL RESEARCH

The impact of anxiety and catastrophizing on
interleukin-6 responses to acute painful stress

Asimina Lazaridou'

Marc O Martel'

Christine M Cahalan'
Marise C Cornelius'

Olivia Franceschelli'
Claudia M Campbell?
Jennifer A Haythornthwaite
Michael Smith?

Joseph Riley?

Robert R Edwards'

'Department of Anesthesiology,
Harvard Medical School, Brigham &
Women’s Hospital, Boston, MA,
USA,; 2Department of Psychiatry

and Behavioral Sciences, School of
Medicine, Johns Hopkins University,
Baltimore, MD, USA; *Department of
Community Dentistry and Behavioral
Science, College of Dentistry,
University of Florida, Gainesville,

FL, USA

2

Correspondence: Robert R Edwards
Brigham & Women’s Hospital, Pain
Management Center, 850 Boylston St,
Chestnut Hill, Boston, MA 02467, USA
Tel +1 617 732 9486

Fax +1 617 732 9050

Email RREdwards@partners.org

This article was published in the following Dove Press journal:
Journal of Pain Research

Objective: To examine the influence of anxiety and pain-related catastrophizing on the time
course of acute interleukin-6 (IL-6) responses to standardized noxious stimulation among
patients with chronic pain.

Methods: Data were collected from 48 participants in the following demographically matched
groups: patients with chronic pain (n=36) and healthy controls (n=12). Participants underwent
a series of Quantitative Sensory Testing (QST) procedures assessing responses to mechanical
and thermal stimuli during two separate visits, in a randomized order. One visit consisted of
standard, moderately painful QST procedures, while the other visit involved nonpainful analogs
to these testing procedures. Blood samples were taken at baseline, and then for up to 2 hours
after QST in order to study the time course of IL-6 responses.

Results: Results of multilevel analyses revealed that IL-6 responses increased across assessment
time points in both visits (p<0.001). While patients with chronic pain and healthy controls did
not differ in the magnitude of IL-6 responses, psychological factors influenced IL-6 trajectories
only in the chronic pain group. Among patients, increases in catastrophizing over the course
of the QST session were associated with elevated IL-6 responses only during the painful QST
session (p<0.05). When controlling for anxiety, results indicated that the main multilevel model
among patients remained significant (p<0.05).

Conclusion: Under specific conditions (eg, application of a painful stressor), catastrophizing
may be associated with amplified proinflammatory responses in patients with persistent pain.
These findings suggest that psychosocial interventions that reduce negative pain-related cogni-
tions may benefit patients’ inflammatory profiles.
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Introduction

Chronic musculoskeletal pain is the leading cause of disability and impaired physical
function in many parts of the world.! Fibromyalgia (FM)** and osteoarthritis (OA)°
are two relatively common musculoskeletal conditions that contribute to physical,
occupational, and psychosocial disability; these disorders are characterized by per-
sistent pain and hyperalgesia, fatigue and sleep disturbance, emotional distress, and
impaired quality of life (QOL). Though FM and OA have distinct pathophysiologic
mechanisms, proinflammatory cytokines such as interleukin-6 (IL-6) have been
hypothesized to play a role in contributing to pain in both conditions.*® While FM is
not considered an inflammatory disorder per se, van West and Maes!® suggested that
inflammatory processes accompanied by changes in the neuroendocrine-immune
system might underlie some of the symptomatology of FM, and a meta-analysis
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highlighted elevations in IL-6 as an important feature of
FM pain.'! IL-6 also appears to play a role in generating or
maintaining joint pain in OA, a condition characterized by
persistent articular cartilage degeneration. In a recent study,
IL-6 was elevated among OA patients compared to pain-free
controls, and Doss et al suggested that variability in IL-6
levels within the OA group might characterize important
patient subgroups.'? Other recent studies have also reported
that serum IL-6 levels are higher in OA patients compared
to controls.” Of note, OA and FM patients matched for pain
duration and pain intensity demonstrated similarly elevated
proinflammatory cytokine profiles.’ In addition, the central
nervous system interacts dynamically with the immune
system to modulate inflammation through humoral and
neural pathways. For example, activation of vagal afferents
culminates in the release of acetylcholine that blocks cytokine
production by cells expressing acetylcholine receptors.'*
Such vagal and cholinergic modulation of inflammatory
pathways likely has important therapeutic implications for
many chronic conditions.'?

While many studies have evaluated “basal” or “resting”
levels of cytokines in chronic musculoskeletal pain condi-
tions, some investigators have measured changes in IL-6 or
other cytokines in response to a standardized stressor, or
stimulus.'®!" Studies looking at aging have demonstrated
decreased production of proinflammatory cytokines after
exposure to lipopolysaccharide, which may reflect impaired
host defense against infections in the elderly.” Several reports
have also indicated that IL-6 levels increase in response to
standardized pain-provoking procedures (such as adminis-
tration of noxious mechanical stimuli),?' though overall, the
literature linking acute pain and inflammatory responses has
been rather inconsistent.?>>* We have used such procedures
(eg, application of standardized painful stimulation and
measurement of changes in circulating cytokine levels) as a
way to quantify individual variability in cytokine reactivity
to study the effects of psychosocial variables such as pain-
related catastrophizing on physiological pain responses.?
A number of psychoneuroimmunology studies have linked
psychosocial states with inflammatory processes, and cata-
strophizing is one of the psychosocial factors that have been
most extensively studied as a contributor to pain-related
inflammation.?*” Both pain catastrophizing and anxiety are
characterized by attention to threat, overemphasis of the prob-
ability of a catastrophic outcome, and rumination about the
worst possible consequences.?®*° Despite this overlap with
anxiety, pain catastrophizing seems to play a unique role in
pain experience. For instance, Pinto et al have demonstrated

that pain catastrophizing fully mediated (ie, statistically
accounted for) the association between presurgical anxiety
and postsurgical pain intensity.>! In our previous studies, we
demonstrated that pain catastrophizing, measured immedi-
ately after the pain procedures, was related to IL-6 reactivity
even after controlling for other negative affective states.

Catastrophizing consists of a set of negative cognitive and
emotional experiences involving rumination about pain, feel-
ings of helplessness when in pain, and pain-magnification of
the threat value of pain.**> There have been some previous
studies exploring the subscales of pain catastrophizing as
separate constructs. Specifically, there has been an interest
in pain-magnification, defined as a heightened perception of
the threat represented by pain symptoms.?” Recent studies
have demonstrated that only pain pain-magnification and
state anxiety emerged as significant predictors of pain inten-
sity.*® In addition, both helplessness and pain-magnification
were related to mental health—related QOL and depression,
whereas only pain pain-magnification has been shown to be
associated with physical health-related QOL.*

Individuals who score high on measures of catastroph-
izing tend to exhibit increased hyperalgesia, higher ratings
of chronic pain intensity, and elevated levels of physical
disability.?® Catastrophizing appears to be linked with
some of the neurobiological mechanisms underlying pain
perception, including inflammation.? For example, recent
studies find a positive correlation between catastroph-
izing and elevated indices of inflammation in rheumatoid
arthritis.>>#**? Longitudinal RA studies have shown that high
levels of catastrophizing prospectively predicted worsening
erythrocyte sedimentation rates.* Of note, a study in healthy
adults revealed that higher levels of catastrophizing predicted
greater IL-6 reactivity to standardized noxious stimulation in
a laboratory setting,” and O’Donovan et al directly compared
anxious and non-anxious individuals and demonstrated that
clinically anxious participants exhibited significantly higher
levels of IL-6.** Catastrophizing also interacts with other
negative affective processes: in a recent study, Sturgeon and
Zautra* demonstrated that pain catastrophizing accounted for
a significant proportion of the relationship between daily pain
intensity, negative and positive affect, as well as depressive
symptoms. Collectively, however, little research has explored
the interrelationships between catastrophizing and anxiety in
the context of pain and inflammation.

The primary aim of the present study was to examine,
in a controlled manner, the influence of negative cognitive/
emotional states such as pain catastrophizing and anxiety
on the magnitude and time course of IL-6 responses among
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patients with chronic pain following a session of laboratory-
induced pain. In order to isolate the specific effects of pain,
we included a nonpainful laboratory testing session as well as
a comparison group of healthy controls. The IL-6 reactivity
of FM and OA patients during a painful Quantitative Sensory
Testing (QST) session was compared with IL-6 responses
obtained following a nonpainful laboratory session, and with
those of a demographically comparable group of healthy,
pain-free controls.

Patients and methods

Patients
A total of 48 participants were enrolled in the study, with
12 healthy volunteers and 36 chronic pain patients (FM and
OA). The groups were selected to be comparable in age, eth-
nicity, and sex, as these demographic factors correlate with
both pain experience and immune system functioning.*?
Most of the participants were women, since there is a strong
female predominance in epidemiological studies of arthritis
and FM. Catastrophizing, which often differs systematically
across groups, was not used as a matching variable and was
permitted to vary freely. The involvement of human subjects
in this study was reviewed, approved, and monitored by
the Institutional Review Board at Brigham and Women’s
hospital, Boston, MA, USA, and all participants provided
written informed consent. Participants were screened using
the following inclusion criteria for FM and OA patients:
1) 40-70 years old, and must meet the clinical criteria for
a chronic pain musculoskeletal disorder (eg, OA, FM); 2)
typical pain ratings >3 on the Brief Pain Inventory (BPI)
Pain Intensity subscale; and 3) facility with the English
language that is adequate to complete study procedures.
The exclusion criteria for the patients were as follows: 1)
delirium, dementia, psychosis, or other cognitive impair-
ment preventing completion of study procedures; 2) history
of myocardial infarction or other serious cardiovascular
condition; 3) current peripheral neuropathy; 4) currently
pregnant; 5) history of Raynaud’s syndrome; 6) active vas-
culitis or severe peripheral vascular disease; 7) current use
of tumor necrosis factor-alpha antagonists or steroids; 8)
current infection; 9) history of autoimmune disorder such
as systemic lupus erythematosus; 10) use of strong opioids;
and 11) recent history of substance abuse or dependence.
The inclusion criteria for healthy controls were the fol-
lowing: 1) 4070 years old, and 2) facility with the English
language that is adequate to complete study procedures. The
exclusion criteria for the controls were identical to those for
the patients, with the following two additions: 1) significant

current or recent pain complaints, and 2) a history of any
painful musculoskeletal disorder (eg, OA, FM).

Procedures

All participants underwent two testing sessions: one with
standard (painful) QST procedures (described below) and
the other with equivalent procedures performed in a non-
painful manner. The order of testing sessions (painful and
nonpainful) was randomized. Visits were scheduled in the
morning, starting at 8:00 am. All participants were instructed
not to eat and drink for at least 2 hours beforehand, not to
perform strenuous exercise that morning, and not to use anti-
inflammatory medications prior to the testing session. Blood
samples were collected twice at baseline during a 20-minute
rest period (prior to QST), after the QST, and at 30 minutes,
1 hour, 90 minutes, and 2 hours post-QST. The total duration
of the painful QST was 30 minutes. Participants were seated
comfortably in a reclining chair and an indwelling catheter
was inserted in the left forearm. Blood samples were collected
in 10 mL tubes and transported to the laboratory, where they
were centrifuged, aliquoted, and stored in a —70°C freezer.
A standard high-sensitivity enzyme-linked immunosorbent
assay (R&D Systems, Minneapolis, MN, USA) was used to
assess serum levels of IL-6 (lower limit of detection: 0.16 pg/
mL; sensitivity: 0.04 pg/mL; intra-assay coefficient of varia-
tion: <5%), a proinflammatory cytokine which is associated
with peripheral and central sensitization.*°

At the painful QST visit, the participants underwent nox-
ious mechanical and cold stimulation, similar to our previous
studies.?>>%3! First, pressure pain thresholds (PPTh) were
determined bilaterally at the trapezius muscle, the metacarpo-
phalangeal joint of the thumb, and the patella using a Somedic
digital pressure algometer. This PPTh procedure lasted ~15
minutes. Next, we assessed tonic deep-tissue pressure pain
by inflating a blood pressure cuff around the lower leg, over
the gastrocnemius muscle, to an individually tailored mod-
erately painful level. This cuff pain testing procedure lasted
~5 minutes. Finally, the participants underwent a series of
four cold pressor tasks involving immersion of the hand in a
circulating 4°C water bath. Each cold water immersion lasted
~45 seconds, with a 2-minute rest period in between each
immersion. This procedure lasted ~10 minutes.

At the nonpainful QST visit, the same procedures were
performed for the same durations, but without inducing
pain. This was done by assessing the thresholds for mild,
nonpainful pressure using the algometer, by applying cuff
stimulation that was tailored to an intensity that produced
sensations of mild, nonpainful pressure (30 mmHg), and by
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having participants undergo a series of hand immersions in
a water bath maintained at 26°C.

Participants completed standard questionnaires such
as the BPL>? the Pain Catastrophizing Scale (PCS),* and
the Beck Depression Inventory.>* In addition, participants
reported on their current clinical pain and current anxiety
(state anxiety) at multiple time points throughout the session,
as in previous QST studies by our group.>>¢

Data analysis

All analyses were conducted using Statistical Package for the
Social Sciences (SPSS) version 21.0 (IBM Corp., Armonk, NY,
USA). Descriptive data for continuous variables are presented
as means and standard deviations (SDs), and data for categori-
cal variables are presented as percentages. All analyses were
conducted using multilevel modeling (MLM) and the MIXED
command in SPSS-IBM. MLM is well-suited to handle the hier-
archical nested data structure of the proposed study, in which
repeated daily assessments (Level 1 units) were nested within
participants. MLM is also well-suited to handle the unequal
number of data points across participants due to random miss-
ing data,””® which is typical of longitudinal study designs.

Data cleaning included correction of out-of-range values
and checking for potential outliers. The multivariate outlier
analysis was conducted using the Mahalanobis distance
procedure, separately for the noxious and non-noxious con-
ditions. For the noxious condition, analyses revealed one
multivariate outlier case for the anxiety—IL6 association and
two outlier cases for the pain-magnification—IL6 association.
Sensitivity analyses were subsequently conducted to deter-
mine whether the presence/absence of these outlier cases
influenced the main study findings reported in the initial
version of the manuscript. Sensitivity analyses indicated that
the main multilevel model (ie, time * pain-magnification on
IL-6 responses) among pain patients remained significant
(p<0.05) even when removing these outlier cases. Analyses
also indicated that this model was nonsignificant among
healthy controls (p>0.05).

We also examined the amount of missing data for each of
the main independent variables (pain-magnification, anxiety)
and for the study outcome (IL-6). Across the noxious and
non-noxious conditions, there was no missing data (0%) for
the IL-6 variable and no missing data for the pain-magnifi-
cation variable (0%). There were, however, missing data for
the anxiety ratings collected during the noxious (16.1%) and
non-noxious (15.1%) conditions.

We first conducted preliminary analyses examining the
potential confounding influence of participants’ demographic

(ie, age, sex, ethnicity) and medication use (ie, opioids, anti-
depressants, anxiolytics/sedatives, anticonvulsants, muscle
relaxants) characteristics on IL-6 responses. Consistent with
recommendations, variables that were significantly asso-
ciated with IL-6 were retained as covariates in the primary
multilevel models described below. For example, emotional
distress (eg, depression) seems to affect IL-6 levels and is
often used as a covariate.®! More specifically, Craner et al*
have previously shown that pain-magnification, one of the
main domains of catastrophizing, was significantly related to
physical and mental health-related QOL and depressed mood
in patients with chronic pain. In addition, previous studies
have shown a strong association between pain-magnification,
anxiety, and depression in chronic pain samples;* indeed, one
study found that pain-magnification was the only domain of
catastrophizing that was uniquely associated with negative
emotions such as anxiety.®

In order to select the covariance structure for multilevel
models, we compared different types of covariance structures
(ie, first-order autoregressive [AR1], compound symmetry,
Toeplitz) by examining model fit information. Comparison
of model fit was based on the Akaike information criterion
and the Schwarz’s Bayesian information criterion, as recom-
mended.* Model fit comparisons were made separately for
models examining IL-6 responses in the noxious and non-
noxious conditions, as well as separately for pain patients and
healthy controls. Across all models, the best model fit was
achieved by using the AR1 structure. In addition to providing
the best model fit, the AR1 structure permits accounting for
the autocorrelations between repeated outcome assessments
(ie, IL-6) during testing sessions. For all these reasons, the
ARTI structure was selected for our multilevel models.

All multilevel models were built using IL-6 responses as
the dependent (ie, outcome) variable. ““Time” was first included
as a Level 1 independent variable, and Level 1 anxiety and
Level 2 catastrophizing (the pain-magnification subscale of
the PCS) scores were then simultaneously added to the model,
which permitted examination of the effects of catastrophizing
(pain-magnification) on IL-6 responses, controlling for anxi-
ety. In order to examine whether catastrophizing influenced
the time course of IL-6 responses, a two-way (time * Level 2
catastrophizing/pain-magnification) interaction term was then
specified and included in the model, controlling for anxiety.

As recommended, all Level 1 scores were centered
within participants and Level 2 scores were centered at
the grand mean.®>% Model building followed a sequential
procedure,*® which first involved specifying a random
intercept and fixed effects for independent variables. When
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significant fixed effects emerged, slopes were then treated
as random effects, and model fit was re-evaluated using the
likelihood ratio test. Random parameters were dropped if
they resulted in a significantly worse model fit.”> 7> All models
used maximum-likelihood estimation and included an AR1
variance covariance matrix in order to account for autocor-
relations between repeated assessments.

In addition, mean group differences between chronic pain
patients and healthy controls were compared using one-way
analysis of variance.

Results

Descriptive statistics

Descriptive statistics for study measures are presented in
Tables 1 and 2, separately for chronic pain patients and
healthy controls. The average age of patients was 51.9 years
(SD=9.1) and the majority were women. Scores on pain (ie,
BPI) and psychological (ie, PCS) measures are comparable

Table | Sociodemographic and clinical variables

Healthy controls Chronic pain

(n=12) participants (n=36)

Age (years), mean = SD 51.5x13.2 51.717.6
Female 66.7% 86.1%
Married 25% 33.3%
Caucasian 63.6% 58.3%
Employed 45.5% 11.1%
College degree 54.5% 36.1%
Body mass index (kg/m?), 25.943.3 28.6+7.7
mean = SD

Antidepressants 8.3% 44.4%
Weak opioids 0% 16.7%
Anxiolytics/sedatives 0% 33.3%
Anticonvulsants 0% 22.2%
Muscle relaxants 0% 13.9%

to those that have been observed in previous studies among
patients with chronic pain.”7

Before conducting primary analyses, the potential con-
founding influence of patient demographics (ie, age, sex, eth-
nicity) and medication use on IL-6 responses was examined.
Given that none of these variables were significantly associ-
ated with IL-6 (all p values >0.05), they were not included
as covariates in the multilevel models reported below.

We also compared the groups on responses to QST in the
painful session (eg, PPTh, cold pressor tolerance) as well as
psychosocial measures (PCS, BPI, Beck Depression Inven-
tory, anxiety, and clinical pain) at baseline. Chronic pain
patients demonstrated significant differences from controls
on most measures (Table 2).

Time course of IL-6 responses during the painful
session

A multilevel model was built to examine the time course of
IL-6 responses during the noxious condition among pain
patients (Table 3; Figure 1). In this model, “time” was used as
aLevel 1 independent variable and IL-6 as the dependent vari-
able (ie, outcome). Results revealed a significant main effect of
time (B=2.35, standard error [SE]=0.64, p<0.001), indicating
that IL-6 responses increased across assessment time points.
Level 2 catastrophizing scores were then added to the model;
the main effect of catastrophizing was not significant (B=0.12,
SE=0.26). Results revealed a significant two-way (time *
catastrophizing) interaction effect (B=0.036, SE=0.016,
p<0.05), revealing the influence of pain-magnification on the
time course of IL-6 responses over time. When controlling for
anxiety, results indicated that the main multilevel model (ie,
time * pain-magnification on IL-6 responses) among patients
remained significant (B=0.034, SE=0.017, p<0.05).

Table 2 Comparison of patient and control groups (data presented as mean + SD) at baseline

Healthy controls Patients p-value
Responses to noxious stimuli
PPTh trapezius (kPa) 404.5£173.0 245.5+116.3 <0.001
Cuff pressure (mmHg) 216.9179.0 132.31161.7 <0.001
Cold pressor tolerance (seconds) 86.82+64.5 65.1+50.4 ns
Cold pain rating (0—100) 69.42+25.2 80.45+23.1 ns
Psychosocial measures
BPI (severity) 0 4.3+2.0 <0.001
BPI (interference) 0 5.0+2.3 <0.001
BDI 2.3+3.2 12.7+8.9 <0.001
PCS (total score) 5.817.9 18.8%12.1 <0.001
Clinical anxiety (0-10) 11.2+4.0 16.416.0 <0.01
Clinical pain (0-10) 0.2+0.6 3.59+2.4 <0.001

Abbreviations: PPTh, pain pressure thresholds; BDI, Beck Depression Inventory; BPI, Brief Pain Inventory; ns, nonsignificant; PCS, Pain Catastrophizing Scale.
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Table 3 Multilevel model examining the influence of state anxiety and trait catastrophizing (pain-magnification) on the time course of
IL-6 responses during the painful session among participants with chronic pain

Fixed effects B SE t p-value
Step |

Intercept 2.35 0.644 3.65 <0.001
Time 0.263 0.039 6.70 <0.001
Pain-magnification (PCS) 0.12 0.27 0.47 ns
Time x pain-magnification (PCS) 0.036 0.013 224 <0.05
Step 2

Intercept 3.23 0.88 3.67 <0.001
Time 0.26 0.0439 6.70 <0.001
Anxiety —-0.05 0.041 —-1.42 ns
Pain-magnification (PCS) 0.22 0.27 0.81 ns
Time x pain-magnification (PCS) 0.036 0.016 2.25 <0.05

Notes: Time and anxiety are Level | variables centered within participants. Catastrophizing is a Level 2 variable centered at the grand mean. B, unstandardized regression

coefficient.

Abbreviations: IL, interleukin; ns, nonsignificant; PCS, Pain Catastrophizing Scale; SE, standard error.

w

N

IL-6 level (pg/mL)

Baseline Post-testing 30 minutes

Time

60 minutes

Painful

Nonpainful

90 minutes 120 minutes

Figure | IL-6 levels in chronic pain patients (FM and OA). Data points are group means; error bars represent standard deviation.

Abbreviations: FM, fibromyalgia; IL-6, interleukin-6; OA, osteoarthritis.

A subsequent multilevel model was then built follow-
ing the same model-building approach as described above,
but among healthy controls (Figure 2). Results revealed a
significant main effect of time (B=0.22, SE=0.072, p<0.01),
indicating that IL-6 responses increased across assessment
time points. Results also revealed no significant main effect
of pain-magnification (B=0.1.86, SE=2.11, p<0.05). Time
was not involved in any significant two-way interaction
effect (both p values >0.05), indicating that the time course

of IL-6 responses was not significantly influenced by anxiety
or catastrophizing.

Time course of IL-6 responses during the nonpainful
session

A multilevel model was built to examine the time course
of IL-6 responses during the non-noxious condition among
pain patients (Table 4; Figure 2). In this model, “time” was
again used as a Level 1 independent variable and IL-6 as the
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Figure 2 Interleukin-6 (IL-6) levels in healthy controls. Data points are group means; error bars represent standard deviation.

Table 4 Multilevel model examining the influence of state anxiety and trait catastrophizing on the time course of IL-6 responses during

the nonpainful session among participants with chronic pain

Fixed effects B SE t p-value
Step |

Intercept 2.50 0.635 3.94 <0.001
Time 0.243 0.051 4.76 <0.001
Pain-magnification (PCS) 0.16 0.25 0.66 ns
Time X pain-magnification (PCS) -0.028 0.020 —-1.40 ns
Step 2

Intercept 243 0.62 3.89 <0.001
Time 0.25 0.052 4.76 <0.001
Anxiety 0.0002 0.005 0.038 ns
Pain-magnification (PCS) 0.178 0.021 0.709 ns
Time X pain-magnification (PCS) -0.032 0.021 -1.54 ns

Notes: Time and anxiety are Level | variables centered within participants. Catastrophizing is a Level 2 variable centered at the grand mean. 3, unstandardized regression

coefficient.

Abbreviations: IL, interleukin; ns, nonsignificant; PCS, Pain Catastrophizing Scale; SE, standard error.

dependent variable (ie, outcome). Results revealed a sig-
nificant main effect of time (B=0.244, SE=0.050, p<0.001),
indicating that IL-6 responses increased across assessment
time points. Level 2 catastrophizing scores were then added
to the model, but did not significantly contribute to the pre-
diction of IL-6 (both p values >0.05). When controlling for
anxiety, results indicated that the main multilevel model (ie,

time * pain-magnification on IL-6 responses) among patients
remained nonsignificant (p>0.05). Time was not involved
in any significant two-way interaction effect (both p values
>0.05), indicating that the time course of IL-6 responses was
not significantly influenced by anxiety or catastrophizing.
Analyses of variance examining group differences in
IL-6 responses revealed no differences between chronic
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pain patients and healthy controls in IL-6 levels for either
the painful or nonpainful testing sessions (both p values
>0.05). Moreover, no significant differences in IL-6 levels
emerged when comparing the painful and nonpainful sessions
(p values >0.05). We also explored the relationship between
patients’ reported clinical pain intensity and the QST-based
indices of pain sensitivity. Pearson’s correlation analysis
revealed significant correlations between the clinical pain
intensity at the painful session and the QST parameters that
showed elevated pain sensitivity for the patient group (ie,
trapezius pain threshold, cuff pressure); ¥=0.37 for trapezius
pain threshold and »=0.53 for cuff pressure (p values <0.05),
indicating that more intense clinical pain was associated with
enhanced pain sensitivity within the patient group.

Discussion
In this study, we examined the psychosocial influences on
IL-6 reactivity among chronic pain patients and controls
undergoing standardized painful and nonpainful stimulation.
Results of multilevel growth curve analyses indicated that
IL-6 levels showed a mild increase over the course of the
testing procedure for both groups in both sessions (ie, across
assessment time points). These findings are congruent with
previous reports on increased IL-6 levels following QST in
healthy adults® as well as in patients with arthritis.>"7¢ Unlike
previous work, the present study included both a nonpainful
and a painful session, providing a controlled framework for
exploring potential unique psychosocial contributors to the
impact of painful stimulation on cytokine responses.’® The
observed increase in IL-6 is concordant with previous stud-
ies,?17778 but the similarity of the increase in the nonpainful
testing session suggests that such IL-6 reactivity is not pain
specific. Both patients and healty controls demonstrated an
increase in IL-6 levels during testing, which may suggest that
the observed effects are due to a general stress response,”
circadian rhythmicity, or possibly an effect of local inflam-
matory responses to repeated blood draws from a catheter.®
The observed increases in plasma concentrations of IL-6 were
small relative to the changes observed after manipulations
such as endotoxin (eg, lipopolysaccharide) injection (acute
inflammatory response to endotoxin in mice and humans),’!
so the clinical implications are uncertain. However, even
fairly slight variation in the circulating levels of proinflamam-
tory cytokine concentrations may have implications for the
experience of musculoskeletal pain.®?

The main finding that emerged from our study was that
the pain-magnification component of catastrophizing moder-
ated IL-6 increases over time in patients with chronic pain.

Multilevel analyses indicated that higher pain-magnification
scores were associated with heightened IL-6 responsiveness
to painful stimulation. The influence of catastrophizing on
IL-6 responses is consistent with the findings of several
studies that have also documented positive associations of
IL-6 with indices of emotional distress.®> The findings were
unique to the chronic pain patients and to the painful testing
session, highlighting the potential specificity of this effect
to pain-related stress responses.’>*¢ Overall, our findings are
in broad agreement with previous results suggesting that
negative cognitive/emotional factors such as catastrophizing
are related to indices of inflammatory disease activity or
proinflammatory immunologic parameters in chronic pain
patients.? 3¢ The present study extends this general effect,
indicating that this inflammatory stress response may be
selective to patients with persistent pain who experience a
high degree of catastrophizing cognitions (specifically those
involving pain-magnification and amplification of the threat
value of pain) in response to a pain-related stressor. It is inter-
esting to consider that other biopsychosocial forces may be
involved in this association; for example, recent reviews of
the effects of cytokines on human functioning suggest links
with social processes®” and catastrophizing has also been
implicated in shaping social interactions.® The present study
was not performed to investigate this hypothesis, but future
studies may benefit from considering whether cytokines
represent one of the pathways by which catastrophizing and
patients’ social environments are reciprocally interrelated.
Our findings indicated that there are no differences
between chronic pain patients and healthy controls in release
of proinflammatory cytokines, confirming the results from
previous studies.® However, catastrophizing seems to be
related to proinflammatory pain—stress response in the
chronic pain patient group and in the painful session only.
Collectively, the findings of this study have implications for
the psychological mechanisms underlying stress responses in
the context of pain. Some researchers® have suggested that
indices of low mood (ie, depression) could be used as direct
proxy measures of chronic inflammation, and numerous
investigators observed that stress’? and depression®** are
associated with increased levels of circulating proinflamma-
tory cytokines, particularly IL-6. However, there has been
relatively less investigation of the relationships between
anxiety, catastrophizing, and inflammatory activity in chronic
pain. In addition, the recent literature on state anxiety and
inflammation has shown mixed patterns of results.”’-” These
largely cross-sectional studies fail to shed light on the tem-
poral aspects of the interactions between psychological states
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and inflammation; while it is clear that stressful events can
trigger an inflammatory response, proinflammatory cyto-
kines can induce symptomatology consistent with states of
depression and anxiety.”?” Our study cannot untangle the
complex dynamics of the interplay between emotions and
the immune system, but it does suggest that there may be
particular psychological characteristics (eg, catastrophizing
and pain-magnification—related cognitions) that impact
proinflammatory stress reactivity in chronic pain patients.

The limitations of this study should be recognized when
interpreting these results. First, the sample size was relatively
small, especially in the control group, preventing us from
drawing clear conclusions regarding differences in IL-6 lev-
els or reactivity across groups. The small size of the control
group also made it difficult to precisely match the samples
on factors such as sex. Second, the chronic pain population
included both OA and FM patients, which likely added to the
heterogeneity of our sample. In addition, we were not able to
fully standardize variables such as wake time on the day of
testing, which would likely have required an inpatient study.
Although we standardized the time of day that testing and
sample collection occurred, there are a large number of cir-
cadian factors that can influence cytokine levels.®® Third, we
did not obtain genotypic data on participants, which may have
helped to predict individual variability in cytokine reactivity,
as such responses are known to be influenced by a variety of
genes including those involved in the cholinergic system.”
Finally, we studied only IL-6, a quintessential proinflamma-
tory cytokine, and the increases demonstrated were relatively
small; in future studies, we plan to consider assaying larger
panels of both pro- and anti-inflammatory cytokines. Despite
these limitations, the current findings are encouraging and
we hope that they will stimulate further investigation into the
links between psychological and inflammatory processes in
the context of chronic pain.
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