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Abstract

Catastrophizing, a persistent negative mental set characterized by helplessness, rumination, and
magnification of pain sensations, has a potent effect on pain report and clinical outcomes. Previous
studies have documented an association between cognitive factors and central sensitization. The
current analysis sought to test the potential modulating effect of pain catastrophizing on the
association between capsaicin pain and the region of secondary hyperalgesia. Thirty-eight healthy
individuals (50% women, mean age = 25.7, SD = 5.3) completed the Pain Catastrophizing Scale
(PCS), then underwent topical application of 10% capsaicin, which was covered by a thermode
maintained at 40°C for 90-min. Following removal of the capsaicin, the region of secondary
hyperalgesia was determined. Hayes’ PROCESS macro was employed to examine
catastrophizing’s potential moderating effect, which did not reveal a significant association
between capsaicin pain ratings and the region of secondary hyperalgesia (B = 15.1, p=.06).
Though PCS was not associated with area of secondary hyperalgesia (B =23.9, p=.29), a
significant interaction was present between PCS and capsaicin pain ratings (B = 3.7, p=.0004).
Specifically, those endorsing higher catastrophizing levels and higher pain ratings experienced the
greatest areas of secondary hyperalgesia. The Johnson-Neyman technique was used to determine
the regional effect of the moderation, which indicated that when PCS scores were >10.6, capsaicin
pain significantly moderated the association between pain and area of secondary hyperalgesia.
These results suggest that catastrophizing plays an important role in the area of secondary
hyperalgesia, and potentially central sensitization, warranting further testing in future research.
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1| INTRODUCTION

Pain catastrophizing—a set of negative emotional/cognitive processes involving rumination
and pessimism, perceptions of helplessness, and magnification of pain-related symptoms—
has a broad and substantial impact on pain perception and a variety of pain-related outcomes
(Quartana, Campbell, & Edwards, 2009). A large body of literature supports that
catastrophizing is associated with increases in pain and poorer pain treatment outcomes
(Edwards, Campbell, Jamison, & Wiech, 2009). While the temporal relationship between
catastrophizing and pain remains in question, emerging clinical and experimental data
suggest that alterations (increases or decreases) in catastrophizing precede, and potentially
induce, the subsequent increases or decreases in pain (Campbell, Quartana, Buenaver,
Haythornthwaite, & Edwards, 2010; Campbell et al., 2012).

Although the underlying mechanisms of catastrophizing’s effect on pain have yet to be fully
elucidated, catastrophizing has a notable effect on pain perception. Secondary hyperalgesia,
increased pain sensitivity beyond the borders of the area of injury, may be a valid proxy for
central sensitization in the laboratory setting (Latremoliere & Woolf, 2009; Magerl, Wilk, &
Treede, 1998; Woolf, 2011; Ziegler, Magerl, Meyer, & Treede, 1999). Central sensitization
is an integral component of our current understanding of pain, particularly chronic pain
(Latremoliere & Woolf, 2009). These animal studies demonstrate amplification of neural
signals in response to nociceptive input and that this central sensitization contributes to
hyperalgesia and allodynia. By exciting an activity-dependent set of neurons with an initial
nociceptive stimulus, pain can then be reported after termination of the stimulus in response
to both previously painful (hyperalgesia) and previously non-painful (allodynia) inputs.
(Woolf, 2011). The concept of central sensitization has contributed to the development of
medications whose primary mode of action is the central nervous system and has shed light
on confusing clinical syndromes such as fibromyalgia (Woolf, 2011). A recent study in
healthy individuals, examining the association among heat pain sensation, area of secondary
hyperalgesia and central sensitization, found that repetitive heat pain stimulation induced
large areas of secondary hyperalgesia to pinprick stimuli (Jurgens, Sawatzki, Henrich,
Magerl, & May, 2014). This work highlights similar results found in a number of other
human studies, in which secondary hyperalgesia was induced via a variety of primary
stimuli ranging from capsaicin injection to electric shocks (Ali, Meyer, & Campbell, 1996;
Klede, Handwerker, & Schmelz, 2003). The measurement of pain catastrophizing has
advanced in recent years to include both trait (Sullivan, Bishop, & Pivik, 1995) and
situational (Campbell, Kronfli, et al., 2010; Campbell, Quartana, et al., 2010) assessments.
In patients with sickle cell disease, those with greater levels of laboratory measured central
sensitization reported significantly greater situational catastrophizing during laboratory pain
testing, but not greater trait catastrophizing (Campbell et al., 2016). Another recent study
examined the impact of a brief cognitive-behavioral training (CBT) on laboratory pain
intensity and an index of central sensitization in healthy participants (Salomons, Moayedi,
Erpelding, & Davis, 2014). The cognitive intervention had an effect on the affective
dimension of pain, reducing ratings for pain unpleasantness, and reduced the zone of
secondary hyperalgesia to a series of painful thermal stimuli, an index of central
sensitization used in human studies. Interestingly, although this brief CBT intervention did
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not significantly reduce trait catastrophizing in these healthy subjects, these investigators
found that the magnitude of the reduction in trait catastrophizing in the intervention group
positively correlated with the reduction in the area of heat-induced secondary hyperalgesia.

Although studies have examined the effect of cognitive interventions on catastrophizing,
pain severity, and secondary hyperalgesia, no known study has looked at the potential effect
of catastrophizing as modulating the association between pain and secondary hyperalgesia.
The current analyses sought to examine the potential moderating role of pain catastrophizing
on the association between pain and secondary hyperalgesia in a laboratory study of healthy
individuals.

2 | METHODS

We conducted a secondary data analysis of healthy subjects without current pain that
participated in a larger, recently completed randomized, double blind, placebo-controlled
distraction analgesia experimental study. All study- related procedures and materials were
approved by the Johns Hopkins Institutional Review Board. Participants were recruited via
flyers posted around the community, a recruitment website for clinical studies on the Johns
Hopkins Bayview Medical Center campus, and by word-of-mouth. Following telephone
screening for initial eligibility, subjects were scheduled for an in-person screening session.
Written informed consent was obtained upon participant arrival to the screening session. If
eligible, participants completed four testing sessions, lasting up to 2 hr each, which involved
the application of capsaicin under non-distracted (two sessions) and distracted (two sessions;
via video game play) conditions. The two sessions under each condition were split into one
naloxone and one placebo session. In each of the four sessions, capsaicin was applied (as
described below) and rated every 5 min. After 25 min, naloxone (0.1 mg/kg), or placebo
(saline) was administered similar to previous studies (Anderson, Sheth, Bencherif, Frost, &
Campbell, 2002). Only the pain alone (non-distracted), saline session was evaluated in the
current secondary analyses and is described in detail below.

2.1 | Participants

A total of 38 healthy individuals (50% female) participated in the study (see Table 1 for
demographic information). Only those participants who identified their racial/ethnic
background as either non-Hispanic black or non-Hispanic white were included in the study.
Eligibility criteria included reporting no pain or medical/psychiatric disorders, current
alcohol or drug abuse problems, or use of narcotics, antidepressants, anticonvulsants, and
muscle relaxants. Subjects were excluded if they were unable to perceive or tolerate
capsaicin procedures during the screening session.

2.2 | Capsaicin procedure

The use of topical capsaicin with skin temperature control to induce tonic pain has been
previously described (Anderson et al., 2002). In brief, a piece of thick, non-porous adhesive
dressing with a 10.08 cm? opening cut into it (used to standardize the area of capsaicin
cream application) was applied to the skin on the dorsum of the non- dominant hand.
Approximately 0.35 g of 10% topical capsaicin cream were measured and applied inside the
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adhesive opening and evenly spread on the skin using a small spatula. The area was then
covered by Tegaderm transparent dressing (3M Health Care, St. Paul, MN, USA). Since
topical capsaicin-induced pain varies strongly as a function of skin temperature (Dirks,
Petersen, & Dahl, 2003), a Peltier-device heating element (Medoc US, Minneapolis, MN,
USA\) was strapped on top of the 10.08 cm? area with Velcro wrist straps. This device was
held at a constant temperature of 40°C during the session. This methodology produces pain
that is rated, on average, as moderate in intensity, and which peaks at 15-25 min post-
application and plateaus for approximately 1 h afterward (Anderson et al., 2002; Bencherif
et al., 2002). This capsaicin plus heat procedure was conducted for 90 min on each
participant. Participants provided verbal pain intensity ratings on a 0-100 scale (0 = no pain,
10 = most intense pain imaginable) every 5 min for the duration of the task. As capsaicin
pain increases gradually over 25 min and then plateaus, pain ratings obtained from 30 to 90
min were averaged for analyses. Following completion of the session, the capsaicin cream
was removed from the skin with an alcohol prep pad and the area of skin flare and secondary
hyperalgesia were marked (as described below).

2.3 | Skin flare/Secondary hyperalgesia

2.3.1 | Flare—Following removal of the capsaicin, the area of redness, or “flare,” initiated
by the capsaicin procedure was traced from the back of the hand on to a sheet of acetate
paper and measured using a digital planimeter (Planix 10S). A flare is the neurogenic
inflammatory response (axon reflex vasodilation) associated with capsaicin and is
commonly identified as the area of primary hyperalgesia (Carter, 1991; Dray, 1992).

2.3.2 | Secondary hyperalgesia—Assessment of secondary hyperalgesia was performed
at and around the site of thermode/capsaicin application. The area of secondary hyperalgesia
was quantified with a normally non-painful mechanical probe (32 mN force; mechanical
hyperalgesia) by first stimulating the skin distant from the treated area and then gradually
moving inward until the participant indicated the stimulus had become noxious or until the
subject reported a definite change in sensation (i.e., burning, tenderness, more intense
pricking). This marking was done along 8 radial arms (rostral-caudal, lateral-medial, etc.) in
steps of 5 mm at intervals of approximately 1 s, and the borders were marked with a felt pen.
The distances were traced to a sheet of acetate paper for later measurement and calculation
of surface area similar to flare procedures described above (Frymoyer, Rowbotham, &
Petersen, 2007; Mathiesen, Imbimbo, Hilsted, Fabbri, & Dahl, 2006).

2.4 | Questionnaires

The Pain Catastrophizing Scale (PCS) consists of 13 items rated on a 5-point scale ranging
from O (not at all) to 4 (all the time). Participants are instructed to indicate the degree to
which they have specific thoughts and feelings when experiencing pain. This was completed
following consent procedures, prior to undergoing any testing. The measure assesses three
dimensions of catastrophizing: rumination, magnification, and helplessness. The PCS has
been validated for both clinical and nonclinical samples (Osman et al., 2000; Sullivan et al.,
1995). The total score was used in all analyses.
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The Situational Catastrophizing Questionnaire is an adaptation of the Pain Catastrophizing
Scale (Sullivan et al., 1995) modified to assess catastrophizing in response to laboratory
pain. It is a six item questionnaire; the scale has been described more fully by Edwards and
colleagues (Edwards, Smith, Stonerock, & Haythornthwaite, 2006) and it’s psychometric
properties have been documented (Campbell et al., 2008). Participants were instructed to
reference the pain they were experiencing in their hand while completing the questionnaire
at each time point. Participants completed the catastrophizing questionnaire at multiple
points during capsaicin testing; these were averaged to create one situational catastrophizing
score.

2.5 | Statistical analyses

Demographic and psychosocial measures were computed, as were average pain over the
session (from 30 to 90 min), area of flare, and area of secondary hyperalgesia. Pearson
product-moment correlations were computed to examine the association between
psychosocial measures, pain, flare and secondary hyperalgesia. Any demographic variable
associated with secondary hyperalgesia was then controlled in the moderation analysis.
Hayes’ (2012) PROCESS macro was employed to examine the potential moderating effect
of catastrophizing on the association between capsaicin pain and secondary hyperalgesia. An
ordinary least squares or logistic regression-based path analytical framework is employed in
this macro to analyze statistical models. The program automatically examines conditional
effects of the independent variable (pain) on the dependent variable (secondary
hyperalgesia) at three levels of the moderator (catastrophizing)- the mean and plus/minus
one standard deviation from the mean. Model 1, for simple moderation with mean centering
was used in the current analyses. All analyses were conducted using SPSS 23.

3 | RESULTS

Demographic, psychosocial and session characteristics are summarized in Table 1.
Correlations are presented in Table 2 for the variables of interest. Age (ranging from 20 to
42 in this sample) was significantly associated with the region of secondary hyperalgesia (r
=.39, p=.03) and was thus included as a covariate in the moderation analysis.

Capsaicin pain report was associated with secondary hyperalgesia (B = 17.6, p=.03;
however, this was rendered non-significant once age was included in the model (B = 15.1, p
=.06). While catastrophizing was not associated with secondary hyperalgesia (p =23.9, p
=.29), a significant interaction was found between catastrophizing and capsaicin pain (p =
3.7, p=.0004). This interaction is represented graphically in Figure 1, and depicts the
association of secondary hyperalgesia for low and high catastrophizing. Of note, we
included race as an additional covariate; this did not alter the direction or strength of the
interaction. Simple slopes were tested across low, medium, and high levels of capsaicin pain
and only those with lower or higher pain report revealed a significant association between
catastrophizing and secondary hyperalgesia (lower pain: B = -68.73, p=.03; higher pain: p
=25.2, p=.002). We probed the interaction further by use of the Johnson-Neyman
technique (Hayes, 2012) to evaluate the regions of significance of the conditional effect.
This allows for visualization of the range of values within the moderator where the
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interaction is significant. Figure 2 plots the conditional effect of capsaicin pain rating on
secondary hyperalgesia across values of catastrophizing. The region of significance lies
where the confidence interval does not include 0. Thus, capsaicin pain is associated with
secondary hyperalgesia when catastrophizing scores are =10.6. Those with catastrophizing
scores =10.6 accounted for 44.7% of the sample. Situational catastrophizing was not a
significant moderator of the interaction (p = .06). Additionally, when flare was denoted as
the dependent variable, the moderation was not significant.

4 | DISCUSSION

This study sought to investigate whether catastrophizing moderates the known association
between pain perception and secondary hyperalgesia using the laboratory capsaicin model.
We did not find a direct association between catastrophizing and the area of secondary
hyperalgesia. We did find that age correlated with the region of secondary hyperalgesia and,
in our multivariate model controlling for age, we found support for the moderating effect of
catastrophizing on the association between capsaicin pain intensity and the area of
secondary hyperalgesia. These findings extend our understanding of the contribution of
catastrophizing to the experience of pain and may have implications for increasing central
sensitization.

Our most important finding is that trait catastrophizing did have a modulating effect on the
association between pain intensity and area of secondary hyperalgesia, measured as pain in
response to stimulation outside the zone of primary hyperalgesia and flare elicited by
capsaicin. Among participants with higher catastrophizing scores (+1 standard deviation),
this region nearly tripled in size for those reporting higher pain scores as compared to those
reporting lower pain scores in response to capsaicin. In the same comparison among
participants with low catastrophizing scores, there was no significant difference in the size of
this region. These data are consistent with growing interest linking cognitive and affective
factors with central sensitization (Lumley et al., 2011; Yunus, 2007). As measured in this
study, catastrophizing is a trait that people report as their typical or general cognitive/
affective response to the experience of pain. This finding of moderation is consistent with a
diathesis-stress model in which high levels of pain catastrophizing are a diathesis that is
activated by the experience of high levels of pain in response to capsaicin, a stressor. Only
under these conditions of combined high catastrophizing and high pain (and not the
condition of high catastrophizing and low capsaicin pain) are the largest zones of secondary
hyperalgesia observed (see Figure 1). Situational catastrophizing was not a significant
moderator; however, a trend towards significance was observed.

Also consistent with the diathesis-stress model is our finding that a certain level, or
threshold, of catastrophizing incurs risk for secondary hyperalgesia. Specifically we find that
the conditional effect of catastrophizing occurred only in participants with scores exceeding
10.6 on the PCS. This score is well below the threshold for clinically significant
catastrophizing (PCS = 30, 75th percentile (Sullivan, 2009)) yet is common in studies of
healthy adults (i.e., those not reporting chronic pain) and constituted 45% of our sample.
This raises the important possibility that studies primarily investigating pain catastrophizing
in healthy adults using laboratory stimuli likely need to set minimum criteria for study
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inclusion, or specifically test the moderating role for catastrophizing, in order to adequately
test study hypotheses about the impact of pain catastrophizing on laboratory pain. Further
support for the value of this approach in the current study is the lack of a direct association
between pain catastrophizing and area of secondary hyperalgesia.

Similarly, we previously reported no elevated level of trait catastrophizing in sickle cell
patients high in an index of laboratory measured central sensitization (Campbell et al.,
2016), although we did not test a moderating effect of pain catastrophizing in that study.
Since we did find an association between situational catastrophizing (measured during pain
testing) and greater central sensitization in these sickle cell patients, catastrophizing seems
to have a differential association with central sensitization depending on the conditions
under which it is measured. Further complicating our knowledge of the association between
catastrophizing and central sensitization is the finding that among a group of healthy
individuals exposed to a brief CBT intervention, those who showed the greatest reduction in
an index of central sensitization also reported the largest reductions in trait catastrophizing
(Salomons et al., 2014). While the Salomons study did not find a significant effect of this
brief cognitive intervention on trait catastrophizing in these healthy adults when compared to
a control intervention, the substantial literature demonstrating reductions in catastrophizing
with cognitive-behavioral interventions (Riddle et al., 2011; Terry, Thompson, & Rhudy,
2015; Turner et al., 2016) suggests that more prolonged interventions in clinical samples
may show even further reductions in indices of central sensitization such as secondary
hyperalgesia following CBT treatment.

Initially, capsaicin pain and secondary hyperalgesia were significantly associated.
Surprisingly, once age was included in the model, this became non-significant. This may
suggest that age, and potentially other factors, could be contributing to the pain-central
sensitization association. Additionally, our finding that pain catastrophizing moderates the
association between capsaicin pain and the area of secondary hyperalgesia may in part
account for some inconsistencies across studies. Overall, our findings suggest that if a study
with an adequate number of participants below the threshold level of catastrophizing, a
significant association between pain and area of secondary hyperal-gesia might not exist.
However, if participants score above the threshold, the participants may be more vulnerable
to the effects of the pain stimulus inducing central sensitization, perhaps leading to an
increase in the area of secondary hyperalgesia. Our threshold finding needs to be replicated
and the cut-point further validated in future work.

An association between age and area of secondary hyperalgesia was noted in our analyses,
such that our older subjects showed a greater area of secondary hyperalgesia, though the
oldest study participant was 42 years. Previous studies have theorized a mechanism for
catastrophizing through the endogenous opioid pathway (Campbell & Edwards, 2009), while
other studies have observed an age-dependent effect on the expression of opioid receptors,
the internalization of those receptors, and an effect on opioid tolerance (Zhao, Xin, Xie,
Palmer, & Huang, 2012). A hypothesis that endogenous opioid function either moderates or
mediates either the association between age and secondary hyperalgesia or between age and
pain catastrophizing merits further investigation.
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There are several limitations to our methodology and findings. First, our sample of 38
young, healthy participants was fairly small and findings may not generalize to a clinical
population. While we did find significant effects with this relatively small sample, these
findings require replication and our insignificant findings should be interpreted with caution
as our power was limited to at least moderate effect sizes. Studies have indicated that the
area of capsaicin-induced secondary hyperalgesia is greater in patients with chronic pain
disorders and that it is reflective of the abnormal sensory activity seen in the clinical setting
among these patients (Morris, Cruwys, & Kidd, 1997, 1998). Additionally, these are
secondary data analyses and, because the goal was not to recruit participants that would
represent a wide variety of catastrophizing levels, may artificially bias the level and
variability of catastrophizing observed in participants.

In summary, we found that pain catastrophizing moderated the association between
capsaicin pain and the area of secondary hyperalgesia. Further analysis of the region of
significance for this effect indicated that moderation only occurred above a subclinical
threshold (of 10.6 or more on the PCS) in this group of healthy adults. This finding should
be replicated in other groups of healthy adults and validated in clinical settings, which may
indicate a different threshold for central sensitization for clinical populations. For example,
clinical studies should investigate whether individuals reporting high levels of pain
catastrophizing, who then experience high levels of acute pain, are at increased risk to
experience central sensitization, including secondary hyperalgesia. ldeally, these studies are
longitudinal and determine whether this pattern contributes to long-term chronicity of pain.
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FIGURE 1.

Interaction of catastrophizing and capsaicin pain (each depicted as —/+ one standard
deviation from the mean) predicting secondary hyperalgesia
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TABLE 1

Demographic, psychosocial, and session characteristics

Variables of interest

Participants (n = 38)

Gender (% women)

50

Race (% African American/Black)

474

Age Mean (SD), Range

25.7 (5.3), 20-42

BMI Mean (SD) 245 (4.1)
Education (%)
High School/GED 7.9
Some College/Tech School 315
College/Post College Education 60.5
Marital status (% Single) 79
Pain Catastrophizing Scale Mean (SD) 10.3 (8.5)
Capsaicin Pain Rating Mean (SD) 45.7 (25.4)

Flare Mean in mm? (SD)

2,405.7 (1,028.9)

Secondary Hyperalgesia Mean in mm? (SD)

1,976.9 (1,376.4)

SD, standard deviation.
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