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Elevated Pain Sensitivity in Chronic Pain Patients at Risk for Opioid
Misuse
Robert R. Edwards, Ajay D. Wasan, Ed Michna, Seth Greenbaum, Ed Ross,
and Robert N. Jamison
Department of Anesthesiology, Harvard Medical School, Brigham & Women’s Hospital, Chestnut Hill, Massachusetts.

Abstract: This study employed quantitative sensory testing (QST) to evaluate pain responses in
chronic spinal pain patients at low risk and high risk for opioid misuse, with risk classification based
on scores on the Screener and Opioid Assessment for Patients with Pain-Revised (SOAPP-R). Patients
were further subgrouped according to current use of prescription opioids. Of the 276 chronic pain
patients tested, approximately 65% were taking opioids; a median split was used to further categorize these patients as being on lower or higher doses of opioids. The high-risk group (n = 161) reported higher levels of clinical pain, had lower pressure and thermal pain thresholds at multiple
body sites, had lower heat pain tolerance, and rated repetitive mechanical stimuli as more painful
relative to the low-risk group (n = 115; P’s < .01). In contrast, QST measures did not differ across
opioid groups. Multiple linear regression analysis suggested that indices of pain-related distress
(ie, anxiety and catastrophizing about pain) were also predictive of hyperalgesia, particularly in patients taking opioids. Collectively, regardless of opioid status, the high-risk group was hyperalgesic
relative to the low-risk group; future opioid treatment studies may benefit from the classification
of opioid risk, and the examination of pain sensitivity and other factors that differentiate highand low-risk groups.
Perspective: This study demonstrates that chronic spinal pain patients at high risk for misuse of
prescription opioids are more pain-sensitive than low-risk patients, whether or not they are currently
taking opioids. Indices of pain-related distress were important predictors of pain sensitivity,
particularly among those patients taking opioids for pain.
ª 2011 by the American Pain Society
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O

pioid analgesics remain a treatment of choice for
the management of moderate-to-severe cancer
pain, and are increasingly used to treat chronic
noncancer pain.24,25,78 However, long-term opioid use
is associated with a variety of adverse outcomes,
including medication misuse and addiction in some
patients.20,53,54,87 Recent substantial increases in the
prescription of opioids for chronic noncancer pain,
with some studies suggesting a nearly 100% increase
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over the past decade, have been paralleled by
sharp increases in opioid abuse and accidental
overdose.5,18,19,90,95
As a consequence of the growing use of opioids for the
treatment of chronic pain, increasing attention has been
paid to the misuse and abuse of prescription opioid medication.53,54,87 It has become clear that the prevalence of
opioid misuse among chronic pain patients varies widely
across settings, with surveys reporting misuse rates from
several percent to over 50% of patients.87 Part of this
variability is almost certainly related to the complexity
of defining medication misuse. For example, recent
studies54 have characterized prescription opioid misuse
using a combination of patient-reported compliance
checklists (eg, patients respond to questions about the
amount of medication they use daily, whether they
have run out of medication early, whether they have
sought opioids from other sources, etc.), ratings by the
prescribing physician (eg, did the patient request early
refills, etc.), and more objective indices such as urine
953
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toxicology screens. Such observations have sparked interest in studying individual differences in the propensity
to misuse prescription opioids, and recent studies have
sought to identify patient-related factors that are associated with a greater or lesser probability of opioid misuse.
For example, recent investigations have highlighted the
association of factors such as a history of substance abuse
or mental health disorders with increased risk for opioid
misuse.26,27,70,82,87
One factor that has not yet received much attention in
the opioid misuse literature is individual differences in
pain sensitivity (or hyperalgesia). To date, evidence has
mounted that opioids can produce a paradoxical
amplification of pain sensitivity, a phenomenon termed
opioid-induced hyperalgesia (OIH). An increasing body
of literature from both clinical and basic science studies
has documented this phenomenon, and OIH appears to
pose a significant clinical challenge in acute, chronic,
and cancer pain settings.14-17,41,49,71,79 While there is
some agreement that OIH may reduce opioid efficacy
(and perhaps contribute to opioid tolerance),
hyperalgesia has not generally been studied as
a contributor to opioid misuse, though some reviews
have suggested this possibility.14,20,74,79 One recent
study in opiate addicts has suggested that individual
differences in opioid-induced hyperalgesia were
strongly related to important clinical outcomes.74
Relative to controls, abstinent opiate addicts showed
reduced pain tolerance, and within the opiate addict
group, those who were most pain-sensitive reported
the highest levels of clinical pain, the highest levels of
distress, and the highest degree of cue-induced drug
craving.74 The link between OIH and opioid craving is
particularly interesting since self-report of opioid craving
was associated with indices of opioid misuse in a
6-month prospective study of a large sample of chronic
pain patients maintained on oral opioids.92 Given that
hyperalgesia may be associated with opioid craving
and other risk factors for opioid misuse, we sought to
study links between individual differences in pain responses and opioid risk phenotypes.
In this study, we utilized a well-validated self-report
screening measure: the Screener and Opioid Assessment
for Patients with Pain (SOAPP-R), a 24-item self-report
measure that was developed to improve a clinician’s
ability to assess a patient’s risk for opioid abuse. A multicenter longitudinal study showed that this instrument
was able to prospectively predict aberrant use of opioid
medications among chronic pain patients.1,11,12 The
SOAPP-R queries patients about drug craving, substance
abuse history, and emotional factors such as distress,
anger, and interpersonal conflict. At present, however,
despite a confluence of evidence that SOAPP-R scores
are associated with risk for opioid misuse,1,11,12,54,92 we
know relatively little about the specific mechanisms by
which high SOAPP-R scores confer increased risk,53 and
no studies have yet investigated hyperalgesia in groups
of patients categorized according to opioid misuse risk
status on the SOAPP-R.
In this study, chronic spinal pain patients were classified as either low- or high-risk for opioid misuse using

a previously-validated SOAPP-R cutoff score. Groups
were compared on mechanical and thermal pain responses. We hypothesized that risk for opioid misuse
would be associated with hyperalgesia, and we expected
this effect to be strongest among patients taking
opioids. In addition, we evaluated pain-related negative
affect using ratings of anxiety and a measure of pain catastrophizing.13,28 As high levels of general negative
affect are associated with elevated opioid craving and
opioid withdrawal symptoms,38 and as catastrophizing
specifically correlates with individual differences in opioid analgesia,40 we hypothesized that catastrophizing
would be associated with a greater degree of hyperalgesia, particularly in the group of patients using opioid
medications.

Methods
Study Design and Participants
This was a cross-sectional cohort study performed in
a single, large, urban, university-based pain management center. Participants were 276 patients recruited
from the Pain Management Center at Brigham &
Women’s Hospital. Patients with a diagnosis of spinal
pain, with or without radicular symptoms, who were
able to speak, read, and write in English, and who had
been experiencing pain for at least 6 months, were invited to participate. Patients were excluded if they had
a diagnosis of cancer or other malignant disease, or
had cognitive limitations that precluded providing selfreport data.

Questionnaires
Standard demographic information was collected by
self-report. In addition, patients reported what analgesic
medications they were currently taking. Patient reports
of medications were verified by the research assistant
using the electronic medical record system. Published
tables were used to convert daily opioid dosages into
morphine equivalents, as in other recent studies.56,57
Current 0 to 10 ratings of back pain severity (0 = no
pain to 10 = the worst pain imaginable69 were also
obtained before and after the testing session.
The SOAPP-R was used to classify patients as either
low- or high-risk for opioid misuse. The SOAPP-R is
a 24-item, self-administered screening instrument used
to help determine risk potential for future aberrant
drug-related behavior. Items are rated from 0 = never
to 4 = very often (eg, How often have you felt a craving
for medication?), and summed to generate the total
SOAPP-R score, which ranges from 0 to 96. Additional information about the SOAPP-R, including copies of the
questionnaire, is available through the website of
a pain education group: http://www.painedu.org/
soapp-development.asp. The SOAPP-R has been shown
to have good predictive validity, with an area under
the curve ratio of .88 (95% confidence interval [CI],
.81–.95). A cut-off score of 18 showed good sensitivity
(.86) and specificity (.73) for predicting prescription
opioid misuse.
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The Pain Catastrophizing Scale (PCS ) is a wellvalidated, widely-used self-report measure of catastrophic thinking associated with pain.28 The PCS has
good psychometric properties in pain patients and
controls.88 Cronbach’s a for the PCS was above .9, indicating very high levels of internal item consistency.31 The
construct of catastrophizing incorporates: magnification
of pain-related symptoms, rumination about pain, feelings of helplessness, and pessimism about pain-related
outcomes. Individuals rate the extent to which they
experience (when they are in pain) the thought or
feeling described by each item; scores on this 13-item
measure can range from 0 to 52 (each item is scored
0 = not at all to 4 = all the time).

Session Protocol
Study subjects provided informed consent, and all
procedures were approved by the Partners Institutional
Review Board at Brigham & Women’s Hospital. Many of
these procedures have been described in our previous
studies.35,37 Clinical pain ratings (on a 0 to 10 scale)
were obtained before and after the psychophysical
testing session, and, as in prior QST studies,36,59 current
verbal ratings of anxiety (on a 0 to 10 scale, with no
anxiety and severe anxiety as the respective anchors)
were obtained during the testing session. During the
session, subjects were seated comfortably in a reclining
chair while they underwent the brief psychophysical
testing procedures (the assessment of which lasted
approximately 30 minutes) described below.

Quantitative Sensory Testing (QST)
First, participants underwent an assessment of mechanical temporal summation using a set of 7 custom-made
weighted pinprick stimulators developed by the German
research Network on Neuropathic Pain.76,77 These
punctuate mechanical probes have a flat contact area of
.2 mm in diameter, and exert forces between 8 and 512
mN. Punctate stimuli were delivered to the skin on the
dorsum of the middle finger of the right hand. We first
determined the lowest force stimulator that produced
a sensation of discomfort (128 or 256 mN for most
subjects), and then applied a train of 10 stimuli at the
rate of 1 per second. Participants rated the painfulness
of the first, fifth, and tenth stimulus, and also rated any
ongoing pain aftersensations 15 seconds following the
final stimulus. All ratings were on a 0 to 100 verbal pain
intensity scale used in previous studies.32,37
Next, as in previous studies,21,45,51 we bilaterally assessed
pressure pain thresholds (PPTh) at several sites. PPTh at the
trapezius muscle and the metacarpophalangeal joint of
the thumb were determined twice on the right and left
sides of the body in a randomized order. At each site,
mechanical force was applied using a .5-cm2 probe
covered with polypropylene pressure-transducing material; pressure was increased at a steady rate of 30 kPA/second until the subject indicated that the pressure was ‘‘first
perceived as painful’’.
Finally, contact heat stimuli were delivered using a contact thermode (Medoc Advanced Medical Systems,
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Ramat Yishai, Israel). Thermal assessment included sampling of warmth and cool thresholds, followed by heat
pain thresholds (HPTh) and cold pain thresholds (CPTh),
followed by heat pain tolerance (HPTo), all tested on
the ventral forearm using a method of limits paradigm
with a rate of temperature change of .5 C/Sec.33

Data Analysis
Patients were categorized as a function of their SOAPP-R
risk classification (high risk = SOAPP-R total score > 18)
and opioid use. Nearly 2/3 of study patients were using
opioids; because opioid doses varied so widely across
subjects, we performed a median split to divide individuals into those with lower daily opioid doses (ie, daily
morphine equivalents >0 and #50 mg) and those with
higher daily opioid dosages (ie, daily morphine equivalents > 50 mg). Group comparisons were performed using
a series of factorial analyses of variance (ANOVA) and
multivariate analyses of variance (MANOVA) or
covariance (MANCOVA). These multivariate statistical
approaches are useful in analyzing relationships between predictors and multiple interrelated dependent
variables. MANCOVA tests whether groups differ on
a combination of outcome variables, and thus provides
protection against inflating the false positive rate in testing multiple dependent variables. Group classification
according to SOAPP-R score and opioid use were the
independent variables. A total of 4 MANCOVAs were performed: the first evaluated group differences in thermal
sensitivity for nonpainful stimuli (ie, warm and cool
thresholds); the second examined group differences in
pain ratings in response to the punctuate probe stimulation (ie, ratings of the 1st, 5th, and 10th stimuli, and the
‘‘post’’ ratings of aftersensations); the third tested for
group differences in pressure pain thresholds (separately
averaged scores for the thumb and trapezius); and the
fourth involved thermal pain responses (heat and cold
pain thresholds, and heat pain tolerance). Age and sex
served as covariates in each of these analyses.
Associations between psychosocial variables (eg, catastrophizing and anxiety) and pain responses were evaluated using multiple linear regression analyses, with
SOAPP-R scores included as a predictor. In order to create
a manageable number of dependent variables for these
regression analyses, mechanical probe pain ratings were
averaged, as were pressure pain thresholds. To create
a measure of thermal thresholds, HPTh and CPTh were
standard-scored, then cold pain thresholds were
reverse-scored before averaging the 2 (this was done because HPTh and CPTh are opposite in their directionality:
lower HPTh represents greater pain sensitivity, and
higher CPTh represents greater pain sensitivity). Heat
and cold pain thresholds are generally highly correlated
(r = .82 in a sample of fibromyalgia patients80 and
r = .70 in the current sample), and prior studies from
our laboratory35 and others3,22 have combined multiple
pain response measures into unitary indices of pain
sensitivity. Regression analyses were performed
separately in patients taking opioids and patients not
taking opioids. All analyses were performed using SPSS
v..17 (SPSS, Inc., Chicago, IL).
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Results
ANOVAs revealed no significant main effects (of
opioid group or SOAPP-R score) or interaction for age
or sex (all P’s > .30), indicating that the groups did not differ on these demographic variables (see Table 1). In all
groups, the majority of participants were women, and
the average age tended to be in the late 40’s (see Table
1). We did control for age and sex in the analyses described below, as these demographic variables are often
related to pain thresholds and we were interested in
their potential association with pain responses in this
study. Ratings of clinical pain were higher in the highrisk SOAPP-R groups (P < .01; see Table 1), but there
was no effect of opioid group and no interaction. Opioid
dose did not vary as a function of SOAPP-R group, and
SOAPP-R scores did not vary across opioid categories.
For PCS scores and anxiety ratings, there was a strong
main effect of risk group (P < .01), but no significant
effect of opioid group or interaction (P’s > .2; Table 1).

Multivariate Analysis of QST Variables
A MANCOVA (controlling for age and sex) examining
warm and cool thresholds revealed no effect of opioid
group, SOAPP-R score, or interaction (all P’s > .40). This
lack of significant effects suggests that the opioid groups
(no opioids, lower-dose opioids, high-dose opioids) do
not differ in their thermal sensitivity to nonpainful stimuli; similarly, the high- and low-risk subjects (as defined
by the SOAPP-R) do not differ on these measures of
thermal sensitivity.
A MANCOVA examining punctate probe pain ratings revealed no effect of opioid group [F(8,532) = 1.3, P = .23],
a significant effect of SOAPP-R category [F(4,265) = 9.1,
P < .001], and no significant interaction between opioid
group and SOAPP-R score (P > .4; Fig 1). This result indicates that while the opioid groups do not differ in their
mechanical pain responses, the high SOAPP-R group did
report more intense mechanical pain relative to the low
SOAPP-R group.
A MANCOVA examining pressure pain thresholds
revealed no effect of opioid group [F(4,536) = 1.1, P =
.37], a significant effect of SOAPP-R category [F(4,265)
= 5.4, P < .01], and no significant interaction between
Table 1.

Figure 1. Pain ratings (0–100) for punctuate mechanical stimuli

as a function of opioid use and risk group (mean 6 SEM). Panel
A = No Opioids, Panel B = Lower-Dose Opioids, Panel C = HigherDose Opioids.

opioid group and SOAPP-R score (P > .2; Fig 2). Similar
to the punctuate probe findings, the opioid groups do
not differ in their pressure pain sensitivity, while the
high SOAPP-R group does show reduced pressure pain
thresholds (ie, this group is more sensitive to pressure
pain) compared to the low SOAPP-R group.

Characteristics of Groups as a Function of Risk and Opioid Use (Mean 6 SD)
NO OPIOIDS

Age
Sex (% male)
Clinical pain*
MEq unitsy
SOAPP-R*
PCS*
Anxiety (0–10)*

LOW OPIOIDS

HIGH OPIOIDS

LOW RISK
N = 41

HIGH RISK
N = 56

LOW RISK
N = 40

HIGH RISK
N = 48

LOW RISK
N = 34

HIGH RISK
N = 57

49.7 6 15
41%
5.7 6 1.9
060
11.2 6 5
16.0 6 11
0.6 6 2.0

46.3 6 14
31%
6.2 6 2.5
060
29.3 6 8
32.3 6 11
1.1 6 2.3

50.3 6 11
43%
5.9 6 2.0
31 6 14
11.8 6 4
18.1 6 9
0.8 6 2.0

49.1 6 11
42%
6.2 6 1.9
27 6 14
31.5 6 12
30.7 6 11
0.9 6 1.9

46.7 6 11
38%
5.4 6 2.4
231 6 205
12.8 6 4
18.9 6 11
0.4 6 0.9

48.3 6 10
45%
6.2 6 2.7
307 6 279
27.5 6 7
29.9 6 11
0.6 6 1.2

Abbreviations: MEq Units, Morphine equivalent units (daily dose); PCS, Pain Catastrophizing Scale.
*P < .01 for the main effect of SOAPP-R Risk grouping.
yP < .01 for the main effect of opioid classification.
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Figure 2. Pressure pain thresholds (in kPa) as a function of opi-

oid use and risk group (mean 6 SEM). Panel A = No Opioids,
Panel B = Lower-Dose Opioids, Panel C = Higher-Dose Opioids.

A MANCOVA examining thermal pain responses
revealed no effect of opioid group [F(6,530) = 1.7, P =
.12], a significant effect of SOAPP-R category [F(3,265)
= 7.9, P < .001], and no significant interaction between
opioid group and SOAPP-R score (P > .2; Fig 3). Again,
the opioid groups do not differ in their pain sensitivity
(in this case, thermal pain sensitivity), while the high
SOAPP-R group demonstrates elevated heat and cold
pain sensitivity, as well as reduced heat pain tolerance.
As some studies have suggested that pain tolerance is
a more sensitive measure of opioid-induced hyperalgesia
than pain threshold measures,16,23 we performed
a separate ANCOVA on heat pain tolerance alone (as
this was the only measure of pain tolerance in the
present study). Results from this analysis paralleled the
multivariate analyses above: there was no effect of
opioid group (P = .81), a strong effect of SOAPP-R
category [F(1,268) = 22.5, P < .001], and no significant
interaction (P = .57).

Multiple Regressions Predicting QST
Variables
Linear regression analysis predicting mean pain ratings
of punctuate mechanical stimuli revealed in the first step
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Figure 3. Thermal responses as a function of opioid use and
risk group (mean 6 SEM). Panel A = No Opioids, Panel B =
Lower-Dose Opioids, Panel C = Higher-Dose Opioids.

that women had higher pain ratings than men, both
among opioid-using patients and among those not taking opioids (Table 2). Age was not associated with pain
ratings within either of the opioid groups. In the second
step, psychosocial variables explained 18% of the variance in pain ratings among nonopioid patients and
26% of the variance in pain ratings among patients using
opioids. In both groups, higher catastrophizing scores
were associated with higher pain ratings while SOAPP-R
scores were not significantly related. Anxiety scores were
strongly associated with elevated pain ratings only among
the group of patients using opioids (Table 2).
Linear regression analysis predicting pressure pain
thresholds revealed in the first step that men had higher
pain thresholds than women, both among opioid-using
patients and among those not taking opioids (Table 3).
Older age was associated with higher pain thresholds
only in the group of patients not on opioids. In the second step, psychosocial variables explained 5% of the variance in pain ratings (not significant) among nonopioid
patients and 16% of the variance in pain ratings among
patients using opioids. In the group of patients taking
opioids, both catastrophizing scores and anxiety ratings
were negatively related to pressure pain thresholds
(Table 3).
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Hierarchical Linear Regression
Predicting Mechanical Probe Pain Ratings

Hierarchical Linear Regression
Predicting Pain Thermal Pain Threshold

Table 2.

NO OPIOIDS (N = 97)
VARIABLE

STEP R2

b

Table 4.

TAKING OPIOIDS (N = 179)
P

Step 1
Age
.05 (for step) .15 .17
Sex
.21 .05
Step 2
Anxiety .18y (for step)
.00 .98
SOAPP-R
.11 .43
PCS
.32 .02

STEP R2

b

.06*

.08
.22

.26y

.34
.13
.24

P
.34
.01
.001
.13
.01

*P < .05.
yP < .01.

Discussion
As a consequence of the growing use of opioids for the
treatment of chronic pain, increasing attention has been
paid to the misuse and abuse of prescription opioid medication.53,54,87 However, many physicians prescribing
pain medication have minimal background and
training in addiction or drug abuse, and look for ways
to assess a given patient’s level of risk for medication
misuse. These factors have led to the development of
assessment instruments that can be used to aid
physicians in identifying which patients are likely to
develop problematic patterns of opioid use, and recent
studies have sought to evaluate interventions that
might reduce such misuse.54 The SOAPP-R was developed

Hierarchical Linear Regression
Predicting Pain Pressure Pain Threshold

Table 3.

NO OPIOIDS (N = 97)
STEP R2

b

TAKING OPIOIDS (N = 179)
P

Step 1
Age
.18* (for step) .36 .001
Sex
.29 .004
Step 2
Anxiety .05 (for step) .14 .16
SOAPP-R
.19 .18
PCS
.27 .06
*P < .01.

VARIABLE
Step 1
Age
Sex
Step 2
Anxiety
SOAPP-R
PCS

TAKING OPIOIDS (N = 179)

STEP R2

b

P

STEP R2

b

.25y

.51
.15

.001
.12

.04*

.07
.20

.04

.04
.05
.24

.73
.71
.08

.17y

.12
.03
.40

P
.36
.01
.13
.73
.001

*P < .05.
yP < .01.

Finally, in the linear regression model predicting composite thermal pain thresholds, the first step suggested
that older age predicted lower thermal sensitivity (ie,
higher heat pain thresholds) only among the nonopioid
group while sex predicted greater thermal sensitivity
only within the opioid group (ie, women were more
thermally pain-sensitive than men). In the second step,
psychosocial variables explained 4% of the variance in
pain ratings among nonopioid patients (not significant)
and 17% of the variance in pain ratings among patients
using opioids. In the opioid group, higher catastrophizing scores were uniquely related to more thermal pain
sensitivity (P < .001) (Table 4).

VARIABLE

NO OPIOIDS (N = 97)

STEP R2

b

P

.07*

.03
.27

.67
.001

.16*

.31
.07
.26

.001
.45
.01

to complement current risk assessment practices and to
improve a clinician’s ability to assess a patient’s risk for
opioid abuse or misuse. Definitions in this area vary
widely, and the category of medication misuse includes
a spectrum of behaviors, from unapproved opioid dosage escalations to running out of medication early, to using illicit drugs in conjunction with prescription opioids,
etc. See11,12,53,54,63,92 for recent examples of studies that
operationalize opioid misuse among patients with
chronic pain. Prospective studies have confirmed that
individuals classified as high risk on the SOAPP-R do indeed exhibit greater frequencies of aberrant
medication-related findings (eg, escalating medication
doses, urine screens that indicate the presence of nonprescribed opioids, etc.)11,12 in the context of oral
opioid treatment of chronic pain, but we know
relatively little about the specific mechanisms by which
high SOAPP-R scores confer increased risk for opioid
misuse.53
The findings of the present study, which does not
constitute a test of the validity of the SOAPP-R, suggest
that high-risk patients show generalized patterns of hyperalgesia, exhibiting increased sensitivity (including
lower pain thresholds, lower pain tolerance, and higher
pain ratings) to mechanical and thermal stimuli at multiple body sites. Though the present study is the first to
directly examine this question, these results fit well
with prior studies in groups of opiate abusers, in which
those individuals who were most pain-sensitive and least
pain-tolerant during a cold pressor test reported the
highest levels of distress and the highest degree of
cue-induced drug craving,74 both of which are factors
measured by the SOAPP-R. Though we hypothesized
that these effects would be most pronounced among patients currently taking opioids, reflecting greater opioidinduced hyperalgesia among high-risk patients,14,20,74,79
those with elevated SOAPP-R scores demonstrated
enhanced pain sensitivity even in the nonopioid group.
Indeed, we were not able to document the presence of
opioid-induced hyperalgesia in this sample; while the
high- and low-SOAPP-R groups differed substantially in
their pain responses, groups of patients classified on
the basis of their opioid use did not differ. Other findings
of risk-group differences in pain severity and pain
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catastrophizing were consistent with prior studies, in
which those with high SOAPP-R scores showed higher
levels of pain intensity and catastrophizing.53
The lack of apparent OIH in this sample is perhaps not
surprising, since a recent review highlighted the mixed
findings among cross-sectional studies that evaluate
opioid-induced hyperalgesia.41 Other cross-sectional
studies that compared opioid-using and opioid-na€ıve patients have also found no group differences in variables
such as cold pain threshold and tolerance,73 ischemic
pain tolerance,39 or pressure and thermal pain thresholds.75 In the present set of data, we were unable to detect differences across opioid groups in pain threshold,
pain tolerance, or pain ratings. The fact that some other
investigations using similar methodologies do detect
OIH15 appears to suggest that its presence or absence
may be shaped by sample-specific factors, and highlights
the need for additional prospective studies in this area. It
is also noteworthy that samples of chronic pain patients
often demonstrate a preexisting hyperalgesia that is presumably related to the putative sensitizing effect of
chronic pain on the nervous system.58,86 For example,
the patients in the current study exhibit lower pressure
and heat pain thresholds than demographically similar
control (ie, free from chronic pain) samples in previous
studies from our laboratory37,61 and others.15 This preexisting hyperalgesia may add to the difficulty of detecting
additional hyperalgesic effects of opioids.
Prior research has consistently revealed broad interindividual variation in pain sensitivity, evaluated by measuring responses to standardized noxious stimuli under
highly controlled conditions.46 Moreover, these individual differences in pain sensitivity (which are associated
with SOAPP-R scores in this sample) have demonstrated
clinical relevance for shaping long-term pain-related
outcomes. A number of surgical studies have examined
the relationship between basal pain sensitivity and
outcomes such as acute postoperative pain. Among
individuals undergoing limb amputation,68 cholecystectomy,4 anterior cruciate ligament repair,96 gynecologic
surgery,48 lower abdominal surgery,50 biopsy,81 cesarean
section,47,67 and disk surgery,43 presurgical QST responses
were significantly correlated with acute postoperative
pain. In each case, individual differences reflecting
greater sensitivity to pain (eg, lower pain thresholds)
were associated with more intense acute postoperative
pain. While similar studies of long-term postoperative
pain are few, presurgical responses to standardized
heat stimuli did predict 6-month postthoracotomy pain
outcomes,97 and lower baseline pain thresholds among
patients undergoing joint replacement surgery were
predictive of more severe joint pain ratings 18 months after surgery.62 Our group has also reported that the most
pain-sensitive chronic pain patients obtain the least benefits following multidisciplinary treatment for chronic
pain,30 and derive reduced analgesic effects from opioids.34 In the present study, patterns of enhanced pain
sensitivity to multiple stimuli, which we observed among
the group of patients with elevated SOAPP-R scores (ie,
the high-risk patients), may place these individuals at
risk for adverse outcomes such as elevated levels of
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postprocedural pain, or reduced benefit from various
types of treatment.
The present findings suggest, in the pattern of results
for the regression analyses, that the associations between SOAPP-R scores and hyperalgesia are generally
explained by measures of distress, specifically painrelated anxiety and catastrophizing. When included in
regression models with these other variables, SOAPP-R
scores were not uniquely predictive of mechanical and
thermal pain responses, while catastrophizing and anxiety were associated with decreased pain thresholds and
increased pain ratings, consistent with a substantial
body of prior research indicating that high levels of negative affect are significantly associated with greater pain
sensitivity.29,42,44,72,89 Interestingly, these relationships
(between measures of distress and hyperalgesia) were
strongest among chronic pain patients currently taking
opioids, suggesting that processes related to negative
affect might interact with processes involved in opioid
analgesia. At present, much of the relevant data is
cross-sectional, and it is unknown whether opioids
contribute to negative affect over time and/or whether
persons with the most affective distress tend to be prescribed opioids more frequently or at a higher average
daily dose. Recent surveys and healthcare database studies have revealed that individuals with mental health disorders are more likely to be prescribed opioids for pain
treatment, and to experience problematic outcomes of
opioid therapy, but the causal influences in these studies
are generally unclear.5,6,24-27,82-84 The present findings
suggest the possibility that some of the driving
influences underlying the tendency of high-risk patients
to misuse prescription opioids may involve symptoms of
anxiety, distress, and catastrophizing. Unfortunately, as
we do not have measures of opioid misuse in the present
study, we are unable to test this hypothesis, which is consistent with current views on the complex, mutifactorial
nature of opioid dependence.55
Much nonhuman research suggests that affective tone
is mediated by endogenous opioids, and processes
related to negative mood have been associated with
a deactivation of m-opioid receptors in particular brain
regions.2 Catastrophizing, in particular, has been associated with greater postoperative use of opioid analgesics
after a painful surgery,52 implying that catastrophizing
was correlated with reduced benefit of opioids per unit
of medication administered. In addition, measures of
negative affect and pain sensitivity have been shown to
relate to the magnitude of m-opioid analgesia in patients
with chronic pain; chronic back pain patients who were
highest in negative affect showed roughly 50% less morphine analgesia than those with lower levels of negative
affect,93 and among neuropathic pain patients, those
with the greatest heat pain sensitivity obtained the least
benefit from opioids.34 Among healthy adults, similar
findings have been observed, as higher levels of
catastrophizing were correlated with reduced acute
analgesic benefit (measured as a function of changes in
pain threshold and tolerance) of IV pentazocine,
a kappa-opioid agonist.40 It is important to note that catastrophizing and anxiety form part of a larger construct

960

The Journal of Pain

QST and Opioid Risk

of negative affect, which includes a variety of cognitive
and emotional processes,60,65,91,93,94 and future studies
may benefit from clustering patients using a variety of
indices. Overall, additional prospective research is
needed to clarify the manner in which negative
affective processes may shape the interactions between
opioids (both endogenous and exogenous) and the
central nervous system’s processing of pain-related information.
A number of limitations should be considered when
interpreting the findings of this study. First, this work is
cross-sectional rather than prospective in nature, which
does not allow temporal characterization of the potential changes in pain sensitivity in differing groups of
patients over the course of opioid therapy. Second, we
do not have information on subjects’ current or recent
misuse of medications, which might be an important
factor shaping individual differences in pain sensitivity.
It is possible that the high-risk patients in the present
study are not fully representative of high-risk patients
in general, if, for example, many of the high-risk patients
who were abusing their medications were discharged
from the practice (and thus were not included in the
present study). Third, we did not measure potentially important variables such as the duration of opioid therapy,
the recency of medication dosing in relation to the testing, or the use of adjunctive medications. In practice, in
a setting such as this one, many patients have been on
and off of different opioids for a number of years, making it challenging to quantify with any degree of precision their lifetime opioid exposure. Past studies from
this clinic indicate that over 2/3 of patients have been
on opioids for at least 2 years, and that the average duration of opioid therapy is approximately 5 years,63,64,66
suggesting that the large majority of opioid-using
patients in this sample were likely to have been on these
medications long term. In the future, however, follow-up
studies will need to account for the nature of the specific
opioid medication used (eg, short- versus long-acting),
how recently the last dose was taken, etc. Fourth, we
were unable to separately examine specific opioids in

this study (because the wide variety of medications
would have made for very small group sizes); it is possible
that specific opioids are more or less likely to generate
a hyperalgesic state in users, and future studies may
benefit from examining large groups of patients using
a single opioid agent, or from directly comparing different medications. Fifth, we did not directly measure other
potentially important psychosocial processes that might
be captured by the SOAPP-R. For example, anger and anger expression style have shown consistent relationships
to pain responses and pain-relevant physiological
processes.7-10 The SOAPP-R contains some items that
tap constructs such as anger and hostility (eg, how often
have others told you that you had a bad temper?), and it
is possible that these or other specific factors are partially
responsible for the observed associations between
SOAPP-R scores and hyperalgesia. In future studies on
this topic, we plan to specifically administer measures
of the various constructs assessed by the SOAPP-R (eg, anger, distress, substance use history) to determine which
are most highly related to individual differences in pain
sensitivity. The present analyses do suggest that painrelated emotional distress (when measured using indices
of anxiety and catastrophizing) does statistically account
for the associations between SOAPP-R scores and pain
sensitivity in this sample.
Despite these limitations, the present study is the first
to suggest that patients at elevated risk for prescription
opioid misuse (as measured by the SOAPP-R) demonstrate enhanced sensitivity to pain. Whether the presence of hyperalgesia contributes directly to the misuse
of opioids (eg, high-risk patients may escalate their doses
of opioids in an attempt to counteract their hyperalgesic
state) is not yet known, but may be a fruitful line of
research to pursue in future prospective studies. In addition, these findings suggest that measures of negative
affect and distress are likely to account for the observed
association between high-risk status on the SOAPP-R and
enhanced sensitivity to pain, and that negative affective
processes may make an especially strong contribution to
hyperalgesia in patients taking opioids.
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