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Abstract

Objective. Opioids are frequently prescribed for
chronic low back pain (CLBP), but there are broad

individual differences in the benefits and risks of
opioid therapy, including the development opioid-
induced hyperalgesia. This study examined quanti-
tative sensory testing (QST) data among a group of
CLBP patients undergoing sustained oral opioid
treatment. We investigated whether individual dif-
ferences in psychological characteristics were re-
lated to opioid-induced changes in pain perception
and pain modulation.

Design. The six-month, open-label trial evaluated pa-
tients with low to high levels of negative affect (e.g.,
symptoms of distress, depression and anxiety); par-
ticipants underwent QST at baseline (prior to initiat-
ing treatment) and during oral opioid treatment.

Setting. A chronic pain management center.

Patients. The 31 study participants had chronic
discogenic back pain, with a pain intensity rating
>3/10. Participants were divided into groups with
high vs. low levels of Negative Affect (NA).

Results. In the previously-published manuscript de-
scribing the clinical outcomes of the trial, high NA
patients achieved only about half of the analgesic
effect observed in the low NA group (Wasan AD,
Michna E, Edwards RR, et al. Psychiatric comorbid-
ity is associated prospectively with diminished
opioid analgesia and increased opioid misuse in
patients with chronic low back pain.
Anesthesiology 2015;123:86172). The QST findings
reported here suggested that tolerance to experi-
mental (cold pressor) pain and conditioned pain
modulation tended to decrease in the high NA
group over the course of opioid treatment, while
temporal summation of mechanical pain declined in
the low NA group.

Conclusions. These results reveal that while the low
NA group seemed to exhibit a generally adaptive,
analgesic pattern of changes during opioid
management, the high NA group showed a pattern
more consistent with opioid-induced hyperalgesic
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processes. A greater susceptibility to hyperalgesia-
promoting changes in pain modulation among pa-
tients with high levels of distress may contribute to
a lower degree of benefit from opioid treatment in
high NA patients.

Key Words. Chronic Low Back Pain; Negative Affect
Opioids; Catastrophizing; Quantitative Sensory
Testing; Conditioned Pain Modulation; Temporal
Summation

Introduction

Persistent pain is a serious therapeutic challenge and a
public health epidemic; it affects over 100 million
Americans per year, is among the leading causes of re-
duced quality of life, and carries direct and indirect
costs of over 600 billion dollars annually in the U.S.
alone [1]. In addition, long-term administration of analge-
sic medications (such as opioids) involves a variety of
risks [2–5]. Collectively, while opioid analgesics remain a
treatment of choice for the management of cancer pain,
and are widely used to treat chronic non-cancer pain
[6–8], moderate- to long-term opioid use is potentially
associated with a variety of adverse impacts [9,10]. One
such outcome is a paradoxical amplification of pain sen-
sitivity, a phenomenon termed opioid-induced hyperal-
gesia (OIH). An increasing body of literature from both
basic and clinical science studies has documented this
phenomenon, and OIH appears to pose a significant
clinical challenge in acute, chronic, and cancer pain set-
tings [11–14]. While the early OIH clinical literature was
largely anecdotal, several recent cross-sectional quanti-
tative sensory testing (QST) studies have revealed that
individuals taking either morphine or methadone are
hyperalgesic relative to controls [15], and that opioid-
maintained chronic pain patients showed reduced heat
pain thresholds and enhanced temporal summation of
pain relative to both controls and matched non-opioid
chronic pain patients [16]. Some prospective work has
been done as well, with some trials observing OIH
[17,18] and some not reporting significant changes in
pain responses [19].

As is true for human studies of opioid analgesia [20], in-
dividual differences in the development of OIH appear to
be substantial [14,21]. To date, it is not understood why
some individuals experience OIH while others on even
larger doses of opioids do not. A variety of individual dif-
ference variables are likely to play a role; for example, a
recent clinical study of healthy volunteers found that
polymorphisms of the catechol O-methyl transferase
gene affected acute changes in pain sensitivity after ad-
ministration of a potent parenteral opioid [22]. Such find-
ings suggest that opioid-induced maladaptive sensory
changes might be restricted to subgroups of patients,
which could conceal OIH effects when analyzing group-
level effects. For example, important biopsychosocial
factors such as pain-related catastrophizing and nega-
tive affect (NA) are known to shape individual differences

in a variety of pain responses, and some recent data
from our lab suggests that they may systematically
place patients at elevated risk for the development of
OIH [23]. Interestingly, patients scoring very high on
measures of psychological distress tend to be systemat-
ically excluded from RCTs, even though this subgroup
of patients is highly prevalent within the chronic pain
population [24,31,43].

There is reason to believe that opioids might impact
pain modulation as well as more traditional measures of
pain sensitivity and tolerance. To date, several cross-
sectional studies have shown disrupted endogenous
pain modulation systems in patients maintained on opi-
oid therapy. Long-term opioid users showed significantly
greater temporal summation of pain (TSP) than non-
users [16], while another study reported that condi-
tioned pain modulation (CPM) was significantly lower in
long-term opioid users [24]. In humans, TSP and CPM
are well-established psychophysical tools commonly
used for assessing endogenous pain-facilitation and
pain-inhibition, respectively, and these pain-modulatory
systems play an important role in shaping pain transmis-
sion and perception at spinal and supraspinal levels
[25–27]. Prior work has shown repeatedly that en-
hanced TSP and diminished CPM are associated with
heightened clinical pain across various types of chronic
pain conditions [28–30].

Here we present results from a secondary analysis of an
open-label oral opioid trial that was designed to investi-
gate differences in opioid analgesia between subgroups
of patients with low and high levels of NA [1]. Prior work
had suggested that CLBP patients with high levels of
comorbid NA have diminished opioid analgesia com-
pared with CLBP patients with low levels of NA [31,32],
and the primary outcome analyses for this study repli-
cated those findings. This manuscript presents data
from quantitative sensory testing (QST; i.e., the applica-
tion of standardized noxious stimuli in a controlled envi-
ronment) evaluations, including TSP and CPM
assessment, performed at baseline and during oral opi-
oid treatment. We analyzed these QST data to evaluate
whether the high and low NA groups differed in putative
OIH-related changes in pain sensitivity and pain modula-
tion over the course of approximately 4 months of oral
opioid therapy.

Methods

Study Sample and Design

As described in the prior publication [1], this was a
�6-month prospective cohort study of oral opioid ther-
apy, with a 1-week baseline, a 2-week run-in of placebo
(for one week) and active drug (subjects could choose
oxycodone or morphine for 1 week) in randomized or-
der, a 3-week titration period, a 4-month maintenance
phase, and a 1-month taper (ClinicalTrials.gov Identifier:
NCT01502644). CLBP patients with a discogenic pain
syndrome of at least 6 months’ duration and an average
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daily pain intensity of >3/10 were recruited. Patients
could not be on opioid therapy at the start of the study.
Subjects taking opioids prior to enrollment underwent a
2-week weaning period and then remained off opioids
for at least 1 week prior to initiating treatment. In total,
34% of participants were on opioids prior to enrolling in
this study, with no difference between the low and high
NA groups [1]. The study was approved by the
Institutional Review Board at Brigham and Women’s
Hospital, and all participants provided written and verbal
informed consent.

Patients were phenotyped for negative affect using the
combined depression and anxiety subscale scores of
the Hospital Anxiety Depression Scale (HADS total
score), as in previous studies [31–33]. High NA was de-
fined as >8 on both the depression and anxiety sub-
scales, as suggested in a review of HADS findings for
non-cancer medical patients [34], and low NA was de-
fined as <6 on each subscale. Other baseline measures
included: the Neuroticism Subscale of the NEO
Personality Inventory, the Pain Catastrophizing Scale
[35], the Pain Anxiety Symptoms Scale [36], and the
Beck Depression Inventory. In addition, subjects were
evaluated for medication misuse with the Drug Misuse
Index (DMI), which summarizes assessment of opioid
misuse in 3 domains: patient self-report on the Current
Opioid Misuse Measure [37], provider assessment of
misuse on the Addiction Behaviors Checklist [38], and
results of urine toxicology screening [39]. The DMI is
converted to a categorical variable reflecting adherence
to opioids; a positive finding of misuse on any of these
three measures results in a positive DMI., If all three
measures are negative for misuse, the DMI is negative
[1,40]. In total, participants came to BWH for 13 in-
person study visits over the course of the trial. These
are described in detail in Wasan et al [1]. Overall, 81
subjects enrolled in the study, with a total of n¼ 24 Low
NA subjects and n¼ 24 High NA subjects completing
the trial [1].

Quantitative Sensory Testing

At baseline, prior to being treated with opioids, and at
study visit 9 or 10 (which occurred during the opioid
maintenance phase, when subjects had been at their
individually-titrated dose for 3-4 months), participants
underwent a brief battery of quantitative sensory tests to
assess pain sensitivity and pain modulation. QST has
been recommended as both a phenotyping and out-
come measure in clinical trials of analgesics [26,41], and
we have used these standardized psychophysical tests
in a number of prior studies [23,42,43].

Mechanical pain thresholds were assessed using a digi-
tal pressure algometer (Somedic; Sollentuna, Sweden).
Pressure pain thresholds (PPThs) were determined bilat-
erally at the trapezius muscle, with 2 trials performed on
each side of the body. Mechanical force was applied
using a 0.5 cm2 probe covered with polypropylene pres-
sure-transducing material; pressure was increased at a

steady rate of 30 kPA/s until the subject indicated that
the pressure was “first perceived as painful.” Subjects
then underwent an assessment of mechanical temporal
summation using weighted pinprick stimulators, as in
previous studies [23]. The lowest-force stimulator that
produced a sensation of discomfort (128 or 256 mN for
most subjects) was used to apply a train of 10 stimuli to
the skin on the dorsum of the hand at the rate of 1 per
second. Participants rated the painfulness of the first,
fifth, and tenth stimulus; temporal summation was quan-
tified as the difference in pain intensity ratings between
the tenth and the first stimulus. Reaction to prolonged
pressure pain was ascertained via cuff pressure algome-
try (CPA) [44,45]. We used a Hokanson rapid cuff infla-
tor; a standard blood pressure cuff was wrapped
comfortably around the lower leg, over the gastrocne-
mius muscle, and a computer-controlled air compressor
determined the pressure level that was individually tai-
lored, for each subject, to produce a pain intensity rat-
ing of 40/100. Finally, responses to noxious cold were
evaluated using a repeated cold pressor task, involving
immersion of the right hand in a circulating cold water
bath maintained at 4�C. In the present protocol, partici-
pants underwent a series of 3 cold pressor tasks, with
the first 2 consisting of serial immersions of the right
hand for 30 sec, with 2 min between immersions. The
3rd and final cold pressor task involved an immersion of
the right hand lasting until a participant reached pain
tolerance (or a 3 min maximum). During the first 2 cold
pressor trials, we assessed conditioned pain modulation
(CPM), a non-invasive test of endogenous pain-inhibitory
systems using a heterotopic noxious conditioning stimu-
lation paradigm [46,47]. During each these cold pressor
tests, PPTh was assessed on the contralateral trape-
zius. As in prior studies [42,48] we calculated a CPM
Index that reflected the magnitude of change in PPTh
during cold pressor relative to baseline. The CPM Index
is calculated using the formula: (PPTh during the cold
pressor test/baseline PPTh)*100. Scores over 100 indi-
cate positive/effective CPM (i.e., pain threshold in-
creased during the cold pressor test). Finally, ratings of
cold pain after-sensations (i.e., lingering pain following
withdrawal of the hand from the cold water bath) were
obtained 30 seconds after the cold pressor test [42].

Statistical Methods

The primary manuscript assessed whether the high NA
and low NA groups differed in the percent improvement
in average daily pain during the opioid maintenance pe-
riod [1]. Here, we examine changes in QST responses
from baseline during that opioid maintenance period. As
noted in the primary manuscript, sample size calcula-
tions were based on a power of 0.80 to test the hypoth-
esis that opioids confer diminished analgesia in the high
NA versus the low NA group. Based on our previous
data using IV opioid administration [32], 20 subjects
each were needed in the low and high groups to find a
33% difference in average percent pain intensity im-
provement [1]. Because not all subjects were able to
undergo QST at baseline and during treatment, we fell
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somewhat short of this goal, though the primary manu-
script analyzed clinical outcome data from over 20 pa-
tients per group [1].

The brief QST procedures described above yielded 6
measures of pain responses: PPTh (on the trapezius),
temporal summation of mechanical pain, cuff pain
threshold, cold pain tolerance, cold pain after-
sensations, and conditioned pain modulation. For each
of these measures, we performed a 2 (Group) X 2
(Time) mixed factorial ANCOVA to analyze QST changes
in the 2 groups (high NA vs. low NA) during opioid treat-
ment. As the high NA group was treated with larger opi-
oid doses, this factor was included as a covariate in the
ANCOVA. Significant effects were followed up with
group comparisons using non-parametric Mann-Whitney
U tests to account for the non-normality of some of the
distributions of QST variables. Bivariate associations be-
tween variables were assessed using Pearson correla-
tions or partial correlations (e.g., controlling for baseline
values when examining change scores). Finally, for QST
variables that demonstrated an impact of NA on QST-
related changes, we performed a follow-up multiple lin-
ear regression analyses comparing the predictive capa-
bility of several different measures of distress: the
HADS, PCS, NEO Neuroticism Subscale, BDI, and
PASS. In these regression analyses, the dependent vari-
able (DV) was the change score for the QST variable,
and after the initial steps included the baseline DV value
(Step 1) and opioid dose (Step 2), those 5 distress-
related measures were included in a stepwise fashion

(i.e., only significant factors entered into the regression)
in Step 3. Data were analyzed using SPSS version 20.

Results

A total of 31 subjects completed the trial and provided
QST data at baseline and during treatment. Trial com-
pleters with QST data (n¼ 31, including 16 low NA and
15 high NA) did not differ from those missing QST data
on demographic variables (e.g., age, sex), or key clinical
variables (e.g., pain intensity at baseline, HADS, PCS, or
BDI scores, etc; all p’s> .4). See Table 1 for descriptive
data in this sample.

The ANCOVA examining PPTh on the trapezius revealed
no main effect of Time [F (1,28)¼ .10, p¼ .76], no main
effect of Group [F (1,28)¼ .1, p¼ .83], and no interac-
tion [F (1,28)¼ .4, p¼ .54]. Similar findings were evident
for the measure of mechanical cuff pain threshold on
the calf (all p’s> .4). The ANCOVA for cold pain
tolerance yielded a significant main effect of Group
[F (1,28)¼6.3, p¼ .02], no main effect of Time (p¼ .90)
and a trend for a Group X Time interaction
[F (1,28)¼ 3.9, p¼ .06]. The high NA group showed a
decrease in cold pain tolerance during opioid treatment,
while cold pain tolerance increased with opioid treat-
ment in the low NA group. Mann-Whitney U tests re-
vealed no significant group difference at baseline, but
significantly higher tolerance in the low NA group during
treatment (p¼ .004). See Figure 1. A similar effect was
evident on the measure of cold pain after-sensations.

Table 1 Descriptive baseline data

Variable Low NA (n¼16) High NA (n¼ 15) p

Age (years) 54 6 11 49 6 10 .15

Female sex (%) 69% 67% .83

% Working 50% 13% .02

% Married 38% 47% .45

% Taking opioids pre-enrollment 31% 40% .41

Baseline pain intensity 7.1 6 1.3 7.6 6 1.8 .38

Pain duration 5.9 6 4.7 6.9 6 5.1 .41

% Substance abuse history 19% 20% .87

% Comorbid major depression 6% 73% <.001

HADS Depression 3.9 6 2.1 11.9 6 4.2 <.001

HADS Anxiety 4.2 6 2.6 12.2 6 2.2 <.001

Pain catastrophizing scale 16.6 6 7.1 32.2 6 9.1 <.001

QST Variables at Baseline

PPTh (Trapezius) 332.8 6 197.1 306.0 6 160.6 .92

PPTh during cold pressor test 431.6 6 225.7 417.2 6 251.1 .81

Mechanical TSP 24.5 6 20.3 19.2 6 12.0 .33

Cuff pain threshold 146.9 6 84.8 140.9 6 72.2 .93

Cold pain tolerance 56.8 6 44.8 24.6 6 32.1 .20

Cold pain after-sensations 18.5 6 24.7 31.7 6 29.1 .42

*p< .05.

**p< .01.
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The ANOVA indicated that painful after-sensation ratings
in the high NA group were elevated compared to the
low NA group (p-value for the main effect of
Group¼ .04), with no main effects of Time (p¼ .89) and
no interaction (p¼ .48). Mann-Whitney U tests indicated
that the low NA group had significantly lower (p¼ .01)
ratings of after-sensation pain during opioid treatment.
See Figure 1.

Significant Group X Time interactions were observed for
the measures of pain modulation. The ANCOVA for me-
chanical (probe) temporal summation showed no main
effects of Time or Group (p’s> .3), but the interaction
was significant [F (1,28)¼6.4, p¼ .02]. As is evident in
Figure 2, the low NA group showed a reduction in tem-
poral summation, while a slight increase was evident for
the high NA group. However, Mann-Whitney U tests
failed to achieve significance for the direct comparison
of groups. Similarly, the ANCOVA for CPM produced no
significant main effects (p’s> .6), but the Group X Time
interaction was significant at F (1,28)¼ 4.1, p¼ .05. The
high NA group showed a large decrease in CPM during
treatment, while CPM increased slightly in the low NA
group of participants. Mann-Whitney U tests indicated
that while the groups did not differ at baseline, the low
NA group had a significantly higher (p¼ .02) CPM Index
during opioid treatment. See Figure 3.

Partial correlations (controlling for baseline values of
both variables) between changes in QST parameters
and the percentage decrease in pain intensity (i.e., the
primary outcome for the trial) revealed no significant as-
sociations (all p’s> .2). That is, the degree of analgesia
obtained by a patient was unrelated to the degree
change in pain threshold, tolerance, or modulation.
Similar null findings (i.e., no significant correlations) were
evident between opioid dose and changes in QST

parameters (all p’s> .1). On the other hand, changes in
cold pain responses were significantly or near-signifi-
cantly related to opioid misuse (see Refs. 1 and 41 for a
full description of the Drug Misuse Index, DMI).
ANCOVAs (controlling for NA group and for baseline val-
ues of the QST variable) showed a significant difference
in treatment-related changes in cold pain after-sensa-
tions: the group that was positive for opioid misuse (i.e.,
positive DMI) demonstrated an increase of þ14.0 6 6.7
in cold pain after-sensations, while patients who were
negative for misuse had a mean reduction of �2.7 6 3.5
[F (1,28)¼ 4.7, p¼ .04]. Similarly, the ANCOVA (again,
controlling for NA group and for baseline cold pain toler-
ance) for cold pain tolerance suggested a near-
significant difference between positive DMI patients
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(who showed a �10.0 6 9.2 reduction in cold pain toler-
ance) and negative DMI patients (who had a þ3.3 6 5.2
increase in cold pain tolerance).

Finally, we performed multiple linear regression analyses
on the cold pain tolerance, CPM, and temporal summa-
tion data (as these were the 3 QST measures that
yielded significant or near-significant Group X Time inter-
actions), comparing the predictive capability of several
different measures of distress. None of the individual
distress-related measures emerged as predictors of
changes in CPM after controlling for baseline CPM and
opioid dose. For temporal summation, PCS scores
emerged as a significant predictor, explaining 18% of
the variance in the degree of change in temporal sum-
mation. Lower baseline PCS scores were associated
with a decrease in temporal summation during opioid
treatment (see Table 2). For change in cold pain toler-
ance, HADS scores emerged as an inverse predictor,
explaining 12% of the variance. Lower baseline HADS

scores were associated with an increase in pain toler-
ance during opioid treatment (see Table 3).

Discussion

In this prospective cohort study, patients with disco-
genic pain were phenotyped into distinct groups with
differing levels of negative affect. Collectively, despite
being administered higher opioid doses, the high NA
group experienced substantially less analgesia [1], a
finding that confirms past observations in other samples
[31,32]. In the present report, an adjunctive QST study,
we report evidence that, despite a reduced sample size
and potentially limited power, the high NA group also
experienced more maladaptive sensory changes during
opioid treatment. Compared with the low NA group,
high NA patients exhibited reductions in pain tolerance
and endogenous pain inhibition, and they did not exhibit
a decrease in temporal summation of pain. We also
found that elevated baseline levels of catastrophizing
were associated with enhanced temporal summation
over the course of the study. In considering the pattern
of results, it is interesting to note that the present find-
ings highlight the selectivity of OIH-like changes in pain
responses over the course of sustained opioid treat-
ment. There were no main effects of time in this study,
and the QST parameters we examined did not all exhibit
the same pattern of changes. A study of OIH that exam-
ined a single pain modality and evaluated group-level
changes over the course of treatment might well
conclude that opioid administration does not alter pain
sensitivity, which has been the conclusion of some pre-
vious trials [19]. In contrast, this study suggests that dif-
ferential effects of opioids on QST may occur as a
function of the parameter tested and of the patients’
psychological state, with those highest in distress and
negative affect being at greater risk for reductions in
cold pain tolerance and endogenous pain inhibition. It is
interesting to note that the high NA group received
higher doses of opioid over the course of this study,
which may have contributed to the maladaptive sensory
changes observed in this group. While our analyses did
control for opioid dose, we cannot rule out the possibil-
ity that dose is an important contributor to OIH effects,
and the intersection between affect, opioid dose, and
decrements in pain modulation appears to be a fruitful
area for future research on this topic.

Additional work will be required to fully assess the clini-
cal relevance of these changes. A recent secondary
analysis of a non-randomized opioid trial reported a
moderate inverse relationship between changes in ther-
mal pain sensitivity and degree of self-reported hydro-
morphone analgesia (i.e., those who showed an
increase in pain sensitivity reported the least benefit
from opioids [17]). In the present prospective trial, the
high NA group did obtain the least opioid analgesia and
exhibited more maladaptive changes in pain sensitivity
and modulation. However, there was not a significant
linear association between QST changes and changes
in clinical pain intensity; that is, OIH-like changes in pain

Table 2 Hierarchical linear regression predicting

change in temporal summation

Variable Step R2 b p

Step 1: Baseline Temporal

Summation

.30** �.55 <.001

Step 2: Opioid Dosage .04 �.21 .11

Step 3: Pain Catastrophizing

Scale

.18** .45 .001

*p< .05.

**p< .01.
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high-NA groups. Data presented as group means6

SEM.
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sensitivity and modulation were distinct from analgesic
responses to chronic opioid therapy (including, presum-
ably, the development of opioid tolerance). In general,
though, indices of negative affect and pain-related cata-
strophizing have previously been associated with puta-
tive deficits in opioid-mediated pain inhibition [49, 50].
For example, catastrophizing predicts greater post-oper-
ative use of opioid analgesics after a painful surgical
procedure [51], as well as reduced acute analgesic ben-
efit of opioids in a laboratory setting [52], similar to what
our group has observed in prior studies of NA [32].
Functional neuroimaging studies have also suggested
that elevated catastrophizing and negative mood are re-
lated to enhanced activation of pain-processing brain
areas such as anterior cingulate cortex and amygdala
during the administration of calibrated noxious stimuli
[53–55], potentially reflecting a deficit in endogenous
opioid-mediated pain inhibition.

It is important to emphasize that the present QST data
do not bear directly on the question of when opioids
should be prescribed, for whom, and for how long. But
they do suggest that subgroups of patients may be at
relatively greater risk for maladaptive changes in pain
sensitivity and pain modulation. The findings of the pri-
mary analysis indicate that patients with high levels of
negative affect may derive reduced analgesic benefit
from opioids, and if these patients also experience dec-
rements in CPM and reduced pain tolerance, they may
be at elevated risk for the development of other pain-
related sequelae or other persistent pain conditions
(post-surgical pain, for example [27,56,57]). Moreover,
the present results hint that some opioid-induced sen-
sory changes (in cold pain tolerance and cold pain
after-sensations) may also be associated with indices of
opioid misuse. Because misuse was measured during
the same time frame as QST changes, the temporal as-
pects of this association are unclear; additional work in
this area may play a valuable role in determining
whether QST-assessed changes in pain processing may
serve as a signal of, or risk factor for, impending misuse
of opioids (or conversely, whether they may be a conse-
quence of that misuse). Collectively, it is possible that if
symptoms of NA are identified and effectively treated
early in the course of LBP, this might help to reduce
negative pain-related sequelae such as OIH, improve

the outcomes from subsequent (opioid) management,
and potentially even reduce the incidence of opioid
misuse.

Several limitations should temper the interpretation of
these findings. First, with no control group, we cannot
be certain that any changes we observe in QST re-
sponses are definitively opioid-related. Many QST stud-
ies have demonstrated the strong temporal stability of
patients’ responses on these measures [58], suggesting
that the observed changes in the present study may
well be due to medication effects, but we cannot rule
out the possibility of other sensitization- or habituation-
producing processes. Second, we do not have detailed
data on medical comorbidities (e.g., fibromyalgia) that
may be associated with alterations in pain-modulatory
processes [28]. Additionally, the sample size for this
analysis is fairly small, and we were unable to perform
QST on all of the study participants utilized in the pri-
mary analyses, which likely limited our power to detect
some of these effects. Finally, we were unable to obtain
serial QST measurements over the course of opioid
treatment, which would have helped to shed light on
the time course and duration of opioid-induced sensory
changes. Yet despite these limitations, this study is the
first to document psychologically-defined subgroup dif-
ferences in the effects of opioid treatment on pain sensi-
tivity and modulation. As such, it suggests the possibility
that, in addition to being at risk for reduced opioid anal-
gesic benefits, chronic pain patients high in negative af-
fect and pain-related distress may also be at elevated
risk for reduced pain inhibition and pain tolerance. The
further study of such effects in randomized, controlled
trials of opioids for chronic pain appears to be a fruitful
area for investigation.
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