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ABSTRACT

Introduction: The degree to which opioid-in-
duced hyperalgesia contributes to the pain
experience of patients with chronic pain
remains relatively undescribed. The objective of
this pilot study was to determine if experimen-
tal pain responses improve in patients with
chronic pain as they undergo a planned opioid
taper.
Methods: This was a prospective observational
study. Seven patients with chronic neuropathic
pain on at least 120 mg morphine equiva-
lents/day were enrolled. The participants were
followed over the course of an individualized
opioid taper to a lower dose. Measures of
experimental pain sensitivity, including indi-
cators of central pain modulation, were col-
lected on a biweekly basis; in addition, measures
of function and quality of life were collected

monthly. The effect of opioid taper on pain
responses and functional outcomes over time
were examined using longitudinal mixed-effects
regression modeling and general linear regres-
sion modeling with regularization as a function
of baseline dose, end dose, and taper rate.
Results: In this small sample of patients
undergoing highly individualized and variable
opioid taper, the opioid taper was significantly
associated with improved pain responses to the
cold-pressor test, with the pain threshold on
average increasing by 1.14 s every 6 weeks
(p = 0.0084, 95% confidence interval [CI] for
6-week change 0.3039–2.0178) and pain toler-
ance on average increasing by 2.87 s every
6 weeks (p = 0.0026, 95% CI for 6-week change
1.02–4.7277). Taper-related changes in central
pain modulation were not observed, although
conditioned modulation trended toward
improvement by the completion of opioid
taper. Similarly, no declines in function and
quality of life were observed with the opioid
taper, suggesting stability despite decreased
opioid dose.
Conclusions: Opioid taper was associated with
improvements in experimental pain responses
without a decline in function and quality of life,
suggestive of diminished opioid-induced
hyperalgesia in this clinical sample.
Trial Registration: ClinicalTrials.gov identifier,
NCT03912298.
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Key Summary Points

Why carry out this study?

It is estimated that between 5 and 8
million Americans use opioids daily for
chronic pain management however, it is
increasingly clear that outcomes are often
poorer for patients on opioid therapy.

A theorized explanation for poorer
outcomes for patients on opioid therapy is
the phenomenon of opioid-induced
hyperalgesia.

We hypothesized that patients undergoing
opioid taper would have improved
experimental pain responses over time.

What was learned from the study?

Opioid taper is associated with improved
pain responses to the cold-pressor test.

Opioid taper is associated with
improvements in experimental pain
responses without a decline in function
and quality of life, suggesting diminished
opioid-induced hyperalgesia in this
clinical sample

INTRODUCTION

Chronic pain impacts approximately 20% of
U.S. adults, and 8% of U.S. adults have high-
impact chronic pain [1], with prevalence
expected to increase as the population ages. In
well-intended and industry-driven efforts to
provide relief to chronic pain sufferers, the
prescription of opioids has increased dramati-
cally since the turn of the century, such that it
has been estimated that between 5 and 8 mil-
lion Americans use opioids daily for chronic
pain management [2]. However, prescription
opioid therapy for chronic pain is not an

evidence-based intervention. In fact, as evalua-
tion data accumulate, it is increasingly clear
that outcomes are often poorer for patients on
opioid therapy and that improvements can be
appreciated when patients are tapered off the
analesics [3, 4]. In the midst of an ‘‘epidemic of
prescription drug abuse’’ [5], it is critical that
opioid prescription practices be evidence-based
and delivered ‘‘in the best possible manner that
maximizes effectiveness and minimizes harm’’
[6].

A theorized explanation for poorer outcomes
for patients on opioid therapy is the phe-
nomenon of opioid-induced hyperalgesia (OIH)
[7]. Well-demonstrated in animals [8] and
inferred in opioid-maintained patients with
opioid use disorder [9], ongoing opioid use
results in increased sensitivity to pain, which, in
the case of the patient with chronic pain, may
interfere with desired pain relief outcomes.
However, the relationship between opioid taper
and OIH has received little empirical attention,
such that the degree to which decreasing opioid
provision improves pain sensitivity is not clear.
Evidence that prescription opioids make the
pain experience worse for patients with chronic
pain would provide strong support for the opi-
oid-sparing approaches promulgated by the U.S.
Centers for Disease Control and Prevention
(CDC) [10] and provide novel data on which to
develop evidence-based guidelines.

Studying the direct effects of an opioid taper
on pain responses in chronic pain patients is
challenging; to be successful, a taper must be
gradual, and individualized to patient response
and tolerability [11, 12]. We designed an
observational study to identify and characterize
the direct effects of opioid taper on experi-
mental pain responses in opioid-dependent
patients with chronic pain to establish if, in
fact, a notable effect size can be discerned. We
hypothesized that subjects undergoing opioid
taper will have improved experimental pain
responses over time. In addition, we anticipated
that improvements in pain sensitivity would
result in concurrent improvements in func-
tional outcomes. If supported, these findings
would provide a foundation upon which to
predict the efficacy of opioid taper in larger
clinical samples of patients with chronic pain.
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METHODS

Design

An observational prospective design was uti-
lized to measure the experimental pain
responses and function of chronic pain patients
on high-dose opioid therapy prior to and then
regularly during a voluntary individualized
opioid taper. Pain data were collected on a
biweekly basis and functionality data were col-
lected monthly, for up to 12 months. Due to the
pilot nature of the study, our previous work
demonstrating stability in pain responses in
patients on high-dose opioid therapy over time
(6 months) [9], and the clinical imperative of
tapering patients to safer doses, we did not
include a control group of patients maintained
on high-dose therapy. Consistent with expert
opinion in the field [13], a longitudinal within-
subject design was planned.

Sample and Setting

The convenience sample consisted of male and
female adults with chronic pain undergoing
opioid taper. Study inclusion criteria included:
(1) being between the ages of 21–70 years; (2)
having a documented chronic neuropathic
non-malignant pain condition of at least 1 year
duration; (3) on C 120 mg opioid morphine
equivalents daily (MED) for at least 6 months;
(4) having fully engaged in all prescribed non-
opioid pain management treatments; and (5)
otherwise in good physical and mental health.
To control for variability related to the type of
chronic pain, only patients determined to have
neuropathic pain (as assessed by the validated
Leeds Assessment of Neuropathic Symptoms
and Signs pain scale) were included [14]. Having
fully utilized all non-opioid medication and
multimodal pain management approaches
assured that no new pain management inter-
ventions would be introduced over the course
of the taper.

Potential participants were excluded from
participation if: (1) they met diagnostic criteria
for an active substance use disorder other than
nicotine; (2) were acutely psychotic, severely

depressed, and/or in need of inpatient psychi-
atric treatment; (3) had a neurological or psy-
chiatric illness that would affect pain responses,
including anxiety disorders; or (4) had a history
of heart disease, stroke, or a pacemaker or
uncontrolled high blood pressure. Good car-
diovascular health was stipulated to ensure
subjects could tolerate the sympathetic respon-
ses associated with the cold-pressor pain
induction procedures.

Participants were recruited from the large
University of Pennsylvania Penn Pain Medicine
Center. Recruitment occurred over a 19-month
period, being slowed by the paucity of patients
on high-dose opioid therapy willing to volun-
tarily undergo taper and the coronavirus epi-
demic. The study protocol was approved by the
Institutional Review Board (IRB) of the Univer-
sity of Pennsylvania (Protocol # 831447), and all
subjects signed and demonstrated their com-
prehension of the IRB-approved consent form.
Subjects were compensated for participation.

Measures

Pain Responses
The primary dependent variable, pain sensitiv-
ity, was measured using two highly reliable and
valid pain induction techniques, the cold-pres-
sor test (CPT) and quantitative sensory testing
(QST), employing procedures consistent with
those described in the literature [15–17]. The
order of pain testing varied, and three aspects of
the pain response associated with OIH were
captured at each study session: evoked pain,
temporal summation, and conditioned pain
modulation, which map on the hypothesized
peripheral, spinal and supra-spinal mechanisms
of pain processing, respectively (see Electronic
Supplementary Material for pain induction
technique methods). Concurrent with pain
testing, the presence of opioid withdrawal
symptoms using the well-validated clinical
opiate withdrawal scale (COWS) [18] was asses-
sed. In addition, urine toxicology was collected
to ensure that subjects are taking only their
prescribed opioid at each pain data collection
session. To account for the effects of disease
progression on pain responses, the study
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physician evaluated subjects monthly for any
evidence of disease worsening.

Functional Outcomes
To evaluate if opioid taper improves functional
outcomes vis-à-vis improved pain responses, we
used the PROMIS� (Patient-Reported Outcomes
Measurement Information System) person-cen-
tered measures [19]. Specifically measured were
functional and quality of life indicators from
the physical health (pain intensity, pain inter-
ference, physical function), mental health (life
satisfaction), and social health (ability to par-
ticipate in social roles and activities) domains.
PROMIS scores were assessed for change from
baseline and in relationship to changes in
experimental pain assay performance.

Procedures

In light of the demonstrated health risks asso-
ciated with daily opioid doses [ 90 mg MED
[20–23], current practice at the Penn Pain
Medicine Center is to taper all chronic pain
patients down to or below this MED and to
stabilize them on the lowest effective dose as
agreed upon by the patient and prescriber. The
actual rate of taper varies with tolerability and
availability of dosages of opioid, but averages
10–15% decrease/month.

Subject recruitment was accomplished via
IRB-approved flyers made available and posted
at the Pain Medicine Center, and treatment
clinicians were oriented to identify potential
subjects. Patients expressing interest in study
participation met with a trained project coor-
dinator for screening; if the patient met all
inclusion and no exclusion criteria, informed
consent was obtained in a private research area
at the Center. Study data collection began
immediately following consent, with the col-
lection of urine toxicology, chronic pain and
opioid use history, and baseline pain testing.
Study sessions were scheduled immediately
prior to or following regular clinic visits as
possible to minimize subject burden. Subjects
were instructed to ingest no caffeine or nicotine
for 1 h prior to each session. Opioid withdrawal
score and urine sample for toxicology were

collected immediately prior to pain testing to
verify absence of opioid withdrawal and com-
pliance with opioid treatment. All study data
were collected and managed using REDCap
(Research Electronic Data Capture) data capture
tools hosted at the School of Nursing at the
University of Pennsylvania [24].

Data Analysis

Preliminary analyses included generating
descriptive statistics for all baseline measures to
characterize the sample, including measures of
central tendency and variation for continuous
variables; for dichotomous/categorical vari-
ables, measures included frequencies and per-
centages. Distributional properties were
examined to determine if variance stabilizing or
normalizing transformations were required.
Non-inferential interim analyses were per-
formed to ensure data collection and archiving
procedures were operating correctly. Outliers
were assessed by visual inspection and checked
for accuracy. Normality was assessed using
Shapiro–Wilk tests.

The effect of opioid taper on changes in pain
responses (CPT, QST) and functional outcomes
(PROMIS domains) over time were examined
using longitudinal mixed-effects regression
modeling and general linear regression model-
ing with regularization as a function of baseline
dose, end dose, and taper rate [25]. These lon-
gitudinal profiles were examined using a linear
mixed-effects framework with SAS Proc Mixed
[26] in which all available data collected during
follow-up were used. Mixed models can account
for the correlation between repeated measures
and also allow for heterogeneity between sub-
jects at baseline.

Separate mixed-effects regression models
were generated for each of the continuous out-
come measures of interest (pain responses,
functional outcomes). Random intercepts were
modeled to represent the participant-level
deviation from the fixed-effect slope over time
and intercept, respectively. Maximum likeli-
hood estimation was used and independence
covariance structure was assumed. The Akaike
information criterion was used to evaluate
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overall model fit and to select the best-fitting
longitudinal change pattern. [27].

RESULTS

A total of seven patients with neuropathic pain
and on opioid therapy were enrolled in the
study, the majority of whom were middle-aged,
female and White (see Table 1). The median
(interquartile range [IQR]) opioid MED dose at
baseline was 270 (267) mg and decreased to
127.5 (73) mg at completion of the taper (see
Table 2). The mean (standard deviation [SD])
opioid MED dose at baseline was 291.9
(182.6) mg with a minimum of 127 mg and
maximum of 645 mg. The average MED dose
following the taper period was 258.0 (164.2) mg
with a minimum of 90 mg and a maximum of
615 mg, representing an approximately 12%
reduction over time. Median (IQR) chronic pain
score on the visual analogue scale (VAS) was 98
(10) at baseline and 90 (0) at the taper
completion.

Average (SD) chronic pain score on the VAS
at baseline was 85.4 (29.2) on a scale of 0–100,
which decreased to 74.1(37.3) by the end of the
taper, representing a 16% improvement fol-
lowing the taper. Improvements in median cold
pressor pain threshold, pain tolerance, and
PROMIS scores were evident following the taper
(Table 2). The taper period ranged from 6 to
102 weeks; although highly individualized, the

rate of taper across participants averaged 4.3 mg
MED every 2 weeks. Urine toxicology results
across the tapers showed the presence of pre-
scribed opioids and, in one patient, prescribed
benzodiazepine, but were negative for all other
substances of abuse, including cannabis. Fig-
ure 1 shows the individual responses of each
subject.

Prior to the pain testing sessions, partici-
pants presented with either no or mild opioid
withdrawal symptoms; there was no significant
change in average withdrawal symptoms during
the taper period (Estimate = - 0.0253, 0.0170,
p = 0.1392). Using a linear mixed-effects model
with a random intercept we determined that
the opioid taper significantly improved pain
responses to the cold-pressor test, with the pain
threshold on average increasing by 1.14 s every
6 weeks (p = 0.0084; 95% confidence interval
[CI] for 6-week change 0.3039–2.0178) and tol-
erance increasing by 2.87 s every 6 weeks
(p = 0.0026; 95% CI for 6-week change
1.02–4.7277). Significant differences over the
course of the opioid taper on temporal sum-
mation and conditioned pain modulation were
not observed; temporal summation responses
tended to remain unchanged over time, and
conditioned pain modulation tended to
decrease over time from baseline (- 0.1428) to
taper completion (- 0.40) (difference 35%).
Concurrent with the opioid taper, indicators of
functionality, perceived life satisfaction, and
the ability to participate in social roles and
activities did not show any statistically signifi-
cant changes with opioid taper.

DISCUSSION

In this small observational study of a well-
characterized sample of men and women with
chronic neuropathic pain and receiving high-
dose opioid therapy (C 120 mg MED), signifi-
cant improvements in experimental cold-pres-
sor pain threshold and tolerance were
associated with an individualized taper such
that, on average, pain threshold increased by
50.5% and tolerance increased by 75% upon
taper completion. Noted improvements in cold-
pressor pain responses specifically support a

Table 1 Sample characteristics (n = 7 patients)

Characteristics of patients Values

Race, n (%)

White 6 (85.71%)

Other 1 (14.29%)

Sex, n (%)

Female 5 (71.3%)

Age (years) 61 (27)

Duration of taper (weeks) 17.5 (21.5)

Data are presented as the median with the interquartile
range (IQR) in parentheses unless indicated otherwise
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reversal of OIH, in that thermal experimental
pain responses (as opposed to electrical or
pressure pain) have been demonstrated to be
the most reliable and robust indicator of OIH in
clinical populations [28, 29]. Further, the
approximately 12% decrease in daily opioid
dose achieved during the taper resulted in a
16% improvement in daily average severity of
chronic pain, suggesting that the taper was
associated with a reduction in the effects of OIH
on the chronic pain experience for these
patients.

Changes in central pain modulation (i.e.,
temporal summation, conditioned pain modu-
lation) related to opioid taper were less evident
in this sample. This is somewhat inconsistent
with the extant literature, although none of the
existing studies evaluated within-individual
changes, only differences between persons on
versus not on opioid therapy. For example,
Chen and colleagues [17] found evidence of
exacerbated temporal summation to thermal
stimulation in patients with chronic pain and
on opioid therapy in comparison to those not
taking opioids, whereas no patterned changes
in temporal summation were noted in the cur-
rent sample. However, decreased conditioned
pain modulation to thermal pain noted by Ram
and colleagues [30] in patients with chronic
pain and on opioid therapy versus those on
non-opioid therapy mirror the trend noted in
the current study, supporting improved condi-
tioned pain modulation following taper (albeit
not significantly so). The work of Edwards and
colleagues [31] suggest that negative affect may

confound the noted relationship between opi-
oid use and pain modulation, such that patients
with chronic pain and on opioid therapy with
high levels of negative affect experienced less
conditioned pain modulation to cold pain and
appeared more hyperalgesic than those with
low levels of negative affect. The small sample
size in the current study precluded examination
of the role of affect in taper outcomes; however,
improved modulation noted in the patients
following taper map on the conclusions of
Edwards who suggest a negative correlation
between OIH and conditioned pain modulation
in patients with chronic pain and on opioid
therapy.

Not noted in the current investigation were
improvements nor worsening in function or
quality of life with opioid taper. Despite being
in contrast with findings from several system-
atic reviews which suggested improvements in
these domains for patients with chronic pain
when opioids are tapered or discontinued [2, 4],
these findings support more recent work
demonstrating that with opioid taper, function
and quality of life remain unchanged and do
not worsen. For example, Laigaard and col-
leagues [32] show that an opioid taper from an
average of 80 mg MED to 19 mg MED brought
no improvement in health-related quality of life
or worsened symptoms of depression or anxi-
ety, despite minor improvements in cognitive
function. Similarly, DiBenedetto and colleagues
reported no increase in disability with signifi-
cant opioid dose reductions [33], and in a
sample of veterans with chronic pain, the effect

Table 2 Pain and function prior to and following taper

Baseline Final

MED (mg) 270 (267) 127.5 (73)

Cold-pressor pain threshold (s) 12.75 (10.35) 7.78 (5.59)

Cold-pressor pain tolerance (s) 17.23 (19.03) 16.64 (74.48)

Chronic Pain Severity (average; 0–100) 98 (10) 90 (0)

PROMIS score 110 (42) 110.5 (54)

Data in table are presented as the median with the IQR in parentheses
MED Morphine equivalents per day, PROMIS Patient-Reported Outcomes Measurement Information System
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of interdisciplinary pain treatment achieved
comparable efficacy for both patients not taking
opioids and those tapered off their opioids [34].
Although a 2017 systematic review of patient
outcomes following a dose reduction or dis-
continuation of long-term opioid therapy
reported improvements in pain severity, func-
tion, and quality of life, the quality of this evi-
dence was deemed to be of very low quality [4].
In fact, a more recent rapid review of the

literature found that pain severity either remain
unchanged or improved with opioid taper;
however, improvements in quality of life and
functionality were not consistently observed,
and much of the evidence remains at the level
of low quality. In addition, more recent data
suggest harms associated with opioid taper,
including increased risk of overdose and suici-
dal ideation [35]. Despite the opioid taper in the
current sample being modest, the overall

Fig. 1 Change in individual patient responses over the opioid taper. a MED, b cold-pressor pain threshold, c cold-pressor
pain tolerance, d chronic pain severity, e PROMIS score, f length of taper. MED Morphine equivalents per day
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clinical implications of these findings are con-
sistent with the literature finding that function
and quality of life remain stable and do not
worsen with opioid dose reduction.

It should be noted that the increases in
experimental cold-pressor pain threshold and
tolerance, albeit statistically significant, are rel-
atively small. Concurrent improvements in pain
severity ratings noted in the current study
(16%) approach the percentage change of
patient-defined minimal clinically important
improvement in chronic musculoskeletal pain
or low back pain (C 15%) [36], providing evi-
dence that these changes in experimental pain
sensitivity may translate to improvements in
chronic pain severity. However, a lack of
improvement in pain-related function and
quality of life, as well as mixed and nonsignifi-
cant effects on opioid-related pain modulation
activities, should temper clinician motivation
to taper a given patient’s opioid therapy to
result in improved pain outcomes. As cautioned
by Mackey and colleagues [35] and others
[37, 38], evidence for the benefits versus harms
associated with opioid taper remains mixed,
and, as promulgated by a recent American
Academy of Pain Medicine Foundation con-
sensus panel, these should not be attempted in
patients with chronic pain without adopting ‘‘a
patient-centered, integrated, comprehensive
treatment models employing a biopsychosocial
perspective’’ (p. 2155 [39]).

Limitations

There are multiple weaknesses associated with
this pilot study that limit interpretation and
application to the clinical management of
patients with chronic pain. Firstly, the study
was observational, and patients were recruited
based on convenience and relied on self-selec-
tion; causality cannot be assured with this non-
experimental design and the findings may not
be generalizable to the larger population of
patients with chronic pain attempting opioid
taper. The sample was quite small, precluding
evaluation of the effects of patient characteris-
tics, pain characteristics, and taper characteris-
tics on outcomes assessed; further utilization of

mean values in the analysis with so few subjects
limits interpretation. The absolute amount of
opioid taper was relatively small, and greater
gains in pain response, function, and quality of
life may have been appreciated with a greater
decrease in opioid dosage. Finally, the pain
testing was repeated multiple times over the
course of the taper, so participants may have
developed some habituation to the noxious
stimulus, resulting in improved pain responses
over time. However, pain testing was separated
by 2-week intervals to minimize this learning
effect and improvements were not noted in all
pain parameters, arguing against this.

CONCLUSION

In this pilot study of a small, well-characterized
sample of patients with chronic pain, an indi-
vidualized opioid taper was associated with
significant improvements in threshold and tol-
erance to experimental cold-pressor pain. These
findings, in combination with a trend toward
perceived decrease in average severity of
chronic pain following opioid taper, argue that
OIH may contribute to the pain experience of
patients with chronic pain. Notable was that
decreases in opioid prescription did not worsen
function or quality of life in the sample. How-
ever, the benefits associated with these
improvements in experimental pain sensitivity
are preliminary and cannot alone support opi-
oid taper in all patients with chronic pain. The
benefits of opioid therapy for an individual
patient must be considered relative to risks, and
the apparent minimal contribution of OIH to
the chronic pain experience may not warrant
taper to meaningfully improve pain outcomes.
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