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Abstract

Objectives—Clinically-feasible predictors of opioid analgesic responses for use in precision
pain medicine protocols are needed. This study evaluated whether resting plasma beta-endorphin
(BE) levels predicted responses to an opioid analgesic, and whether chronic pain status or gender
moderated these effects.

Methods—Participants included 73 individuals with chronic low back pain (CLBP) and 88
healthy controls, all using no daily opioid analgesics. Participants attended two identical
laboratory sessions during which they received either intravenous morphine (0.08 mg/kg) or saline
placebo, with blood samples obtained before drug administration to assay resting plasma BE
levels. Once peak drug activity was achieved in each session, participants engaged in an ischemic
forearm pain task (ISC) and a heat pain task. Morphine analgesic effects were derived reflecting
the difference in pain outcomes between placebo and morphine conditions.

Results—In hierarchical regressions, significant Type (CLBP vs. Control) X BE interactions
(p’s<.05) were noted for morphine effects on ISC tolerance, ISC intra-task pain ratings, and
thermal VAS unpleasantness ratings. These interactions derived primarily from associations
between higher BE levels and smaller morphine effects restricted to the CLBP subgroup. All other
BE-related effects, including gender interactions, for predicting morphine analgesia failed to reach
statistical significance.

Discussion—BE was a predictor of morphine analgesia for only 3 out of 9 outcomes examined,
with these effects moderated by chronic pain status but not gender. On the whole, results do not
suggest that resting plasma BE levels are likely to be a clinically useful predictor of opioid
analgesic responses.
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Introduction

The concept of precision medicine has been receiving increasing emphasis in healthcare?.
Precision medicine refers to treatment strategies that take individual variability into account
to optimize outcomes®. Application of this approach to pain management has been
suggested?. For example, there would be obvious clinical utility for a set of biomarkers (e.g.,
genetic variants, phenotypic characteristics, biological assays) known to predict relative risks
versus benefits with opioid analgesic therapy for chronic pain management. While a
precision pain medicine approach appears feasible in principle, it requires a strong research
base to guide selection of predictive biomarkers, and at present this research base is
lacking?.

The existing literature suggests several possible predictors of opioid analgesic responses3-13,
although many of the available studies have small sample sizes or are clinical studies
employing few experimental controls (e.g., no placebo condition). One potential predictor is
gender. A meta-analysis suggests that females obtain moderately greater analgesia than do
males with comparable doses of morphine, although these findings do not extend to other
opioid agents3. A number of other potential predictors have been suggested to date as well,
including various genetic polymorphisms (e.g., A118G single nucleotide polymorphism of
the mu opioid receptor gene)*®, negative affect (depression, anxiety)®’, evoked pain
sensitivity8-19, and extent of widespread pain or “fibromyalgia-ness”11:12,

Given that opioid analgesics act by binding to opioid receptors, biomarkers reflecting status
within a given individual’s opioid system would appear to be obvious candidate predictors
as well. We have been systematically exploring links between individual differences in
functioning of the opioid system and responses to opioid analgesics. Using a laboratory-
based index of endogenous opioid system function (differences between evoked and clinical
pain responses in placebo versus opioid antagonist conditions), we have demonstrated strong
and consistent associations between lower endogenous opioid function and greater analgesia
with morphine®-13, Although results using this opioid blockade methodology in the
laboratory are compelling, these methods are unfortunately not practical for routine use in a
clinical setting. Circulating plasma levels of beta-endorphin (BE), an endogenous agonist of
the mu opioid receptor, provide a clinically feasible, although unproven, potential indicator
of opioid system status that might have relevance to precision medicine. BE, along with a
number of other peptides including adrenocorticotrophic hormone, is cleaved from the large
precursor molecule proopiomelanocortin14.1516, BE, in addition to having direct analgesic
effects via binding to opioid receptors in pain modulatory brain regions!’, is also involved in
modulation of stress responses®19 and the immune system?20. BE in plasma originates
primarily from the pituitary and immune cells rather than the central nervous system
(arcuate nucleus of the hypothalamus) 14.21-23, Plasma BE levels therefore do not
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necessarily indicate opioid status in the central nervous system, where the primary analgesic
effects of BE occur23-25, Nonetheless, a number of studies report associations between
plasma BE levels and pain responses, although not always in a consistent direction26-34,

More relevant to the goal of precision pain medicine, a few studies suggest that BE levels
might influence, and therefore, predict opioid analgesic responses3>-38. However, direct tests
of this hypothesis are rare, with only one placebo-controlled and adequately powered study
to date3’. This latter study did not evaluate the impact of chronic pain status or gender on
findings, both of which are variables suspected to influence opioid analgesic responses3:8,
and it reported arbitrarily dichotomized analgesic responses (“responder” versus “non-
responder”) that grouped together spontaneous back pain intensity and evoked back pain
response outcomes in an unspecified fashion. These study limitations reduce the
interpretability of its findings.

The current study builds on the work of Rhodin et al.37. The primary aim was to determine
in an adequately powered sample using highly controlled experimental evoked pain stimuli
whether circulating plasma BE levels at rest predict subsequent responses to an opioid
analgesic (morphine). Furthermore, we directly tested for the first time whether gender and
chronic pain status moderated the effects of BE on opioid analgesic responses. The
secondary aim of this study was to examine whether plasma BE levels predict subsequent
evoked pain responses (placebo condition) in one of the largest samples studied to date.
Finally, to enhance the chronic pain relevance of the study, we also evaluated whether
resting plasma BE levels predicted the acute analgesic effects of morphine on low back pain
intensity in the subsample with chronic pain. This study was based on a secondary analysis
of the work presented in Bruehl et al.10, but reflects a greatly expanded sample from that
which was originally reported.

Materials and Methods

Design
A double-blind, placebo-controlled crossover design with administration of morphine (in
randomized, counterbalanced order) was employed to evaluate whether resting BE levels are
associated with subsequent analgesic effects of morphine. The study was conducted at two
sites (Vanderbilt University Medical Center and Rush University Medical Center), using
identical data collection procedures and equipment. The primary study also included a third
arm in which the opioid antagonist naloxone was administered (for details, see Bruehl et
al.19): however, this arm is not described further because it is not directly related to the
current hypotheses.

Participants

Participants included 73 individuals with chronic low back pain (CLBP) and 88 healthy
controls (Healthy). All participants were recruited through an on-line e-mail recruitment
system, local pain clinics, advertisements in local print media, or posted flyers. Inclusion
criteria were: age between 18-55; no self-reported history of cardiovascular disease,
hypertension, liver or kidney disorders, posttraumatic stress disorder, bipolar disorder,
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psychatic disorder, diabetes, seizure disorder, or alcohol or drug dependence; no use of anti-
hypertensive medications; and no daily use of opioid analgesics. Urine screens for opiates
were carried out prior to each laboratory session to confirm the absence of recent use.
Additional inclusion criteria for the CLBP group were chronic daily low back pain of at least
3 months’ duration with an average past month severity of at least 3 on a 0-10 verbal
numeric pain intensity scale. Individuals with chronic pain related to malignancy,
autoimmune disorders, or fibromyalgia were excluded. Potential participants who were
pregnant (determined by urine pregnancy screens) were also excluded. No participants in the
Healthy group were taking as-needed opioid analgesics, and only 1 (1.1%) reported taking
antidepressants. In the CLBP group, 11 participants (15.1%) reported occasional use of
opioid analgesics (but none in the preceding 3 days or more), and 3 (4.1%) reported use of
antidepressant medications. Back pain was associated with a radicular pattern suggestive of
a possible neuropathic component in 58.9% of participants in the CLBP group.

The total sample size available (n=161) had 80% power to detect an association as small as r
= 0.22 using a two-tailed p<.05 criterion for significance, and comparable power to detect
associations within study subgroups as small as r = 0.32 (CLBP), r = 0.30 (Controls), r =
0.30 (females), and r = 0.32 (males). BE would likely need to exhibit predictive effects of at
least a moderate effect size (r = 0.30 — 0.49)3° to prove clinically useful. This study therefore
had adequate power to detect clinically meaningful predictive effects of BE even within
subgroups for primary outcomes (evoked pain morphine effects). The study was not
specifically powered to detect BE associations with the secondary outcomes (placebo pain
responses, morphine effects on low back pain).

The opioid analgesic used in this study was morphine sulfate, the prototypic mu opioid
receptor agonist, at a dosage of 0.08 mg/kg in 20ml normal saline?C. This dosage
(approximately 7mg for an average sized male) was selected because it was judged to be
sufficient to produce analgesia, but low enough to avoid ceiling effects that might obscure
key individual differences in morphine responding. Peak morphine activity is achieved
within approximately 15 min41.

Laboratory Evoked Pain Tasks

After peak drug activity was reached, participants engaged in two laboratory evoked pain
tasks. First, participants underwent an ischemic pain task based on procedures described by
Maurset et al.*2. To begin, participants engaged in two minutes of dominant forearm muscle
exercise using a hand dynamometer at 50% of his or her maximal grip strength as
determined prior to beginning the laboratory procedures. Then they were asked to raise their
dominant forearm over their head for 15 sec. A manual blood pressure cuff was then inflated
over their dominant biceps to 200 mmHg, the arm was lowered, and the cuff remained
inflated until tolerance was reached, up to a maximum of 8 min. Participants were instructed
to indicate when they first experienced this task as “painful” (ischemic pain threshold, in sec
from task onset). Time elapsed between ischemic task onset and participants’ expressed
desire to terminate the task (set at a maximum of 8 min) was used to define ischemic pain
tolerance.
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The second laboratory evoked pain stimulus was a heat pain task administered using a
Medoc TSAII NeuroSensory Analyzer (Medoc US., Minneapolis, MN). Heat pain threshold
and tolerance were assessed using an ascending method of limits protocol as in several
previous studies#04344, Four trials (with 30 sec intervals between each) were conducted for
heat pain threshold and tolerance, with each trial conducted sequentially at one of four
different non-overlapping sites on the non-dominant ventral forearm. For pain threshold
trials, the probe started at an adaptation temperature of 32°C, with the temperature
increasing at a ramp rate of 0.5°C/sec until the participant indicated that the stimulus had
begun to feel “painful” by depressing a button on a computer mouse. For each tolerance
trial, the probe started at an adaptation temperature of 40°C, with the temperature increasing
at a ramp rate of 0.5°C/sec until the participant indicated maximum tolerance had been
reached. Means of the four thermal pain threshold and tolerance trials were separately
derived for use in analyses. To ensure participant safety, a pre-determined maximum
temperature was set at 51°C. Prior to beginning the first laboratory session, all participants
underwent standardized training to familiarize them with the thermal stimulation device and
the concepts of pain threshold and tolerance.

Laboratory Evoked Pain Outcomes

In addition to pain threshold and tolerance measures for both pain tasks, participants were
asked to describe the level of evoked pain experienced during each laboratory pain task
using 100mm visual analog scales (VAS) of overall pain intensity (anchored with “No Pain”
and “Worst Possible Pain) and pain unpleasantness (anchored with “Not at All Unpleasant”
and “The Most Unpleasant Possible”). For the longer duration ischemic pain task only,
participants were also asked to rate their current pain using a 0-100 verbal numeric rating
scale (NRS; anchored with 0 = “no pain” and 100 = “worst possible pain™) at 30 sec
intervals throughout the task, with the mean value representing the overall NRS intra-task
pain intensity.

Beta-Endorphin Assays

Blood samples (in purple-top Vacutainer tubes with EDTA) collected prior to drug
administration in each of the study sessions were immediately stored on ice. Within 30 min
of collection, samples were processed in a cool centrifuge (0-4°C) at 3000rpm for 15 min.
Plasma was then extracted and stored at —70°C until assays were conducted. Samples from
the Rush study site were shipped (frozen) to Vanderbilt, and all assays were conducted by a
single Vanderbilt lab. Plasma BE levels were determined using commercially-available
enzyme immunoassay kits following standard published procedures (Phoenix
Pharmaceuticals, Burlingame, CA). The detection limit was 0.1 ng/ml, with 0%
crossreactivity with met-enkephalin, alpha-MSH, or ACTH. All BE assays were run in
duplicate. Means across duplicate assays for each study session were derived, and these
values were used to calculate mean resting plasma BE levels (in ng/mL) across laboratory
sessions for use in analyses. Resting plasma BE levels were stable across sessions (intraclass
correlation = 0.91). Observed mean resting BE values (Table 1) were quite similar to those
observed in our prior work using similar selection criteria and assays26:27.
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All procedures were conducted at the Vanderbilt General Clinical Research Center or a
dedicated research room at the Rush University Pain Center. All procedures were approved
by the respective Institutional Review Board. After providing informed consent, participants
completed a packet of questionnaires, including information regarding demographics and
chronic pain. Individuals then participated in two separate but identical experimental
sessions (placebo vs. morphine) scheduled at the same time of day to control for variance
due to circadian rhythms.

Participants remained seated upright in a comfortable chair throughout all laboratory
procedures. During each session, participants initially completed a 10-min seated rest
period, after which an indwelling venous cannula was inserted into the dominant arm by a
trained research nurse under physician supervision. After a 30-min rest period to allow BE
levels to stabilize, a 2mL blood sample was obtained through the cannula for assessment of
pre-drug resting BE levels. Next, participants used the VAS Intensity and VAS
Unpleasantness measures described above to rate their current level of low back pain, and
then received (via the cannula) the assigned study drug. The counterbalanced order of the
study drugs was determined based on a list of randomized drug orders prepared (using the
Proc Plan procedure in SAS version 9.2, SAS Institute, Cary, NC) at study initiation by an
individual having no contact with study participants. The appropriate study drug was
provided in blinded fashion to study staff for use in each session by the investigational
pharmacy at each institution. The study participants, research nurses, and research assistants
were not aware of which drug was being given during each session.

After a 15-min rest period to allow peak drug activity to be achieved, subjects again
described their current level of low back pain using the VAS Intensity and VAS
Unpleasantness measures. Participants next engaged in the ischemic task using procedures
described above, after which the VAS Intensity and VAS Unpleasantness measures were
immediately completed to describe responses to this evoked pain stimulus. Then,
participants engaged in the thermal pain task to assess heat pain threshold and tolerance,
with the VAS Intensity and VAS Unpleasantness measures again immediately completed to
describe the pain experienced during the heat pain tolerance trials. Following the final pain
task, participants completed the Opioid Adjective Rating Scale*® to describe extent of drug-
related side effects being experienced, using a 0 (“Not at All”) to 4 (“Extremely”) Scale. All
participants remained in the lab under observation for 2 hours after peak drug activity had
been achieved to allow drug effects to remit, after which they were released to a responsible
adult.

Statistical Analysis

All analyses were conducted using IBM SPSS for Windows Version 23 (SPSS Inc., Chicago,
IL). Analyses of participant characteristics across participant types (Healthy versus CLBP)
used independent samples t-tests (for continuous measures) and Chi Square tests (for
categorical measures).
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Primary analyses used hierarchical regressions to evaluate the impact of resting plasma BE
levels on subsequent analgesic responses to morphine. Primary analyses included main
effects of BE, gender, and chronic pain status (i.e., participant type), as well as all 2- and 3-
way multiplicative interactions of these variables. Significant main effects were only
interpreted in the absence of significant interaction effects for relevant variables in
interaction models. The source of significant interactions was pursued via simple effects
analyses.

All BE analyses entered study site (because only the Rush study site samples were shipped)
and assay batch (to address inter-plate variability) into the first step of the regression to
address potential influence of these variables on BE levels. Preliminary analyses controlling
for these two variables were also conducted to evaluate several other potential confounds
that might influence BE assay results. These included age, chronic pain duration (for the
CLBP group), body mass index, and as needed use of opioid analgesics. Partial correlation
analyses indicated no association between resting BE levels and any of the first three
potential confounds (r’s = 0.00 to 0.07, all p’s>.57), although a potential influence of as
needed use of opioid analgesics on BE levels was suggested in an analysis of covariance
[F(1,157) = 3.03, p=.084]. This variable was therefore also entered into the first step of each
regression as a control variable.

The primary outcome variables in this study were indexes of morphine analgesic responses
derived for each evoked pain outcome as the difference between morphine and placebo
condition values, calculated such that higher scores indicated greater morphine analgesia. In
total, there were 5 evoked pain outcomes for the ischemic task (pain threshold, pain
tolerance, VAS Intensity and Unpleasantness, and intra-task NRS intensity ratings) and four
pain outcomes for the thermal pain task (pain threshold, pain tolerance, and VAS Intensity
and Unpleasantness). Placebo condition and morphine analgesic response measures were
analyzed for each of these measures. For secondary outcomes reflecting acute morphine
analgesic effects on low back pain intensity (in the CLBP group only), pre- to post-drug
changes in back pain intensity within each drug condition were first derived for VAS
Intensity and VAS Unpleasantness measures. Next, in a manner similar to that used for
evoked pain outcomes above, morphine effect measures were derived such that larger
positive scores indicated greater acute reductions in low back pain with morphine relative to
placebo. All analyses used the maximum number of available cases and a two-tailed
probability value of p<.05 as the criterion for significance.

Participant Characteristics and Drug Side Effects

Characteristics of both study subgroups are summarized in Table 1. The two subgroups did
not differ significantly in gender, race, ethnicity, or resting plasma BE levels (p’s > .10).
Although CLBP participants were significantly older [t(158) = 2.62, p=.01], the difference in
age between groups was not large in magnitude. Across the two study subgroups, in absolute
terms, the mean levels of all side effects were low in both drug conditions. Relative to the
placebo condition, participants when receiving morphine reported significantly greater (on a
0-4 scale) levels of flushing [Morphine: 0.5 (0.71), Placebo: 0.1 (0.33); t (158) = 7.27,
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p<0.001], itching [Morphine: 0.2 (0.58), Placebo: 0.1 (0.30); t (158) = 3.86, p <0.001],
“turning stomach” [Morphine: 0.5 (0.72), Placebo: 0.1 (0.28); t (158) = 6.65, p <0.001], “dry
mouth” [Morphine: 0.6 (0.92), Placebo: 0.1 (0.42); t (158) = 6.08, p <0.001], and “nodding”
[Morphine: 0.3 (0.68), Placebo: 0.1 (0.45); t (158) = 2.61, p =0.01]. Differences between
drug conditions in sweating [Morphine: 0.1 (0.42), Placebo: 0.1 (0.32); t (158) = 1.82, p
=0.07], headache [Morphine: 0.2 (0.55), Placebo: 0.2 (0.55); t (158) = 1.29, p =0.20], and
vomiting [Morphine: 0.0 (0.19), Placebo: 0.0 (0.16); t (158) = 0.63, p =0.53] were not
significantly different. Despite the low overall levels of side effects, participants were
significantly accurate in their guess as to the session in which they received morphine (p<.
001). However, magnitude of morphine analgesic effects did not differ significantly for any
of the outcomes between participants who did versus did not accurately guess the session in
which they received morphine (all p’s>.10).

Do Resting Beta-Endorphin Levels Predict Morphine Analgesic Responses?

The primary aim of this study was to determine whether resting plasma BE levels predicted
subsequent placebo-controlled analgesic responses to morphine administration. Mean (xSD)
evoked pain responses across the placebo and morphine conditions that were used to derive
morphine analgesic effects (primary outcomes) are summarized in Table 2. Comparisons of
placebo to morphine condition responses indicated that morphine exerted significant
analgesic effects for only 2 of the 9 evoked pain outcomes among healthy control
participants, but did so for 7 of the 9 outcomes in the CLBP group. Partial correlations
(controlling for the BE confounds described above) between plasma BE levels and derived
morphine analgesic effect outcomes across participant types and genders are summarized in
Table 3. Results revealed no significant associations in the overall sample.

For ischemic task outcomes, regression analyses indicated a significant Type X BE
interaction for morphine analgesic effects on ischemic tolerance [t(151) = —2.05, p =.042].
This interaction was due to a significant inverse association in the CLBP group [beta =
-0.28, 1(67) = -2.18, p=.033], that was absent in controls [beta = 0.03, t(82) = 0.25, p=.807].
Analyses similarly revealed a significant Type X BE interaction for morphine analgesic
effects on ischemic NRS intensity [t(151) = —2.01, p =.047]. In this case, the interaction
emerged due to a positive association approaching significance in controls [beta = 0.24, t(81)
= 1.78, p=.078] but a nonsignificant inverse association in the CLBP group [beta = -0.11,
1(67) = -0.82, p=.418]. All main and interaction effects involving BE for the remaining
ischemic task morphine effect outcomes were nonsignificant (p’s>.10).

For the thermal task, analyses of thermal pain thresholds revealed only a main effect for
Type on morphine analgesic effects [beta = 0.19, £(152) = 2.19, p=.03], indicating greater
morphine analgesia in the CLBP group. However, a significant Type X BE interaction was
noted for thermal VAS unpleasantness morphine analgesic effects [t(150) = —2.52, p =.013].
In a pattern similar to that observed for morphine effects on ischemic tolerance, this
interaction was due to a nonsignificant positive association between BE and morphine
effects in controls [beta = 0.18, t(81) = 1.31, p=.193], but a significant inverse association in
the CLBP group [beta = —0.27, t(67) = —2.07, p=.042]. To illustrate this latter interaction
graphically as recommended by Aiken and West#®, the regression equations computed for
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Healthy Controls and CLBP participants were solved for hypothetical resting plasma BE
values (-1 SD and + 1 SD from the observed mean BE value). These values are displayed in
Figure 1, which indicates that the greatest morphine analgesia occurred in CLBP participants
with low resting BE levels. Also for thermal VAS unpleasantness morphine effects, a trend
approaching significance for a Gender X BE interaction was observed [t(150) = -1.77, p =.
079]. This interaction was due to no association in females [beta = —-0.01, t(79) = -0.09, p=.
930] and a nonsignificant inverse association in males [beta = -0.22, {(68) = —1.65, p=.104].

Finally, for morphine analgesic effects on thermal VAS intensity, a trend approaching
significance was noted for the Gender X Type X BE interaction [t(149) = -1.85, p =.066].
Dissection of this interaction via simple effects analyses indicted a significant Type X BE
interaction in males [t(67) = —2.35, p=.022], but no significant Type X BE interaction in
females [t(78) = —0.35, p=.725]. Further exploration of the significant two-way interaction in
males indicated that it arose from a nonsignificant inverse association in male controls [beta
=-0.09, t(39) = -0.52, p=.607] but a much larger and significant inverse association in male
CLBP participants [beta = —0.45, t(26) = -2.49, p=.019]. This is similar in direction to the
effects observed in CLBP participants across genders for ischemic morphine effect
outcomes. All other main and interaction effects involving BE for morphine analgesic effect
outcomes on the thermal pain task were nonsignificant (p’s>.10). Conservative adjustment
for multiple comparison using the Bonferroni correction (for 9 evoked pain outcomes)
would have resulted in all of the BE-related effects reported above being nonsignificant.

Secondary analyses of acute morphine analgesic effects on low back pain outcomes were
also conducted. Pre-post drug changes in VVAS Intensity ratings of back pain in the morphine
condition [Pre-drug: 35.0 (28.33), Post-Drug: 19.1 (23.47)] were significantly larger than
those observed in the placebo condition [Pre-drug: 30.4 (25.81), Post-Drug: 24.9 (25.82);
t(69) = 4.23, p<.001]. Findings were similar for pre-post drug changes in VAS
Unpleasantness ratings of back pain, again with significantly larger changes in the morphine
condition [Pre-drug: 37.3 (28.29), Post-Drug: 18.8 (22.01)] than in the placebo condition
[Pre-drug: 30.9 (25.12), Post-Drug: 25.8 (25.71); t(69) = 4.67, p<.001]. The magnitude of
low back pain morphine effects as derived above (i.e., the difference between morphine and
placebo condition changes) was correlated positively and significantly with comparable
evoked pain morphine effect outcomes for both VVAS Intensity (r’s = 0.37 — 0.39, p’s <.001)
and VAS Unpleasantness (r’s = 0.32 — 0.34, p’s <.007). However, regression analyses for
morphine effects on low back pain paralleling those in the primary analyses above did not
reveal any significant main effects of BE (p’s > .10) or any Gender X BE interactions (p’s
>.10).

Do Resting Beta-Endorphin Levels Predict Placebo Condition Evoked Pain Responses?

The secondary aim of this study was to examine whether resting plasma BE levels predict
subsequent responses to controlled evoked pain stimuli in the absence of any drug
manipulation. Partial correlations between resting BE levels (in ng/mL) and placebo
condition evoked pain outcomes across participant types and genders are summarized in
Table 3. These results indicated that there were no significant associations between resting
plasma BE levels and placebo condition evoked pain responses in the overall sample.
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For the placebo condition ischemic task outcomes, regression analyses indicated significant
main effects of Type on NRS ratings [beta = 0.29, t(154) = 3.64, p=.000], VAS intensity
[beta = 0.31, t(154) = 4.05, p=.000], and VVAS unpleasantness [beta = 0.31, {(154) = 3.97, p=.
000]. All three indicated greater evoked pain responsiveness in the CLBP group. No other
main effects or interactions achieved statistical significance for the ischemic task data,
although nonsignificant trends were noted for Gender X BE interactions on VAS intensity
[t(152) = -1.90, p =.059] and VAS unpleasantness [t(152) = -1.79, p =.075]. Both
interactions were due to a positive association in females that approached significance [VAS
Unpleasantness: beta = 0.20, 1(86) = 1.81, p=.07; VAS Intensity: beta = 0.17, t(86) = 1.61,
p=.11] and a nonsignificant negative association in males [VAS Unpleasantness: beta =
-0.09, t(73) = -0.72, p=.48; VAS Intensity: beta = —-0.08, t(73) = —0.62, p=.54]. In other
words, higher resting BE levels were associated with modestly higher ischemic pain task
responses, but only in females.

For thermal task placebo condition responses, significant two-way BE interactions were
noted. For VAS intensity, significant Type X BE [t(152) = —2.08, p =.039] and Gender X BE
interactions [t(152) = -2.63, p =.010] were observed, although both appeared to derive from
trivial effects. Simple effects analyses indicated that the former interaction was comprised of
a nonsignificant positive association between BE and placebo VAS intensity ratings in
healthy controls [beta = 0.10, t(82) = 0.74, p=.46] and no association in the CLBP group
[beta = -0.01, t(67) = —0.09, p=.93]. The latter interaction was due to a nonsignificant
positive association in females [beta = 0.21, t(79) = 1.66, p=.10] and a nonsignificant
negative association in males [beta = -0.18, t(69) = -1.41, p=.16]. For VAS Unpleasantness,
similar significant Type X BE [t(152) = —2.40, p =.018] and Gender X BE interactions
[t(152) = -2.68, p =.008] were noted. Simple effects analyses revealed that the former
interaction was comprised of a nonsignificant positive association between BE and placebo
VAS unpleasantness ratings in healthy controls [beta = 0.09, t(89) = 0.69, p=.49] and a
slightly larger nonsignificant positive association in the CLBP group [beta = 0.14, t(71) =
1.12, p=.268]. The latter gender interaction was due to a small nonsignificant positive
association in females [beta = 0.10, t(86) = 0.80, p=.425] and a trend approaching
significance for a negative association between BE and thermal unpleasantness in males
[beta = -0.23, t(73) = -1.90, p=.062]. For thermal tolerance, the Gender X BE interaction
also approached significance [t(152) = 1.73, p =.086]. This effect was comprised of a
nonsignificant negative association in females [beta = —0.14, t(86) = —1.14, p=.256] and an
opposing nonsignificant positive association between BE and thermal tolerance in males
[beta = 0.20, t(73) = 1.57, p=.121]. Beyond the interactions involving BE described above,
analyses of placebo condition thermal pain responses revealed significant main effects for
Type [beta = —0.23, {(154) = —-3.05, p=.003] and Gender [beta = 0.36, t(154) = 4.97, p=.000]
on thermal pain tolerance, indicating greater pain responsiveness among CLBP participants
and females, respectively. All other main and interaction effects on placebo condition evoked
pain outcomes for both pain tasks were nonsignificant (p’s>.10). With the exception of main
effects for Type and Gender on placebo condition evoked pain responses, conservative
adjustment for multiple comparison using the Bonferroni correction would have resulted in
all other effects reported above being nonsignificant.
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Discussion

Optimizing opioid therapy outcomes in the chronic pain setting using a precision pain
medicine approach requires a strong research base that identifies reliable predictors of opioid
analgesic responses. This study capitalized on a relatively large dataset available that
assessed individual differences in responses to placebo-controlled morphine administration.
It sought to evaluate the utility of an easily accessible potential biomarker for opioid system
status, plasma BE, as a predictor of subsequent analgesic responses to morphine. The
possible moderating effects of both gender and chronic pain status on these predictive effects
were systematically evaluated. These moderation hypotheses were based on known gender
effects on opioid analgesic responses3, possible gender differences in opioid analgesic
systems1947-50 and evidence that chronic pain status might influence opioid systems and
analgesic outcomes8:51-53,

Results revealed several significant effects of resting plasma BE on subsequent morphine
analgesic effects that, when present, were moderated by chronic pain status and, to a limited
degree, by gender. Moderation of BE effects by chronic pain status was noted for morphine
effect outcomes on both the ischemic task (pain tolerance and NRS ratings) and the thermal
task (VAS Unpleasantness). In addition, a trend towards moderation of BE effects on
morphine analgesic responses by both gender and chronic pain status was noted for one
morphine effect outcome (thermal VAS Intensity). Overall, BE was found to be a
statistically significant predictor of morphine analgesia for only 3 out of the 9 evoked pain
outcomes examined. To the extent that conclusions can be drawn from these somewhat
sporadic effects, it would appear that higher resting BE levels are associated with reduced
morphine analgesia, with this effect limited to individuals experiencing chronic pain
(particularly males). Although the acute effects of morphine on back pain outcomes (in the
CLBP group) were correlated positively and significantly with comparable evoked pain
morphine effects, BE did not demonstrate any predictive ability with regards to analgesic
effects of morphine on low back pain.

Mechanisms for the observed moderation effects on morphine analgesia on evoked pain
responses cannot be conclusively determined. Presence of associations between BE and
morphine analgesic responses only in the CLBP group may have related in part to the fact
that morphine produced analgesia (relative to placebo) almost exclusively in the CLBP
group. The relatively limited analgesic effects of morphine on evoked pain responses in the
control group may have provided too little variability for associations with BE to be
detected. Regarding potential mechanisms for associations within the CLBP group, non-
human studies suggesting that elevated BE in the CNS is associated with downregulation of
opioid receptors®® and therefore the diminished morphine responsiveness in chronic pain
patients with elevated BE in the current study might have resulted from BE-related receptor
downregulation. This interpretation is weakened by the lack of direct correspondence
between BE levels in plasma and the central nervous system2425, Regarding possible gender
moderation observed for one morphine effect outcome, presence of opioid-related effects
specific to men are consistent with a few prior studies®%:55.
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There is little high quality existing research to provide context for the current findings. One
small study relevant to the current work reported that higher plasma BE levels were linked to
lower postoperative opioid analgesic requirements, a finding possibly consistent with
elevated opioid analgesic responsiveness among individuals with higher BE levels3.
However, outcomes in this study were uncontrolled and the sample included only 9 patients.
The only prior work corresponding somewhat with the methods of the current study
examined a comparable size sample of chronic back pain patients as the current study
(n=80), and also employed placebo-controlled opioid administration3”. This study found that
patients classified as opioid “responders” had higher levels of BE than those classified as
“non-responders,” with the former category reflecting the somewhat arbitrary cutoff of
>50% opioid-induced pain relief. Findings using the full range of continuous measures were
not reported, and possible gender effects were not examined. Reasons for the different
findings between this prior work3” and the current study remain to be determined, but might
include differences in how morphine analgesia was operationalized and the specific
analgesic agent examined (very short acting remifentanil versus much longer acting
morphine).

In the present work, predictive effects for resting plasma BE were not consistently observed
across the variety of evoked and clinical back pain opioid analgesic responses examined,
despite the highly controlled nature of the study. The current findings suggest that resting
plasma BE is unlikely to be an effective predictor variable in precision pain medicine
protocols. The sporadic links between BE and morphine analgesic outcomes described
above stand in contrast to the consistent and strong associations across multiple evoked and
clinical back pain outcomes examined between a functional measure of opioid system status
(based on responses to opioid blockade) and morphine responses in our prior work0:13,
While this latter method is a more consistent and stronger predictor of opioid analgesic
responses, it is also impractical for clinical settings. Therefore, more clinically pragmatic
predictors that may indirectly reflect opioid system function, such as baseline evoked pain
sensitivity20 or possibly negative affect, may prove to be more useful predictors for inclusion
in precision pain medicine algorithms.

The pattern of results examining associations between resting plasma BE levels and
subsequent placebo condition evoked pain responses suggested some degree of influence by
BE that was moderated by gender, although these effects were quite small in magnitude and
likely not clinically meaningful. These findings of weak associations between plasma BE
and evoked pain responses despite the large sample size and highly controlled methods
employed in this study raise questions as to whether the contradictory literature regarding
such associations might reflect a high proportion of spurious findings. The weak
associations suggested by the current work do not support further exploration of plasma BE
as a biomarker of subsequent acute pain responsiveness.

Several study limitations should be highlighted. The current study only examined plasma
BE, and results therefore cannot be generalized to BE sampled from within the central
nervous system (i.e., in cerebrospinal fluid; CSF). Although theoretical justifications for
examining CSF BE levels as a predictor of opioid analgesic responses are stronger than for
plasma BE, clinical utility of such findings would be limited due to the clinical difficulties of
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routinely obtaining CSF samples for BE assays. A second potential limitation is that
participants were significantly accurate in identifying which session they received morphine,
although this knowledge did not appreciably influence the magnitude of observed morphine
effects. Pragmatically, this lack of effective blinding parallels the typical clinical situation in
which patients know they are receiving an analgesic, suggesting that under clinical
circumstances the current results might be expected to hold true. Another limitation is that
only a single opioid analgesic agent was examined. The possibility that the pattern of results
might have been different with a different opioid analgesic agent cannot be ruled out. The
current work also only applies to prediction of responses to a single opioid analgesic dose.
Whether results might differ in using resting plasma BE to predict responses to daily opioid
dosing in chronic pain patients is unknown. Related to this latter issue, the recruitment
strategy used and the inclusion criterion that subjects not be taking daily opioid analgesics
(for safety reasons; see Bruehl et al.1%) may have produced a sample quite different from
those observed in the typical pain management setting. Although information regarding past
month pain intensity and presence of a radicular pattern of pain complaints was obtained,
other detailed medical information (e.g., imaging results) that might be used to inform
generalization of study results to pain management settings was unavailable.

In summary, results suggest that resting plasma BE has little ability to predict subsequent
analgesic responses to morphine. The limited effects observed were restricted to evoked pain
outcomes in individuals with chronic pain (particularly males). When present, the direction
of association was between elevated plasma BE and reduced opioid analgesic
responsiveness. This pattern fits a hypothetical pathway in which elevated endogenous
opioid levels result in downregulated opioid receptors that in turn diminish responsiveness to
exogenous opioid analgesics, but the limited magnitude and consistency of these effects
suggest they are more a scientific curiosity rather than an effect useable to achieve the goal
of precision pain medicine. The impact of gender on observed effects was minimal.
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Figurel.
Influence of resting plasma beta-endorphin (BE) levels on morphine analgesic effects for

thermal task VAS unpleasantness outcomes by participant type. BE values plotted are

hypothetical values representing one standard deviation (SD) below and above the observed
sample mean. Larger positive morphine effects indicate greater analgesia with morphine

administration. Chronic low back pain (CLBP) participants with low BE levels reported the
greatest analgesia with morphine.
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Table 1
Participant characteristics by participant type.
Measure Healthy Controls(n=88) CLBP (n=73)
Gender (% female) 48.9 57.5
Race:

Caucasian 63.6 60.3

African-American 28.4 315
Ethnicity:

Non-Hispanic 96.6 94.4
Age (vears) ™ 32.148.56 36.4+11.84
Resting Plasma BE Levels (ng/mL) 1.340.55 1.4+0.59
VAS Chronic Pain Intensity (0-100) 54.9+20.41
Pain Duration (median, in months) 82.5

*Q<.O5

Note: Summary statistics are presented as percentages or means (+SD). CLBP = Chronic Low Back Pain. VAS Chronic Pain Intensity was a
retrospective visual analog scale measure of overall past month chronic pain intensity.
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Table 3

Partial correlations between resting plasma BE levels (in ng/mL) and evoked pain outcomes across participant
types and genders.

Evoked Pain Outcome

Measure Placebo Condition  Morphine Analgesic Effect
ISC Threshold (sec) -0.05 -0.06
ISC Tolerance (sec) -0.03 -0.13
ISC NRS (0-100) 0.11 0.07
ISC VAS Intensity (0-100) 0.06 0.09
ISC VAS Unpleasantness (0-100) 0.07 0.12
Thermal Threshold (°C) -0.11 0.07
Thermal Tolerance (°C) -0.06 -0.04
Thermal VAS Intensity (0-100) 0.05 -0.02
Thermal VAS Unpleasantness (0-100) -0.05 -0.05

Note: Partial correlations are controlling for BE confounds (as needed opioid analgesic use, assay batch, and study site). CLBP = Chronic Low
Back Pain; ISC = Ischemic Task; NRS = Numeric Rating Scale; VAS = Visual Analog Scale.
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