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Abstract

Long-term use of opioid analgesics may be ineffective or associated with significant negative side 

effects for some people. At present, there is no sound method of identifying optimal opioid 

candidates. Individuals with chronic low back pain (n=89) and healthy controls (n=102) underwent 

ischemic pain induction under placebo, opioid blockade (naloxone), and morphine in 

counterbalanced order. They completed the Spielberger Anger-out subscale. Endogenous opioid 

function × anger-out × pain status (chronic pain; healthy control) interactions were tested for 

morphine responses to ischemic threshold, tolerance and pain intensity (McGill Sensory and 

Affective subscales) and side effects. For individuals with chronic pain and healthy controls, those 

with low endogenous opioid function and low anger-out scores exhibited the largest morphine 

analgesic responses, whereas those with high anger-out and low endogenous opioid function 
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showed relatively weaker morphine analgesic responses. Further, individuals with chronic pain 

with low endogenous opioid function and low anger-out scores also reported the fewest negative 

effects to morphine, whereas those with low endogenous opioid function and high anger-out 

reported the most. Findings point toward individuals with chronic pain who may strike a favorable 

balance of good analgesia with few side effects, as well as those who have an unfavorable balance 

of poor analgesia and many side effects.
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Use of opioid analgesic medications for management of chronic nonmalignant pain has 

become increasingly common.2,10 Whereas long-term use of opioid analgesics may be 

effective for some, it may be ineffective or not well tolerated by others (10–23% in long-

term trials25). In either case, long-term use of opioid analgesics can be associated with 

significant negative side effects13,25, and may be associated with worse rather than improved 

function.18,20 Moreover, opioids entail risks for misuse, abuse, or dependence.15,19,26 At 

present, however, there is no well-validated method of identifying optimal candidates – those 

who experience high levels of analgesia but few side effects – for opioid pain 

management.11,32

Recent evidence suggests that psychosocial factors may predict responses to opioid 

analgesics. Elevated negative affect (NA; e.g., depression, anxiety) has been linked to lower 

opioid analgesic response as indicated by greater post-surgical opioid analgesic 

requirements.12,16,27 A prospective study of analgesic response to opioid medication found 

that chronic low back pain patients with high NA reported significantly lower reduction in 

pain intensity over 6.5 months than low NA patients.35 Two placebo-controlled laboratory 

studies found that elevated NA predicted smaller opioid analgesic responses to acute pain 

stimuli, in both individuals with chronic back pain34 and healthy controls.14 Taken together, 

results suggest that NA-related factors may be important phenotypic predictors of responses 

to opioid analgesics.

One limitation of these studies is that they examined simple univariate relationships. 

Examining linear relationships between separate predictors and opioid responses (i.e., one 

variable at a time) has the potential to reveal factors related to analgesic reactions to opioids. 

However, combining factors in interactive (i.e., multivariate moderation) relationships may 

help identify more precisely those individuals who reveal especially poor or especially 

salutary analgesic responses. One challenge is to identify such factors a priori to facilitate 

hypothesis testing.

Results of our prior work suggest that elevated trait anger expressiveness (trait anger-out) is 

associated with deficient endogenous opioid function assessed via opioid blockade 

methods.3,4,7,8,9 Trait anger-out is the tendency for an individual to verbally express or 

physically display anger when anger is aroused. Results of our other work suggest that high 

levels of endogenous opioid function predict relatively low analgesic response to morphine 

to both acute and chronic pain.5,6 These latter two reports were based on a study in which 

Burns et al. Page 2

J Pain. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



healthy controls and individuals with chronic low back pain underwent acute pain induction 

under three (counterbalanced) conditions: 1) placebo, 2) intravenous naloxone to block 

endogenous opioids; 3) intravenous morphine. This method gave measures of both 

endogenous opioid function and opioid analgesic response. We found that endogenous 

opioid function was inversely related to analgesic effects of opioid medication on acute pain 

stimuli among all participants, and on the intensity of spontaneous low back pain among 

those with chronic low back pain.5,6

In the present study, we report additional analyses of the parent study described above,5,6 but 

with a larger sample of both healthy controls and individuals with chronic low back pain. We 

integrate our past findings by proposing that the relationships between endogenous opioid 

function and morphine analgesic response may be moderated by trait anger expressiveness. 

Specifically, the strength of these relationships may depend on whether individuals report 

high or low levels of anger-out. We also tested whether endogenous opioid function 

interacted with trait anger-out to predict side effects during morphine infusion. We expected 

results to reveal individuals characterized simultaneously by variation in anger 

expressiveness and endogenous opioid function, who showed particularly high and/or low 

levels of morphine analgesia to pain stimuli and high and/or low levels of side effects to 

morphine.

Method

Design

The study used a three session, double-blind, crossover design with administration of an 

opioid antagonist (naloxone), an opioid analgesic (morphine), and saline placebo. Order of 

drug administration was randomized and counterbalanced. Identical data collection 

procedures and equipment were employed in a closely coordinated fashion at two sites 

(Vanderbilt University Medical Center and Rush University Medical Center). The protocol 

for this study was approved by the Institutional Review Boards at Rush University Medical 

Center and Vanderbilt University School of Medicine.

Participants

Participants were 93 individuals with chronic low back pain and 106 healthy controls who 

were recruited through on-line advertisements on the Vanderbilt University e-mail 

recruitment system, the Rush University Pain Clinic, advertisements in local print media, or 

posted flyers. Inclusion criteria for all participants were: 1) age between 18–55; 2) no self-

reported history of cardiovascular disease, hypertension, liver, kidney disorders; diabetes, or 

seizure disorder; 3) no self-reported history of posttraumatic stress disorder, bipolar disorder, 

psychotic disorder, alcohol or drug dependence; 4) no use of anti-hypertensive medications; 

and 5) no daily use of opioid analgesics. Additional inclusion criteria for the chronic low 

back pain participants were: 1) chronic daily low back pain of at least 3 months duration, 

and 2) 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 (based on self-report) were excluded. Potential participants who were pregnant 

(determined by urine pregnancy screens) were excluded to avoid unknown effects of 
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naloxone on the fetus. No participants in the healthy group were taking antidepressants, 

neuroleptics, or as-needed opioid analgesics. No participants in the chronic low back pain 

group were taking neuroleptic adjuvant therapy for pain control, and only 3.4% were taking 

antidepressants. In addition, no participants in either group reported use of any opioid 

analgesics in the 3 days prior to each study session study (confirmed by opioid urine screen). 

Participants were compensated $375 for their time upon completion of the three study 

sessions. Of the 199 subjects who started the study (i.e., were administered a drug in session 

1), three subjects dropped out prior to session 2, and five additional subjects dropped out 

prior to session 3. These drop-outs left a final sample of 89 individuals with chronic low 

back pain, and 102 healthy controls. See Table 1 for sample characteristics. Individuals with 

chronic pain and the healthy controls did not differ significantly on number of women or 

racial composition. However, the chronic pain group was slightly older on average [F(1,190) 

= 4.97; p < .03].

Study Drugs

Blockade of opioid receptors was achieved by administration of naloxone, an opioid 

antagonist with a brief half-life (1.1 hours;22). As in our past work,4 an 8 mg dose in 20 ml 

normal saline was infused intravenously over a 10-minute period through an intravenous 

cannula placed in the non-dominant arm. At this dosage, naloxone provides effective 

blockade of all three major opioid receptor subtypes.21

The opioid analgesic medication examined in this study was morphine sulfate, the prototypic 

mu opioid receptor agonist. As in similar laboratory pain studies with morphine,14 the 

current study employed a dosage of 0.08 mg/kg (in 20ml normal saline), which was infused 

in the same manner as naloxone. This dosage (approximately 6mg for a 74 kg individual) 

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 naloxone and morphine activity are both achieved within approximately 15 min.1 

Normal saline (20ml) was infused in an identical manner during the placebo condition.

Measures of Trait Anger-Out and Negative and Positive Affect

Trait anger-out was assessed using the anger-out subscale of the Spielberger Anger 

Expression Inventory, which demonstrates good psychometric characteristics.30 High scores 

on the anger-out scale reflect a strong tendency to manage anger when it is experienced via 

direct verbal and physical expression.

Because trait anger-out overlaps conceptually and empirically with the broader construct of 

negative affect, we statistically controlled for general affect in all analyses to help isolate the 

unique effects of trait anger-out on morphine analgesia and side effects. To this end, we used 

the Positive Affect (PA) and Negative Affect (NA) scales from the Positive and Negative 

Affect Schedule (PANAS;36). The PANAS is a reliable and valid instrument.36

Measure of Side Effects from Morphine Infusion

Participants were asked to describe opioid-related side effects using the VAS Opioid Effects 

Questionnaire developed by Zacny.37 This questionnaire consists of 26 items that reflect 
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known opioid side effects and each item is rated on a 100mm VAS scale (anchored with “not 

at all” and “extremely”).24 As we have done previously,17 we conducted a principal 

components analysis (PCA) to reduce the number of variables examined and substantially 

reduce the number of analyses performed. PCA (with varimax rotation) indicated that three 

components, each with eigenvalues > 1.9, accounted for 50.1% of the total variance in side 

effects. We used the regression method to compute three subscale scores. Three items, 

“tingling”, “ability to control thoughts”, and “ability to control body” did not meet criteria 

for inclusion in any of the subscales. Based on item content, the three subscales were labeled 

as: Sedation (three highest loading items were dreamy, coasting, floating), Unpleasantness 

(three highest loading items were down, anxious, feeling bad), and Euphoria (three highest 

loading items were stimulated, elated, pleasant thoughts). These derived subscale scores 

were used in analyses.

Acute Pain Intensity Measures

Participants completed the McGill Pain Questionnaire-Short Form (MPQ;24) at each session 

after the ischemic pain task (see below). The MPQ is a well-validated measure that allows 

separate assessment of the sensory (MPQ-S) and affective (MPQ-A) qualities of pain.24

Acute Pain Induction

Acute pain was induced using an ischemic task based on procedures described by Maurset 

and colleagues23. Participants first engaged in 2 minutes of dominant forearm muscle 

exercise using a hand dynamometer at 50% of his or her maximal grip strength, as 

determined before beginning the laboratory procedures. Then they were asked to raise their 

dominant arm for 15 seconds so that their forearm remained above their head. A blood 

pressure cuff was then inflated over the participant’s dominant biceps to 200mmHg, and the 

arm was lowered. Participants were then instructed to indicate when they first experienced 

pain, with this ischemic pain threshold defined as the time elapsed from task onset to when 

the sensation was first described as “painful.” Ischemic pain tolerance was defined as the 

time elapsed between onset of the pain task and participants’ expressed desire to terminate 

the task or a preset maximum exposure time of 8 minutes was reached. Participants then 

completed the MPQ.

Procedure

After providing informed consent, participants completed a packet of questionnaires, 

including information regarding demographics and chronic pain. Individuals then 

participated in three identical experimental sessions (placebo, naloxone, morphine) that were 

scheduled approximately one week apart, at the same time of day to control for variance due 

to circadian rhythms. See Figure 1 for a flow chart of the study procedure.

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 non-dominant arm by 

a trained research nurse under physician supervision. After a 30-min resting adaptation 

period, participants received (via the cannula) saline placebo, naloxone, or morphine, with 

order of drug administration across the three sessions randomly determined and 
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counterbalanced. The investigational pharmacy at each institution prepared and provided the 

study drugs in blinded fashion to the study nurses.

After a 15-min rest period to allow peak drug activity to be achieved, participants engaged in 

the ischemic pain task, as detailed above. After the pain task was completed, participants 

were asked to describe the medication-related side effects they experienced using the VAS 

Opioid Effects Questionnaire (only morphine condition side effects were examined in the 

analysis given the focus of this study). 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 21 (SPSS Inc., Chicago, 

IL). In preparation for conducting analyses, opioid blockade effects (as an index of 

endogenous opioid inhibition of evoked acute pain) were derived separately for threshold, 

tolerance, and MPQ-S and MPQ-A scores. For threshold and tolerance, blockade effects 

were calculated by subtracting values when endogenous opioids were blocked (naloxone 

condition) from comparable values when endogenous opioids were intact (placebo 

condition), such that the greater the positive blockade effect values, the greater the 

endogenous opioid analgesic function. For MPQ-S and MPQ-A scores, the procedure was 

reversed so that resulting endogenous opioid function effects could be interpreted 

consistently across all four pain indexes. Thus, blockade effects were calculated by 

subtracting MPQ-S and MPQ-A values when endogenous opioids were intact (placebo 

condition) from comparable values when endogenous opioids were blocked (naloxone 

condition). Again, the greater the positive difference between placebo and naloxone pain 

responses, the greater the endogenous opioid analgesic function.

Similarly, morphine analgesic effects (as an index of exogenous opioid inhibition of 

ischemic pain) were also derived for the threshold, tolerance, MPQ-S and MPQ-A measures. 

For threshold and tolerance, morphine effects were calculated by subtracting values during 

placebo administration when endogenous opioids were intact from comparable values after 

morphine administration, such that the greater the positive morphine effect values, the 

greater the morphine analgesic response. For MPQ-S and MPQ-A scores, the procedure was 

reversed so that resulting morphine response values could be interpreted consistently across 

all four pain indexes. Thus, morphine effects were calculated by subtracting MPQ-S and 

MPQ-A values after morphine administration from comparable values when endogenous 

opioids were intact (placebo condition). Again, the greater the positive difference between 

placebo and morphine pain responses, the greater the morphine analgesic response.

Morphine side effects were also derived for the Sedation, Unpleasantness and Euphoria 

subscales. These effects were calculated by subtracting each subscale score recorded 

following placebo administration from the corresponding subscale score recorded following 

morphine administration. Thus, larger positive scores indicated greater side effects with 

morphine relative to placebo.
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Primary analyses used hierarchical multiple regression to examine moderation effects. Two-

way interaction terms were computed by multiplying endogenous opioid blockade effect 

variables (differences on pain indexes between placebo and naloxone administration) of each 

acute pain index by trait anger-out scores (e.g., tolerance blockade effect × anger-out score), 

blockade effects by pain status (1 = healthy; 2 = chronic back pain), and trait anger-out 

scores × pain status. To assess whether effects differed in individuals with chronic back pain 

versus healthy controls, three-way interaction terms were computed by multiplying the two-

way interaction terms by pain status. Regression analyses proceeded by entering PA and NA 

scores in the first block (as control variables for affective state), blockade effect variable, 

anger-out scores and pain status in the second block (main effects), two-way interaction 

terms in the third block, and the three-way interaction term in the fourth block. The 

morphine analgesia response variables for each pain index (differences on pain indexes 

between placebo and morphine administration) were the dependent measures. If a three-way 

interaction term produced a significant increase in R2, then the two-way interactions of 

blockade effect variables by trait anger-out scores were tested separately for individuals with 

back pain and healthy controls. If a blockade effect × anger-out two-way interaction term 

produced a significant increase in R2 for either group, then the procedure described by 

Preacher, Curran, and Bauer28 for dissecting interaction terms for two continuous variables 

was used. Namely, regression equations for four combinations of hypothetical values (−1SD, 

+1SD) for the blockade variable and anger-out scores were conducted with morphine 

analgesic response variables as the dependent measures, and slopes tested for significance. A 

similar procedure was used to test interaction effects on the three side effects subscales. Note 

that to stem a possible proliferation of analyses and given our focus on the blockade effect × 

anger-out effects, other significant two-way interactions were not dissected for further 

analysis.

Results

Endogenous Opioid Function × Anger-Out Effects for Morphine Analgesic Responses

Hierarchical multiple regressions were performed for ischemic pain threshold, tolerance, 

MPQ-S and MPQ-A morphine analgesic response values. As described above, PA and NA 

scores were entered first, followed by the endogenous opioid blockade effect variables, 

anger-out and pain status variables, followed by the two-way interaction terms, and finally 

followed by the three-way interaction term.

For ischemic pain threshold the three-way interaction was nonsignificant for morphine 

analgesic responses, (t = .56; p > .10). The threshold blockade effect × anger-out interaction 

term, for the entire sample (patients and healthy controls) was also nonsignificant (t = −.94; 

p > .10).

For ischemic pain tolerance, the three-way interaction was nonsignificant for morphine 

analgesic responses (t = .34; p > .10); however, the tolerance blockade effect × anger-out 

interaction term, for both patients and healthy controls, was a significant predictor (R2 

change = .02; t = 2.11; p < .036). The blockade effect simple slope for participants with low 

anger-out (−1 SD below the mean) was significant and negative (beta = −.52, t = −3.48, p < .

001), whereas the simple slope for participants with high anger-out (+1 SD above the mean) 
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was non-significant (beta = −.28, t = −1.14, p > .10). These effects are graphically depicted 

in Figure 2, with endogenous opioid blockade effect values on the x-axis, low and high 

anger-out values represented by the two lines, and morphine analgesic response values on 

the y-axis. Results suggest that only individuals low in anger-out who also exhibited small 

endogenous opioid blockade effects (showed deficits in endogenous opioid function) 

experienced strong analgesic responses to morphine. Individuals high in anger-out who also 

showed small endogenous opioid effects experienced much weaker morphine analgesic 

responses than the former set of individuals. Of note, both individuals with low and high 

anger-out who also revealed large endogenous opioid responses experienced the weakest 

analgesic response to morphine for pain tolerance.

For ischemic pain MPQ-S, the three-way interaction was nonsignificant for morphine 

analgesic responses. Again, the MPQ-S blockade effect × anger-out interaction term was a 

significant predictor (R2 change = .02; t = 2.87; p < .005) for patients and healthy controls 

alike. The blockade effect simple slope for participants with low anger-out (−1 SD below the 

mean) was significant and negative (beta = −.46, t = −4.38, p < .001), whereas the simple 

slope for participants with high anger-out (+1 SD above the mean) was non-significant (beta 

= −.11, t = −.99, p > .10). These effects are graphically depicted in Figure 3. The pattern of 

effects is similar to those observed for the analgesic effects of morphine on ischemic 

tolerance.

For ischemic pain MPQ-A, the three-way interaction term was nonsignificant for morphine 

analgesic responses, whereas the MPQ-A blockade effect × anger-out interaction term was a 

significant predictor (R2 change = .02; t = 2.09; p < .04). As for tolerance and MPQ-S 

measures, the blockade effect simple slope for participants with low anger-out (−1 SD below 

the mean) was significant and negative (beta = −.45, t = −4.65, p < .001), whereas the simple 

slope for participants with high anger-out (+1 SD above the mean) was non-significant (beta 

= −0.15, t = −1.3, p > .10). These effects are graphically depicted in Figure 4, and again 

reveal a pattern of effects similar to those for tolerance and MPQ-S values.

As a whole, these results imply that individuals with an elevated tendency to express anger 

and who exhibit relative deficits in endogenous opioid function may experience weaker 

analgesic responses from morphine than individuals low in anger-out who exhibit similar 

relative deficits in endogenous opioid function. Indeed, individuals with both low anger-out 

and low endogenous opioid function showed the strongest morphine analgesic responses of 

any set of individuals and across all three pain indexes showing significant interactions. 

Lastly, both individuals with low and high anger-out with strong endogenous opioid 

responses may derive the weakest analgesic responses to morphine.

Endogenous Opioid Function × Anger-Out Effects for Morphine Side Effects

Hierarchical multiple regressions were performed for Sedation, Unpleasantness, and 

Euphoria subscales of the Opioid Effects Questionnaire. Because it had the largest 

interaction effects on analgesia outcomes and to decrease the number of analyses, we 

analyzed only the MPQ-S blockade effect × anger-out interaction effects on the three 

subscales. Similar to the procedure described above, PA and NA scores were entered first, 

followed by the MPQ-S blockade effect, anger-out and pain status variables, followed by the 

Burns et al. Page 8

J Pain. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



two-way interaction terms, and finally followed by the three-way interaction term. The 

three-way and two-way MPQ-S blockade effect × anger-out interaction terms were non-

significant for the Sedation (t = .96; p > .10) and Euphoria subscales (t = .53; p > .10). For 

Unpleasantness subscale scores, the three-way interaction term was significant (R2 change 

= .03; t = 2.06; p < .03). The MPQ-S blockade effect × anger-out interaction terms were 

evaluated for the healthy controls and individuals with chronic pain separately. For healthy 

controls, the MPQ-S blockade effect × anger-out interaction term was nonsignificant (t = .

91; p > .10), whereas this interaction was a significant predictor among those with chronic 

pain (R2 change = .12; t = −2.88; p < .005). The blockade effect simple slope for participants 

with chronic pain with low anger-out (−1 SD below the mean) was significant and positive 

(beta = .05, t= 2.26, p=0.02), whereas the simple slope for patients with high anger-out (+1 

SD above the mean) was significant and negative (beta = −.05, t = −2.17, p < .03). These 

effects are graphically depicted in Figure 4.

In sum, these results suggest that individuals with chronic low back pain, an elevated 

tendency to express anger, and weak endogenous opioid responses may experience relatively 

high levels of unpleasant emotional and cognitive side effects when given morphine. In 

contrast, those who tend not to express anger may experience relatively low levels of 

unpleasant emotional and cognitive side effects with morphine if they also have relatively 

low endogenous opioid function. Finally, both individuals with low and high anger-out and 

with strong endogenous opioid responses appear to have only mild unpleasant side effects 

with morphine. These effects were not significant for healthy control participants.

Subjects’ Accuracy in Guessing Drug Condition and Effects on Endogenous Opioid and 
Morphine Responses

On average (across the three lab sessions), 54% of subjects correctly guessed when they had 

received naloxone. On average (across the three lab sessions), 80% of subjects correctly 

guessed when they had received morphine. Because these results suggested that many 

subjects were at least somewhat aware of the session condition, we compared the groups 

who guessed correctly and incorrectly on endogenous opioid function and morphine 

response variables for the four pain indexes. For naloxone opioid blockade effects on pain 

responses, all comparisons between the correct and incorrect guesser groups were 

nonsignificant [F’s < 2.13; p’s > .10]. For morphine effects on pain responses, all 

comparisons between the correct and incorrect guesser groups were also nonsignificant [F’s 

< 1.69; p’s > .10]. On the one hand, many subjects did accurately guess the drug they 

received. On the other hand, this belief did not significantly affect responses to ischemic 

pain stimuli.

Discussion

At present, there is no well-validated means of identifying optimal candidates for opioid 

pain management; that is, individuals who experience high levels of analgesia but low levels 

of side effects.11,32 In an attempt to identify better predictors of opioid responses, we 

combined factors in interactive (i.e., multivariate moderation) relationships, selected based 

on past findings, to identify more precisely the characteristics of individuals who display 
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different profiles of analgesic and side effect responses to morphine. The present findings 

suggest that, regardless of chronic pain status, individuals with low endogenous opioid 

function and an elevated tendency to express anger derive little analgesic response from 

morphine yet suffer the highest level of unpleasant cognitive and emotional side effects. In 

contrast, both healthy individuals and those with chronic pain who have low endogenous 

opioid function and low anger expressiveness derive relatively high levels of morphine 

analgesia, with chronic pain participants fitting this profile least likely to suffer unpleasant 

morphine side effects. Taken together, these findings point toward individuals with chronic 

pain who may experience a favorable balance of good analgesia with few unpleasant side 

effects (low endogenous opioids and low anger expressiveness), as well as individuals who 

may experience an unfavorable balance of poor analgesia and many unpleasant side effects 

(low endogenous opioids and high anger expressiveness). Such multivariate profiles may 

improve accuracy over univariate approaches in understanding distinctions between opioid 

responders and non-responders.

Results of simple effects coupled with inspection of figures point toward potentially 

important conclusions regarding the identification of optimal opioid treatment candidates. 

First, the morphine response for both healthy controls and chronic pain participants who 

reported both high levels of anger-out and exhibited low endogenous opioid function was 

smaller than the morphine response for healthy controls and chronic pain participants who 

reported low high levels of anger-out and exhibited low endogenous opioid function. In 

previous work,5,6 we showed that individuals with low endogenous opioid function 

exhibited high levels of morphine analgesic responses to both induced acute pain and 

spontaneous low back pain. We surmised that people with poor endogenous opioid function 

could compensate for their low endogenous analgesic capacity by supplementing deficient 

endogenous analgesia with exogenous opioids, like morphine. In contrast, the present 

findings suggest that this may not be the case for people with high anger expressiveness.

Second, the morphine response for both healthy controls and chronic pain participants who 

reported both low levels of anger-out and exhibited low endogenous opioid function was 

higher – again, across three of four acute pain indexes – than for individuals fitting all other 

profiles. Thus, individuals low in the tendency to express anger may benefit greatly from 

administration of morphine if their innate capacity to generate endogenous opioid analgesia 

is also low. The findings we reported5,6 – that individuals with low endogenous opioid 

function exhibit high levels of morphine analgesic responses – may pertain most strongly to 

those low in anger-out. Thus, only individuals low in endogenous opioid function and anger 

expressiveness may benefit from supplementation of deficient endogenous opioid analgesia 

by use of exogenous opioid analgesics.

Third, both healthy controls and chronic pain participants, regardless of anger-out levels, 

who also exhibited high endogenous opioid function reported less morphine analgesia– 

again, across three of four acute pain indexes – than did individuals fitting all other profiles. 

We previously reported5,6 that individuals with high endogenous opioid function exhibited 

low levels of morphine analgesic responses. The current results indicate that these 

relationships may exist irrespective of individuals’ relative tendency to express anger, and so 

these individuals may benefit least from use of exogenous opioid analgesics.
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Fourth, chronic low back pain subjects characterized by low endogenous opioid function and 
high anger-out reported the highest levels of negative emotional and cognitive side effects 

following morphine administration. Note that the interaction between endogenous opioid 

function and anger-out was nonsignificant for healthy controls. This finding suggests that 

individuals with chronic low back pain who have both low endogenous opioid function and 

high anger expressiveness tend to experience high levels of unpleasant cognitive and 

emotional reactions to morphine. Taken together with findings for morphine analgesic 

responses, it appears that chronic pain patients characterized by both low endogenous opioid 

function and high anger expressiveness experience an unfavorable balance of relatively low 

morphine analgesic responses and relatively high levels of unpleasant side effects. From a 

precision medicine perspective, this pattern of findings suggests that individuals with 

chronic low back pain who exhibit low endogenous opioid function and report high anger 

expressiveness may derive few benefits but many costs from morphine, and so may not 

represent optimal candidates for opioid therapy.

In contrast, low back pain subjects characterized by both low endogenous opioid function 

and low anger-out reported the lowest levels of side effects. Again, note that the interaction 

between endogenous opioid function and anger-out was nonsignificant for healthy controls. 

This finding suggests that individuals with chronic low back pain who exhibit both low 

endogenous opioid function and low anger expressiveness tend to experience low levels of 

unpleasant cognitive and emotional side effects during morphine administration. Taken 

together with findings for morphine analgesic responses, patients characterized by both low 

endogenous opioid function and low anger-out may experience a favorable balance of 

relatively high morphine analgesic responses coupled with relatively low levels of 

unpleasant side effects. Again, from a precision medicine perspective, it may be the case that 

individuals with chronic low back pain who have low endogenous opioid function and low 

anger expressiveness may derive many benefits and few costs from morphine, and so may 

represent optimal candidates for opioid therapy.

The present findings may also hint at some factors underlying opioid responsiveness. Our 

prior results showed that individuals with low endogenous opioid function may obtain high 

levels of morphine analgesia, thus suggesting highly responsive opioid receptors when 

exogenous opioids are available. Based on findings described above, it may be the case that 

this effect applies most strongly to individuals who are also low in anger expressiveness. 

That is, individuals with poor endogenous opioid function and who report low anger-out 

may still possess highly responsive opioid receptors, given their positive analgesic responses 

to morphine. Conversely, we found here that individuals with low endogenous opioid 

function and high anger-out revealed weaker analgesic responses, suggesting that these 

individual may exhibit poor opioid receptor function even in the presence of adequate levels 

of opioid agonists. These findings also shed further light on the nature of previously reported 

endogenous opioid deficits among individuals high in anger-out4,7, implying these deficits 

may derive more from opioid receptor-related differences than differences in levels of 

endogenous opioids.

In our past work, we have reported that people with a strong tendency to express anger may 

experience high levels of acute and chronic pain intensity because of these deficits in 
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endogenous opioid function4,7. These deficits, we have speculated, may also underlie their 

difficulty regulating strong anger without verbal or physical expression. People with 

difficulty regulating strong emotions and who have intense chronic pain may gravitate 

toward opioid-based medications to, perhaps, find relief from both problems. Here, we have 

identified individuals with high anger-out for whom little analgesic benefit is gained from 

morphine, but who also may exhibit little endogenous opioid analgesia. It is reasonable to 

posit that these individuals may be at elevated risk for opioid abuse because they use 

narcotic analgesics more frequently and at higher doses in an effort to achieve some kind of 

relief, which may be elusive.

Study limitations are noted. First, the participants with chronic low back pain comprised a 

large number of people with moderate pain who were relatively functional, and so this 

sample may have differed to some degree from typical pain clinic samples. These 

participants were also distinct from a typical pain clinic sample in that none of the 

participants was taking daily opioid analgesic medication. We intentionally excluded daily 

opioid users because administration of naloxone to people taking daily opioid analgesics 

would trigger acute withdrawal symptoms. Second, only a single opioid analgesic agent was 

tested. It is unknown whether endogenous opioid function and/or anger expressiveness are 

related differently to responses to opioid analgesic medications other than morphine, which 

is a conceivable outcome given that different opioid analgesic agents are known to activate 

distinct signaling pathways.28 Third, the present results were generated in the context of a 

single dose of morphine in individuals not taking daily opioids. The degree to which these 

findings may generalize to the clinical situation of predicting long-term responses to daily 

opioids is unknown.

In sum, we made a focused effort to identify optimal candidates for opioid pain management 

by combining two factors in interactive (i.e., multivariate moderation) relationships. From a 

clinical standpoint, the present results hint that low back pain patients who tend to regulate 

anger through verbal and physical expression and also have deficient endogenous opioid 

function may be poor candidates for opioid therapy. In contrast, the present results imply 

that low back patients who tend not to regulate anger via direct expression and who also 

have deficient endogenous opioid function may make optimal candidates for opioid therapy. 

To our knowledge, this is the first study to directly examine the cost (side effects) and 

benefit (analgesia) balance of morphine administration in humans, and points to 

characteristics of two distinct kinds of morphine responders. Note, too, that the analgesic 

and side effect response profiles described here emerged only by identification through 

multivariate moderation analyses – they were not apparent in univariate analyses. We chose 

endogenous opioid function and anger expressiveness because of the relationships we found 

in previous work. The results of this laboratory study should guide future work on 

identifying other, and perhaps more narrowly defined, sets of characteristics of individuals 

for whom opioid therapy is indicated or not.
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Perspective

We sought to identify optimal candidates for opioid pain management. Low back pain 

patients who express anger and also have deficient endogenous opioid function may be 

poor candidates for opioid therapy. In contrast, low back patients who tend not to express 

anger and who also have deficient endogenous opioid function may make optimal 

candidates for opioid therapy.
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Highlights

• At present, there is no sound method of identifying optimal opioid candidates.

• Endogenous opioid function × anger-out interactions identified subgroups 

with different patterns of morphine analgesia and side effects.

• Low endogenous opioid function plus low anger-out showed largest morphine 

analgesic responses.

• High anger-out plus low endogenous opioid function showed weaker 

morphine analgesic responses

• High anger-out plus low endogenous opioid function showed highest side 

effects.
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Figure 1. 
Study Flowchart
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Figure 2. 
The interaction of endogenous opioid function values for pain tolerance × anger-out scale 

scores predicting morphine analgesic responses for pain tolerance.

Burns et al. Page 18

J Pain. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
The interaction of endogenous opioid function values for MPQ-S scores × anger-out scale 

scores predicting morphine analgesic responses for MPQ-S scores.
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Figure 4. 
The interaction of endogenous opioid function values for MPQ-A scores × anger-out scale 

scores predicting morphine analgesic responses for MPQ-A scores.
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Figure 5. 
Low back pain subjects only. The interaction of endogenous opioid function values for 

MPQ-S scores × anger-out scale scores predicting Unpleasantness factor scores.
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Table 1

Sample Characteristics

Characteristic Chronic Pain (n=89) Controls (n=102)

Gender (% female) 62.9% 52.0%

Race:

 Caucasian 60.7% 55.9%

 African-American 32.6% 38.2%

Ethnicity

 Non-Hispanic 95.5% 94.1%

Mean Age (years) 36.93 (11.5) 33.43 (9.2)

Mean Pain Duration (months) 116.53 (104.3) –
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