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Abstract

Evidence suggests that anger and pain are related, yet it is not clear by what mechanisms anger

may influence pain. We have proposed that effects of anger states and traits on pain sensitivity are

partly opioid-mediated. In this study, we tested the extent to which analgesic effects of acute anger

arousal on subsequent pain sensitivity were opioid-mediated by subjecting healthy participants to

anger-induction and pain either under opioid blockade (oral naltrexone) or placebo. Participants

were 160 healthy individuals. A double-blind, placebo-controlled, between-subjects opioid

blockade design was used, with participants assigned randomly to one of two Drug conditions

(placebo or naltrexone), and to one of two Task Orders (anger-induction followed by pain or vice

versa). Results of ANOVAs showed significant Drug Condition × Task Order interactions for

sensory pain ratings (MPQ-Sensory) and angry and nervous affect during pain-induction, such that

participants who underwent anger-induction prior to pain while under opioid blockade

(naltrexone) reported more pain, and anger and nervousness than those who underwent the tasks in

the same order, but did so on placebo. Results suggest that for people with intact opioid systems,

acute anger arousal may trigger endogenous opioid release that reduces subsequent responsiveness

to pain. Conversely, impaired endogenous opioid function, such as that found among some

chronic pain patients, may leave certain people without optimal buffering from the otherwise

hyperalgesic affects of anger arousal, and so may lead to greater pain and suffering following

upsetting or angry events.

Keywords

Anger; Acute Pain; Endogenous Opioids; Harassment; Opioid Blockade

© 2009 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

Corresponding Author: John W. Burns, PhD. Department of Psychology, Rosalind Franklin University of Medicine and Science, 3333
Green Bay Rd. North Chicago, IL 60064, Phone: (847) 578-8751, Fax: (847) 578-8765.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Pain. Author manuscript; available in PMC 2014 September 30.

Published in final edited form as:
Pain. 2009 December ; 146(3): 276–282. doi:10.1016/j.pain.2009.07.024.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Introduction

Anger states and traits appear to affect pain sensitivity. Associations between anger and pain

have been reported in studies of acute pain induced in the laboratory [9,13,14,25], and

evidence suggests that anger variables can exacerbate the severity of chronic pain

[8,13,26,43]. Recently, models have been proposed to explain how anger variables may

influence pain (e.g.,[12]).

One model focuses on whether endogenous opioid functioning may underlie the connection

between anger variables and pain sensitivity [9]. Findings regarding the role of negative

affect in endogenous opioid-mediated analgesia provide indirect support. Frew and

Drummond [23] reported that in healthy women, discouragement induced by a mental

arithmetic task performed under threat of electric shock was associated with endogenous

opioid release that tempered the otherwise hyperalgesic effects of this negative affect.

Related work in depressed patients similarly indicated that increased depression induced by

stressful mental arithmetic was associated with opioid release that reduced subsequent pain

responsiveness [24]. Other results suggest that acute anger arousal may have similar

analgesic effects. Subjects undergoing a computer tracking task with experimenter

harassment reported greater increases in anger than subjects not experiencing harassment,

and also displayed significant increases in subsequent pain tolerance compared to non-

harassed subjects [25]. These effects are consistent with those anticipated if anger arousal

triggered opioid release producing subsequent analgesia, although the design of this study

did not test specifically for opioid mechanisms.

More directly, findings indicate that pharmacological blockade of endogenous opioids

produces increased anger, suggesting an association specifically between anger and opioids,

although the absence of an experimental anger manipulation in this work limits the

conclusions that can be drawn [28,32]. Findings of brain imaging studies are also relevant,

suggesting that endogenous opioid activity in the orbitofrontal cortex, rostral anterior

cingulate cortex, amygdala, insula, and periaqueductal gray regions contribute to modulation

of both pain and negative affect, including anger [5,6,34,40,44,46,47]. Taken together,

findings support the hypothesis that acute arousal of negative affect states including anger

may have pain-related effects via opioid mechanisms.

The present study sought to replicate and extend findings of Janssen et al. [25] regarding

anger-induced analgesia by directly testing for endogenous opioid mediation. Here, we

induced anger and pain in the context of an opioid blockade paradigm. If endogenous

opioids, released during anger arousal, contribute to analgesic effects during subsequent

painful stimuli, then participants under opioid blockade who undergo anger-induction prior

to pain will report greater pain intensity than participants who undergo anger-induction prior

to pain while under placebo. Given findings of Frew and Drummond [23] that negative

affect-induced opioid analgesia occurred in females but not males, the role of gender as a

possible moderator was also examined.
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Method

Participants

Participants were 165 healthy normal volunteers recruited through posted flyers, media

advertisements, and e-mail announcements. Participants were paid $75 for their

participation. Exclusion criteria were: a) history of cardiovascular disorder; b) history of

renal or hepatic disease; c) current use of medications that affect cardiovascular function

(e.g., beta blockers); d) history of chronic pain (e.g., low back pain, frequent headaches); e)

current alcohol or substance abuse problems; f) a history of psychotic or bipolar disorders,

or posttraumatic stress disorder; g) a current diagnosis of major depression; and h)

pregnancy (as determined by pregnancy test conducted by investigators on all female

potential participants). Five participants discontinued the procedure during the forearm

exercise prior to inflation of the cuff (see below), three of whom were in the naltrexone

condition, and two other participants had incomplete affect ratings for the maze task. Thus,

the final sample was 158 participants (n = 79 women). The mean age of the sample was 27.2

years (SD = 5.6). The sample was comprised of 5.6% Hispanic or Latino(n = 9), 10.6%

Asian (n = 17), 8.1% African American (n = 13), and 75.3% White (n = 119)participants.

Design Overview

A double-blind, placebo-controlled, between-subjects opioid blockade design was used. A

between-subjects design rather than a within-subjects design was used due to the necessity

of debriefing participants immediately following the experimental session regarding the

deception involved in the harassment-based anger induction procedure (see below). This

debriefing would render the anger manipulation invalid on repetition in a within-subject

design. Participants were assigned randomly to one of two Drug conditions (placebo or

naltrexone), and both participants and the experimenters were blind to participants' Drug

condition. Participants were also assigned randomly to one of two Task Orders of a

computer maze task (anger-induction through harassment) and a forearm ischemia task

(pain-induction). They performed either the computer maze first and then underwent the

forearm ischemia (Maze/Forearm Ischemia), or they underwent the forearm ischemia first

and then performed the computer maze task (Forearm Ischemia/Maze). Self-report measures

of pain and negative affect were collected at relevant points.

Materials

Opioid antagonist—Naltrexone hydrochloride (Mallinckrodt Pharmaceuticals, Inc.) was

given in the standard oral therapeutic dose (50mg) which achieves peak blood

concentrations within 60 minutes (Product Information, Mallinckrodt Pharmaceuticals, Inc.).

Naltrexone is a nonselective opioid receptor antagonist that temporarily blocks endogenous

opioid activity at all three major classes of opioid receptors. The mean elimination half-life

for naltrexone and its major active metabolite (6-beta-naltrexol) are 4 and 13 hours

respectively, and the standard dose has been shown to block the effects of intravenously

administered heroin for up to 24 hours (Product Information, Mallinckrodt Pharmaceuticals,

Inc.). To maintain blinding, both naltrexone and the placebo were placed in identical

capsules prepared by the Vanderbilt University Investigational Pharmacy. All participants

rested quietly for 60 minutes following administration of the drug to allow peak blockade

Burns et al. Page 3

Pain. Author manuscript; available in PMC 2014 September 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



activity to be achieved before undergoing the anger-induction and pain tasks. Given the half-

life of naltrexone, it is unlikely that significant escape from opioid blockade occurred during

the anger- and pain-induction procedures of the experimental session.

Hand dynamometer—Pain-induction was accomplished through an ischemic pain task

(see below). This task used a hand dynamometer in order to exercise dominant forearm

muscles prior to inflation of a standard manual sphygmomanometer cuff to create temporary

forearm ischemia.

Questionnaires

The McGill Pain Questionnaire-Short Form (MPQ; [31]) is a well-validated scale that was

used to assess sensory and affective qualitative aspects of the ischemic task. Analyses

presented below used the MPQ sensory score (MPQ-Sensory) and MPQ affective score

(MPQ- Affect). The MPQ also includes a 100mm visual analog scale of overall pain

intensity (VAS-Intensity). Numeric rating scales (NRS; [26]) tapped the degree to which

participants felt nervous (NRS-Nervous) and angry (NRS-Anger; 0 = “Not at all;” 100 =

“Extremely“) during each epoch of the protocol.

Anger-Induction Task

Anger was induced with a procedure in which participants were required to take instruction

from an antagonistic confederate during performance of an ostensible computerized maze

task. The task was portrayed as a collaborative task for two people (the participant and a

trained study confederate presented as another study participant). Instructions were

presented describing the object of the task as being for the participant to use a computer

mouse to move a computer icon as quickly as possible and with as few errors as possible

from the entry to the exit of a “complex computer-generated maze.” The participant

operating the mouse was unable to see the maze on the screen and had to perform the task

based solely on guidance provided by the other study “participant” (the confederate) who

was able to view the computer screen.

The confederate assumed an unfriendly attitude from the outset. He or she followed a semi-

standardized script that included instructions to move the cursor in certain directions,

exclamations about errors, derogatory comments about the participant's ability, and

comments indicating that the confederate blamed the participant for all mistakes. Trained

male and female university students served as confederates. To avoid confounds involving

participant-confederate gender matches, approximately equal numbers of same sex, male

participant-female confederate, and female participant-male confederate matches were used.

This task and the harassment manipulation were adopted from Engebretson et al. [21]. The

maze task was 5-min in duration.

Pain-Induction

Pain was induced with an ischemic pain procedure based on that described by Maurset et al.

[29]. Participants were first asked to raise their dominant forearm over their head for 30

seconds followed by 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
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the laboratory procedures). Immediately following this, a blood pressure cuff was inflated

on the participant's dominant bicep to 200 mmHg. The cuff remained inflated until subjects

indicated that their maximal pain tolerance had been reached (up to a maximum of 5

minutes). Because 78 of the participants (49.4%) reached this 5 minute limit, a skewed

distribution owing to an apparent ceiling effect prevented valid analysis of pain tolerance

data (see below).

Procedure

Participants were screened for exclusion criteria and asked not to consume caffeine for 3

hours prior to their appointments, nor use analgesics or medications potentially affecting

blood pressure (e.g., pseudoephedrine) for 12 hours prior to their appointments. When they

arrived at the laboratory, the equipment, procedures, and function (and risks) of naltrexone

were explained, and maximum grip strength was determined. Informed consent was

obtained. A “cover story” for the true purpose of the study was given. In brief, participants

were told that the maze task would be used to assess the effects of “stress during

cooperation” on pain responses, and so the maze task would be completed in conjunction

with another research participant. Participants were told that they would be assigned by flip

of a coin to serve either as the “guide” or the “runner.” The guide would direct the other

person's efforts to negotiate the maze, whereas the runner would operate the computer

mouse. Participants always served as the runner. They were told that the maze task would be

timed, and that their performance would be evaluated based upon how quickly the maze was

completed and how many errors were made. Participants were told that they would switch

roles, and perform the task again after a short rest period.

Participants were seated in a comfortable chair in an upright position throughout all

experimental procedures. A 10-min resting adaptation period commenced, after which

participants completed the baseline NRS ratings of current affective state. Participants

received the appropriate randomized drug (placebo or naltrexone), and then rested quietly

for 60-min to allow peak blockade activity to be achieved.

Next, for participants in the Maze/Forearm Ischemia task order condition, the confederate

entered the room and sat 2 meters from the participant on the opposite side of the computer

table. They were told not to speak Instructions for both tasks were given, but the instructions

for the maze task were emphasized and directed to both the confederate and participant. The

maze task then began. After the task, the confederate left the room, and the participant again

provided NRS ratings of current affective state. Instructions for the ischemic task were then

briefly reiterated and it began approximately 90 sec after the computer maze was completed.

Immediately after the ischemic task, participants provided pain ratings using the MPQ and

completed the NRS ratings of current affective state.

For participants in the Forearm Ischemia/Maze task order, after the 60-min drug absorption

period, instructions for both tasks were given, but the instructions for the ischemic task were

emphasized. The ischemic pain task was then conducted, and immediately following this,

participants completed the MPQ and the NRS ratings of current affective state. The

confederate then entered the room, and instructions for the maze task were given and

directed to both the confederate and participant. The maze task then began. After the task,
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the confederate left the room, and the participants provided NRS ratings of their current

affective state.

After completion of both tasks, participants were thoroughly debriefed (especially with

regard to the computer maze and harassment), asked whether they had believed the “other

subject” was part of the study, and information regarding possible side effects of naltrexone

were reviewed. They were given a “side effects” checklist, which listed 10 physical

symptoms occasionally experienced by people taking naltrexone (e.g., nausea, sweating).

They indicated the degree to which they were experiencing each symptom on a 1 (not at all)

to 10 (the most possible) scale. Participants were kept under observation until 3 hours post-

drug administration to monitor for additional side effects, and were discharged after this

time unless side effects required further monitoring.

Data Reduction and Analysis

First, unpleasant physical symptoms experienced by participants receiving naltrexone, even

at a low level, may have impacted their mood, and thus may have represented a confound.

Responses on the 10-item “side effects” checklist were summed to comprise a total

Symptoms Score. A Drug Condition (placebo, naltrexone) × Task Order (Maze/Forearm

Ischemia, Forearm Ischemia/Maze) × Gender (male, female) between-subjects ANOVA was

performed to determine whether participants varied in symptoms according to both drug and

task order condition, and to determine whether the Symptoms Score should be used as a

covariate. Second, as a manipulation check to determine whether the harassment

manipulation significantly aroused primarily anger, within-subject ANOVAs were

performed on NRS-Anger and NRS-Nervous values from baseline to the maze task.

Although our primary focus was on drug and task order effects on pain indexes, drug and

task order effects may also have been exerted on anger and nervousness ratings during the

harassment of the maze task. If so, then high levels of blockade-induced anger and/or

nervousness during the maze task relative to those in the placebo condition may partly

account for any observed differences in pain responses. To evaluate this possibility, two

Drug Condition (placebo, naltrexone) × Task Order (Maze/Forearm Ischemia, Forearm

Ischemia/Maze) × Gender (male, female) between-subjects ANOVAs were performed with

NRS-Anger and NRS-Nervous ratings as the dependent measures.

Primary analyses consisted of Drug Condition (placebo, naltrexone) × Task Order (Maze/

Forearm Ischemia, Forearm Ischemia/Maze) between-subjects ANOVAs for the MPQ-

Sensory, MPQ-Affect and VAS-Intensity pain measures, and the NRS-Anger and NRS-

Nervous responses to pain-induction. Main and interactive effects of gender were also

included in these analyses to examine possible gender moderation of anger-related opioid

analgesic effects.

Results

Drug × Task Order Effects on Naltrexone Side Effects (Symptoms Score)

A Drug Condition (placebo, naltrexone) × Task Order (Maze/Forearm Ischemia, Forearm

Ischemia/Maze) × Gender (male, female) ANOVA was performed on Symptoms Score. All

Burns et al. Page 6

Pain. Author manuscript; available in PMC 2014 September 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



main and interaction effects were nonsignificant, except for the main effect of Drug

Condition. Here, participants in the naltrexone condition reported significantly more side

effects (M = 4.05; SD = 7.5) than those receiving placebo (M = 2.03; SD = 2.6) [F(1,158) =

5.66; p < .03], irrespective of task order. Even though the effect size was rather small (η2 = .

03), on the basis of this significant difference, Symptoms Score was used as a covariate in

primary analyses.

Effects of the Computer Maze Task on Anger and Nervousness

A within-subject ANOVA showed a significant baseline (M = 3.06; SD = 4.6) to maze task

(M = 11.14; SD = 16.0) increase [F(1,157) = 47.34; p < .01] in reports of anger. This

increase reflected an effect size of η2 = .23. For feelings of nervousness, the increase from

baseline (M = 6.26; SD = 8.3) to maze task (M = 11.02; SD = 14.4) was also significant

[F(1,157) = 21.06; p < .01], but represented an effect size of only η2 = .12. Results suggest

that the maze task primarily elicited increased anger as intended.

To evaluate the possibility that drug effects on anger and/or nervousness during the maze

task could affect pain during the pain task, two Drug Condition (placebo, naltrexone) × Task

Order (Maze/Forearm Ischemia, Forearm Ischemia/Maze) × Gender (male, female)

between-subjects ANOVAs were performed for NRS-Anger and NRS-Nervous ratings

during the maze task. For both of these indexes, all interaction and main effects were

nonsignificant [F's < 2.26].Results suggest that anger and nervousness levels during the

maze task were not significantly affected by drug condition, and so the possibility that pain

ratings during the forearm ischemiat ask were differentially affected by blockade-related

effects on anger and/or nervousness during the maze task appeared small.

Pain Tolerance

With nearly 50% of the sample reaching the 5-min limit for forearm ischemia pain exposure,

using “pain tolerance” as a continuous variable in analyses was not appropriate. Still, drug

and task order effects could be assessed by examining frequencies of participants in each

condition who reached the 5-min limit. For participants receiving placebo, the frequencies of

participants reaching this limit for the Maze/Forearm Ischemia and Forearm Ischemia/Maze

conditions were 16 and 19, respectively. For participants receiving naltrexone, the

frequencies for the Maze/Forearm Ischemia and Forearm Ischemia/Maze conditions were 20

and 23, respectively. A Drug Condition × Task Order χ2 analysis was performed on these

relative frequencies, with results showing a nonsignificant effect [χ2 (1, n = 78) = .05; p > .

10]. Results suggest that drug and task order conditions did not significantly affect the

number of participants who reached the 5-min tolerance limit.

Drug × Task Order Effects on MPQ Pain Indexes

Two Drug Condition (placebo, naltrexone) × Task Order (Maze/Forearm Ischemia, Forearm

Ischemia/Maze) × Gender (male, female) between-subjects ANOVAs were performed with

acute pain ratings as the dependent measure.

The 3-way interaction was nonsignificant for MPQ-Sensory [F < 1], as was the Drug ×

Gender interaction [F(1,150) = 1.99; p > .10]. However, the Drug Condition × Task Order
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effect was significant [F(1,150) = 4.86; p < .03], and the source of this 2-way interaction is

portrayed in Figure 1. Simple effect analyses revealed that for participants in the Forearm

Ischemia/Maze order, the Drug Condition effect was nonsignificant [F < 1], whereas among

participants in the Maze/Forearm Ischemia order, the effect for Drug conition was

significant [F(1,76) = 7.21; p < .01]. Because variability in pain tolerance times could affect

the magnitude of pain ratings, these analyses were rerun with pain tolerance as a covariate.

Symptoms Score was also evaluated as a covariate. Results were virtually unchanged with

these factors controlled. Findings indicated that participants who were angered prior to pain

induction while under the effects of opioid blockade reported higher MPQ-Sensory ratings

than those who performed the tasks in the same order but under placebo.

The 3-way interaction was nonsignificant for MPQ-Affect [F < 1], as was the Drug

Condition × Task Order effect [F(1,150) = 1.98; p > .10]. Because of the significant

interaction effect for MPQ-Sensory, the simple effects analyses described above were

conducted here for exploratory purposes. Similar to effects for the MPQ-Sensory variable,

analyses revealed that for participants in the Forearm Ischemia/Maze order, the Drug

Condition effect for MPQ-Affect was nonsignificant [F < 1], whereas among participants in

the Maze/Forearm Ischemia order, the effect for Drug condition was significant [F(1,76) =

5.12; p < .03], with mean differences highlighting elevated affective pain among those

receiving naltrexone (M = 1.71; SD = 2.5)compared to those receiving placebo (M = .88; SD

= 1.6). Although exploratory, results parallel findings for the sensory dimension of pain.

Further, the Drug × Gender interaction was significant for MPQ-Affect ratings [F(1,151) =

5.50; p < .02]. The source of this 2-way interaction is portrayed in Figure 2. Simple effect

tests revealed that for participants in the Naltrexone condition, the Gender effect was

significant [F(1,80) = 8.47; p < .01], whereas among participants in the Placebo condition,

the effect for Gender was nonsignificant [F < 1]. Although men and women did not differ

significantly on the frequency with which they reached the 5-min tolerance limit [χ2 (1, n =

78) = .06; p > .10], analyses were rerun with pain tolerance time as a covariate. Symptoms

Score was also used as a covariate. Results were again virtually unchanged. Results

indicated that men reported higher MPQ-Affect ratings than women only when under opioid

blockade.

For analyses of VAS Intensity, all interaction and main effects were nonsignificant [F's <

1.51].

Drug × Task Order Effects on Anger and Nervousness in Response to Acute Pain

For NRS-Anger values during forearm ischemic pain, a within-subject ANOVA showed a

significant baseline (M = 3.06; SD = 4.6) to task (M = 6.03; SD = 10.6) increase [F(1,157) =

17.98; p < .01], with an effect size of η2 = .10. For NRS-Nervous values, the increase from

baseline (M = 6.26; SD = 8.3) to ischemic pain task (M = 8.61; SD = 10.3) was also

significant [F(1,157) = 13.40; p < .01], with an effect size of η2 = .08. Thus, the ischemic

pain task elicited similar increases in anger and nervousness.

The Drug × Condition × Gender interaction was nonsignificant for NRS-Anger ratings

during pain-induction [F = 1.71; p > .10], but the Drug Condition × Task Order effect was
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significant [F(1,150) = 7.43; p < .01]. The source of this significant interaction is portrayed

in Figure 3. Simple effect tests revealed that for participants in the Forearm Ischemia/Maze

order, the Drug Condition effect was nonsignificant [F = 2.21; p > .10], whereas the effect

for Drug condition among participants in the Maze/Forearm Ischemia was significant

[F(1,77) = 5.57; p < .03]. Because variability in pain tolerance and Symptom Score could

also affect anger ratings during ischemic pain, these analyses were rerun with these factors

as covariates. No appreciable change in results was found. Results suggested that

participants who were angered prior to undergoing pain while under opioid blockade

reported greater anger during pain than those who performed the tasks in the same order

after receiving placebo.

Similar to anger, the Drug × Condition × Gender interaction was nonsignificant for NRS-

Nervous values during pain-induction [F < 1], whereas the Drug Condition × Task Order

effect was significant [F(1,150) = 8.06; p < .01]. The source of this 2-way interaction is

presented in Figure 4. Again following the pattern for anger, simple effect tests showed that

for those in the Forearm Ischemia/Maze order, the Drug Condition effect was nonsignificant

[F = 2.35; p > .10], but that this effect among1 participants in the Maze/Forearm Ischemia

order was significant [F(1,76) = 6.98; p < .01]. As with NRS-Anger, pain tolerance time and

Symptom Score were used as covariates in rerun analyses for NRS-Nervous, with no

changes to results. These findings indicate that participants who were angered prior to

undergoing pain while under opioid blockade reported greater feelings of nervousness

during pain than those who were angered prior to pain but received placebo.

Common Effects of Drug and Task Order

Because the Drug × Task Order interactions were significant for MPQ-Sensory, NRS-Anger

and NRS-Nervous ratings, and simple effects tests suggested the same pattern of effects

across these measures, analyses were performed to explore whether opioid blockade affected

a common substrate underlying both pain and negative affect responses to acute pain. We

focused only on the effects of Drug among those in the Maze/Forearm Ischemia task order

(those who were angered prior to undergoing pain), wherein significant effects were found

in the analyses above. First, note that the effect sizes for the differences between naltrexone

and placebo cells for participants in this task order were η2 = .087 for MPQ-Sensory, η2 = .

066 for NRS-Anger, and η2 = .073 for NRS-Nervous when considered separately. Second,

we conducted a series of ANCOVAs (analogous to a Roy-Bargmann step-down procedure;

[42]) with Drug as the between-subjects factor and with MPQ-Sensory, NRS-Anger and

NRS-Nervous values serving as dependent variables in turn, and then serving as covariates

in turn.

An ANCOVA with NRS-Anger and NRS-Nervous values entered as covariates showed that

the effect of Drug condition on MPQ-Sensory was reduced to nonsignificance [F(1,75) =

2.25; p > .10] with the effect size η2 reduced from .087 to .029. The latter effect size index

indicates the unique effect of Drug condition on MPQ-Sensory with the effects of negative

affect controlled. The ANCOVA for NRS-Anger with MPQ-Sensory and NRS-Nervous

values controlled was reduced to nonsignificance [F < 1] with the effect size η2 reduced

from .066 to .010. The ANCOVA for NRS-Nervous with MPQ-Sensory and NRS-Anger
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values controlled was also reduced to nonsignificance [F(1,75) = 2.29; p > .10] with the

effect size η2 reduced from .073 to .030.

Taken together, these results imply that the effects of anger provocation on responses to

subsequent pain induction while participants were under opioid blockade were exerted on a

common factor underlying both pain perception and arousal of negative emotions.

Discussion

Prior work in healthy individuals using opioid blockade methodology suggested that

experimental induction of negative affect in general (“stress”; [4]) and discouragement

specifically [23] triggered endogenous opioid analgesia that reduced subsequent acute pain

responsiveness. These latter findings were not replicated in healthy individuals in a follow-

up study, although similar effects were observed in individuals with major depressive

disorder [24]. Other work indicated that experimental harassment procedures designed to

elicit anger in particular also resulted in reduced responsiveness to the pain task that

followed, although this study did not test directly for opioid mechanisms [25]. Results of the

current study replicate and extend these latter findings. We found that participants under

opioid blockade reported greater sensory and affective pain when angered prior to pain-

induction than participants under placebo who were angered prior to pain, suggesting that

acute anger arousal among those with intact opioid systems may have triggered endogenous

opioid release that reduced subsequent responsiveness to pain. The pattern of findings in

both the current study and previous work [4,23] suggest that endogenous opioids buffer the

otherwise hyperalgesic effects of anger and other forms of negative affect on responsiveness

to subsequent pain stimuli.

Prior work indicates that acute anger arousal is typically associated with increased blood

pressure [15,36,37]. Acutely elevated blood pressure, in turn, can trigger reduced pain

sensitivity via activation of baroreceptor-related analgesic mechanisms [33]. There is

evidence that blood-pressure related analgesia, at least in animals, has an opioid-mediated

component [37,38]. At least two human studies are consistent with this opioid hypothesis

[30,35], with other work further suggesting a role for alpha-2 adrenergic mechanisms [18].

Taken together, results of this work suggest that the opioid analgesia apparently elicited by

the acute anger arousal in this study could have been, in part, derived from anger-induced

activation of blood pressure-related descending opioid inhibitory systems. Additional

research is needed to shed light on this hypothesis.

In addition to anger-triggered endogenous opioid effects on intensity of perceived sensory

qualities of pain, in particular, and on the affective dimension to at least a marginal extent,

our findings suggest further that anger-induced opioid release modulated negative emotional

responses to being hurt. That is, feelings of anger and nervousness in response to painful

stimulation appeared also to be affected by opioid blockade. These findings are consistent

with recent work suggesting opioid modulation of affective responses to acute pain [8] and

mental stressors [24]. Interestingly, exploratory analyses in the current study suggested a

high degree of statistical overlap between anger-induced opioid modulation of sensory and

affective qualities of pain and pain-related emotional responses. This pattern of findings may
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be viewed as support for the idea that pain and emotional responses to that pain are both

modulated by endogenous opioid activity in overlapping brain circuitry; a hypothesis

consistent with existing brain imaging research [7,19,20,34].

A secondary aim of this study was to further evaluate previously reported gender differences

in negative affect-induced opioid release. Frew and Drummond [23] reported that in a

healthy sample, experimentally-induced discouragement triggered significant opioid-

mediated analgesia in females but not males. However, in contrast to the findings of Frew

and Drummond [23], previous brain imaging work suggested that pain-induced endogenous

opioid analgesia was significantly greater in males than in females [48]. Results of the

current study were more consistent with the latter findings, with results suggesting that

males evinced greater opioid analgesia in response to acute anger arousal than females.

Opposing findings between those of the current study and those of Frew and Drummond

[23] may be due to differences in the negative emotion induction technique (harassment

versus mental arithmetic with threat of electric shock), duration of negative emotion

induction (5 minutes versus 30 minutes), or even differences between studies in menstrual

phase of female participants (e.g., [39]). Alternatively, differing patterns of gender

moderation effects on negative emotion-induced opioid release between the current study

and prior work may simply indicate that such effects are not reliable, although this latter

interpretation may be less likely given other work also indicating gender-related opioid

analgesic response differences [3,17]. If there are gender differences in negative emotion-

induced opioid analgesia, then future work will need to address situational determinants that

may influence how these differences are manifested.

The potential clinical relevance of these laboratory findings may best be highlighted by

examining results from diary studies of associations between negative affect and pain.

Analyses reported in several such studies indicate that increased negative affect can result in

subsequent increases in chronic pain intensity [1,2,22]. The current findings and related

prior work [4,23,24] suggest that these hyperalgesic effects of negative affect on chronic

pain intensity may be magnified to the extent that endogenous opioid analgesic function is

impaired. In light of evidence that chronic pain may be associated with reduced endogenous

opioid function [11], particularly in those with greater pain-related disability [10], it is

possible that degree of chronic pain-related opioid dysfunction may be a factor that

modulates the hyperalgesic effects of negative affect on chronic pain. Patients with chronic

pain and impaired endogenous opioid function may be particularly susceptible to upsetting

or angering events, perhaps setting the stage for vicious cycles in which distress begets

greater chronic pain which in turn makes future stressful events more difficult to bear.

One limitation of the current study is that we used a between-subjects rather than a within-

subjects design, thereby reducing statistical power. This less powerful design was used

because of the ethical necessity of revealing the deception used in the harassment

manipulation immediately after the study session, thereby precluding a within-subjects

design. Despite the relatively large sample size, this power issue may have contributed to

some of the interaction effects on pain responses not reaching conventional levels of

statistical significance. In short, within-person changes in pain intensity and pain qualities

between placebo and opioid blockade would have provided more sensitive tests of our
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hypotheses. Second, because we used a tolerance paradigm during pain-induction,

partcipants received varying lengths of exposure to the forearm ischemia pain stimulus. The

interpretation of the MPQ-Sensory and MPQ-Affect ratings is therefore not entirely

straightforward because the magnitude of pain ratings may have been affected by length of

exposure. A fixed latency paradigm may have been more appropriate, in this regard. We

attempted to redress this difficulty by statistically controlling for tolerance times in all

analyses. Nonetheless, caution is needed when drawing conclusions from our results.

Finally, the question of the emotional specificity of the harassment-induced analgesia must

be considered. In the current study, while the harassment procedure was designed to elicit

primarily anger and irritation – which results of analyses suggested was indeed the case --

we cannot rule out the possibility that what appears to be anger-related opioid analgesia is in

fact analgesia induced by more general negative affect. The extent to which analgesia

induced by anger specifically or negative affect more generally might overlap with the more

general concept of stress-induced analgesia remains to be addressed. Future research will

need to use experimental designs that allow teasing apart whether opioid-mediated effects

are stronger when anger is aroused compared to when other negative emotions (e.g.,

anxiety) are aroused.

In summary, arousal of acute anger may trigger endogenous analgesic processes that affect

subsequent acute pain responses, and these analgesic processes may be at least partly opioid-

mediated. In the absence of effective endogenous opioid function (under opioid blockade),

acute anger appears to exert hyperalgesic effects on subsequent pain. This anger-induced

opioid analgesia appeared to be stronger in males than in females. Anger-related endogenous

opioid release affected not only the sensory qualities of the acute pain experienced, but also

modulated the negative emotional responses to experiencing acute pain. These opioid-

mediated effects on sensory pain qualities and emotional responses to pain overlap

substantially, consistent with previously reported overlap in brain circuits modulating both

pain and negative affect.
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Figure 1.
Mean (± S.E.) MPQ-Sensory pain ratings by drug condition and task order.
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Figure 2. Mean (± S.E.) MPQ-Affect pain ratings by drug condition and gender
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Figure 3.
Mean (± S.E.) NRS-Anger ratings following pain stimulation by drug condition and task

order.
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Figure 4.
Mean (± S.E.) NRS-Nervous ratings following pain stimulation by drug condition and task

order.
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