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Use of opioid analgesic medications for management of chronic nonmalignant pain has 

become increasingly common [16] yet there are presently no well-validated predictors of 

optimal opioid analgesic efficacy [17,50]. Elevated negative affect (NA; e.g., depression, 

anxiety) has been linked in clinical studies to possibly lower opioid analgesic responses as 

indicated by greater post-surgical opioid analgesic requirements [18,23,40]. The only two 

placebo-controlled studies of this issue found that elevated NA predicted smaller opioid 

analgesic responses in the context of laboratory-induced acute pain, in both chronic back 

pain patients [52] and healthy controls (with effects restricted to males only; 20]. Not only 

are additional well-controlled studies needed regarding links between NA and opioid 

analgesia, but effects of other previously unexamined psychosocial factors, such as function 

and pain-related cognitions, should be explored. Moreover, confidence in the validity of 

psychosocial factors as predictors of opioid analgesic responses would be enhanced if 

mechanisms underlying these effects were elucidated.
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Results of our prior work suggest that endogenous opioid (EO) function may be one such 

mechanism. EO antinociceptive function can be assessed using opioid blockade 

methodology [7, 12,13,14,15], in which responses to standardized acute pain stimuli are 

compared between the intact state (placebo) and when opioid receptors are 

pharmacologically blocked. Opioid blockade effects thus provide a quantitative measure of 

endogenous opioid analgesic capacity. We found that elevated trait anger and expressive 

anger regulation (anger-out) are both associated with deficient EO function assessed via 

opioid blockade [7,8,12,13].

If individual differences in EO function serve as a mechanism linking psychosocial factors 

to reduced analgesic responses to opioid medications, then EO function should also be 

related to responses to opioid analgesics. Indirect evidence for this connection comes from 

both human studies [35] and non-human studies [41,49,51]. To our knowledge, only one 

program of research has directly tested these relationships in humans [9,10]. In this program, 

healthy controls and chronic low back pain patients underwent acute pain-induction under 

three (counterbalanced) conditions: 1) placebo, 2) intravenous naloxone, and 3) intravenous 

morphine. Comparison of placebo condition pain responses to those under naloxone and 

morphine provided quantitative indexes of EO function and morphine analgesic responses, 

respectively. We found that EO function was inversely correlated with morphine analgesia 

for outcomes reflecting both responses to laboratory pain tasks and low back pain intensity 

among subjects with chronic low back pain [9,10]. That is, greater EO function was related 

to less opioid analgesia and to both elevated acute and chronic pain responsiveness.

In the present study, we report additional analyses of an expanded dataset derived from the 

parent study [9]. We propose that EO function is a mechanism underlying associations 

between psychosocial factors (NA, perceived disability, pain catastrophizing) on the one 

hand, and morphine analgesic responses on the other. That is, we hypothesize that 

relationships between psychosocial factors and opioid analgesic efficacy are mediated by EO 

function. If hypotheses are confirmed, these mechanism-based predictive effects would 

increase confidence that psychosocial variables may have clinical utility in future precision 

pain medicine algorithms.

Method

Participants

Participants were 89 individuals with chronic low back pain 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. The study was 

approved by the respective IRB committees at Vanderbilt University Medical Center and 

Rush University Medical Center, and all subjects signed written Consent Forms that were 

approved by the IRB committees. This sample size is nearly double that reported for low 

back pain participants in Bruehl et al. (n=45) [9], thereby providing the statistical power 

necessary for testing study hypotheses. Inclusion criteria 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-
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hypertensive medications; 5) no daily use of opioid analgesics; 6) chronic daily low back 

pain of at least 3 months duration, and 7) 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 subjects who 

were pregnant (determined by urine pregnancy screens) were excluded to avoid fetal 

exposure to naloxone and morphine. Seven subjects reported occasional use of as-needed 

opioid analgesics, but none in the preceding 3 days, with absence of recent use confirmed 

via urine opioid screen before each laboratory study session. Two subjects reported use of 

antidepressant medications. Subjects were compensated $375 for their time upon completion 

of the three study sessions. See Table 1 for sample characteristics.

Design

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

opioid antagonist (naloxone), an opioid analgesic (morphine), or saline placebo in each 

session. 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).

Study Drugs

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

antagonist with a brief half-life (1.1 hours) [31]. As in our past work [8], 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 [30].

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 [21], 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 165 lb 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 [4]. 

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

Chronic Pain Measures

Chronic pain intensity was assessed pre-drug and again post-drug during each laboratory 

session using the McGill Pain Questionnaire-Short Form (MPQ) [34]. Instructions were 

modified to refer specifically to the low back pain being experienced “at this moment.” The 

MPQ is a well-validated measure that allows separate assessment of the sensory (MPQ-S) 

and affective (MPQ-A) qualities of pain [34]. The MPQ also includes a Present Pain 

Intensity (PPI) numeric scale of overall pain intensity. Ratings are made on a 0 (no pain) to 5 

(excruciating) scale.
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Measures of State Negative Affect

At the baseline pre-drug assessments for each session, subjects rated the extent to which 

they felt nervous, sad, irritated, hopeless, on edge, annoyed, uneasy, angry and discouraged. 

Responses were made on 10-point scales with anchors at 0 (not at all), 2 (somewhat), 4 

(much), 6 (very much), and 9 (extremely). These items were summed to create a composite 

State Negative Affect scale. This scale was used in analyses to control for inter-session 

variability in negative affect.

Measures of Trait Negative and Positive Affect, Catastrophizing, and Perceived Disability

The Trait Anger Scale (TAS) [46] was used to tap the tendency to experience anger. Scores 

on the TAS reflect primarily the frequency and magnitude of angry episodes. High scorers 

describe themselves as “hot-headed”, quick-tempered, and dealing aggressively with 

frustration. The trait form of the State-Trait Anxiety Inventory (TAI) [45] was used to 

measure the tendency to experience anxiety symptoms. The Beck Depression Inventory 

(BDI) [3] was used to assess current depressive symptoms. It is a commonly used self-report 

measure which has well-established psychometric properties. Taken together, these scales 

tapped general negative affect (NA).

The Positive Affect (PA) scale from the Positive and Negative Affect Schedule (PANAS) 

[53] was used to tap positive affect. The PANAS is a reliable and valid instrument that 

contains a brief PA scale with 10 items. These descriptors are active, alert, attentive, 

determined, enthusiastic, excited, inspired, interested, proud, and strong. The PA scale has 

shown good psychometric characteristics [53]. We elected not to analyze the Negative Affect 

(NA) subscale because we analyzed three other scales that assessed NA-related constructs. 

Thus, we believed we had NA comprehensively assessed.

The Pain Catastrophizing Scale (PCS) [47] is a 13-item measure which asks respondents to 

rate, using a 5-point numeric scale ranging from 0 (not at all) to 4 (all the time), the degree 

to which they have negative thoughts and feelings when experiencing pain. The PCS has 

exhibited strong internal consistency (α=.93), concurrent and discriminant validity, and high 

test-retest reliability over a 6 week period (r =0.78) [38].

The Pain Disability Index (PDI) is a self-report instrument that has been used to assess the 

degree to which chronic pain interferes with various daily activities. For each aspect of daily 

life (family/home responsibilities, recreation, social activities, occupational activity, etc.), 

subjects rated their level of disability on a scale ranging from 0 (no disability) to 10 (total 

disability). A total score was computed by summing the various ratings. Psychometric 

qualities of the PDI have been reported to be good [48].

Procedure

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 Institutional Review Boards at the respective institutions. After providing informed 

consent, subjects completed a packet of questionnaires, including information regarding 

demographics and chronic pain. Participants then provided urine samples to screen for 
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pregnancy (females only) and recent opioid use. They then participated in three identical 

experimental sessions during which they received one of three study drugs -- placebo, 

naloxone, morphine – with the sessions scheduled approximately one week apart and at the 

same time of day to control for circadian rhythms.

Subjects remained seated upright in a comfortable chair throughout all laboratory 

procedures. During each session, subjects 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, subjects completed 

the MPQ to describe their current low back pain intensity and provided the state negative 

affect ratings described above. Subjects then received (via the cannula) saline placebo, 

naloxone, or morphine per the randomization protocol, with order of drug administration 

across the three sessions randomly determined and 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, subjects 

again described their current level of low back pain using the MPQ. Laboratory evoked pain 

tasks were conducted following these back pain ratings (procedures and results detailed fully 

in Bruehl et al. [9]). All subjects 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. We did not encounter adverse effects from any of the substances that 

required us to stop the procedures.

Statistical Analysis

All analyses were conducted using IBM SPSS for Windows Version 21 (SPSS Inc., Chicago, 

IL).

Preliminary Procedures

In preparation for conducting analyses, pre- to post-drug changes in back pain intensity 

within each drug condition were derived. That is, all the variables (described below) that 

reflect opioid blockade and morphine analgesia effects were computed using pre- to post-

drug change scores for the respective pain intensity measures. Next, we computed variables 

that took into account the possibilities that: 1) there could be floor and/or ceiling effects of 

baseline pre-drug chronic pain level in each condition which could affect how much 

subjects' pain could change in response to the study drugs; 2) differences across sessions in 

subjects' state negative affect levels might confound results; and 3) variability in the 

common placebo condition values used to calculate both naloxone effects and morphine 

effects (see below) could bias derived indexes of EO function and morphine analgesia. To 

address these concerns in the most comprehensive manner possible, we regressed the pre- to 

post-drug MPQ-S, MPQ-A, and PPI change scores within each drug condition on baseline 

pre-drug levels of chronic pain and on the state Negative Affect scales. This procedure 

produced residualized variables for each drug condition reflecting pre to post-drug changes 

in pain indexes controlling simultaneously for baseline pain (i.e., potential floor or ceiling 

effects) and negative affect. We then generated correlations among these residualized 

variables and the trait measures (BDI, TAI, etc.) separately for each drug condition. These 

appear in Table 2. In 17 of the 18 bivariate relationships, baseline to post-drug changes in 
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chronic pain indexes during placebo were not significantly related to the trait measures. 

These findings suggest that the trait measures were minimally related to pain changes with 

administration of placebo (i.e., placebo effects).

We then generated partial correlations among the naloxone and morphine condition pre-post 

drug pain change indexes (described in the previous paragraph) and the trait measures, 

controlling for the corresponding placebo condition pre-post drug pain change indexes (also 

described in the previous paragraph). This procedure examined relationships between trait 

measures and changes in low back pain in response to naloxone and morphine 

administration that controlled for baseline pre-drug pain levels and negative affect, and 
which controlled for placebo effects. As expected given the near-null relationships between 

trait measures and pain changes under placebo, the magnitude of coefficients changed little 

from those shown in Table 2. For example, the relationships between BDI scores and 

naloxone effects and morphine analgesic responses changed from r = -.33 and r = -.29 in 

Table 2 to r = -.44 and r = -.38 when also controlling for placebo responses. These findings 

suggest that trait measures were related significantly to indexes of EO function and analgesic 

morphine responses even when placebo responses were statistically controlled, and further 

underscore the minimal effects placebo responses exerted on these relationships.

Given these twin sets of findings suggesting minimal placebo condition effects, we then 

proceeded to derive placebo-controlled EO function and morphine analgesic response 

variables. Specifically, we subtracted the variables reflecting placebo condition changes in 

pain intensity from baseline to post-drug (residualized for both baseline pain intensity and 
baseline state negative affect) from the corresponding naloxone and morphine condition 

variables. For EO function, larger positive blockade effect values indicated greater 

endogenous opioid analgesia. For morphine analgesic responses, larger negative scores 

indicated greater morphine analgesia.

Tests of Mediation

Pearson zero-order correlations were generated among trait measures and the derived opioid 

blockade effect and morphine effect variables described above in order to determine the 

degree to which psychosocial variables were related to EO function and morphine analgesic 

responses. Next, evaluation of mediation models was carried out. As described by Preacher 

and Hayes [42], two criteria were necessary to demonstrate mediation. Using BDI scores as 

an example, there needed to be: 1) a significant association between BDI scores and 

morphine analgesic responses, and 2) a significant indirect effect of BDI scores on morphine 

responses via EO function. Where psychosocial factors were related significantly to 

morphine responses, the approach of Preacher and Hayes [42] was used to test the 

significance of the indirect effect.

Direct and indirect effects were examined using bootstrapped mediation analysis [42] via 

custom SPSS dialogue (the Indirect Procedure; http://www.afhayes.com/spss-sas-and-

mplus-macros-and-code.html#sobel). Bootstrapping is a nonparametric re-sampling 

procedure that does not assume normality for the indirect effect, or a*b path coefficient. This 

nonparametric feature differs from the ‘causal steps’ approach to indirect effects (mediation) 

testing [2]. Bootstrapping involves random and repeated sub-sampling of the data to derive 
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an estimate of the a*b (indirect effect) path coefficient and a 95% confidence interval around 

the bootstrapped indirect effect parameter. If the 95% confidence interval for the indirect 

effect generated by the model does not include zero, then the hypothesized indirect 

(mediation) effect is significant at the p<.05 level. Following published recommendations 

[42], k = 1000 bootstraps were used. Bias-corrected and accelerated bootstraps were used to 

derive path coefficients and corresponding 95% confidence intervals for indirect effects.

Results

Zero-Order Correlations

As shown in Table 3, all the psychosocial variables were related significantly to some 

morphine analgesic responses in directions indicating greater BDI, TAI, TAS, PCS and PDI 

scores were related to greater morphine analgesia, and that greater PA scores were related to 

less morphine analgesia. Results also showed that greater BDI, PCS and PDI scores were 

related to less EO function. See Figures 1 and 2 for example scatterplots between PCS 

scores and the blockade effect (Figure 1) and morphine analgesic response variables (Figure 

2) for MPQ-S ratings of low back pain. Finally, findings indicated that the EO function 

variables for all three chronic pain indexes were related significantly to the corresponding 

morphine analgesic response variables in directions indicating that lower EO analgesic 

function was linked to greater morphine analgesic responses (r's = .42 to .77; p's < .01). For 

example, lower EO responses as reflected in MPQ-S scores were related to greater morphine 

analgesic responses for MPQ-S scores. Thus, the necessary relationships to test mediation 

effects were present for BDI, TAI, PCS, PDI and PA scores.

Tests of Mediation

Table 4 displays the results of bootstrap tests of direct and indirect effects in the proposed 

mediation model for the three chronic pain measures. For BDI scores, the indirect effect in 

bootstrap tests was significant (i.e., the 95% confidence interval did not contain zero) for 

morphine analgesic responses on the MPQ-S, whereas the direct effect was not. See Figure 

3. That is, the total effect of BDI scores on morphine analgesic responses was composed 

primarily of a significant indirect effect via EO responses on the MPQ-S. Also for BDI 

scores, the indirect effect in bootstrap tests was significant for morphine analgesic responses 

on the PPI, as was the direct effect. See Figure 4. That is, the total effect of BDI scores on 

morphine analgesic responses was composed of a significant indirect effect via EO 

responses on the PPI, as well as a direct, unmediated effect. These results suggest that 

greater BDI scores were related to lower EO function, which in turn was related to greater 

morphine analgesic responses.

For TAI scores, the indirect effect in bootstrap tests was significant for morphine analgesic 

responses on the MPQ-S, while the direct effect was not. See Figure 5. Thus, the total effect 

of TAI scores on MPQ-S changes after morphine administration was composed mostly of a 

significant indirect effect via EO responses on the MPQ-S.

For PCS scores, the indirect effect in bootstrap tests was significant for morphine analgesic 

responses on the MPQ-S, while the direct effect was also significant. See Figure 6. This 
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effect indicates that the total effect of PCS scores on MPQ-S changes after morphine 

administration was composed of a significant indirect effect via EO responses on the MPQ-

S, as well as a direct effect that was unmediated by EO responses. Also for PCS scores, the 

indirect effect was significant for morphine analgesic responses on the PPI, while the direct 

effect was also significant. See Figure 7. These effects indicate that the total effect of PCS 

scores on PPI changes after morphine administration was composed of a significant indirect 

effect via EO responses on the PPI, as well as a direct, unmediated effect. These results 

suggest that greater PCS scores were related to lower EO function, which was in turn related 

to greater morphine analgesic responses.

For PDI scores, the indirect effect in bootstrap tests was significant for morphine analgesic 

responses on the MPQ-S, while the direct effect was not. See Figure 8. Thus, the total effect 

of PDI scores on MPQ-S changes after morphine administration was composed of a 

significant indirect effect via EO responses on the MPQ-S. Also for PDI scores, the direct 

effect was significant for morphine analgesic responses on the PPI, but the indirect effect 

was not. These effects indicate that the total effect of PDI scores on PPI changes after 

morphine administration was composed of a significant direct effect on the PPI, whereas this 

effect was not significantly mediated by EO function.

Discussion

In the present study, we integrated previously separate literatures by proposing that EO 

function is a mechanism contributing to associations between psychosocial factors and 

responses to opioid analgesic medications. First, we found that psychosocial factors were 

related to both EO function and responses to opioid analgesics. Second, we found that links 

between opioid analgesic responsiveness and depressive symptoms, trait anxiety, pain 

catastrophizing and perceived disability were at least partially mediated by EO function. 

Results suggest that a range of psychosocial factors predict analgesic responses to opioid-

based medications, and thus may serve as markers to help identify individuals who may 

benefit most from receiving opioid therapy. Results also suggest that people with elevated 

depressive symptoms, trait anxiety, tendency to catastrophize, and perceived disability are 

characterized by deficits in EO function; deficits that in turn predict enhanced responses to 

opioid analgesic,medications.

We found that all of the psychosocial factors assessed were related significantly to analgesic 

responses to an exogenous opioid (i.e., morphine). Higher depressive and anxious 

symptoms, trait anger, pain catastrophizing, and perceived disability were related to greater 

opioid analgesia, whereas greater positive affect was related to less opioid analgesia. Wasan 

and colleagues [52] used a similar method by computing within-subject difference scores in 

pain report between placebo and morphine conditions. Their findings were in a direction 

opposite to ours, suggesting that NA factors were related to diminished opioid analgesia. 

Similarly, Fillingim and colleagues [20] found NA factors to be related to diminished opioid 

analgesic responses in men but not in women. Although Fillingim and colleagues found sex 

differences and Wasan and colleagues did not, these prior results present a fairly consistent 

picture. However, an important methodological difference between these studies and the 

present study may help explain the divergent findings. Namely, in the Wasan and Fillingim 
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studies, analgesic response outcomes involved changes in evoked pain stimulated during 

laboratory pain-induction procedures, whereas we assessed within-subject differences 

between placebo and morphine conditions with regard to spontaneous low back pain. 
Although it is not clear why opposing findings should emerge between acute and chronic 

pain, the difference may nonetheless signal important distinctions between psychosocial 

factor connections to opioid analgesia in the context of acute pain as opposed to chronic 

pain. More work is needed to explore these issues.

Bolstering our results that negative psychosocial factors are related to greater opioid 

analgesia for chronic pain are findings regarding the role of a plausible physiological 

mechanism. That is, the negative psychosocial factors we assessed were related negatively to 

EO function, meaning that patients high in negative affective (e.g., depressive) symptoms 

showed a deficit in EO analgesia. In our previous studies focused on anger-related factors, 

we hypothesized that trait anger and the trait tendency to express anger were related to high 

acute pain sensitivity because of deficient EO function [8,15]. This hypothesis was 

supported using an EO blockade procedure similar to that used in the present study. The 

present results extend these findings by identifying a wider range of psychosocial factors 

related to EO function. Results are also consistent with results of imaging work [28], in 

which induction of a sad mood was associated with decreased EO function in women with 

major depression disorder but not among healthy controls. Thus, well-documented links 

between negative psychosocial factors and elevated chronic pain intensity may be due to the 

EO deficits we report.

We previously reported on findings from the parent study – but based on half the current 

sample -- that lower EO function was related to greater responses to opioid analgesics [9]. 

Indeed, we showed that people with greater EO function achieved negligible analgesic 

benefit from morphine; an effect due, we speculated, to these individuals achieving sufficient 

analgesia via their EO systems. We speculated further that tonic elevated EO function might 

confer some degree of tolerance for opioid effects and thereby contribute to diminished 

responses to opioid analgesic medications. Pulling our present findings together, mediation 

analyses suggest that the greater morphine analgesic response of people with elevated 

negative psychosocial factors was due in part to their deficits in EO function. Put another 

way, deficits in EO function shown by patients with high levels of negative psychosocial 

factors make it more likely that opioid medications will augment their diminished 

endogenous analgesic capacity compared to patients with optimal EO function.

These findings may have important clinical implications. First, results imply that chronic 

pain patients with elevated levels of negative psychosocial factors may derive more analgesic 

benefit from opioid therapy for chronic pain than patients with low levels of negative 

psychosocial factors. Because the former exhibit relatively poor EO function, achieving 

optimal analgesia may be facilitated by augmentation with exogenous opioids. The latter 

patients, in contrast, may not achieve significant additional analgesia through opioid 

medications over and above the analgesia they derive from their relatively well-functioning 

EO systems. Hence, these patients may risk negative side effects of opioid therapy without 

the potential offsetting benefit of pain relief. An important caveat, however, is growing 

evidence that people characterized by depressive and anxiety symptoms in general [11], and 
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pain catastrophizing in particular, may be at greatest risk for opioid misuse [1]. People with 

elevated NA may derive optimal analgesia from opioids for their chronic pain, but may also 

gain relief from emotional distress, perhaps elevating the chance they will use opioids for the 

latter purpose to their potential detriment. The possibility that opioid analgesics may work 

best for pain relief in exactly the same individuals who are also at greatest risk of misusing 

them presents a clinical conundrum for precision pain medicine [11]. Again, more work is 

needed to address these issues.

Second, rather than augment deficient EO function solely with opioid analgesics for patients 

with high levels of negative psychosocial factors, these patients may also benefit from non-

pharmacological interventions that could boost EO function (e.g., acupuncture, aerobic 

exercise, relaxation training)[25,28,32,33]. Accumulating findings suggest that these 

approaches have the potential to provide a degree of analgesia similar to that achieved with 

opioid analgesic medications, and our findings further imply that these effects may be 

particularly potent for patients with deficient EO function. Even if, for instance, regular 

aerobic exercise cannot fully supply sufficient analgesia, it could at least help reduce the 

dose of opioid medication needed to achieve adequate analgesia in patients with high levels 

of negative psychosocial factors. Further work is needed to examine the degree to which a 

combination of non-pharmacological approaches and lower dose opioid therapy might 

maximize analgesic benefits while minimizing negative side effects and abuse risk related to 

higher dose opioid treatment [19,29,37].

Study limitations are noted. First, this sample was distinct from a typical chronic pain clinic 

sample in that none of the subjects were taking daily opioid analgesic medications. We 

needed to exclude daily opioid users to reduce risk because administration of naloxone to 

people taking daily opioid analgesics would trigger acute withdrawal symptoms. At the 

same time, we did not assess history of opioid use, and so cannot make distinctions in 

relationships among psychosocial factors, EO function and morphine responses based on 

whether opioids had been used regularly or not in the past. Second, only a single opioid 

analgesic agent was tested. It is unknown whether negative psychosocial factors 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 [43]. Third, 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 predicting long-term responses to daily opioids is unknown. 

Fourth, tests of mediation that do not involve true longitudinal effects, as reported here, can 

only suggest causal pathways. Although the pathway described here (i.e., negative affect to 

morphine analgesia through EO function) is potentially sound, it may be the case instead 

that individual differences in EO function affect emotion and cognitive variables, taking 

causal precedence. These competing causal pathways will need to be evaluated in future 

prospective studies.

In sum, we found that psychosocial factors were related to morphine analgesia but in a 

direction contrary to the only two existing placebo-controlled studies of this topic. Namely, 

we found that negative psychosocial factors (e.g., greater depressive symptoms) were related 

to greater opioid analgesic responses. Other study findings suggested that this relationship 
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was partly due to an association between elevated negative psychosocial factors and 

deficient EO function. It may be that chronic pain patients with high levels of depressive and 

anxious symptoms, pain catastrophizing, and perceived disability exhibit relatively greater 

responses to opioid analgesic medications because morphine may augment their relatively 

weak EO systems. The opposite may be the case for people with low levels of negative 

psychosocial factors. If so, then the former group may experience a better balance between 

analgesia versus side effects than the latter group for whom analgesic effects may be 

minimal relative to the possibility of side effects. The results of this laboratory study may 

guide future work on finding markers for optimal opioid therapy in chronic pain patients 

undergoing daily opioid treatment.
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Figure 1. 
Scatterplot of derived blockade effects for MPQ-S ratings of low back pain versus Pain 

Catastrophizing Scale scores. Blockade effects reflect the difference between placebo 

condition pre-post drug changes in pain (residualized for baseline pre-drug pain and state 

negative affect) and the corresponding residualized change in back pain in the naloxone 

condition.
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Figure 2. 
Scatterplot of derived morphine analgesic effects for MPQ-S ratings of low back pain versus 

Pain Catastrophizing Scale scores. Morphine analgesic effects reflect the difference between 

placebo condition pre-post drug changes in pain (residualized for baseline pre-drug pain and 

state negative affect) and the corresponding residualized change in back pain in the 

morphine condition..
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Figure 3. 
Mediation pathway between Beck Depression Inventory (BDI) scores and morphine 

analgesia variable through EO function variable for McGill Pain Questionnaire-Sensory 

subscale (MPQ-S).
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Figure 4. 
Mediation pathway between Beck Depression Inventory (BDI) scores and morphine 

analgesia variable through EO function variable for McGill Pain Inventory-Present Pain 

Intensity (PPI).
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Figure 5. 
Mediation pathway between Trait Anxiety Inventory (TAI) scores and morphine analgesia 

variable through EO function variable for McGill Pain Questionnaire-Sensory subscale 

(MPQ-S).
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Figure 6. 
Mediation pathway between Pain Catastrophizing Scale (PCS) scores and morphine 

analgesia variable through EO function variable for McGill Pain Questionnaire-Sensory 

subscale (MPQ-S).
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Figure 7. 
Mediation pathway between Pain Catastrophizing Scale (PCS) scores and morphine 

analgesia variable through EO function variable for McGill Pain Questionnaire-Present Pain 

Intensity (PPI).
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Figure 8. 
Mediation pathway between Pain Disability Index (PDI) scores and morphine analgesia 

variable through EO function variable for McGill Pain Questionnaire-Sensory subscale 

(MPQ-S).

Burns PhD et al. Page 21

Pain. Author manuscript; available in PMC 2020 April 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Burns PhD et al. Page 22

Table 1
Sample Characteristics (N = 89)

Characteristic

Gender (% female) 62.9%

Race:

 Caucasian 60.7%

 African-American 32.6%

Ethnicity:

 Non-Hispanic 95.5%

Age (years) 36.9 ± 10.7

Past Month VAS Chronic Pain Intensity (0-100) 55.1 ± 22.8

Mean Pain Duration (months) 116.5 (104.3)
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Table 4
Summary of Significance of Direct and Indirect Effects for Model in which Association 
Between Psychosocial Factors and Morphine Analgesic Responsiveness is Mediated by 
Endogenous Opioid Function

IV- DV

Indirect Effect via Endogenous Opioid Function Bootstrap 95% Confidence Intervals

Direct Effect Lower Upper

BDI – MPQ-Sensory B = -.009 -.083 -.022

BDI – MPQ-Present Pain B = -.029* -.087 -.001

TAI – MPQ-Sensory B = -.013 -.042 -.002

PCS – MPQ-Sensory B = -.016* -.048 -.010

PCS – MPQ-Present Pain B = -.018* -.047 -.002

PDI – MPQ-Sensory B = -.003 -.037 -.009

PDI – MPQ-Present Pain B = -.016* -.027 .002

Note:

*
= p < .05.

Bootstrap 95% confidence intervals that do not contain zero are significant at p<.05. BDI = Beck Depression Inventory; TAI = Trait Anxiety 
Inventory; PCS = Pain Catastrophizing Scale; PDI = Pain Disability Index; PA = Positive Affect scale; MPQ = McGill Pain Questionnaire.
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