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Abstract

The Screener and Opioid Assessment for Patients with Pain-Revised (SOAPP-R) predicts 

increased risk of opioid misuse in chronic pain patients. We evaluated whether higher SOAPP-R 

scores are associated with greater opioid reinforcing properties, potentially contributing to their 

predictive utility. Across two counterbalanced laboratory sessions, 55 chronic low back pain 

sufferers completed the SOAPP-R at baseline, and measures of back pain intensity, evoked pain 

responsiveness (thermal, ischemic), and subjective opioid effects after receiving intravenous 

morphine (0.08 mg/kg) or saline placebo. Morphine effect measures were derived for all outcomes 

reflecting the difference between morphine and placebo condition values. Higher SOAPP-R scores 

were significantly associated with greater desire to take morphine again, less feeling down and 

feeling bad, and greater reductions in sensory low back pain intensity following morphine 

administration. This latter effect was due primarily to SOAPP-R content assessing medication-

specific attitudes and behavior. Individuals exceeding the clinical cutoff (18 or more) on the 

SOAPP-R exhibited significantly greater morphine liking, desire to take morphine again, and 

feeling sedated; lower feeling bad; and greater reductions in sensory low back pain following 

morphine. The SOAPP-R may predict elevated opioid risk in part by tapping into individual 

differences in opioid reinforcing effects.
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INTRODUCTION

The growing role of opioid analgesics in chronic pain management has been associated with 

increasing numbers of chronic pain patients experiencing problems with misuse of 

prescribed opioids11,12,18,39. Potential opioid misuse may be suggested by presence of 

behavioral indicators such as requests for early refills, lost or stolen prescriptions, 

unapproved dose escalations, obtaining opioids from multiple providers, and presence of 

unprescribed opioids on toxicology screens18,36. In an effort to mitigate risks of opioid 

misuse, screening questionnaires have been developed for the purpose of identifying prior to 

initiating opioid therapy those individuals more likely to misuse opioids. One of the most 

common is the Screener and Opioid Assessment for Patients with Pain-Revised (SOAPP-R), 

which is intended specifically for screening use in the chronic pain population9,10. There is 

evidence for the predictive validity of the SOAPP-R in the chronic pain management 

context9,26,32,34. For example, baseline SOAPP-R scores predicted subsequent aberrant drug 

behaviors in a clinical trial of opioid therapy in chronic pain patients34.

While the SOAPP-R is empirically predictive of subsequent behavioral markers of elevated 

opioid risk, mechanisms contributing to these predictive effects have to our knowledge not 

been explored. Prior work by Edwards et al.16 found that elevated SOAPP-R scores were 

associated with greater evoked pain responsiveness and greater chronic pain intensity, 

hinting that SOAPP-R scores might reflect individual differences in pain modulatory 

systems. Whether the SOAPP-R might predict risks of opioid misuse in part by tapping into 

individual differences in actual responses to opioids has not previously been investigated. 

Differential responsiveness to opioids with regards to their reinforcing effects is considered 

to be an important factor contributing to opioid abuse liability15,22,27,40,46,49.

The current study capitalized on a dataset available from a larger study of predictors of 

opioid analgesic responses5,6,23. It sought to explore the general hypothesis that higher 

SOAPP-R scores predict subsequent risk of opioid misuse in part through differential 

reinforcing effects of opioid analgesics. Specifically, we hypothesized that when individuals 

were administered a weight-standardized dose of morphine under placebo-controlled 

conditions, those with higher SOAPP-R scores would report greater overall morphine 

effects, more morphine liking and desire to take morphine again, more positive and fewer 

negative subjective effects, and greater analgesia.

An additional issue addressed in this study related to the predictive contributions of specific 

content domains on the SOAPP-R. The 24 items on the SOAPP-R were selected empirically, 

based on their ability to predict objective aberrant drug behavior criteria, such as toxicology 

results10. As suggested by Jamison et al.24, the SOAPP-R items tap into several distinct 

domains, with two broad domains most highly represented: negative affect-related issues 

and medication-specific attitudes and behavior. Prior work suggested that negative affect in 

particular is a predictor of both analgesic responses to17,21,33,43and abuse liability associated 
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with opioids29,42, so differential mechanisms of predictive effects for different SOAPP-R 

content domains appeared plausible. A secondary aim of this study therefore was to evaluate 

the extent to which each of these two primary content areas of the SOAPP-R was associated 

with morphine responses relevant to opioid misuse.

METHODS

Design

This study used a double-blind, placebo-controlled crossover design with randomized, 

counterbalanced administration of morphine versus placebo. Identical data collection 

procedures were used at two sites (Vanderbilt University Medical Center and Rush 

University Medical Center). A third drug arm (with naloxone administration) was also 

carried out, but these data were not directly relevant to the current hypotheses (results 

detailed fully in Bruehl et al.5).

Participants

Participants included 55 individuals with chronic low back pain recruited through university 

e-mail recruitment systems, university pain management centers, print media 

advertisements, and posted flyers. Inclusion criteria were age between 18-55; daily low back 

pain of 3 months or more in duration with an average severity in the past month of 3/10 or 

more; no self-reported history of cardiovascular disease, hypertension, liver or kidney 

disorders, posttraumatic stress disorder, bipolar disorder, psychotic disorder, diabetes, 

seizure disorder, or alcohol or drug dependence; and no daily use of opioid analgesics (no 

opioid use within the prior ≈3 days was confirmed via urine opiate screen before each 

laboratory study session). Individuals experiencing chronic pain related to malignancy, 

fibromyalgia, or autoimmune diseases (e.g., lupus) were excluded, as were pregnant 

females. Eligibility regarding the latter criterion was determined based on urine pregnancy 

screens conducted prior to each laboratory session. Seven participants reported occasional as 

needed use of opioid analgesics and 3 reported use of antidepressant medications. The 

sample was predominately female (69.1%), white (61.8% versus 32.7% African-American), 

and non-Hispanic (96.3%), with a mean age of 36.4 (10.5) years. Median chronic pain 

duration was 94.1 months, and 52.7% showed a radicular pattern of back pain on 

examination. The study sample size had sufficient statistical power to detect an effect size as 

small as r=0.27 in magnitude (i.e., a moderate or larger effect size14), an effect size likely 

necessary for clinically meaningful effects.

Primary Measures

The SOAPP-R is an empirically-developed measure designed to assess risk of opioid misuse 

in the chronic pain population10. It has demonstrated good reliability, as well as validity for 

prediction of subsequent objective markers of opioid misuse, such as toxicology results and 

aberrant drug behaviors9,10,26,32,34. It is often used in clinical chronic pain management 

settings for purposes of opioid risk mitigation. Inspection of SOAPP-R item content 

indicates that two distinct content areas comprise the majority of the items (17 of 24 items). 

Similar to the item content approach of Jamison et al.24, two subscales were created 

reflecting the SOAPP-R items tapping into negative affect-related issues (items 
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1,3,4,5,8,10,14, 20) and the items tapping into medication-specific attitudes and behavior 

(items 2,6,7,9,11,12,15,16, 23) to evaluate whether these two components differentially 

predicted morphine response outcomes. Examples of negative affect-related items include 

“how often do you have mood swings?”, “how often have you felt impatient with your 

doctors?”, “how often have you been worried about being left alone?”, and “how often have 

others told you that you had a bad temper?” Examples of medication-specific items are 

“how often have you felt you needed higher doses of medication to treat your pain?”, “how 

often have you counted pain pills to see how many are remaining?”, “how often have you 

taken more pain medication than you were supposed to?”, and “how often have you felt 

consumed by the need to get pain medication?”

Non-analgesic subjective effects of morphine were assessed at the end of the acute pain 

protocol (see below) using the DELTA questionnaire and VAS opioid effects measures 

taken from Zacny47,49. The DELTA questionnaire asks participants to rate the magnitude of 

overall drug effects (Drug Effects; 0-5 scale), the degree of drug liking (Drug Liking; 0-100, 

with 50 indicating a neutral response), and the level of desire to take the drug again (Take 

Again; 0-100, with 50 indicating a neutral response). Non-analgesic morphine effects 

examined on the VAS opioid effects measure (0-100mm) for purposes of this study 

included: feeling high, feeling sedated, feeling elated, feeling down, feeling anxious, feeling 

good, and feeling bad. Both the DELTA and the VAS opioid effects measures appear to be 

sensitive to individual differences in opioid analgesic responses48,50.

The McGill Pain Questionnaire - Short Form (MPQ31) is a standardized measure of the 

sensory (MPQ-Sensory) and affective (MPQ-Affective) dimensions of pain. It was used to 

assess both evoked pain responses and chronic back pain in the laboratory, with instructions 

slightly modified as appropriate. For chronic pain assessment, the MPQ was used to describe 

current back pain intensity during each laboratory session both before (baseline) and after 

administration of each study drug to evaluate acute morphine analgesic effects on clinical 

back pain intensity.

Study Drug

Morphine sulfate, the prototypic mu opioid receptor agonist, was given to all participants at 

a weight adjusted dosage of 0.08 mg/kg (in 20ml normal saline), which was infused over 10 

minutes using an automated infusion pump through an indwelling venous cannula placed in 

the non-dominant arm. 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 

morphine activity is achieved within approximately 15 min1. The placebo control condition 

consisted of administration of an equal volume of saline in double-blinded fashion.

Laboratory Evoked Pain Tasks

After peak drug activity was achieved in each session, participants engaged in two 

laboratory evoked pain tasks. The first was a modified ischemic pain task based on that 

developed by Maurset and colleagues30 which we have used in our past studies of opioid 

systems3,4,7. Participants first engaged in two minutes of dominant forearm muscle exercise 
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using a hand dynamometer at 50% of his or her maximal grip strength (determined prior to 

the laboratory procedures), followed by raising their dominant forearm over their head for 

15 sec. A manual BP cuff was next inflated on the biceps to 200 mmHg SBP, the arm was 

lowered, and the cuff remained inflated until pain tolerance was reached, up to a maximum 

of 8 min. Participants were asked to rate the pain experienced during this task using the 

MPQ immediately after pain tolerance was reached.

The second laboratory pain task was a heat pain task using a Medoc TSAII NeuroSensory 

Analyzer (Medoc US., Minneapolis, MN) as in our prior work8,13. Four pain tolerance trials 

were carried out, with each trial conducted sequentially at one of four different non-

overlapping sites on the non-dominant ventral forearm. An interval of 30 sec between 

successive stimuli was employed. For each trial, the probe started at an adaptation 

temperature of 40°C, with the temperature increasing at 0.5°C/sec until the participant 

indicated that maximum tolerance had been reached. MPQ ratings of pain for the last 

tolerance trial were obtained. Thermal pain tolerance values for analyses were derived as the 

mean of the four tolerance trials. Maximum possible tolerance temperature was set at 51°C 

due to an automated hardware cutoff in the TSAII unit. Participants underwent standardized 

training prior to starting the laboratory procedures in the first session to familiarize them 

with the thermal stimulus device and procedures.

Procedures

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 each university's Institutional Review Board. After providing informed consent, 

individuals participated in two identical experimental sessions (placebo versus morphine) at 

the same time of day to control for potential circadian rhythm effects.

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. 

After a 30-min resting adaptation period, subjects completed the MPQ to describe their 

current low back pain intensity. Subjects then received (via the cannula) either saline 

placebo or morphine, with order of drug administration across the two sessions randomly 

determined and counterbalanced. 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. 

Participants next engaged in the ischemic task using procedures described above, after 

which the MPQ was immediately completed to describe responses to this evoked pain 

stimulus. Then, participants engaged in the thermal pain task, with the MPQ again 

immediately completed to describe the pain experienced during the heat pain tolerance trials. 

Upon termination of the final evoked pain trial in each drug condition, participants 

completed the DELTA and VAS opioid effects measures. All participants remained in the 

lab under observation for 2 hours after peak drug activity had been achieved to allow drug 

effects to remit. They were then released to a responsible adult.
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Statistical Analyses

Analyses were conducted using SPSS for Windows version 22 (IBM Corporation; Chicago, 

IL). Prior to conducting analyses, indices of morphine analgesic responsiveness (morphine 

effects) were derived separately for the two evoked pain measures for both laboratory pain 

tasks, as well as for the low back pain intensity measures obtained during each laboratory 

session. For evoked pain measures (MPQ-Sensory, MPQ-Affective, Pain Tolerance), 

morphine effects were derived as the difference in evoked pain responses between the 

morphine and placebo conditions. Larger negative morphine effects for acute pain ratings 

indicated greater morphine-induced reductions in those ratings, whereas larger positive 

morphine effects for acute pain tolerance indicated greater morphine-induced increases in 

tolerance. For chronic pain outcomes (MPQ-Sensory, MPQ-Affective), morphine effects 

were derived as the difference between pre- to post-drug changes in the morphine condition 

relative to the placebo condition, such that larger negative morphine effect values indicated 

greater morphine-induced reductions in low back pain intensity in the laboratory. To control 

for possible placebo effects on non-analgesic morphine responses, a similar approach was 

used, with measures derived reflecting morphine condition subjective effects minus 

comparable placebo condition values, with higher scores indicating greater subjective effects 

with morphine.

Preliminary analyses were conducted using one-sample t-tests to determine whether degree 

of morphine analgesia for evoked and chronic pain outcomes was significantly different 

from zero. Given the continuous nature of the measures involved in testing the primary 

hypotheses, a correlational analytic approach was used (Pearson r). These primary analyses 

evaluated the extent to which SOAPP-R scores (total and content domain-specific subscales) 

were associated with subjective effects of morphine relevant to misuse and the analgesic 

effects of morphine on both evoked and chronic pain outcomes. To enhance clinical 

relevance of study findings, a categorical variable was also derived to indicate whether each 

participant exceeded the recommended clinical cutoff for identifying elevated opioid risk on 

the SOAPP-R (total score of 18 or greater9,10), with t-tests conducted to examine morphine 

effect outcomes as they related to this standard clinical opioid risk cutoff. Given the novel 

but hypothesis-driven nature of the study, an unadjusted probability value of p<.05 (two-

tailed) was used as the criterion for significance in order to minimize the risk of Type II 

error.

The sample size was insufficient to formally examine gender interactions on the effects of 

interest. However, possible impact of gender on the results was considered. The primary 

correlational analyses were re-run using partial correlations controlling for gender. Results 

of these analyses did not substantively change the overall pattern of results and are therefore 

not presented.

RESULTS

Preliminary Analyses

Mean values (and standard deviations) for all study measures are summarized in Table 1. 

One sample t-tests revealed that morphine significantly reduced evoked pain responses on 
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the ischemic task for both the MPQ-Sensory [t(54) = −2.12, p<.05)] and MPQ-Affective 

subscales [t(54) = −2.65, p<.05)], as well as for ischemic pain tolerance [t(54) = −2.30, p<.

05)]. Morphine did not significantly reduce evoked pain responses on the thermal pain task 

(p's>.10). Regarding morphine's impact on chronic back pain intensity in the laboratory, 

significant morphine-related pain reduction were observed for MPQ-Sensory ratings [t(54) = 

−2.56, p<.05)] but not for MPQ-Affective ratings (p>.10).

Examination of intercorrelations among the three classes of primary outcomes (i.e., 

morphine effects on the DELTA measure, VAS opioid effects, and pain-related outcomes) 

revealed several moderate correlations in the expected direction. Greater overall morphine 

effects on the DELTA measure were correlated with greater VAS ratings of feeling high 

(r=0.46, p<.001) and feeling sedated (r=0.44, p<.001). Greater VAS feeling good was 

associated with higher levels of morphine liking (r=0.39, p<.005) and desire to take 

morphine again (r=0.44, p<.001) on the DELTA. Larger morphine-related reductions in 

sensory low back pain intensity on the MPQ were associated with greater VAS ratings of 

feeling high (r=−0.44, p<.001), feeling sedated (r=−0.44, p<.001), feeling elated (r=−0.44, 

p<.001), and feeling good (r=−0.43, p<.001), as well as lower VAS ratings of feeling down 

(r=0.49, p<.001), feeling anxious (r=0.46, p<.001), and feeling bad (r=0.35, p<.01). All 

other associations were nonsignificant (p's>.10).

Mean scores on the medication-specific and negative affect-related SOAPP-R content 

subscales were 3.9 (5.60) and 7.5 (4.89), respectively. The correlation between these two 

content subscales was significant (r=0.64, p<.001), although represented only 41% shared 

variance. The clinical cutoff on the SOAPP-R (total score of 18 or more) for identifying 

elevated opioid risk was exceeded by 25.5% of the sample, similar to prior work34.

SOAPP-R Scores and Pain Outcomes in the Absence of Morphine

Associations between SOAPP-R scores and both evoked pain responses and chronic pain 

intensity in the absence of morphine are summarized in Table 2. Significant positive 

correlations were observed across all three SOAPP-R indices for ischemic and thermal pain 

tasks for the measure of evoked sensory pain intensity (MPQ-Sensory), with comparable 

associations with the affective component of evoked pain (MPQ-Affective) found to be 

significant only for the thermal pain task. Associations with pain tolerance measures on both 

pain tasks were nonsignificant (p's>.10). Significant associations between SOAPP-R scores 

and baseline (i.e., mean pre-drug) chronic pain intensity were also observed, with the 

magnitude of these associations particularly large for the affective component of chronic 

back pain. Regarding SOAPP-R content domain subscales, it was notable that correlations 

for the medication-specific subscale were in all cases larger than for the negative affect-

related subscale.

SOAPP-R Scores and Morphine Response Outcomes

Associations between morphine response outcomes and SOAPP-R scores are presented in 

Table 3. For the DELTA measure, both the total SOAPP-R and the negative affect-related 

subscale displayed significant positive correlations with desire to take morphine again as 

assessed shortly after actually receiving morphine. For the VAS opioid effects measures, 
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higher total SOAPP-R scores were associated with significantly less feeling down and 

feeling bad after receiving morphine (relative to placebo), with a nonsignificant trend 

towards greater feeling sedated (p<.10). SOAPP-R medication-specific subscale scores were 

also correlated with significantly less feeling down and feeling bad, as well as less feeling 

anxious after morphine, with a trend approaching significance for greater feeling good (p<.

10). SOAPP-R negative affect-related subscale scores were also linked to significantly less 

feeling bad after morphine, as well as significantly greater feeling sedated. Associations 

with all other VAS opioid effects were nonsignificant (p's>.10). Consistent with the 

reinforcement hypothesis, the DELTA and VAS opioid effects findings suggest that 

heightened opioid risk (as indexed by the SOAPP-R and its key components) is associated 

with greater desire to take opioids again and lower negative subjective effects (feeling down, 

feeling bad, feeling anxious) after receiving morphine.

Table 3 also indicates that higher total scores on the SOAPP-R as well as higher scores on 

both content domain subscales were associated with significantly greater reductions in 

sensory low back pain intensity after receiving morphine (larger negative morphine effects). 

The effect size was largest for the medication-specific subscale. To determine whether these 

findings might have been confounded by the SOAPP-R related influences observed on 

placebo condition pain responses (Table 2), these analyses were repeated as partial 

correlations controlling for placebo condition sensory low back pain intensity. As in the 

primary analyses reported in Table 3, partial correlations between morphine effects on 

sensory low back pain intensity and SOAPP-R total scores (partial r = −0.36, p<.01), 

medication-specific subscale scores (partial r = −0.40, p<.01), and negative affect-specific 

subscale scores (partial r = −0.36, p<.01) remained moderate in magnitude and significant. 

Primary analyses of the affective component of chronic pain did not reveal significant 

effects (p's>.10). SOAPP-R scores were also not associated significantly with the effects of 

morphine on laboratory evoked pain responses (p's>.10).

To further explore the impact of SOAPP-R scores on individual differences in analgesic 

responses to morphine, follow-up regression analyses were conducted. Joint inclusion of 

both the SOAPP-R medication-specific and negative affect-related subscales accounted for 

19.0% of the variance in morphine analgesic effects on sensory low back pain intensity, with 

most of this effect attributable to the medication-specific items (semi-partial r = −0.30 

controlling for negative affect-related items) rather than the negative affect-related items 

(semi-partial r = −0.05 controlling for medication-specific items). In contrast, the total 

SOAPP-R score only predicted 16% of the variance in morphine analgesic effects on low 

back pain. In light of the findings above, results suggest that the medication-specific domain 

of the SOAPP-R might have somewhat more predictive utility in the clinical context.

Morphine Response Outcome Differences Using the Standard SOAPP-R Clinical Cutoff

For identifying heightened opioid risk in clinical chronic pain management, a clinical cutoff 

of 18 or more on the total SOAPP-R score is recommended9,10. To better translate the 

findings of the current study to clinical practice, morphine effect outcomes were examined 

to determine whether they differed as a function of patients exceeding this standard clinical 

cutoff. Table 4 summarizes results of these analyses. Chronic low back pain patients 
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exceeding the SOAPP-R clinical cutoff reported significantly higher morphine liking and 

desire to take morphine again, significantly more feeling sedated and less feeling bad after 

morphine, and experienced significantly larger morphine-induced reductions in the sensory 

component of their chronic back pain relative to patients below the SOAPP-R clinical 

cutoff. A nonsignificant trend (p<.10) for greater morphine-induced reductions in thermal 

evoked pain responsiveness (MPQ-Sensory) was also noted. To evaluate the likelihood that 

these clinically-relevant differences would replicate in a new sample, follow-up 

bootstrapped t-tests were conducted. Results of these analyses confirmed the findings above, 

with significant differences (p's<.05) observed for: morphine liking (95% CI = −26.956 – 

−2.061), desire to take morphine again (95% CI = −46.247 – −15.605), feeling sedated (95% 

CI = −39.178 – −4.149), feeling bad (95% CI = 4.077 – 39.761), and morphine-induced 

changes in sensory chronic pain intensity (95% CI = 0.449 – 8.434). When these five 

significant morphine effect outcomes were entered jointly as predictors of SOAPP-R clinical 

cutoff status in a logistic regression, only the effect for desire to take morphine again 

remained a significant predictor (B = 0.08, SE = 0.03, p<.01), suggesting that this subjective 

reinforcing response to morphine has a particularly dominant association with clinically-

elevated SOAPP-R scores. The full model classified 84.9% of patients correctly in terms of 

SOAPP-R clinical cutoff status.

DISCUSSION

As the role of opioid analgesics in chronic pain management has increased, the number of 

pain patients affected by problems with opioid misuse has also grown11,12,18,39. In the 

clinical setting, opioid risk mitigation efforts often use the SOAPP-R and similar measures 

to target individuals at increased risk of opioid misuse25. While the SOAPP-R empirically 

predicts behavioral indicators of opioid misuse, mechanisms underlying its’ predictive utility 

are unknown. Improved understanding of why instruments such as the SOAPP-R predict 

opioid risk may help enhance ability to predict and better mitigate this risk. The current 

study examined whether SOAPP-R scores are associated with differential responsiveness to 

opioids, specifically greater reinforcing effects of opioids, thus providing one potential 

pathway by which the SOAPP-R might be linked to elevated opioid risk. We hypothesized 

that chronic pain sufferers with higher SOAPP-R scores would report greater overall 

morphine effects, greater morphine liking and desire to take morphine again, more positive 

and fewer negative subjective morphine effects, and greater analgesia.

Results provided support for the hypothesized reinforcement model. Individuals with higher 

SOAPP-R scores reported greater desire to take morphine again, described less feeling down 

and feeling bad after receiving morphine, and experienced greater reductions in clinical back 

pain intensity with morphine than did individuals with lower SOAPP-R scores. Positive 

results across drug taking attitudes, subjective effects, and analgesia after receiving 

morphine are consistent with a reinforcement model in which the SOAPP-R may predict risk 

of opioid misuse in part via associations with individual differences in opioid 

responsiveness. Future SOAPP-R studies incorporating both objective opioid misuse 

markers (e.g., toxicology results, aberrant drug behaviors) and controlled assessment of 

subjective and pain-related opioid analgesic responses could permit direct testing of the 

reinforcement model (i.e., mediation tests). It may be relevant to consider the current results 
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within the allostatic model of addiction, which proposes that in chronic opioid users, 

dysregulation in affective homeostatic processes marked by decreased sensitivity to reward 

contributes to addiction19,38. The current results suggest that in individuals not chronically 

using opioids, those at greatest risk for opioid misuse may exhibit elevated sensitivity to 

positive reinforcement. Whether the current findings are informative regarding patterns of 

reward sensitivity with chronic opioid exposure remains to be evaluated.

Another issue addressed by this study was possible differences in results as a function of the 

two largest, and very different, content domains of the SOAPP-R: medication-specific and 

negative affect-related. Contrary to expectations based on past literature indicating that 

negative affect is a predictor of opioid analgesic responses17, 21,33,43, analyses examining 

both content domains jointly suggested that the medication-specific items played a 

somewhat larger role in observed predictive effects regarding analgesic outcomes than did 

negative affect-related items. Interestingly, associations between the medication-specific 

subscale and both evoked and chronic pain intensity in the absence of morphine were larger 

in magnitude than for comparable associations with the negative affect-related subscale. 

Consistency of the observed associations between SOAPP-R scores and both acute and 

chronic pain responses in the absence of morphine with findings of Edwards and 

colleagues16 supports the idea that the SOAPP-R may to some degree tap into individual 

differences in pain modulatory systems. Alternatively, results might be considered in the 

context of opioid pseudoaddiction, a concept which proposes that many behaviors 

commonly interpreted as indicating opioid misuse (e.g., unapproved dose escalations) are 

instead simply a reflection of poorly managed pain35,45. Findings that higher SOAPP-R 

scores are linked to greater chronic pain intensity are as would be expected if 

pseudoaddiction accounted for some of the presumed opioid risk assessed by the SOAPP-R . 

Whether SOAPP-R scores are a general marker for elevated pain responsiveness or a more 

specific marker for pain modulatory system differences with implications for opioid 

pharmacotherapy and its’ associated risks remains to be elucidated.

In addition to analyses using the SOAPP-R as a continuous measure, we also examined 

morphine response differences across individuals scoring below versus above the 

recommended empirically-derived clinical cutoff for identifying opioid risk in chronic pain 

patients9,10. Individuals scoring 18 or higher on the SOAPP-R reported both greater desire 

to take morphine again and greater reductions in sensory chronic pain intensity relative to 

those scoring below the clinical cutoff. In addition, unlike findings with continuous SOAPP-

R scores, individuals exceeding the clinical SOAPP-R cutoff also reported significantly 

greater drug liking with morphine. Of particular note was the fact that exceeding the 

SOAPP-R clinical cutoff was associated with a large effect size14 (d=1.24 standard 

deviations) in terms of impact on desire to take morphine again as rated shortly after 

receiving the drug. The current findings provide additional support for the validity of this 

clinical cutoff. These findings are likely to replicate in a new sample given their 

confirmation in bootstrapped analyses.

The concept of personalized pain medicine has been proposed in which information known 

about individual patients prior to initiating opioid therapy might be used to predict and guide 

therapy to optimize opioid risks versus benefits2. In this context, the SOAPP-R is already 

Bruehl et al. Page 10

J Pain. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



used clinically for prediction of opioid risks. The current findings indicate that it may also 

be useful for predicting negative subjective opioid effects (e.g., feeling bad) that could serve 

as a barrier to successful opioid treatment, as well as enhanced analgesia. However, results 

of the current study also suggest the clinically challenging, yet intuitively obvious idea that 

chronic pain patients for whom opioid analgesics provide the greatest pain relief may also be 

those at greatest risk of opioid misuse. Indeed both heightened analgesia and greater risk of 

opioid misuse may be driven in part by common underlying differences in opioid receptors 

that result in different opioid response phenotypes. For example, the A118G single 

nucleotide polymorphism of the mu opioid receptor gene (OPRM1) has been shown to be 

associated with differences in both opioid analgesic responsiveness41 and opioid abuse 

risk28,37.

It is interesting to note that two behavioral interventions designed to improve opioid 

compliance and reduce opioid misuse in chronic pain patients both successfully reduced 

desire for opioids20,44. Such findings suggest that even if elevated risk for opioid misuse is 

linked to biologically-driven differences in opioid responses, it may be possible nonetheless 

to modify these responses to reduce risk. In the setting of an effective intervention to reduce 

opioid misuse, the heightened opioid analgesia noted in individuals at increased risk of 

opioid misuse in the current study (i.e., clinically elevated SOAPP-R scores) may actually 

prove advantageous to successful pain management (e.g., permit lower opioid doses).

Several limitations of the current study should be noted. First, factor analytic support for the 

rationally-derived SOAPP-R subscales used in this study would be desirable. Next, despite 

several significant associations identified, some subjective reinforcing effects of opioids 

(feeling high, feeling elated) were not linked to SOAPP-R scores as expected. For these 

outcomes, effects sizes were r = 0.02 – 0.10, suggesting that absence of these associations 

was not simply a reflection of inadequate statistical power. We also note that adjustment for 

inflated Type I error using the highly conservative Bonferroni correction would have 

resulted in only 5 of the 12 significant correlations in Table 3 remaining significant. The 

current findings should therefore be interpreted cautiously until replicated. Another potential 

limitation is the possible impact of current as-needed opioid use (versus no current opioid 

use) on results. Re-analyses excluding the 7 subjects who reported as-needed opioid use did 

not appreciably alter results, suggesting that test-taking response biases related to recent 

opioid use were not a significant confound. A final interpretive limitation relates to the 

nature of the sample, which was comprised largely of relatively high functioning individuals 

with moderate intensity daily low back pain, and which excluded individuals using daily 

opioids for safety reasons (related to use of naloxone in the larger study). Given these 

sample characteristics, it is unknown whether the current findings would be similar in 

patients using opioids daily or in a sample of individuals with greater chronic pain severity 

and dysfunction like those more common in tertiary care pain management centers,. Future 

work should seek to replicate the current findings in the context of chronic opioid dosing 

and its analgesic effects on daily chronic pain in a more typical pain management 

population.

In summary, the current study found evidence suggesting that patient responses on the 

SOAPP-R, a clinical screening instrument for opioid risk in chronic pain patients, tap into 
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individual differences in subjective and analgesic responses to opioids. These opioid 

response differences may result in opioid use being more reinforcing for high SOAPP-R 

scorers, thereby contributing to the elevated risk of opioid misuse noted in these individuals. 

These findings and indications that the medication-specific content on the SOAPP-R may be 

somewhat more important for predicting opioid responses could prove useful in optimizing 

future opioid risk mitigation and personalized pain medicine protocols.

Acknowledgments

This research was supported by NIH Grant R01-DA031726 and CTSA award UL1TR000445 from the National 
Center for Advancing Translational Sciences. Contents of this work are solely the responsibility of the authors and 
do not necessarily represent official views of the National Center for Advancing Translational Sciences or the 
National Institutes of Health. Dr. Passik is currently a full time employee of Millenium Health.

References

1. Berkowitz BA, Ngai SH, Hempstead J, Spector S. Disposition of naloxone: use of a new 
radioimmunoassay. J Pharmacol Exp Ther. 1975; 195:499–504. [PubMed: 1195133] 

2. Bruehl S, Apkarian AV, Ballantyne JC, Berger A, Borsook D, Chen WG, Farrar JT, 
Haythornthwaite JA, Horn SD, Iadarola MJ, Inturrisi CE, Lao L, Mackey S, Mao J, Sawczuk A, Uhl 
GR, Witter J, Woolf CJ, Zubieta JK, Lin Y. Personalized medicine and opioid analgesic prescribing 
for chronic pain: opportunities and challenges. J Pain. 2013; 14:103–13. [PubMed: 23374939] 

3. Bruehl S, Burns JW, Chung OY, Chont M. Interacting effects of trait anger and acute anger arousal 
on pain: the role of endogenous opioids. Psychosom Med. 2011; 73:612–9. [PubMed: 21862829] 

4. Bruehl S, Burns JW, Chung OY, Ward P, Johnson B. Anger and pain sensitivity in chronic low back 
pain patients and pain-free controls: The role of endogenous opioids. Pain. 2002; 99:223–33. 
[PubMed: 12237200] 

5. Bruehl S, Burns JW, Gupta R, Buvanendran A, Chont M, Kinner E, Schuster E, Passik S, France 
CR. Endogenous opioid function mediates the association between laboratory-evoked pain 
sensitivity and morphine analgesic responses. Pain. 2013; 154:1856–64. [PubMed: 23748117] 

6. Bruehl S, Burns JW, Gupta R, Buvanendran A, Chont M, Schuster E, France CR. Endogenous 
opioid inhibition of chronic low-back pain influences degree of back pain relief after morphine 
administration. Reg Anesth Pain Med. 2014; 39:120–5. [PubMed: 24553304] 

7. Bruehl S, Chung OY. Parental history of chronic pain may be associated with impairments in 
endogenous opioid analgesic systems. Pain. 2006; 124:287–94. [PubMed: 16725261] 

8. Bruehl S, Dengler-Crish CM, Smith CA, Walker LS. Hypoalgesia related to elevated resting blood 
pressure is absent in adolescents and young adults with a history of functional abdominal pain. Pain. 
2010; 149:57–63. [PubMed: 20122805] 

9. Butler SF, Budman SH, Fernandez KC, Fanciullo GJ, Jamison RN. Cross-Validation of a Screener 
to Predict Opioid Misuse in Chronic Pain Patients (SOAPP-R). J Addict Med. 2009; 3:66–73. 
[PubMed: 20161199] 

10. Butler SF, Fernandez K, Benoit C, Budman SH, Jamison RN. Validation of the revised Screener 
and Opioid Assessment for Patients with Pain (SOAPP-R). J Pain. 2008; 9:360–72. [PubMed: 
18203666] 

11. Caudill-Slosberg MA, Schwartz LM, Woloshin S. Office visits and analgesic prescriptions for 
musculoskeletal pain in US: 1980 vs. 2000. Pain. 2004; 109:514–9. [PubMed: 15157714] 

12. Centers for Disease Control and Prevention (CDC). CDC grand rounds: prescription drug 
overdoses - a U.S. epidemic. MMWR Morb Mortal Wkly Rep. 2012; 61:10–3. [PubMed: 
22237030] 

13. Chung OY, Bruehl S, Diedrich L, Diedrich A, Chont M, Robertson D. Baroreflex sensitivity 
associated hypoalgesia in healthy states is altered by chronic pain. Pain. 2008; 15138:87–97. 
[PubMed: 18164819] 

Bruehl et al. Page 12

J Pain. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Cohen, J. Statistical Power Analysis for the Behavioral Sciences. 2nd Edition. Lawrence Erlbaum; 
Hillsdale, NJ: p. 75-108, 1988.

15. Comer SD, Sullivan MA, Vosburg SK, Kowalczyk WJ, Houser J. Abuse liability of oxycodone as 
a function of pain and drug use history. Drug Alcohol Depend. 2010; 109:130–8. [PubMed: 
20079977] 

16. Edwards RR, Wasan AD, Michna E, Greenbaum S, Ross E, Jamison RN. Elevated pain sensitivity 
in chronic pain patients at risk for opioid misuse. J Pain. 2011; 12:953–63. [PubMed: 21680252] 

17. Fillingim RB, Hastie BA, Ness TJ, Glover TL, Campbell CM, Staud R. Sex-related psychological 
predictors of baseline pain perception and analgesic responses to pentazocine. Biol Psychol. 2005; 
69:97–112. [PubMed: 15740828] 

18. Fleming MF, Balousek SL, Klessig CL, Mundt MP, Brown DD. Substance use disorders in a 
primary care sample receiving daily opioid therapy. J Pain. 2007; 8:573–82. [PubMed: 17499555] 

19. Garland EL, Froeliger B, Zeidan F, Partin K, Howard MO. The downward spiral of chronic pain, 
prescription opioid misuse, and addiction: cognitive, affective, and neuropsychopharmacologic 
pathways. Neurosci Biobehav Rev. 2013; 37:2597–2607. [PubMed: 23988582] 

20. Garland EL, Manusov EG, Froeliger B, Kelly A, Williams JM, Howard MO. Mindfulness-oriented 
recovery enhancement for chronic pain and prescription opioid misuse: results from an early-stage 
randomized controlled trial. J Consult Clin Psychol. 2014; 82:448–59. [PubMed: 24491075] 

21. Geha H, Nimeskern N, Beziat JL. Patient-controlled analgesia in orthognathic surgery: evaluation 
of the relationship to anxiety and anxiolytics. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2009; 108:e33–36. [PubMed: 19716489] 

22. Griffiths RR, Bigelow GE, Ator NA. Principles of initial experimental drug abuse liability 
assessment in humans. Drug Alcohol Depend. 2003; 70:S41–54. [PubMed: 12759196] 

23. Gupta RK, Bruehl S, Burns JW, Buvanendran A, Chont M, Schuster E, France CR. Relationship 
between endogenous opioid function and opioid analgesic adverse effects. Reg Anesth Pain Med. 
2014; 39:219–24. [PubMed: 24682081] 

24. Jamison RN, Butler SF, Budman SH, Edwards RR, Wasan AD. Gender differences in risk factors 
for aberrant prescription opioid use. J Pain. 2010; 11:312–20. [PubMed: 19944648] 

25. Jamison RN, Ross EL, Michna E, Chen LQ, Holcomb C, Wasan AD. Substance misuse treatment 
for high-risk chronic pain patients on opioid therapy: a randomized trial. Pain. 2010; 150:390–400. 
[PubMed: 20334973] 

26. Jones T, Moore T, Levy JL, Daffron S, Browder JH, Allen L, Passik SD. A comparison of various 
risk screening methods in predicting discharge from opioid treatment. Clin J Pain. 2012; 28:93–
100. [PubMed: 21750461] 

27. Katz JL, Goldberg SR. Preclinical assessment of abuse liability of drugs. Agents Actions. 1988; 
23:18–26. [PubMed: 3281421] 

28. Kumar D, Chakraborty J, Das S. Epistatic effects between variants of kappa-opioid receptor gene 
and A118G of mu-opioid receptor gene increase susceptibility to addiction in Indian population. 
Prog Neuropsychopharmacol Biol Psychiatry. 2012; 36:225–30. [PubMed: 22138325] 

29. Martel MO, Dolman AJ, Edwards RR, Jamison RN, Wasan AD. The association between negative 
affect and prescription opioid misuse in patients with chronic pain: the mediating role of opioid 
craving. J Pain. 2014; 15:90–100. [PubMed: 24295876] 

30. Maurset A, Skoglund LA, Hustveit O, Klepstad P, Oye I. A new version of the ischemic tourniquet 
pain test. Methods Find Exp Clin Pharmacol. 1991; 13:643–647. [PubMed: 1817489] 

31. Melzack R. The short form of the McGill Pain Questionnaire. Pain. 1987; 30:191–7. [PubMed: 
3670870] 

32. Moore TM, Jones T, Browder JH, Daffron S, Passik SD. A comparison of common screening 
methods for predicting aberrant drug-related behavior among patients receiving opioids for 
chronic pain management. Pain Med. 2009; 10:1426–33. [PubMed: 20021601] 

33. Pan PH, Coghill R, Houle TT, Seid MH, Lindel WM, Parker RL, Washburn SA, Harris L, 
Eisenach JC. Multifactorial preoperative predictors for postcesarean section pain and analgesic 
requirement. Anesthesiology. 2006; 104:417–425. [PubMed: 16508387] 

34. Passik SD, Narayana A, Yang R. Aberrant drug-related behavior observed during a 12-week open-
label extension period of a study involving patients taking chronic opioid therapy for persistent 

Bruehl et al. Page 13

J Pain. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



pain and fentanyl buccal tablet or traditional short-acting opioid for breakthrough pain. Pain Med. 
2014; 15:1365–72. [PubMed: 24666664] 

35. Passik SD, Kirsh KL, Webster L. Pseudoaddiction revisited: a commentary on clinical and 
historical considerations. Pain Manag. 2011; 1:239–248. [PubMed: 24646390] 

36. Passik SD, Messina J, Golsorkhi A, Xie F. Aberrant drug-related behavior observed during clinical 
studies involving patients taking chronic opioid therapy for persistent pain and fentanyl buccal 
tablet for breakthrough pain. J Pain Symptom Manage. 2011; 41:116–125. [PubMed: 20580202] 

37. Shi J, Hui L, Xu Y, Wang F, Huang W, Hu G. Sequence variations in the mu-opioid receptor gene 
(OPRM1) associated with human addiction to heroin. Hum Mutat. 2002; 19:459–60. [PubMed: 
11933204] 

38. Shurman J, Koob GF, Gutstein HB. Opioids, pain, the brain, and hyperkatifeia: a framework for 
the rational use of opioids for pain. Pain Med. 2010; 11:1092–1098. [PubMed: 20545871] 

39. Sullivan MD, Edlund MJ, Fan MY, Devries A, Brennan Braden J, Martin BC. Risks for possible 
and probable opioid misuse among recipients of chronic opioid therapy in commercial and 
medicaid insurance plans: The TROUP Study. Pain. 2010; 150:332–9. [PubMed: 20554392] 

40. Walsh SL, Nuzzo PA, Lofwall MR, Holtman JR Jr. The relative abuse liability of oral oxycodone, 
hydrocodone and hydromorphone assessed in prescription opioid abusers. Drug Alcohol Depend. 
2008; 98:191–202. [PubMed: 18606504] 

41. Walter C, Doehring A, Oertel BG, Lötsch J. μ-opioid receptor gene variant OPRM1 118 A>G: a 
summary of its molecular and clinical consequences for pain. Pharmacogenomics. 2013; 14:1915–
25. [PubMed: 24236490] 

42. Wasan AD, Butler SF, Budman SH, Benoit C, Fernandez K, Jamison RN. Psychiatric history and 
psychologic adjustment as risk factors for aberrant drug-related behavior among patients with 
chronic pain. Clin J Pain. 2007; 23:307–15. [PubMed: 17449991] 

43. Wasan AD, Davar G, Jamison R. The association between negative affect and opioid analgesia in 
patients with discogenic low back pain. Pain. 2005; 117:450–61. [PubMed: 16154274] 

44. Wasan AD, Ross EL, Michna E, Chibnik L, Greenfield SF, Weiss RD, Jamison RN. Craving of 
prescription opioids in patients with chronic pain: a longitudinal outcomes trial. J Pain. 2012; 
13:146–54. [PubMed: 22245713] 

45. Weissman DE, Haddox JD. Opioid pseudoaddiction--an iatrogenic syndrome. Pain. 1989; 36:363–
366. [PubMed: 2710565] 

46. Wightman R, Perrone J, Portelli I, Nelson L. Likeability and abuse liability of commonly 
prescribed opioids. J Med Toxicol. 2012; 8:335–40. [PubMed: 22992943] 

47. Zacny JP. A possible link between sensation-seeking status and positive subjective effects of 
oxycodone in healthy volunteers. Pharmacol Biochem Behav. 2010; 95:113–20. [PubMed: 
20045020] 

48. Zacny JP, Gutierrez S. Within-subject comparison of the psychopharmacological profiles of oral 
hydrocodone and oxycodone combination products in non-drug-abusing volunteers. Drug Alcohol 
Depend. 2009; 101:107–14. [PubMed: 19118954] 

49. Zacny JP, Gutierrez S, Bolbolan SA. Profiling the subjective, psychomotor, and physiological 
effects of a hydrocodone/acetaminophen product in recreational drug users. Drug Alcohol Depend. 
2005; 78:243–52. [PubMed: 15893155] 

50. Zacny JP, Lichtor SA. Within-subject comparison of the psychopharmacological profiles of oral 
oxycodone and oral morphine in non-drug-abusing volunteers. Psychopharmacology (Berl). 2008; 
196:105–16. [PubMed: 17899018] 

Bruehl et al. Page 14

J Pain. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PERSPECTIVE

Based on placebo-controlled morphine responses, associations were observed between 

higher scores on a common opioid risk screener (SOAPP-R) and greater desire to take 

morphine again, fewer negative subjective morphine effects, and greater analgesia. 

Opioids may provide the best analgesia in those patients at greatest risk of opioid misuse.
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Highlights

• Elevated risk for opioid misuse as indexed by a common opioid risk screening 

instrument (SOAPP-R) was associated with experience of greater positive and 

less negative subjective effects following morphine administration and greater 

morphine analgesic effects on low back pain.

• SOAPP-R content assessing medication-specific attitudes and behavior was 

somewhat more predictive of opioid responses than negative affect-related 

content.

• Opioids may provide the best analgesia for chronic pain in those at greatest risk 

of opioid misuse, a finding with implications for personalized pain medicine.
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Table 1

Mean SOAPP-R scores, pain, and subjective morphine response outcomes.

Measure Mean ± SD

SOAPP-R Total 13.7±11.49

DELTA Drug Effect 2.9±1.00

DELTA Drug Liking 57.7±21.82

DELTA Take Again 63.1±25.02

VAS Feeling High 41.2±29.16

VAS Feeling Sedated 48.3±31.20

VAS Feeling Elated 37.1±29.09

VAS Feeling Down 9.5±20.96

VAS Feeling Anxious 10.7±18.54

VAS Feeling Good 53.7±30.43

VAS Feeling Bad 15.0±27.63

Placebo Acute Ischemic Pain –

    MPQ-Sensory 10.9±7.81

    MPQ-Affective 1.8±2.63

    Tolerance (sec) 294.6±172.15

Placebo Acute Thermal Pain –

    MPQ-Sensory 8.1±6.45

    MPQ-Affective 1.1±2.15

    Tolerance (deg C) 47.5±1.69

Morphine Effect on Acute Ischemic Pain –

    MPQ-Sensory −1.7±5.99

    MPQ-Affective −0.7±1.99

    Tolerance (sec) 38.84±126.56

Morphine Effect on Acute Thermal Pain –

    MPQ-Sensory −1.1±5.06

    MPQ-Affective −0.2±1.83

    Tolerance (deg C) 0.2±0.95

Baseline Chronic Pain Intensity –

    MPQ-Sensory 6.3±6.06

    MPQ-Affective 1.0±1.85

Morphine Effect on Chronic Pain –

    MPQ-Sensory −1.7±5.05

    MPQ-Affective −0.1±1.70

Note: DELTA and VAS values are presented for the morphine condition. For DELTA Drug Liking and Take Again, a value of 50 indicates a 
neutral response, with values greater than 50 indicating a positive response and values under 50 indicating a negative response. Negative values for 
morphine effects on acute and chronic pain ratings indicate reductions in pain with morphine relative to comparable placebo condition values. 
Positive values for morphine effects on acute pain tolerance indicate increased pain tolerance with morphine relative to placebo. Baseline chronic 
pain intensity values reflect the mean of the pre-drug values across the placebo and morphine laboratory sessions.
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Table 2

Pearson correlations (r) between SOAPP-R scores and both acute and chronic pain outcomes in the absence of 

morphine.

SOAPP-R Score

Acute and Chronic Pain Intensity Outcomes Total Score Medication-Specific Negative Affect-Related

Placebo Acute Ischemic Pain –

    MPQ-Sensory
0.41

**
0.41

**
0.33

*

    MPQ-Affective 0.17 0.20 0.13

    Tolerance −0.06 −0.11 −0.03

Placebo Acute Thermal Pain –

    MPQ-Sensory
0.44

**
0.43

**
0.40

**

    MPQ-Affective
0.29

*
0.32

* 0.25

    Tolerance 0.07 −0.01 0.09

Baseline Chronic Pain Intensity–

    MPQ-Sensory
0.44

***
0.46

***
0.41

**

    MPQ-Affective
0.57

***
0.61

***
0.52

***

*
p<.05

**
p<.01

***
p<.001
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Table 3

Correlations (r) between SOAPP-R scores and morphine response outcomes.

SOAPP-R Score

Morphine Response Outcomes Total Score Medication-Specific Negative Affect-Related

DELTA Drug Effect −0.19 −0.22 −0.08

DELTA Drug Liking 0.05 0.04 0.09

DELTA Take Again
0.29

*
0.24

†
0.37

**

VAS Feeling High −0.02 −0.01 −0.01

VAS Feeling Sedated
0.23

† 0.14
0.29

*

VAS Feeling Elated 0.10 0.13 0.11

VAS Feeling Down
−0.28

*
−0.41

** −0.11

VAS Feeling Anxious −0.20
−0.30

* −0.07

VAS Feeling Good 0.19
0.26

† 0.15

VAS Feeling Bad
−0.40

**
−0.45

***
−0.31

*

Morphine Effect on Acute Ischemic Pain -

    MPQ-Sensory 0.03 0.06 −0.02

    MPQ-Affective 0.04 0.09 0.02

    Tolerance 0.10 0.15 0.00

Morphine Effect on Acute Thermal Pain -

    MPQ-Sensory 0.11 0.18 0.01

    MPQ-Affective 0.14 0.17 0.09

    Tolerance −0.10 −0.07 −0.13

Morphine Effect on Chronic Pain -

    MPQ-Sensory
−0.40

**
−0.43

***
−0.34

*

    MPQ-Affective −0.13 −0.09 −0.22

Note: DELTA, VAS opioid effects, and pain morphine response outcomes all reflect differences between morphine and placebo condition 
responses.

†
p<.10

*
p<.05

**
p<.01

***
p<.001
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Table 4

Morphine response outcomes by SOAPP-R clinical cutoff status.

Clinical Cutoff Status

Morphine Response Outcomes SOAPP-R <18 (n=41) SOAPP-R ≥ 18 (n=14)

DELTA Drug Effect 1.4±1.10 1.4±1.34

DELTA Drug Liking 3.8±23.87
19.3±20.53

*

DELTA Take Again 3.4±23.88
35.9±26.79

***

VAS Feeling High 34.0±32.04 40.1±34.25

VAS Feeling Sedated 22.9±32.42
45.0±29.42

*

VAS Feeling Elated 14.9±31.63 27.0±33.31

VAS Feeling Down 4.8±16.90 −5.2±27.80

VAS Feeling Anxious 7.1±19.72 1.0±29.32

VAS Feeling Good 7.0±31.79 23.1±32.16

VAS Feeling Bad 8.6±27.33
−11.4±32.07

*

Morphine Effect on Acute Ischemic Pain -

    MPQ-Sensory −1.4±6.00 −2.7±6.06

    MPQ-Affective −0.6±1.84 −1.1±2.38

    Tolerance 27.3±111.97 70.3±160.17

Morphine Effect on Acute Thermal Pain -

    MPQ-Sensory −0.4±4.69
−3.1±5.71

†

    MPQ-Affective 0.0±1.17 −0.9±3.01

    Tolerance 0.3±1.00 0.0±0.76

Morphine Effect on Chronic Pain -

    MPQ-Sensory −0.7±3.75
−4.8±7.05

**

    MPQ-Affective 0.2±1.75 −0.6±1.45

Note: Clinical cutoff of 18 or higher on the SOAPP-R for identifying increased opioid risk in chronic pain patients is based on recommendations of 

Butler et al.9,10. DELTA, VAS opioid effects, and pain morphine response outcomes all reflect differences between morphine and placebo 
condition responses.

†
p<.10

*
p<.05

**
p<.01

***
p<.001
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