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Abstract

Genetic polymorphisms have been shown to affect opioid requirement for pain relief. However, 

true genetic effect is often difficult to assess due to underlying pain conditions and placebo effects. 

The goal of this study was to understand how common polymorphisms affect opioid effects while 

controlling for these factors. A randomized, double-blind, placebo-controlled study was 

implemented to assess how opioid effects are modulated by COMT (rs6269, rs4633, rs4848, 

rs4680), OPRM1 (A118G) and OPRK1 (rs1051660, rs702764, rs16918875). 108 healthy subjects 

underwent experimental pain testing before and after morphine, butorphanol, and placebo (saline). 

Association analysis was performed between polymorphisms/haplotypes and opioid response, 

while correcting for race, gender, placebo effects and multiple comparisons. Pressure pain was 

significantly associated with rs6269 and rs4633 following butorphanol. The AA genotype of 

rs4680 or A_T_C_A/ A_T_C_A (rs6269_rs4633_ rs4818_rs4680) diplotype of COMT, combined 

with the AG genotype of OPRM1 A118G, showed significantly increased pressure pain threshold 

from butorphanol. Opioid effects on pressure, ischemic, heat pain and side effects were nominally 

associated with several SNPs and haplotypes. Effects were often present in one opioid but not the 

other. This indicates that these polymorphisms affect pain relief from opioids, and that their effects 

are opioid and pain modality specific.
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Introduction:

Opioids are commonly used for not only surgical, but for non-surgical and often for chronic 

pain management. To date, there are over 30 opioids marketed worldwide for such purposes. 

Notably, there is tremendous inter-individual variation in response to opioid analgesia. For 

example, the morphine usage to achieve effective analgesia can vary five to tenfold for 

postoperative pain(1, 2). With such a wide interpersonal variability, the current practice of 

trial and error in opioid analgesia can result in insufficient analgesia, intolerable side 

effects(3), and prolonged patient suffering.

Variability in opioid analgesic requirement is thought to be, at least partially, secondary to 

genetic factors. Human genetic variants have been shown to affect pain perception and 

development(4–7). For opioid response, twin studies have suggested that genetic effects are 

responsible for 12–60% of variability(8). A recent genome-wide association study has 

identified a locus upstream of OPRM1 that increased oral methadone requirements for 

treating drug dependence in African Americans(9). Multiple candidate gene studies have 

also suggested that several genes involved in both the pharmacokinetics and 

pharmacodynamics of opioids can affect opioid response(10).

Two candidate genes, COMT and OPRM1, are widely studied in pain and opioid 

consumption. This is due to their presumed influences on both endogenous and exogenous 

analgesic responses(11). Despite the precedence of multiple studies exploring how 

polymorphism in COMT and OPRM1 can affect opioid requirement, it has been difficult to 

tease out whether these variants related to altered opioid responses based on the underlying 

pain conditions, affected the pharmacodynamics/kinetics of opioids, or even changed the 

placebo effect from opioid intake. This is because previous studies evaluated opioid 

requirement mostly in the setting of existing painful conditions(11). Placebo effects were 

also not corrected in most previous studies. It has been shown recently that the COMT 
Val158Met and OPRM1 A118G variants are powerful predictors of placebo analgesia(12). It 

is therefore possible that at least some of the effects observed by previous studies may 

reflect the influence of these genetic variants on placebo responses.

The goal of this study was to better understand how genetic variants can affect opioid 

response in a controlled manner. Non-specific effects, including the placebo effect, were 

corrected by using a randomized, double-blind, placebo-controlled study design. Healthy 

individuals without baseline pain conditions were recruited. This study also adopted 

experimental pain measurement as a more standardized readout for opioid effect. To evaluate 

if pharmacogenomic response is specific to one type of opioid, both morphine and 

butorphanol were tested. Both morphine and butorphanol exhibit binding at the μ- and κ-

opioid receptors with varying efficacies(13). Morphine displays high efficacy at the μ-opioid 

receptor and low efficacy at the κ-opioid receptor(14), whereas butorphanol exhibits weak 

efficacy at both(15). OPRM1, OPRK1 and COMT were chosen as candidate genes given 

that OPRM1 encodes the μ-opioid receptor, OPRK1 encodes the κ-opioid receptor, and 

COMT encodes an important enzyme that contributes to pathways affecting dopaminergic, 

adrenergic, noradrenergic, and serotonin neurotransmission, and has been associated with 

morphine analgesia(16).
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Material and Methods:

Detailed method has been published elsewhere(17–19). Study protocol is briefly mentioned 

below.

Study subjects:

Subjects were recruited through posted advertisements approved by local Institutional 

Review Board (IRB). This study recruited only healthy nonsmoking individuals between the 

ages of 18 and 45 without clinical pain, psychiatric disturbance, substance use disorder, or 

use of centrally acting medications assessed by a health history questionnaire. Participants 

with missing gender, age, race were excluded from the analysis. Participants with greater 

than 10% missing genotype were also excluded. After exclusion criteria were applied, 108 

healthy participants were included in the analysis.

General Experimental Procedures

The pre-drug sensory testing protocol included thermal pain, pressure pain, and ischemic 

pain measures. Following pre-drug sensory testing, a 15-minute rest period was observed 

followed by the double-blind IV administration of 0.08 mg/kg of morphine, 0.016 mg/kg 

butorphanol, or saline over 5 minutes. These doses approximate a low–to-moderate clinical 

dose with estimated equianalgesia(20). Fifteen minutes following drug administration post-

drug sensory testing was repeated in a manner identical to the pre-drug testing. A time line 

of the experimental session is presented in Figure 1.

Pain Testing Procedures

Pressure Pain Threshold—Pressure pain threshold (PPT) was assessed with a handheld 

algometer (Pain Diagnostics and Therapeutics, Great Neck, NY, USA). Three sites were 

used to assess PPTs on the right side of the body: the center of the upper trapezius (posterior 

to the clavicle), the upper masseter (approximately midway between the ear opening and the 

corner of the mouth), and the ulna (dorsal forearm, approximately 8 cm distal to the elbow). 

The average of the three assessments for each site was calculated and used in subsequent 

analysis.

Thermal Pain—The thermal procedure involved assessment of heat pain threshold 

(HPTh), and heat pain tolerance (HPTo). Contact heat stimuli were delivered using a 

computer-controlled Medoc Thermal Sensory Analyzer. From a baseline of 32°C, probe 

temperature increased at a rate of 0.5°C/sec until the subject responded by pressing a button 

to indicate when they first felt pain (HPTh) and when they were no longer able to tolerate 

the pain (HPTo). For each measure, the average of all four trials was computed for use in 

subsequent analyses.

Ischemic Pain

Modified Submaximal Tourniquet Procedure: The right arm was exsanguinated by 

elevating it above heart level for 30 seconds, after which, the blood flow to the arm was 

occluded with a standard blood pressure cuff positioned proximal to the elbow and inflated 

to 240 mm Hg. Subjects performed 20 handgrip exercises of 2-second duration at 4-second 
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intervals at 50% of their maximum grip strength. Subjects were instructed to report when 

they first felt pain (ischemic pain threshold), then to continue until the pain became 

intolerable (ischemic pain tolerance).

Side Effects—To assess side effects in response to morphine and butorphanol, subjects 

completed the Somatic Side Effects Questionnaire (SSE) and Cognitive and Affective Side 

Effects Questionnaire (CASE) 60 to 70 minutes after the administration of each opioid(21). 

For the purpose of analysis, SSE symptoms were collapsed into 7 symptom dimensions and 

CASE symptoms were collapsed into 6 symptom dimensions as determined by previous 

confirmatory factor analysis(22). A score of 3 (on a scale of 1 to 5) and above was defined 

as having significant side effect in that particular dimension.

Genotyping—Whole blood was collected by venipuncture from study participants who 

provided consent for genotyping. Genomic DNA was purified from leukocytes utilizing 

Qiagen PureGene Extraction Kits (Germantown, MD, USA). All individuals were genotyped 

using the Algynomics (Chapel Hill, NC) Pain Research Panel, a dedicated chip-based 

platform manufactured by Illumina. Eight SNPs within three genes were analyzed in this 

study: OPRM1 (rs1799971, or A118G), OPRK1 (rs1051660, rs702764 and rs16918875) and 

COMT (rs4633, rs6269, rs4818 and rs4680).

Data Analysis—The drug effect for each pain measure was determined by a change score 

calculated as the difference between the pre-drug value and the post-drug value. Thus, 

subjects had three separate change scores (morphine, saline, and butorphanol) for each 

experimental pain variable.

Associations between pain change score from opioids and each individual SNP were tested 

with PLINK(23), using the additive genetic model in linear regression, with race, gender and 

placebo response (saline change score) as covariates. Haplotype analysis of COMT was 

performed in a similar fashion. Analysis on the joint effects of COMT and OPRM1 was 

computed using a 2-tailed t-test with unequal variance. In this analysis, pain change score 

was corrected for placebo response by subtracting the pain change score from placebo. For 

side effect analysis, logistic regression was used with race and gender as covariates. A score 

of 3 and above was defined as having significant side effects in that particular side effect 

domain. Nominally significant association was set at P<0.05. Multiple testing correction was 

carried out with Bonferroni correction. Due to high linkage disequilibrium among tested 

SNPs, effective number of markers was set to the number of tested genes. Given that three 

genes were tested, the study-wide significant threshold was set to P<0.017 for SNP 

associations with opioid response and side effects. For COMT haplotype analysis, 

Bonferroni correction was used assuming four independent haplotypes. This would set 

haplotypic significant threshold at P<0.0125 after Bonferroni correction. Significant P value 

for joint effect of COMT and OPRM1 variants was set at P<0.05. The word “nominal 

association” refers to any association that has P<0.05 but does pass the multiple comparison 

P value threshold.
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Result:

Demographic characteristics

The demographic characteristics of included subjects are presented in Table 1. The average 

age was 23.14 years old. Male to female ratio was about 1:1. Race was predominantly non-

Hispanic white (87%), with an average body mass index of 24.39.

Genetic associations—The association results are listed in Table 2. rs6269 and rs4633 of 

COMT were found to be significantly associated altered pressure pain response following 

butorphanol. COMT rs4680, OPRM1 A118G(rs1799971), OPRK1 rs702764 and rs1051660 

were nominally associated with different pain modalities and opioids. The AA genotype or 

A_T_C_A/ A_T_C_A (rs6269_rs4633_ rs4818_rs4680) diplotype of COMT rs4680, 

combined with the AG genotype of OPRM1 A118G, showed significantly increased 

pressure pain threshold from butorphanol. We detail the findings below.

COMT SNPs are associated with altered pressure pain threshold from 
butorphanol—The COMT gene is spanned by three major haploblocks. rs6269, rs4633, 

rs4818 and rs4680 (Val158Met) reside on the second haploblock(24). There are two major 

forms of COMT enzyme: membrane bound (MB-COMT) and soluble (S-COMT). rs4633, 

rs4818 and rs4680 are located within the coding region for both S - and MB-COMT(25). 

rs6269 is located in the promoter region of S-COMT (26). In this study, rs6269, rs4633 of 

the COMT gene were associated with different changes in pressure pain threshold at the ulna 

following butorphanol, at study-wide significance (P=0.014, Beta= −0.39 and P=0.015, 

Beta= 0.37, respectively). COMT rs4818 was nominally associated with less change in 

pressure pain threshold at the ulna following butorphanol (P=0.025, Beta=−0.35). The 

pharmacogenomic effect of COMT polymorphism on changes in pressure pain threshold 

from each opioid is demonstrated in Figure 2. The trend is similar at the trapezius and with 

morphine, but associations were not statistically significant. For pressure pain assessed at the 

ulna, individuals with the GG genotype of rs6269 showed minimal butorphanol analgesia 

change compared to the AA or GA genotypes. Also, the CC (major allele) genotype of 

rs4633 was associated with much lower butorphanol analgesia. These associations were not 

present with morphine or for other pain modalities.

COMT Val158Met and rs6269 are associated with changes in ischemic pain 
threshold from morphine—rs4680, commonly referred to as Val158Met, was nominally 

associated with smaller morphine-induced changes in ischemic pain threshold (P=0.041, 

Beta=−16.70). The AA genotype, or the methionine substitution, showed considerably lower 

analgesia compared to the GG and GA genotypes. In addition to Val158Met, rs6269 was 

also nominally associated with higher change in ischemic pain threshold from morphine 

(P=0.044, Beta=18.15). The GA and GG genotypes showed greater increases in ischemic 

pain threshold following morphine compared to the AA genotype. Details of ischemic pain 

threshold are displayed in Figure 3.

Haplotype analysis of COMT—Given the association of rs6269, rs4633, and rs4680 

with changes in response to opioids, we sought to evaluate the joint effect of these SNPs. 
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Since rs4633, rs6269, rs4680 and rs4818 reside in the same haploblock, we performed a 

haplotype analysis for pressure pain and ischemic pain threshold. Frequency of the 

haplotype is shown in Table S1. Three haplotypes made up 96.64% of the included subjects 

similar to previously reported findings(24). The results of the haplotype analysis are shown 

in Table 3. Two haplotypes were found to be nominally associated with opioid response. The 

G _C _G_G (rs6269_rs4633_ rs4818_rs4680) haplotype was nominally associated with 

lower butorphanol effects on ulna pressure pain threshold (P=0.039, Beta=−0.34, haplotype 

frequency 39.6%). The A_T_ C_A haplotype was nominally associated with lower morphine 

effects on ischemic pain threshold (P=0.042, Beta=−16.5, haplotype frequency 45.3%). 

These findings are consistent with that from individuals SNPs. The effects of these 

haplotypes are demonstrated in Figure 4.

A118G polymorphism of OPRM1 is associated with morphine effects on 
pressure pain threshold.—A nominal association was found between the minor G allele 

of A118G polymorphism (rs1799971) of OPRM1 and morphine-induced change in pressure 

pain threshold at the masseter (P=0.030, Beta=0.23). The AG genotype showed greater 

increase in pressure pain threshold in response to morphine compared to the wild type AA 

genotype. Effect of the A118G polymorphism is illustrated in Figure 5.

Joint effect of COMT and OPRM1 variants—The Val158Met variant of COMT 
(rs4680) and A118G (rs1799971) variant of OPRM1 have been observed to act in synergy to 

affect morphine requirement in patients with cancer pain(27). We sought to examine whether 

certain combinations of these genotypes are associated with opioid response in our study. 

Due to the association with minor alleles found with Val158Met and A118G, we first tested 

whether the combination of the Met/Met (AA) genotype of COMT Val158Met and AG 

genotype of A118G in OPRM1 changed the analgesic response from opioids. In subjects 

with this genotypic combination, we observed a statistically greater increase in pressure pain 

threshold at the ulna from butorphanol (P=0.016, corrected for placebo effect, compared to 

either Met/Met or AG genotype separately, 2-tailed t-test. See Supplementary Material Table 

S2 for other pain modalities). Because of the strong linkage disequilibrium between 

Val158Met and other SNPs within the COMT LD block, we also examined the A_T_C_A/ 

A_T_C_A (rs6269_rs4633_ rs4818_rs4680) diplotype that contains the AA genotype of 

Val158Met of COMT gene. We examined whether the combination of the A_T_C_A/ 

A_T_C_A diplotype and the AG genotype of A118G also affected pressure pain threshold. 

Again, we observed a greater increase in pressure pain threshold (ulna) from butorphanol in 

subjects with the A_T_C_A/A_T_C_A diplotype and the AG genotypes (P=0.009). The 

joint effects of COMT and OPRM1 variants/haplotypes are illustrated in Figure 6.

Pharmacogenomics effects of OPRK1 variants—We found that the CC genotype of 

rs702764 was nominally associated with greater butorphanol-induced increase in heat pain 

threshold (P=0.037, Beta=0.69). On the other hand, the AA genotype of rs1051660 was 

nominally associated with reduced morphine effects on heat pain tolerance (P=0.042, Beta=

−0.46). The complete results for OPRK1 and heat pain analgesia are shown in Figure 7.
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Genetic association with side effects—We sought to evaluate whether variants in 

COMT, OPRM1 and OPRK1 were associated with side effects from opioids. COMT rs4633 

and rs4680 were found to be nominally associated with the side effect of “Feeling In 

Control” from morphine (OR=1.90, P=0.028; OR=2.00, P=0.020, respectively). Subjects 

with these variants also showed a trend toward association with this side effect for 

butorphanol, but it did not reach statistical significance (OR=2.01, P=0.099; OR=2.06, 

P=0.091, respectively). Full association results of all side effects are shown in 

Supplementary Material Table S3.

Discussion:

To our knowledge, this is the first randomized, double-blind, placebo-controlled study to 

explore the pharmacogenomic effect of COMT, OPRM1 and OPRK1 variants on opioid 

responses in healthy adults. We report that variants and haplotypes have at least nominal 

association with altered opioid responses, and their effects are opioid and pain modality 

specific. Pressure pain response was found to be significantly associated with rs6269 and 

rs4633 following butorphanol. The AA genotype of rs4680 or A_T_C_A/ A_T_C_A 

(rs6269_rs4633_ rs4818_rs4680) diplotype of COMT, combined with the AG genotype of 

OPRM1 A118G, showed significantly increased pressure pain threshold from butorphanol. 

Opioid effects on pressure, ischemic, heat pain and side effects were nominally associated 

with several SNPs and haplotypes. The effects of these polymorphisms were often present in 

one opioid but not the other.

Experimental pain studies using healthy individuals provide controlled evaluations of 

pharmacogenomic effects while controlling for baseline pain variations. Earlier experimental 

pain studies exploring OPRM1 and COMT associations with opioid analgesia included only 

10 to 50 healthy subjects(28–31). Further, none of these studies corrected for placebo 

effects, which have been reported to be influenced by OPRM1 and COMT 
polymorphisms(12). OPRK1 genotype has not previously been evaluated in this fashion. Our 

present study, including 108 subjects with correction for non-specific effects by using a 

randomized-controlled design, is the largest controlled study to date.

This work showed that homozygosity for the COMT Val158Met variant (AA) was found to 

have less morphine-induced decrease in ischemic pain threshold compared to the GG and 

GA genotypes. Its corresponding diplotype, A_T_C_A/A_T_C_A, was also found to have 

with similar effects following morphine. These findings are consistent with previous studies 

that the methionine substitution at this amino acid diminishes the regional μ-opioid system 

responses to pain(16).

In a previous haplotypic study of COMT and pain sensitivity in healthy individuals, the 

G_C_ G_G (rs6269_rs4633_ rs4818_rs4680) haplotype was found to relate to low pain 

sensitivity and the A_T_C_A haplotype was correlated to average pain sensitivity(24). In 

our study, the G _C _G_G (rs6269_rs4633_ rs4818_rs4680) haplotype was nominally 

associated with lower butorphanol effects on pressure threshold, and the A_T_C_A 

haplotype was associated with lower morphine effects on ischemic pain threshold. These 

effects are consistent between haplotypes and individuals SNPs. The G_C_G_G haplotype 
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replicates the pressure pain threshold findings from butorphanol in individual SNP 

association (rs6269, rs4633, rs4818). The A_T_C_A haplotype also replicates the ischemic 

pain effect from morphine in individual SNP association (rs6269, rs4680). Our study 

suggests that these haplotypes not only affect baseline pain sensitivities, as suggested in 

previous studies, but may also affect opioid analgesic responses.

The results from this study suggest that the minor (G) allele of the OPRM1 A118G 

polymorphism is associated with increases in pressure pain threshold in response to 

morphine. This is consistent with previous findings that the G allele was associated with 

increased pressure pain threshold in healthy individuals(32). In cancer and acute pain, the 

relationship of the A118G variant with opioid consumption has been investigated with 

mixed results. Some studies have shown that this variant increases opioid consumption(33–

36), some have shown decrease in consumption(37), and some have shown no difference(38, 

39). If pressure pain threshold was positively correlated with pain suppression in cancer or 

postoperative pain, our study would support decreased consumption of opioids in these 

painful conditions.

Combined effects of COMT Val158Met and OPRM1 A118G have been explored in several 

studies with cancer pain and postoperative pain. The Val158Met variant of COMT and 

A118G variant of OPRM1 have been observed to act in synergy to affect morphine usage in 

patients with cancer pain(27). Heterozygous patients with A118G and Val158Met consumed 

significantly less morphine in the postoperative period compared to homozygous patients 

with A118G(39). In the current study, the combination of the COMT Met/Met (AA) 

genotype and AG genotype of A118G in OPRM1 were observed in relation to increases in 

pressure pain threshold following butorphanol administration. The association remained 

significant when it was expanded to the combined effect of A_T_C_A/ A_T_C_A 

(rs6269_rs4633_ rs4818_rs4680) haplotype in COMT and the AG genotype of A118G in 

OPRM1. These observations are consistent with previous observations that the Val158Met 

genotype of COMT and A118G of OPRM1 could be potentially used as joint biomarkers for 

opioid response.

The pharmacogenomic effect of OPRK1 on oxycodone was previously explored in a small 

study, but no association was found(40). In another study, OPRK1 polymorphisms was 

found to be associated with pressure pain tolerance(41). Our study suggests that variants in 

OPRK1 are nominally associated with greater opioid-induced changes in heat pain 

perception. This supports that notion that the OPRK1 gene plays a role in opioid 

responsiveness.

Side effects from medications can be a powerful predictor of addiction propensity. One such 

example is polymorphisms in alcohol aldehyde dehydrogenases resulting in flushing and 

nausea when alcohol is consumed, which in turn becomes protective against alcoholism(42). 

The COMT enzyme catalyzes the breakdown of dopamine, which plays a prominent role in 

drug reward. In this study, the minor alleles of COMT rs4633 and rs4680 were nominally 

associated with the morphine-induced side effect of “Feeling In Control”. This “Feeling In 

Control” sensation could be one of the mechanisms through which opioid addiction 

develops. Indeed, rs4680 (Val158Met) has been associated with opiate addiction(43).
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There are several limitations to this study. First, although this is the largest study of its kind, 

analysis of more participants would provide higher confidence in the current findings. 

Second, while the use of experimental pain models provides advantages, the clinical 

application of the current findings is unclear, as the directions of effects varied greatly for 

different pain modalities. Third, this is a hypothesis-driven study and other variants within 

the genome were not evaluated. Effects of other variants in the genome could confound the 

results through gene-gene interactions.

Despite these limitations, this study provides important insights into the complexity of 

opioid pharmacogenomics and validates some smaller studies in the literature. Our results 

suggest that the pharmacogenomic effects of COMT, OPRM1 and OPRK1 variants are 

specific to each experimental pain modality and opioid. This should not be surprising, as we 

have previously shown that analgesic responses are themselves modality- and drug-

specific(21). This suggests that generalization of pharmacogenomic studies using different 

measurement tools and opioids may be difficult due the specificities of these associations. 

Further studies with larger sample sizes and standardized pain measurement will be 

necessary to evaluate the genetic contributions to opioid analgesia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Time line representing the temporal structure of procedures during each experimental 

session. The boxed text represents the procedures (white) and rest breaks (gray) 

implemented during the experimental session. The numbers below the timeline reflect the 

approximate time in minutes at which experimental procedures were conducted. The 

bidirectional arrows between thermal pain and pressure pain indicate that these two 

procedures were conducted in counterbalanced order. Figure adapted from (19).
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Figure 2. 
COMT SNPs were associated with decreased response to opioids in pressure pain threshold. 

*Nominal P<0.05, **study-wide significant P<0.017. A. rs4633, rs4818, rs6269 were 

associated with decreased response to butorphanol in the ulna. B-F. There was a general 

trend in lower response to butorphanol and morphine in other body parts, but the 

associations with the COMT SNPs are were significant. Allele 1: rs4633: T, rs4818:C, 

rs6269: A, rs4680: A. Allele 2: rs4633: C, rs4818: G, rs6269:G, rs4680:G
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Figure 3. 
A. COMT SNPs were associated with increased response to morphine in ischemic pain 

threshold, but not with butorphanol (B). Allele 1: rs4633: T, rs4818:C, rs6269: A, rs4680: A. 

Allele 2: rs4633: C, rs4818: G, rs6269: G, rs4680: G. *Nominal P<0.05.
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Figure 4. 
A. COMT A_T_C_A haplotype was associated with decreased response to morphine in 

ischemic pain threshold. (B). COMT G_C_G_G haplotype was associated with decreased 

response to butorphanol in pressure pain threshold (ulna). *Nominal P<0.05.
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Figure 5. 
A118G of OPRM1 was associated with higher pressure pain threshold from morphine in the 

masseter. *Nominal P<0.05
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Figure 6. 
Joint effect of COMT and OPRM1 polymorphisms on opioid response. The Met/Met 

genotype of Val158Met combined with the AG genotype of A118G increased pressure pain 

threshold response in the ulna from butorphanol (A). The A_T_C_A (rs6269_rs4633_ 

rs4818_rs4680) haplotype of COMT combined with the AG genotype of A118G increased 

pressure pain threshold response in the ulna from butorphanol (B). *Study-wide significant 

P<0.05
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Figure 7. 
OPRK1 SNPs associated with altered heat pain tolerance and threshold from opioids. 

rs702764 of OPRK1 was associated with increased heat pain threshold to butorphanol (A). 

rs1051660 is associated with decreased heat pain tolerance from morphine (B). *Nominal 

P<0.05.
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