
Background: Postoperative pain management remains a challenge for clinicians due to 
unpredictable patient responses to opioid therapy. Some of this variability may result from single 
nucleotide polymorphisms (SNPs) of the human opioid mu-1 receptor (OPRM1) that modify receptor 
binding or signal transduction. The OPRM1 variant with the highest frequency is the A118G SNP. 
However, previous studies have produced inconsistent results regarding the clinical effects of A118G 
on opioid response. We hypothesized that measurement of serum opioid concentrations, in addition 
to determining total opioid consumption, may provide a more precise method of assessing the 
effects of A118G on analgesic response. The current study evaluated the relationship of analgesia, 
side effects, total hydrocodone consumption, quantitative serum hydrocodone and hydromorphone 
concentrations, and A118G SNP in postoperative patients following Cesarean section.

Methods: 158 women scheduled for Cesarean section were enrolled prospectively in the study. 
The patients had bupivacaine spinal anesthesia for surgery and received intrathcal morphine with 
the spinal anesthetic or parenteral morphine for the first 24 hours after surgery. Thereafter, patients 
received hydrocodone/acetaminophen for postoperative pain control. On postoperative day 3, venous 
blood samples were obtained for OPRM1 A118G genotyping and serum opioid concentrations. 

Results: 131 (82.9%) of the subjects were homozygous for the 118A allele of OPRM1 (AA) and 27 
(17.1%) carried the G allele (AG/GG). By regression analysis, pain relief was significantly associated 
with total hydrocodone dose in the AA group (P = 0.01), but not in the AG/GG group (P = 0.554). 
In contrast, there was no association between pain relief and serum hydrocodone concentration 
in either group. However, pain relief was significantly associated with serum hydromorphone 
concentration (a metabolite of hydrocodone) in the AA group (P = 0.004), but not in the AG/GG 
group (P = 0.724). Conversely, side effects were significantly higher (P < 0.04) in the AG/GG group 
(mean = 6.4) than in the AA group (mean = 4.4), regardless of adjustment for BMI, pain level, or 
total dose of hydrocodone.

Conclusion: This study found a correlation between pain relief and total hydrocodone dose in 
patients homozygous for the 118A allele (AA) of the OPRM1 gene, but not in patients with the 118G 
allele (AG/GG). However, pain relief in 118A patients did not correlate with serum hydrocodone 
concentrations, but rather with serum hydromorphone levels, the active metabolite of hydrocodone. 
This suggests that pain relief with hydrocodone may be due primarily to hydromorphone. Although 
pain relief did not correlate with opioid dose in AG/GG patients, they had a higher incidence of 
opioid side effects. The correlations identified in this study may reflect the fact that serum opioid 
concentrations were measured directly, avoiding the inherent imprecision associated with relying 
solely on total opioid consumption as a determinant of opioid effectiveness. Thus, measurement of 
serum opioid concentrations is recommended when assessing the role of OPRM1 variants in pain 
relief. This study supports pharmacogenetic analysis of OPRM1 in conjunction with serum opioid 
concentrations when evaluating patient responses to opioid therapy.
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drocodone (11-13), may play in the analgesic response 
to hydrocodone. The hypothesis of this study was that 
OPRM1 A118G alleles would correlate differently with 
pain relief, side effects, opioid dose, and serum opioid 
concentrations.

Methods

Enrollment of Subjects
Obstetric patients between the ages of 18 and 45 

years requiring Cesarean section, either repeat or elec-
tive, at University of Louisville Hospital from December 
2008 through Feb 2011 were recruited to participate. 
Approximately 40% of potentially eligible subjects 
agreed to participate and data were collected for 177 
women. All patients provided written informed consent 
and the study protocol was reviewed and approved by 
the University of Louisville Institutional Review Board 
and the University of Louisville Hospital Review Board. 
Women with morbid obesity, unable to speak English 
or Spanish, or a history of drug abuse were excluded. 
The first 40 patients enrolled in the study received a bu-
pivacaine spinal anesthetic for Cesarean section, with 
parenteral morphine injections for pain relief for the 
first 24 hours. Thereafter, patients were allowed hydro-
codone/acetaminophen (5 mg/325mg or 7.5 mg/325mg) 
every 4 hours as needed for pain control. The remain-
der of the patients received intrathecal morphine 
(Duramorph®) at the time of the bupivacaine spinal 
anesthetic, and then hydrocodone/acetaminophen as 
necessary starting 24 hours after surgery. Patients were 
allowed ibuprofen 800 mg orally every 8 hours for 
postoperative pain control in addition to hydrocodone/
acetaminophen. Two patients who reported no pain 
relief with hydrocodone were excluded from the study. 
Pain levels were assessed by obstetrical nurses, using a 
visual analog scale (VAS) of 0 to 10, administered every 
4 – 6 hours. Patient characteristics, including age, race, 
weight, height, analgesic usage, pain levels, and side 
effects, were recorded on postoperative Day 3, at the 
time venous blood was obtained for OPRM1 and opioid 
determinations.

Processing of Blood Samples
Two 5 mL tubes of blood were obtained from each 

subject on the morning before their release from the 
University of Louisville Hospital. One sample (plasma) 
was collected in a purple top tube containing the anti-
coagulant EDTA, the other (serum) was collected in a 
red top tube containing a clotting activator. The blood 

Unpredictable patient responses to standard 
opioid therapy make postoperative pain 
management a challenge for clinicians. The 

large variation in opioid responses between patients 
suggests a possible genetic factor. Identification of 
single nucleotide polymorphisms (SNPs) in the human 
mu-1 opioid receptor (OPRM1) gene provides a possible 
mechanism for the observed variability. The most 
common variant of OPRM1, A118G SNP (rs1799971) 
results from an asparagine to aspartic acid exchange at 
residue 40 of the receptor protein, due to an adenine to 
guanine substitution at nucleotide position 118 (www.
ncbi.nlm.nih.gov/sites/varvu?gene=4988; accessed 
2/22/2013). 

Patients homozygous for 118G (GG) have been 
reported to require higher morphine doses for pain 
control (1-7). The incidence of side effects with mor-
phine in relation to genotype is variable in those 
studies, although Sia et al (5) reported more nausea in 
homozygous 118A (AA) patients. In human volunteers 
receiving intravenous alfentanil for relief of electrically 
induced pain, subjects with the G allele required higher 
plasma alfentanil concentrations to achieve the same 
analgesia as the AA group (8). In addition, homozygous 
GG subjects required higher alfentanil concentrations 
to achieve the same degree of respiratory depression 
as the AA subjects. However, recent clinical studies that 
evaluated pain relief on the basis of opioid dosage 
requirements question the therapeutic predictive value 
of OPRM1 polymorphisms (9,10).

Uncertainty surrounding the therapeutic relevance 
of genetic analysis of OPRM1 may partly reflect the 
design of previous studies where pain scores and side 
effects were compared with total opioid consumption 
and not serum opioid concentrations. Determination 
of serum opioid concentrations would be expected to 
avoid the inherent inconsistency associated with using 
total opioid consumption as a measurement of opioid 
effectiveness, because variations in opioid consumption 
may also be due to differences in drug metabolism, 
including genetic variability in CYP enzymes and the 
presence of metabolic inhibitors. For that reason, the 
present study was designed to compare analgesic re-
sponses and side effect profiles, by OPRM1 genotype, 
with quantitative serum opioid concentrations, as well 
as total opioid consumption. Patients in this study re-
ceived hydrocodone for postoperative pain control fol-
lowing Cesarean section. Because serum opioid levels 
were measured, this study also examined the potential 
role that hydromorphone, an opioid metabolite of hy-
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sample containing EDTA was processed to form a buffy 
coat sample (white blood cells/leukocytes) by centrifu-
gation for 15 minutes at 2000 xg at room temperature, 
after which the leukocytes (middle layer) were aspi-
rated from the tube and transferred into a 1.5 mL micro 
centrifuge tube. The second blood sample was allowed 
to clot and the serum portion was aspirated and trans-
ferred into a microcentrifuge tube. All samples were 
stored at -80°C until analysis. The serum samples were 
sent to the Mayo Clinic (Rochester, MN) for LC-MS/MS 
analysis and quantitation of various opioids (described 
below).

OPRM1 Genotyping
Buffy coats were prepared from whole blood sam-

ples collected in EDTA anticoagulant. The EDTA tubes 
were spun for 10 min at 3300 × g at room temperature, 
and then the buffy coat was removed by pipetting. 
DNA isolation from buffy coats was performed using 
the QIAGEN EZ-1 BioRobot and Blood kit (QIAGEN, Inc. 
Valencia, CA). Laboratory specimens were analyzed us-
ing a laboratory-developed test employing polymerase 
chain reaction and allele-specific primer extension and 
fluorescence detection of the A118G OPRM1 SNP. Test-
ing was designed, validated, and performed at Pharma-
cogenetic Diagnostic Laboratories (Louisville, KY) on a 
Luminex 100 xMAP IS System.

LC-MS/MS Analysis for Opioids
Morphine, codeine, oxycodone, oxymorphone, 

hydrocodone, hydromorphone, norhydrocodone, di-
hydrocodeine, and the deuterated compounds used 
as internal standards (IS) (morphine-D3, codeine-D3, 
oxycodone-D3, oxymorphone-D3, hydrocodone-D6, 
hydromorphone-D6) were purchased from Cerilliant 
(Round Rock, TX). All solvents were HPLC grade or bet-
ter, and all chemicals were ACS grade. Briefly, 500 uL 
of standards, controls, and samples; 50 uL of internal 
standard (100 ng/mL); 3.0 mL of 0.1 M phosphate buffer 
pH 6.0 were applied to preconditioned Clean Screen® 
Extraction Columns (United Chemical Technologies Inc.). 
The columns were washed with 2.0 mL of 0.1M phos-
phate buffer and 2.0 mL methanol.

The analytes were then eluted with 3.0 mL of meth-
ylene chloride:isopropyl alcohol:ammonium hydroxide 
(78:20:2, v/v/v). The extract was dried under nitrogen at 
≤ 40°C and was reconstituted in 150 µL 5% methanol 
in water and 50 µL of the reconstituted extract was 
injected. The analytes were quantitated by using liquid 
chromatography tandem mass spectrometry (LC-MS/

MS). Chromatographic separation was achieved using 
a Shimadzu LC system, a LEAP auto sampler, and an ABI 
5000 (Applied Biosystems) tandem mass spectrometer. 
The analytical column was a Discovery HSF5 250 mm 
x 2.1 mm column (Sigma Aldrich #567512-U). Chro-
matographic separation was achieved using a gradient 
consisting of Mobile Phase A (20mM ammonium for-
mate [pH = 3.0]) and Mobile Phase B (100% methanol). 
Detection was performed using electrospray ionization 
in positive ion mode. The concentrations were calcu-
lated by comparison of peak-area ratio of the drug to 
IS against those from the calibration curve. The limit 
of quantitation (LOQ) was determined to be 0.5 ng/
mL and the upper end of the linear range was 100 ng/
mL with correlation coefficients (r) of the calibration 
curves consistently greater than 0.99. Samples with 
concentrations exceeding the linearity were diluted 
with drug-free matrix. Inter-assay (between run) vari-
ability was < 10% throughout the analytical range. 

Data Analysis and Statistical Methods
The primary outcome was self-reported pain, 

which was scored from 0 (no pain) to 10 (severe pain). 
Thirteen side effects were recorded, including confu-
sion, constipation, dizziness, dry mouth, loss of ap-
petite, nausea, pruritis, respiratory depression, sleep 
disturbance, somnolence, sweating, vomiting, and 
weakness, and scored from 1 to 3 according to increas-
ing severity. The sum of symptoms was calculated. The 
symptoms were also rescored as presence/absence for 
analyses of individual association with OPRM1 geno-
type. The duration of treatment with hydrocodone 
ranged from 4 to 79.5 hours, with a median duration 
of 49 hours. The total number of doses of hydrocodone 
given was recorded and the total dose (mg) during the 
course of treatment was calculated. BMI was calculated 
as weight (kg)/height (m)2.

Mean levels for study participant characteristics, 
including age, BMI, pain index, sum of side effects, 
total and average dose, and serum metabolites were 
calculated for OPRM1 genotype (AA versus AG/GG) and 
compared using t-tests. Regression analysis of variance 
was used to test differences between genotype group 
means adjusting for potential confounders. Multivari-
ate regression was used to describe the association of 
the pain index with serum metabolite concentrations 
adjusting for dose, age, and body mass index, stratify-
ing by OPRM1 genotype. Associations of OPRM1 with 
individual symptoms were measured using odds ratios 
and tested for statistical significance by the Chi-Square 
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test. Statistical computations were performed using the 
Stata® statistical package (StataCorp LP, College Sta-
tion, TX).

Results

Patients received an average of 7.1 ± 2.5 (range 1 - 
13) doses of hydrocodone over the course of treatment, 
with an average total dose of 79.3 ± 37.8 mg (range 7.5 
- 190). Descriptive characteristics of patients by OPRM1 
genotype are shown in Table 1. These analyses are lim-
ited to the 158 patients with complete genotype data. 
The OPRM1 genotype frequencies were homozygous 
for 118A (AA) 131 (82.9%); heterozygous with (AG) 
genotype 22 (13.9%); and homozygous for 118G (GG) 
5 (3.2%). The frequency of the G allele in our patient 
sample is 17.1%, similar to that reported for the gen-

eral population (www.ncbi.nlm.nih.gov/projects/SNP/
snp_ref.cgi?rs=1799971; accessed 2/25/2013). Because 
there were too few patients with the GG genotype 
to allow separate statistical analysis of that subgroup, 
they were grouped together with AG heterozygous 
patients in a recessive genetic model. Comparison of 
mean characteristics revealed no statistically significant 
differences between genotypes except for the sum of 
side effects, which was higher in patients with AG/GG 
(mean = 6.4) than AA genotype (mean = 4.4; t = -2.05, P 
< 0.04). This difference remained statistically significant 
regardless of adjustment for age, BMI, pain level, or 
total dose. 

Table 2 shows the concentrations of opioid me-
tabolites, some not derived from hydrocodone, such 
as oxymorphone, oxycodone, and codeine that were 
detected in the sera of 43 subjects. In total, 29 patients 
had detectable levels of at least one metabolite and 
14 patients had levels of 2 or more metabolites. Thir-
teen patients had detectable levels of oxymorphone, 
20 oxycodone, and 8 codeine. This suggests that these 
patients violated the study protocol. In addition, 19 
patients had low levels of morphine, perhaps due to 
spinal morphine, supplemental parenteral morphine 
administered during the first 24 hours following sur-
gery, or derived from codeine. Excluding these patients 
did not materially change the association of OPRM1 
genotype with any of the variables. The sum of side ef-
fects remained statistically significant (P < 0.05; t-test).

Table 3 shows results for the regression of the pain 
level on serum hydromorphone and Table 4 presents 
the analysis for serum hydrocodone adjusted for total 
hydrocodone dose, age, and BMI, by OPRM1 genotype. 
Pain relief for patients homozygous for AA was signifi-
cantly associated with total dose of hydrocodone (P = 
0.01) and serum hydromorphone level (P = 0.004), while 
there were no associations with AG/GG genotypes. In 
contrast, there was no association between the pain 
level, total hydrocodone dose, and serum hydrocodone 
concentration with either genotype. Adjusting for the 
difference in treatment during surgery between the 
first 40 patients and the remaining 118 did not materi-
ally alter the associations of the pain level with either 
serum hydromorphone or hydrocodone in patients 
with AA versus AG/GG genotypes. 

The modification of the association of serum 
hydromorphone with pain relief by the OPRM1 poly-
morphism is visually displayed in Fig. 1. Serum hydro-
morphone concentrations in this graph were adjusted 
for total hydrocodone dose by regressing concentration 

Table 1. Descriptive Characteristics by OPRM1 Genotype.

AA 
(n = 131)

AG/GG 
(n = 27)

Age (years) 27.2 (5.7)* 29.7 (6.2)

BMI (kg/m2)** 33.4 (7.4) 31.2 (5.4)

Pain Level*** 4.4 (2.4) 4.3 (2.0)

Sum of side-effects**** 4.4 (4.1) 6.4 (5.7)

Hydrocodone total dose (mg) 80.6 (39.2) 73.1 (30.0)

Serum concentration (ng/ml)

    Hydrocodone 27.6 (24.2) 28.4 (20.7)

    Hydromorphone 4.8 (7.7) 6.3 (8.0)

    Dihydrocodeine 1.8 (1.6) 1.9 (1.3)

    Norhydrocodone 6.4 (5.0) 7.4 (5.2)
*Mean ± SD; **BMI is for post-delivery; *** Two patients had missing 
data for the pain level; **** P < 0.04; t-test

Table 2. Serum concentrations of  other opioids by OPRM1 
Genotype.

Serum concentration 
(ng/ml)

AA AG/GG

N Mean SD N Mean SD

Oxymorphone 12 15.0 28.7 1 32.6 ---

Oxycodone 16 14.4 18.6 4 8.6 11.0

Morphine 17 5.8 6.8 2 2.7 0.1

Codeine 7 6.7 11.7 1 0.6 ---

Results from 43 patients, several of which had more than one opioid de-
tected in serum samples not derived from hydrocodone. Morphine may 
have been derived from spinal or parenteral morphine administered 
during the first day of the study or from codeine. Serum concentrations 
of morphine and codeine were probably subtherapeutic. Oxymorphone 
and oxycodone levels were in the therapeutic range. Excluding these 
patients did not materially change the association of OPRM1 with any of 
the variables, including the sum of side-effects, which remained statisti-
cally significant (P < 0.05; t-test).
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Table 3. Association of  Pain Level with Serum Hydromorphone by OPRM1 Genotype.

AA (n = 129)* AG/GG (n = 27)

Variable beta s.e P-value beta s.e. P-value

Hydrocodone total dose (mg) 0.009 0.005 0.010 0.008 0.014 0.554

Serum Hydromorphone (ng/ml) -0.085 0.029 0.004 0.019 0.053 0.724

Age (years) -0.031 0.037 0.395 -0.020 0.070 0.784

BMI (kg/m2) -0.046 0.029 0.102 0.041 0.081 0.617

*Sample size reduced due to missing data for pain level.
P-values are shown in the table. Multivariate regression analysis (F-test) was used to determine statistical significance for pain level, total hy-
drocodone dose, serum hydromorphone, age, and BMI. Total hydrocodone dose and serum hydromorphone concentration were significantly 
correlated with pain level only in the AA genotype group. See Table 4.

Table 4. Association of  Pain Level with Serum Hydrocodone by OPRM1 Genotype.

AA (n = 129)* AG/GG (n = 27)

Variable beta s.e P-value beta s.e. P-value

Hydrocodone total dose (mg) 0.009 0.007 0.166 0.011 0.015 0.496

Serum Hydrocodone (ng/ml) -0.007 0.011 0.511 -0.008 0.024 0.742

Age (years) -0.013 0.038 0.735 -0.017 0.072 0.820

BMI (kg/m2) -0.033 0.029 0.257 0.038 0.083 0.660

*Sample size reduced due to missing data for pain level.
P-values are shown in the table. Multivariate regression analysis (F-test) was used to determine statistical significance for pain level, total hydroco-
done dose, serum hydrocodone, age, and BMI. Total hydrocodone dose was not significantly related to pain level and serum hydrocodone concen-
tration in either genotype group. See Table 3.Figure 1.  Regression of Pain Level versus Serum Hydromorphone (adjusted for total 

hydrocodone dose) by OPMR1 Genotype 

Fig. 1. Regression of  Pain Level versus Serum Hydromorphone (adjusted for total hydrocodone dose) by OPRM1 Genotype. 
Pain relief correlated with increasing, dose-adjusted serum hydromorphone concentrations in patients with the AA genotype (n = 129, R2 = 
0.05, P = 0.045), whereas there was no association with the AG/GG genotype (n = 27, R2 = 0.009, P = 0.640). Hence, the regression lines for 
the association of pain levels with hydromorphone serum levels cross.
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on dose, calculating the residuals, and adding these to 
mean concentration. Pain scores were inversely associ-
ated with increasing, dose-adjusted serum hydromor-
phone concentration in patients with the AA genotype 
(n =129, R2 = 0.05, P = 0.045), while there was no as-
sociation in those with the AG/GG genotype (n = 27, R2 
= 0.009, P = 0.640); hence, the regression lines for the 
association of pain levels with serum hydromorphone 
concentrations cross. Excluding the 43 subjects with 
other opioid metabolites did not materially affect these 
results. The association of pain relief with serum hydro-
morphone remained statistically significant in patients 
with the AA genotype (P = .033), but not in those with 
the G allele. 

The frequency of individual side effects evalu-
ated in this study is shown by OPRM1 genotype in 
Table 5. Patients with the AG/GG genotype were 2 to 
2.5 times more likely to report constipation, dizziness, 
dry mouth, vomiting, and weakness, and 5 times more 
likely to report respiratory depression. Thus, patients 
with the G allele of OPRM1 were less likely to report 
pain relief with increasing doses of hydrocodone and 
serum hydromorphone concentrations, and more likely 
to report side effects. 

Discussion

This study compared analgesia and side effect pro-
files with total hydrocodone dose, quantitative plasma 

hydrocodone and hydromorphone concentrations, and 
A118G OPRM1 genotype in patients following Cesar-
ean section. All patients received spinal anesthesia with 
spinal morphine or supplemental parenteral morphine 
for pain control during the initial 24 hours following 
surgery. Opioid requirements, pain levels, and venous 
plasma samples were obtained on postoperative day 3, 
to minimize the chances of residual analgesic effects of 
spinal or parenteral morphine. 

By multivariate regression analysis, postoperative 
pain relief was associated with total hydrocodone dose 
in OPRM1 AA patients, but not in patients with the G 
allele. However, pain relief correlated with serum hy-
dromorphone concentrations and not with hydrocodo-
ne concentrations. In addition to showing a correlation 
of OPRM1 AA with analgesia, this study suggests that 
pain relief with hydrocodone was due to its metabolite, 
hydromorphone. This finding is consistent with recently 
reported binding constants of hydromorphone (Ki 0.36 
nM) and hydrocodone (Ki 41.58 nM) for the OPRM1 
receptor, indicating that hydrocodone has 115-fold less 
affinity than hydromorphone for the receptor (14). By 
comparison, morphine has a Ki of 1.168. Although an 
earlier study showed that hydrocodone had a 30-fold 
less affinity than hydromorphone for the mu receptor, 
the authors used rat brain homogenates (15). Nonethe-
less, they suggested that some of the analgesic activity 
associated with hydrocodone was due to its hydromor-

Table 5. Frequency of  Side-Effects by OPRM1 Genotype.

AA (n = 130) AG/GG (n = 27)
Odds Ratio

N    (%) N    (%)

Confusion 9    (6.9) 2    (7.4) 1.07

Constipation 44    (33.9) 15    (55.6) 2.44*

Dizziness 29    (22.3) 10    (37.0) 2.05**

Dry Mouth 39    (30.0) 14    (51.9) 2.51*

Loss of Appetite 21    (16.2) 4    (14.8) 0.90

Nausea 27    (20.8) 6    (22.2) 1.09

Pruritis 44    (33.9) 12    (44.4) 1.56

Resp. Depression 3    (2.3) 3    (11.1) 5.29*

Sleep Disturbance 20    (15.4) 7    (25.9) 1.93

Somnolence 56    (43.1) 11    (40.7) 0.91

Sweating 44    (33.9) 9    (33.3) 0.98

Vomiting 5    (3.9) 2    (7.4) 2.00**

Weakness 19    (14.6) 7    (25.9) 2.04**

* P < 0.05;   ** P < 0.10; Statistical significance by Chi-Square test. 
Constipation, dry mouth, and respiratory depression occurred more frequently in AG/GG patients than AA patients. See Table 1. 
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phone metabolite. In view of our finding that pain 
relief did not correlate with hydrocodone serum levels, 
even in the AA patients, our observation provides 
further evidence that hydrocodone is a pro-drug for 
hydromorphone, recognizing that hydrocodone may 
also have intrinsic analgesic effect at the mu receptor 
at usual analgesic doses (13).

Forty-three patients had trace levels of one or more 
other opioids (oxymorphone, oxycodone, codeine) in 
their sera. With the possible exception of those with 
trace levels of morphine, which was administered to 
some patients during the first 24 hours after Cesarean 
section, this suggests that these patients had access to 
drugs other than hydrocodone prescribed in the study 
protocol. However, the exclusion of these patients did 
not materially alter the results of the statistical analyses. 
In addition, adjusting for the use of spinal morphine 
did not significantly alter the results.

Although the contribution of acetaminophen to 
postoperative analgesia in this study is unclear, acet-
aminophen alone would not be expected to provide 
satisfactory pain relief as the sole analgesic following 
Cesarean section. Because all opioid formulations in 
this study contained acetaminophen, the presence of 
acetaminophen per se does not appear to confound the 
results attributed to the interaction of opioids and the 
OPRM1 receptor alleles. 

Several proposed molecular mechanisms may 
explain the reduced analgesic effect of mu opioids in 
subjects with the G allele of OPRM1. Subjects with the 
A allele exhibit significantly higher levels of morphine 
binding than those with the G allele (16). As well, the 
AG genotypes may produce a less functional variant of 
OPRM1, by reducing mRNA transcription and protein 
levels of OPRM1. The physiologic consequences could 
include less receptor binding sites for mu opioids, re-
sulting in less pain relief. Conversely, a study examining 
human postmortem brain tissue from areas that process 
nociception (somatosensory cortex) found that OPRM1 
receptor densities were the same in the AA and GG 
subjects (17). However, mu receptor coupling with G-
protein was only 58% as efficient in the G variant as in 
homozygous A carriers. Similarly, a recent study using 
a humanized mouse sensory neuronal cell line did not 
find a difference in receptor density between OPRM1 
alleles, but did observe a 5-fold decrease in potency and 
a 26% reduction in morphine efficacy at the receptor 
with the G variant (18). No differences were noted with 
fentanyl in this model. This suggests that pharmacologic 
responses to opioid agonists may be ligand-dependent. 

Clinically, this indicates that it is important to examine 
specific opioids (e.g., hydrocodone) when investigating 
analgesic responses with OPRM1 variants. This may also 
be true when considering side effects.

In our study, AG/GG patients had a statistically 
higher frequency of constipation, dry mouth, and respi-
ratory depression. Why G carriers should have a higher 
opioid side effect profile with hydrocodone is unclear. 
Walter and Lotsch (9) noted slightly less nausea in their 
GG subjects. Also, as Ray et al (19) suggested, it may 
be naive to propose that alterations at position 118 
produce only a gain or loss of function. 

The complexity of opioid receptor function and 
the diverse number of possible ligand-receptor interac-
tions must be considered when evaluating the clinical 
implications of genetic variants of OPRM1. The ultimate 
opioid effect, whether analgesic or side effect, may re-
flect a balance of endogenous and exogenous opioid 
agonists at OPRM1. For example, the 118G variant has 
been reported to produce higher mu receptor affinity 
for the endogenous opioid ligand, beta endorphin (20), 
which could alter the apparent sensitivity to exogenous 
opioids, such as hydrocodone. Moreover, different opi-
oid drugs that act at OPRM1 may have variable clinical 
profiles that reflect summative effects at OPRM1 and 
opioid receptor subtypes (21).

Limitations of the current study include the rela-
tively small sample sizes involved. Twenty-seven patients 
had the G allele variant and only 5 were homozygous for 
GG. Thus, we could not examine results by allele-dose for 
patients with the G allele. Additionally, a confounding 
role of pregnancy in the observed analgesic responses to 
hydrocodone cannot be excluded, because this study ex-
amined only post-Cesarean section patients. Thus, these 
results may not be directly applicable to postoperative 
men or non-pregnant women patients. 

In summary, our study found a significant correla-
tion between pain relief and total hydrocodone dose 
in patients with the AA variant of OPRM1 at the 118 
position. However, pain relief did not correlate with 
serum concentrations of hydrocodone, but rather with 
concentrations of hydromorphone, the active metabo-
lite of hydrocodone. Thus, our data suggest that hy-
dromorphone was the active opioid analgesic, and that 
hydrocodone served as a prodrug for hydromorphone. 
Although pain relief in patients carrying the G allele did 
not correlate with opioid dose or concentration, total 
opioid side effects were more common in this group. At 
present, the molecular mechanisms that could explain 
these findings are poorly understood.
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Our results suggest that future studies should 
evaluate the relationship of OPRM1 variants and pain 
relief in terms of serum opioid concentrations, not just 
total opioid consumption. Moreover, because OPRM1 
variant effects may be opioid-specific and modified by 
the presence of active opioid metabolites, future stud-
ies should evaluate serum levels of metabolites of the 
opioid under investigation. In addition, pharmacoge-
netic testing, such as genotyping the CYP450 enzymes 
responsible for the generation of the metabolites, may 
improve our understanding of the role of OPRM1 in 
the pharmacodynamics of specific opioid drugs. In turn, 
this may improve the clinical predictive value of phar-
macogenetic testing of OPRM1 and aid in the design of 
opioid analgesics with an improved therapeutic index.
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