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A B S T R A C T

Background: Attempts to identify opioid users at increased risk of escalating to opioid use disorder have had limited success. Data from a variety of sources suggest
that genetic variation may mediate the subjective response to opioid drugs, and therefore contribute to their abuse potential. The goal of the current study was to
observe the relationship between select genetic polymorphisms and the subjective effects of oxycodone under controlled clinical laboratory conditions.
Methods: Non-dependent, volunteers with some history of prescription opioid exposure (N=36) provided a blood sample for analyses of variations in the genes that
encode for the μ-, κ- and δ-opioid receptors, and the dopamine metabolizing enzyme, catechol-O-methyltransferase (COMT). Participants then completed a single
laboratory test session to evaluate the subjective and analgesic effects of oral oxycodone (0, 10, and 20mg, cumulative dose= 30mg).
Results: Oxycodone produced typical μ-opioid receptor agonist effects, such as miosis, and decreased pain perception. Oxycodone also produced dose-dependent
increases in positive subjective responses such as: drug “Liking” and “Good Effect.” Genetic variants in the μ- (rs6848893) and δ-opioid receptor (rs581111)
influenced the responses to oxycodone administration. Additionally, self-reported “Stimulated” effects of oxycodone varied significantly as a function of COMT
rs4680 genotype.
Discussion: The current study shows that the euphoric and stimulating effects of oxycodone can vary as a function of genetic variation. Though the relationship
between the stimulating effects of opioids and their abuse liability is not well established, we know that the ability of opioids to provide intense feelings of pleasure is
a significant motivator for continued use. If replicated, specific genetic variants may be useful in predicting who is at increased risk of developing maladaptive
patterns of use following medical exposure to opioid analgesics.

1. Introduction

The clinical utility of opioid analgesics is offset by their potential for
misuse. It is now recognized that the diversion and misuse of opioid
analgesics is a significant pathway to heroin use and a substantial
contributor to the current opioid public health crisis, which is estimated
to have taken over 48,000 lives in the United States during the past year
(Centers for Disease Control (CDC), 2018; Cicero et al., 2014; Daly,
2012; Muhuri et al., 2013). While many factors influence the initiation
of opioid use, the opioids' ability to provide intense feelings of pleasure
is a significant motivator for non-medical use of these drugs (Adinoff,
2004; de Wit and Phillips, 2012; Ridenour et al., 2003; Peltz and
Südhof, 2018).
The rewarding and positive subjective effects of opioids have typi-

cally been attributed to their activation of the μ-opioid receptor (MOR),
which also triggers dopamine (DA) release in the brain's reward center

(Fields and Margolis, 2015; Pasternak, 2011; Wise, 1998, 2002). By
contrast, the κ-opioid receptor (KOR) is thought to mediate dysphoria.
The role of the δ-opioid receptor (DOR) remains unclear, but research
suggests that DOR modulation has a minimal role in reward processes
(Le Merrer et al., 2011, 2012). Some data show that opioid effects on
the DOR may be negatively reinforcing by producing anxiolytic or anti-
depressant effects (Margolis et al., 2008; Pradhan et al., 2011).
It has been estimated that genetic factors contribute up to 80% of

the vulnerability to Opioid Use Disorder (OUD), so they are obvious
targets in the search for risk and protective factors (Goldman et al.,
2005; Li and Burmeister, 2009). Variation in the genes that encode the
three opioid receptors has been associated with maladaptive opioid use
(Levran et al., 2008; Li et al., 2006; Li and Zhang, 2013; Zhang et al.,
2008). Candidate-gene investigations have found data to suggest that
select genetic variant may moderate various pharmacodynamic effects
of opioids. For example, variation in the genes encoding the μ-opioid
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receptor (OPRM1) is associated with heroin-induced subjective re-
sponses (Zhang et al., 2007). Meanwhile, variation in the genes that
encode the δ- and κ-opioid receptors (OPRD1, OPRK1) have been as-
sociated with the efficacy of OUD pharmacotherapy (Crist et al., 2013,
2018b) and severity of opioid withdrawal (Jones et al., 2016a). Fur-
thermore, genetic variation in dopamine receptor polymorphisms has
been linked to cue-elicited opioid craving (Shao et al., 2006).
Although opioid analgesic prescriptions have decreased in recent

years, it is estimated that over 200 million opioid analgesic prescrip-
tions are written in the United States each year (CDC, 2017; IQVIA
Institute, 2018). Despite promising findings regarding the genetic
etiology of OUD and the pharmacogenetics of opioid treatment, no
methods currently exist for identifying individuals who are at increased
risk of developing OUD. An ability to identify individuals who are at
risk of maladaptive patterns of opioid use would potentially be of great
benefit in the prevention of OUD.
The current study examines the relationship between opioidergic

genetic variation and the subjective and analgesic response to oxyco-
done among human research volunteers. Because of the noted role of
dopaminergic pathways in the neurobiology of drug reinforcement,
dopaminergic genetic polymorphisms were also assessed. It is antici-
pated that genetic variants associated with the effects of oxycodone can
provide insight into the addictive properties of this widely prescribed
and misused opioid analgesic.

2. Methods

The investigators assessed the potential influence of a select number
of genetic variants on the pharmacodynamic effects of oral oxycodone
(OXY), using a human clinical laboratory model. To limit the risk of
Type-1 error, we used a candidate-gene approach, in which we tested
the effects of 11 genetic markers. Although more exploratory genetic
approaches can be used to evaluate large numbers of polymorphisms,
this method requires hundreds of participants to correct for multiple
testing (Balding, 2006).

2.1. Participant screening and selection

Participants were recruited from the New York City metropolitan
area through various print media advertisements. Respondents who met
preliminary study inclusion/exclusion criteria, based upon an initial
telephone interview, were scheduled for additional screening proce-
dures at the New York State Psychiatric Institute. Screening consisted of
both self-report and clinical interviews administered by a team of re-
search assistants, psychologists, nurses, and physicians. The assess-
ments examined drug use, general health, psychiatric functioning, and
medical history. Clinical laboratory testing (hematology, blood chem-
istry panel, liver and thyroid functioning, and urinalysis) was also
performed.
Participants were required to be physically and mentally healthy

volunteers between the ages of 21 and 55 years. Potential participants
were excluded from the study if they met DSM-IV criteria for drug abuse
or dependence or were seeking treatment for any substance use disorder
(except nicotine). To test for physiological opioid dependence, na-
loxone (0.2–0.8 mg) was administered intramuscularly during
screening and a trained research nurse assessed the presence of with-
drawal signs (Wang, 1974). Rapid urine toxicology screens were used to
assess recent drug use at each screening visit. Participants were also
excluded if they reported chronic pain or had a severe Axis I psychiatric
diagnosis that could make participation hazardous. Participants were
compensated $25 for each screening visit and $125 to complete the
laboratory testing session. The Institutional Review Board of the New
York State Psychiatric Institute approved the study procedures (Study
ID: 6400) and this work was carried out in accordance with the code of
ethics of the World Medical Association (Declaration of Helsinki).

2.2. Study design

Participants who passed the physiological and psychiatric screening
completed a test session during which the subjective and physiological
effects of oral oxycodone (0mg, 10, mg, 20mg= cumulative dose of
30mg) were examined under double-blind conditions. A cumulative
dosing procedure was used, as it has been shown to be an efficient and
reliable strategy for assessing dose-response within a single session
(Walker et al., 2001; Walker and Zacny, 1999).
Participants were required to have not used alcohol recently (con-

firmed by breathalyzer) and provide a negative drug urine drug screen
(except for marijuana because it can be detected in the urine for up to a
month) on the day of the laboratory test session. Marijuana use could
not have been recent (within 2 days of the laboratory session) based on
self-report, and the participant could not appear to be acutely in-
toxicated. No test sessions were rescheduled due to evidence of drug
use.
Laboratory sessions began at 1000 h and took approximately 5–6 h

to complete (Table 1). After the test session, if participants successfully
completed a field sobriety test, they were transported home via taxi or a
car service. A follow-up safety visit was conducted 30 days after com-
pletion of the test session. During the follow-up visit, participants met
with a research psychologist to discuss any subsequent changes in their
drug use patterns, and a nurse assessed the presence of study-related
adverse events.

2.3. Laboratory session measures

2.3.1. Subjective effects
Nineteen Visual Analog Scale (VAS) items were used to assess var-

ious subjective drug effects (e.g., “Good Effect,” “High,” “Liking,”
“Stimulated”; see Table 3 for the comprehensive list of items). Partici-
pants rated each item on the scale from “Not at all” (0 mm) to “Ex-
tremely” (100mm), with the exception of the “Would Pay” item, which
ranged from “$0” (0mm) to “$25” (100mm). A comprehensive VAS
assessment of subjective drug effects is an FDA-recommended metric
when assessing the abuse potential of drugs within human subjects
(FDA, 2017). Our division has regularly used this tool in clinical abuse
liability assessments for over 20 years (Foltin and Fischman, 1996).

2.3.2. Analgesic effects
The analgesic effects of OXY were evaluated with experimentally

induced pain using the cold pressor test (CPT). Crushed ice was added

Table 1
Laboratory session schedule.

Time Event

−90 Urine drug toxicology, breathalyzer, pregnancy test
−30 Physiological monitoring begins, Subjective effects, pupils, CPTa

0 Dose administration #1 (Placebo)
15 Subjective effects, pupils
30 Subjective effects, pupils, CPT
45 Dose administration #2 (10mg oxycodone)
60 Subjective effects, pupils
75 Subjective effects, pupils, CPT
90 Dose administration #3 (20mg oxycodone)
105 Subjective effects, pupils
120 Subjective effects, pupils, CPT
135 Subjective effects, pupils
150 Subjective effects, pupils
165 Subjective effects, pupils, CPT
180 Subjective effects, pupils, CPT
195 Subjective effects, pupils
210 Subjective effects, pupils, CPT
255 Subjective effects, pupils, CPT
315 Subjective effects, pupils, CPT

a Cold Pressor Test (CPT) of pain threshold and pain tolerance.
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to a cold tank and warm water was placed in a warm tank. The tem-
perature was maintained at 4 °C in the cold tank (additional ice was
added, if necessary) and 37 °C in the warm tank. Each participant was
asked first to immerse a hand in the warm tank for 2min (to equalize
baseline skin temperature across participants). Next, the participant
was asked to immerse the same hand in the cold tank for up to 2min.
Standard instructions were read to each participant before adminis-
tration of the CPT. Objective dependent measures included: pain la-
tency (time to the first report of pain) and pain tolerance (time until
removal of the hand from water). The CPT is a commonly used and
validated model to assess the analgesic effects of opioids in the clinical
laboratory (Conley et al., 1997; Zacny et al., 1996).

2.3.3. Physiological measures
Miosis was assessed as a physiological indicator of μ agonist effects

using a NeurOptics™ Pupillometer (Neuroptics INC. Irvine, CA) under
ambient lighting conditions. For safety, a pulse oximeter was used to
continuously monitor oxygen saturation (%SpO2) during the test ses-
sion, while respiration (breaths per minute), heart rate, and blood
pressure (systolic and diastolic) were measured and recorded every
5min.

2.4. Drugs

Oxycodone HCL tablets (5 mg) were purchased from TYCO
Healthcare (Princeton, NJ). For blinding, the New York State
Psychiatric Institute Pharmacy over-encapsulated the tablets prior to
dispensing them to study staff. At each dosing time point, participants
were given 4 capsules consisting of active drug and/or lactose-filled
placebo.

Naloxone HCl (Narcan) for IM injection, used to evaluate the pre-
sence of physiological dependence, was obtained from the International
Medication System Limited Amphastar (South Elmonte, CA).

2.5. Genotyping

Thirty milliliters of venous blood was collected in 8.5ml ACD va-
cutainer tubes for genotyping. Within 48 h of their collection, blood
samples were transferred to Columbia's Human Genetics Research Core
where DNA was isolated and stored at −20 °C. To ensure the quality of
the samples, once extracted, DNA was checked for purity at an OD280
ratio of 1.8–2.0. Extracted DNA was genotyped for the variants of in-
terest by LGC Genomics using PCR-based methods.

2.6. Genetic polymorphisms of interest

We examined variation in the genes encoding the μ-opioid receptor
(OPRM1: rs1799971, rs6848893), δ-opioid receptor (OPRD1:
rs10753331, rs2234918, rs581111, rs678849), κ-opioid receptor
(OPRK1: rs6473797, rs963549) and the major DA-metabolizing en-
zyme, catechol-O-methyltransferase (COMT: rs165599, rs4680,
rs737865) as independent variables. These polymorphisms were se-
lected based upon functional relevance, a minor allele frequency
of> 10%, and/or prior evidence that they have affect the variables of
interest (Bond et al., 1998; Crist et al., 2013, 2018a, 2018b; Crettol
et al., 2008; Drakenberg et al., 2006; Jones and Comer, 2015; Jones
et al., 2016a; Mayer et al., 1997; Oosterhuis et al., 2008; Vandenbergh
et al., 1997).

2.7. Statistical analyses

Continuous and categorical demographic variables were summar-
ized descriptively in terms of means, standard deviations, and propor-
tions. The distributions of all continuous variables were checked for
normality before parametric comparison techniques were employed.
When assessing general effects of OXY (0, 10, 20mg), analysis of

variance (ANOVA) was used to compare the time course of drug effects
over the various time points throughout the session. If ANOVA revealed
a significant main effect of “Time” t-tests were used to compare the
baseline (pre-drug) measurement to the maximal post-OXY measure-
ment (peak=highest or trough= lowest) to determine where sig-
nificant differences existed. Peak/trough analysis is the recommended
method of analyzing time-course subjective effects data in human abuse
potential studies (Comer et al., 2012). All tests were performed at a 2-
tail probability. For statistical tests without genetic independent vari-
ables, a conservative p-value of< 0.01 was considered statistically
significant.
To assess the influence of the genetic variants of interest, a factorial

ANOVA was used to compare peak or trough OXY effect between each
of the genotypes of interest (alone and in combination). The target
genetic polymorphisms were coded as binary variables, homozygous
major allele carriers vs minor allele carriers. Generally, the p-value
threshold that is considered statistically significant in biomedical re-
search is 0.05. However, this p-value is not appropriate when testing
many independent variables in a pharmacogenetic analysis as the fre-
quency of Type-I error is greatly increased (Peters et al., 2010).
Therefore, a Bonferroni correction was applied (Shaffer, 1995) dividing
the significance cut-off by the number of independent variables (i.e.,
p=0.05/11 genetic variants= adjusted p < 0.004). In cases where
the overall ANOVA was significant for a variant of interest. All data
analyses were performed using SPSS version 25 (IBM Corp. Released,
2017). Genotype frequencies for all single nucleotide polymorphisms
(SNPs) were tested for consistency with Hardy–Weinberg equilibrium
expectations.

3. Results

3.1. Participants

Between 2012 and 2015, 36 participants completed the test session.
The average age of the participants was 36.5 years (± 9.7) and in-
cluded 33 men and 3 women. The racial breakdown was as follows: 12
African-American/Black, 18 Caucasian/White, 3 Multiracial, 1 Native-
American or Alaskan, 2 chose not to report. Ethnically, 22% of the
sample identified as Hispanic or Latino.
All participants had previous exposure to opioid analgesics, with

35% (n=13) reporting exclusively medical use. Among participants
who currently used opioids recreationally (65%, n=23), 70% reported
doing so on a less than monthly basis, 12% monthly, and 18% weekly.
All of the recreational opioid users reported using opioids orally, with
the exception of 2 who used via both oral and intranasal routes. In
addition to their opioid use, 65% of the total sample (n= 23) reported
alcohol use (10 weekly and 13 monthly or less), 51% were marijuana
users (6 daily, 5 weekly, 7 monthly or less), 53% were tobacco smokers
(8 daily, 11 weekly), and 30% used cocaine (all monthly or less). The
subjects reported negligible use of heroin, sedatives (benzodiazepines
or barbiturates), club drugs (ecstasy, GHB, ketamine) or hallucinogens
(LSD or PCP). A comparison of participants with and without a history
of non-medical opioid use found no significant differences in oxycodone
effects with the exception of greater oxycodone-induced nausea among
those with no nonmedical use.

3.2. Allele frequencies

All genotype frequencies tested were in conformity with
Hardy–Weinberg equilibrium, p > 0.10 (Table 2: Rodriguez et al.,
2009). There were no significant differences in allele frequencies be-
tween the two major racial groups (Caucasians & African-Americans;
Supplementary Table).
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3.3. Oxycodone-induced effects

3.3.1. Positive subjective effects
VAS assessments of positive subjective effects including: “High”

(p < 0.001, Ƞ2=0.48), “Good Effect” (p < 0.001, Ƞ2= 0.47),
“Liking” (p < 0.01, Ƞ2=0.39: Fig. 1), and “High Quality” (p < 0.01,
Ƞ2= 0.42) increased significantly as a function of Time. This main

effect of “Time” indicates an increasing OXY dose-response function.

3.3.2. Aversive subjective effects
VAS ratings of “Bad Effect,” “Nauseated” and “Irritable” sig-

nificantly increased later in the session (Time, p < 0.01, Ƞ2=0.36).
There was no difference from baseline in self-reports of “Anxious,”
though baseline levels were modest. Ratings of “Depression” were
minimal throughout the session and did not vary as a function of Time.

3.3.3. Sedating effects
Ratings of “Sedated” (p < 0.01, Ƞ2= 0.38)” and “Sleepy”

(p < 0.01, Ƞ2= 0.39)” significantly increased after administration of
oxycodone, but ratings of “Mellow” did not significantly differ from
baseline.

3.3.4. Stimulating effects
Subjective reports of “Potent,” “Restless,” and “Stimulated” in-

creased as a function of Time, though changes on these measures did
not reach statistical significance. No significant changes in ratings of
“Alert” and “Energetic” were found. Mean baseline and peak post-drug
ratings for all measures are shown in Table 3.

3.3.5. Experimental pain/CPT
Analyses revealed that as the laboratory session progressed (and the

Table 2
Observed allele frequencies.

Gene SNP ID Minor-allele
homozygote

Heterozygous Major-allele
Homozygote

OPRM1 rs1799971 – 14.3% (AG) 85.7% (AA)
rs6848893 – 19.0% (CT) 81.0% (TT)

OPRD1 rs10753331 19.0% (AA) 33.3% (AG) 47.7% (GG)
rs2234918 28.6% (TT) 33.3% (CT) 38.1% (CC)
rs581111a 19.0% (TT) 28.6% (CT) 47.6% (CC)
rs678849 33.3% (TT) 23.8% (CT) 42.9% (CC)

OPRK1 rs6473797 23.8% (TT) 38.1% (CT) 38.1% (CC)
rs963549 19.0% (TT) 28.6% (CT) 52.4% (CC)

COMT rs165599 23.8% (AA) 38.1% (AG) 38.1% (GG)
rs4680 14.3% (AA) 61.9% (AG) 23.8% (GG)
rs737865 4.80% (CC) 23.8% (CT) 71.4% (TT)

a Genotype missing for one participant.

Fig. 1. Mean (± SEM) Visual Analog Scale ratings of oxycodone “Liking,” “Bad Effect,” “Stimulated,” and “Sedated” shown throughout the test session. Downward
arrows indicate the time at which each oral oxycodone dose was administered.
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OXY dose increased) there was a significant increase in the length of
time that participants were able to keep their hand immersed in 4°
water. In comparison to baseline and placebo (earlier time points),
active doses of oxycodone significantly increased participants' latency
to withdraw their hand from cold water and latency to report feeling
pain (p's < 0.01, Ƞ2=0.40).

3.3.6. Physiological effects
Pupillary diameter, heart rate, and respiratory rate decreased from

baseline, but not significantly. No significant effects on blood pressure
were observed.

3.4. Genetic predictors of oxycodone effects

Concerning the positive subjective effects of oxycodone, an inter-
action was observed between the OPRD1 SNP rs581111 and the OPRM1
SNP rs6848893 on ratings of “High Quality,” (p < 0.004, Ƞ2= 0.41).
Rs581111 minor allele carriers (CT+TT) and rs6848893 minor allele
carriers (CT*) rated OXY as less “High Quality,” [*there were no minor
allele homozygotes (CC) for this genotype, Fig. 2]. The only other sig-
nificant effect was observed on subjective reports of “Stimulated.”
Minor allele carriers of COMT SNP rs4680 (AA + AG) reported a
greater response (p < 0.004, Ƞ2=0.42).

4. Discussion

The current study sought to determine whether candidate genetic
polymorphisms were associated with subjective responses to oral OXY
among non-dependent healthy volunteers. OXY produced typical μ-
opioid receptor agonist effects, including a slight decrease in pupillary
diameter, and decreased pain perception. OXY also produced dose-de-
pendent increases in self-reported positive effects and drug-induced
nausea. These responses to opioids are similar to those previously re-
ported among comparable samples (Jones et al., 2016b; Zacny and
Gutierrez, 2003, 2009). These findings confirm the abuse potential
common to opioid analgesics that often results in diversion to non-
medical use, which can lead to the development of OUD. Research has

shown that there is significant variability in subjective responses to
opioids, with greater euphoric effects during initial experiences with
opioid analgesics being associated with the development of maladap-
tive patterns of use (Bieber et al., 2008). If we are able to predict those
individuals who are most vulnerable to aberrant opioid use behaviors, it
could greatly improve our ability to circumvent the development of
OUD. For example, the CDC has issued recommendations for treating
pain without opioids in order to reduce the number of people who
misuse these drugs (CDC, 2016). Within this context, candidate-gene
testing could be incorporated into risk assessment and mitigation
strategies when prescribers are making decisions on how to treat pain.
Genetic variation has been shown to moderate both subjective and

physiological responses to opioids, so they could be useful in identifying
individuals at increased risk for OUD (Agarwal et al., 2017; Berrettini,
2017). In the current study, we found that SNPs in the gene encoding
the μ-opioid (rs6848893) and δ-opioid receptors (rs581111) influenced
OXY-induced positive subjective effects. Although the functional sig-
nificance of the intron three variant in the μ receptor is unknown, in
previous case-control studies it has been associated with opioid use
disorder (Zhang et al., 2006, 2007) and the severity of opioid with-
drawal (Jones et al., 2016a).

OPRM1 is the gene that has been studied most extensively as a risk
factor for opioid misuse, given its central role in the neurobiology of
opioid reward. Therefore, it is not surprising that variation in the gene
was associated with the positive subjective effects of OXY in the current
study. Notably, we found no effect of the OPRM1 variant, rs1799971.
This SNP alters the μ-opioid receptor's amino acid sequence by sub-
stituting aspartic acid for asparagine and has previously been associated
with both the sensitivity to opioid analgesics, risk of OUD, and the
response to medication-assisted treatment of OUD (Crettol et al., 2008;
Ren et al., 2015; Schwantes et al., 2016; Szeto et al., 2001). In the
current study, the most robust predictor of opioid reward was a SNP in
the δ-opioid receptor (rs581111). Though its specific contribution to
opioid reward is unknown, rs581111 has been associated with heroin
use disorder and was predictive of buprenorphine treatment outcome
among female OUD patients (Clarke et al., 2014: Nelson et al., 2014).
The COMT variant, rs4680, found to influence “Stimulated” re-

sponse to OXY. The minor A-allele of this polymorphism decreases
catabolic enzyme activity by 25%, resulting in more DA in the pre-
frontal cortex (Chen et al., 2004). The contribution of the stimulating
effects of opioids to their abuse potential is poorly understood. How-
ever, some researchers have proposed dopamine-mediated reward de-
ficiency as a motivator for substance abuse (Blum et al., 2000, 2012).
Although opioids are generally considered to be central nervous system
depressants, a subset of individuals report that they experience a sti-
mulating effect upon initial use of opioids (Cicero and Ellis, 2017). This
activating effect could constitute an endophenotype (Gottesman and
Gould, 2003) that identifies a motivation for non-medical opioid use.
Although previous studies have shown an association of rs4680 with
variation in opioid use in post-operative and chronic pain patients (Hu
et al., 2018), we found no association of the SNP with the analgesic
effects of OXY.
The current study has several limitations that should be noted.

Foremost, because a racially diverse sample was tested, we are unable
to account for population admixture, which has been shown to have a
confounding effect in association genetic studies (Liu et al., 2013).
Though we cannot rule out the potentially confounding effects of race,
we found no significant differences in allele frequency among the two
racial groups that constitute 83% of the study sample. Another concern
is that examination of the time course of OXY effects seems to indicate
that ratings on several measures may have continued to increase past
the last point of data collection. Therefore, the complete time course
and true maximal drug effect may not have been captured. Ad-
ditionally, combining data from participants with and without current
non-medical opioid use could have diminished the significance of as-
sociation with measures of the abuse potential of OXY. Additionally,

Table 3
Subjective and physiological effects of oxycodone.

Baseline (−30 mins) Peak

Visual analog scale: mean 0–100 (SD)
Alert 57.9 (27.8) 62.1 (25.9)
Anxious 27.1 (27.4) 29.9 (28.3)
Bad effect 0.62 (1.24) 26.8 (33.3)⁎⁎⁎

Depressed 7.30 (15.1) 10.6 (15.7)
Energetic 34.1 (25.5) 46.9 (27.9)
Good effect 1.33 (2.7) 43.8 (34.2)⁎⁎⁎

High 3.50 (10.3) 44.6 (34.9)⁎⁎⁎

Irritable 7.80 (12.9) 28.5 (29.4)⁎⁎

Liking 12.5 (26.6) 37.8 (33.7)⁎⁎

Mellow 47.0 (31.8) 62.3 (27.4)
Nauseated 3.80 (11.6) 33.2 (34.2)⁎⁎

Potent 11.4 (25.4) 40.1 (32.1)⁎⁎

Quality 15.0 (27.1) 37.2 (32.2)⁎⁎

Restless 19.8 (22.8) 40.4 (31.5)⁎⁎

Sedated 10.9 (19.3) 36.5 (32.6)⁎⁎

Stimulated 11.0 (16.3) 32.9 (27.3)⁎⁎

Sleepy 20.8 (30.3) 66.9 (31.6)⁎⁎

Talkative 29.2 (29.5) 36.8 (26.2)
Would pay 1.50 (4.70) 4.40 (6.10)

Pupil diameter: mean (SD)
Trough (mm) 3.20 (0.98) 3.00 (0.78)

Cold ptest (SD)
Latency to withdraw (sec) 38.6 (42.9) 54.8 (62.4)⁎⁎

Latency to feel pain (sec) 26.8 (51.3) 41.0 (65.0)⁎⁎

⁎⁎ p < 0.01.
⁎⁎⁎ p < 0.001
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because of the poor representation of women, sex could not be ex-
amined as a potential moderator. Finally, as the study recruited a po-
pulation in their 30's, with exposure to opioids but who did not develop
OUD (or any drug addiction), we may have self-selected a sample that is
resilient to the development of substance use disorders. A younger,
more drug-naïve sample may have been more generalizable to the po-
pulation to which these data may be relevant (i.e., those at risk of non-
medical opioid use).
In conclusion, prescription opioid misuse is a critical health problem

in the United States. While many factors, both individual and en-
vironmental, influence the initiation of opioid use, opioids' ability to
produce intense feelings of pleasure is a significant motivator for their
use. Data from this study suggest that genetic variation may moderate
the subjective responses to oxycodone. Thus, if replicated, specific ge-
netic variants may be useful in predicting who is at increased risk of
developing maladaptive patterns of use following medical exposure to
opioid analgesics.
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