
Background: Opioids provide effective pain control, yet have risks including adverse events (AEs) 
(e.g., constipation, nausea/vomiting, sedation) and cognitive/psychomotor effects. 

Objective: To compare cognitive and psychomotor effects of oxymorphone extended release 
(OM-ER) versus oxycodone controlled release (OC-CR).

Study design: Randomized, double-blind, 5-way crossover

Setting: Single inpatient research unit

Methods: Nondependent recreational opioid users were administered single intact oral tablets of 
placebo, OM-ER (15 and 30 mg), and OC-CR (30 and 60 mg), separated by a 7- to 21-day washout. 
The divided attention (DA) test measured psychomotor impairment (e.g., manual tracking [e.g., 
percentage over road], target accuracy [e.g., target hits], reaction time [hit latency]). Visual analog 
scales measured alertness/drowsiness, agitation/relaxation, and dizziness. Sedative, stimulant, and 
dysphoric effects were measured using the Addiction Research Center Inventory Pentobarbital-
Chlorpromazine-Alcohol (PCAG), Benzedrine Group (BG), and Lysergic Acid Diethylamide (LSD) 
scales, respectively. Comparisons were made between equianalgesic doses (OM-ER 15 mg vs OC-
CR 30 mg; OM-ER 30 mg vs OC-CR 60 mg), within active drug doses, and between active drugs and 
placebo using least squares (LS) mean difference of the peak maximum (Emax) or minimum (Emin) 
effect using linear mixed model analysis of covariance.

Results: Thirty-five  participants received all 5 treatments. Peak cognitive and psychomotor impairment 
(LS mean [SE]) was less with OM-ER than equianalgesic doses of OC-CR for reaction time (Emax hit 
latency, longer if impaired; 571.2 [13.4] vs 588.1 ms [13.4], P=0.03 for OM-ER 15 mg vs OC-CR 30 mg, 
respectively; 572.4 [13.4] vs 604.3 ms [13.4], P<0.001 for OM-ER 30 mg vs OC-CR 60 mg, respectively); 
tracking accuracy (Emin percentage over road, lower if impaired; 71.4 [2.4] vs 65.3 [2.4], P=0.007; 
69.9 [2.4] vs 59.4 [2.4], P<0.001), and target accuracy (Emin target hits percentage, lower if impaired; 
81.0 [3.1] vs 74.5 [3.1], P=0.02; 79.4 [3.1] vs 66.1 [3.1], P<0.001). Several other DA measures showed 
that OC-CR, especially 60 mg, produced more psychomotor impairment than equianalgesic OM-ER. 
Compared to OM-ER, OC-CR produced more dizziness (Emax, P<0.001 for OM-ER 15 mg vs OC-CR 30 
mg and for OM-ER 30 mg vs OC-CR 60 mg), drowsiness (Emax, P<0.001 for both equianalgesic dose 
groups), relaxation (Emin, P=0.003 for OM-ER 15 mg vs OC-CR 30 mg; P=0.001 for OM-ER 30 mg 
vs OC-CR 60 mg), dysphoria (Emax LSD, P<0.001 for both equianalgesic dose groups), and sedation 
(Emax, PCAG; P<0.001 for both equianalgesic dose groups) and less stimulation (BG, Emin;  P=0.01 for 
OM-ER 15 mg vs OC-CR mg; P<0.001 for OM-ER 30 mg vs OC-CR 60 mg). Several AEs occurred more 
commonly with OC-CR than OM-ER (e.g., euphoria, nausea, somnolence, vomiting, dizziness).

Limitations: Participants were young, healthy volunteer nondependent recreational drug users, and 
only single doses were evaluated. The effects of tampering or higher doses were not assessed. 

Conclusions: Single oral intact low and high doses of OM-ER produced less cognitive and 
psychomotor impairment plus less sedation than equianalgesic OC-CR in this exploratory study.
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Long-acting opioid formulations are used to provide 
sustained, around-the-clock pain control. One of the 
most recently approved long-acting opioids is oxymor-
phone extended release (OM-ER) (OPANA ER, Endo 
Pharmaceuticals, Inc., Chadds Ford, PA), which entered 
the US market in 2006. OM-ER uses a unique technol-
ogy that decreases peak-to-trough drug fluctuations 
(TIMERx®, Penwest Pharmaceuticals Co., Danbury, 
CT, USA). Anecdotal reports by clinicians and patients 
suggested that OM-ER is associated with fewer cogni-
tive effects than oxycodone controlled release (OC-CR) 
(OxyContin, Purdue Pharma L.P., Stamford, CT), but con-
firmed clinical proof is lacking. This exploratory study 
compared single, intact, equianalgesic doses of OM-ER 
and OC-CR for cognitive and psychomotor impairment 
in healthy volunteer nondependent recreational opi-
oid users. The doses chosen for this study were in the 
middle range of those used for chronic pain treatment 
(14-16). Higher doses or multiple sequential doses over 
several days were not tested. Furthermore, the study 
was not designed to evaluate the effects of tampering 
with either formulation.

Methods 

Study Design
The study followed the guidelines for Good Clinical 

Practice published by the International Conference on 
Harmonisation. Health Canada and institutional review 
board (IRB Services, Aurora, ON, Canada) approvals 
were obtained for the study protocol, informed con-
sent form, and other relevant study documents. All par-
ticipants provided written informed consent before any 
study-related procedures were performed. The study 
was conducted from May to September 2009 by Kendle 
Early Stage (Toronto, ON, Canada) at a single inpatient 
research unit. 

The study was divided into 2 phases in which partici-
pants were randomized and received over-encapsulated 
blinded drugs (both placebo and active comparators); 
the investigators were also blinded to the treatment 
allocations. The first phase was a qualification phase 
to determine which volunteers could tolerate and dis-
criminate 8-mg hydromorphone from placebo using Vi-
sual Analog Scales (VAS) and Addiction Research Center 
Inventory (ARCI) scales. Hydromorphone 8 mg was used 
to avoid bias in selecting participants showing stronger 
effects for either of the study drugs. For the partici-
pants who could differentiate blinded hydromorphone 
8 mg and placebo, the next phase was initiated. Before 

Opioids are frequently used for postoperative 
pain (1), cancer pain (2), and chronic 
noncancer pain that is moderate to severe 

(3,4). Although effective for pain control, opioids 
are not without risks. Prominent among these risks 
are opioid abuse and dependence. Large increases in 
nonmedical use/abuse of opioids and in misuse-related 
deaths have been documented over the last decade, a 
time during which the therapeutic use of opioids has 
expanded (5).Other potential risks include adverse 
events (AEs) (e.g., constipation, nausea/vomiting, 
sedation, delirium) (6) and cognitive and psychomotor 
effects, especially with larger doses (7,8). Opioid-induced 
sedation and/or delirium might affect cognitive and 
psychomotor abilities, potentially leading to increased 
accidents. Several recent studies found that opioid 
users were more likely to have severe automobile 
accidents (9,10). Although these particular studies only 
looked retrospectively at accidents in opioid users, 
the cognitive and sedative effects of opioids could be 
contributing factors to the increased rate of severe or 
fatal car crashes. 

Several studies support acute changes in cognitive 
abilities with opioid use. One study found that higher 
doses of opioids, such as oxycodone, subjectively re-
duced alertness and heightened sedation, making driv-
ing more of an effort, although objective driving test 
performance was not adversely affected (11). However, 
that study used the lowest available doses of oxycodone 
(5 and 10 mg), and it is known that higher doses (20 or 
30 mg) cause greater sedation and greater psychomo-
tor and cognitive impairment in eye-hand coordination 
tests (7). A recent German health economics study (12), 
which was designed to model the cost of injuries from 
falls and opioid-induced AEs (e.g., dizziness, sedation), 
showed that over a set time period and using a defined 
daily dose, oxycodone had larger costs per patient from 
falls/injuries versus other opioids. The German authors 
suggest that these data are important because the pop-
ulation is aging and opioids are being prescribed more 
frequently to treat cancer and noncancer pain in the 
elderly, a population that may be more likely to expe-
rience opioid AEs and already has lower bone density 
and increased risk of falling (12). Based on the German 
experience, Hass and colleagues (12) suggest that phy-
sicians should consider the potential for cognitive and 
psychomotor impairment when prescribing an opioid.

Cognitive, psychomotor, and subjective effects can 
be compared between opioids using validated instru-
ments and methods that quantify these effects (7,13). 
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entry into the treatment phase, participants were ran-
domized to one of 10 treatment sequences according to 
two 5 X 5 Williams squares. After randomization, they 
received a single intact dose of blinded OM-ER (15 and 
30 mg), OC-CR (30 and 60 mg), and placebo. 

Participants
Healthy adu;t participants were recruited using the 

research site's participant database and local advertise-
ments. The study enrolled male and female volunteers 
who were experienced, nondependent, recreational 
opioid users because they could tolerate the use of opi-
oids at pharmacologic doses (i.e., regularly used for pain 
control) without needing a naltrexone cover. Inclusion 
criteria were a body mass index (BMI) between 19.0 and 
29.0 kg/m2; a weight above 50.0 kg; ability to read and 
speak English; and willingness to conform to all study 
procedures. Women were either abstinent or used pre-
approved birth control for one month before the study 
start to one month after the end of the study. Nega-
tive pregnancy tests were verified before each crossover 
period. Exclusion criteria included a history of alcohol 
or drug dependence; history of asthma, neurologic dis-
orders, Addison disease, or psychiatric illness; clinically 
significant disorders on physical examination; using 
monoamine oxidase inhibitors within 14 days of the 
study; excessive cigarette (>20 per d) or cigar (>2 per d) 
smoking or unwillingness to abstain from smoking for 
14 hours surrounding the study procedures; or investi-
gational drug use within 30 days of screening. Partici-
pants were restricted from using recreational drugs or 
binge drinking (>5 drinks) during the study, and nega-
tive urine drug screen/breath alcohol tests were con-
firmed prior to each dosing.

Drug Treatments
During the qualification phase of the study, blinded 

hydromorphone 8 mg and placebo were given on days 
1 and 2, and participants remained in the inpatient re-
search unit from day 0 until day 3. During the treatment 
phase, participants were randomized to a treatment se-
quence, which included placebo, OM-ER (15 and 30 mg), 
and OC-CR (30 and 60 mg). The doses of OM-ER and 
OC-CR were based on the opioid conversion table in the 
OM-ER prescribing information (17) and were chosen 
because they were representative of mid-range doses 
used for chronic pain (14-16). Only a single, blinded, 
intact, oral dose of drug was tested during each cross-
over period (7–21-d washout). Testing was not done on 
higher or multiple doses over consecutive days. No out-

side food was allowed during treatment and standard-
ized meals were provided at approximately the same 
time during each treatment period; a light breakfast 
was consumed 2 to 3 hours predose and a standardized 
lunch followed the completion of all 4-hour postdose 
assessments. Participants were on a restricted diet dur-
ing the study (e.g., no grapefruit juice throughout the 
study, no caffeine within 24 hours of taking a study 
drug). Water was prohibited for one hour before to 
one hour after drug administration. Health products 
and over-the-counter and prescription medicines were 
restricted within one week of each treatment period. 
Drinking alcohol was prohibited within 48 hours be-
fore each period. 

PharMacodynaMic assessMents during 
the treatMent Phase

Tests for Sedation and Cognitive/Psychomo-
tor Effects

Standardized tests evaluating the subjective, cog-
nitive, and psychomotor effects of opioids were ap-
plied (8,18). The divided attention (DA) test monitored 
psychomotor performance, attention, and accuracy by 
using a computer simulation of an airplane flying over 
a curvy road. During the DA test, the road curves ran-
domly and the participant is presented with a total of 
16 targets per trial, which appear quickly and arbitrari-
ly. Using a joystick and a trigger button, the participant 
tries to keep the plane over the road while responding 
to the presented targets. Each test is composed of 3 
one-minute trials on different road courses. The fol-
lowing DA parameters were evaluated: farthest root 
mean square (RMS) diagonal distance from the center 
of the road, percentage of time over road, and mean 
farthest distance from the center of the road (manual 
tracking variables); hit latency (reaction time in ms); 
and number of false alarms and percentage of target 
hits (accuracy/attention). 

Three scales from the ARCI questionnaire (19) were 
used to measure sedation and mood effects. Sedation 
and stimulation, respectively, were assessed by the ARCI 
Pentobarbital-Chlorpromazine-Alcohol Group (PCAG) 
(scale, 0−15) and the Benzedrine Group (BG, scale (0−13). 
The PCAG contains items such as “My speech is slurred,” 
“I feel dizzy,” and “I am not as active as usual”; the BG 
scale contains items such as “I feel more clear headed 
than dreamy,” “My movements are faster than normal,” 
and “I have better control over myself than usual.” So-
matic complaints and dysphoria were measured using 
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the ARCI Lysergic Acid Diethylamide (LSD) group scale 
(0–14). Multiple VAS measured alertness/drowsiness 
(A/D) and agitation/relaxation (0 = very drowsy/relaxed 
and 100 = very alert/agitated), as well as negative effects 
(e.g., dizziness [0 = definitely no and 100 = definitely so]). 
Assessments for the DA test were performed predose 
and at 1, 2, 3, 4, 6, 8, 12, and 24 hours postdose; ARCI and 
VAS were assessed at predose and at 0.5, 1, 1.5, 2, 3, 4, 5, 
6, 8, 12, and 24 hours postdose. Pharmacodynamic mea-
sures were administered on laptops using validated 21 
Code of Federal Regulations Part 11 compliant software 
(Scheduled Measurement System, Kendle Early Stage, 
Toronto, ON, Canada).

Pupillometry
Pupil diameters were measured under mesopic 

lighting using an optical scanner that combined an in-
frared light and a digital camera (which took approxi-
mately 41 digital images over 3 seconds and computed a 
mean pupil diameter). Miosis was assessed predose and 
at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, and 24 hours postdose.

Safety
All participants who received any investigational 

treatment were monitored for safety. This included 
measuring vital signs, completion of physical examina-
tion by the study doctor, and monitoring AEs. For all 
participants who completed the study, the final safety 
visit occurred 3 to 7 days after the last dose of study 
medication. 

Statistical Analysis 
Statistical analyses were performed using SAS Ver-

sion 9.1.3 (SAS Institute, Cary, NC). Sample size calcula-
tions indicated that 30 participants would be needed 
to complete the study with an 80% power to detect 
a minimal clinically relevant difference between drugs; 
planned enrollment was for 40 participants to ensure 
that 30 completed the study. Data from participants 
with no major protocol violations and who complet-
ed all 5 crossover periods were used for the statistical 
analyses. Significance was set at 0.05; all tests were 2- 
sided. Missing values were not imputed. The primary 
comparisons in the study were between equianalgesic 
doses: OM-ER 15 mg versus OC-CR 30 mg and OM-ER 
30 mg versus OC-CR 60 mg. Secondary analyses were 
performed on different doses of the same active drug 
(OM-ER 15 mg vs 30 mg; OC-CR 30 mg vs 60 mg) and 
between active drugs and placebo. 

Pharmacodynamic endpoints at each time point 

were summarized using descriptive statistics (n, mean, 
SD, median, range) and for the peak minimum (Emin) and 
maximum effect (Emax). For summary endpoints (e.g., Emax, 
Emin, minimum pupil diameter), a mixed-effects model 
for crossover studies was used; the fixed effects were 
treatment, period, treatment sequence, and first-order 
carryover and the predose measurement was included 
as the covariate. Participants were nested within treat-
ment sequence as random effect. This analysis of cova-
riance model was used to determine significant differ-
ences between the least squares means (SE) between 
each group. 

results

Participant Disposition and Demographics 
The disposition of participants from screening 

through to the qualification and treatment phases is 
listed in Fig. 1. In total, 41 participants were random-
ized to the treatment phase, 40 participants received at 
least one dose of study medication and were included 
in the safety population, and 35 (87.5%) completed all 
5 crossover periods and were included in the pharma-
codynamic analysis. The majority of the enrolled par-
ticipants were men (80%), with most participants be-
ing white (88.6%), followed by Hispanic (5.7%), Asian 
(2.9%), and other races (2.9%). The mean (SD) age 
was 32.4 (9.0) in the randomized population and 31.9 
(8.2) years in participants who completed all 5 periods 
(range, 18 to 51 years). Mean (SD) BMI (24.7 [3.3] kg/m2) 
was within the normal range. 

Cognitive, Psychomotor, and Subjective 
Effects Testing

The effects observed on all DA measures were more 
pronounced with OC-CR 60 mg vs OM-ER 30 mg. OC-CR 
60 mg produced greater impairment than OM-ER 30 mg 
for target accuracy (target hits; P < 0.001 [Fig. 2]; false 
alarms; P = 0.03) (Table 1), manual tracking (percentage 
over road; P < 0.001) (Fig. 3); RMS diagonal distance, (P 
< 0.001) (Table 1, Fig. 4), furthest distance, P < 0.001) 
(Table 1), and reaction time/hit latency (P < 0.001, Table 
1, Fig. 5). Four of the 6 DA measures were also signifi-
cantly more affected by the lower 30 mg dose of OC-CR 
compared to the 15 mg dose of OM-ER: hit latency (P = 
0.03, Table 1), target hits (P = 0.02, Fig. 2), percentage 
over road (P = 0.007, Fig. 3), and RMS diagonal distance 
(P = 0.04, Table 1). 

In comparison to placebo, OC-CR 60 mg was signifi-
cantly different on all DA variables except false alarms 
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Fig. 1. CONSORT diagram. AE=adverse event.

(Figs. 2,3, Table 1), whereas OM-ER (15 mg, 30 mg) and 
OC-CR 30 mg were not different from placebo for false 
alarms (Table 1), farthest distance (Table 1) and target 
hits (Fig. 2). For RMS diagonal distance (Table 1) and 
percentage over road (Fig. 3), OM-ER doses were not 
significantly different from placebo. Both doses of OC-
CR and OM-ER were significantly different from place-
bo for hit latency (Table 1). 

Subjective effects were significantly more pro-
nounced with OC-CR than with OM-ER for sedation 
(Table 1, Fig. 6), decreased stimulation (Table 1, Fig. 7), 
drowsiness (Table 1, Fig. 8), dizziness, relaxation, and 
dysphoria (Table 1), especially at the high doses (OC-CR 
60 mg vs OM-ER 30 mg). At the low doses, OC-CR 30 mg 
produced more dizziness (P < 0.001 vs OM-ER 15 mg), 
relaxation (P = 0.003), dysphoria (P < 0.001), stimulation 
(P = 0.01), and sedation than OM-ER 15 mg (P < 0.001; 
Table 2).

Physiologic Effects
OC-CR provided the strongest pupillary response, 

with both doses producing significantly more miosis 
than either dose of OM-ER (Table 1). Miosis showed 
a similar pattern of response over time (albeit longer 
in duration), to those observed with the DA test and 
subjective measures for OC-CR, especially at the 60 mg 
dose. 

Safety
The percentage of participants experiencing any 

AE during the study was higher for OC-CR 30 and 60 mg 
(87.5% and 97.5%, respectively) than for OM-ER 15 and 
30 mg (59.5% and 73.7%). OM-ER was associated with 
a lower incidence of euphoric mood (OM-ER 15 mg, 
24.3% and 30 mg, 52.6% vs OC-CR 30 mg, 67.5% and 
60 mg, 92.5%), nausea (5.4% and 5.3% vs 15.0% and 
45.0%, respectively), somnolence (21.6% and 26.3% 



Fig. 3. Divided attention test results for percentage target hits, percentage over road. 
Box-plot data presented as mean (*) and 25th (box bottom), 50th (box midline), and 75th (box top) percentiles, and range (whiskers). The LS 
mean difference between groups was compared using a linear mixed model ANCOVA to generate the P values. The LS means may differ from 
the raw means owing to adjustment for missing observations (unbalanced design) and are appropriately adjusted for the other effects in the 
ANCOVA model. ANCOVA=analysis of covariance; Emax=maximum effect; Emin=minimum effect; LS=least squares; OC=oxycodone con-
trolled release; OM=oxymorphone extended release.
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Fig. 2. Divided attention test results for percentage target hits. 
Box-plot data presented as mean (*) and 25th (box bottom), 50th (box midline), and 75th (box top) percentiles, and range (whiskers). The 
LS mean difference between groups was compared using a linear mixed model ANCOVA to generate the P values. The LS means may differ 
from the raw means owing to adjustment for missing observations (unbalanced design) and are appropriately adjusted for the other effects in 
the ANCOVA model. ANCOVA=analysis of covariance; Emax=maximum effect; Emin=minimum effect; LS=least squares; OC=oxycodone 
controlled release; OM=oxymorphone extended release.
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Table 1. Summary of  Cognitive, Psychomotor, Subjective, and Physiologic (Pupillary) Effects of  Oxymorphone ER and Oxycodone CR

Testing 
Procedure, LS 

Mean (SE)

Low Equianalgesic Doses High Equianalgesic Doses
Placebo vs Active 

Treatments
P Values

Oxymorphone 
ER

15 mg

Oxycodone 
CR

30 mg

P 
Value*

Oxymorphone 
ER

30 mg

Oxycodone 
CR

60 mg

P 
Value*

Divided attention test

Hit latency, Emax 571.2 (13.4) 588.1 (13.4) 0.03 572.4 (13.4) 604.3 (13.4) <0.001
P=0.03 for oxymorphone 15 mg
P=0.02 for oxymorphone 30 mg 
P<0.001 for oxycodone doses

RMS diagonal 
distance, Emax

39.5 (4.0) 47.8 (4.0) 0.04 42.1 (4.0) 57.3 (4.0) <0.001
P=NS for oxymorphone doses
P=0.04 for oxycodone 30 mg
P<0.001 for oxycodone 60 mg

False alarms, Emax 5.3 (0.7) 6.0 (0.7) NS 5.1 (0.7) 6.2 (0.7) 0.03 P=NS for all groups

Farthest distance, 
Emax

176.0 (11.3) 191.0 (11.4) NS 185.4 (11.3) 227.6 (11.4) <0.001

P=NS for oxymorphone 15 mg, 
oxymorphone 30 mg, 

oxycodone 30 mg
P<0.001 for oxycodone 60 mg

ARCI scales

Sedation (ARCI-
PCAG), Emax

6.1 (0.4) 8.2 (0.4) <0.001 7.4 (0.4) 9.4 (0.4) <0.001
P=NS for oxymorphone 15 mg
P<0.001 for oxymorphone 30 
mg and both oxycodone doses

Stimulation 
(ARCI-BG), 
Emin (decreased 
stimulation)

3.6 (0.2) 2.9 (0.2) 0.01 3.4 (0.2) 2.2 (0.2) <0.001
P=0.04 for oxymorphone 15 mg
P=0.004 for oxymorphone 30 mg 
P<0.001 for oxycodone doses

Dysphoria 
(ARCI-LSD), 
Emax

4.4 (0.3) 5.5 (0.3) <0.001 4.7 (0.3) 6.7 (0.3) <0.001
P=NS for oxymorphone 15 mg

P=0.008 for oxymorphone 30 mg
P<0.001 for oxycodone doses

VAS 

Alertness/
Drowsiness, Emin† 35.8 (2.8) 23.9 (2.8) <0.001 28.0 (2.8) 14.3 (2.8) <0.001

P=NS for oxymorphone 15 mg
P<0.001 for oxymorphone 30 
mg and both oxycodone doses

Dizziness, Emax 15.4 (5.1) 35.8 (5.2) <0.001 20.5 (5.2) 52.7 (5.2) <0.001 P=NS for oxymorphone doses
P<0.001 for oxycodone doses

Agitation/Relax-
ation, Emin† 28.9 (2.8) 20.3 (2.8) 0.003 23.9 (2.8) 14.4 (2.8) 0.001

P=0.005 for oxymorphone 15 mg
P<0.001 for oxymorphone 30 

mg and oxycodone doses

Physiologic measure

Pupillometry, 
PCmin

4.4 (0.1) 3.3 (0.1) <0.001 3.7 (0.1) 2.8 (0.1) <0.001 P<0.001 for all groups

ARCI=Addiction Research Center Inventory; ARCI-BG=ARCI Benzedrine Group; ARCI-LSD=ARCI Lysergic Acid Diethylamide; ARCI-
PCAG=ARCI Pentobarbital-Chlorpromazine-Alcohol Group; CR=controlled release; ER=extended release; Emax=maximum effect; 
Emin=minimum effect; LS=least squares; NS=not significant; PCmin=minimum pupil diameter.
*P value for comparison between equianalgesic doses (oxymorphone 15 mg vs oxycodone 30 mg; oxymorphone 30 mg vs oxycodone 60 mg).
†Bipolar VAS with 50 being the neutral point. Below 50 indicates increasing drowsiness/relaxation.
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Fig. 5. Divided attention test results for percentage target hits time course of  hit latency.  
Box-plot data presented as mean (*) and 25th (box bottom), 50th (box midline), and 75th (box top) percentiles, and range (whiskers). The LS 
mean difference between groups was compared using a linear mixed model ANCOVA to generate the P values. The LS means may differ from 
the raw means owing to adjustment for missing observations (unbalanced design) and are appropriately adjusted for the other effects in the 
ANCOVA model. ANCOVA=analysis of covariance; Emax=maximum effect; Emin=minimum effect; LS=least squares; OC=oxycodone con-
trolled release; OM=oxymorphone extended release.

Fig. 4. Divided attention test results for percentage target hits time course of  root mean square diagonal distance. 
Box-plot data presented as mean (*) and 25th (box bottom), 50th (box midline), and 75th (box top) percentiles, and range (whiskers). The LS 
mean difference between groups was compared using a linear mixed model ANCOVA to generate the P values. The LS means may differ from 
the raw means owing to adjustment for missing observations (unbalanced design) and are appropriately adjusted for the other effects in the AN-
COVA model. ANCOVA=analysis of covariance; Emax=maximum effect; Emin=minimum effect; LS=least squares; OC=oxycodone controlled 
release; OM=oxymorphone extended release.
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Fig. 6. Time course results for sedation (ARCI-PCAG) (A). 
*Bipolar VAS; values below 50 indicate increasing drowsiness with lower scores. A/D-VAS=Alertness/Drowsiness Visual Analog Scale; 
ARCI=Addiction Research Center Inventory; ARCI-BG=ARCI Benzedrine Group; ARCI-PCAG=ARCI Pentobarbital-Chlorpromazine-
Alcohol Group; Emax=maximum effect; Emin=minimum effect; OC=oxycodone controlled release; OM=oxymorphone extended release.

Fig. 7. Time course results for stimulation (ARCI- BG).
*Bipolar VAS; values below 50 indicate increasing drowsiness with lower scores. A/D-VAS=Alertness/Drowsiness Visual Analog Scale; 
ARCI=Addiction Research Center Inventory; ARCI-BG=ARCI Benzedrine Group; ARCI-PCAG=ARCI Pentobarbital-Chlorpromazine-Al-
cohol Group; Emax=maximum effect; Emin=minimum effect; OC=oxycodone controlled release; OM=oxymorphone extended release.
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Fig. 8. Time course results for alertness/drowsiness (A/D-VAS)* . 
*Bipolar VAS; values below 50 indicate increasing drowsiness with lower scores. A/D-VAS=Alertness/Drowsiness Visual Analog Scale; 
ARCI=Addiction Research Center Inventory; ARCI-BG=ARCI Benzedrine Group; ARCI-PCAG=ARCI Pentobarbital-Chlorpromazine-
Alcohol Group; Emax=maximum effect; Emin=minimum effect; OC=oxycodone controlled release; OM=oxymorphone extended release.

vs 30.0% and 32.5%), vomiting (0% and 0% vs 2.5% 
and 22.5%), dizziness (10.8% and 5.3% vs 17.5% and 
20.0%), pruritus (0% and 2.6% vs 17.5% and 20.0%), 
nasal discomfort (2.7% and 0% vs 10.0% and 20.0%), 
and fatigue (0% and 2.6% vs 12.5% and 10.0%). No 
serious AEs occurred.

discussion

This exploratory study showed poorer cognitive 
and psychomotor performance and increased sedation, 
dizziness, and drowsiness with single intact oral doses 
of OC-CR, especially at the 60-mg dose, in comparison 
with single intact equianalgesic oral doses of OM-ER. 
Drowsiness (A/D-VAS), sedation (ARCI-PCAG), decreases 
in attention/stimulation (ARCI-BG, Emin), dysphoria 
(ARCI-LSD), and dizziness paralleled the intensity of 
cognitive and psychomotor impairment shown in the 
DA test. Thus, these subjective effects may have been 
related to the poor performance of participants receiv-
ing OC-CR. A Dutch study provides supportive data, 

albeit with lower doses of oxycodone (5 and 10 mg) 
than used in the current study. In the Dutch study (11), 
during an actual on-the-road driving test, participants 
reported experiencing significantly increased mental 
effort and reduced alertness in a dose-dependent man-
ner with oxycodone. These findings are consistent with 
prescriber and patient anecdotal reports of greater se-
dation and cognitive impairment with equianalgesic 
doses of OC-CR versus OM-ER. However, data from the 
current study cannot be extrapolated to higher doses of 
OM-ER or OC-CR, which would likely produce more cog-
nitive and psychomotor effects plus greater sedation. 
In contrast, it is interesting to note that a randomized 
controlled trial by Raja and colleagues (20) determined 
that morphine CR (mean dose = 91 mg) and methadone 
(mean dose = 15 mg) had no significant effect on cogni-
tive functioning, whereas the tricyclic antidepressants 
nortriptyline (mean dose = 89 mg) and desipramine 
(mean dose = 63 mg) significantly worsened perfor-
mance on the nondominant-hand grooved pegboard 
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and symbol substitution tests. As Raja et al (20) was a 
long-term dosing study in which doses were titrated 
up, the development of tolerance may have diminished 
cognitive effects once steady-state was achieved. How-
ever, these findings may warrant using additional cog-
nitive/psychomotor measures, such as the pegboard and 
symbol substitution tests, to evaluate additional opioid 
drugs (eg, OM-ER; OC-CR) at various doses, although 
these tests may not be as sensitive as the DA test.

The opioid conversion table in the OM-ER prescrib-
ing information is based on the literature (17), and is 
consistent with recent clinical trials for OM-ER, in which 
the primary and supportive secondary endpoints as-
sessed analgesia. For pain relief, a 2:1 conversion of 
OC-CR to OM-ER produces similar analgesia and toler-
ability (21,22). In the current study in nondependent 
recreational drug users, nonanalgesic measures such 
as miosis, sedation, and cognitive impairment were 
worse with OC-CR versus OM-ER when administered 
using a 2:1 ratio (i.e., equianalgesic doses). The differ-
ence in potency observed between analgesic trials of 
OM-ER and OC-CR and studies of subjective or psycho-
motor effects has been reported for other opioid com-
parisons; other researchers have shown that morphine 
produces less sedation and psychomotor impairment 
than equianalgesic doses of hydromorphone (23) and 
oxycodone (7), and speculate that dose equivalency for 
analgesia may be different from dose equivalency for 
subjective and cognitive/motor effects. Another study 
by Zacny and Gutierrez (8) found that oxycodone/ac-
etaminophen produced more profound and persistent 
effects on psychomotor performance than a supposedly 
equianalgesic dose of hydrocodone/acetaminophen. 
Finally, Walsh and colleagues (24) reported that hydro-
morphone was only modestly more potent than hydro-
codone and oxycodone with regard to subjective and 
psychomotor effects, noting that relative potency esti-
mates may differ for subjective effects versus analgesic 
effects. These studies support the data from the current 
trial, suggesting that sedative and cognitive effects may 
differ between opioids even when administered accord-
ing to opioid conversion tables.

One strength of this study was that the doses of 
OC-CR and OM-ER administered were in the mid-range 
of the doses used to maintain adequate analgesia in 
patients with both noncancer (22) and cancer pain (21). 
Nonetheless, there are important limitations of the 
current study. Foremost, the study only assessed single 
doses of intact oral tablets. Multiple sequential doses 
may be associated with different effects due to higher 

steady-state concentrations and the impact of toler-
ance. The impact of tampering with the products, other 
routes of administration, multiple sequential doses over 
consecutive days, or the use of larger single doses on 
the cognitive and sedative effects of both OM-ER and 
OC-CR cannot necessarily be extrapolated from these 
results. Second, the population comprised relatively 
young healthy volunteers (range, 18−51 years) without 
pain or comorbidities that might affect drug clearance. 
In comparison, pain patients often come from an older 
demographic and often have multiple comorbidities. 
The study also minimized the potential for drug in-
teractions, so these data should not be generalized to 
clinical practice in which many patients, especially the 
elderly, receive many different medications, including 
central nervous system (CNS) medications, which could 
affect both cognitive abilities and sedation.

The potential implications of this study are mani-
fold. In a parallel analysis from the current study, par-
ticipants receiving OC-CR (15 and 30 mg) reported 
greater “drug liking” than with OM-ER (30 and 60 
mg) (25). The latter observation is significant in view 
of previous research showing a substantial increase 
in OC-CR abuse when monitored over a 5-year period 
(2000−2004), with abusers using significantly higher 
doses per day in comparison with other oxycodone 
products and other opioids (26). Because of its newness 
to the market, necessary surveillance of OM abuse has 
not yet occurred, and the potential impact of the ob-
served differences in subjective and cognitive effects 
on drug abuse rates is as yet undetermined. In the cur-
rent study, OC-CR produced greater sedative effects 
and cognitive impairment than OM-ER when using 
mid-range doses for pain therapy. This may be associ-
ated with a higher incidence of accidents or falls; for 
example, research suggests that fatal car accidents are 
more common in opioid users (10), and decreased cog-
nitive abilities and increased sedation could be among 
the reasons for the high accident rate. Further, it is 
important to note that although this study assessed 
young, healthy subjects, psychomotor impairment as-
sociated with opioid use is an ongoing concern in el-
derly patients at risk for fall-related injury (27,28). Fi-
nally, a 2009 report from Germany modeling managed 
care costs found that oxycodone has one of the high-
est costs per patient because of falls and fractures (12). 
In the elderly, falls and fractures substantially increase 
health care costs, and the authors recommended that 
physicians should try to avoid prescribing medications 
that could precipitate a fall. 
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conclusions

In this exploratory study, single intact oral doses 
of 30 and 60 mg OC-CR produced significantly great-
er cognitive and psychomotor impairment plus more 
sedation, drowsiness, dizziness, and dysphoria than 
single intact equianalgesic oral doses of 15 and 30-mg 
OM-ER.
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