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Abstract

Based on its unique pharmacological profile, buprenorphine may produce less impairment in psychomotor and cognitive performance
than methadone. However, the few studies that have investigated the performance effects of buprenorphine in opioid-abusing volunteers
examined effects of single acute doses rather than effects of repeated dosing and included a very limited range of measures. The present
inpatient study evaluated dose-related effects of repeated administration of the buprenorphine/naloxone combination product (8/2, 16/4,
32/8 mg, sublingual tablets) in eight opioid-dependent volunteers on performance of a broad range of tasks, following a period of 7–10
days of dosing at each level, in a double-blind, within-subject, crossover design. The testing battery included measures of psychomotor
speed, time perception, conceptual flexibility, focused attention, working memory, long-term/episodic memory, and metamemory. Supporting
the hypothesis of limited impairment with buprenorphine, results revealed minimal impairment in performance as buprenorphine/naloxone
dose was increased four-fold. The only significant effect of dose was an impairment in episodic/long-term memory (recognition memory)
performance at the highest dose (32/8 mg) relative to the two lower doses. Future studies incorporating larger sample sizes and non-drug
controls, as well as directly comparing buprenorphine to methadone and LAAM are needed to further test the hypothesis of limited impairment
with buprenorphine.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Buprenorphine, a mu opioid partial agonist and kappa
antagonist, is currently used as an analgesic and as a
treatment for opioid-dependence (cf.Fudala and Bridge,
2003). For the latter indication, buprenorphine was first
approved in France in 1995 and is currently approved in
34 countries worldwide, including the United States (Dr.
Rolley E. Johnson, Reckitt Benckiser, personal communi-
cation, November 2003). Buprenorphine is approved for
sublingual administration alone (Subutex) and in combina-
tion with the opioid antagonist naloxone (Suboxone; as a
treatment for opioid-dependence, United States only). The
buprenorphine/naloxone sublingual combination product
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was designed to minimize intravenous abuse of buprenor-
phine by dependent opioid abusers. Because naloxone has
poor sublingual bioavailability (Preston et al., 1990), use of
buprenorphine/naloxone tablets by the therapeutic sublin-
gual route produces a predominantly buprenorphine effect;
however, when the tablets are dissolved and injected by a
dependent opioid abuser, naloxone precipitates a withdrawal
syndrome (Fudala et al., 1998; Mendelson et al., 1997;
Preston et al., 1988; Stoller et al., 2001). Due to its unique
pharmacological profile, buprenorphine is thought to have
several advantages for treating opioid-dependence relative
to pure mu agonists such as methadone and levomethadyl
acetate (LAAM), including a better safety profile (e.g.,
less respiratory depression), less physical dependence, and
the ability to dose less-than-daily (a property shared with
LAAM).

As a partial agonist, buprenorphine may also produce
less impairment in psychomotor and cognitive performance
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than full agonists such as methadone. A recently reported
comparison of opioid-dependent patients being maintained
on methadone versus buprenorphine in a German clinic
suggests less impairment in the buprenorphine patients
on several psychomotor performance measures relevant to
driving skills (Soyka et al., 2001). However, it is important
to note that conclusions from that report are limited due
to the absence of controlled procedures and of matching
of patients in the two groups. To our knowledge, no con-
trolled study has directly compared the performance effects
of buprenorphine and methadone although there have been
separate studies of both methadone and buprenorphine. The
literature on methadone’s effects on performance is mixed.
Results of several early studies in methadone maintenance
patients suggest only minimal performance impairment
(Appel, 1982; Appel and Gordon, 1976; Gordon, 1970;
Lombardo et al., 1976; Moskowitz and Robinson, 1985;
Robinson and Moskowitz, 1985; Rothenberg et al., 1977).
However, asZacny (1995)commented in a review of ef-
fects of opioids on psychomotor and cognitive function-
ing, most early studies of methadone have methodological
problems such as use of a small sample size, absence of
appropriate controls, failure to control for concurrent use
of other drugs, and use of a very limited range of mea-
sures. A few recent studies which addressed some of these
methodological problems provide evidence for impairment
in methadone maintenance patients in a wide range of
psychomotor and cognitive functions (Darke et al., 2000;
Mintzer and Stitzer, 2002; Specka et al., 2000; cf. alsoGritz
et al., 1975).

Given buprenorphine’s relatively recent introduction
as a treatment for opioid-dependence, to our knowledge
there have been no controlled studies of performance in
buprenorphine-maintained patients. However, a few studies
have examined the performance effects of acute experimen-
tal dosing of buprenorphine (or buprenorphine/naloxone) in
opioid-abusing volunteers. Results of these studies suggest
that buprenorphine produces mild impairment in gross psy-
chomotor performance, but does not impair more complex
cognitive functions (Pickworth et al., 1993; Preston et al.,
1988, 1989, 1992; Stoller et al., 2001; Strain et al., 1992,
2000; Walsh et al., 1994, 1995). However, it is important to
note that conclusions are limited because all these studies
examined the effects of single acute doses of buprenorphine
rather than repeated dosing (the pattern in which buprenor-
phine is administered clinically) and included a very limited
range of measures. To address these issues, the present
inpatient study evaluated the dose–effects of buprenor-
phine/naloxone (8/2, 16/4, and 32/8 mg, sublingual tablets)
in opioid-dependent volunteers on performance of a broad
range of tasks, following a period of 7–10 days of adminis-
tration at each dose level, in a double-blind, within-subject,
crossover design. The testing battery included measures of
psychomotor speed, time perception, conceptual flexibil-
ity, focused attention, working memory, long-term/episodic
memory, and metamemory.

2. Methods

2.1. Participants

Participants were eight healthy adult community volun-
teers (five males, six African Americans/two Caucasians),
with a diagnosis of current opioid-dependence and eligibil-
ity for (but not enrollment in) opioid agonist treatment. Par-
ticipant recruiting and screening procedures were similar to
those described in detail previously (Strain et al., 2000). Par-
ticipants ranged in age from 26 to 41 years (mean= 36) and
in years of education from 10 to 14 (mean= 12). Reported
duration of lifetime illicit opioid use ranged from 4 to 12
years (mean= 8). The study was approved by the Institu-
tional Review Board of the Johns Hopkins Bayview Medi-
cal Center. Participants gave their written informed consent
before beginning the study and were paid for their partici-
pation.

2.2. Procedures

This study was conducted as part of a larger study of
buprenorphine/naloxone which will be reported elsewhere.
For the duration of the study, participants resided on a
closed 14-bed residential unit. The order of buprenor-
phine/naloxone dose conditions (8/2, 16/4, and 32/8 mg)
was derived from a Latin Square for six subjects. Partici-
pants were assigned one of the schedules using a random
number table. Participants received sublingual tablets, under
nursing supervision, daily at 8:00 am under double-blind
conditions; each morning, participants received four tablets,
combining active tablets with placebo tablets to maintain
blinding. At each dose condition, performance testing was
initiated after the participant had received 7–10 days of
buprenorphine/naloxone administration at that dose, and
was conducted at three separate timepoints: 12 h before the
daily dose (i.e., 12 h after the previous daily dose), and 1
and 6 h after the daily dose. Thus, participants completed
a total of nine performance testing sessions (three at each
dose condition) during the study.

The performance testing battery included a computer-
ized version of the digit symbol substitution test (DSST;
McLeod et al., 1982; Wechsler, 1955) (a measure of psy-
chomotor/cognitive speed), two computerized trail-making
tests (Mintzer et al., 1997) analogous to Part A and Part B of
the paper/pencil Trail-Making Test of the Halstead–Reitan
Neuropsychological Test Battery (Halstead, 1947; Reitan,
1955) (measures of psychomotor speed and cognitive flex-
ibility), and a time estimation task which assessed the
participant’s ability to accurately estimate the duration of 5,
20, and 80 s time intervals (Mintzer et al., 1997) (a measure
of time perception). The battery included two measures of
short-term/working memory and focused attention: a digit
recall task which assessed the participant’s ability to recall
8-digit strings following short delays (Mintzer et al., 1997)
and the ‘n-back’ task which assessed the participant’s ability
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to recall letters presentedn-positions back in a continuous
string of letters (i.e., one or two positions back; 0-back was
a non-memory control condition in which participants were
simply required to respond to a specified target letter in the
continuous string) (Jonides et al., 1997; Mintzer and Stitzer,
2002). The battery also included a word memory paradigm
(Mintzer and Stitzer, 2002) that assessed the participant’s
ability to recognize (recognition memory) and recall (free
recall) a list of words presented in a study list at the be-
ginning of the testing session, following an 80 min delay
(measures of long-term/episodic memory). The word mem-
ory paradigm also assessed participants’ confidence in their
recognition memory responses (a measure of metamem-
ory: awareness and knowledge of one’s own memory). The
word memory paradigm was administered during the 1 h
post-dose testing session only. These tasks have all been
described in detail previously (see references cited above)
and were administered by a staff member on a Macintosh
computer in a quiet session room outside the residential unit.

3. Results

Data from the performance testing battery were analyzed
by repeated measures analyses of variance (ANOVAs)
with dose condition (8/2, 16/4, and 32/8 mg buprenor-
phine/naloxone), timepoint (12 h pre-dose, and 1 and
6 h post-dose) (except for data from the word memory
paradigm, administered at the 1 h post-dose timepoint only),
and other task-specific variables as factors. Due to technical

Table 1
Mean scores (standard deviation in parentheses) on experimental measures as a function of buprenorphine/naloxone dose

Task Measure Buprenorphine/naloxone dose

8/2 mg 16/4 mg 32/8 mg

DSST # correct 33.46 (9.64) 34.77 (9.82) 38.08 (11.03)
DSST # attempted 39.75 (11.60) 37.73 (11.26) 41.04 (9.40)
Trail-making A Total time (s) 41.80 (16.30) 44.31 (14.95) 49.18 (28.26)
Trail-making B Total time (s) 55.43 (28.65) 59.97 (15.46) 55.60 (30.34)
Time estimation Estimate (s)—5 s 5.68 (0.73) 5.49 (0.59) 6.19 (2.30)
Time estimation Estimate (s)—20 s 18.56 (2.56) 19.12 (2.87) 19.79 (1.21)
Time estimation Estimate (s)—80 s 69.63 (10.42) 71.84 (19.55) 76.47 (11.02)
Digit recall Number correct 5.08 (2.91) 4.92 (3.39) 6.34 (2.39)
n-back d′ (sensitivity)—0-back 4.05 (0.24) 3.92 (0.35) 3.93 (0.28)
n-back d′ (sensitivity)—1-back 3.38 (1.22) 3.18 (0.91) 3.68 (0.57)
n-back d′ (sensitivity)—2-back 2.79 (0.99) 2.56 (0.91) 2.99 (0.45)
n-back RT (ms)—0-backa 703 (131) 724 (187) 715 (144)
n-back RT (ms)—1-backa 722 (159) 764 (183) 750 (176)
n-back RT (ms)—2-backa 860 (157) 975 (149) 837 (150)
Recognition memory d′ (sensitivity)b,c 1.92 (0.55) 2.25 (0.81) 1.61 (0.44)
Recognition memory C (response bias)b 0.32 (0.38) 0.50 (0.38) 0.46 (0.58)
Recognition memory Gamma (metamemory)d 0.54 (0.53) 0.44 (0.40) 0.13 (0.75)
Free recall # correct responses 14.25 (8.78) 13.88 (9.06) 12.50 (7.35)

a N = 5.
b N = 7.
c Significant effect of dose condition.
d N = 6.

difficulties, data were not available for one participant in
the recognition memory test, and reaction time data were
not available for three participants in then-back task. In
addition, gamma correlations (between confidence ratings
and recognition memory accuracy in the word memory
paradigm; used to measure metamemory;Goodman and
Kruskal, 1954) could not be computed for one participant
because he used the same confidence rating option for all
responses. For all statistical tests,P ≤ 0.05 was considered
significant.

Overall, results revealed little impairment in performance
as buprenorphine/naloxone dose was increased four-fold.
Data presented inTable 1are collapsed over timepoint, since
there were no significant interactions of time with dose con-
dition. In the recognition memory test, there was a significant
effect of dose condition ond′, which is the signal detection
measure of the participant’s sensitivity in discriminating be-
tween words presented in the initial study list and words not
presented in the study list (measure of long-term/episodic
memory), such thatd′ was significantly lower in the 32/8 mg
buprenorphine/naloxone condition, relative to both the 8/2
and 16/4 mg conditions. The mean gamma correlations in
the recognition memory test (metamemory) were in the di-
rection of impairment in the 32/8 mg condition, although the
effect was not statistically significant (possibly due to small
sample size as gamma analyses only included data from
six participants). There were no other significant effects of
dose condition, nor interactions between dose condition and
any other factors. In then-back task, there was a significant
main effect of ‘n’ on performance, such that performance
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worsened as a function of ‘n’ (memory load); this effect was
reflected both in a decrease ind′ and an increase in reac-
tion time as memory load increased. This pattern replicates
the results of previous cognitive studies, providing evidence
for the sensitivity of the task as implemented in the present
study.

4. Discussion

To our knowledge, this is the first controlled study to
examine the effects of repeated buprenorphine/naloxone ad-
ministration on cognitive performance in opioid-dependent
volunteers. It is important to note that given that the study
was conducted on a closed residential unit where drug use
is prohibited, results are not confounded by concurrent
use of other drugs. The absence of effect of buprenor-
phine/naloxone dose condition on performance on the DSST
is consistent with results of acute dosing studies indicating
that doses up to 32 mg buprenorphine do not impair DSST
performance in opioid-abusing volunteers (Preston et al.,
1988, 1989; Stoller et al., 2001; Strain et al., 1992, 2000;
Walsh et al., 1994, 1995). Likewise, the absence of effect
on the digit recall short-term/working memory task is con-
sistent with results of acute dosing studies indicating that
doses up to 8 mg buprenorphine do not significantly impair
performance on this task (Preston et al., 1988; Strain et al.,
1992; Walsh et al., 1995). Results of the present study extend
the absence of effect to higher doses administered repeat-
edly and to another measure of short-term/working memory
(the n-back task). While two previous acute dosing stud-
ies reported impairment of trail-making performance with
buprenorphine/naloxone relative to placebo (Stoller et al.,
2001; Strain et al., 2000), results of the present repeated
dosing study reveal no differences among the tested doses in
trail-making performance. To our knowledge, no previous
studies have examined the effects of buprenorphine on time
perception, long term/episodic memory, and metamemory.
Interestingly, the 32/8 mg buprenorphine/naloxone dose
significantly impaired long-term/episodic memory perfor-
mance, as measured byd′ on the recognition memory task,
relative to the lower doses.

The absence of impairment on most measures in the
present study as buprenorphine/naloxone dose was in-
creased four-fold and the finding of impairment in recog-
nition memory only at the highest dose (32/8 mg) support
the hypothesis that buprenorphine is associated with limited
impairment of performance. Given that doses of 4–24 mg
buprenorphine are generally recommended for treatment of
opioid-dependence, an effect at the 32/8 mg dose is unlikely
to have clinical implications for most patients. However,
these null effects should be interpreted cautiously due to
the small sample size as well as due to the absence of
a placebo condition or control group. The absence of a
non-drug control condition leaves open the possibility that
although there were no significant differences among the

tested doses, buprenorphine/naloxone administration was
associated with overall impairment relative to normative,
control conditions. We explored this possibility by com-
paring results of the present study to those of a previous
study in our laboratory (Mintzer and Stitzer, 2002) which
examined performance of methadone maintenance patients
relative to matched control participants using some of the
same tasks as the present study (DSST, trail-making, word
memory paradigm). Although the control participants in
that study did not have histories of drug abuse, their de-
mographics are similar to those of the participants in the
present study (e.g., mean years of education: 12 in both
groups; mean age: 36 years in the present study, 35 years in
the Mintzer and Stitzer control group). This between-study
comparison revealed comparable or higher levels of perfor-
mance in the 8/2 mg condition in the present study relative
to the Mintzer and Stitzer controls across all tasks used
in both studies. Although between-study comparisons are
inherently limited, results of this analysis suggest it is un-
likely that buprenorphine/naloxone administration in the
present study was associated with significant impairment
relative to normative performance. Future studies incorpo-
rating larger sample sizes and non-drug controls, as well
as directly comparing buprenorphine to methadone and
LAAM are needed to further test the hypothesis of limited
impairment with buprenorphine.
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