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Summary

Opioid pharmacotherapy can provide the stability necessary to initiate lifestyle 
changes, obtain steady employment and function in society.  Thus, a critical 
question is the extent to which pharmacotherapy is associated with impairment 
in psychomotor and cognitive performance that might affect functioning.  In 
this article, I review human laboratory studies of the effects of the most com-
mon opioid pharmacotherapies, methadone and buprenorphine, on psychomotor 
and cognitive performance (both observational group comparison and experi-
mental drug administration studies) and the effects of withdrawal from opioid 
pharmacotherapy on performance.  I then outline some recommendations for 
further study in this area. 
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The most widespread single intervention for opioid dependence is pharmacological 
treatment (primarily opioid substitution pharmacotherapy) (1).  An important benefit 
of pharmacotherapy is that it can provide the stability necessary to initiate lifestyle 
changes, obtain steady employment and function in society.  Thus, a critical question 
is the extent to which pharmacotherapy is associated with impairment in psychomotor 
and cognitive performance that might affect functioning.  In this article, I review the 
literature on the effects of the most common opioid pharmacotherapies, methadone and 
buprenorphine, on psychomotor and cognitive performance.  Methadone, a long-acting 
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mu opioid agonist that is well absorbed orally, has been used as a pharmacotherapy for 
opioid dependence since the mid-1960’s (2).  Buprenorphine, a mu opioid partial agonist 
and kappa antagonist, is currently used as an analgesic and as a treatment for opioid 
dependence (3).  As a treatment for opioid dependence, buprenorphine was first approved 
in France in 1995 and is currently approved in 44 countries worldwide (Dr. Rolley E. 
Johnson, Reckitt Benckiser, personal communication, June, 2006).  Buprenorphine 
is approved for sublingual administration alone (Subutex) and in combination with 
the opioid antagonist naloxone (Suboxone; as a treatment for opioid dependence, 
United States, Australia and New Zealand).  The buprenorphine/naloxone sublingual 
combination product was designed to minimize intravenous abuse of buprenorphine 
by dependent opioid abusers.  Because naloxone has poor sublingual bioavailability 
(4), use of buprenorphine/naloxone tablets by the therapeutic sublingual route produces 
a predominantly buprenorphine effect; however, when the tablets are dissolved and 
injected by a dependent opioid abuser, naloxone precipitates a withdrawal syndrome (5-8).   
After reviewing human laboratory studies of the effects of opioid pharmacotherapy on 
performance (both observational group comparison and experimental drug administration 
studies) and the effects of withdrawal from opioid pharmacotherapy on performance, 
I outline some recommendations for further study in this area. 

Effects of opioid pharmacotherapy on performance:  Group comparison studies

This section reviews group comparison studies that examined performance 
(using standardized neuropsychological batteries or other measures of cognitive 
and/or psychomotor performance) in methadone-maintenance patients (MMP) or 
buprenorphine-maintenance patients (BMP) relative to various control groups.  

MMP/BMP vs. non-drug abusing controls.  A number of studies have examined the 
performance of MMP or BMP relative to non-drug abusing controls (i.e., individuals 
with no known history of drug abuse).  Rothenberg et al. (10) compared 12 MMP who 
reported having had little or no drug use (other than methadone) for at least one month 
prior to testing (confirmed via urinalysis), to 12 non-drug abusing controls in a similar 
age range.  Relative to controls, MMP were unimpaired on a continuous performance 
test (measuring sustained attention) and actually exhibited shorter reaction times on 
a simple visual reaction time (RT) task.  While these results provide no evidence for 
impairment in MMP, interpretation is somewhat limited by the absence of information 
about matching of the two groups on variables that might affect performance (e.g., 
years of education, IQ) and the limited range of measures.  Grevert et al. (11) tested 
the memory performance of 30 MMP (and 31 patients being maintained on LAAM) 
at three separate timepoints:  prior to beginning pharmacotherapy, and following one 
and three months of pharmacotherapy.  A control group of 26 non-drug abusers who 
were matched to individual MMP participants with respect to age, gender, education, 
ethnicity, and employment status were tested at similar intervals.  There were no sig-
nificant differences among groups at any of the three timepoints and no differences 
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within either pharmacotherapy group at the later timepoints relative to pre-treatment 
performance.

Using a standardized neuropsychological battery, Darke et al. (12) examined the 
performance of 30 MMP relative to 30 non-drug abusers matched with respect to 
age, gender, and years of education.  The battery included measures of premorbid 
intelligence, psychomotor performance, information processing, attention, short-term 
memory, long-term memory, and problem solving.  While the groups did not differ with 
respect to premorbid intelligence, MMP performed significantly worse than controls 
on all other measures.  The wide range of impaired functions is striking.  However, 
conclusions based on this study are limited for the following reasons.  First, a urine 
drug screen was not performed prior to neuropsychological testing.  A larger propor-
tion of MMP than controls in the study reported current use of a variety of drugs, 
including benzodiazepines which have well-documented performance-impairing ef-
fects (13); thus, it is difficult to differentiate effects of opioid use from other acute drug 
effects.  Second, there was an exceptionally high prevalence of reported head injury 
in the MMP group (67% compared to only 20% for controls), which may also have 
contributed to impaired performance in MMP.  Third, testing was conducted prior to 
daily methadone dosing, raising the possibility that some MMP may have been in early 
withdrawal during testing. 

Using a standardized battery developed by the Austrian Road Safety Board to as-
sess driving-related skills (Act & React Test System), Specka et al. (14) examined the 
performance of 54 MMP relative to 54 non-drug abusers matched with respect to age, 
gender, and years of education.  An important strength of the study is the relatively large 
sample size.  MMP were impaired relative to controls on a tachistoscopic perception 
task, a 7-min task in which participants are asked to decide whether comparison pat-
terns are identical to or different from target patterns, and a task requiring the capacity 
to integrate information under high-pressure conditions.  On a choice reaction time 
task, MMP were faster than controls but produced more errors.  On two tasks requiring 
visual tracking, MMP were more accurate but slower.  Although a urine drug screen 
was performed prior to performance testing, MMP with a positive drug screen (38 out 
of 54 MMP) were not excluded, again making it difficult to differentiate effects of 
opioid use from other acute drug effects.  It is important to note, however, that analyses 
comparing MMP with positive drug screens versus negative drug screens at the time 
of performance testing revealed no significant differences in performance.  

 In a study conducted in our laboratory (15), we examined the performance of 
18 MMP relative to 21 non-drug abusers matched with respect to gender, race, age, 
years of education, current employment status, current reading level, and estimated IQ 
score.  Recent drug abstinence was verified by urinalysis.  MMP exhibited impairment 
relative to controls in psychomotor speed (as assessed by the Digit Symbol Substitution 
test:  DSST, and computerized trail-making tests), working memory (as assessed by 
the two-back task, which requires participants to temporarily maintain in memory and 
continuously update the identity and order of the two previous letters in a sequence of 
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letters presented consecutively on the screen), decision making [as assessed by a com-
puterized version of the gambling task (16-18), which requires the evaluation of long-term 
consequences of current decisions], and metamemory (awareness and knowledge of 
one’s own memory).  Results also suggested possible impairment in inhibitory mecha-
nisms (Stroop color-word task), although the effect was not statistically significant.  
MMP did not exhibit impairment in time estimation, conceptual flexibility or episodic 
memory.  Like the Darke et al. (12) study, these results provide evidence for impairment 
in a wide range of functions.   

 A few recent studies have specifically examined decision-making in opioid-
pharmacotherapy patients.  Rotheram-Fuller et al. (19) examined performance on a ver-
sion of Bechara’s gambling task as well as the Wisconsin Card Sorting Task (WCST; 
a measure of conceptual thinking and flexibility) of four groups, matched with respect 
to age, gender, and estimated IQ score:  Methadone-maintained tobacco smokers (N = 
9) and non-smokers (N = 9), and control (non-drug abusing) smokers (N = 9) and non-
smokers (N = 10).  While there were no significant differences among groups in WCST 
performance, methadone-maintained smokers (but not non-smokers) were significantly 
impaired on the gambling task relative to both control groups.  An analysis compar-
ing the two MMP groups indicated that the smokers were also significantly impaired 
relative to the non-smokers.  These results are consistent with Mintzer and Stitzer’s (15) 

findings with the gambling task, but additionally suggest that tobacco smoking may be 
a risk factor for decision-making impairment in MMP.  Interestingly, the differences 
among groups disappeared when participants performed the gambling task a second 
time after being informed of the optimal strategy for performing the task.  This pattern 
suggests that the impairment in smoking MMP is related to deficient strategy learning 
rather than to continued use of sub-optimal decision-making strategies despite aware-
ness of consequences.  Although MMP were encouraged to abstain from other drug 
use throughout the study, participants who reported drug use were not excluded, again 
making it difficult to differentiate effects of opioid use from other acute drug effects. 

Madden et al. (20) and Petry, Bickel, & Arnett (21) examined decision-making in BMP.  
Using the delay-discounting task, Madden et al. (20) compared the rate of temporal 
discounting of monetary rewards in 18 BMP to that of 38 non-drug abusing controls 
matched with respect to age, gender, education, and estimated IQ.  BMP discounted the 
subjective value of hypothetical delayed monetary rewards significantly more (reflect-
ing greater impulsivity) than did controls.  Petry et al. (21) compared the performance of 
34 BMP to that of 59 non-drug abusing controls matched with respect to age, gender, 
education and estimated IQ on a version of Bechara’s gambling task and on the Future 
Perspective Task (FTP) in which participants are asked to make predictions about the 
timing and ordering of future events.  BMP were less likely than controls to predict 
events far into the future and to systematically organize events in the future on the FTP 
(suggesting a shortened time horizon) and were impaired relative to controls on the 
gambling task [consistent with the Mintzer & Stitzer (15) and Rotheram-Fuller et al. (19) 
studies described above].  No information is provided about the current drug use of 
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the BMP and no urine drug screens are reported prior to testing in these studies, again 
making it difficult to differentiate effects of opioid use from other acute drug effects.

MMP/BMP vs. abstinent opioid abusers.  In the studies reviewed above, MMP/BMP 
were compared to non-drug abusing controls only, making it difficult to differentiate 
the effects of current opioid pharmacotherapy treatment from the effects of a history 
of long-term opioid abuse.  This section reviews studies that included abstinent opioid 
abusers (i.e., individuals with a history of long-term opioid abuse, but with no current 
use) as controls.  

Using a broad range of measures, Gritz et al. (22) examined the performance of 10 
MMP relative to a control group of 10 former opioid abusers residing in an abstinence 
colony.  The groups did not differ significantly with respect to level of education.  Recent 
drug abstinence was verified in both groups via urinalysis.  MMP were impaired relative 
to controls on measures of perception, story memory (assessed via recall), and memory 
for difficult pairs of words, but unimpaired on immediate digit span, story memory 
(assessed via recognition), object recognition memory, memory for easy pairs of words, 
and the DSST.  Robinson and Moskowitz found that MMP were unimpaired, relative to 
abstinent opioid abusers in a similar age range, on tracking (23), divided attention, and 
visual search tasks (24), but that the rate of processing of tachistoscopically-presented 
information was reduced in the MMP (24).  Recent drug abstinence was verified in both 
groups via urinalysis.  Gordon and Appel found that MMP were unimpaired relative to 
control groups of abstinent opioid abusers and non-drug abusing controls on the DSST 
(25) and the continuous performance task (26), and exhibited comparable or shorter reac-
tion times relative to controls on visual reaction time tasks (27).  Recent drug abstinence 
was verified via urinalysis. 

Davis et al. (28) examined performance on a neuropsychological battery (which in-
cluded measures of attention, spatial and verbal learning, immediate and delayed spatial 
and verbal recall, verbal fluency, and conceptual flexibility) of 15 MMP relative to 16 
abstinent opioid abusers enrolled in drug-free treatment programs and 14 non-drug abus-
ing controls (pain management patients).  The MMP and abstinent opioid abusers did 
not differ significantly in terms of age or estimated IQ score, and had similar histories 
of drug abuse.  MMP were significantly impaired relative to abstinent opioid abusers 
on the verbal fluency task (a measure of semantic memory), and the overall incidence 
of impaired performance (defined as a score of two or more standard deviations below 
published norms on two or more neuropsychological measures) in the abstinent opioid 
abusers (31%) fell between that in the MMP (60%; highest incidence of impairment) 
and that in the non-drug abusing controls (7%; lowest incidence of impairment).  The 
incidence of impairment was significantly different in the MMP vs. control groups, but 
no other paired comparisons were significant.  Although the incidence of impairment 
in the abstinent opioid abuser group was not significantly different from that in the 
MMP group, the pattern of results suggests that current methadone maintenance may 
be associated with additional impairment over and above that associated with long-
term opioid abuse.  It should be noted that no information is provided about the current 
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drug use of the MMP and no drug urine screens are reported prior to testing, making it 
difficult to differentiate effects of methadone from other acute drug effects.

In our laboratory (29), we compared performance of a control group of 21 currently 
abstinent, formerly dependent opioid abusers retrospectively to our earlier groups (MMP 
and non-drug abusing controls;15; cf. MMP/BMP vs. non-drug abusing controls, above) 
on the same battery of performance measures.  Consistent with the Davis et al. (28) study, 
performance of the abstinent opioid abusers fell between that of the MMP and non-drug 
abusing controls on most measures, although MMP were only significantly impaired 
relative to the abstinent opioid abusers on one measure (conceptual flexibility).  While 
conclusions based on retrospective comparisons are inherently limited, it is important to 
note that the MMP and abstinent opioid abusers did not differ significantly with respect 
to gender, race, mean age, years of education, current reading level or estimated IQ, 
and had similar histories of drug abuse.  

Verdejo et al. (30) examined the performance of 18 MMP relative to 23 abstinent 
opioid abusers on a neuropsychological battery that included semantic and phonological 
fluency, working memory, Stroop color-word, measures of processing speed, visuo-
spatial attention, cognitive flexibility, response inhibition, and analogical reasoning, and 
the WCST.  The groups were matched with respect to age, education, pre-morbid IQ, 
and employment status.  Recent drug abstinence was verified by urinalysis.  Relative 
to abstinent opioid abusers, MMP exhibited slower performance on tests of processing 
speed, visuo-spatial attention, and cognitive flexibility, as well as reduced accuracy on 
tests of working memory and analogical reasoning. 

In a recent study, Prosser et al. (31) examined the performance of 29 MMP relative to 
27 abstinent opioid abusers and 29 non-drug abusers matched with respect to gender.  
Recent drug abstinence was verified by urinalysis.  After differences between groups 
in level of education and age were statistically controlled, MMP exhibited impairment 
relative to non-drug abusing controls on the WAIS-R Vocabulary Test (an estimate of 
general IQ) and on the Benton Visual Retention Test (BVRT; a test of visual memory 
and visual construction), but not on the Controlled Oral Word Association test (COWA; 
a test of verbal fluency).  Interestingly, MMP did not exhibit impairment relative to 
abstinent opioid abusers on any measure and actually performed significantly better 
than the abstinent abusers on the Benton Visual Retention Test.  

MMP vs. BMP.  A few studies have compared the performance of MMP and BMP.  
As a partial agonist, buprenorphine may produce less performance impairment than 
methadone.  Soyka et al. (32) retrospectively compared the performance of 28 BMP 
to that of 13 MMP who had been previously tested on the same standardized battery 
developed by the Austrian Road Safety Board to assess driving-related skills (Act & 
React Test System; ART-90).  MMP exhibited significant impairment relative to BMP 
on a 7-min task in which participants are asked to decide whether comparison patterns 
are identical to or different from target patterns, a task requiring the capacity to integrate 
information under high-pressure conditions, and a choice reaction time task.  Although 
these results support the hypothesis of less performance impairment with buprenorphine 
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than methadone, conclusions are limited due to the absence of controlled procedures 
and matching of patients in the two groups.  

Schindler et al. (33) also used a version of the Act & React Test System (ART 2020) 
to examine the performance of 15 MMP and 15 BMP.  Each maintenance group par-
ticipant was matched with a group of non-drug abusing controls (n = 3-56; the median 
performance score for the control group was then compared to that of the matched 
maintenance group participant) with respect to age, gender, and score on a measure of 
intelligence.  The controls were selected from a sample of people who had previously 
completed the ART 2020 battery.  The combined MMP and BMP group exhibited 
significantly longer mean reaction and decision times relative to controls on a task in 
which participants are required to respond as quickly as possible to specific stimuli 
appearing in a video sequence of a city drive from the driver’s perspective.  In addition, 
the percentage of incorrect responses was significantly higher in the combined MMP 
and BMP group relative to controls on a 7-min task in which participants are asked to 
decide whether comparison patterns are identical to or different from target patterns.  
However, the overall number of responses and the number of correct responses were 
also significantly higher in the combined groups, making this result somewhat difficult 
to interpret.  There were no significant differences between the combined group and 
the controls on the other four tasks of the ART 2020 battery.  

Analyses comparing each pharmacotherapy group separately to controls revealed 
that the MMP group exhibited the same pattern of impairment relative to controls as 
described above in the combined group, whereas the BMP group exhibited significant 
differences relative to controls only on the 7-min pattern-comparison task (increases 
in percentage of incorrect responses only).  The authors suggest that MMP (and BMP 
to a lesser degree) may sacrifice accuracy for speed.  Although these results support 
the hypothesis of less performance impairment with buprenorphine than methadone, 
conclusions are limited for the following reasons.  First, the MMP and BMP groups 
were not directly compared because they were not matched.  Second, conclusions 
regarding differences between MMP and BMP are complicated by the fact that testing 
began 22 hours after last medication dosing; given the half-life differences between 
methadone and buprenorphine, it is more likely that MMP than BMP may have started 
to experience opioid withdrawal symptoms during the test battery, making it difficult to 
differentiate drug effects from early drug withdrawal effects.  Third, although a urine 
drug screen was performed prior to performance testing, participants with positive drug 
screens for other drugs were not excluded, making it difficult to differentiate effects 
of opioid use from other acute drug effects.  In fact, MMP/BMP with positive drug 
screens at the time of neuropsychological testing exhibited greater impairment relative 
to controls than those with negative drug screens. 

In a well-designed study, Pirastu et al. (34) directly compared 30 MMP and 18 BMP, 
matched with respect to gender, age, and level of education.  Consistent with the hypoth-
esis of less impairment with buprenorphine, MMP were significantly impaired relative 
to BMP on Bechara’s gambling task.  Both MMP and BMP were impaired relative to 
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non-drug abusing controls on WAIS-R full-scale IQ and the Benton Visual Retention 
Test, and there were no differences between MMP and BMP on these measures or on 
the WCST.  

Summary.  The results of group comparisons of MMP/BMP to non-drug abusers or 
abstinent opioid abusers are inconsistent, with some studies showing impairment in a 
wide range of functions and some providing no evidence for impairment.  However, 
two conclusions that are supported by several different studies may be drawn.  First, 
opioid pharmacotherapy patients appear to exhibit impairment in processing informa-
tion when performing at high speeds.  Given Schindler et al.’s (33) suggestion that MMP 
(and BMP to a lesser degree) may sacrifice accuracy for speed, this conclusion is not 
inconsistent with reports of shorter RTs for MMP in some RT tasks (10, 27).  Second, opioid 
pharmacotherapy patients appear to exhibit impairment in decision-making tasks.  The 
results of a few studies that compared MMP and BMP provide some support for the 
hypothesis of less impairment with buprenorphine than methadone, although conclu-
sions are limited due to methodological issues and further research is needed. 

It is important to note that although group comparison studies can provide valuable, 
clinically relevant information about performance impairment, the conclusions that 
can be drawn are limited due to difficulties in differentiating impairments attributable 
to acute opioid pharmacotherapy dosing, chronic opioid pharmacotherapy dosing, 
poly-drug abuse, and other confounding factors (e.g., differences in personality, brain 
dysfunction, environment).  Furthermore, group comparison studies do not enable dif-
ferentiation of impairments that are a consequence of opioid abuse versus impairments 
that predated the opioid abuse.  In the case of the observed decision-making deficits, 
it is possible that the impairment may have predated the opioid abuse and in fact even 
played a role in its development, rather than being a consequence of the abuse.  The 
next section reviews experimental studies involving performance testing following 
administration of additional acute doses of methadone to MMP or additional acute 
doses of methadone or buprenorphine to dependent opioid abusers being maintained 
experimentally on methadone or buprenorphine respectively, and experimental stud-
ies involving performance testing following chronic administration of methadone or 
buprenorphine to dependent opioid abusers. 

Effects of opioid pharmacotherapy on performance:  Drug administration stud-
ies

Rothenberg et al. (10) found that an additional dose of up to 10 mg had no effect 
on simple visual RT or sustained attention in 12 MMP being maintained on 20-70 mg 
methadone/day.  Using a battery of tasks that included finger tapping, simple visual RT, 
the DSST, digit cancellation (measuring sustained attention), and immediate and delayed 
prose recall, Curran and colleagues examined the effects of increasing MMP’s daily 
dose.  They found that increasing patients’ usual dose by 33% did not affect perform-
ance in 18 MMP being maintained on 20-80 mg methadone/day (35) (mean daily dose:  
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44 mg; N = 18).  However, administering the full daily dose on a single occasion to 20 
MMP accustomed to receiving 50% of their dose at each of two occasions during the 
day significantly impaired delayed recall of prose in a task that has been shown to be a 
good predictor of everyday memory performance (36) (mean daily dose:  33 mg, range:  
10-50 mg; N = 20).  Acute methadone (15-60 mg) did not impair DSST or short-term 
memory performance in 13 dependent opioid abusers being maintained on 30 or 60 
mg methadone/day (37).  Likewise, acute buprenorphine (4-16 mg intramuscular) did 
not impair DSST or short-term memory performance in 8 dependent opioid abusers 
being maintained on 8 mg sublingual buprenorphine/day (38).

Results of an early study in which 15 non-dependent opioid abusers were given 
doses of up to 400 mg methadone/day for a period ranging from 28 to 186 days show 
that following chronic methadone administration, participants performed arithmetic 
and coordination tests at similar rates of speed as at baseline, but with substantially 
more errors, and that participants’ mean IQ (measured by the Otis intelligence test) 
decreased by 7 points relative to baseline (39).  Although this is the only published ex-
perimental study to provide information about chronic dosing effects of methadone at 
such high doses, results must be interpreted cautiously due to lack of statistical analysis 
and controlled procedures (e.g., daily dose, duration of treatment were not consistent 
across participants).  

A study in our laboratory (40) evaluated the chronic dose-effects of buprenorphine/
naloxone (8/2, 16/4, 32/8 mg, sublingual tablets) in dependent opioid abusers on per-
formance of a broad range of psychomotor and cognitive tasks, following a period of 
7-10 days of repeated dosing at each dose, in a double-blind, within-subject, crossover 
design.  Results indicated only one significant effect:  Impairment in episodic memory 
performance for 32/8 relative to 8/2 and 16/4 mg buprenorphine/naloxone.  The absence 
of impairment on most measures, and the finding of impairment in episodic memory 
only at the highest dose (32/8 mg; doses of 4-24 mg buprenorphine are recommended 
for opioid pharmacotherapy) support the hypothesis of limited impairment with 
buprenorphine.  However, these null effects should be interpreted cautiously due to 
the absence of a placebo condition or control group.  

Lenne et al. (41) used an independent groups design to test dependent opioid abusers 
randomly assigned to three months of daily dosing of methadone (n = 10; mean daily 
dose:  48 mg) or buprenorphine (n =11; mean daily dose:  14.4 mg) on simulated driv-
ing, and found no performance differences between the methadone and buprenorphine 
groups.  In addition, neither pharmacotherapy group performed significantly worse 
than a group of non-drug abusing age-matched controls.  While these results support 
the hypothesis of limited impairment with buprenorphine, conclusions are limited by 
the lack of impairment in the methadone group (possibly due to the low methadone 
doses).  

Soyka et al. (42) tested dependent opioid abusers randomly assigned to daily dos-
ing of either methadone (N = 24) or buprenorphine (N = 22) on the Act & React Test 
System (ART-90) after 8-10 weeks of treatment.  There were no significant differences 
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between the groups with respect to age, gender, level of education, or duration of opioid 
dependence.  On a task in which the participant is instructed to press a button when a 
particular tone and light signal appear, participants in the methadone group produced 
significantly more false positive errors than those in the buprenorphine group.  Al-
though this finding provides some support for the hypothesis of less impairment with 
buprenorphine, it should be noted that there were no significant differences between 
the groups on any other measure of this large battery.  In addition, the authors note 
that 85% of the patients were using cannabis, benzodiazepines or opioids at the time 
of testing but do not indicate whether the percentage differed between groups, making 
the results difficult to interpret.     

Effects of opioid pharmacotherapy withdrawal on performance

Two studies have examined effects of withdrawal on performance in MMP (43, 44).  
To our knowledge, no performance studies of withdrawal have been conducted in BMP.  
Using a within-subject design, Kelley et al. (43) examined the performance of 30 MMP 
(mean daily methadone dose:  63 mg, range:  20-120; mean duration of methadone 
maintenance treatment:  240 days, range:  28-874) tested 1 hr vs. 25 hr (short-term 
abstinence) after daily methadone dosing.  The battery included measures of auditory 
threshold, distance perception, reaction time, time perception, digit span, and attention 
span.  The only measure that showed an effect of time of testing was distance perception, 
and interpretation of the direction of the effect is ambiguous.  Using an independent 
groups design, Lyvers and Yakimoff (44) compared performance on the WCST of a group 
of MMP tested 90 min after daily methadone dosing (N = 21; peak methadone effect) 
and a group tested 24 hr after daily methadone dosing (N = 18; short-term abstinence).  
For both groups, participants had to be stabilized on at least 25 mg daily methadone 
(mean = 66.9) for at least one month prior to testing.  MMP with excessive alcohol 
consumption, recent use of drugs other than methadone, or a history of treatment for 
alcohol or non-opioid drug-related problems were excluded from participation.  MMP 
tested 24 hr after methadone dosing exhibited significantly higher rates of persevera-
tive responses and errors (considered measures of impaired frontal lobe functioning) 
relative to MMP tested 90 min after methadone dosing.  There were no differences in 
rates of non-perseverative errors.  

Withdrawal effects on performance have also been examined using opioid antagonists 
to precipitate withdrawal in dependent opioid abusers being maintained on methadone.  
The opioid antagonist naloxone administered 20 hr or more after methadone dosing in 
opioid abusers maintained on daily methadone has been shown to precipitate symptoms 
of withdrawal as assessed by standard objective and subjective scales, but not to impair 
performance as assessed by the DSST (7, 45-49), immediate digit recall (7, 45-49), the Maddox 
Wing test (50), the Stroop test, or the digit span test (51).   
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Recommendations for further study

Use of controlled longitudinal designs.  To better understand the effects of opioid 
pharmacotherapies on performance, there is a need for studies that test performance in 
dependent opioid abusers prior to beginning opioid pharmacotherapy and at multiple 
timepoints during the course of opioid pharmacotherapy treatment.  To our knowledge, 
the only study that used a longitudinal design in opioid pharmacotherapy patients was 
an early study that only tested memory performance (11).  

Studies of high-dose methadone.  The original methadone dose recommendation 
made by Dole and colleagues (52) was 80-120 mg/day (with some patients requiring 
higher doses), and the superior efficacy of doses ≥ 80 mg relative to lower doses was 
supported by subsequent clinical research (53, 54; cf 55).  In the 1980’s, there were attempts 
to reduce methadone doses in many clinics, such that a survey conducted in 1988 found 
that the average maintenance dose was 50 mg/day or less at 68% of U.S. methadone 
maintenance treatment clinics (56).  Although the issue of optimal methadone dosing 
is still controversial (57-61), recently there has been a trend towards using increasingly 
higher maintenance doses.  An informal national survey found that the average daily 
methadone dose in U.S. clinics increased from 45 mg in 1988 to 56.6 mg in 1993 to 
69.4 mg in 1998 (62).  This trend is supported by recent clinical data suggesting that some 
patients require doses considerably higher than the 100 mg “glass ceiling” common in 
the 1980’s (higher than 200 mg/day, and as high as 1100 mg/day in some cases; (63-65).  
Increasingly higher doses may also be needed due to higher dependence levels result-
ing from increased purity of street heroin (66).  Given that patients being maintained 
on high methadone doses would be expected to be most vulnerable to performance 
impairment, information about the effects of methadone at high doses is now needed.  
Yet, with the exception of the Isbell et al. (39) study that examined effects of doses as 
high as 400 mg, most studies of methadone have examined low to moderate doses, 
and none has examined multiple doses to provide information about performance 
dose-effect functions.

Dose-transition studies.  Opioid pharmacotherapy patients are likely to be at increased 
risk for performance impairment following dose escalation.  Yet, to our knowledge, 
there are little or no data on the effects of specific methadone or buprenorphine dose 
increases on performance in MMP or BMP (cf. Effects of opioid pharmacotherapy on 
performance:  Drug administration studies).  Results of the few studies that have been 
conducted in MMP suggest that acute increases of up to 33% of the daily maintenance 
dose do not impair performance, whereas increases of 100% of the daily dose may 
impair performance (35, 36).  There is a need for studies in which the effects of specific 
opioid pharmacotherapy dose increases and decreases on performance are examined.  
Data from such studies may aid clinicians in making decisions about opioid pharma-
cotherapy dosing schedules, particularly in patients with additional risk factors for 
impairment.

Interaction studies of opioid pharmacotherapy with alcohol and benzodiazepines.  
Polydrug abuse is common in dependent opioid abusers.  Clinical surveys indicate that 
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rates of alcohol and benzodiazepine abuse are particularly high in MMP (67-70).  Rela-
tive to other MMP, patients who abuse benzodiazepines and/or alcohol exhibit a more 
severe profile of symptoms including greater psychopathology, more HIV risk-taking 
behavior, poorer health and social functioning, and a greater mortality risk (67, 71-75).  For 
both alcohol and benzodiazepines, patients commonly report using the drugs to “boost” 
the effects of their daily methadone (69, 76, 77).  These clinical observations are supported 
by evidence that experimental administration of the benzodiazepine diazepam potenti-
ates the subjective and physiological (e.g., pupil constriction) effects of methadone and 
decreases methadone self-administration in MMP (78, 79). 

Given that alcohol and benzodiazepines are both known to profoundly impair 
performance after acute administration (cf. 13, 80), potentiation of performance-impairing 
effects of opioid pharmacotherapies could have serious consequences.  In fact, results 
of an epidemiological study of suspected drug-impaired drivers indicated that all 
methadone-positive samples were also positive for an additional drug, raising concerns 
about possible functional performance impairment associated with methadone/drug 
combinations (81).  To our knowledge, only one laboratory study has examined interactive 
effects of alcohol on performance in MMP and BMP (41), and only one has examined 
interactive effects of a benzodiazepine (82).  As noted earlier, Lenne et al. (41) reported 
that opioid abusers receiving daily chronic dosing of methadone or buprenorphine were 
unimpaired on simulated driving relative to controls.  Although acute alcohol dosing 
impaired simulated driving in all three groups, it did not differentially affect performance 
of the pharmacotherapy groups relative to controls.  While these results do not provide 
support for the hypothesis of additive interactions between methadone/buprenorphine 
and alcohol, conclusions are limited by the lack of impairment in the pharmacotherapy 
groups in the absence of alcohol and the relatively low alcohol dose (at or below .05% 
blood alcohol).  Linnoila and colleagues (83, 84) demonstrated that another opioid, codeine, 
potentiated the performance-impairing effects of alcohol on simulated driving, support-
ing the hypothesis of additive interactions between opioids and alcohol.  Lintzeris et 
al. (82) examined the effects of acute doses of the benzodiazepine diazepam (10 and 20 
mg, placebo) in 8 MMP (mean daily dose:  55 mg) and 8 BMP (mean daily dose:  10.5 
mg).  Diazepam produced significant impairment relative to placebo on cancellation 
time, reaction time, and DSST performance in the MMP but only on cancellation time 
in the BMP.  While these results suggest that interactive effects with benzodiazepines 
may be greater for MMP, conclusions are limited because the two groups were not 
directly compared to each other due to the small sample size.  

Comparison of effects of opioid pharmacotherapy versus alcohol and other drugs.  
A critical issue is the extent to which opioid pharmacotherapy may be associated 
with functional impairment in a patient’s natural environment.  One way to address 
the issue of functional impairment is to estimate the degree of expected impairment 
in the environment by directly comparing the performance deficits to those produced 
by other drugs that have already been established as producing clinically significant 
impairment.  The World Health Organization has recommended that alcohol (which 



17

M. Z. Mintzer: Effects of opioid pharmacotherapy on psychomotor and cognitive 
performance:  A review of human laboratory studies of methadone and buprenorphine 

has a well-established association with traffic accidents and driving impairment) be 
used as a reference drug against which to compare other drugs with respect to per-
formance impairment (85).  Likewise, the International Council on Alcohol, Drugs and 
Traffic Safety has proposed that categories of drug-induced driving-related impairment 
be defined in reference to specific blood alcohol levels, and researchers have recom-
mended that alcohol be included as an active drug control when evaluating effects of 
drugs on driving (86).  This approach of using alcohol as a reference drug for assessing 
performance impairment has been employed by researchers to estimate the impairment 
associated with opioid analgesics and other drugs used as anesthetics during ambula-
tory surgical procedures (87, 88).  However, to our knowledge, it has not been applied to 
pharmacotherapies for opioid dependence.  Some investigators have also argued for 
the usefulness of establishing a hierarchy of performance impairment in which drugs 
are ranked relative to each other with respect to their performance-impairing effects 
(89, 90).  Such a hierarchy was attempted with alcohol, benzodiazepines, antihistamines, 
caffeine, and nicotine, but opioids were not included (89).

References

1.   NIH-CDC (1997): Effective medical treatment of heroin addiction. NIH Consensus 
Statement. Bethesda, MD: National Institutes of Health.

2.  Dole V.P., Nyswander M.E. (1965): A medical treatment for diacetylmorphine 
(heroin) addiction: A clinical trial with methadone hydrochloride. J Am Med Assoc 
193: 80-84. 

3.  Fudala P.J., Bridge T.P. (2003): Guest Editors, Supplement: Buprenorphine and 
buprenorphine/naloxone: A guide for clinicians. Drug Alcohol Depend 70: S1-
S104.

4.  Preston K.L., Bigelow G.E., Liebson I.A. (1990): Discrimination of butorphanol 
and nalbuphine in opioid-dependent humans. Pharmacol Biochem Behav 37: 
511-522.

5.  Fudala P.J., Yu E., Macfadden W., Boardman C., Chiang C.N. (1998): Effects of 
buprenorphine and naloxone in morphine-stabilized opioid addicts. Drug Alcohol 
Depend 50: 1-8. 

6.  Mendelson J., Jones R.T., Brown W.S., Batki S.L. (1997): Buprenorphine and 
naloxone interactions in methadone maintenance patients. Biol Psychiatr 41: 
1095-1101.

7.  Preston K.L., Bigelow G.E., Liebson I.A. (1988a): Buprenorphine and naloxone 
alone and in combination in opioid-dependent humans. Psychopharmacology 
(Berl) 94: 484-490.

8.  Stoller K.B., Bigelow G.E., Walsh S. L., Strain E.C. (2001): Effects of 
buprenorphine/naloxone in opioid-dependent humans. Psychopharmacology 
(Berl) 154: 230-242.

9.   Gonzalez G., Oliveto A., Kosten T.R. (2002): Treatment of heroin (diamorphine) 



18

Heroin Addiction and Related Clinical Problems

addiction.  Current approaches and future prospects. Drugs 62: 1331-1343. 
10.  Rothenberg S., Schottenfeld S., Meyer R.E., Krauss B., Gross K. (1977): 

Performance differences between addicts and non-addicts. Psychopharmacology 
(Berl) 52: 299-306.

11.  Grevert P., Masover B., Goldstein A. (1977): Failure of methadone and levomethadyl 
acetate (levo-alpha-acetylmethadol, LAAM) maintenance to affect memory. Arch 
Gen Psychiatry 34: 849-853.

12.  Darke S., Sims J., McDonald S., Wickes W. (2000): Cognitive impairment among 
methadone maintenance patients. Addiction 95: 687-695.

13.  Curran H.V. (2000): Psychopharmacological approaches to human memory. In: 
M.S. Gazzaniga Eds: The New Cognitive Neurosciences, 2nd edn. Boston: MIT 
Press. pp. 797-804.

14.  Specka M., Finkbeiner T., Lodemann E., Leifert K., Kluwig J., Gastpar M. (2000): 
Cognitive-motor performance of methadone-maintained patients. Eur Addict Res 
6: 8-19.

15.  Mintzer M.Z., Stitzer M.L. (2002): Cognitive impairment in methadone 
maintenance patients. Drug Alcohol Depend 67: 41-51.

16.  Bechara A., Damasio A.R., Damasio H., Anderson S.W. (1994): Insensitivity to 
future consequences following damage to human prefrontal cortex. Cognition 
50: 7-15.

17.  Bechara A., Damasio H., Tranel D., Anderson S.W. (1998): Dissociation of 
working memory from decision making within the human prefrontal cortex. J 
Neurosc 18: 428-437.

18.  Bechara A., Tranel D., Damasio H. (2000): Characterization of the decision-
making deficit of patients with ventromedial prefrontal cortex lesions. Brain 123: 
2189-2202.

19.  Rotheram-Fuller E., Shoptaw S., Berman S. M., London E.D. (2004): Impaired 
performance in a test of decision-making by opiate-dependent tobacco smokers. 
Drug Alcohol Depend 73: 79-86.

20.  Madden G.J., Petry N.M., Badger G.J., Bickel W.K. (1997): Impulsive and 
self-control choices in opioid-dependent patients and non-drug-using control 
participants: drug and monetary rewards. Exp Clin Psychopharmacol 5: 256-
262.

21.  Petry N.M., Bickel W.K., Arnett M. (1998): Shortened time horizons and 
insensitivity to future consequences in heroin addicts. Addiction 93: 729-738.

22.  Gritz E.R., Shiffman S.M., Jarvik M.E., Haber J., Dymond A.M., Coger R., et 
al. (1975): Physiological and psychological effects of methadone in man. Arch 
Gen Psychiatry 32: 237-242.

23.  Moskowitz H., Robinson C.D. (1985): Methadone maintenance and tracking 
performance. In S. Kaye & G.W. Meier Eds: Alcohol, Drugs and Traffic Safety. 
U.S. Department of Transportation. pp.995-1004.

24.  Robinson C.D., Moskowitz H. (1985): Methadone maintenance treatment and 



19

M. Z. Mintzer: Effects of opioid pharmacotherapy on psychomotor and cognitive 
performance:  A review of human laboratory studies of methadone and buprenorphine 

aspects of skilled performance. In S. Kaye & G.W. Meier Eds: Alcohol, Drugs 
and Traffic Safety (pp. 1145-1157). U.S. Department of Transportation. 

25.  Appel P.W., Gordon N.B. (1976): Digit-symbol performance in methadone-treated 
ex-heroin addicts. Am J Psychiatry 133: 1337-1340.

26.  Appel P.W. (1982): Sustained attention in methadone patients. Int J Addic 17: 
1313-1327.

27.  Gordon N.B. (1970): Reaction-times of methadone treated ex-heroin addicts. 
Psychopharmacologia 16: 337-344.

28.  Davis P.E., Liddiard H., McMillan T.M. (2002): Neuropsychological deficits and 
opiate abuse. Drug Alcohol Depend 67: 105-108.

29.  Mintzer M.Z., Copersino M.L., Stitzer M.L. (2005): Opioid abuse and cognitive 
performance. Drug Alcohol Depend 78: 225-230.

30.  Verdejo A., Toribio I., Orozco C., Puente K.L., Perez-Garcia, M. (2005): 
Neuropsychological functioning in methadone maintenance patients versus 
abstinent heroin abusers. Drug Alcohol Depend 78: 283-288.

31.  Prosser J., Cohen L.J., Steinfeld M., Eisenberg D., London E.D., Galynker I.I. (in 
press): Neuropsychological functioning in opiate-dependent subjects receiving 
and following methadone maintenance treatment. Drug Alcohol Depend. 

32.  Soyka M., Horak M., Dittert S., Kagerer S. (2001): Less driving impairment on 
buprenorphine than methadone in drug-dependent patients? J Neuropsychiatry 
Clin Neurosci 13: 527-528.

33.  Schindler S.D., Ortner R., Peternell A., Eder H., Opgenoorth E., Fischer G. (2004): 
Maintenance therapy with synthetic opioids and driving aptitude. Eur Addict Res 
10(2): 80-87.

34.  Pirastu R., Fais R., Messina M., Bini V., Spiga S., Falconieri D., Diana M. 
(in press): Impaired decision-making in opiate-dependent subjects: Effect of 
pharmacological therapies. Drug Alcohol Depend. 

35.  Curran H.V., Bolton J., Wanigaratne S., Smyth C. (1999): Additional methadone 
increases craving for heroin: a double-blind, placebo-controlled study of chronic 
opiate users receiving methadone substitution treatment. Addiction 94: 665-
674.

36.  Curran H.V., Kleckham J., Bearn J., Strang J., Wanigaratne S. (2001): Effects 
of methadone on cognition, mood and craving in detoxifying opiate addicts: a 
dose-response study. Psychopharmacology (Berl) 154: 153-160.

37.  Walsh S.L., June H.L., Schuh K.J., Preston K.L., Bigelow G.E., Stitzer M.L. 
(1995): Effects of buprenorphine and methadone in methadone-maintained 
subjects. Psychopharmacology (Berl) 119: 268-276.

38.  Strain E.C., Walsh S.L., Preston K.L., Liebson I.A., Bigelow G.E. (1997): The effects 
of buprenorphine in buprenorphine-maintained volunteers. Psychopharmacology 
(Berl) 129: 329-338.

39.  Isbell H., Wilker A., Eisenman A.J., Daingerfield M., Frank K. (1948): Liability of 
addiction to 6-dimethylamino-4-4-diphenyl-3-heptanone (methadon, “amidone” 



20

Heroin Addiction and Related Clinical Problems

or “10820”) in man. Arch Intern Med 82: 362-392.
40.  Mintzer M.Z., Correia C.J., Strain E.C. (2004): A dose-effect study of repeated 

administration of buprenorphine/naloxone on performance in opioid-dependent 
volunteers. Drug Alcohol Depend 74: 205-209.

41.  Lenne M.G., Dietze P., Rumbold G.R., Redman J.R., Triggs T.J. (2003): The effects 
of the opioid pharmacotherapies methadone, LAAM and buprenorphine, alone 
and in combination with alcohol, on simulated driving. Drug Alcohol Depend 
72: 271-278.

42.  Soyka M., Hock B., Kagerer S., Lehnert R., Limmer C., Kuefner H. (2005): 
Less impairment on one portion of a driving-relevant psychomotor battery 
in buprenorphine-maintained than in methadone-maintained patients. J Clin 
Psychopharmacol 25: 490-493.

43.  Kelley D., Welch R., McKnelley W. (1978): Methadone maintenance: an 
assessment of potential fluctuations in behavior between doses. Int J Addict 13: 
1061-1068.

44.  Lyvers M., Yakimoff M. (2003): Neuropsychological correlates of opioid 
dependence and withdrawal. Addict Behav 28: 605-611.

45.  Preston K.L., Bigelow G.E., Liebson I.A. (1988b): Butorphanol-precipitated 
withdrawal in opioid-dependent human volunteers. J Pharmacol Exp Ther 246: 
441-448.

46.  Preston K.L., Bigelow G.E., Liebson I.A. (1989): Antagonist effects of nalbuphine 
in opioid-dependent human volunteers. J Pharmacol Exp Ther 248: 929-937.

47.  Strain E.C., Preston K.L., Liebson I.A., Bigelow G.E. (1992): Acute effects of 
buprenorphine, hydromorphone and naloxone in methadone-maintained volunteers. 
J Pharmacol Exp Ther 261: 985-993.

48.  Strain E.C., Preston K.L., Liebson I.A., Bigelow G.E. (1993): Precipitated 
withdrawal by pentazocine in methadone-maintained volunteers. J Pharmacol 
Exp Ther 267: 624-634.

49.  Strain E.C., Preston K.L., Liebson I.A., Bigelow G.E. (1996): Opioid antagonist 
effects of dezocine in opioid-dependent humans. Clin Pharmacol Ther 60: 206-
217.

50.  Lamas X., Farre M., Cami J. (1994): Acute effects of pentazocine, naloxone and 
morphine in opioid-dependent volunteers. J Pharmacol Exp Ther 268: 1485-
1492.

51.  Kanof P.D., Aronson M.J., Ness R. (1993): Organic mood syndrome associated 
with detoxification from methadone maintenance. Am J Psychiatry 150: 423-
428.

52.  Dole V.P., Nyswander M.E. (1966): Rehabilitation of heroin addicts after blockade 
with methadone. N Y State J Med 66: 2011-2017.

53.  Ling W., Wesson D.R., Charuvastra C., Klett C.J. (1996): A controlled trial 
comparing buprenorphine and methadone maintenance in opioid dependence. 
Arch Gen Psychiatry 53: 401-407.



21

M. Z. Mintzer: Effects of opioid pharmacotherapy on psychomotor and cognitive 
performance:  A review of human laboratory studies of methadone and buprenorphine 

54.  Strain E.C., Bigelow G.E., Liebson I.A., Stitzer M.L. (1999): Moderate- vs high-
dose methadone in the treatment of opioid dependence: a randomized trial. J Am 
Med Assoc 281: 1000-1005.

55.  Payte J.E., Khuri E.T. (1993): Principles of methadone dose determination. In:  
Parrino MW, editor. CSAT State Methadone Treatment Guidelines. Rockville 
(MD): Center for Substance Abuse Treatment: Treatment Improvement Protocol 
(TIP) Series 1, U.S. Department of Health and Human Services; 1993:47-58. 
USPHS Publication (SMA): 93-1991.

56.  D’Aunno T., Vaughn T.E. (1992): Variations in methadone treatment practices. 
Results from a national study. J Am Med Assoc 267: 253-258.

57.  Blaney T., Craig R.J. (1999): Methadone maintenance. Does dose determine 
differences in outcome? J Subst Abuse Treat 16: 221-228.

58.  Cooper J.R. (1992): Ineffective use of psychoactive drugs. Methadone treatment 
is no exception. J Am Med Assoc 267: 281-282.

59.  D’Aunno T., Pollack, H.A. (2002): Changes in methadone treatment practices: 
results from a national panel study, 1988-2000. J Am Med Assoc 288: 850-856.

60.  Joseph H., Stancliff S., Langrod J. (2000): Methadone maintenance treatment 
(MMT): a review of historical and clinical issues. Mt Sinai J Med 67: 347-364.

61.  Leavitt S.B., Shinderman M., Maxwell S., Eap C.B., Paris P. (2000): When 
“enough” is not enough: new perspectives on optimal methadone maintenance 
dose. Mt Sinai J Med 67: 404-411.

62.  Leavitt S.B. (1998): Dosage survey ’98: Changes for the better. Addiction Treatment 
Forum. 7: 1. Retrieved May 29, 2003, from http://www.atforum.com

63.  Maxwell S., Shinderman M. (1999): Optimizing response to methadone 
maintenance treatment: use of higher-dose methadone. J Psychoactive Drugs 
31: 95-102.

64.  Maxwell S., Shinderman M.S. (2002): Optimizing long-term response to methadone 
maintenance treatment: a 152-week follow-up using higher-dose methadone. J 
Addict Dis 21: 1-12.

65.  Robles E., Miller F.B., Gilmore-Thomas K.K., McMillan D.E. (2001): 
Implementation of a clinic policy of client-regulated methadone dosing. J Subst 
Abuse Treat 20: 225-230; discussion 231.

66.  Bach P.B., Lantos J. (1999): Methadone dosing, heroin affordability, and the 
severity of addiction. Am J Public Health 89: 662-665.

67. Bleich A., Gelkopf M., Schmidt V., Hayward R., Bodner G., Adelson M. (1999): 
Correlates of benzodiazepine abuse in methadone maintenance treatment. A 1 
year prospective study in an Israeli clinic. Addiction 94: 1533-1540.

68.  Hillebrand J., Marsden J., Finch E., Strang J. (2001): Excessive alcohol consumption 
and drinking expectations among clients in methadone maintenance. J Subst Abuse 
Treat 21: 155-160.

69.  Iguchi M.Y., Handelsman L., Bickel W.K., Griffiths R.R. (1993): Benzodiazepine 
and sedative use/abuse by methadone maintenance clients. Drug Alcohol Depend 



22

Heroin Addiction and Related Clinical Problems

32: 257-266.
70.  Stastny D., Potter M. (1991): Alcohol abuse by patients undergoing methadone 

treatment programmes. Br J Addict 86: 307-310.
71.  Best D., Gossop M., Lehmann P., Harris J., Strang J. (1999): The relationship 

between overdose and alcohol consumption among methadone maintenance 
patients. J of Subst 4: 41-44.

72.  Chatham L.R., Rowan-Szal G.A., Joe G.W., Brown B.S., Simpson D.D. (1995): 
Heavy drinking in a population of methadone-maintained clients. J Stud Alcohol 
56: 417-422.

73.  Chutuape M.A., Brooner R.K., Stitzer M. (1997): Sedative use disorders in 
opiate-dependent patients: association with psychiatric and other substance use 
disorders. J Nerv Ment Dis 185: 289-297.

74.  Darke S., Swift W., Hall W. (1994): Prevalence, severity and correlates of 
psychological morbidity among methadone maintenance clients. Addiction 89: 
211-217.

75.  el-Bassel N., Schilling R.F., Turnbull J.E., Su K.H. (1993): Correlates of alcohol 
use among methadone patients. Alcohol Clin Exp Res 17: 681-686.

76.  Kreek M. J. (1984): Opioid interactions with alcohol. Adv Alcohol Subst Abuse 
3: 35-46.

77.  Stitzer M.L., Griffiths R.R., McLellan A.T., Grabowski J., Hawthorne, J.W. (1981): 
Diazepam use among methadone maintenance patients: patterns and dosages. 
Drug Alcohol Depend 8: 189-199.

78.  Preston K.L., Griffiths R.R., Stitzer M.L., Bigelow G.E., Liebson I.A. (1984): 
Diazepam and methadone interactions in methadone maintenance. Clin Pharmacol 
Ther 36: 534-541.

79.  Spiga R., Huang D.B., Meisch R.A., Grabowski J. (2001): Human methadone 
self-administration: effects of diazepam pretreatment. Exp Clin Psychopharmacol 
9: 40-46.

80.  Finnigan F., Hammerslay R. (1992): The effect of alcohol on performance. In: 
A.P. Smith & D.M. Jones Eds: Handbook of Human Performance, Health and 
Performance 2. London: Academic Press. pp. 73-126.

81  Augsburger M., Rivier L. (1997): Drugs and alcohol among suspected impaired 
drivers in Canton de Vaud (Switzerland). Forensic Sci Int 85: 95-104.

82.  Lintzeris N., Mitchell T.B., Bond A., Nestor L., Strang J. (2006): Interactions on 
mixing diazepam with methadone or buprenorphine in maintenance patients. J 
Clin Psychopharmacol 26: 274-283.

83. Linnoila M., Hakkinen S. (1974): Effects of diazepam and codeine, alone and 
in combination with alcohol, on simulated driving. Clin Pharmacol Ther 15: 
368-373.

84.  Linnoila M., Mattila M.J. (1973): Interaction of alcohol and drugs on psychomotor 
skills as demonstrated by a driving simulator. Br J Pharmacol 47: 671P-672P.

85.  Willette R.E., Walsh J.M. (1983): Drugs, driving & traffic safety (Publication 



23

M. Z. Mintzer: Effects of opioid pharmacotherapy on psychomotor and cognitive 
performance:  A review of human laboratory studies of methadone and buprenorphine 

No.  Geneva, Switzerland: World Health Organization.
86.  Alvarez J.F., del Rio M.C. (2002): Medicinal drugs and driving: From research 

to clinical practice. Trends Pharmacol Sci 23: 441-443.
87.  Thapar P., Zacny J.P., Choi M., Apfelbaum J.L. (1995a): Objective and subjective 

impairment from often-used sedative/analgesic combinations in ambulatory 
surgery, using alcohol as a benchmark. Ambulatory Anesthesia 80: 1092-1098.

88.  Thapar P., Zacny J.P., Thompson W., Apfelbaum J.L. (1995b): Using alcohol as 
a standard to assess the degree of impairment induced by sedative and analgesic 
drugs used in ambulatory surgery. Anesthesiology 82: 53-59.

89.  Hindmarch I., Kerr J.S., Sherwood N. (1991): The effects of alcohol and other 
drugs on psychomotor performance and cognitive function. Alcohol Alcohol 26: 
71-79.

90.  Zacny J.P. (1995): A review of the effects of opioids on psychomotor and cognitive 
functioning in humans. Exp Clin Psychopharmacol 3: 432-466.

Received August 1, 2006 - Accepted  November 30, 2006






