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Methadone Maintenance Improves Cognitive Performance After
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Methadone maintenance (MM) has received little scientific attention regarding neurocogni-
tive effects. The present study examined cognitive function in 17 opiate-dependent subjects
at baseline and after 2 months of MM treatment. Subjects demonstrated significant improve-
ments from baseline on measures of verbal learning and memory, visuospatial memory, and
psychomotor speed and redudesjuencyof drug use (Addiction Severity Index) relative to
baseline, although the total percentage of urine samples positive for additional illicit sub-
stances was slightly increased. No effect of illicit drug use was observed when the sample was
stratified by urine toxicology results, suggesting that improvements in cognition were not
associated with additional illicit drug use. Results suggest that opiate-dependent subjects
exhibit significant improvement in cognitive function after MM treatment. Future investiga-
tions are needed to confirm these findings.
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Derived from the opium poppy, heroin was originally rates of past year heroin use were higher among persons
developed as a substitute for morphine in an effort to deadged 18 to 25 (0.3%) than any other age group includ-
with issues of addiction. It was soon recognized, howevering those aged 12 to 17 (0.1%) and 26 or older (0.1%)
that heroin is more addictive than morphine, which resultedNational Survey on Drug Use and Health, 2004). There has
in making the use of heroin illegal. Although the demand foralso been a fourfold increase in heroin use for individuals
heroin remains significantly lower than for other drugs suchbetween the ages of 12 and 17 since the 1980s and 2003,
as cocaine, methamphetamine, and marijuana, the consand statistics indicate that 1.5% of all 10th and 12th graders
guences of heroin abuse are such that its abuse poseshave tried the drug at least once (National Institute on Drug
significant drug threat. Despite increasing knowledge ofAbuse [NIDA], 2004). Moreover, according to the 2003
heroin’s effects, rates of heroin abuse among adults havidational Household Survey on Drug Abuse, nearly four
increased slightly after trending downward over the pasmillion American adults have tried heroin, with 314,000
few years. According to the Monitoring the Future data, useeporting “annual” use during the previous year (National
rates among college students declined each year from 200@ousehold Survey on Drug Abuse, 2002; Substance Abuse
to 2002 before increasing slightly in 2003. Data indicate thaand Mental Health Services Administration Office of Ap-
plied Studies, 2003). These data underscore the magnitude
of the problem of heroin abuse in this country and suggest
that research into pharmacologic treatment options for
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Stancliff, & Langrod, 2000). Taken orally, this treatment To date, little is known about acute versus chronic effects

relieves narcotic craving and suppresses opioid abstinenad MM on the cognitive function of MM patients. The

syndrome for 24 to 36 hours and is associated with reducedurrent study examined several areas of cognitive function-

illicit drug use, reduced spread of hepatitis and HIV, anding in a group of opiate-dependent subjects at the beginning

increased employment (NIDA, 2005; Galynker, Watras-of a MM program and after two months of treatment. It was

Ganz, Miner, Rosenthal, Des Jarlais, & Richman, 2000hypothesized that subjects receiving methadone would show

Kreek & Reisinger, 1997). Despite the fact that methadonaeurocognitive improvement from baseline to two months of

has been used for more than 30 years, few studies to dateatment, particularly in verbal and visuospatial memory. It

have examined the effects of MM on neurocognitive was also hypothesized that neurocognitive improvement would

functioning. be associated with reduced heroin and other drug use, with the
Opioid-induced cognitive deficits have been observed irdargest improvement seen in subjects with little to no illicit

rats treated chronically with morphine, as evidenced bydrug use at the two-month follow-up.

impaired acquisition of reference memory in the radial arm

maze (Spain & Newsom, 1991). Carlin (1986) has also

demonstrated impairments in visuospatial and visuomotor Method

function in human opiate users. Pakesch, Loimer, Gr“nSubjects

berger, Pfersmann, Linzmayer, & Mayerhofer (1992) com-

pared the performance of opiate abusers on a number of Seventeen opiate-dependent subjects enrolled in an MM pro-

neuropsychological measures with that of healthy, nonusingram were recruited through the Habit Management Institute (Bos-

controls and found that the opiate-dependent group wai9n, MA) to participate in a longitudinal study of neuropsycholog-

significantly more impaired regarding tasks of visual mem-ical performance. Subjects were included in this study if they were

ory recall. Hill & Mikhael (1979) have reported that heroin 2étween the ages of 18 and 45, met DSM-IV criteria for opiate

abusers showed marked impairments on psychomotor tasg§pendence, and were beginning MM treatment. All subjects re-

d £ Vi tial M tv. O ived the Structured Clinical Interview for DSM—IV (SCID-P) to
and measures ot visuospatial memory. More recently, Ormg g e that no additional Axis | pathology was present in any

stein, Iddon, Baldacchino, Sahakian, London, & Everittgypject (aside from meeting DSM criteria for opiate dependence).
(2000) found that chronic heroin use impairs performancesupjects were excluded if they were pregnant, had an organic
on sequence generation tasks, spatial working memory, anelental disorder, seizure disorder, or central nervous system dis-
visual pattern recognition memory. These findings are irease (e.g., multiple sclerosis or cerebral vascular incident), or if
contrast to early reports suggesting that opiate users arttiey had a history of head trauma or loss of consciousness. During
controls do not differ in frontal lobe function (i.e., abstract the initial screening phase, subjects were informed that if they
thinking; Bruhn & Maage, 1975) and verbal fluency (Roun-tested positive for pregnancy on the basis of the urine screen, they

saville, Jones, Novelly, & Kleber, 1982). There is, however would not be able to participate in the study. This was confirmed
- ! . ' I - . at both visits to the neuroimaging center via a urine screen.
a growing body of evidence that chronic opiate use is The ages of the subjects (11 men, 6 women) ranged from 25.8

a.SSOCiatEd Wi.th SignifiqanF impairment on several dimen'to 60.1 years with a mean age of 41#2 10.6 years. Average
sions of cognitive functioning. o __education of the cohort was 11:0 1.9 years. MM patients were
Some evidence suggests that alterations in neurocognitiigst evaluated an average of 15:713.1 days after enrolling in the
functioning persist in patients on MM compared with MM program, at which time their average methadone dose
healthy individuals (Carlin, 1986; Pakesch et al., 1992)was 68.0+ 21.7 mg/kg (see Table 1).
Significant neurocognitive impairments in delayed recall of
prose (episodic memory) have been observed in heroinProcedure
dependent outpatients as early as three hours after an acute
dose of methadone (Curran, Kleckham, Bearn, Strang, & All aspects of the research protocol were reviewed and approved
War“garatne, 2001) |mpa|rment |n performance on meaby the Institutional Review Board of McLean HOSp|ta|. Written
sures of psychomotor speed, working and long-term mem-
ory, decision making, and response inhibition has also been
reported following several months of MM treatment (rang- Table 1
ing from 5 to 60 months; Darke, Sims, McDonald, & Demographic Features of Subjects on Methadone
Wickes, 2000; Mintzer & Stitzer, 2002). Maintenance (MM) Treatment
Some early reports suggest that the performance of MM MM subjects
patients does not significantly differ from that of former
heroin abusers or normal controls, however (Appel & Gor-

Demographic feature Men (n = 11) Women § = 6)

don, 1976). More recently, Mintzer & Stitzer (2002) re- Age (years= SD) 44.0 (11.0) 36.2 (8.4)
ported that patients in long-term MM treatment (45 months)Education (years- SD) 10.6 (2.2) 11.8(1.1)
demonstrated similar time estimation and conceptual ﬂeXi!:\Sgdoefdfir;gtsfqe(%irlf)use 9R, 2L 4R, 2L
bility as control subjects. These findings suggest that some“(years+ sp) 21.0(8.1) 21.0(5.4)
aspects of neurocognitive functioning, such as attentionpuration of heroin use

may be unaffected by long-term MM treatment, whereas (years+ SD) 23.2(12.0) 15.2(8.92)

other domains such as learning and memory may be mor¥€an methadone dose
susceptible to chronic methadone use. (mg/kg = SD) 70.0(21.0) 64.0(25.1)
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informed consent was obtained from all subjects following a Results
complete description of the study. Subjects completing the exper-
imental protocol were compensated for their voluntary participa-Clinical Measures

tion. Subjects were seen at approximately the same time of day for . . . .
both their baseline and two-month visit, and all subjects receiveq1 As noted in Table 1, at baseline, subjects reported using

methadone in the morning, before their visit. In this way, although eroin for 20.3= 11.3 years, with a mean age of first heroin

not timed to a precise hour, all subjects received their methadonHSe at 21;& 7.0 years. As seen in Figure ,1’ a significant
on their regular schedule and completed their test batteries &€crease in the frequency of drug use domain of the ASI was
approximately the same time of day for both their baseline andietected between baseline (0:-80.02) to the two-month time
follow-up visits, which was generally midmorning. point (0.24= 0.02),F(1, 16)= 6.16,p = .03. No evidence of
Clinical assessment. Urine samples were collected from each improvement on any other ASI domain was observed.
subject (prior to testing) at the McLean Hospital Brain Imaging Toxicology results for the sample, listed in Table 2,
Center and screened for the presence of drug metabolites (Triagedicate that although subjects reported significantly re-
test, Biosite Diagnostics, Inc., San Diego, CA). Women were alsaduced frequency of illicit drug use (see Figure 1), the
tested for pregnancy using a commercially available urine test kipercentage of subjects whose urine tested positive for addi-
(QuUPID One-Step Pregnancy, Stanbio Laboratory, Inc., San Antional illicit substances increased from baseline to the two-
tonio, TX). All subjects were tested for breath alcohol contentmonth visit, most notably for cocaine, which increased from

(Alco Sensor I, Intoximeters Inc., St. Louis, MO). Subjects 1295 at baseline to 35% at the two-month visit. These data
testing positive for pregnancy or alcohol were not permitted tojndicate that despite a reduction in reported drug use fre-
participate in the study. quency, illicit drug use in general increased over the two-

The Addiction Severity Index (ASI) was administered to the month period, resulting in fewer clean (free of illicit drug)
subjects on both visits by a trained research assistant in order Qrine samples at the two-month visit.

evaluate each subject’'s medical condition, employment/support
status, drug use, alcohol use, illegal activity, family/social rela-
tions, and general psychiatric function (McLellan, Luborsky, Cac-

ciola, Griffith, & O'Brien 1985). A composite score (ranging  ag jllystrated in Table 3, significant improvements were
between 0.0 and 1.0) for each aspect of the ASI was calculatedyijent on a number of neurocognitive measures. Improve-
with higher scores reflecting greater problem severity. ment in verbal learning and memory was demonstrated in

Neuropsychological assessmenBefore neuropsychological the RAVLT, a serial list leamning test, which revealed a

testing, subjects were administered an abbreviated clinical interéi nificant increase from baseline to two months in the
view to ensure patients met diagnostic criteria for opiate depen: 9

dence, as well as a demographic questionnaire. Subjects weFH'Imber of Words_ learned over flve_ triaks(1, 16) = .11'.2'
administered neuropsychological measures in two single sessiohs = -004 (see Figure 2). Similar improvements in visuo-
each lasting 60-90 minutes—the first at baseline and the secorgPatial memory, as measured by the Rey-O, were detected
after two months of MM treatment. The battery of tests wasiN the delayed (30 minutes) recall conditid#(1, 16)= 5.5,
administered by trained psychometricians and included measurds = -03, with MM subjects recalling more figure details
sensitive to frontal/executive functioning, verbal learning andafter a delay when tested at two months compared with
memory, visuospatial learning and memory, as well as attentiofaseline (see Figure 3). A trend toward improvement in the
and psychomotor speed (for review, see Gruber & Yurgelun-Toddimmediate recall condition was also observeB(1,
2000). The tests included the Rey Auditory Verbal Learning Test

(RAVLT), Rey-Osterrieth Complex Figure Test (Rey-O), Digit

Symbol Subtest from the Wechsler Adult Intelligence Scale—

Revised, Controlled Oral Word Association Test (FAS), Trail 032 -
Making A and B, and the Stroop Color Word Test (Lezak, How-
ieson, & Loring, 1988). In order to determine subjects’ preference
for using one hand as opposed to the other during common tasks
such as writing, eating, or throwing a ball, all subjects also com-
pleted the Annett Handedness Scale (Annett, 1970). Alternate test
forms were used at the two-month time point to avoid potential
practice effects. It is of note that once enrolled, subjects were told
that they would be evaluated at multiple time points; however, no
specific discussion about repeat cognitive testing occurred, which
prevented subjects from leaving their baseline neurocognitive
evaluation and attempting to remember items for their two-month
follow-up visit.

Data analyses. Repeated measures analyses of variance ( 0.00 : :
.05) were conducted to examine the clinical functioning and neu- baseline MM 2 months
ropsychological performance of the MM subjects at baseline and
after two months of treatment. Repeated measures analyses Bfgure 1. Addiction Severity Index (ASI) drug use frequency
covariance were also completed to examine the relationship besomposite score. As measured by the ASI, frequency of use of
tween neuropsychological function and illicit drug use (ASI additional illicit substances decreased between baseline and two
scores) and to co-vary the neuropsychological measures by urin@onths of methadone maintenance (MM) treatment, significant at
toxicology results. p = .03.

Neuropsychological Performance

0.26

0.24

ASI Drug Use Composite Score

A\Y
A\}
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Table 2 trolled Oral Word Association Test was also note(l,
Urine Toxicology Results for Methadone Maintenance  16) = 3.28,p = .09, with subjects generating more words
Subjects in each letter category after two months of MM treatment

than at baseline. No significant differences were reported for

Two months : : -

Drug Baseline methadone maintenance the semantic component of the FAS, the Trail Making Test,
Ooiat 47% A7% parts A and B, or any subtest of the Stroop Color Word Test
o 1204 3506 (see Table 3, Figures 4 and 5).

Amphetamine 0% 6%

Benzodiazepine 6% 18% . .

Barbiturate 12% 0% Discussion

Marijuana 6% 12% . . .
Clean urined 35% 24% In general, subjects on MM showed improvements in

2 Data represent percentages of positive urine tests at baseline yerbal and visuospatial encoding and recall as well as psy-
after two months of methadone maintenanoe<( 17). Because Ehomotor speed after two months of treatment. Significant

urinalysis of methadone was unavailable on the test day, percentprovement was detected between baseline and two
age of clean urines excludes methadone-positive samples. months of methadone treatment for the RAVLT, a serial list
learning test that requires subjects to recall as many of 15
items as possible after the word list is read aloud. Verbal
16) = 3.62,p = .08, with MM subjects at the two-month learning is defined as the total number of words recalled
visit recalling more details immediately (one minute) afterafter 5 presentations, which was significantly improved
the figure was removed than they did at their baseline visitafter two months of methadone treatment. Improvement
Subjects were able to reproduce a similar number of figuravas also demonstrated on the Rey-O for the two conditions
details in the copy condition at baseline and at two month®f the test that included a memory component. This test
of MM treatment,F(1, 16) = 0.30,p = .59, suggesting the requires subjects to initially copy a complex figure (copy
improvements on the Rey-O were limited to conditions thatcondition) using colored pens of their choice. Immediately
included a memory component. after the removal of the stimulus figure, subjects are asked
On the Wechsler Adult Intelligence Scale—Revised Digitto recall as much of the figure as possible from memory
Symbol Test, a test that requires subjects to transcribe digitémmediate recall condition). Finally, after a 30-minute
to symbols as quickly as possible, subjects demonstrateddelay, subjects are again asked to draw as much of the figure
significant increase in correct responses after two months afs possible from memory (delayed recall condition). Inter-
MM, F(1, 15) = 5.66,p = .03. A trend toward improve- estingly, after two months of treatment, subjects recalled
ment on the letter fluency (FAS) component of the Con-significantly more information during the delayed recall

Table 3
Neuropsychological Test Performance at Baseline and After Two Months of Treatment
Test BaselineN!, SB Two months ¥, SB F p
WAIS-R Verbal IQ Estimate 92.4 (11.3)
Rey Auditory Verbal Learning
Trial 1-5 (words recalled) 40.9 (2.73) 47.4 (2.56)* 11.20 .004
Rey-Osterrieth Complex Figure Test
Copy condition 26.5 (1.50) 27.3(1.28) 0.30 .59
Immediate condition 12.4 (1.51) 15.2 (1.48) 3.62 .08
Delay condition 11.0(1.41) 14.03 (1.46)* 5.50 .03
Wechsler Adult Intelligence
Scale—Revised (WAIS-R)
Digit Symbol Test 42.9 (4.59) 49.2 (4.20)* 5.66 .03
Controlled Oral Word Association Test
Letter fluency (FAS) 29.7 (2.70) 33.2(2.95) 3.28 .09
Category fluency (animals) 18.4 (1.49) 18.0 (1.07) 0.26 .62
Trail Making
Trail A (time) 42.4 (6.39) 34.5(3.91) 2.98 .10
(Errors) 0.12 (0.08) 0.06 (0.06) 0.32 .58
Trail B (time) 103.0 (13.08) 100.8 (10.96) 0.05 .83
(Errors) 0.82 (0.26) 2.82 (1.74) 1.36 .26
Stroop Test
Color naming (time) 76.0 (5.93) 69.4 (3.70) 1.81 .20
(Errors) 2.35(0.62) 1.59 (0.42) 1.04 .32
Word reading (time) 57.7 (4.46) 54.7 (3.04) 0.62 A4
(Errors) 0.77 (0.41) 0.71(0.36) 0.01 .92
Interference (time) 128.4 (7.03) 126.3 (7.95) 0.08 .78
(Errors) 4.06 (0.88) 2.94 (1.08) 0.85 .37

* Indicates significance change from baselinpe<

.05). Data represented are means3Es in parentheses).
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of treatment, indicating a benefit of treatment for the effi-
50 ciency of generating psychomotor responses. Given that the
2 48 task demand includes a working memory component, the
@ improved results may be due to increased attentional capac-
E 46 A ity and memory load. Performance on the Controlled Oral
o Word Association (FAS) Test (which requires subjects to
= 44 4 . . .
= generate as many words as possible that begin with a
S 4 A specific letter within one minute) was also improved be-
3 tween baseline and two months of treatment, although this
g 40 . .. .
5 did not reach statistical significance. After two months of
4 38 treatment, subjects were able to generate a greater number
F - of appropriate responses to the letter cues.
0 . . A number of neurocognitive variables were not signifi-
baseline MM 2 months cantly changed between baseline and the two-month treat-

ment period, suggesting that the improvements noted are

Figure 2. RAVLT C = Rey Auditory Verbal Learning Test— q|ata4 to specific domains. Performance on the Trail Mak-
total number correct. A significant improvement in the total num-.

ber of words recalled for Word Lists 1 through 5 was noted'"9 Test was not significantly different between the two

between baseline and two months of methadone maintenandéMe points for either Part A, a relatively pure measure of
(MM) treatment, significant gp = .004. attention and psychomotor speed, or Part B, a measure of
executive function that requires subjects to actively alter-
nate mental set while completing the task, although they
condition as compared to baseline. Further, a trend towargerformed the task more quickly after two months of treat-
significance was detected in the immediate recall conditioment. Similarly, no significant differences were detected for
between baseline and two months of treatment. No improveany of the conditions of the Stroop Color Word Test, which
ment was observed between baseline and two months foequires participants to name colors (color naming), read
the copy condition, underscoring the specificity of improve-words (word reading), and finally report the color of words
ment in memory function. Subjects appear to perform theprinted in an incongruent ink color as quickly as possible
simple act of copying a figure similarly before and after (interference). The interference condition requires that sub-
methadone treatment, but they show significant improvejects actively inhibit an overlearned tendency (word read-
ment in recall function following the treatment period. ing) in favor of a less automatic tendency (color naming),
Improved performance was also noted for the Digit Sym-which is also considered a measure of executive function.
bol task, a test of psychomotor speed and working memoryTaken together, these findings underscore the specificity of
which requires subjects to transcribe numbers to symbols ake improvements within tasks that involve a memory com-
quickly as possible. Although the code for the transcriptionponent, while tasks that measure executive functions or pure
is directly above the response field, subjects must keep sonmsychomotor speed appear to be relatively unchanged.
of the information in mind to move quickly through the test.  The total number of subjects with clean urine decreased
Subjects were able to complete more items after two monthslightly over the treatment period; however, as indicated by

Copy Immediate Recall Delayed Recall
30 7
3
% 20
3
=)
5]
O 157
**
p=.08
=.03
10 r
0
baseline MM 2 months  baseline MM 2 months  baseline MM 2 months

Figure 3. Rey-Osterreith Complex Figure Test (REY) performance. Despite similar performance
on the copy condition, subjects demonstrated significantly improved performance on the delayed
condition of the REY complex figure, significantat= .03. A trend toward significance was also
noted in the immediate recall condition of the test, underscoring the improvement in memory
function,p = .08. MM = methadone maintenance.
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54 cocaine demonstrated significantly increased subjective rat-

5 - ings of drug effects than those on cocaine alone (Preston et
o al., 1996). The rate of cocaine use in the current investiga-
'g 50 tion is consistent with previous investigations and suggests
2 that subjects may engage in higher cocaine use during the
éﬁ maintenance period in order to increase the effect of meth-
= 46 - adone, which is notably less intense, although longer last-
; 4 o ing, than heroin. Given the reduction in narcotic craving and
5 suppression of opioid abstinence syndrome associated with
% 42 A methadone and the increase of endogenous opioid peptides
= 40 - following cocaine use, the high rate of concomitant cocaine

use in methadone-maintained subjects is not surprising.
38 1 - Thus far, studies that have focused on the neurocognitive
0 = effects of chronic opiate and methadone use (Darke et al.,

2000; Davis et al., 2002; Mintzer & Stitzer, 2002) have not
evaluated the neuropsychological performance of MM pa-
Figure 4. Digit Symbol Performance. A task that involves both U€nts longitudinally. The unique within-subjects design of
psychomotor speed and working memory, performance on théhe current study allowed for comparisons between the
Digit Symbol Test was significantly improved between baselinecognitive function of opiate-dependent subjects at baseline
and two months of treatment, significantpat= .03. and after two months of MM treatment. A recent cross-
sectional study comparing the neuropsychological perfor-
mance of former opiate-dependent subjects enrolled in a
the ASI, the frequency of illicit drug use was significantly drug rehabilitation center (drug free), opiate-dependent sub-
reduced. Interestingly, the percentage of clean urine sanjects enrolled in an MM program, and healthy controls
ples was moderately decreased after the two-month treateported few differences between the three groups (Davis et
ment period, and no effect of illicit drug use was observedal., 2002). The most significant difference identified was
when the sample was stratified by urine toxicology resultsthat MM patients performed more poorly on a measure of
suggesting that improvements in cognitive function wereverbal fluency than did the controls and drug-free opiate-
not due to additional illicit drug use. Given the percentagedependent patients. Interestingly, the MM patients in the
of subjects who used cocaine increased from 12% at baseurrent study tended to improve in verbal fluency after two
line to 35% at the two-month follow-up visit, separate months of treatment, suggesting that the impairment noted
analyses were completed after dividing the total sample intdy Davis et al. may be reversible. Subjects in the current
two groups: individuals who tested positive for cocaine atstudy were also on a higher average daily dose of metha-
the two-month follow-up and individuals who tested nega-done (70 mg) compared to the Davis et al. cohort (32.4 mg).
tive for cocaine at the two-month follow-up. These analyses The findings of the present study are constrained by the
indicated that no significant effect of cocaine use was notedhoderate sample sizen (= 17) and should therefore be
on any neuropsychological measure, however, subjects whmonsidered preliminary. The data should also be interpreted
were positive for cocaine metabolites after two months ofwith caution given the high rate of polydrug use (and history
treatment showed less improvement than those who did not
use cocaine. For example, scores on the RAVLT improved
for both groups between the baseline and two-month visit,

baseline MM 2 months

but subjects who were positive for cocaine use showed less 36 -

improvement than those who did not use cocaine (see Fig-

ure 6). It is possible that cocaine use by some of the subjects 34 7

may have reduced the measurement of overall change in ., ,,

improved function associated with MM. A number of pre- £ 209

vious investigations have reported high rates of cocaine use § 30

in patients enrolled in MM programs (Condelli, Fairbank, § 28

Dennis, & Rachal, 1991; Kidorf & Stitzer, 1993). Studies =

that have focused on the pharmacologic interaction between 26 7

the two drugs have shown that cocaine increases concen- %4, 4

trations of endogenous opioids peptides in specific brain =

regions (Sivam, 1989) and has been shown to increase " '
opioid-induced analgesia (Sierra et al., 1992). It is likely baseline AN D myonths

that _the relnforcmg e_ffect_s of both cocaine and opiates ‘T’lr%igure 5. Verbal Fluency Performance. Improvement in the total
mediated via dopaminergic pathways, at least part of whichymper of words generated to a cue letter was detected between
are shared (Wise, 1988). Consistent with findings frompaseline and two months of treatment, which trended toward
opiate-cocaine interaction studies, Preston et al. I’eporteﬁgnificance,p = .09. FAS= Controlled Oral Word Association
that subjects who were maintained on methadone and takintest, letter fluency component; MM methadone maintenance.
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52 7
50
48 -
46 No significant effect of cocaine use
a5 on RAVLT

42
40
38 —@— Negative Cocaine Urine
36 —l- Positive Cocaine Urine
34
0

# Correct RAVLT C Trials 1-5

A\
A\

baseline MM 2 months

Figure 6. Rey Auditory Verbal Learning Test—total number correct: cocaine users versus non-
cocaine users. No significant effect of cocaine use in the total number of words recalled for Word
Lists 1 through 5 was noted between baseline and two months of methadone maintenance (MM)
treatment. Although both negative and positive cocaine users improved between baseline and two
months, non-cocaine users showed more improvement.

of polydrug use) in the subject pool. Further, it is important In conclusion, MM improved cognitive performance, par-
to note that there was no comparison treatment arm in thiticularly on tests of learning and memory. These improve-
study, making it difficult to ascertain whether the improve- ments do not appear to be the result of practice effects, as
ment in the patients’ cognitive function after two months of alternate test forms were used at each testing period. Fur-
MM treatment was due to methadone itself, or merely thehermore, the improvements remained significant even after
effect of being in a treatment program. It is of note, how- co-varying for illicit drug useFuture longitudinal studies
ever, that the estimated verbal 1Q of the sampleseeking to replicate the findings of the current study
was 92.4* 11.3, which is well within the average range, should include a group of opiate-dependent subjects en-
suggesting that the profile demonstrated within the study)ieq in a non-MM treatment program, as well as a group
sample is not the result of poor overall cognitive function. o o a1tk control subjects, in order to better characterize
We cannot rule out the possibility that some subjectsthe degree of neuropsychological improvement in MM

experienced slight sedation during the baseline visit give% tients. Given recent findings demonstrating a relation-
| .

their recent exposure to methadone, as some early studfS ip between methadone dose and neuropsychological
have reported this in animals during the initial phases o
P 9 P erformance (Curran et al., 2001; Hepner, Homewood, &

treatment (Crowley, Hydinger, Stynes, & Feiger, 1975),P : . .
although n(() subjec)t/s regortgd this(’;/teithertestir?g session). Aaylor, 2002) in which higher doses lead to greater
review of the neurocognitive scores suggests that the imMmpairment, future studies should also take into account
provements shown in the current study are not the result g€ effects of dose and tolerance effects when assessing
a wearing off of sedative effects. For example, the wordh€ neuropsychological performance of MM patients.
reading subtest of the Stroop Color Word Test requires onlyindings from the current investigation may be used to
that subjects read words printed in black ink as quickly aPlan treatment strategies that are enhanced by improved
possible. At the baseline visits, subjects took an averagg€mory function.
of 57.7 seconds to complete the task, which is at the high

end of normal limits. Although some improvement was

detected at the two-month follow-up visit, (average time to

complete was 54.7 seconds), no significant difference beAnnet, M., (1970). A classification of hand preference by associ-
tween the time points was demonstrated. If subjects were ation analysisBritish Journal of Psychology, 3): 6, 303—-321.
experiencing enough sedation at baseline that abated Hyppel, P. W., & Gordon, N. B. (1976). Digit-symbol performance
their two-month visit, we would expect that subjects would in methadone-treated ex-heroin addictenerican Journal of
have shown more significant differences between the two Psychiatry, 13@L1), 1337-1340.

time points on tasks sensitive to attention and psychomotdp"un: E. A, Gekht, A. B., PO'“”'”a'hAi G., Dla"ygo."‘.D' '\Q &
speed. It is also of note that subjects’ performance on the Gusev, E. I. (2001). [Neuropsychological deficit in chronic

. . heroin abusers]Zhurnal Nevrologii | Psikhiatrii Imeni S.S.
Trail Making A Test, a measure of psychomotor speed, ko sakova 100%) 10-19. g

vigilance and attention, was well within normal limits at gryhn, p., & Maage, N. (1975). Intellectual and neuropsycholog-
both visits and no significant difference between the time ical functions in young men with heavy and long-term patterns
points was detected. The issue of possible sedation is, of drug abuseAmerican Journal of Psychiatry, 188, 397—
however, an important point for future longitudinal studies. 401.
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