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Summary

The consumption of cocaine among people included in Methadone Maintenance Therapy (MMT) is a widely identifi ed phenom-
enon, but clinical experience and the literature have highlighted the diffi culty of fi nding an effective pharmacological alternative 
for cocaine abusers. The aim of this study was to assess the use of olanzapine as a therapy for reducing the use of cocaine in 
MMT while implementing a more controlled design. A randomized clinical trial has been applied to 60 subjects assigned to three 
MMT programmes. The independent variable was treatment with olanzapine at three dose levels (0, 5 and 10 mg/day), with three 
treatment groups being formed; they comprised 20, 21 and 19 subjects, respectively. The outcome variable was the percentage 
of positive urine tests for cocaine consumption, as estimated by means of urine monitoring using immunoassay, during the fi rst 
three months after the start of treatment. For the data analysis, MANOVA and the hierarchical regression model were used. The 
mean proportion of previous cocaine consumption was 25.8% (S.D.= 26.4; range 0-100), with no differences between the treat-
ment groups (F(2,57) = 0.167; p= 0.845). Hierarchical regression analysis showed a signifi cant model in fi nal step (F(5,54)= 8.61; 
p ≤ 0.001), with an explained variance of 44.3% (R

(2,57)
 0.001), with an explained variance of 44.3% (R

(2,57) 2= 0.443). The semi-partial correlation coeffi cients (rs-m) indicated signifi cant 
(5,54)

) indicated signifi cant 
(5,54)

effects on the variables: methadone dose (rs-m= -0.229), previous cocaine consumption (rs-m= 0.345) and treatment with 5 mg/day 
s-m

= 0.345) and treatment with 5 mg/day 
s-m

(rs-m= -0.469) and 10 mg/day (rs-m= -0.514) of olanzapine. The mean proportion of positive control results in the untreated sub-
s-m

= -0.514) of olanzapine. The mean proportion of positive control results in the untreated sub-
s-m s-m

= -0.514) of olanzapine. The mean proportion of positive control results in the untreated sub-
s-m

jects was 21%, whereas, in the patients receiving olanzapine therapy, it was 8.8% in those taking a dose of 5 mg/day and 9.5% 
s-m

jects was 21%, whereas, in the patients receiving olanzapine therapy, it was 8.8% in those taking a dose of 5 mg/day and 9.5% 
s-m s-m

jects was 21%, whereas, in the patients receiving olanzapine therapy, it was 8.8% in those taking a dose of 5 mg/day and 9.5% 
s-m

in those on a dose of 10 mg/day. The prior consumption of cocaine is shown to be a risk predictor for subsequent consumption, 
whereas an increase in the dose of methadone or treatment with olanzapine both show a protective effect. Specifi cally, the 10 mg 
dose of olanzapine, when followed by the 5 mg dose shows the highest degree of explained variance in post-treatment cocaine 
consumption, after checking the effects induced by the remaining variables. 
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1. Introduction

Nowadays, the most widespread and effective forms 
of treatment for addiction to opiates [2,28,38,47,48] 
are replacement therapy or methadone maintenance 
therapy (MMT); a major complication is that many users 
of these programmes are consumers of multiple other 
substances [30,20]. In this respect, the consumption of 
cocaine in patients receiving MMT is a widely described 
phenomenon that tends to rise over earlier consump-

tion levels and signifi cantly hinders patients’ evolution 
[6,12,19,21,23,35,41,43].

Among the variables associated with cocaine con-
sumption during MMT, the consumption of cocaine prior 
to treatment with methadone has been described as the 
main risk factor [6,19,21,41]; on the other hand, the larger 
the amount of the methadone dose, and the longer the time 
the patient has stayed in an MMT programme, the greater 
the protective effects, even if each of these two parameters 
has been proposed as a risk factor [8,14,42].
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With respect to treatment, both clinical experience and 
the literature have highlighted the diffi culty of fi nding 
an effective drug for cocaine abusers [1]. Basic research 
has presented evidence suggesting the involvement of 
the dopaminergic and serotoninergic systems, among 
others, in the action mechanism of cocaine and the use 
of dopaminergic antagonists to reduce the self-admin-
istration of cocaine in animal models [31,36]. In this 
connection, atypical neuroleptics such as olanzapine, 
which is able to block dopamine D2 receptors, as well 
as serotonin receptors 5HT2A and 5HT2C, may be able 
to reduce the euphoric effects of cocaine and attenuate 
reinforcement and cocaine craving [29,30,32,37,49]. In 
this sense, some clinicians have mooted the idea that 
olanzapine may be able to reduce cocaine use in patients 
who abuse this substance [4,22,24,25]. In addition, 
olanzapine may be superior to traditional neuroleptics 
in treating cocaine dependence, due to its less severe 
side-effect profi le [5,26].

There is evidence both for [9,18,27,40] and against 

[22] the usefulness of atypical neuroleptics in reducing 
cocaine consumption in humans. Previous studies by our 
group using less well-controlled designs [24,25] offered 
promising results on the use of olanzapine in patients 
addicted to opiates who were receiving treatment with 
methadone after there had been an increase in cocaine 
abuse while they stayed in the MMT programme. In 
this paper our aim is to offer results based on a better 
controlled design that allows olanzapine therapy to be 
assessed for its capacity to reduce cocaine abuse in pa-
tients without psychotic symptoms who are still on an 
MMT programme.

2. Materials and methods

2.1. Subjects

The study sample comprised 60 people with DSM-IV 
criteria for opiate dependency and receiving MMT, where 
there had been an increase in cocaine consumption after 

Figure 1. Study Profi le
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stabilization of the methadone dose.
Of the 60 participants, 48 were male and 12 were 

female (80% versus 20%), ranging between 23 and 46 
years of age (mean = 35.5; SD = 4.8), and they were 
mainly single (58.4%) or separated (16.7%). The mean 
time on the MMT programme was 6.3 months (SD = 2.4), 
with the longest participation stretching to 11.7 months. 
The doses of methadone dispensed varied between a 
minimum of 10 mg/day and a maximum of 150 mg/day 
(Mean = 66.4; SD = 28.5). 

The research protocol was approved by the health 
services’ ethics committee. All the subjects taking part 
received information about the characteristics of the 
trial and their informed consent was obtained prior to 
participation. 

2.2.- Procedure

The trial has involved the participation of 3 Drug Abuse 
Treatment Centres (CTT in their Spanish acronym) located 
in the Basque Country (Spain). From the total number 
of patients receiving treatment in the MMT programmes 
operative at these three CTTs (n = 528), after applying 
the inclusion and exclusion criteria, an eligible sample 
of 71 subjects was obtained, with 62 of them (87.3%) 
giving their consent to participation. CTT-1 contributed 
15 subjects, CTT-2 21 and CTT-3 24. Lastly, one sub-
ject from CTT-1 and another one from CTT-2 withdrew 
before starting the study, so the fi nal sample comprised 
60 participants (Figure 1).

One of the inclusion criteria for admission to the trial 
was that the participants had to show an increase in their 
consumption of cocaine after the start of treatment with 
methadone compared with that recorded previously. Dur-
ing the three months prior to the start of the study, there 
was a selection of those subjects who had delivered more 
than 15% of cocaine-positive samples (237/528) during 
the routine substance detection tests.

The exclusion criteria applied were: 
1) the presence of psychotic symptoms, dementia 

disorders, major or bipolar depression; 
2) alcohol consumption in excess of 20 standard 

units per week for women and 30 standard units 
a week for men; 

3) pregnancy in women; and 4) known hypersensitiv-
ity to olanzapine.

After selection, participants were randomly assigned, 
in a proportion of 1:1:1, to three treatment modes with 
olanzapine: ‘0’, ‘5’ and ‘10’ milligrams a day. For the 
randomization process, each participant was given a 
consecutive number, and the distribution of patients 
among the treatment groups was performed using Epidata 
software [33]. The outcome of this randomization was 
as follows: 0 mg (n=20), 5 mg group (n=21) and 10 mg 
group (n=19). No masking techniques were used for the 
administration of the therapy i.e. neither the patients nor 
the physicians were blinded, but blinding was used for 

the data analysis.
A study period of 3 months was set. Every day, each 

participant was given the appropriate prescribed dose of 
methadone, and the treatment with olanzapine assigned 
to them; both doses were taken in situ, except in the case 
of doses intended for the weekends, which were deliv-
ered on Friday for self-administration on the scheduled 
days. Furthermore, all the subjects received a weekly 
counselling session where the effects of the therapy and 
the prevention of relapses were discussed. These sessions 
were homogeneously structured and administered by the 
clinicians at each of the participating CTTs. On the other 
hand, all the participants were being medicated with 
benzodiazepines in a variety of pharmacological formats 
and doses that had been prescribed prior to the start of 
the trial. This variable was not systematically controlled 
in view of the diversity of sub-groups that might arise 
from this classifi cation, and the randomized assignation 
was assumed to have distributed the resulting effects 
homogeneously. 

The main outcome parameter assessed in this trial was 
the consumption of cocaine during the last 2 months of 
the study period after therapy with olanzapine had been 
initiated. Estimations were made based on urine samples 
collected for the determination of cocaine metabolites. 
As part of the protocol, each of the participating CTTs 
collected urine samples weekly and selected the collec-
tion day at random. The analyses were performed using 
homogeneous enzyme immunoassay techniques (EMIT) 
in a COBAS-MIRA analyzer, using SYVA reagents, cali-
brators and control samples, and an external control of 
DOA at two negative and positive levels, with the results 
stored in a computerized database. For each subject the 
number of tests performed was noted, along with the 
number of positive results in each case, so as to give an 
estimate of the ratio between these 2 variables (Nº positives 
/ Nº tests); this procedure yielded an index expressing 
the Proportion of Consumption (PC) of this substance. 
For example, a subject for whom 20 determinations of 
cocaine have been made, with none of them positive, 
will have a PC of 0 (0/20); this expresses the subject’s 
situation in terms of his/her degree of abstinence from 
cocaine; if, on the other hand, there had been 8 positive 
tests recorded, the PC would be 0.4 (8/20), in other words 
the subject has presented consumption of cocaine on 40% 
of the occasions analyzed. PC values vary between 0 and 
1, with the level of substance use increasing as the value 
comes closer to 1.

2.3.- Statistical analyses

All of the analyses were performed using the SPSS 
software. Tally and proportion procedures were used, 
together with central trend and dispersion statistics for 
the description of the sample.

In order to verify whether the random assignation had 
produced a compensation effect, an analysis was carried 
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out on the contrast between the differences in the pre-
treatment characteristics of the sample, depending on the 
assignation groups they belonged to. To do so, the Chi 
square test was used for category data and a variance 
analysis for continuous data.

The effect of treatment with olanzapine on the reduc-
tion of cocaine consumption was assessed through two 
procedures. First of all, a multiple analysis of variance 
model (MANOVA) was used to compare the inter-group, 
intra-subject and interaction effects. In order to determine 
where the differences between the treatment groups oc-
curred, the post hoc contrasts based on the Bonferroni 
test were used; for the post hoc comparisons found in the 
change in each group between the baseline and post-treat-
ment values, the t-test for paired data was used.

Secondly, a hierarchical multiple regression model 
was used to determine the direct and indirect effects of 
each level of treatment with olanzapine and the possible 
co-variables (the percentage of cocaine consumption in 
the pre-treatment period, the duration of participation 
in the methadone programme and the methadone dose 
dispensed) on cocaine consumption after treatment. 
Model 1 includes the treatment with olanzapine vari-
able in a dummy format, taking the no-treatment group 
as its term of reference (0 mg of olanzapine). Models 
2, 3 and 4 include, in order, the aforesaid co-variables 
in order to check the effect of the main variable and 
assess the contribution of each of these co-variables. 

The results of all regressions were presented through 
semi-partial correlation coeffi cients for each predictor 
variable, along with overall F values and adjusted R2. 
Semi-partial correlation coeffi cients were chosen over 
other possible coeffi cients (e.g. partial correlation, beta 
weights) because they represent the proportion of vari-
ance in the dependent values uniquely associated with a 
particular predictor variable [11].

3. Results

There were no withdrawals from treatment nor was 
it necessary to intervene or alter the therapy in any case. 
Nor were any signifi cant side-effects noticed, except for 
weight gain in 16 of the participants (26.6%).

The randomized assignation of the subjects to the 
treatment groups allowed a homogeneous distribution 
of the pre-treatment variables to be obtained. None of 
the variables assessed has shown statistically signifi cant 
differences (Age: F(2,57)= 0.088; p= 0.916 / Gender: χ2

(2)= 
1.91; p= 0.384 / mean time with MMT programme: F

(2,57)
1.91; p= 0.384 / mean time with MMT programme: F

(2,57)

(2,57)= 
1.780; p= 0.178 / Methadone dose: F(2,57)= 0.180; p= 

(2,57)
= 0.180; p= 

(2,57)

0.836; Proportion of positive cocaine consumption tests 
(2,57)

0.836; Proportion of positive cocaine consumption tests 
(2,57)

during the three months prior to the start of treatment: 
F(2,57)= 0.167; p= 0.845).

Figure 2 represents the degree of cocaine consump-
(2,57)

Figure 2 represents the degree of cocaine consump-
(2,57)

tion before and after treatment through the prevalence 
of positive results in the cocaine consumption tests, and 
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Figure 2.- Proportion of positive tests for cocaine consumption before and after 
treatment with olanzapine
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the F values in the MANOVA. Both the intra-subject ef-
fect and interaction have been shown to have statistical 
signifi cance. A post hoc analysis concluded that the dif-
ferences between the groups after treatment [F(2,57) = 6.17; 
p = 0.004] were between those treated with olanzapine 

(2,57) 
p = 0.004] were between those treated with olanzapine 

(2,57) 

(5 or 10 mg) and those who were not treated (0 mg). 
Furthermore, a fall in the consumption of cocaine before 
and after treatment occurs in the groups treated with 5 mg 
[t(18)= 5.04; p< 0.001] and 10 mg of olanzapine [t(20)= 
6.03; p< 0.001], but not in the untreated group [t

(18)
6.03; p< 0.001], but not in the untreated group [t

(18)

(19)= 
1.86; p= 0.078].

Table 1 presents the semi-partial correlation coeffi -
cients of the treatment variable and other co-variables of 
interest, as well as the R2 and the increase in R2 produced 
at each step in the hierarchical regression used. The fi rst 
step included the main variable under study, and this 
alone was enough to account for 25.3% of the variance. 
The semi-partial correlation coeffi cients for the 5 mg 
and 10 mg doses are negative, above the value of 0.40 
and very closely bunched. Step 2 includes the variable 
‘prevalence of cocaine positive tests in the three months 
prior to the start of the study’ and there was an increase 
of 0.137 in R2, with a semi-partial correlation of 0.37. 
The incorporation of this variable promotes a change in 
the semi-partial correlation values of the 5 mg (-0.47) 
and 10 mg (-0.52) doses. Step 3 incorporates the variable 
‘months of participation in the methadone programme’ 
and fails to produce any signifi cant changes. Step 4 incor-
porates the ‘methadone dose’ and promotes an increase 
of 0.05 points in R2,, which in this last model reaches a 
value of 0.44. The semi-partial correlation coeffi cient 
associated with the methadone dose is -0.23; it does not 
substantially alter the magnitude of the coeffi cients at-
tained by the other variables included in the model.

4. Discussion

The results obtained provide evidence in favour of 

acceptance of the hypothesis that the use of olanzapine 
may be useful in reducing cocaine consumption, at least in 
subjects on MMT who continue to use this substance. 

The bivariate analysis of the study factor has shown 
statistically signifi cant differences in favour of the groups 
treated with olanzapine over the control group, although 
it has not allowed differences to be established in terms 
of the olanzapine dose used (5 mg versus 10 mg). Sub-
jects treated with olanzapine show a much lower mean 
proportion of cocaine use after treatment than those not 
treated (a reduction of 16.15% versus 5.9%, respectively). 
Olanzapine is a powerful antagonist of 5-HT2a receptors 
(saturating them with a dose of 5 mg [15]) located in the 
glutamatergic pyramidal neurons of most of the cortical 
regions [30]; agents with signifi cant affi nity for 5-HT2a 
receptors antagonize hyperactivity, reversing the symp-
toms produced by the non-competitive antagonists of the 
NMDA receptor [30,49]. It is likely that the combined 
action of olanzapine on the dopaminergic, serotoninergic 
and glutamatergic systems [7,16], and its probable ability 
to reduce depression [44,45], may help to reduce cocaine 
consumption.

It must be noted that other studies [13,17,34] with 
serotoninergic drugs (SSRIs) were inconclusive on the 
issue of the reduced consumption of cocaine, although 
they did report a decline in depressive symptoms, prob-
ably through its sole serotoninergic action. Furthermore, 
those studies [4,5,9,18,24,25,26,27,39,40,46] showing the 
effi cacy of atypical neuroleptics had the aim of treating 
patients with dual pathology or patients taking part in an 
MMT programme, as in this paper; however, the only 
study [22] that failed to show effi cacy had the aim of 
treating patients with cocaine dependency. It may be that 
the effects of the atypical antipsychotics on symptoms 
of schizophrenia, particularly the negative symptoms, 
will prove to make these medications useful to cocaine-
dependent patients with schizophrenia. At the present 
time, it is probably not appropriate to seek a global or 

Table 1. Hierarchical linear regression on the percentage of cocaine consumption 
after treatment (semi-partial correlation coeffi cients)

Step 1 Step 2 Step 3 Step 4
Olanzapine Dosage: 5 mg/day
(Dummy variables) 10 mg/day

-0.440**

-0.430**
-0.469**

-0.518**
-0.465**

-0.516**
-0.469**

-0.514**

Previous Cocaine Consumption
(% positive controls)  0.370**  0.343** 0.345**

Time with MMT -0.014 0.050
Methadone Dosage in mg/day -0.229*

F 9.674 11.991 8.843 8.617
R2 0.253 0.391 0.392 0.443

∆R2 0.137 0.001 0.052

* p<0.05; ** p<0.001; all regressions signifi cant (p<0.001)
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universal treatment for all consumers of cocaine, but, 
rather, to undertake a selective search for patients with 
specifi c characteristics, where these or other drugs might 
be effective in such dependencies.

Other authors in our setting have described an increase 
in the plasma levels of methadone in patients participat-
ing in MMT programmes treated with SSRIs [3] and/or 
OLZ [4], which may allow reductions in daily doses 
of methadone – reductions that may have a subjective 
positive effect on patients in MMT programmes as they 
relate dose reduction to improvement.

It is noteworthy that 100% of the patients included 
in the study completed it, indicating a scant incidence 
of side-effects deriving from olanzapine administration, 
unlike what happens with typical neuroleptics in addiction 
clinics where cases of early withdrawal due to side-effects 
were a majority. Attention should be drawn to the scant 
incidence of side-effects, except for weight gain, but 
in this kind of patient, with many years of cocaine use, 
mostly infected with HIV and with considerable organic 
deterioration, weight gain might almost be considered to 
be a benefi cial effect.

The multivariate analysis, on the other hand, allows 
certain important observations to be drawn. First of all, 
the fi ndings obtained in the bivariate analysis are ratifi ed, 
with the fi rst step in the hierarchical regression present-
ing a very similar effect between the doses of olanzapine 
used (semi-partial correlations of -0.44 and -0.43 for the 
5 mg and 10 mg doses, respectively); in addition, it is 
the variable that shows the greatest protective effect on 
the consumption of cocaine after treatment (25% of the 
variance explained). 

The risk factor with the second greatest effect on the 
outcome variable is the prior consumption of cocaine, 
which turns out to be a factor predicting future consump-
tion or continuation of consumption (rsp= 0.37). This 
risk effect was already well-known [6,14,19,21], but 

sp
risk effect was already well-known [6,14,19,21], but 

sp

the inclusion of this variable in the model has brought 
about an effect on the main variable: a modifi cation in the 
magnitude of the semi-partial correlations of the doses 
of olanzapine. When the effect of prior consumption of 
cocaine is controlled, an increase in the protective effect 
of olanzapine is observed; this effect is greater in the case 
of the 10 mg dose (rsp= -0.43 to rsp= -0.52; Δ= 0.09) than 
for 5 mg (rsp= -0.44 to r

sp
= -0.44 to r

sp

sp= -0.47; Δ= 0.03).
sp

= -0.47; Δ= 0.03).
sp

A third variable that, like the fi rst two, shows a sig-
sp

A third variable that, like the fi rst two, shows a sig-
sp sp

A third variable that, like the fi rst two, shows a sig-
sp

nifi cant effect on the reduction of cocaine consumption 
among users receiving MMT is the dose of methadone 
dispensed. The effect is moderately low (an increase of 
5.2% in the variance explained by the regression model 
and an rsp= -0.23), yet it indicates that a greater dose 
of methadone is likely to be associated with a lower 

sp
of methadone is likely to be associated with a lower 

sp

consumption of cocaine during MMT. Furthermore, this 
variable does not interact with the other variables included 
in the model, because the magnitude and the sense of 
the semi-partial correlations of those other variables are 
not altered by it.

On the other hand, the longer or shorter participation 
in MMT programmes, in other words the duration of the 
period spent in methadone treatment, does not infl uence 
cocaine consumption during the programme.

Although the results obtained provide evidence of an 
appropriate degree of effectiveness in the use of olanzapine 
for the reduction of cocaine use among patients receiv-
ing MMT, we feel that further studies are now required 
to corroborate these fi ndings. The use of randomization 
for the assignation of subjects and the composition of the 
treatment groups have, we feel, neutralized the impact 
of variables not assessed in our study. No doubt a wider-
ranging assessment, capable of taking into account other 
predictive variables analysed in other studies [21,22], 
would allow us a greater degree of breakdown regarding 
the factors involved in cocaine consumption during MMT. 
As clinicians, we have given priority to fl exibility and 
the naturalness of treatment in order to avoid instrumen-
tation effects through the assessment of a few relevant 
variables measured indirectly; as proponents of scientifi c 
knowledge, we are aware of the limitations implied by 
proceeding in this way. For this reason, further studies 
should be undertaken to overcome these limitations; this 
would allow an answer to be given, while the hypotheses 
put forward by us to account for our results could then 
be accurately assessed.

5. Conclusions

The previous level of cocaine consumption proves to 
be a risk predictor for subsequent consumption, whereas 
an increase in methadone dose or in the treatment with 
olanzapine has a protective effect.

Treatment with olanzapine, whether at a dose of 
10 mg/24 hr or at a dose of 5 mg/24 hr, is the factor 
which has the greatest effect on the reduction of cocaine 
consumption in patients currently in methadone mainte-
nance programmes who are addicted to opiates and who 
continue to consume cocaine during treatment.
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