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Abstract 
In patients with a psychotic disorder, substance abuse is a major problem. Substance abuse 
is associated with changes in dopaminergic neurotransmission of dopamine D1 and D2 
receptors. Differences in efficacy between antipsychotics on substance abuse could be 
explained by differences in D2 receptor occupancy rate, differences in dissociation rate of 
the dopamine D2 receptor and differences in D1/D2 receptor occupancy ratio. Since 
clozapine and risperidone show a maximal difference in these properties, we review the 
effect of these antipsychotics on substance abuse. The results suggest a superior effect of 
clozapine for the long-term treatment of substance abuse. This could support the hypothesis 
that low occupancy of the dopamine D2 receptor, a high dissociation rate and a high D1/D2 
receptor ratio is related to efficacy on substance abuse. The results of this review suggest 
that clozapine could be considered as the medication of first choice in treating patients with 
substance use disorder.  
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Introduction 
Substance abuse is a major problem in patients with psychotic disorders. A large 
population-based comorbidity study (Regier et al 1990) evaluated substance abuse and 
psychiatric disorders: 47% of the patients with a psychotic disorder had a history of 
substance use disorder compared to 16% in the general population. Patients with both a 
psychotic disorder and a substance use disorder are prone to adverse outcomes in several 
domains: increased symptom severity, increased rates of hospitalization, infectious illnesses, 
violence, victimization, homelessness, non-adherence to medication; and have a poor 
response to pharmacologic treatment (Dixon 1999, Linszen et al 1994). Antipsychotics are 
used for the treatment of patients with psychotic disorders and substance abuse, but they are 
also used to treat substance use disorder in patients without history of psychosis.  

The acute and chronic effects of drugs are associated with dopaminergic 
neurotransmission. Volkow et al. (Volkow et al 2004) reported that using the substance of 
abuse strongly increases the release of dopamine in the orbitofrontal cortex. In the 
orbitofrontal cortex, natural rewards and drugs of abuse increase the level of dopamine 
which is associated with a feeling of pleasure. In chronic substance abusers a reduction in 
both dopamine D1 and D2 receptor availability in the striatum has been found (Dagher et al 
2001, Volkow et al 2004). This decreases the dopamine level in the orbitofrontal cortex 
(Volkow and Fowler 2000). Diminished orbitofrontal dopaminergic neurotramsmission is 
associated with anhedonia and loss of interest in non-drug rewards. In animal studies as 
well as in human studies evidence has been found that patients with a substance use 
disorder value drug rewards at the expense of non-drug rewards (Goldstein et al 2007).  

Anhedonia in schizophrenia could make these patients more vulnerable to 
substance abuse (Green et al 2008). Furthermore, anhedonia is associated with increased 
striatal dopamine D2 receptor occupancy by antipsychotic medication in patients with 
schizophrenia stabilized on haloperidol, olanzapine and risperidone (de Haan et al 2000, de 
Haan et al 2003, Mizrahi et al 2007).  

Several studies have been conducted to identify a difference between antipsychotic 
medications in the efficacy of treating patients with substance use disorder. Wobrock et al. 
and Smelson et al. (2008) concluded in reviews considering multiple clinical studies that 
second generation antipsychotics seem to have an advantage over first generation 
antipsychotics in treating patients with dual diagnosis. There is probably a difference in 
efficacy on substance use disorders between the different second generation antipsychotics 
as well. We propose that differences between antipsychotic medications in efficacy of 
treating substance use disorders may be explained by 3 possible dopamine mediated 
mechanisms: I. differences in occupancy rate of dopamine D2 receptors, II. differences in 
dissociation rate of dopamine D2 receptors, III. differences in D1/D2 ratio. 

Differences in occupancy rate and dissociation rate have been described by 
Seeman (Seeman 2002)14. Most first generation antipsychotics have a high occupancy and a 
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very strong adherence to the dopamine receptors as compared to some second generation 
antipsychotics. It is proposed that strong adherence to the dopamine receptors of dopamine 
antagonists will not decrease substance abuse but could even increase it (Green et al 1999, 
Kapur and Seeman 2001). Second generation antipsychotics with lower adherence to the 
dopamine D2 receptor on the other hand could decrease the substance use (Green et al 
1999). De Haan et al. (de Haan et al 2006) reported an increase in smoking in patients 
using second generation antipsychotics with a higher occupancy of dopamine D2 receptors 
in de ventral striatum. Between second generation antipsychotics, differences in occupancy 
rate and dissociation rate of dopamine D2 receptors have been described (Kuroki et al 2008, 
Seeman 2002). Kuroki et al. (2008) compared binding potencies of different antipsychotics 
to the dopamine D2 receptor. They found that clozapine had a low affinity to the dopamine 
D2 receptor (7,0 pKi) while olanzapine had a higher affinity (7,8 pKi) and the affinity of 
risperidone to the dopamine D2 receptor (8,9 pKi) was comparable to that of haloperidol 
(9,0 pKi). Seeman et al. (Seeman 2002) compared the dissociation rates of antipsychotics 
and found that clozapine showed a fast dissociation of the dopamine D2 receptor while 
olanzapine had a medium and risperidon and haldol had a slow dissociation rate.  

Tauscher et al. (2004) performed a comparative study to explain the difference in 
efficacy between antipsychotics by differences in ratio of dopamine D1 and D2 receptor 
occupancy. They found that the ratio of striatal D1/D2 occupancy was significantly higher 
for clozapine (0.88) relative to olanzapine (0.54), quetiapine (0.41), or risperidone (0.31).  

Clozapine is a unique antipsychotic showing a low occupancy and fast dissociation 
from the dopamine D2 receptor, and this is thought to be a critical factor in the reduction of 
anhedonia (Kapur and Seeman 2001). On the other hand, the relatively high affinity for D1 
receptors of clozapine together with a low affinity for D2 receptors may also be related to a 
superior effect on co-morbid substance use as dopamine D1 receptors mediate reward 
function in animal models (Miller et al 1990). For a long time suggestions have been made 
that clozapine could be superior in treating substance use disorder. However, firm evidence 
for clozapine’s superiority in reducing substance use is lacking and very little is known 
with regard to the underlying mechanisms of action. 

When the abovementioned dopaminergic mechanisms indeed influence substance 
use, we predict that antipsychotic medication with large differences in occupancy rate of 
dopamine D2 receptors, dissociation rate of dopamine D2 receptors, and D1/D2 ratio 
should have differences in efficacy on substance use. Risperidone and clozapine show a 
maximal difference in occupancy rate, dissociation rate and D1/D2 occupancy ratio. 
Therefore we review the effect of clozapine and risperidone on substance abuse. The scope 
of this review is not to describe the effects of these medications on psychotic symptoms but 
to describe the effects on the substance use disorder.  
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Methods 
We performed a search on Pubmed with the terms: (risperidone or clozapine) and (Organic 
Mental Disorders, Substance Induced OR Substance Abuse OR Drug Abuse OR Drug 
Addiction OR Drug Dependence OR Drug Use Disorder OR Substance Use Disorder). 
Because this search only revealed two studies in which a comparison between clozapine 
and risperidone was made, we included studies using only risperidone or clozapine here as 
well. We included all articles describing effects of these medications on substance abuse in 
humans. This resulted in 28 articles on this subject. Searching through the reference lists of 
these studies identified 9 other studies. These studies were divided into studies describing 
acute effects and studies describing the long term effects of these medications on substance 
abuse. Long term effects were operationalized as follows: effects of medication on the 
substance use disorder, the amount of substance use and the experienced craving. For short 
term effects we used the definition: the effect of the medication on the experienced drug 
effects when the substance of abuse was administered. We included 6 studies in the section 
of the acute effects and 31 studies in the section of the long term effects. 

Studies were evaluated according to the evidence levels of the North American 
Agency for Health Care Policy and Research (AHCPR) (formerly called the Agency for 
Healthcare Research and Quality (AHRQ)). These evidence levels were previously 
described by Wobrock et al. (2008). The following evidence levels are distinguished: Ia: 
Meta-analysis of at least 3 randomized controlled trials (RCTs); Ib: At least 1 RCT or meta-
analysis of less than 3 RCTs; IIa: At least 1 well designed, controlled, non-randomized 
study; IIb: At least 1 well designed, quasi-experimental study; III: At least 1 non-
experimental descriptive study (comparative study, correlation study, case series), and IV: 
Reports/recommendations from expert committees or clinical experiences of respected 
authorities (Wobrock and Soyka 2008).  

 

Results 
The levels of evidence of the different studies can be found in table 1. Most of the studies 
were case series, retrospective analyses of medical records or open, prospective case–
control studies. Only a few prospective, randomized, double-blind, controlled studies were 
found. Thus, most of the studies identified fall into evidence levels IIb to IV. It should be 
noted that the studies on the long term effects of risperidone have a better level of evidence 
than those on clozapine.  
 
Long term effects 
As mentioned before we found two studies that made a comparison between risperidone 
and clozapine. Green et al. (2003) found in a retrospective assessment of patients with 
schizophrenia and alcohol and/or cannabis use disorder that patients treated with clozapine 
had a significantly higher rate of abstinence than those treated with risperidone (54% vs. 
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13%, p = 0.05). Kim et al. (Kim et al 2008) found in a prospective observational study 
comparing risperidone and clozapine in patients with schizophrenia and alcohol use 
disorder that patients using clozapine had a longer time till rehospitalisation. After 2 years 
75% of patients using risperidone were readmitted to the hospital, compared to 48% of 
patients using clozapine.  

We found 9 studies describing the effects of risperidone on substance abuse. 
Grabowski et al. (2000), Loebl et al. (2008) and Smelson et al. (2004) performed double 
blind trials to study the difference between risperidone and placebo in patients with cocaine 
dependence. Grabowski et al. (2000) reported no reduction in cocaine use in 193 cocaine 
dependent patients using different dosages of risperidone. Smelson et al. (2004) confirmed 
this lack of effect in 35 cocaine dependent patients. Loebl et al. (2008) compared long 
acting injectible risperidone to placebo in 31 cocaine dependent patients and also found no 
difference in reduction of cocaine use or craving between the groups. On the contrary, in 
three open label studies (Albanese and SUH 2006, Meredith et al 2007, Roy et al 1998) a 
beneficial effect of risperidone was described. Albanese et al. (2006) reported in a 
prospective open trial a significant reduction in cocaine use and craving in patients treated 
with risperidone, a higher percentage of these patients remained in treatment. Meredith et al. 
(2007) found a reduction in metamphetamine use and Roy et al. (1998) described a 
significant reduction in craving for cocaine in risperidone treated patients in an open label 
study. All studies mentioned above concerned patients with a substance use disorder 
without a psychotic disorder. Our search also retrieved 2 case reports studying patients with 
both schizophrenia and a substance use disorder. Gupta et al. (2001) and Tsuang et al. 
(2002) both described a decrease in substance abuse and craving in patients using 
risperidone.  

We found 8 studies describing the effects of clozapine on substance abuse. All 
studies were performed on patients with both schizophrenia and substance use disorder, no 
randomised controlled trials were found. George et al. (1995) described in a retrospective 
trial that patients stabilised on clozapine had a significant decrease in daily smoked 
cigarettes. Zimmet et al. (2000) found in a retrospective survey that 85% of the patients 
using clozapine decreased their substance use during the trial. Procyshyn et al. (2002) 
performed a cross sectional study to compare patients treated with risperidone with patients 
treated with both risperidone and clozapine. Patients receiving treatment of both risperidone 
and clozapine had a significant reduction in cigarettes smoked. Albanese et al. (1994), 
Buckley et al. (1998), Marcus et al. (1995), Tsuang et al. (1999) and Yovell et al. (1994) 
described in case reports of clozapine-treated patients a reduction in substance use and in 
reported craving.   

Apart from the studies mentioned above, some studies have been done comparing 
risperidone or clozapine to other antipsychotics. Of the studies comparing risperidone to 
other medications the results were diverse (Akerele and Levin 2007, Grabowski et al 2004, 
Kaune et al 2002, Levin et al 1999, Rubio et al 2006, Van Nimwegen et al 2008). Akerele 
et al. (2007) performed a double blind RCT comparing risperidone and olanzapine in 28 
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patients. They reported no significant differences in substance abuse for both groups, 
however they did find a trend for reduction of substance abuse in the group using 
olanzapine. Nimwegen et al. (2008) also compared risperidone and olanzapine and found a 
reduction in craving for both groups, but no significant difference between the groups. In 
another double blind RCT Grabowski et al. (2004) compared risperidone to placebo in 120 
patients. They reported no reduction in cocaine use after treatment with risperidone. Levin 
et al. (1999) also found no reduction in a single blind trial. In an open RCT Rubio et al. 
(2006) found less drug use and better compliance to treatment in patients using risperidone 
as compared to zuclopenthixol. Kaune et al. (2002) also found a reduction in substance 
abuse and craving in patients using risperidone as compared to typical neuroleptics in a 
prospective open trial.  

For the studies comparing clozapine to other antipsychotics results were superior 
for clozapine in all studies (Brunette et al 2006, Combs and Advokat 2000, Drake et al 
2000, McEvoy et al 1999, McEvoy et al 1995, Procyshyn et al 2001). McEvoy et al. (1995) 
performed a double blind RCT and found a significant reduction in both substance use and 
craving after switching from first generation antipsychotics to clozapine. In an open 
prospective study they reported the same results (1999). Brunette et al. (2006) reported in a 
2 year follow up study that patients using clozapine had significantly less relapses as 
compared to patients using other antipsychotics. Drake et al. (2000) also made a 
comparison of clozapine and other antipsychotics in an prospective open study and reported 
significantly more remission and less substance abuse in patients using clozapine. In 
another prospective observational study Combs et al. (2000) made a comparison between 
first generation antipsychotics, clozapine and other second generation antipsychotics. They 
found a lower incidence of smoking in the clozapine treated patients. Procyshyn et al. 
(2001) performed a cross sectional study and also concluded that patients using clozapine 
smoked less as compared to patients using first generation antipsychotics.  
 
Acute effects 
We only found a few studies studying the effects of risperidone or clozapine on the 
experienced effects of substances in humans. None of the studies we found compared 
risperidone to clozapine. 

Five studies described the effects of risperidone on acute drug effects. Wachtel et 
al. (2002)51 performed a double blind study on 36 healthy volunteers in which they 
concluded that risperidone did not reduce self-reported drug effects when the subjects used 
metamphetamine. On the other hand Rush et al. (2003) and Newton et al. (2001) did find a 
reduction in self-reported drug effects in two single blind studies. De la Garza et al. (2005) 
compared risperidone to placebo in a single blind trial and found that patients using 
risperidone experienced less drug induced craving after cocaine administration. Wines et al. 
(1999) could not find these beneficial effects in a case report and described an increase in 
withdrawal symptoms after the start of risperidone, which resolved after discontinuation of 
risperidone. 
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 Only one study described the effects of clozapine on acute drug effects (Farren et 
al 2000). They concluded that patients treated with clozapine experienced less effects of a 
‘rush’ after administration of cocaine.  

Discussion 
The two studies comparing clozapine to risperidone both showed superior efficacy of 
clozapine. Moreover, all studies on the longterm effects of clozapine show superior efficacy 
of clozapine while those using risperidone show more diverse results. These results suggest 
a beneficial long term effect of clozapine in treating patients with dual diagnosis. The 
differences in efficacy of clozapine and risperidone give indirect support for the 
involvement of proposed dopaminergic mechanisms: lower occupancy of D2 receptors, 
faster dissociation of the dopamine D2 receptors, and higher striatal D1/D2 ratio. The 
results of the studies on the effects of risperidone and clozapine on experienced effects of 
acute drug administration are predominantly positive for risperidone as well as for 
clozapine. Since only few studies have been performed in humans and no study compared 
risperidone to clozapine, it is difficult to make a recommendation of which medication 
should be used to reduce the acute effects of drugs. Nevertheless it is interesting that 
antipsychotics reduce the acute effects of drugs. This reduction is probably mediated by the 
occupancy of dopamine D1 and D2 receptors (Newton et al 2001). Some studies reported 
no reduction in acute drug effects when dopamine D2 blocking medications like 
haloperidol or pimozide were used (Brauer and de Wit 1996, Brauer and De Wit 1997, 
Sherer et al 1989). Because haloperidol and risperidone both have the same amount of D2 
occupancy, this suggests a role for another receptor which is differently blocked by 
risperidone and haloperidol. Dopamine D1 is a likely candidate for this role, because it 
could block the rewarding effects of drugs as described earlier (Miller et al 1990).  

It is interesting that both the acute and the long-term effects of antipsychotics on 
substance abuse could be mediated by occupancy of the dopamine D1 receptor. It could be 
that the effect of clozapine on this receptor makes it a superior medication. However, 
because most antipsychotics also have an influence on other neurotransmitters we can not 
rule out a possible role of these neurotransmitters on substance abuse.     

All studies using clozapine were performed in patients with dual diagnosis. Well 
designed studies on use of antipsychotic medication in patients with substance use disorders 
without psychosis are lacking. Therefore the efficacy/adverse effects ratio in these groups is 
unknown and antipsychotic medication can not be recommended in these cases. In a recent 
study Tiihonen et al. (2009) concluded that clozapine as compared to other antipsychotics 
has a lower mortality rate on the long term despite its potential (life- threatening) adverse 
effects. This, together with the results of this review suggests that clozapine could be the 
antipsychotic of first choice in the treatment of patients with psychosis and substance abuse. 
However, strong evidence in favour of clozapine is still lacking and more direct evidence 
for the proposed mechanism of action of this effect is needed. 
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Table 1 
Study Design Evidence Participants Result 
clozapine 
longterm     

McEvoy 
1995 

Double blind 
RCT Ib 12 schizophrenic patients + 

smoking 
Reduction in smoking after 
switching from FGAs to clozapine  

Brunette 
2006 

Prospective 
follow up 
study 

IIa 
95 schizophrenic patients 
with SUD (6-month 
abstinence) 

Significant less substance abuse 
relapse with clozapine  

McEvoy 
1999 

Prospective 
open study IIa 70 schizophrenic patients of 

which 55 smoked 

Reduction in smoking after 
switching to clozapine after 
switching from FGAs 

Drake 2000 Prospective 
open study IIb 151 schizophrenic patients + 

SUD  
More remission and less substance 
abuse in patients using clozapine 

Combs 
2000 

Prospective 
observational 
study 

III 39 schizophrenic patients 
Lower incidence of smoking with 
clozapine than with FGAs or other 
atypical 

George 
1995 

Retrospective 
survey III 29 schizophrenic patients of 

which 18 smoked Reduction in smoking   

Procyshyn 
2001 

Cross 
sectional 
study 

III 20 schizophrenic patients + 
smoking 

Patients using clozapine smoke 
less as compared to patients using 
FGAs 

Procyshyn 
2002 

Cross 
sectional 
study 

III 14 schizophrenic patients + 
smoking 

Less smoking in patients using 
risperidone+clozapine as compared 
to risperidone 

Zimmet 
2000 

Retrospective 
open study III 

91 
schizophrenic/schizoaffective 
patients of which 52 also had 
SUD 

In 85% of the patients a reduction 
in substance abuse 

Albanese 
1994 Case reports IV 2 schizophrenic patients with 

SUD 
Reduction of substance use after 
switching from FGAs 

Buckley 
1998 Case report IV 1 schizophrenic patient with 

SUD No relapse of substance abuse 

Marcus 
1995 Case series IV 13 schizophrenic patients 

with AUD 
Reduction in substance use in 11 
patients 

Tsuang 
1999 Case report IV 1 schizophrenic patient with 

SUD Abstinence after switching 

Yovell 
1994 Case report IV 1 schizophrenic patient + 

cocaine abuse Abstinence after switching 

risperidone 
longterm     

Akerele 
2007 

Double blind 
RCT Ib 28 schizophrenic patients + 

cocaine/marijuana abuse 
More craving and more cocaine 
use in patients using risperidone 

Grabowski 
2000 

Double blind 
RCT Ib 193 cocaine dependent 

patients No reduction in cocaine use  

Grabowski 
2004 

Double blind 
RCT Ib 120 patients with cocaine + 

heroin dependency 
No reduction in cocaine use after 
start risperidone 

Levin 1999 Single blind 
RCT  Ib 14 cocaine dependent patients  No reduction in cocaine use 

Loebl 2008 Double blind 
RCT Ib 31 cocaine dependent patients No reduction in cocaine use or 

craving 
Nimwegen 
2008 

Double blind 
RCT Ib 128 schizophrenic patients of 

which 41 with cannabis abuse 
A reduction in craving and 
cannabis abuse 

Smelson 
2004 

Double blind 
RCT Ib 35 cocaine dependent patients  No reduction in craving 

Rubio 2006 
Open RCT 
(rater 
blinded) 

Ib 115 schizophrenic patients 
with SUD 

Significantly less drug use and 
better compliance to treatment 

Roy 1998 Prospective 
open study IIa 8 cocaine dependent patients A significant decrease in craving 

Smelson Prospective IIa 18 schizophrenic patients Reduction of substance use and 
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2002 open study with SUD craving 

Albanese 
2006 

Prospective 
open study IIb 

16 patients with cocaine 
abuse and comorbid 
psychiatric disorder 

Reduction in craving and more 
patients completed treatment 

Meredith 
2007 

Prospective 
open study IIb 11 metamphetamine using 

patients 
A reduction in metamphetamine 
use 

Gupta 2001 Case report IV 1 schizophrenic patient with 
SUD 

Reduction of substance use and 
craving 

Tsuang 
2002 Case reports IV 2 schizophrenic patients with 

SUD 

After switching to risperidone a 
reduction of craving and cocaine 
use 

both 
longterm     

Green 2003 Retrospective 
open study III 41 schizophrenic patients 

with SUD 

Significantly more reduction in 
substance use with clozapine 
(54%) than risperidone (12,5%) 

Kim 2008 Prospective 
observational  III 67 schizophrenic patients 

with AUD 
More readmission with risperidone 
(75%) than with clozapine (48%) 

clozapine 
acute     

Farren 
2000 

Single blind 
trial IIa 8 cocaine dependent patients Reduction in experienced 'rush'  

risperidone 
acute     

Wachtel 
2002 

Single blind 
RCT Ib 36 healthy adults 

No reduction in self reported drug 
effects after receiving 
metamphetamine 

De la 
Garza 2005 

Single blind 
trial IIa 7 cocaine dependent patients Less craving after cocaine infusion 

Newton 
2001 

Single blind 
trial IIa 9 cocaine dependent patients Reduction in self reported 'high'  

Rush 2003 Single blind 
trial IIb 8 healthy adults Less self reported drug effects after 

ingesting d-amphetamine 

Wines 
1999 Case reports IV 2 schizophrenic patients 

withdrawn from opioids 

At the start of risperidone more 
craving which reduced after 
discontinuation 

 


