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Meta-Analysis

Antipsychotics for Cocaine or Psychostimulant Dependence: 
Systematic Review and Meta-Analysis of Randomized,  
Placebo-Controlled Trials
Taro Kishi, MD, PhD; Yuki Matsuda, MD; Nakao Iwata, MD, PhD; and Christoph U. Correll, MD

ABSTRACT
Objective: Since cocaine and psychostimulant dependence are 
related to increased dopamine release, antipsychotics have been 
tried to reduce their reinforcing properties. A meta-analysis was 
undertaken to assess the efficacy and tolerability of antipsychotics 
in cocaine- or stimulant-dependent patients.

Data Sources: We searched PubMed, Cochrane Library databases, 
and PsycINFO from database inception until June 24, 2013, using 
the following keywords: (randomized OR random OR randomly) AND 
(placebo) AND (methylphenidate OR cocaine OR methamphetamine 
OR amphetamine OR 3,4-methylenedioxymethamphetamine) AND 
(dependence OR abuse) AND (antipsychotic OR neuroleptic OR 34 
specific antipsychotic names).

Study Selection: Included were randomized, placebo-controlled 
trials of antipsychotics lasting at least 2 weeks in patients with 
primary cocaine or psychostimulant dependence. Of 363 hits,  
we removed 316 duplicates, 20 references based on abstract/title, 
and 13 ineligible full-text articles, retaining 14 trials for this meta-
analysis.

Data Extraction: Two authors independently extracted the data. 
Coprimary outcomes included degree of substance use and lack 
of abstinence. Risk ratio (RR), 95% CI, and standardized mean 
difference were calculated.

Results: Ten studies in patients with primary cocaine  
dependence (risperidone = 5, olanzapine = 3, reserpine = 2; 
n = 562) and 4 in those with amphetamine/methamphetamine 
dependence (aripiprazole = 4; n = 179) were meta-analyzed (14 
studies, total n = 741). When study results were pooled together, 
antipsychotics did not differ from placebo in regard to cocaine 
use days and lack of cocaine or amphetamine/methamphetamine 
abstinence, severity of addiction, cocaine or amphetamine/
methamphetamine craving, Clinical Global Impressions-Severity 
of Illness (CGI-S) scores, depression, anxiety, compliance, all-cause 
discontinuation, and several side effects. However, antipsychotics 
caused more intolerability-related discontinuation than placebo 
(P = .0009). Individually, aripiprazole was superior to placebo  
in regard to CGI-S (P = .001), while olanzapine was inferior to  
placebo in regard to cocaine craving (P = .03) and risperidone  
was inferior to placebo in regard to depression (P = .002).

Conclusions: Antipsychotics had no advantages over placebo 
in regard to cocaine use and cocaine or psychostimulant 
abstinence or craving, while causing more intolerability-related 
discontinuations.
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Cocaine and psychostimulant abuse and dependence 
are a serious public health problem because of the 

high addictive properties of these agents, association with 
a variety of neuropsychological complications,1,2 and their 
often chronic, relapsing, and progressive course.3 Agents 
with prodopaminergic activity include foremost cocaine, 
psychostimulants (methylphenidate, methamphetamine, 
amphetamine) and 3,4-methylenedioxymethamphetamine, 
but nicotine, cannabis, and caffeine all also have some 
prodopaminergic properties.4 Among these substances, 
cocaine has the most addictive property, but psychostimulants 
that are indicated for use in attention-deficit/hyperactivity 
disorder are also abused. The possible effects of cocaine and, 
less so, of psychostimulants include increased alertness, 
cognitive abilities, excitation, libido, pulse rate, and blood 
pressure, as well as euphoria, insomnia, and loss of appetite.5,6 
Moreover, stimulation or exacerbation of motor tics and 
psychosis can occur.7 Effects of overdosing on cocaine, 
methylphenidate, or amphetamine/methamphetamine 
include agitation, increased body temperature, hallucinations, 
convulsions, and possible death. Withdrawal symptoms may 
include apathy, long periods of sleep, irritability, depression, 
and disorientation.8

The effects during cocaine and psychostimulant 
ingestion described above are considered to be produced 
by dopamine receptor stimulation in the mesocorticolimbic 
system, via either dopamine reuptake inhibition (cocaine, 
methylphenidate, and amphetamine derivates) or release 
(amphetamine derivates).6,9,10 Dopamine transporter 
inhibition causes an increase of dopamine in the ventral 
tegmental area, the nucleus accumbens, and prefrontal 
cortex.11 Furthermore, dopamine-related behaviors, such as 
levels of pretreatment impulsivity, aggression, and sensation 
seeking have been associated with poor treatment outcome 
in cocaine-dependent patients receiving intensive outpatient 
treatment.12 On the basis of these physiologic and behavioral 
data, antipsychotics, whose therapeutic targets are mainly 
the blockade of dopamine receptors, have been tried in the 
treatment of cocaine and psychostimulant dependence.

Recently, Amato and colleagues13 conducted a meta-
analysis of the efficacy and tolerability of antipsychotics 
in cocaine dependence (n = 293, 7 studies). However, this 
meta-analysis included 1 study in dual-diagnosis patients 
(schizophrenia plus cocaine dependence, n = 31)14 and 
another study with a very short duration (5 days, n = 20).15 
The authors reported that no significant differences were 
found for any of the efficacy measures (craving, severity 
of dependence and depressive symptoms) comparing 
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Although the number of studies and participants was  ■
relatively small, antipsychotics had no advantages over 
placebo in regard to cocaine use as well as cocaine or 
psychostimulant abstinence or craving.

Despite lacking evidence for efficacy in primary cocaine and  ■
psychostimulant dependence, antipsychotics caused more 
intolerability-related discontinuations compared to placebo.

Strategies other than blocking dopamine transmission need  ■
to be utilized to treat primary cocaine and psychostimulant 
dependence.

antipsychotics with placebo.13 Additionally, the number 
of studies and sample sizes were limited, and, since 2007, a 
number of additional randomized controlled trials (RCTs) 
have been published. Moreover, despite methylphenidate 
and amphetamine preparations sharing the same mechanism 
of action as cocaine, RCTs of antipsychotic use for 
psychostimulant dependence were not included. Therefore, 
the aim of the current study was to update and synthesize the 
evidence for the efficacy and tolerability of antipsychotics in 
patients with cocaine or psychostimulant dependence.

METHOD
This meta-analysis was performed according to the 

guidelines of preferred reporting items for systematic reviews 
and meta-analyses (PRISMA) 2009.16

Inclusion Criteria
We included RCTs of antipsychotics lasting ≥ 2 weeks in 

patients with a primary diagnosis of dependence to cocaine  
or psychostimulants, based on Diagnostic and Statistical 
Manual of Mental Disorders (DSM) or International 
Classification of Diseases (ICD) criteria. Since antipsychotics 
have a benefit for the treatment of major psychiatric disorders, 
such as bipolar disorder or psychotic disorders,17–20 we 
did not include patients with comorbid major psychiatric 
disorders, aiming to assess whether antipsychotics have 
independent benefits for the treatment of patients with 
primary cocaine or psychostimulant dependence.

Data Sources
To identify relevant studies, we searched PubMed, the 

Cochrane Library databases, and PsycINFO citations from 
database inception until June 24, 2013, without language 
restriction, using the following keywords: (randomized OR 
random OR randomly) AND (placebo) AND (methylphenidate 
OR cocaine OR methamphetamine OR amphetamine OR 
3,4-methylenedioxymethamphetamine [MDMA]) AND 
(dependence OR abuse) AND (antipsychotic OR neuroleptic 
OR risperidone OR olanzapine OR aripiprazole OR 
quetiapine OR perospirone OR ziprasidone OR clozapine OR 
amisulpride OR asenapine OR blonanserin OR clotiapine  
OR iloperidone OR lurasidone OR mosapramine OR 
paliperidone OR remoxipride OR sertindole OR sulpiride OR 
tiapride OR chlorpromazine OR thioridazine OR mesoridazine 

OR loxapine OR molindone OR perphenazine OR thiothixene 
OR trifluoperazine OR haloperidol OR fluphenazine OR 
droperidol OR zuclopenthixol OR pimozide OR flupenthixol 
OR prochlorperazine). Complementing the electronic search, 
pertinent review articles, prior reviews, and reference lists 
from identified studies were hand searched for additional 
studies eligible for inclusion in this meta-analysis. Two 
authors (T.K. and C.U.C.) checked the inclusion and 
exclusion criteria of the identified studies.

Data Extraction
When data required for the meta-analysis were missing 

or available data were significantly skewed (ie, value of 
standard deviation (SD) was more than double that of the 
mean, especially in change scores), first/corresponding 
authors were contacted for additional information 
(including endpoint scores). Two researchers (T.K. and 
Y.M.) independently extracted, checked, and entered data 
into Review Manager. Any discrepancies were resolved by 
discussion and consensus.

Outcome and Data Synthesis
To increase precision of the estimates, we included 

only outcomes in this meta-analysis for which ≥ 3 studies 
contributed data. Coprimary outcomes included degree of 
substance use and lack of abstinence. To analyze days of 
cocaine use, we combined days of use in the past 30 days 
from 1 study,21 percentage of days of cocaine use from 1 
study,22  percent change in cocaine use (days/wk) from 1 
study,23 percentage of reduction in cocaine use per day in 
the past 30 days from 1 study,24 and days of use during the 
study from other 1 study.25 To analyze lack of abstinence, 
we combined the number of patients who did not maintain 
negative cocaine or methamphetamine screens throughout 
the treatment period24,26–28 with the number of those 
without negative cocaine or methamphetamine screens at 
the last visit.25,29 Secondary outcomes included addiction/
dependence severity (combining scores from the Addiction 
Severity Index-drug composite scores [ASI-DCS]30 and the 
Severity of Dependence Scale [SDS]),31 craving, depressive 
symptoms, the Hamilton Anxiety Rating Scale (HARS),32 
Clinical Global Impressions-Severity of Illness scale 
(CGI-S),33 all-cause and specific-cause discontinuation 
(we included the number of patients who reduced or 
stopped the study drug due to side effects in the outcome 
“discontinuation due to side effects” from 1 study28), average 
compliance, presence of at least 1 side effect, severe side 
effects, dizziness/postural hypotension, and drowsiness. 
To analyze craving, 5 of 7 studies21,22,25,29,34 used the Brief 
Substance Craving Scale,35 and 2 other studies used a Visual 
Analog Scale (1 study23 used percent change in cocaine 
craving to compare the first 2 weeks in treatment to the 
last 2 weeks in treatment and 1 other study28 used endpoint 
scores). To assess depressive symptoms, 5 studies21,22,24,25,34 
used the Hamilton Depression Rating Scale (HDRS),36 1 
study37 used the Beck Depression Inventory (BDI),38 and 
1 other study28 used the Center for Epidemiologic Studies 
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Depression Scale (CES-D).39 To analyze average compliance, 
1 study28 used medication event monitoring system, and 2 
other studies21,26 used pill count.

Analyses were basically of the full intention-to-treat trial 
populations. However, data of completer analyses (ASI-DCS, 
HDRS, and CGI-S from 1 study34) were also included in 
order to obtain as much information as possible. Further, 
since Kampman et al21 did not report the SD of average 
compliance, we imputed the SD from Hamilton et al,26 as 
has been done before.40 

Statistical Analysis
We combined outcome data across trials with standard 

meta-analytic methods. When SDs or number of participants 
in the experimental or control groups were missing, we 
contacted the trial authors. The meta-analysis was performed 
using Review Manager (RevMan) version 5.1 for Windows 
(Review Manager version 5.0, Cochrane Collaboration: 
http://ims.cochrane.org/revman). To combine studies, 
we used the random-effects model by DerSimonian and 
Laird41 in all cases. For continuous data, we analyzed the 
standardized mean difference (SMD) with its 95% confidence 
interval (CI), combining the effect size (Hedges g) data. For 
dichotomous data, the risk ratio (RR) was estimated, again 
with its 95% CI. In the case of significant between-group 
differences, the number needed to treat (NNT) or number 
needed to harm (NNH) among participants was calculated 
by dividing 1 by the risk difference, with the 95% CIs of NNT 
being the inverse of the upper and lower limits of the 95% 
CI of the risk difference.

Study heterogeneity was measured by using the χ2 and 
I2 statistics, with P < .05 for χ2 and I2 < 50% indicating 
heterogeneity (Cochrane Handbook, version 5.1.0; http://
cochrane-handbook.org/).42 In cases in which I2 was ≥ 50% 
in the primary outcome, sensitivity analyses were conducted 
to seek reasons for the heterogeneity. Finally, funnel plots 
were constructed in RevMan for the primary outcome 
and visually inspected to assess for publication bias. We 
also assessed the methodological quality of the articles 
included in the meta-analysis based on Cochrane Risk of 
Bias Criteria (Cochrane Collaboration: http://bmg.cochrane.
org/assessing-risk-bias-included-studies).

RESULTS
Search Results

The search in PubMed, Cochrane Library databases, 
and PsycINFO yielded 363 hits. We excluded 316 duplicate 
studies across the 3 databases as well as 20 studies based 
on title or abstract review, leaving a total of 27 articles. 
An additional 13 full-text articles were excluded because 
they were reviews (6 articles), were studies of non-
antidopaminergic drugs (4 articles),43–46 included patients 
with dual diagnosis (1 article),47 or had a study duration 
of < 2 weeks (2 articles),15,48 yielding 14 eligible studies 
(Supplementary eFigure 1).21–29,34,37,49–51 We did not find any 
additional studies from review articles13,52–54 or reference 
lists of included trials.

Study Characteristics
The 14 randomized placebo-controlled trials of 

antipsychotics for cocaine or psychostimulant dependence 
(n = 741) included 10 cocaine dependence studies 
(n = 562)21–27,34,49,50 and 4 amphetamine/methamphetamine 
dependence studies (n = 179)28,29,37,51 (Table 1). All included 
studies were double-blind RCTs, and all were published in 
English. One study51 was conducted in Finland, another 
study29 was conducted in Malaysia, and the remaining 12 
studies were all conducted in the United States.

With the exception of 2 studies,29,34 all studies were of 
high methodological quality based on Cochrane Risk of Bias 
Criteria, as all studies were double-blind, placebo-controlled, 
and mentioned the required details of the study design 
(Supplementary eFigure 2). Data of completer analyses 
(ASI-DCS, HDRS, and CGI-S) from 1 study34 and number 
of patients who were negative methamphetamine screens at 
the last visit from 1 other study29 were also included in the 
analyses in order to obtain as much information as possible. 
Four studies25,29,37,50 were of short study duration (< 10 
weeks); 9 studies21–26,29,37,50,51 had small sample sizes (total 
n < 50) (Table 1). Antipsychotics studied in the RCTs included 
aripiprazole (4 trials, n = 179: 2 trials with 15-mg fixed dose, 
1 trial with 20-mg fixed dose, 1 trial with 5- to 10-mg dose, 
all amphetamine/methamphetamine dependence),28,29,37,51 
olanzapine (3 trials, n = 112: 2 trials with 10-mg fixed 
dose; 1 trial with flexible dose [2.5–20 mg/d], all cocaine 
dependence),21,25,26 reserpine (2 trials, n = 149: fixed dose 
[0.5 mg/d], all cocaine dependence),22,34 and risperidone (5 
trials, n = 301: 3 trials with fixed oral dose [1, 2, 4, and 8 
mg/d], 1 trial with fixed long-acting injectable dose [25 mg 
every 2 weeks; oral dose equivalent = 2 mg/d], and 1 trial with 
flexible dose [1–6 mg/d], all cocaine dependence)23,24,27,49,50 
(Table 1). Patients in all included studies did not need to be 
abstinent at baseline.

Substance Use
Only data from studies on cocaine dependence, but 

none from those on methamphetamine dependence, were 
analyzable. When study results were both pooled together 
(SMD = 0.19; 95% CI, −0.18 to 0.56; P = .32; 5 studies, n = 136) 
and assessed individually, antipsychotics were not superior 
to placebo in regard to cocaine use (Figure 1). No significant 
heterogeneity was observed (χ2 = 4.70, P = .32 and I2 = 15%), 
and no publication bias was apparent (Supplementary 
eFigure 3).

Lack of Abstinence
When study results were both pooled together (RR = 0.98; 

95% CI, 0.82 to 1.16; P = .78; 6 studies, n = 362) and assessed 
individually, antipsychotics were not different from placebo 
in regard to lack of abstinence (Figure 2). Although results 
were marginally significantly heterogeneous (χ2 = 9.94, 
P = .08, I2 = 50%), we did not find significant subgroup 
differences when we subdivided these studies based on 
antipsychotic (P = .79, I2 = 0%). Therefore, we performed a 
sensitivity analysis. When dividing studies by the substance 
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of dependence, the significant heterogeneity of cocaine 
dependence disappeared (P = .29, I2 = 20%), whereas that 
of methamphetamine remained significant, at least based 
on the I2 value (P = .15, I2 = 52%). Nevertheless, results 
remained nonsignificant in both subgroups. Antipsychotic 
treatment was not superior to placebo in regard to lack of 
abstinence for cocaine (RR = 0.91, P = .19) as well as for 
methamphetamine (RR = 1.06, P = .80). No publication bias 
was apparent (Supplementary eFigure 4).

ASI-DCS and SDS Scores
When study results were both pooled together 

(SMD = −0.06; 95% CI, −0.43 to 0.32; P = .77; 6 studies, 
n = 269) and assessed individually, antipsychotics did not 
differ from placebo in regard to ASI-DCS and SDS scores, 
but results were heterogeneous (χ2 = 11.15, P = .05, I2 = 55%). 
When the data based on completer analysis were excluded,34 
the result did not change (SMD = −0.08; 95% CI, −0.56 to 
0.41; P = .76; I2 = 64%).

Craving
When study results were pooled together, antipsychotics 

did not differ significantly from placebo in regard to cocaine 
craving (SMD = 0.04; 95% CI, −0.38 to 0.47; P = .84; 7 studies, 
n = 297), but results were heterogeneous (χ2 = 17.72, P = .007, 
I2 = 66%) (Figure 3). However, the overall trend level was 
due to the fact that, individually, olanzapine was inferior to 

placebo in regard to the reduction in craving (SMD = 0.59; 
95% CI, 0.07 to 1.10; P = .03; 2 studies, n = 61) (Figure 3). 
When data from the completer analysis were excluded,34 the 
pooled result remained nonsignificant (SMD = 0.11; 95% CI, 
−0.40 to 0.62; P = .67; I2 = 69%).

Depressive Symptoms
When study results were pooled together, antipsychotics 

did not affect depressive symptom scores differently than 
placebo (SMD = 0.23; 95% CI, −0.22 to 0.67; P = .32; 7 studies, 
n = 285), but results were heterogeneous (χ2 = 18.99, P = .004, 
I2 = 68%). However, individually, risperidone was inferior 
in regard to depression compared to placebo (SMD = 1.26, 
95% CI, 0.48 to 2.04; P = .002; 1 study, n = 31). Excluding 
data from the completer analysis34 did not change the result 
(SMD = 0.34; 95% CI, −0.14 to 0.82; P = .16; I2 = 64%).

HARS Scores
When study results were pooled together, antipsychotics 

were not superior to placebo in regard to HARS scores 
(SMD = 0.25; 95% CI, −0.62 to 1.11; P = .58; 3 studies, n = 91), 
but results were heterogeneous (χ2 = 8.36, P = .02, I2 = 76%).

CGI-S Scores
When study results were pooled together, antipsychotics 

were not superior to placebo in regard to CGI-S scores 
(SMD = −0.14; 95% CI, −0.62 to 0.34; P = .56; 5 studies, 
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Figure 2. Lack of Abstinence
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n = 195), but results were heterogeneous (χ2 = 10.59, P = .03, 
I2 = 62%). However, individually, aripiprazole was superior 
to placebo in CGI-S scores (SMD = −1.14; 95% CI, −1.85 
to −0.44; P = .001; 1 study, n = 37). Excluding data from the 
completer analysis34 did not change the result (SMD = −0.17; 
95% CI, −0.83 to 0.50; P = .62; I2 = 71%).

Average Compliance
When study results were both pooled together and 

assessed individually, antipsychotics and placebo did not 
differ in regard to compliance (SMD = −0.12; 95% CI, −0.47 
to 0.24; P = .52; 3 studies, n = 168), and results were not 
heterogeneous (χ2 = 2.58, P = .28, I2 = 22%).

Treatment Discontinuation
All-cause discontinuation. When study results were 

pooled together, antipsychotics and placebo did not differ 
in regard to all-cause discontinuation (RR = 0.94; 95% CI, 
0.81 to 1.08; P = .37; 14 studies, n = 741), and results were 
homogeneous (χ2 = 14.71, P = .26, I2 = 18%). When the results 
were assessed individually, risperidone was associated with 

a marginally higher risk of all-cause discontinuation than 
placebo (RR = 0.91; 95% CI, 0.82 to 1.01; P = .06; 5 studies, 
n = 301). Other antipsychotics did not significantly differ 
from placebo. 

Discontinuation Due to Side Effects
When study results were pooled together, antipsychotics 

were associated with significantly greater rates of 
discontinuation due to side effects than placebo (RR = 4.48; 
95% CI = 1.85 to 10.85; P = .0009; I2 = 0%; NNH = 14; P = .02; 
8 studies, n = 378), and results were homogeneous (χ2 = 0.14, 
P = 1.00, I2 = 0%) (Figure 4). When study results were 
assessed individually, aripiprazole was associated with more 
discontinuation due to side effects than placebo (RR = 4.64; 
95% CI, 1.56 to 13.86; P = .006; I2 = 0%; NNH = not significant; 
4 studies, n = 179).

Side Effects
Limited results based on 3–4 studies showed no group 

differences for the following side effects: at least 1 side 
effect (P = .73, I2 = 0%), severe side effects (P = .93, I2 = 0%), 
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dizziness/postural hypotension (P = .91, I2 = 0%), infection 
(P = .68, I2 = 0%), and drowsiness (P = .12, I2 = 9%). Akathisia 
was significantly more common with antipsychotics than 
placebo (RR = 2.80; 95% CI, 1.12 to 6.98; P = .03; I2 = 31%; 
NNH = 5; P = .0001; 4 studies, n = 191). When study results 
were assessed individually, aripiprazole was associated with 
more frequent akathisia than placebo (RR = 5.47; 95% CI, 
1.84 to 16.27; P = .002; I2 = 0%; NNH = 5; P = .0001; 3 studies, 
n = 143).

DISCUSSION
Findings from this comprehensive meta-analysis of 14 

studies and 741 randomized subjects with either cocaine 
dependence (10 studies, n = 562) or psychostimulant 
dependence (4 studies, n = 179) suggest lack of efficacy of 
antipsychotics for reducing cocaine use and for achieving 
abstinence from cocaine or methamphetamine. Across 
several secondary efficacy outcomes, antipsychotics were 
also not superior to placebo. Moreover, olanzapine was 
associated with a significantly weaker reduction in cocaine 
craving than placebo. Conversely, although rates of all-
cause discontinuation were similar to those of placebo, 
antipsychotics pooled together were associated with greater 

Figure 3. Craving
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levels of intolerability-related discontinuation than placebo. 
Moreover, antipsychotics (especially aripiprazole) were 
associated with significantly more akathisia than placebo. 
Unfortunately, except for dizziness/postural hypotension, no 
other individual adverse events relevant for antipsychotic 
use, such as extrapyramidal side effects, weight gain, or 
effects on glucose and lipid parameters, were reported by at 
least 3 studies. Although the overall conclusions are similar 
to the only prior meta-analysis on this topic,13 the current 
meta-analysis included 4 additional placebo-controlled trials 
conducted in primary cocaine dependence lasting at least 2 
weeks, which also enables the meta-analysis of additional 
outcomes, increasing the confidence in the findings. 
Moreover, 4 studies in psychostimulant dependence were 
meta-analyzed for the first time, showing the same results, 
lending further support to the interpretation of the data in 
that antipsychotics are not effective for primary dependence 
to dopamine agonistic agents.

The findings from this meta-analysis are in contrast 
to our hypothesis that dopamine blockade would counter 
the effects of substances of abuse that are reinforcing due 
to increased dopamine transmission. However, although 
studies of antipsychotics that were both pooled together 
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and assessed individually did not affect average compliance 
differently than placebo in the meta-analysis, most patients 
were actively using either cocaine or psychostimulants, 
and, since adherence was not formally assessed or assured 
across these studies, results could be due to both a lack of 
effect of antipsychotics or decreased efficacy secondary to 
covert nonadherence. Moreover, there were only 3 studies 
that reported meta-analyzable data for compliance. In fact, 
1 study included in the meta-analysis showed a discrepancy 
between average compliance measured via self-report 
(aripiprazole = 69%, placebo = 79%) and medication event 
monitoring system (aripiprazole = 46%, placebo = 39%).28 
However, at least, the lack of any effect of risperidone in 
the 1 study24 that used a long-acting injectable antipsychotic 
with assured adherence argues against a relevant mediating 
effect of nonadherence, yet the sample was small, so that a 
type II error cannot be excluded. Alternatively, it is possible 

that reinforcing or, at least, substance use–maintaining 
biological pathways are partially independent of dopamine 
transmission that is blocked with antipsychotic agents. For 
example, glutamatergic and GABAergic pathways have 
also been implicated in substance use behaviors in general 
and in cocaine dependence in particular.55,56 Moreover, 
habit formation or anticipated highs due to substance use 
or lows due to stopping drug use may maintain substance 
use behaviors, even if the actual effect of the substance is 
attenuated.55,56

Our finding that blocking dopamine D2 receptors was 
ineffective for countering continued abuse of substances 
stimulating that same receptor system raises the general 
question whether “blockade” of rewarding effects of a 
substance is the sole or best treatment strategy for addiction. 
While this general discussion is beyond the scope of this 
article, it is of interest that opioid dependence can be treated 

Figure 4. Discontinuation Due to Side Effects 
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successfully with an antagonist, such as naltrexone, as well 
as with an agonist treatment strategy, such as methadone. 
In this context, it is noteworthy that, in a recent RCT, 
aripiprazole was superior to ropinirole, a dopamine agonist 
at D2, D3, and D4 receptors, for reducing cocaine use in 
cocaine dependent individuals.57

Although not related to substance use itself, craving was 
reduced significantly less with olanzapine than with placebo 
when results from 2 trials including this outcome were pooled. 
However, given that a small number of studies contributed to 
this outcome, the results should be interpreted with caution. 
In fact, in 2 head-to-head trials of antipsychotics, olanzapine 
was associated with some favorable outcomes in regard 
to substance use craving. For example, Machielsen and 
colleagues58 reported that psychotic disorder patients with 
comorbid cannabis dependence treated with olanzapine and 
clozapine experienced significantly less craving compared 
with patients treated with risperidone. Moreover, Akerele and 
Levin59 also reported that the proportion of cocaine-positive 
urine tests decreased, with a trend for a greater reduction 
in the olanzapine group compared to the risperidone group, 
while marijuana craving was significantly less likely for 
the olanzapine group compared to the risperidone group. 
Olanzapine has high affinity for serotonin (5-HT)2A, 5-HT6, 
dopamine D2, muscarinic M1–M5, and histamine (H)1 
receptors.60 Risperidone has high affinity for the 5-HT2A, 
5-HT7, D2, D3, α1- and α2-adrenergic, and H1 receptors.60 
However, although both olanzapine and risperidone are 
serotonin-dopamine antagonists, the binding of risperidone 
to the dopamine D2 receptors is stronger than that with 
olanzapine,61 which may explain the finding of inferiority 
compared to placebo for depressive symptoms found in our 
meta-analysis. While it was based on only 1 small study 
with risperidone long-acting injectable,24 this finding is 
consistent with a lack of significant antidepressant effects 
of risperidone in major depressive disorder.62,63 While the 
link between depression and substance use craving is less 
clear,64 it is possible that ongoing depressive symptoms, even 
at subsyndromal levels, can fuel substance use craving and 
self-medicating behaviors. Of note, a recent genetic study65 
reported that a polymorphism in 5-HT6 receptor gene was 
associated with methamphetamine-induced psychosis. 
Thus, the 5-HT6 receptor may be a therapeutic target for 
patients with substance dependence, possibly particularly 
for agents strongly and directly enhancing dopamine 
transmission.

Furthermore, in dually diagnosed patients with bipolar 
disorder or schizophrenia, quetiapine and olanzapine were 
reported to decrease craving for cocaine or psychostimulants 
significantly more than first-generation antipsychotics 
or placebo.14,66,67 However, we did not combine results 
from studies of antipsychotic effects for cocaine or 
psychostimulants in dually diagnosed patients with those 
in patients with primary substance dependence in order to 
obtain conclusive results on the effects of dopamine blocking 
agents for substance dependence independent of effects on 
schizophrenia or bipolar disorder symptoms.

The results of this meta-analysis have to be interpreted 
within its limitations. These include predominantly the 
small number of included studies with mostly small sample 
sizes, the heterogeneity of primary and secondary outcome 
measures, and the lack of adequate adherence measures. The 
heterogeneous endpoints used in the identified studies point 
to the need to develop a consensus on useful study endpoints 
that should be included across RCTs targeting dopamine 
agonist (and other substance) dependence. Moreover, a 
limited number of different antipsychotics were studied in 
the available RCTs. Furthermore, most trials did not provide 
sufficient data to comprehensively evaluate efficacy and, 
especially, tolerability outcomes, and data on the important 
extrapyramidal and cardiometabolic effects68–71 were almost 
absent (Supplementary eFigure 2). In this context, we cannot 
exclude the possibility of selective reporting in some trials. 
In addition, although we included an inpatient laboratory 
study,37 results did not change when excluding this study. 
Finally, most studies did not report results of relevant 
outcomes, such as craving and psychiatric symptoms, 
although cocaine and psychostimulant dependence are 
considered to be disorders that involve psychopathology 
of both impulsivity and compulsivity72–74 and that are 
associated with depressive and/or anxiety symptoms, 
which can further aggravate cocaine and psychostimulant 
dependence.75 However, data on these psychopathological 
domains were largely absent, except for some studies that 
reported on depressive symptom changes. Although future 
studies should evaluate antipsychotic effects on psychiatric 
symptoms in cocaine- and psychostimulant-dependent 
patients as well, the lack of a primary effect on substance use 
and achievement of abstinence observed across the included 
studies reduces the hope that antipsychotics could be useful 
for these disorders.

CONCLUSION
Results from this meta-analysis suggest that antipsychotics 

have no efficacy advantages over placebo in regard to 
cocaine use and in regard to cocaine or methamphetamine 
abstinence or craving; they, in fact, cause more intolerability-
related discontinuations in cocaine- or amphetamine/
methamphetamine-dependent patients. Interventions 
other than antidopaminergic agents need to be studied 
for the treatment of patients with primary cocaine and 
psychostimulant dependence. Moreover, consensus 
development is needed to define useful study endpoints that 
should be included in all RCTs targeting dopamine agonist 
(and other substance) dependence. 

Drug names: alprazolam (Xanax, Niravam, and others), aripiprazole  
(Abilify), asenapine (Saphris), clozapine (Clozaril, FazaClo, and others), 
droperidol (Inapsine and others), escitalopram (Lexapro and others), 
haloperidol (Haldol and others), iloperidone (Fanapt), lorazepam (Ativan 
and others), lurasidone (Latuda), methadone (Methadose and others), 
methylphenidate (Focalin, Daytrana, and others), naltrexone (Vivitrol, 
ReVia, and others), olanzapine (Zyprexa and others), paliperidone (Invega), 
pimozide (Orap), prochlorperazine (Compro, Procomp, and others), 
quetiapine (Seroquel and others), risperidone (Risperdal and others), 
ropinirole (Requip and others), thiothixene (Navane and others),  
ziprasidone (Geodon and others), zolpidem (Ambien, Edluar, and others).



© 2013 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES.      e1179J Clin Psychiatry 74:12, December 2013

Antipsychotics for Cocaine/Psychostimulant Dependence

Author affiliations: Department of Psychiatry, Fujita Health University 
School of Medicine, Toyoake, Aichi, Japan (Drs Kishi, Matsuda, and Iwata); 
Division of Psychiatry Research, The Zucker Hillside Hospital, North Shore—
Long Island Jewish Health System, Glen Oaks (Drs Kishi and Correll); 
and Albert Einstein College of Medicine, Bronx; The Feinstein Institute 
for Medical Research, Manhasset; and Hofstra North Shore-LIJ School of 
Medicine, Hempstead (Dr Correll), New York.
Author contributions: Dr Kishi had full access to all of the data in the study 
and takes responsibility for the integrity of the data and the accuracy of the 
data analysis. Study concept and design: Dr Correll. Acquisition of data and 
analysis and interpretation of data: Drs Kishi and Matsuda. Drafting of the 
manuscript: Drs Kishi, Iwata, and Correll. Statistical analysis: Drs Kishi and 
Correll. Study supervision: Dr Correll.
Potential conflicts of interest: Dr Kishi has received speaker’s honoraria 
from Abbott, Astellas, Daiichi Sankyo, Dainippon Sumitomo, Eli Lilly, 
GlaxoSmithKline, Janssen, Eisai, Yoshitomi, Otsuka, Meiji, Shionogi, Tanabe-
Mitsubishi, Tsumura, Novartis, and Pfizer. Dr Matsuda has received speaker’s 
honoraria from Eli Lilly and Otsuka. Dr Iwata has received speaker’s 
honoraria from Astellas, Dainippon Sumitomo, Eli Lilly, GlaxoSmithKline, 
Janssen, Yoshitomi, Otsuka, Meiji, Shionogi, Novartis, and Pfizer. Dr Correll 
has been a consultant and/or advisor to or has received honoraria from 
Actelion, Alexza, Bristol-Myers Squibb, Cephalon, Eli Lilly, Genetech, Gerson 
Lehrman Group, IntraCellular Therapies, Janssen/Johnson & Johnson, 
Lundbeck, Medavante, Medscape, Merck, Otsuka, Pfizer, ProPhase, Roche, 
Sunovion, Takeda, Teva, and Vanda; and has received grant/research support 
from Bristol-Myers Squibb, Janssen/Johnson & Johnson, and Otsuka.
Funding/support: None reported.
Acknowledgments: The authors thank John Grabowski, PhD (University of 
Minnesota Medical School); Tsafrir Loebl, MD (Harvard Medical School); 
Phillip Oliver Coffin, MD (San Francisco Department of Public Health); 
Glenn-Milo Santos, MPH (San Francisco Department of Public Health); 
Grant N. Colfax, MD (San Francisco Department of Public Health); and Ng 
Chong Guan, PhD (University Malaya), for providing additional information 
from their study. While the main work for this article was being conducted, 
Dr Kishi was a postdoctoral fellow for research in the United States and was 
supported by the Japan Research Foundation for Clinical Pharmacology  
and the Ministry of Education (no conflict of interest).
Supplementary material: See accompanying pages.

REFERENCES

 1. DiGregorio GJ. Cocaine update: abuse and therapy. Am Fam Physician. 
1990;41(1):247–250. PubMed

 2. Rawson RA. Treatment for Stimulant Use Disorders. Rockville, MD: US 
Department of Health and Human Services; 2011.

 3. Dackis CA, O’Brien CP. Cocaine dependence: a disease of the brain’s reward 
centers. J Subst Abuse Treat. 2001;21(3):111–117. doi:10.1016/S0740-5472(01)00192-1 PubMed

 4. Gawin FH, Ellinwood EH Jr. Cocaine and other stimulants: actions, abuse, 
and treatment. N Engl J Med. 1988;318(18):1173–1182. doi:10.1056/NEJM198805053181806 PubMed

 5. Gawin FH, Kleber HD. Abstinence symptomatology and psychiatric 
diagnosis in cocaine abusers: clinical observations. Arch Gen Psychiatry. 
1986;43(2):107–113. doi:10.1001/archpsyc.1986.01800020013003 PubMed

 6. Rusyniak DE. Neurologic manifestations of chronic methamphetamine 
abuse. Neurol Clin. 2011;29(3):641–655. doi:10.1016/j.ncl.2011.05.004 PubMed

 7. Yui K, Goto K, Ikemoto S, et al. Neurobiological basis of relapse prediction  
in stimulant-induced psychosis and schizophrenia: the role of sensitization. 
Mol Psychiatry. 1999;4(6):512–523. doi:10.1038/sj.mp.4000575 PubMed

 8. D’Souza MS, Markou A. Neural substrates of psychostimulant withdrawal-
induced anhedonia. Curr Top Behav Neurosci. 2010;3:119–178. doi:10.1007/7854_2009_20 PubMed

 9. Büttner A. Review: the neuropathology of drug abuse. Neuropathol  
Appl Neurobiol. 2011;37(2):118–134. doi:10.1111/j.1365-2990.2010.01131.x PubMed

10. Sulzer D, Sonders MS, Poulsen NW, et al. Mechanisms of neurotransmitter 
release by amphetamines: a review. Prog Neurobiol. 2005;75(6):406–433. doi:10.1016/j.pneurobio.2005.04.003 PubMed

11. Lüscher C, Malenka RC. Drug-evoked synaptic plasticity in addiction: from 
molecular changes to circuit remodeling. Neuron. 2011;69(4):650–663. doi:10.1016/j.neuron.2011.01.017 PubMed

12. Patkar AA, Murray HW, Mannelli P, et al. Pre-treatment measures of 
impulsivity, aggression and sensation seeking are associated with treatment 
outcome for African-American cocaine-dependent patients. J Addict Dis. 
2004;23(2):109–122. doi:10.1300/J069v23n02_08 PubMed

13. Amato L, Minozzi S, Pani PP, et al. Antipsychotic medications for  
cocaine dependence. Cochrane Database Syst Rev. 2007;(3):CD006306. PubMed

14. Smelson DA, Ziedonis D, Williams J, et al. The efficacy of olanzapine for 
decreasing cue-elicited craving in individuals with schizophrenia and cocaine 
dependence: a preliminary report. J Clin Psychopharmacol. 2006;26(1):9–12. doi:10.1097/01.jcp.0000194624.07611.5e PubMed

15. Berger SP, Hall S, Mickalian JD, et al. Haloperidol antagonism of cue-elicited 
cocaine craving. Lancet. 1996;347(9000):504–508. doi:10.1016/S0140-6736(96)91139-3 PubMed

16. Moher D, Liberati A, Tetzlaff J, et al, PRISMA Group. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement.  
BMJ. 2009;339:b2535. doi:10.1136/bmj.b2535 PubMed

17. Correll CU, Sheridan EM, DelBello MP. Antipsychotic and mood stabilizer 
efficacy and tolerability in pediatric and adult patients with bipolar I mania:  
a comparative analysis of acute, randomized, placebo-controlled trials. 
Bipolar Disord. 2010;12(2):116–141. doi:10.1111/j.1399-5618.2010.00798.x PubMed

18. Farahani A, Correll CU. Are antipsychotics or antidepressants needed  
for psychotic depression? a systematic review and meta-analysis of trials 
comparing antidepressant or antipsychotic monotherapy with combination 
treatment. J Clin Psychiatry. 2012;73(4):486–496. doi:10.4088/JCP.11r07324 PubMed

19. Nelson JC, Papakostas GI. Atypical antipsychotic augmentation in major 
depressive disorder: a meta-analysis of placebo-controlled randomized trials. 
Am J Psychiatry. 2009;166(9):980–991. doi:10.1176/appi.ajp.2009.09030312 PubMed

20. Leucht S, Tardy M, Komossa K, et al. Antipsychotic drugs versus placebo for 
relapse prevention in schizophrenia: a systematic review and meta-analysis. 
Lancet. 2012;379(9831):2063–2071. doi:10.1016/S0140-6736(12)60239-6 PubMed

21. Kampman KM, Pettinati H, Lynch KG, et al. A pilot trial of olanzapine for 
the treatment of cocaine dependence. Drug Alcohol Depend. 2003;70(3): 
265–273. doi:10.1016/S0376-8716(03)00009-7 PubMed

22. Berger SP, Winhusen TM, Somoza EC, et al. A medication screening trial 
evaluation of reserpine, gabapentin and lamotrigine pharmacotherapy of 
cocaine dependence. Addiction. 2005;100(suppl 1):58–67. doi:10.1111/j.1360-0443.2005.00983.x PubMed

23. Levin FR, McDowell D, Evans SM, et al. Pergolide mesylate for cocaine 
abuse: a controlled preliminary trial. Am J Addict. 1999;8(2):120–127. doi:10.1080/105504999305929 PubMed

24. Loebl T, Angarita GA, Pachas GN, et al. A randomized, double-blind, 
placebo-controlled trial of long-acting risperidone in cocaine-dependent 
men. J Clin Psychiatry. 2008;69(3):480–486. doi:10.4088/JCP.v69n0321 PubMed

25. Reid MS, Casadonte P, Baker S, et al. A placebo-controlled screening trial of 
olanzapine, valproate, and coenzyme Q10/L-carnitine for the treatment of 
cocaine dependence. Addiction. 2005;100(suppl 1):43–57. doi:10.1111/j.1360-0443.2005.00990.x PubMed

26. Hamilton JD, Nguyen QX, Gerber RM, et al. Olanzapine in cocaine 
dependence: a double-blind, placebo-controlled trial. Am J Addict. 2009; 
18(1):48–52. doi:10.1080/10550490802544318 PubMed

27. Grabowski J, Rhoades H, Silverman P, et al. Risperidone for the treatment of 
cocaine dependence: randomized, double-blind trial. J Clin Psychopharmacol. 
2000;20(3):305–310. doi:10.1097/00004714-200006000-00003 PubMed

28. Coffin PO, Santos GM, Das M, et al. Aripiprazole for the treatment of 
methamphetamine dependence: a randomized, double-blind, placebo-
controlled trial. Addiction. 2013;108(4):751–761. PubMed

29. Sulaiman AH, Gill JS, Said MA, et al. A randomized, placebo-controlled  
trial of aripiprazole for the treatment of methamphetamine dependence  
and associated psychosis. Int J Psychiatry Clin Pract. 2013;17(2):131–138. PubMed

30. McLellan AT, Luborsky L, Woody GE, et al. An improved diagnostic 
evaluation instrument for substance abuse patients: the Addiction Severity 
Index. J Nerv Ment Dis. 1980;168(1):26–33. doi:10.1097/00005053-198001000-00006 PubMed

31. Gossop M, Darke S, Griffiths P, et al. The Severity of Dependence Scale 
(SDS): psychometric properties of the SDS in English and Australian samples 
of heroin, cocaine and amphetamine users. Addiction. 1995;90(5):607–614. doi:10.1111/j.1360-0443.1995.tb02199.x PubMed

32. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. 
1959;32(1):50–55. doi:10.1111/j.2044-8341.1959.tb00467.x PubMed

33. Guy W, Bonato RR. Manual for the ECDEU Assessment Battery. 2nd ed. 
Chevy Chase, MD: National Institute of Mental Health; 1970.

34. Winhusen T, Somoza E, Sarid-Segal O, et al. A double-blind, placebo-
controlled trial of reserpine for the treatment of cocaine dependence.  
Drug Alcohol Depend. 2007;91(2–3):205–212. doi:10.1016/j.drugalcdep.2007.05.021 PubMed

35. Somoza E, Dyrenforth S, Goldsmith J, et al. “In search of a universal drug 
craving scale.” Paper presented at the 148th Annual Meeting of the American 
Psychiatric Association; May 20–25, 1995; Miami, Florida.

36. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 
1960;23(1):56–62. doi:10.1136/jnnp.23.1.56 PubMed

37. Newton TF, Reid MS, De La Garza R, et al. Evaluation of subjective effects  
of aripiprazole and methamphetamine in methamphetamine-dependent 
volunteers. Int J Neuropsychopharmacol. 2008;11(8):1037–1045. PubMed

38. Beck AT, Ward CH, Mendelson M, et al. An inventory for measuring 
depression. Arch Gen Psychiatry. 1961;4(6):561–571. doi:10.1001/archpsyc.1961.01710120031004 PubMed

39. Radloff LS. The CES-D scale: a self report depression scale for research  
in the general population. Appl Psychol Meas. 1977;1(3):385–401. doi:10.1177/014662167700100306

40. Leucht S, Komossa K, Rummel-Kluge C, et al. A meta-analysis of head-to-
head comparisons of second-generation antipsychotics in the treatment of 
schizophrenia. Am J Psychiatry. 2009;166(2):152–163. doi:10.1176/appi.ajp.2008.08030368 PubMed

41. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177–188. doi:10.1016/0197-2456(86)90046-2 PubMed

42. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-
analyses. BMJ. 2003;327(7414):557–560. doi:10.1136/bmj.327.7414.557 PubMed

43. Johnson BA, Ait-Daoud N, Elkashef AM, et al; Methamphetamine Study 



© 2013 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. e1180     J Clin Psychiatry 74:12, December 2013

Kishi et al 

Group. A preliminary randomized, double-blind, placebo-controlled study of 
the safety and efficacy of ondansetron in the treatment of methamphetamine 
dependence. Int J Neuropsychopharmacol. 2008;11(1):1–14. doi:10.1017/S1461145707007778 PubMed

44. Johnson BA, Roache JD, Ait-Daoud N, et al. A preliminary randomized, 
double-blind, placebo-controlled study of the safety and efficacy of 
ondansetron in the treatment of cocaine dependence. Drug Alcohol Depend. 
2006;84(3):256–263. doi:10.1016/j.drugalcdep.2006.02.011 PubMed

45. Johnson BA, Chen YR, Swann AC, et al. Ritanserin in the treatment of 
cocaine dependence. Biol Psychiatry. 1997;42(10):932–940. doi:10.1016/S0006-3223(96)00490-8 PubMed

46. Cornish JW, Maany I, Fudala PJ, et al. A randomized, double-blind, placebo-
controlled study of ritanserin pharmacotherapy for cocaine dependence. 
Drug Alcohol Depend. 2001;61(2):183–189. doi:10.1016/S0376-8716(00)00140-X PubMed

47. Nejtek VA, Avila M, Chen LA, et al. Do atypical antipsychotics effectively 
treat co-occurring bipolar disorder and stimulant dependence? a 
randomized, double-blind trial. J Clin Psychiatry. 2008;69(8):1257–1266. doi:10.4088/JCP.v69n0808 PubMed

48. Ersche KD, Bullmore ET, Craig KJ, et al. Influence of compulsivity of drug 
abuse on dopaminergic modulation of attentional bias in stimulant 
dependence. Arch Gen Psychiatry. 2010;67(6):632–644. doi:10.1001/archgenpsychiatry.2010.60 PubMed

49. Grabowski J, Rhoades H, Stotts A, et al. Agonist-like or antagonist-like 
treatment for cocaine dependence with methadone for heroin dependence: 
two double-blind randomized clinical trials. Neuropsychopharmacology. 
2004;29(5):969–981. doi:10.1038/sj.npp.1300392 PubMed

50. Smelson DA, Williams J, Ziedonis D, et al. A double-blind placebo-controlled 
pilot study of risperidone for decreasing cue-elicited craving in recently 
withdrawn cocaine dependent patients. J Subst Abuse Treat. 2004;27(1): 
45–49. doi:10.1016/j.jsat.2004.03.009 PubMed

51. Tiihonen J, Kuoppasalmi K, Föhr J, et al. A comparison of aripiprazole, 
methylphenidate, and placebo for amphetamine dependence. Am J 
Psychiatry. 2007;164(1):160–162. doi:10.1176/appi.ajp.164.1.160 PubMed

52. Brunetti M, Di Tizio L, Dezi S, et al. Aripiprazole, alcohol and substance 
abuse: a review. Eur Rev Med Pharmacol Sci. 2012;16(10):1346–1354. PubMed

53. Alvarez Y, Pérez-Mañá C, Torrens M, et al. Antipsychotic drugs in cocaine 
dependence: a systematic review and meta-analysis. J Subst Abuse Treat. 
2013;45(1):1–10. doi:10.1016/j.jsat.2012.12.013 PubMed

54. Zhornitsky S, Rizkallah E, Pampoulova T, et al. Antipsychotic agents for the 
treatment of substance use disorders in patients with and without comorbid 
psychosis. J Clin Psychopharmacol. 2010;30(4):417–424. doi:10.1097/JCP.0b013e3181e7810a PubMed

55. Somaini L, Donnini C, Raggi MA, et al. Promising medications for cocaine 
dependence treatment. Recent Pat CNS Drug Discov. 2011;6(2):146–160. doi:10.2174/157488911795933893 PubMed

56. Kalivas PW, Volkow ND. New medications for drug addiction hiding in 
glutamatergic neuroplasticity. Mol Psychiatry. 2011;16(10):974–986. doi:10.1038/mp.2011.46 PubMed

57. Meini M, Moncini M, Cecconi D, et al. Aripiprazole and ropinirole treatment 
for cocaine dependence: evidence from a pilot study. Curr Pharm Des. 
2011;17(14):1376–1383. doi:10.2174/138161211796150783 PubMed

58. Machielsen M, Beduin AS, Dekker N, et al; Genetic Risk and Outcome of 
Psychosis (GROUP) investigators. Differences in craving for cannabis 
between schizophrenia patients using risperidone, olanzapine or clozapine. 
J Psychopharmacol. 2012;26(1):189–195. doi:10.1177/0269881111408957 PubMed

59. Akerele E, Levin FR. Comparison of olanzapine to risperidone in substance-

abusing individuals with schizophrenia. Am J Addict. 2007;16(4):260–268. doi:10.1080/10550490701389658 PubMed
60. Miyamoto S, Duncan GE, Marx CE, et al. Treatments for schizophrenia: a 

critical review of pharmacology and mechanisms of action of antipsychotic 
drugs. Mol Psychiatry. 2005;10(1):79–104. doi:10.1038/sj.mp.4001556 PubMed

61. Correll CU. From receptor pharmacology to improved outcomes: 
individualising the selection, dosing, and switching of antipsychotics.  
Eur Psychiatry. 2010;25(suppl 2):S12–S21. doi:10.1016/S0924-9338(10)71701-6 PubMed

62. Komossa K, Depping AM, Gaudchau A, et al. Second-generation 
antipsychotics for major depressive disorder and dysthymia. Cochrane 
Database Syst Rev. 2010;(12):CD008121. PubMed

63. Leucht S, Corves C, Arbter D, et al. Second-generation versus first-generation 
antipsychotic drugs for schizophrenia: a meta-analysis. Lancet. 2009; 
373(9657):31–41. doi:10.1016/S0140-6736(08)61764-X PubMed

64. De Los Cobos JP, Siñol N, Trujols J, et al. Drug-dependent inpatients 
reporting continuous absence of spontaneous drug craving for the main 
substance throughout detoxification treatment. Drug Alcohol Rev. 2011; 
30(4):403–410. doi:10.1111/j.1465-3362.2010.00241.x PubMed

65. Kishi T, Fukuo Y, Okochi T, et al. Serotonin 6 receptor gene is associated with 
methamphetamine-induced psychosis in a Japanese population. Drug Alcohol 
Depend. 2011;113(1):1–7. doi:10.1016/j.drugalcdep.2010.06.021 PubMed

66. Brown JC, Rizvi S, Klein EJ, et al. Hydroscopic properties of organic objects 
that may present as aural foreign bodies. J Clin Med Res. 2010; 2(4):172–176. PubMed

67. Brown ES, Nejtek VA, Perantie DC, et al. Cocaine and amphetamine use in 
patients with psychiatric illness: a randomized trial of typical antipsychotic 
continuation or discontinuation. J Clin Psychopharmacol. 2003;23(4): 
384–388. doi:10.1097/01.jcp.0000085412.08426.08 PubMed

68. Rummel-Kluge C, Komossa K, Schwarz S, et al. Head-to-head comparisons 
of metabolic side effects of second generation antipsychotics in the treatment 
of schizophrenia: a systematic review and meta-analysis. Schizophr Res. 
2010;123(2–3):225–233. doi:10.1016/j.schres.2010.07.012 PubMed

69. De Hert M, Detraux J, van Winkel R, et al. Metabolic and cardiovascular 
adverse effects associated with antipsychotic drugs: nature reviews. 
Endocrinology. 2012;8(2):114–126. PubMed

70. Correll CU, Lencz T, Malhotra AK. Antipsychotic drugs and obesity. Trends 
Mol Med. 2011;17(2):97–107. doi:10.1016/j.molmed.2010.10.010 PubMed

71. Rummel-Kluge C, Komossa K, Schwarz S, et al. Second-generation 
antipsychotic drugs and extrapyramidal side effects: a systematic review  
and meta-analysis of head-to-head comparisons. Schizophr Bull. 2012;38(1): 
167–177. doi:10.1093/schbul/sbq042 PubMed

72. Mandyam CD, Koob GF. The addicted brain craves new neurons: putative 
role for adult-born progenitors in promoting recovery. Trends Neurosci. 
2012;35(4):250–260. doi:10.1016/j.tins.2011.12.005 PubMed

73. Koob GF, Zorrilla EP. Neurobiological mechanisms of addiction: focus on 
corticotropin-releasing factor. Curr Opin Investig Drugs. 2010;11(1):63–71. PubMed

74. Koob GF, Volkow ND. Neurocircuitry of addiction. 
Neuropsychopharmacology. 2010;35(1):217–238. doi:10.1038/npp.2009.110 PubMed

75. Schuckit MA, Tipp JE, Bucholz KK, et al. The life-time rates of three major 
mood disorders and four major anxiety disorders in alcoholics and controls. 
Addiction. 1997;92(10):1289–1304. doi:10.1111/j.1360-0443.1997.tb02848.x PubMed

Supplementary material follows this article.



 

© Copyright 2013 Physicians Postgraduate Press, Inc. 

 

 
 

Supplementary Material 
 
Article Title: Antipsychotics for Cocaine or Psychostimulant Dependence: Systematic Review and Meta-

Analysis of Randomized, Placebo-Controlled Trials 

Author(s): Taro Kishi, MD, PhD; Yuki Matsuda, MD; Nakao Iwata, MD, PhD; 
and Christoph U. Correll, MD 

DOI Number: 10.4088/JCP.13r08525 

 
 
 
List of Supplementary Material for the article 
 

1. eFigure 1 PRISMA flow diagram 

2. eFigure 2 Risk of Bias Graph 

3. eFigure 3 Funnel Plot of Cocaine Use 

4. eFigure 4 Funnel Plot of Lack of Abstinence 

 
 
 
Disclaimer 
This Supplementary Material has been provided by the author(s) as an enhancement to the published article. It 
has been approved by peer review; however, it has undergone neither editing nor formatting by in-house editorial 
staff. The material is presented in the manner supplied by the author.  
 

 

© 2013 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. 



Supplementary eFigure 1. PRISMA flow diagram 
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Supplementary eFigure 2. Risk of Bias Graph 
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Supplementary eFigure 3. Funnel Plot of Cocaine Use 
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Supplementary eFigure 4. Funnel Plot of Lack of Abstinence 
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