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Abstract

Background
Clozapine is a highly effective drug for managing treatment-resistant schizophrenia. Established haematological safety concerns are mitigated through
mandatory blood testing and specialist prescribing; however, clozapine also carries a high risk of drug-drug interactions (DDIs) due to complex
pharmacokinetics, polypharmacy, and fragmented prescribing and dispensing. While individual interactions are well described, the overall prevalence of DDIs
involving clozapine has not yet been systematically synthesised.

Aims
To determine the prevalence of DDIs involving clozapine in adult populations, and to characterise how interactions are identified and reported across clinical
settings.

Methods
A systematic search of MEDLINE, PubMed, Cochrane, EMBASE, EBSCO CINAHL, and Scopus databases was conducted from inception to July 2025
(PROSPERO registration 07/10/23). Studies reporting frequency of potential DDIs involving clozapine in adult populations were included. Data extraction took
place 11/2023-01/2024 and 15th to 30th July 2025. Risk of bias was assessed using the JBI checklist for prevalence studies. Due to methodological
heterogeneity a narrative synthesis was completed. Percentage of DDIs involving clozapine and rate of clozapine DDIs per 1,000 participants were calculated
where possible.

Results
Fourteen studies comprising 150,119 participants from 14 countries across care settings were included. Studies employed various DDI screening tools and
outcome measures. In 12 studies reporting total DDIs, interactions involving clozapine accounted for between 1.2% and 18.8% of all identified DDIs. Thirteen
studies permitted estimation of clozapine DDI rates, which varied markedly (0.5 to 3,300 per 1,000 participants), reflecting differences in populations,
denominators, and detection methods. Clozapine DDIs were usually classified within higher-risk categories and commonly involved antidepressants, other
antipsychotics, sedatives, and medications for coexisting diseases.

Conclusions
Potential DDIs involving clozapine are common across care settings, particularly mental health. These findings highlight the need for improved medication
review processes and greater integration of prescribing and dispensing systems to reduce preventable harm.

1. Introduction
Clozapine, an atypical antipsychotic, is the most effective treatment for treatment-resistant schizophrenia1. Despite its efficacy, it is considered a high-risk
medication, due to its narrow therapeutic index and well-established potential to cause serious adverse effects2,3. Haematological risks, particularly
agranulocytosis, are managed through mandatory blood monitoring and structured prescribing systems in many countries. However, clozapine remains
underutilised globally, with substantial variation in prescribing rates observed between countries and healthcare systems4.

Alongside its recognised haematological risks, clozapine is associated with additional and clinically important risk of drug-drug interactions (DDIs)5. Its
metabolism via cytochrome P450 enzymes (primarily CYP1A2 and CYP3A4), combined with the high prevalence of polypharmacy in people with treatment-
resistant schizophrenia increases susceptibility to both pharmacokinetic and pharmacodynamic interactions6,7. In clinical practice, patients prescribed
clozapine frequently have multiple comorbidities, including cardio-metabolic disease, and complex medication regimens, increasing the likelihood of co-
prescribing interacting medications8,9,10. These interactions may result in toxicity, reduced therapeutic efficacy, or serious adverse outcomes including
sedation, seizures, and cardiovascular complications.

Drug-drug interactions are a major contributor to preventable medication-related harm, with prescribing identified as the stage at which most issues occur11.
This risk is further increased in patients treated with clozapine due to the involvement of multiple prescribers across specialist mental health services and
general healthcare, spanning both primary and secondary care settings. Although clozapine prescribing is highly regulated in most jurisdictions, the structure
of these safety-focused systems may inadvertently contribute to fragmented care. Established barriers to optimal clozapine use include administrative
burden, limited integration of care pathways, and lack of coordinated systems to support prescribing and monitoring across settings12. This fragmentation
may limit the potential for comprehensive medication review and reduce opportunity to detect and manage DDIs effectively.

While individual DDIs involving clozapine are well described in the product literature and interaction databases, there is limited understanding of how
frequently these combinations of interacting medications occur in routine clinical practice. In particular, the prevalence of DDIs involving clozapine across
different healthcare settings, populations, and methods of detection has not been systematically synthesised.
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1.1 Aim
The aim of the review was to determine the prevalence of DDIs involving clozapine in adult populations, and to characterise how these interactions are
identified and reported across clinical settings.

2. Methods

2.1 Study Design
This systematic review of prevalence studies was conducted in line with JBI guidance for systematic reviews of prevalence data and reported in line with the
PRISMA guidelines13, 14. The review was prospectively registered on PROSPERO15

PROSPERO ID: CRD42023470314, registered 7 October 2023, data extraction commenced on 10th November 2023 until 15th January 2024, and again from
15th to 30th July 2025.

2.2 Eligibility Criteria
Studies were deemed eligible if the population included adults prescribed clozapine with other medicines. Studies with a mixed adult and paediatric
populations were included if it was clear at least 75% of the population were adults. Studies were not restricted to those reporting clozapine DDIs exclusively.
Studies were included if they reported the number of drug-drug interactions involving clozapine or provided sufficient data to allow prevalence to be
calculated. The reporting outcomes varied depending on the study focus.

The CoCoPop (condition, context and population) approach for prevalence reviews recommended by JBI was followed13. In this review, the condition of
interest was drug-drug interactions involving clozapine, the context was unrestricted, and the population was adult patients prescribed clozapine.

2.3 Search Strategy
A comprehensive literature search was conducted with the assistance of an information specialist from the RCSI library. Electronic databases searched
included OVID MEDLINE, PubMed, Cochrane Library, EMBASE, EBSCO CINAHL and Scopus from inception to July 2025.

The search strategy combined terms relating to clozapine, drug-drug interactions, and prevalence. The following key terms were used:

Clozapine OR Clozaril OR Denzapine OR Zaponex OR Leponex OR desmethylclozapine OR norclozapine.

“drug-interaction*” OR “drug-drug interaction*” OR “concomitant drug*” OR “co-prescribed”

prevalence OR rate OR incidence

These terms were combined using Boolean operators. Search strategies were adapted for each database as appropriate. Full search strategies for each
database are provided in the supplementary materials (Supplementary Table S1). The search was initially conducted in October 2023 and was updated in
July 2025 to identify additional eligible studies.

2.4 Data Collection and Data Extraction
Records identified from each database were imported to Rayyan (a web-based systematic review screening tool) and deduplication was conducted. Titles
and abstracts were independently screened by two reviewers (LF & GH). Full-text articles were assessed independently by two reviewers for eligibility.
Disagreements were resolved through discussion and, where necessary, consultation with a third reviewer (FM).

A standardised data extraction form was developed in Microsoft Excel. This was piloted on three papers and revised before conducting data extraction. Data
extraction was conducted by one reviewer (LF) with an independent check by a second reviewer (GH) to ensure accuracy and consistency. Extracted data
included citation details (authors, location and year of publication) and study characteristics (study design, setting, time period, data source, sample size,
participant characteristics). Data relating to DDIs were also extracted, including the method used to identify DDIs, severity classification of DDs, number of
DDIs involving clozapine, number of overall DDIs and any reported or calculable measures of prevalence.

2.5 Quality Appraisal
The JBI Critical Appraisal Checklist for studies reporting prevalence data was completed independently by two reviewers (LF & GH) for each study16.
Discrepancies were reviewed by a third reviewer (FM). This tool evaluates methodological quality across domains including sampling, measurement of
condition, and statistical analysis.

2.6 Data Analysis
A narrative synthesis was conducted due to heterogeneity in study design, populations, and reporting of drug-drug interactions. Study characteristics were
summarised descriptively including location, study design, setting and population. The methods for identifying DDIs and severity classification of DDIs were
described for each study.

Given the variation in outcome reporting across studies, multiple definitions of prevalence were used. Where studies reported both the total number of DDIs
and the number involving clozapine, the proportion of DDIs involving clozapine was calculated. Where sufficient data were available, rates of clozapine DDIs
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per 1,000 participants were estimated. These metrics were calculated where possible for all studies, regardless of whether studies only assess clozapine-
specific or restricted categories of interactions.

Further synthesis of secondary outcomes examined clozapine DDIs by classification of interaction severity, and the classes of co-prescribed medications
involved in DDIs with clozapine.

3. Results
A total of 2,424 records were screened after deduplication, with 47 full-text articles assessed for eligibility in 2023. Of these, 12 papers met the inclusion
criteria. The search was updated in July 2025 to identify additional eligible studies. This yielded a further 65 records, of which three were assessed at full text
and two met the inclusion criteria. In total, 14 studies were included in this review, comprising 150,119 participants. Reasons for exclusion at full-text stage
are provided in the supplementary materials (Supplementary Table 2). A PRISMA flow diagram illustrating the study selection process is shown in Fig. 1.

3.1 Quality Appraisal
Overall, the included studies were of good methodological quality. Inadequate sample size was identified for three of the studies considering a sufficient
sample to precisely estimate prevalence of DDIs, however this was not the primary aims of the studies. The response rate criterion was not applicable for the
included studies, as data were derived from prescription records, chart reviews, or administrative datasets. A summary of the quality appraisal is presented
in the supplementary materials (Supplementary Table 3).

3.2 Characteristics of included studies
The 14 included studies were conducted across a range of geographical regions, including Europe, North America, and Asia, reflecting diverse healthcare
systems and prescribing practices. The study settings for the included studies varied considerably and included psychiatric inpatient and outpatient services,
general hospital settings, nursing homes and a specialised clozapine clinic. Eight studies reported data from specialist psychiatric settings
17,18,19,20,21,22,23,29. Two studies reported data from multiple nursing homes25,26, and four studies reported on data sourced in primary care and general
hospital inpatient and outpatient settings24,27,28,30.

Most of the studies (n = 13) employed cross-sectional study designs17–24, 26–30, with one retrospective longitudinal cohort study conducted in a nursing

home context25. Study duration ranged from 1 day to 14 years, reflecting variation in study design and data sources. Sample sizes for the individual studies
varied widely. Studies utilising claims data or datasets from larger studies or monitoring programmes had sample sizes ranging from 4,467 to
84,60719,22,23,28. Studies undertaken in clinical settings ranged from 112 to 1,987 participants17,18,20,21,24,25,26,27,29,30. Where reported, mean age ranged from
38.3 years to 83.7 years. Participant gender was reported for twelve studies, and percentage of female participants ranged from 33% to 81%.

Approaches used to identify DDIs varied between studies. Some studies relied on clinical review of prescriptions or primary literature, and others employed
one or more of a wide range of interaction screening tools and databases, including commercially available resources such as Micromedex, Drugs.com,
Stockley’s, and Lexicomp® (now known as UpToDate® Lexidrug), as well as locally developed or study-specific systems. Ten studies used unique tools not
shared with other included studies highlighting substantial heterogeneity. Two studies used the Drugs.com interaction checker21,27, while two other studies

reported using Lexicomp®17,29. One study used both Stockley’s and Lexicomp17. Characteristics of studies are described in Table 1.
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Table 1
Study Characteristics

Study & Year Location Study design Timeframe
& Study
Period

Setting Sample
size

Age years
(Mean)

%
Female

Data source & DDI
screening tool used

Psychiatric Setting

Barrett et al.,
2018

Ireland Retrospective
cross-
sectional study

One month

May to June
2017

Outpatient
clozapine clinic

112 43.9 33% Prescription review
(clozapine + other
medication)

Lexicomp interaction
checkera & Stockley's
interaction checkerb

Collins et al.,
2022

USA Retrospective
cross-
sectional study

Fifteen
months

July 2021 to
Oct 2022

Psychiatric clinic 129 43.1 0% Chart review

Primary literature on
DDIs

Guo et al.,
2012

USA Retrospective
cross-
sectional study

Four years

January
2000 to
December
2003

Prescription
claims data
(adults with a
schizophrenia
diagnosis and on
at least one
antipsychotic)

27,909 42.5 48.2% Claims database
Facts and
comparisons 4.0
interaction
classificationc

Haeuis et al.,
2011

Germany,
Switzerland,
Austria,
Belgium &

Hungary

Retrospective
cross-
sectional study

Fourteen
years

1994 to
2008

Psychiatric
hospital

84,607 51* 55% Prescription review

Software interaction
alerts Zurich
Interaction System
(ZHIAS))
incorporating the
Operational
Classification of Drug
Interactions (ORCA)

Javelot et al.,
2012

France Cross-
sectional study

Two days

October 5
2011

October 5
2012

Psychiatric
hospital

711 21%Elderly
(> 65)

Not
reported

Chart review Drug-
drug interaction
software

Kirilochev et
al., 2019

Russian
Federation

Cross-
sectional study

Not
specified

Psychiatric
hospital

500 62 64% Chart review Website
Drugs.com
interaction checkerd

Toto et al.,
2021

Germany Cross-
sectional study

Eleven
months

October
2017 to
September
2018

Psychiatric
hospitals

27,396 47 46% Electronic hospital
record review

Reported DDIs
resulting in increased
anticholinergic
burden

Vedaprakash
et al, 2023

Vedaprakash
et al, 2023

Cross-
sectional study

Seven
months

January
2023 to July
2023

Outpatient
psychiatric clinic

606 49.7 56% Prescription review

Lexicomp interaction
checkera

Nursing home setting

Hosia-
Randell et al.,
2008

Helsinki,
Finland

Cross-
sectional study

One day

February
2003

Nursing home 1,987 83.7 81% Chart review
Swedish, Finnish,
INteraction X-
referencing (SFINX)
interaction database

Liperoti et al.,
2017

7 EU countries
& Israel

Retrospective
longitudinal
cohort study

Two years

2009–2011
(follow up at
12 months)

Nursing home 604 82.9 72% Subset of data from
another study

DDI classification
proposed by
Bleakleye

General hospital or mixed setting

* Median age reported
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Study & Year Location Study design Timeframe
& Study
Period

Setting Sample
size

Age years
(Mean)

%
Female

Data source & DDI
screening tool used

Psychiatric Setting

Nikolic et al.,
2013

Serbia Cross-
sectional study

One month

November
2011

Prescription
database
outpatient
prescriptions

4467 62.8 58% Prescription
database

Drug Interaction
Facts by David S
Tatrof

Sah et al.,
2023

Southern India Cross-
sectional study

Three years

January
2019 to
December
2021

Tertiary care
teaching hospital
(patients with
rheumatoid
arthritis)

598 47.8 77% Prescription review

Micromedex
interaction checkerg

Sengul et al.,
2014

Denizli, Turkey Cross-
sectional study

Not
specified

Outpatient clinic
for psychotic
disorders &
General hospital

240 38 41% Prescription review
Website Drugs.com
interaction checkerd

Sinclair et al.,
2010

United
Kingdom

Cross-
sectional study

Three
months

December
2006 to
February
2007

General hospital &
psychiatric units
(inpatients
prescribed one or
more psychotropic
drugs)

253 Gen. hosp
69.9 Psych.
46.9

42% Prescription review

Computer based
protocol identified
DDIs

* Median age reported

a: Lexicomp now known as Lexidrug UpToDate Inc. https://online.lexi.com.

b: Preston, C.L. Stockley’s Drug Interactions. 2016.

c: Drug Facts & Comparisons 4.0 [online] Drug Comparison Tools | UpToDate Lexidrug | Wolters Kluwer

d: www.drugs.com/drug_interactions.html

e: Interactions classified by potential adverse effect in categories as proposed by Bleakley S.31

f: Tatro D. Drug Interaction Facts 10th Edition United States; Facts and Comparisons 2010

g: https://www.micromedexsolutions.com

3.3 Outcomes
Prevalence of DDIs with clozapine

All included studies reported data on drug-drug interactions involving clozapine. In twelve studies reporting both DDIs and clozapine-specific interactions as
a percentage of total interactions, the proportion of DDIs involving clozapine ranged from 1% to 28%. The proportion varied by setting. Studies in psychiatric
settings reported higher proportions ranging from 2.8% to 28%17,18,19,20,21,22,23,29, while studies in general hospital or mixed settings reported lower
proportions24,27,28,30 (1.2% to 3.2%). The lowest proportions were reported in nursing home populations25,26 (1% and 1.4%).

Rates of clozapine DDIs per 1,000 participants was estimated for thirteen studies17,18,20,21,22,23,24,25,26,27,28,29,30. One study in a dedicated clozapine clinic

reported the substantially higher rates (2,900 to 3,300 per 1,000 participants) reflecting differences in the study population17. Among the other twelve studies
the rate of DDIs per 1,000 participants ranged from 0.5 to 303. Higher rates were reported in psychiatric settings17,18,20,21,22,23,29 (4.2 to 303 per 1,000
participants), while lower rates were reported in nursing home populations25,26 (0.5 and 6.6 per 1,000 participants). Studies conducted in general hospital or

mixed populations had intermediate rates24,27,28,30 (18.3 to 63.2 per 1,000 participants). The results relating to prevalence of DDIs with clozapine are outlined
in Table 2.
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Table 2
Prevalence of DDIs with clozapine

Study No. of
participants

No. of DDIs
Identified

Number of
DDIs with
Clozapine

Clozapine DDIs
as a % of all
DDIs

Rate of clozapine
DDIs per 1000
participants

Setting & Scope of DDIs assessed

Psychiatric Setting

Barrett et al.
2018

112 n/ai 325a 370b n/ai 2,900-3,300c Outpatient clozapine clinic

DDIs with clozapine

Collins et al.
2022

129 146 12 8.2% 93 Psychiatric clinic

Psychotropic DDIs

Guo et al. 2012 27,909 14,213 2,769 19.4% 99 Prescriptions claims data (adults
with a schizophrenia diagnosis and
on at least one antipsychotic)

Antipsychotic DDIs

Haueis et al.
2011

84,607 2,308d 648e 28%f n/ai Psychiatric hospital, All DDIs

Javelot et al.
2012

711 107 3 2.8% 4.2 Psychiatric hospital, All DDIs

Kirilochev et al,
2019

500 1352 73 5.4% 146 Psychiatric hospital, All DDIs

Toto et al, 2021 27,396 1738h 171 n/ai 6.2 Psychiatric hospital

Anticholinergic specific DDIs

Vedaprakash et
al, 2023

606 1366 184 13.46% 303 Outpatient psychiatric clinic

All DDIs

Nursing home setting

Hosia-Randell
et al. 2008

1987 96g 1 1.04% 0.5 Nursing homes, All DDIs

Liperoti et al,
2017

604 278 4 1.4% 6.6 Nursing homes

Antipsychotic DDIs

General hospital or mixed setting

Nikolic et al,
2013

4467 2558 82 3.2% 18.35 Prescription database outpatient
prescriptions, All DDIs

Sah et al, 2023 598 1492 19 1.2% 31.7 Tertiary care teaching hospital

All DDIs

Sengul et al.
2014

240 417 21 5.03% 87.5 Psychiatric outpatient clinics &
general hospital

Psychotropic DDIs

Sinclair et al,
2010

253 380 16 4.2% 63.2 General hospital & Psychiatric Units

Psychotropic DDIs

a & b: Study utilised two interaction references. a=Stockley’s Drug Interaction checker b= Lexicomp drug interaction checker

c: Two interaction references used

d: Number of high danger DDIs from total number 270,660

e: Clozapine DDIs reported for high danger DDI category only

f: Percentage of high danger DDIs

g: Number of participants exposed to potential DDIs

h: Number of participants on combinations with anticholinergic potential:

i: Barrett et al only assessed for DDIs with clozapine therefore did not report an overall number of DDIs, Haueis et al reported the number of clozapine
prescriptions in the study population, Toto et al reported the number of patients exposed to anticholinergic DDIs
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DDI Severity Categorisation

Thirteen studies reported clozapine DDIs according to severity categories, although classification systems varied between studies17,19,20–30. Four studies
reported details of DDIs in only the most severe DDI rating category, and therefore all reported clozapine DDIs were in the most severe category19, 20, 22,26. In

the studies reporting multiple severity categories, 100% of clozapine DDIs appeared in the most severe category for three studies25,28,30. Of the remaining
studies four reported a majority of clozapine DDIs in the most severe category (38–81%)23,24,27,29, one reported 41%21, while one reported 4–12% depending
on the interaction checker used17.

The results relating to DDI severity categorisation are shown in Table 3
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Table 3
DDI Severity Categorisation

Study DDI Identification tool Severity categories Clozapine
DDIs

Percentage of
reported clozapine
DDIs in each category

Clozapine DDIs as a
percentage of all DDIs
within each category

Barrett et al.
2018

Two Interaction checkers used
Lexicomp (Lex.) & Stockley's
(SIC) interaction checkers

1. Avoid Combination:
Contra-Indicated(CI)/Life
Threatening

Lex. 38

SIC 11

Lex. 12%

SIC 4%

Lex. 12%

SIC 4%

2. Consider Therapy
Modification/Dose
Adjustment

Lex. 58

SIC 120

Lex. 18%

SIC 43%

Lex. 18%

SIC 43%

3. Monitor Therapy Lex. 226
SIC 146

Lex. 70% SIC 52% Lex. 70% SIC 52%

Guo et al. 2012 Facts and comparisons 4.0
interaction classification

Major 2134 77% 15%

Moderate 17 0.63% 0.10%

Major or Moderate 618 22% 4.30%

Haeuis et al.
2011

DDI detection softwarea MediQ high danger alerts 648 100% 28%

Hosia-Randell
et al. 2008

(SFINX) interaction databaseb Class D clinically significant,
should be avoided

1 100% 0.10%

Javelot et al.
2012

Automated drug interaction
detectionc

Hazardous or
contraindicated combination
(HCDC)

3 100% 2.8%

Kirilochev et al,
2019

Website Drugs.com interaction
checker

Major

30 41% 19%

Moderate 43 59% 4%

Liperoti et al,
2017

Grouped by potential adverse
effect of the interacting
combination

Decreased BP & falls 0 0% 0%

QT prolongation 0 0% 0%

Sedation 4 100% 9%

Inhibition of CYP450 0 0% 0%

Anticholinergic effects 0 0% 0%

Seizures 0 0% 0%

Agranulocytosis 0 0% 0%

Nikolic et al,
2013

Drug Interaction Facts by David
S Tatro

1 = clinically significant 82 100% 8.9%

2 = clinically significant 0 0% 0%

Sah et al, 2023 Micromedex interaction checker Contraindicated 19 100% 30.6%

Moderate 0 0% 0%

Minor 0 0% 0%

Sengul et al.
2014

Website Drugs.com interaction
checker

QT prolongation, Major 8 38% 19%

Bradycardia, hypotension,
Major

7 33% 50%

Drug level change, Moderate 6 28% 13%

Sinclair et al,
2010

DDI detection algorithm
GeneMedRxd

Major

13 81% 59%

Other Serious 3 19% 12%

Toto et al, 2021 Anticholinergic combinations Potential clinical
consequences of the
combinations shown

171 100% 14%

Vedaprakash et
al, 2023

Lexicomp interaction checker Major 141 76% 89%

Moderate 43 23% 4%

Minor 0 0% 0%
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a: incorporating interface for mass analysis using the Clinical Decision Support Software (CDSS) MediQ and a multidimensional classification Zurich
Interaction System (ZHIAS), incorporating the Operational Classification of Drug Interactions (ORCA).

b: Swedish, Finnish, Interaction X-referencing (SFINX) interaction database.

c: Automated drug interaction detection using the drug -drug interaction database of the French Agency for Medicinal Products

d: Classified based on potential to change plasma drug concentratio

Interacting drugs

Thirteen studies reported the medications co-prescribed with clozapine that were associated with potential drug-drug interactions17,19,20–30. Commonly
prescribed psychiatric medications were identified most frequently. Six studies identified interactions with other antipsychotics 17,19,21,24,27,29, and

anxiolytics/sedatives were also reported for six studies 17, 24,26,27,28,29. Four studies identified antidepressants17,19,23,24, while antiseizure drugs were
identified in four studies17, 20,23,25, and three studies identified anticholinergics17,21,22. Medications used to treat other health conditions, including
antibiotics/antifungals, gastrointestinal agents, analgesics, anti-hyperglycaemic drugs and central nervous system agents used in the management of
Parkinson’s disease were identified in three studies17,23, 30.

The results relating to co-prescribed interacting drugs are shown in Table 4
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Table 4
Co-prescribed drugs identified as potentially interacting with clozapine

Study Study
Setting

Drug classes co-prescribed with clozapine identified in highest or second highest DDI severity category

  Antidepressant Antipsychotic Anxiolytic &
Sedative

Antiseizure Anticholinergic Antibiotic &
Antifungal

Barrett et al.
2018

Psychiatric Citalopram
Fluoxetine
Mirtazapine*
SSRIs*

Amisulpride
Chlorpromazine*Fluphenazine
Flupenthixol Haloperidol*

Olanzapine Quetiapine

Benzodiazepines*

Zolpidem*

Carbamazepine
Phenytoin

Inhaled
antimuscarinic

Ciprofloxac
Macrolides*
Trimethopri

Guo et al.
2012†

Psychiatric Citalopram
Fluoxetine
Fluvoxamine
Sertraline

    Carbamazepine
Phenytoin
Phenobarbital

  Ciprofloxac

Haueis et al.
2011†

Psychiatric Fluvoxamine Olanzapine Pimozide        

Hosia-
Randell et al.
2008†

NH     Benzodiazepines#      

Javelot et al.
2012†

Psychiatric       Carbamazepine    

Kirilochev et
al, 2019

Psychiatric   Haloperidol     Trihexyphenidyl*  

Liperoti et al,
2017

NH       Carbamazepine    

Nikolic et al,
2013†

General     Benzodiazepines      

Sah et al,
2023

General           Fluconazole

Sengul et al.
2014

Psychiatric   Risperidone

Quetiapine

Haloperidol

Aripiprazole Fluphenazine

Benzodiazepines      

Sinclair et al,
2010†

General &
Psychiatric

Fluoxetine* Haloperidol Lorazepam      

Toto et al,
2021

Psychiatric         Pirenzepine¶

Biperiden¶

 

Vedaprakash
et al, 2023

Psychiatric   Haloperidol Quetiapine Clonazepam

Tetra-
hydropalmatine

     

* Drug identified in second highest severity category for DDIs

† Study reported only DDIs in highest severity category or highest & second highest severity categories

¶ No severity categories shown as study identified combinations of anticholinergic drugs resulting in DDI

# DDI combinations categorised by potential adverse effect of the interaction

4. Discussion
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This systematic review demonstrates that DDIs involving clozapine are reported across a range of clinical settings, with considerable variation in reported
prevalence. Among studies reporting total DDIs, the proportion ranged from 1.2% to 18.8%, and estimated rates ranged from 0.5 to 3,300 per 1,000
participants. This wide variation is likely due to differences in study populations, prescribing patterns, and methods used to identify and classify interactions
rather than reflecting true differences in underlying risk. It also highlights the challenges of quantifying the burden of clozapine DDIs across healthcare
systems and the lack of standardisation in approaches to DDI identification and classification32,33,34.

The higher proportions of clozapine DDIs reported in psychiatric settings compared with general hospital, outpatient, and nursing home populations likely
reflect greater clozapine use and higher levels of polypharmacy in these settings35,36,37. Augmentation of clozapine with other antipsychotics or

antidepressants is a recognised strategy in treatment refractory cases38–41. However, DDIs involving clozapine were identified across all care settings,
including in general medical and nursing home populations, meaning these interactions are not confined to specialist care. This finding is clinically important
because patients prescribed clozapine frequently receive treatment for other conditions42,43,44 across multiple healthcare settings, meaning medications
with potential to interact with clozapine may be initiated outside of specialist mental health services where awareness of clozapine-specific interaction risks
may be lower45,46.

Differences in clozapine prescribing, dispensing and monitoring protocols between countries may contribute to the variation in DDIs prevalence identified in
this review47,48. A recent study of global clozapine use demonstrated substantial variation in access to clozapine, prescribing practices, and mandatory blood
monitoring requirements4. Although these systems are designed to support safe prescribing, they may inadvertently contribute to fragmentation of care.
Fragmented systems are commonly identified as a barrier to effective mental healthcare delivery 49–52. In some countries clozapine prescribing and

dispensing remains siloed, due to regulatory requirements and specialist supply arrangements53, limiting opportunity for comprehensive medication list
review and identification of DDIs. Even where shared care records are available, the accuracy of the information relating to clozapine within such records may
be suboptimal54. An audit of National Health Service Summary Care Records (SCR) in the United Kingdom identified deficiencies in recording of clozapine
prescriptions on patient SCRs, with clozapine documented in only 58% of records in 2019 and 72% of cases in 202155. Incomplete recording of clozapine
treatment may increase the risk that interacting medications are prescribed without full awareness of existing treatment.

The findings of this review may become increasingly relevant as efforts continue internationally to improve access to clozapine and address its longstanding
underutilisation. Despite being recognised as the most effective treatment for treatment-resistant schizophrenia1,56, clozapine remains substantially under-
prescribed in many countries57–61. Recent changes to clozapine monitoring requirements, including extension of mandatory haematological monitoring
intervals for stable patients in some jurisdictions, are intended to reduce treatment burden and facilitate wider use of clozapine62,63. While these
developments may improve access to treatment, they may also reduce the frequency of contact with specialist clozapine services. Although the evidence
supports less fragmented care and recommendations for dedicated multidisciplinary clozapine services as strategies to increase clozapine use and improve
clozapine services12,64,65, the impact of reduced monitoring may result in a greater proportion of routine contact occurring in primary care, community
pharmacy, and general medical settings. In the context of the findings of this review, this increases the importance of ensuring healthcare professionals
outside specialist mental health services are aware of clinically significant clozapine interactions and have access to accurate and complete medication
records.

The interacting medications identified in this review reflect the complex clinical needs of patients prescribed clozapine66,67. Potential DDIs involved both
psychiatric medications, including other antipsychotics, antidepressants and benzodiazepines, and medicines used to manage other health conditions,
including antibiotics, analgesics and gastrointestinal agents. This pattern is consistent with the high burden of psychiatric and other co-morbidities reported
in people with serious mental illness and highlights the need for comprehensive medication review across all healthcare settings68,69.

The review identified interacting psychiatric drug classes that are commonly co-prescribed with clozapine in routine clinical practice. Other antipsychotics
may be used as augmentation strategies, especially in treatment-refractory cases70,71, while antidepressants and benzodiazepines are frequently used to
manage coexisting symptoms and comorbid conditions72,73,74. Many of the non-psychiatric medications may be initiated by clinicians outside specialist
mental health services, including several prescribed for short duration. The identification of antibiotics, analgesics, and non-prescription gastrointestinal
medications such as domperidone as interacting drugs reinforces the finding that clinically important clozapine DDIs are not limited to specialist psychiatric
care. These findings highlight the importance of routine DDI screening even for medication combinations that are familiar and commonly prescribed, as
appropriate management may require dose adjustment, increased monitoring, patient counselling, or selection of alternative therapies75,76,77. This further
emphasises the importance of awareness of clozapine DDIs among community pharmacists and patients as well as prescribers.

Our review demonstrates that co-prescription of clozapine with other medications can result in DDIs with varying degrees of severity and clinical significance.
Despite variation in classification frameworks, clozapine DDIs were consistently identified within the top two highest risk categories across studies17,19,20–30.
In the studies showing the potential clinical outcome of these highest risk categories serious adverse effects such as bradycardia27, QT prolongation17,27 and
delirium and death24 were reported for clozapine DDIs. The consistent identification of clozapine DDIs within higher-risk categories highlights the importance
of recognising and appropriately managing these interactions in clinical practice.

The variety of DDI screening tools used and variability in DDI severity classification across the included studies is a limitation of the review. Similar
challenges have been reported in other DDI studies, where lack of standardised classification systems and the wide range of available screening tools and
approaches limit comparison between studies78.The disparity in risk classification tools used also affects interpretation as the same medication
combination may be assigned different levels of severity depending on the screening tool79,80,81. This was illustrated in one study included in this review

Page 12/17



where two different DDI checkers applied to the same medication lists produced different results17. Such variation may contribute to both over- and under-
identification of DDIs in research and clinical practice.

Although all studies did report DDIs involving clozapine, identification of DDIs was not the primary outcome in all studies. Therefore, reporting was not
always comprehensive, with some presenting detailed results for only selected severity categories, particularly higher-risk interactions. This may have
resulted in underestimation of the total number of DDIs involving clozapine. In addition, the population denominator was not consistently reported across
studies. Some reported the number of participants prescribed clozapine, while others report numbers of prescriptions, and others identified clozapine DDIs
from claims or prescribing datasets. This limited direct comparison of prevalence estimates between studies and restricted the ability to determine the exact
prevalence of DDIs among people prescribed clozapine. Notwithstanding these limitations, to our knowledge, the review provides the first synthesis of the
prevalence of DDIs involving clozapine across a range of healthcare settings and highlights clinically important considerations for the safe management of
patients prescribed clozapine.

5. Conclusion
This review demonstrates that DDIs involving clozapine are reported across a range of healthcare settings and that many are classified within higher-risk
categories. The findings highlight that clinically significant clozapine DDIs are not confined to specialist mental health services and may arise wherever
patients receive treatment for coexisting physical or mental health conditions.

Fragmented models of care and limitations in access to complete medication records may reduce opportunities to identify and manage DDIs effectively. As
efforts continue internationally to improve access to clozapine and reduce barriers to treatment, robust systems for medication reconciliation, DDI screening,
and communication across healthcare settings will become increasingly important.

Further research is needed to better characterise the prevalence and clinical impact of DDIs among people prescribed clozapine and to identify strategies
that support safer prescribing and monitoring practices.

Declarations
Author details: a School of Pharmacy and Biomolecular Sciences, RCSI University of Medicine and Health Sciences, Dublin, Ireland b Phoenix Pharmacy
Department, HSE Mental Health Services, St. Mary’s Hospital campus, Phoenix Park, Dublin c Wellcome -HRB Clinical Research Facility at St James’s
Hospital, Dublin & School of Medicine, Trinity College, Dublin

* denotes equal contribution

Declaration of Interest: None

Email: Louise.fitzsimons21@rcsi.com

Acknowledgements: Killian WalshInformation Specialist, Royal College of Surgeons Ireland Library, 26 York Street, D02 YN77. Advised on search strategies.
Helen Danaher Phoenix Pharmacy Department, HSE Mental Health Services, St. Mary’s Hospital campus, Phoenix Park, D20 TY72 Project clinical practice
advisor.

Funding: This project received financial support from the Royal College of Surgeons in Ireland Strategic Academic Recruitment (StAR) Professional Doctorate
programme.

Data availability: All data extracted from included studies are included within article tables and supplementary materials.

Artificial intelligence tools were not used in the research or writing process.

Author contributions: All authors meet the International Committee of Medical Journal Editors (ICMJE) authorship criteria. All authors made substantial
contributions to the work, approved the final version of the manuscript, and agree to be accountable for all aspects of the work. Individual contributions are
described using the CRediT taxonomy as follows:

LF: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Validation, Visualization, Writing – original draft.

GH: Data curation, Investigation, Methodology, Validation, Writing – review & editing.

MF: Conceptualization, Methodology, Supervision, Writing – review & editing.

FM: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, Validation, Writing – review & editing.

References
1. National Institute for Health and Care Excellence (NICE) Psychosis and Schizophrenia in Adults Quality Standard Feb 2015.

2. Tanzer T, Pham B, Warren N, Barras M, Kisely S, Siskind D (2024) Overcoming clozapine's adverse events: a narrative review of systematic reviews and
meta-analyses. Expert Opin Drug Saf. ;23(7):811–831. doi: 10.1080/14740338.2024.2362796. Epub 2024 Jun 24. PMID: 38814794

Page 13/17



3. Cooper JP, Chue P, Siraki AG, Tonoyan L (2025) Predicting clozapine-induced adverse drug reaction biomarkers using machine learning. Sci Rep
15(1):25572. 10.1038/s41598-025-09472-3. PMID: 40665079; PMCID: PMC12264089

4. Fitzgerald I, O'Dwyer S, Dhubhlaing C et al (2026) Global trends in clozapine utilisation between 2014 and 2024: a longitudinal epidemiological study with
data from 75 countries The. Lancet Regional Health – Europe, p 63

5. Zhang Y, Wang J, Tian X, Zhang YJ, Li Y, He SM, Zhang C, Chen X, Wang DD (2025) Clozapine Drug-Drug Interactions and Individualized Dosing in Bipolar
Disorder: A Model-Informed Precision Dosing Approach. Drug Des Devel Ther 19:10119–10134 PMID: 41262335; PMCID: PMC12626042

6. Dwivedi J, Seemab M, Wal P, Dey P, Rathinam T, Dhamini A, Khan A (2025) The Intricacies of Polypharmacy and Drug Interactions in Schizophrenia
Treatment. Curr Drug Metab. ;26(9):579–599. 10.2174/0113892002382047250930160449. PMID: 41088977

7. Albitar O, Harun SN, Zainal H, Ibrahim B, Sheikh Ghadzi SM (2020) Population Pharmacokinetics of Clozapine: A Systematic Review. Biomed Res Int
2020:9872936. 10.1155/2020/9872936. PMID: 31998804; PMCID: PMC6970501

8. Goldfarb M, De Hert M, Detraux J, Di Palo K, Munir H, Music S, Piña I, Ringen PA (2022) Severe Mental Illness and Cardiovascular Disease: JACC State-of-
the-Art Review. J Am Coll Cardiol. ;80(9):918–933. 10.1016/j.jacc.2022.06.017. PMID: 36007991

9. Bharadhwaj VS, Mubeen S, Sargsyan A, Jose GM, Geissler S, Hofmann-Apitius M, Domingo-Fernández D, Kodamullil AT (2023) Integrative analysis to
identify shared mechanisms between schizophrenia and bipolar disorder and their comorbidities. Prog Neuropsychopharmacol Biol Psychiatry
122:110688 Epub 2022 Nov 30. PMID: 36462601

10. Manta A, Georganta A, Roumpou A, Zoumpourlis V, Spandidos DA, Rizos E, Peppa M (2025) Metabolic syndrome in patients with schizophrenia:
Underlying mechanisms and therapeutic approaches (Review). Mol Med Rep 31(5):114. 10.3892/mmr.2025.13479. Epub 2025 Feb 28. PMID: 40017113;
PMCID: PMC11894597

11. Global burden of preventable medication-related harm in health care: a systematic review. Geneva: World Health Organization (2023) ISBN: 978-92-4-
008888-7 https://www.who.int/publications/i/item/ 9789240088887

12. Nolan Siobhán, Sahm L, Fitzgerald I (2026) Clozapine prescribing in treatment-resistant schizophrenia – an updated systematic literature review of
barriers and facilitators among clinicians. Eur J Clin Pharmacol 82. 10.1007/s00228-026-04046-2

13. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C (2020) Chapter 5: Systematic reviews of prevalence and incidence. In: Aromataris E, Munn Z (eds) JBI
Manual for Evidence Synthesis. JBI. https://synthesismanual.jbi.global https://doi.org/10.46658/JBIMES-20-06

14. Journal of Clinical Epidemiology (OPEN ACCESS), Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al (2021) The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. J Clin Epidemiol

15. Louise Fitzsimons M, Flood F, Moriarty H, Danaher G, Hughes, Killian Walsh. What is the prevalence of drug-drug Interactions (DDI’s) involving clozapine
in patients taking clozapine? A systematic review. PROSPERO 2023 CRD4202347031

16. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C (2015) Methodological guidance for systematic reviews of observational epidemiological studies
reporting prevalence and incidence data. Int J Evid Based Healthc 13(3):147–153

17. Barrett M, Keating A, Lynch D, Scanlon G, Kigathi M, Corcoran F, Sahm LJ (2018) Clozapine Patients at the Interface between Primary and Secondary
Care. Pharm (Basel) 6(1):19. 10.3390/pharmacy6010019. PMID: 29495370; PMCID: PMC5874558

18. Collins K, Dopheide JA, Wang M, Keshishian T (2023) Best practices for documentation of psychotropic drug-drug interactions in an adult psychiatric
clinic. Ment Health Clin 13(1):11–17. 10.9740/mhc.2023.02.011. PMID: 36891479; PMCID: PMC9987259

19. Haueis P, Greil W, Huber M, Grohmann R, Kullak-Ublick GA, Russmann S (2011) Evaluation of drug interactions in a large sample of psychiatric inpatients:
a data interface for mass analysis with clinical decision support software. Clin Pharmacol Ther 90(4):588–596. 10.1038/clpt.2011.150. Epub 2011 Aug
24. PMID: 21866099

20. Javelot H, Weiner L, Nonnenmacher C et al (2012) Inappropriate drug combinations in adult versus geriatric patients in a psychiatric setting. Eur J Hosp
Pharmacy: Sci Pract 19:370–372

21. Kirilochev OO, Dorfman IP, Umerova AR, Bataeva SE (2019) Potential drug-drug interactions in the psychiatric hospital: Frequency analysis. Res Results
Pharmacol 5(4):1–6. https://doi.org/10.3897/rrpharmacology.5.39681

22. Toto S, Hefner G, Hahn M, Hiemke C, Roll SC, Wolff J, Klimke A (2021) Current use of anticholinergic medications in a large naturalistic sample of
psychiatric patients. J Neural Transm (Vienna) 128(2):263–272. 10.1007/s00702-020-02298-5. Epub 2021 Jan 13. PMID: 33439364

23. Guo JJ, Wu J, Kelton CM, Jing Y, Fan H, Keck PE, Patel NC (2012) Exposure to potentially dangerous drug-drug interactions involving antipsychotics.
Psychiatr Serv. ;63(11):1080-8. 10.1176/appi.ps.201100443. PMID: 22910806

24. Sinclair LI, Davies SJ, Parton G, Potokar JP (2010) Drug-drug interactions in general hospital and psychiatric hospital in-patients prescribed psychotropic
medications. Int J Psychiatry Clin Pract. ;14(3):212-9. 10.3109/13651501.2010.486899. PMID: 24917322

25. Liperoti R, Sganga F, Landi F, Topinkova E, Denkinger MD, van der Roest HG, Foebel AD, Finne-Soveri H, Bernabei R, Onder G (2017) Antipsychotic Drug
Interactions and Mortality Among Nursing Home Residents With Cognitive Impairment. J Clin Psychiatry. ;78(1):e76-e82. 10.4088/JCP.15m10303. PMID:
28129493

26. Hosia-Randell HM, Muurinen SM, Pitkälä KH (2008) Exposure to potentially inappropriate drugs and drug-drug interactions in elderly nursing home
residents in Helsinki, Finland: a cross-sectional study. Drugs Aging. ;25(8):683 – 92. 10.2165/00002512-200825080-00005. PMID: 18665660

27. Assist P (2014) Melike Ceyhan Balci Sengul, Prof. Filiz Karadag, Assoc. Prof. Cem Sengul, Kamuran Karakulah, Ozgur Kalkanci & Prof. Hasan Herken Risk
of Psychotropic Drug Interactions in Real World Settings: a Pilot Study in Patients with Schizophrenia and Schizoaffective Disorder, Klinik
Psikofarmakoloji Bülteni-Bulletin of Clinical Psychopharmacology, 24:3, 235–247. 10.5455/bcp.20140311041445

Page 14/17



28. Bozana Nikolic*1 S, Jankovic O (2014) Stojanov1,4, Jovan Popovic Prevalence and predictors of potential drug-drug interactions Cent. Eur. J. Med. • 9(2)
• • 348–356 10.2478/s11536-013-0272-4

29. Vedaprakash Acharya YR, Ramani SK, Panda P, Mishra R, Mohanty (2023) Jayanti Prava Behera Evaluation of prescriptions and potential drug-drug
interactions of psychotropic drugs in the outpatient department of psychiatry, in a tertiary care teaching hospital of South Odisha: A cross-sectional
study Journal of Cardiovascular Disease Research Vol. 14 No. 12 : volume 14 issue 12 (2023)
https://doi.org/10.48047/

30. Sah SK, Ramaswamy S, Ramesh M Assessment of potential drug-drug interactions and their associated risk factor in patients with rheumatoid arthritis:
A cross-sectional study, Clinical Epidemiology and Global Health, 23, 2023, 101373, ISSN 2213–3984, https://doi.org/10.1016/j.cegh.2023.101373

31. Bleakley S (2012) Identifying and reducing the risk of antipsychotic drug interactions. Progress Neurol Psychiatry 16(2):20–24

32. Xu S, Song Z, Li Y, Bai J, Wang D, Wang E, Wang J (2025) A comparison of five different drug-drug interaction checkers for selective serotonin reuptake
inhibitors. Front Pharmacol 16:1690975. 10.3389/fphar.2025.1690975. PMID: 41069608; PMCID: PMC12504084

33. Li L, Zhou Y, Ye L, Xie Z (2024) Tracing the Evolution: A Comprehensive Bibliometric Analysis of Drug Interaction Clinical Studies. J Clin Pharmacol
64(12):1505–1516. 10.1002/jcph.6112. Epub 2024 Aug 14. PMID: 39141439

34. Yao H, Peng Z, Huang Y, Xiao S, Wu R (2025) Gaps in the detection of drug-drug interactions between antipsychotic and cardiometabolic medications: a
multisource analysis. BMC Med 23(1):622. 10.1186/s12916-025-04420-4. PMID: 41204288; PMCID: PMC12595901

35. Stassen HH, Bachmann S, Bridler R, Cattapan K, Herzig D, Schneeberger A, Seifritz E (2022) Detailing the effects of polypharmacy in psychiatry:
longitudinal study of 320 patients hospitalized for depression or schizophrenia. Eur Arch Psychiatry Clin Neurousci 272(4):603–619. 10.1007/s00406-
021-01358-5. Epub 2021 Nov 25. PMID: 34822007; PMCID: PMC9095543

36. Baandrup L (2020) Polypharmacy in schizophrenia. Basic Clin Pharmacol Toxicol 126(3):183–192. 10.1111/bcpt.13384. Epub 2020 Jan 15. PMID:
31908124

37. Preobrazenski N, Hsieh T, Robertson C, Thai H, Owoeye O (2025) Polypharmacy in clozapine-treated patients: A retrospective analysis of 667 patients in
Ottawa, Canada. Psychiatry Res. ;352:116684. 10.1016/j.psychres.2025.116684. Epub 2025 Aug 11. PMID: 40812250

38. Shih YJ, Lin CH, Chou LS (2024) The factors associated with clozapine polypharmacy for schizophrenia patients discharged from a large public
psychiatric hospital in Taiwan, 2006–2021. Med (Baltim) 103(51):e40897. 10.1097/MD.0000000000040897. PMID: 39705447; PMCID: PMC11666166

39. Oloyede E, Dima A, Taylor D, Cheung H, Dzahini O, Shergill S, Whiskey E (2023) Clozapine augmentation with long-acting antipsychotic injections: A case
series and systematic review. Acta Psychiatr Scand 148(6):538–552. 10.1111/acps.13621. Epub 2023 Oct 29. PMID: 37899506

40. Lähteenvuo M, Tiihonen J (2021) Antipsychotic Polypharmacy for the Management of Schizophrenia: Evidence and Recommendations. Drugs
81(11):1273–1284. 10.1007/s40265-021-01556-4. Epub 2021 Jul 1. PMID: 34196945; PMCID: PMC8318953

41. Wagner E, Kane JM, Correll CU, Howes O, Siskind D, Honer WG, Lee J, Falkai P, Schneider-Axmann T, Hasan A, TRRIP Working Group (2020) Clozapine
Combination and Augmentation Strategies in Patients With Schizophrenia -Recommendations From an International Expert Survey Among the
Treatment Response and Resistance in Psychosis (TRRIP) Working Group. Schizophr Bull 46(6):1459–1470. 10.1093/schbul/sbaa060. PMID: 32421188;
PMCID: PMC7846085

42. Ronaldson KJ (2017) Cardiovascular Disease in Clozapine-Treated Patients: Evidence, Mechanisms and Management. CNS Drugs. ;31(9):777–795.
10.1007/s40263-017-0461-9. PMID: 28808933

43. He Q, Zhu P, Liu X, Huo C (2024) Association of new-onset diabetes mellitus in adults with schizophrenia treated with clozapine versus patients treated
with olanzapine, risperidone, or quetiapine: A systematic review and meta-analysis. Schizophr Res 271:371–379 Epub 2024 Aug 6. PMID: 39111258

44. Taub S, Hoshen M, Balicer R, Kamhi-Nesher S, Weizman A, Krivoy A (2020) Metabolic predictors for mortality among patients treated with long-term
clozapine - A longitudinal study. Eur Neuropsychopharmacol 41:63–69 Epub 2020 Sep 25. PMID: 32981820

45. Wilson B, McMillan SS, Wheeler AJ (2019) Implementing a clozapine supply service in Australian community pharmacies: barriers and facilitators. J
Pharm Policy Pract 12:19. 10.1186/s40545-019-0180-3. PMID: 31406580; PMCID: PMC6685252

46. Abdel-Qader DH, Al-Kubaisi KA, Taybeh E, Al Mazrouei N, Ibrahim R, Albassam A (2025) Drug-Drug Interaction Management Among Pharmacists in
Jordan: A National Comparative Survey. Pharm (Basel) 13(5):137. 10.3390/pharmacy13050137. PMID: 41149865; PMCID: PMC12566898

47. Stroup TS, Gerhard T, Crystal S, Huang C, Olfson M (2014) Geographic and clinical variation in clozapine use in the United States. Psychiatr Serv.
;65(2):186 – 92. 10.1176/appi.ps.201300180. PMID: 24233347

48. Whiskey E, Barnard A, Oloyede E, Dzahini O, Taylor DM, Shergill SS (2021) An evaluation of the variation and underuse of clozapine in the United
Kingdom. Acta Psychiatr Scand 143:339–347

49. Wang J, Pasyk SP, Slavin-Stewart C, Olagunju AT (2024) Barriers to Mental Health care in Canada Identified by Healthcare Providers: A Scoping Review.
Adm Policy Ment Health 51(5):826–838. 10.1007/s10488-024-01366-2. Epub 2024 Mar 21. PMID: 38512557

50. Woods CE, Furst MA, Dissanayake M, Koerner J, de Miquel C, Lukersmith S, Rosenberg S, Salvador-Carulla L (2024) Mental Health Care Navigation Tools
in Australia: Infoveillance Study. JMIR Public Health Surveill 10:e60079. 10.2196/60079. PMID: 39584574; PMCID: PMC11612577

51. Salize HJ, Rössler W, Becker T (2007) Mental health care in Germany: current state and trends. Eur Arch Psychiatry Clin Neurosci. ;257(2):92–103.
10.1007/s00406-006-0696-9. PMID: 17149540

52. Lee CYS, Fung DSS (2025) A stepped care approach to mental health in Singapore: challenges and opportunities. BMC Glob Public Health. ;3(1):73.
10.1186/s44263-025-00196-0. Erratum in: BMC Glob Public Health. 2025;3(1):89. doi: 10.1186/s44263-025-00208-z. PMID: 40842036; PMCID:
PMC12369100

Page 15/17



53. Nielsen J, Young C, Ifteni P, Kishimoto T, Xiang YT, Schulte PF, Correll CU, Taylor D (2016) Worldwide Differences in Regulations of Clozapine Use. CNS
Drugs. ;30(2):149 – 61. 10.1007/s40263-016-0311-1. PMID: 26884144

54. Murphy K, Coombes I, Moudgil V, Patterson S, Wheeler A (2017) Clozapine and concomitant medications: Assessing the completeness and accuracy of
medication records for people prescribed clozapine under shared care arrangements. J Eval Clin Pract. ;23(6):1164–1172. 10.1111/jep.12743. Epub
2017 May 4. PMID: 28471043

55. Barnes TR, MacCabe JH, Kane JM, Delgado O, Khan M, Paton C (2022) Prescribing clozapine in the UK: Quality improvement issues identified by clinical
audit. J Psychopharmacol 36(9):1036–1040. 10.1177/02698811221104060. Epub 2022 Jun 13. PMID: 35695172; PMCID: PMC9516610

56. Bschor T (2025) Clozapine: superior yet underused. Lancet Psychiatry. ;12(12):873–874. doi: 10.1016/S2215-0366(25)00326-8. Epub 2025 Nov 2. PMID:
41192461

57. Alqarni MM, Almuallim AR, Demiroz YY, Khrad H, Omdah R, Gouta H, Alzahrani AS Clozapine underutilization in Saudi Arabia: insights from a national
survey of psychiatrists and implications for clinical training and practice. Int J Psychiatry Clin Pract. 2026 Apr 27:1–9. doi:
10.1080/13651501.2026.2661356. Epub ahead of print. PMID: 42043903

58. Bittner RA, Reif A, Qubad M (2023) The ever-growing case for clozapine in the treatment of schizophrenia: an obligation for psychiatrists and psychiatry.
Curr Opin Psychiatry 36(4):327–336 Epub 2023 May 23. PMID: 37222196

59. Torrey EF, Lieberman J (2025) The Underuse of Clozapine and Long-Acting Injectable Antipsychotics. Psychiatr Serv 76(1):90–92.
10.1176/appi.ps.20240110. Epub 2024 Oct 9. PMID: 39380452

60. Lappin JM, Davies K, O'Donnell M, Walpola IC (2022) Underuse of recommended treatments among people living with treatment-resistant psychosis.
Front Psychiatry 13:987468. 10.3389/fpsyt.2022.987468. PMID: 36147973; PMCID: PMC9485552

61. Agid O, Crespo-Facorro B, de Bartolomeis A, Fagiolini A, Howes OD, Seppälä N, Correll CU (2024) Overcoming the barriers to identifying and managing
treatment-resistant schizophrenia and to improving access to clozapine: A narrative review and recommendation for clinical practice. Eur
Neuropsychopharmacol 84:35–47 Epub 2024 Apr 23. PMID: 38657339

62. Verdoux H, Bittner RA, Hasan A, Qubad M, Wagner E, Lepetit A, Arrojo-Romero M, Bachmann C, Beex-Oosterhuis M, Bogers J, Celofiga A, Cohen D, de
Berardis D, de Hert M, de Las Cuevas C, Ebdrup BH, Fountoulakis KN, Guinart D, Keating D, Kopeček M, Lally J, Lazáry J, Luykx JJ, Maronas Amigo O,
Molden E, Nielsen J, O'Donoghue B, Oswald P, Radulescu FS, Rohde C, Sagud M, Sanz EJ, Šimunović Filipčić I, Sommer IE, Taipale H, Tiihonen J,
Tuppurainen H, Veerman S, Wilkowska A, Spina E, Schulte P (2025) The time has come for revising the rules of clozapine blood monitoring in Europe. A
joint expert statement from the European Clozapine Task Force. Eur Psychiatry 68(1):e17. 10.1192/j.eurpsy.2024.1816. PMID: 39788917; PMCID:
PMC11822956

63. Lally J, Conaty O, Bourke R, Keating D, O’Donoghue B Clozapine: revised haematological monitoring recommendations. Irish J Psychol Medicine
Published online 2026:1–6. 10.1017/ipm.2026.10183

64. Sowerby C, Taylor D (2017) Cross-sector user and provider perceptions on experiences of shared-care clozapine: a qualitative study. BMJ Open
7(9):e017183. 10.1136/bmjopen-2017-017183. PMID: 28963298; PMCID: PMC5640131

65. McCutcheon RA, Pillinger T, Varvari I, Halstead S, Ayinde OO, Crossley NA, Correll CU, Hahn M, Howes OD, Kane JM, Kabir T, Konradsson-Geuken Å,
Lennox B, Hui CLM, Rossell SL, Solmi M, Sommer IE, Taipale H, Uchida H, Venkatasubramanian G, Warren N, INTEGRATE Advisory Group (2025) ; Siskind
D. INTEGRATE: international guidelines for the algorithmic treatment of schizophrenia. Lancet Psychiatry. ;12(5):384–394. 10.1016/S2215-
0366(25)00031-8. Epub 2025 Mar 31. Erratum in: Lancet Psychiatry. 2025;12(6):e9. doi: 10.1016/S2215-0366(25)00131-2. PMID: 40179920

66. Buckley PF, Miller BJ, Lehrer DS, Castle DJ (2009) Psychiatric comorbidities and schizophrenia. Schizophr Bull 35(2):383–402. 10.1093/schbul/sbn135.
Epub 2008 Nov 14. PMID: 19011234; PMCID: PMC2659306

67. Oud MJ, Meyboom-de Jong B (2009) Somatic diseases in patients with schizophrenia in general practice: their prevalence and health care. BMC Fam
Pract 10:32. 10.1186/1471-2296-10-32. PMID: 19426545; PMCID: PMC2688496

68. Zink M, Englisch S, Meyer-Lindenberg A (2010) Polypharmacy in schizophrenia. Curr Opin Psychiatry 23(2):103–111. 10.1097/YCO.0b013e3283366427.
PMID: 20051861

69. Royal College of Psychiatrists (2014) January 2023 revision) Report CR190: The risks and benefits of high-dose antipsychotic medication © 2023. The
Royal College of Psychiatrists

70. Tiihonen J, Tanskanen A, Mittendorfer-Rutz E, Howes OD, Correll CU, Siskind D, Taipale H (2025) Effectiveness of clozapine augmentation with specific
doses of other antipsychotics in schizophrenia: a meta-analysis from two nationwide cohorts. World Psychiatry 24(2):250–259. 10.1002/wps.21316.
PMID: 40371869; PMCID: PMC12079427

71. Taipale H, Siskind D, Tanskanen A, Mittendorfer-Rutz E, Correll CU, Tiihonen J (2025) Real-world effectiveness of clozapine augmentation with
antidepressants: within-subject data evidence from two European nationwide cohorts. Lancet Psychiatry. ;12(8):568–578. 10.1016/S2215-
0366(25)00163-4. PMID: 40675714

72. Veerman SRT, Schulte PFJ, de Haan L (2017) Treatment for Negative Symptoms in Schizophrenia: A Comprehensive Review. Drugs. ;77(13):1423–1459.
10.1007/s40265-017-0789-y. PMID: 28776162

73. Citrome L (2021) Agitation in schizophrenia: origins and evidence-based treatment. Curr Opin Psychiatry. ;34(3):216–221.
10.1097/YCO.0000000000000685. PMID: 33395103

74. Amodeo G, Fagiolini A, Sachs G, Erfurth A (2017) Older and Newer Strategies for the Pharmacological Management of Agitation in Patients with Bipolar
Disorder or Schizophrenia. CNS Neurol Disord Drug Targets. ;16(8):885–890. 10.2174/1871527316666170919115507. PMID: 28933260

75. Buurma H, De Smet PA, Egberts AC (2006) Clinical risk management in Dutch community pharmacies: the case of drug-drug interactions. Drug Saf.
;29(8):723 – 32. 10.2165/00002018-200629080-00009. PMID: 16872246

Page 16/17



76. Floor-Schreudering A, De Smet PA, Buurma H, Amini S, Bouvy ML (2011) Clarity and applicability of drug-drug interaction management guidelines: a
systematic appraisal by general practitioners and community pharmacists in the Netherlands. Drug Saf. ;34(8):683 – 90. 10.2165/11587270-000000000-
00000. PMID: 21751828

77. Russ-Jara AL, Elkhadragy N, Arthur KJ, DiIulio JB, Militello LG, Ifeachor AP, Glassman PA, Zillich AJ, Weiner M (2023) Cognitive task analysis of clinicians'
drug-drug interaction management during patient care and implications for alert design. BMJ Open 13(12):e075512. 10.1136/bmjopen-2023-075512.
PMID: 38040422; PMCID: PMC10693887

78. Gibson BN, Chodapuneedi S, Koh HY, Gupta S, Gasevic D, Wang AY, Marzolini C, Khoo S, Romero L, Dalli L, Janetzki J, Koh HJW, Talic S (2026)
Identification, reliability, and validity of drug-drug interaction checkers in chronic diseases: A systematic review. Br J Pharmacol. Jun 8.
10.1111/bph.70515. Epub ahead of print. PMID: 42261122

79. Štuhec M, Potočin I, Stepan D, Ušaj L, Petek Šter M, Beović B (2019) Potential drug interactions with antibacterials in long-term care facilities analyzed by
two interaction checkers. Int J Clin Pharm 41(4):932–938. 10.1007/s11096-019-00855-x. Epub 2019 Jun 6. PMID: 31172409

80. Roca B, Roca M (2022) Assessment of Drug Interactions with Online Electronic Checkers in Multi-Pathological Patients. Pharmacology 107(1–2):111–
115. 10.1159/000518439. Epub 2021 Oct 25. PMID: 34818251

81. Castaldelli-Maia JM, Hofmann C, Chagas ACP, Liprandi AS, Alcocer A, Andrade LH, Wielgosz A (2021) Major Cardiac-Psychiatric Drug-Drug Interactions:
a Systematic Review of the Consistency of Drug Databases. Cardiovasc Drugs Ther. ;35(3):441–454. 10.1007/s10557-020-06979-x. PMID: 32424652

Figures

Figure 1

PRISMA Flow Diagram

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

TableS1Searchstrategybydatabase.docx

TableS2Excludedstudies.docx

TableS3QualityAppraisal.docx

Page 17/17

https://assets-eu.researchsquare.com/files/rs-11281155/v1/182728dbdaedd366dda2e1ab.docx
https://assets-eu.researchsquare.com/files/rs-11281155/v1/5302af33684bd16f57257879.docx
https://assets-eu.researchsquare.com/files/rs-11281155/v1/b1a77f0e0169aa2530a134e9.docx

