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Systematic Review

IntroductIon 

 Diagnosis and management of 
mental health conditions among 
Blacks in the United States remains 
complex and affected by significant 
disparities, particularly in those with 
more severe disease. Blacks may be 
2-5 times more likely to be diagnosed 
with schizophrenia as compared with 
Whites1; further, research indicates 
differences in prescribing, including 
overuse of lower efficacy, higher-risk 
first generation antipsychotics in this 
group.2 In addition to these striking 
disparities in disease management, 
any unrecognized systematic varia-
tions in response to atypical antipsy-
chotic therapy could be significantly 
contributing to disparities among 

Blacks living with schizophrenia.
 While the growing body of phar-
macogenomics research has signifi-
cant potential for guiding treatment 
decisions, the persistent heterogene-
ity of observed treatment responses in 
many clinical situations suggests that 
additional genetic and other biologic 
factors may contribute to the success, 
or failure, of a given treatment ap-
proach in individuals of different ra-
cial and ethnic backgrounds. Notable 
patterns of altered safety and efficacy 
in Blacks, for example, as compared 
with other demographic groups in-
clude: a CCR5 genotype associated 
with response to highly active antiret-
roviral therapy, further modified by 
strength of African ancestry,3 and an 
altered risk profile in Black severe heart 
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failure patients receiving spironolac-
tone.4 Such differences may signifi-
cantly contribute to ongoing health 
disparities, particularly as they relate 
to potential decreased therapeutic ef-
ficacy or increased risk of side effects. 
 The published literature, as a 
body of existing data, represents an 
important opportunity for employ-
ing analytic approaches to under-
standing safety and efficacy patterns 
that may further inform clinical prac-

of this analysis included: 1) to in-
form treatment planning when fea-
sible and appropriate; and 2) to en-
rich hypothesis formation for future 
research to develop deeper under-
standing of the biologic explanations 
underpinning some of these results.

Methods 

Information Sources and 
Eligibility Criteria
 This pilot review employed data 
aggregated by IMS Institute for 
Healthcare Informatics to identify 
the most prescribed  brand name 
and generic drugs in the United 
States,5 prioritizing agents with FDA-
approved indications for treatment 
of conditions with known health or 
treatment response disparities6 af-
fecting Blacks. For this review, we 
used this information as well as clini-
cal input and focused on the atypi-
cal antipsychotics, commonly used 
to treat schizophrenia and related 
disorders. Our quasi-systematic re-
view protocol, PRISMA diagram, 
and detailed evidence extraction files 
are archived at https://rocket.app.
vumc.org/index.php?doc_id=21299. 
 We searched MEDLINE via 
PubMed for articles published from 
January 2000 to November 2016 
using a combination of controlled 
vocabulary and key terms related to 
atypical antipsychotics, African an-
cestry, and genetic or drug response 
variation. We selected the year 2000, 
when the first draft of the human 
genome was completed, as a start-
ing date given that the majority of 
evidence related to our pharmacoge-
nomics objective would be published 

after this time.7 To ensure that our 
analysis incorporated the most cur-
rent literature, we completed a fi-
nal manual search of citations in 
PubMed published from November 
2016 through August 2019. We did 
not include EMBASE searches due 
to exploration indicating that this re-
source was duplicative of the citations 
retrieved using PubMed. In parallel, 
we developed inclusion criteria in 
consultation with team experts and 
informed by our preliminary review 
of response variability information. 
 We sought studies assessing any 
differential response to drugs of in-
terest and those identifying genetic 
polymorphisms related to drug re-
sponse variability or modification. 
We included: 1) empirical stud-
ies of any design and pooled trial 
analyses, systematic reviews, and 
meta-analyses addressing variation 
in effectiveness or safety of atypi-
cal antipsychotics among Blacks 
compared with another racial/eth-
nic group; and 2) original research 
studies evaluating genetic variations 
that may affect drug response in 
Blacks compared with other eth-
nic groups. We limited inclusion to 
English language studies. Four re-
viewers (RJ, SK, NS, KW) indepen-
dently screened titles/abstracts and 
the full text of studies using prede-
termined criteria, with discrepancies 
between reviewers resolved through 
discussion to reach consensus.

Data Extraction and Analysis
 We extracted study design, key 
study population characteristics, 
methodologic characteristics (study 
design), and outcome data on con-
structs of interest (race/ethnicity, al-

The goals of this analysis 
included: 1) to inform 

treatment planning when 
feasible and appropriate; 

and 2) to enrich hypothesis 
formation for future 

research to develop deeper 
understanding of the 
biologic explanations 
underpinning some of 

these results.

tice and future research related to the 
care of individuals of different racial 
and ethnic backgrounds. To begin 
to explore potential biologic factors 
that may affect response to atypi-
cal antipsychotic agents, including 
potential differences in safety and 
efficacy, we used a quasi-systematic 
literature review approach. The goals 
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lelic variations, efficacy measures, 
safety data) from eligible studies. To 
accommodate the heterogeneous ter-
minology used among studies to refer 
to subgroups by race and ethnicity, 
we use the term Black throughout 
this analysis to refer to any subgroup 
defined within studies as Black, Afri-
can, African American, or of African 
ancestry, and use the term White to 
refer to subgroups defined within 
studies as White, Caucasian, Europe-
an American, or of European ances-
try. Other less commonly compared 
groups in this literature are described 
using the definition used in the 
original studies (eg, Mexican, Puer-
to Rican, Latin American, Asian).
 We synthesized studies qualita-
tively and report descriptive statistics 
in summary tables. As this was a pilot 
review, we did not formally assess the 
methodologic quality of studies. To 
assess relative population frequency of 
variants with significant allelic or ge-
notypic effects on efficacy and/or safe-
ty, we explored minor allele frequency 
(MAF) among the subgroups using 
SNP prevalence data in gnomAD.8

results

Article Selection and Overview
 Of the 3158 articles retrieved by 
our searches, 48 papers describing 
antipsychotics outcome data met 
inclusion criteria. While our search 
focused on atypical antipsychotic 
agents, we summarize data regard-
ing typical antipsychotics when 
also present in an included study.
 Studies focusing on adult partici-
pants predominated in this literature. 
Whites were the most common group 
compared with Blacks, with only a few 
studies analyzing a Hispanic or Latin 
American group for comparison. 
Most studies categorized race and eth-
nicity based on participant self-report 
or did not share their approach for 
categorizing race and ethnicity; a lim-
ited number of analyses incorporated 
genetic ancestry markers. Almost 
all articles focused on antipsychotic 
therapy for treatment of disorders on 
the schizophrenia spectrum; a lim-
ited number described other uses, 
such as management of agitation in 
the pediatric psychiatric unit setting.

Antipsychotics: General 
Efficacy or Safety Effects by 
Race/Ethnicity
 We identified 29 articles assessing 
potential differences in efficacy and/or 
safety of atypical antipsychotic agents 
in Blacks as compared with other ra-
cial or ethnic groups, including those 
studies exploring subgroup effects 
within clinical data without analysis 
of genomic variant effects. These stud-
ies included a range of approaches for 
defining the Black subgroup, includ-
ing self-report in three,9–11 self-report 
plus participant-reported race/ethnic-
ity of biologic parents and grandpar-
ents in two,12,13 and the medical re-
cord or a registry/database in six;14–19 
an approach was not reported in 17 
articles20–36 and one meta-analysis 
used existing categorization from 
included studies.37 One study using 
self-reported Black race also included 
estimation of geographic ancestry us-
ing the STRUCTURE software.12

Efficacy 
 Ten studies analyzed potential dif-
ferences in efficacy outcomes associ-

Table 1. Atypical antipsychotic studies reporting efficacy outcomes (without genetic data)

Author, year Design Black N/Total N Condition(s)a; Drug(s)b Efficacy among Blacksc 
Arnold 20139 RCT 506/1398 Sz; O,Q,R,Z,P ↑ 
Chan 201312 Pooled trials 30/237 Sz; C,O,R,H = 
Loebel 201335 RCT 95/524 Sz; L,Q =
Meltzer 201136 RCT 160/548 Sz; L,O =
Stauffer 201020 Pooled trials 375/980 Sz,Sp,Sa; O =
Lawson 200910 Pooled trials 267/955 Sz; Z,H = 
Barzman 200714 Case series 33/69 Ag; Z =
Patel 200622 Case series 38/105 Szspec; R ↑
Ciliberto 200521 RCT, post-hoc 174/439 Sz,Sz; R = Total PANSS, θ 2 subscales
Emsley 200223 RCT, post hoc 50/129 Sz,Sp; NS ↑

Key: ↑ increased efficacy; ↓ decreased efficacy; = similar efficacy among groups; θ efficacy found in another group but not found among Blacks; RCT, randomized 
controlled trial; post hoc, secondary analysis of trial data.
a. Sa, schizoaffective disorder; Sp, schizophreniform disorder; Sz, schizophrenia; Szspec, schizophrenia spectrum disorders. 
b. C, clozapine; H, haloperidol; L, lurasidone; NS, specific agents not detailed; O, olanzapine; P, perphenazine; Q ,quetiapine; R, risperidone; Z, zuprasidone.
c. Compared with other racial and/or ethnic groups.
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ated with antipsychotic therapy in 
Blacks as compared with other racial 
or ethnic groups (Table 1).9,10,12,14,20–

23,35,36 Three pooled analyses of anti-
psychotics trial data found equal clin-
ical efficacy of these agents in Blacks 
as compared with other groups.10,12,20 
ANCOVA subgroup analyses of two 
randomized controlled trials (RCTs) 
of atypical antipsychotics found 
no significant treatment interac-
tions with race and ethnicity.35,36  A 
fourth pooled analysis of trial data 
from South Africa found improved 
efficacy of antipsychotic therapies 
in Black and mixed descent par-

ticipants as compared with White 
participants (P=.002 for group dif-
ference in incidence of > 40% reduc-
tion in Positive and Negative Syn-
drome Scale (PANSS) total scores).23

 In a secondary analysis of Clini-
cal Antipsychotic Trials of Interven-
tion Effectiveness (CATIE) trial data 
by Arnold et al, investigators found 
that White adults discontinued olan-
zapine and risperidone for lack of ef-
ficacy at higher rates than Black or 
Hispanic participants (P=.04), while 
Hispanic participants discontinued 
perphenazine and ziprasidone for 
lack of efficacy at higher rates than 

Whites or Blacks (P≤05).9 In another 
secondary analysis of RCT data, Cili-
berto et al found no effect of race on 
total PANSS scores in risperidone-
treated adults; however, White par-
ticipants improved on all five PANSS 
subscales while Blacks improved on 
only three, failing to show improve-
ments in disorganized thought and 
uncontrolled hostility/excitement.21  
 The two retrospective case series 
included children and adolescents 
and found differing results.  Patel 
et al found greater improvement in 
challenging behaviors during ris-
peridone therapy among Black as 

Table 2. Atypical antipsychotic studies reporting safety outcomes (without genetic data)

Author, year Design Black/Total N Condition(s)a; Drug(s)b
Safety among Blacksc 

DC MV N MT B

Demler 201633 Case series NR/193 Sz; C ↓
Kane 201430 RCT 223/340 Sz; A ↓
Su 201411 Case control 135/492 Spsy,Ba,Sa, D;Mult ↓
Arnold 20139 RCT 506/1398 Sz; O,Q,R,Z,P = ↑
Chan 201312 Pooled trials 30/237 Sz; C,O,R,H = ↓
Maher 201318 Case series 28/88 Sz,Sa; C ↓
Nowrouzi 201331 Pooled studies 56/139 Sz; C,O,R,H ↓
Muller 201213 Pooled studies 58/186 Sz,Sa; C,O,R,H ↓
Stauffer 201020 Pooled trials 375/980 Sz,Sp,Sa; O = = ↓
Krakowski 200927 RCT, post hoc 56/93 Sz,Sa; C,O,H ↓
Lawson 200910 Pooled trials 267/955 Sz; Z,H ↓ =
Lipkovich 200929 Pooled trials 399/3826 Szspec,Bp,Br;O  ↓
Rahman 200919 Case series 25/133 NR;Q ↓
Ormerod 200837 Meta-analysis 287/844 Ps,D; Mult = =
de Leon 200726 RCT, post hoc 7/50 Sz,Sa; C ↓
Kelly 200717 Case series 588/1875 Sz,Sa; C ↓
Nihalani 200725 Case series NR/49 Sz,Sa,Dd, Bp; C ↓
Wonodi 200732 Case series 62/114 NR; Mult ↓
Ciliberto 200521 RCT, post-hoc 174/439 Sz,Sa; R = =
Henderson 200528 Case series 6/96 Sz,Sa; C ↓
Howes 200534 Cross sectional 55/102 NR;Mult ↓
Lambert 200515 Registry 3111/18182 Sz; O,C,R,Q ↓
Lambert 200516 Registry 2174/12637 Sz; O,C ↓
Rosenheck 200024 RCT, post hoc 125/423 Sz; C,H ↓

Key: ↑ increased safety; ↓ decreased safety; = similar safety among groups; RCT, randomized controlled trial; post hoc, secondary analysis of trial data; DC, all cause 
discontinuation; MV, movement disorders; MT, metabolic dysfunction; N, neutropenia; BN, bone mineral density changes.
a. Ba, bipolar affective disorder; Bp, bipolar disorder; Br, borderline personality disorder Dd, delusional disorder; D, depression; NR, not reported; Ps, psychosis; Sa, 
schizoaffective disorder; Sp, schizophreniform disorder; Spsy, schizophrenia psychosis; Sz, schizophrenia; Szspec, schizophrenia spectrum disorders.
b. A, aripiprazole; C, clozapine; H, haloperidol; Multi, multiple atypical antipsychotics; NS, specific agents not detailed; O, olanzapine; Q, quetiapine; R, risperidone; Z, 
zuprasidone. 
c. Compared with other racial and/or ethnic groups.
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compared with Hispanic adoles-
cents with schizophrenia,22 while 
Barzman et al found no effect of 
ethnicity on ziprasidone efficacy 
for management of agitation in the 
pediatric psychiatric unit setting.14

Safety
 Potential differences in various 
antipsychotics-related safety out-
comes among Blacks as compared 
with other groups were identified in 
23 articles (Table 2); adverse events 
included metabolic effects (16 ar-
ticles),10,12,13,15,16,20,21,24–31,37 movement 
disorders (8 articles),9,11,12,20,21,32,37,38 
neutropenia (4 articles),17–19,33 bone 
mineral density (1 article),34 and 
general side effects (1 article).21  
 Results of analyses exploring 
the risk of metabolic adverse effects 
among Blacks exposed to atypical 
antipsychotic agents were varied but 
seem to indicate a general trend to-
ward increased risk of metabolic side 
effects in this group as compared with 
other groups. Eight analyses indicated 
increased risk of weight gain in Blacks 
using various antipsychotic agents, 
including two pooled analyses of 
olanzapine trial data,20,29 two second-
ary analyses of individual clozapine 
RCTs,26,39 one RCT of aripiprazole,30 
two pooled analysis of studies involv-
ing multiple antipsychotics,13,31 and 
one secondary analysis of an RCT 
including multiple antipsychotic 
agents.27 Yet, three additional studies 
found no effect of race on this out-
come; studies included a risperidone 
trial,21 a pooled analysis of ziprasi-
done RCTs,10 and a meta-analysis 
of data on multiple antipsychotics.37 
Increased risk of new-onset diabetes 
and/or increased serum glucose was 

also observed among Blacks in an 
olanzapine registry study15 and a clo-
zapine case series28; increased risk of 
diabetic ketoacidosis among Blacks 
was also noted in one case series.25 
However, three analyses failed to find 
a significant effect of race on glu-
cose and/or diabetes, including two 
pooled analyses of ziprasidone and 
olanzapine RCT data10,20 and a meta-
analysis of multiple antipsychotics.37 
Two studies also found Blacks to be 
at greater risk of increased lipid lev-
els during antipsychotic therapy as 
compared with other groups, includ-
ing a registry study of olanzapine16 

and a secondary analysis of an RCT 
including multiple antipsychotics,27 
though two additional studies failed 
to find a significant effect of race on 
lipids in patients treated with olan-
zapine20 or ziprasidone,10 respectively.
 Among the eight articles examin-
ing variation in risk for antipsychot-
ic-associated movement disorders 
by race and ethnicity, results were 
heterogeneous. Three analyses found 
no significant effect of race and eth-
nicity on incidence of movement 
adverse events (AEs) among adults, 
including a pooled analysis of RCTs 
of olanzapine,20 a secondary analysis 
of a risperidone RCT,21 and a pooled 
analysis of RCTs involving multiple 
antipsychotic agents.12 Three studies 
indicated increased risk of movement 
AEs in Blacks as compared with other 
groups, including a pooled analysis of 
adult data from ziprasidone RCTs,10 a 
case control study including multiple 
antipsychotics in adult participants,11 
and a pediatric case series including 
multiple antipsychotics.32 Conversely, 
two studies found reduced risk of 
movement AEs among Black adults as 

compared with adults from other sub-
groups; these included a pooled anal-
ysis of haloperidol RCT data10 and a 
secondary analysis of an RCT includ-
ing multiple antipsychotic agents.9 
 Four retrospective case series as-
sessed neutropenia during antipsy-
chotic therapy in Blacks as compared 
with other groups, three examining 
clozapine17,18,33 and one assessing 
quetiapine.19  Two of these papers 
included adults17,33 and two focused 
on children/adolescents.18,19 All four 
analyses indicated increased risk of 
various neutropenia-related events 
among Blacks as compared with 
others; these risk signals varied and 
included higher incidence of mod-
erate neutropenia/leukopenia/granu-
locytopenia,19,33 higher incidence of 
discontinuation due to leukopenia,17 
and increased risk of neutropenia.18  
 One study in the UK assessed 
bone mineral density (BMD) in pa-
tients taking various antipsychot-
ics, finding no evidence of reduced 
BMD among White participants and 
Black women at the total spine, total 
hip, and femoral neck, while Black 
men showed reduced BMD at total 
spine but not at the hip or femoral 
neck.34 Finally, the one article assess-
ing overall incidence of side effects in 
patients receiving risperidone found 
no significant effect of race and eth-
nicity on this general outcome.21

Antipsychotics: Genetic 
Variants and Response 
 Building upon the subgroup ef-
fects detected in studies limited to 
subgroup analyses of clinical data, we 
next assessed the 20 articles assessing 
effects of interaction between genom-
ic variation and race on response to 
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antipsychotic therapy (Tables 3 and 
4), with analyzed outcomes including 
efficacy (12 articles),40–51 incidence of 
any adverse effects (1 article),52 risk of 
weight gain (5 articles),13,53–56 risk of 
movement disorders (3 articles),52,57,58 

and drowsiness (1 article).54 These 
studies included a range of approach-
es for defining the Black subgroup, 
including self-report in three,49,57,58 
self-report plus participant-reported 
race/ethnicity of biologic parents and 
grandparents in three,13,55,56 principal 
component analysis comparing par-
ticipants with 1000 Genome Phase 
1 data,50,51 and estimation of geo-
graphic ancestry using the STRUC-
TURE program41; the approach for 
defining the Black subgroup was 
not reported in 11 articles.40,42–48,52–54   

Genetic Variants and Efficacy 
of Antipsychotic Therapies
 Twelve articles yielded data exam-
ining possible genetic modifiers of 
response to antipsychotic therapy in 
Blacks as compared with other groups 
(Table 3). One study identified a 
GRM3 genotype associated with sig-
nificantly improved response to atyp-
ical antipsychotic treatment in both 
Whites and Blacks;48 the response-as-
sociated allele is more prevalent among 
Blacks as compared with Whites.8

 A number of detected effects were 
associated with influence on efficacy 
in Blacks without significant effects 
in Whites. Of these, nonresponse or 
lower response to treatment was asso-
ciated with a 120 bp tandem repeat 
in DRD4,42 a G(n) mononucleotide 
repeat in DRD4,42(p4) and a DRD1 
genotype45; the variant in the DRD1 
genotype is also more than twice as 
prevalent among Blacks as compared 

with Whites.8 STXBP5L was found 
to be a key locus in association with 
lurasidone response among Blacks 
but not Whites in a GWAS of pooled 
data three trials, while CTNNA2 
variation was associated with reduced 
lurasidone response in both groups 
(though separate variants in Blacks 
compared with Whites).51 Another 
GWAS, involving two of these lur-
asidone trials, failed to find any vari-
ants of genome-wide significance.50

 Potential pharmacogenetic mark-
ers associated with improved efficacy 
of atypical antipsychotics among 
Blacks without a similar association 
among Whites included  two DRD2 
variants,46 one DRD2 genotype,47 two 
DRD2 haplotypes,46,47 a COMT gen-
otype,48 and three variants in RGS4.49  
In terms of pharmacogenetic mark-
ers predicting improved response to 
specific therapeutics in Blacks but not 
Whites,  a DTBNP1 SNP was associ-
ated with better clozapine response,41 
a DTNBP1 genotype associated with 
improved haloperidol response,41 and 
a RGS4 genotype associated with 
duration of treatment continuation 
as well as specific agent efficacy.49  
Several of these variants also differ 
in prevalence between subgroups; as 
compared with Whites, the response-
associated allele for significant SNPs 
was at least 10% more prevalent 
among Blacks for two variants, at least 
10% less prevalent for five variants, 
and roughly similar for two variants.8

 Several genetic markers were 
significantly associated with treat-
ment response in White but not 
Black participants, including im-
proved treatment response associ-
ated with diplotype and haplotype 
effects in DTNBP1,41 a 48 bp repeat 

in DRD4,42 and a GNB3 genotype.40  
 Finally, one study found a DRD1 
haplotype predicting lower treat-
ment response among Whites, while 
a different haplotype in this gene 
was associated with improved treat-
ment response among Blacks.45  

Genetic Variants and Safety of 
Antipsychotic Therapies
 We identified eight studies that 
included analysis of the potential 
impact of genetic variation on ad-
verse effects of atypical antipsychotic 
use among Blacks as compared with 
other subgroups (Table 4).13,52–58 One 
secondary analysis of RCT data ex-
amined treatment discontinuation 
due to adverse drug reaction, finding 
that this outcome correlated signifi-
cantly with lower activity variants in 
the FMO3 gene among Blacks treated 
with olanzapine (P=.01); no similar 
effect of these variants was observed 
in the overall cohort or the White 
subgroup.52 One of these variants has 
similar prevalence between Blacks and 
Whites, while the other is more than 
10% less prevalent among Blacks.8

 Of the four analyses assessing 
potential genetic variants modifying 
antipsychotic-associated weight gain, 
one study indicated increased risk of a 
DRD2 variant on weight gain among 
both Whites and Blacks, though the 
variant is much less prevalent among 
Blacks.13 Three analyses found signifi-
cant weight gain risk alleles in Whites 
that failed to have a significant effect 
among Blacks, including variants in 
ADRA2A (both allele and genotype 
effects),53 FMO3,54 DRD2,13 and 
TaqIA.13 Three of these risk alleles 
are less prevalent among Blacks and 
one is of similar prevalence between 
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Blacks and Whites.8 One study found 
significantly increased weight gain/
appetite among Latin Americans car-
rying the p.Glu308Gly (rs2266780) 
FMO3 variant, not observed among 
Blacks or other subgroups;54 this vari-
ant is more common among Latin 
Americans as compared with Blacks.8

 One study found significantly 
increased risk of weight gain in asso-

ciation with a DRD3 allele13 among 
Black participants with no significant 
effect in Whites; the DRD3 allele is 
also almost two times more preva-
lent among Blacks. Intriguingly, one 
study found opposite directionality of 
effect on weight gain for a variant in 
CCKBR, identifying increased risk of 
weight gain with this allele in Blacks 
but decreased risk of weight gain 

among Whites55; the risk allele is also 
>20% less prevalent among Blacks 
as compared with Whites.8  This 
same dataset did not find any effect 
of INSIG2 alleles in either group.56

 Of the three articles exploring 
multiple antipsychotic agents and 
potential genetic modifiers of risk 
of antipsychotic-induced movement 
disorders, one study failed to find 

Table 4. Atypical antipsychotic studies: genetic associations with safety outcomes

Author, year Design Black/Total N Condition(s)a 

Drug(s)b 
Outcome type and relative directionality of 
effect among Blacksc

Greenbaum 201257 Cross-sectional 111/178 Sz; R,O,C =movement disorders (ZFPM2 SNP)

Muller 201213 Pooled studies 58/186 Sz,Sa; C,O,R,H 
=weight gain (DRD2 SNP); θ different variants 
affecting weight gain in Blacks and Whites (DRD2 
and DRD3 SNPs)

Tiwari 201055 RCT 57/217 Sz; C,O ↓metabolic dysfunction (CCKBR SNP)
Tiwari 201056 RCT 54/154 Sz, C,O =metabolic dysfunction (INSIG2 SNP)
Greenbaum 200958 Cross-sectional 115/184 Sz; R,O,C =movement disorders (RGS2 SNPs)
Sickert 200953 Pooled studies 54/129 Sz; C,O,R,H θ metabolic dysfunction (ADRA2A SNP)
Cashman 200854 Pooled cohorts 240/844 Sz; O θ metabolic changes; drowsiness (FMO3 SNPs)
Grossman 200852 RCT, post hoc 211/708 Sz; O,Q,R,Z,P ↓discontinuation due to ADR (FMO3 SNPs)

Key: ↑ increased safety; ↓ decreased safety; = similar safety among groups; θ genetic effect on safety found in another group not found among Blacks; RCT randomized 
controlled trial; SNP single nucleotide variant. 
a. Sz, schizophrenia.
b. C, clozapine; H, haloperidol; O, olanzapine; P, perphenazine; Q, quetiapine; R, risperidone; Z, zurasidone.
c. Compared with other racial and/or ethnic groups.

Table 3. Atypical antipsychotic studies: genetic associations with efficacy outcomes

Author, year Design Black/Total N Condition(s)a 

Drug(s)b 
Variants and relative directionality of effect on 
efficacy among Blacksc

Li 201850 Pooled trials 219/587 Sz; L ↑ (STXBP5L variants);↓Eff (CTNNA2 SNP)
Li 201851 Pooled trials 195/429 Sz; L = (multiple genes and SNPs)

Hwang 2012, 2011, 
2010, 2007, 2006, 
200542–47

Pooled studies 98/426 Sz; C,O,R,H 

↓ (120-bp repeat and (G)n repeat, DRD4); θ (48-
bp repeat, DRD4; DRD1 haplotype); ↑ (DRD1 
genotype and haplotype; SNPs and haplotypes, 
DRD2)

Fijal 200948 RCT, post hoc 78/153 Sz,Sa; R
↑ PANSS negative symptom change (COMT SNP); 
= PANSS total score change (GRM3 SNP); θ  
PANSS positive symptom change (GRM3 SNP)

Zuo 200941 RCT 54/181 Sz; H,C θ (DTNBP1 haplotype, diplotype); ↑ (clozapine; 
DTNBP1 SNP); ↑ (haloperidol; DTNBP1  SNP)

Campbell 200849 RCT, post hoc 198/678 Sz;P,Z,O,R,Q ↑ (RGS4 SNP)
Muller 200540 Pooled cohorts 57/145 Sz; C,H,O,R θ (GNB3 SNP)

Key: ↑ increased efficacy; ↓ decreased efficacy; =equal efficacy; θ genetic effect on efficacy found in another group not found among Blacks; bp, base pair; PANSS, 
Positive and Negative Syndrome Scale; RCT, randomized controlled trial; SNP, single nucleotide polymorphism.
a. Sa, schizoaffective disorder; Sz, schizophrenia.
b. A, aripiprazole; C, clozapine; H, haloperidol; L, lurasidone; O, olanzapine; P, perphenazine; Q, quetiapine; R, risperidone; Z, zuprasidone.
c. Compared with other racial and/or ethnic groups.



Ethnicity & Disease, Volume 30, Supplement 1, 2020236

Atypical Antipsychotic Response among Blacks - Jerome et al

significant associations in either Blacks 
or Whites, including CYP2D6 or 
CYP1A2*1F effects on risk of tardive 
dyskinesia.52 Two studies focused on 
antipsychotic-induced parkinsonism 
(AIP) and found both an AIP suscep-
tibility allele (G allele of intronic vari-
ant g.105503826C>G (rs12678719) 
in ZFPM2) and a protective al-
lele (G allele of  g.192812042C>G 
(rs4606) in the 3’ untranslated re-
gion of RGS2); both variants had 
significant effects in both the Black 
subgroup and the overall cohort,57,58 
with one being similar prevalence be-
tween Blacks and Whites and one >2 
times more prevalent among Blacks.8

 One study assessed the poten-
tial contribution of FMO3 variants 
to risk of drowsiness during olan-
zapine therapy; p.Val257Met was 
associated with risk in the Latin 
American subgroup (P=.042) but not 
among Blacks, Whites, or Asians.54

dIscussIon 

 This quasi-systematic review 
mined the literature to assess poten-
tial disparities in efficacy- and safe-
ty-related characteristics in Blacks 
compared with other racial or ethnic 
groups in response to use of atypical 
antipsychotic agents. We found no-
table differences in efficacy and safety 
outcomes between Blacks and other 
groups for this type of agent. In ad-
dition to variability in treatment re-
sponse, our review detected signals re-
lated to increased risk of safety issues 
in Blacks, such as metabolic issues 
including weight gain and treatment-
associated diabetes, and movement-
related adverse effects. While in-

creased risks of these side effects with 
use of an atypical antipsychotic agent 
are generally well-known and also ac-
knowledged to be relevant issues in 
the care of Black patients, disparately 
increased risks in this subgroup do 
not appear to be prominently noted 
in the biomedical literature and may 
have important clinical implications. 
 Qualitative analysis of the data 
also indicates increased risk of neu-

cytosis and infection parameters (fre-
quency, severity, outcome) similar to 
those without BEN; these authors 
suggested that a neutrophil count 
>1,000/mm3 is safe for initiation or 
resumption of clozapine therapy.60 
Awareness of these issues can inform 
clinicians’ approach to monitoring 
and concomitant interventions in 
Blacks taking atypical antipsychotics.
 Pharmacogenomics analyses illu-
minated potential genetic contribu-
tors to the effects noted above; for 
example, the same allele associated 
with decreased risk of weight gain in 
Whites was associated with increased 
weight gain among Blacks using an-
tipsychotic therapy.55 Investigators 
note that this finding may represent 
a “flip flop” phenomenon, potentially 
caused by altered linkage disequilib-
rium between the causal locus and the 
variants analyzed or underlying varia-
tion in frequency of the causal locus 
in the two populations.55 Further, in 
two additional studies, the variants 
associated with increased efficacy 
among Blacks and Whites differed, 
with unique variants in each group, 
suggesting that different polymor-
phisms contributing to efficacy in 
these groups.40,48 While potentially 
an issue of underpowered samples, a 
number of variants with significant 
effects among Whites failed to ex-
hibit significant effects among Blacks.
 We also observed notable variabil-
ity in the underlying population fre-
quency of alleles with significant ef-
fects among included studies. Blacks’ 
exposure to some significant alleles, as 
measured by MAF reported in gno-
mAD,8 is higher by an absolute 10% 
or more as compared with Whites, 
while Blacks’ exposure to other re-

…our review detected 
signals related to increased 

risk of safety issues in 
Blacks, such as metabolic 
issues including weight 
gain and treatment-

associated diabetes, and 
movement-related adverse 

effects.

tropenia in Blacks as compared with 
Whites; given that 25%-50% of 
Blacks are affected by benign ethnic 
neutropenia (BEN) and mandatory 
clozapine monitoring includes spe-
cific reference ranges and require-
ments for this group,59 baseline and 
periodic laboratory testing may pres-
ent a particularly key component of 
safety monitoring in Blacks using 
an atypical antipsychotic. However, 
a 2016 systematic review of patients 
with BEN treated with clozapine in-
dicated no signs of impaired phago-
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sponse alleles is lower by 10% or 
more. This underlying variability in 
allele carriage was observed in both 
treatment response- and adverse ef-
fect- associated variants. These obser-
vations strongly suggest that future 
pharmacogenomics studies and strat-
egies will need to be intentionally di-
verse as well as explicitly incorporate 
consideration of race and ethnicity, 
rather than simply extrapolating re-
sults from Whites to other subgroups. 

Study Limitations
 Several limitations apply to this 
pilot review. Included articles explor-
ing racial disparities in safety and 
efficacy of atypical antipsychotics, 
as well as genetic modifiers, are af-
fected by relatively low sample sizes 
especially within subgroups, suggest-
ing that their power to detect the full 
spectrum of predictors of efficacy 
and safety among Blacks is somewhat 
limited. Our search focused on stud-
ies analyzing the efficacy or safety of 
atypical antipsychotics by race and 
ethnicity; though we identified a 
number of RCT analyses, there may 
be additional subgroup analyses in 
the larger atypical antipsychotic lit-
erature that our search and review ap-
proach did not capture. As this was 
a quasi-systematic review, the current 
approach did not incorporate some 
systematic review steps that may help 
mitigate bias, such as risk of bias scor-
ing. Also of note, a significant subset 
of the studies analyzing atypical an-
tipsychotic effects included multiple 
reuse and recombination of the same 
datasets, with unknown impact on 
risk of false positive signals in the as-
sociated analyses. Heterogeneity of 
atypical antipsychotic agents consid-

ered among various studies also pre-
cluded quantitative analysis of results 
beyond the pooled analyses included 
in this review; additionally, many ar-
ticles did not detail their approach for 
defining the Black subgroup of par-
ticipants, introducing the possibility 
of further variability that is difficult 
to estimate. The limited amount of 
pediatric data also precludes substan-
tive conclusions regarding implica-
tions for care of children and adoles-
cents. Further, while analyses of the 
effects of SNPs and, to a lesser extent 
haplotypes, seem to predominate in 
this literature, other related signals 
such as protein-protein interactions 
and epigenetics may also hold great 
promise as the literature evolves. Fi-
nally, though this review focused on 
response disparities among Blacks, we 
note incidental findings of variability 
in treatment response and adverse 
effect among Hispanic and Latino 
patients reported in some studies, 
suggesting that additional systematic 
assessment would be valuable in sup-
porting tailoring of atypical antipsy-
chotic therapy in this subgroup as well.

conclusIons 

 This review demonstrates an ap-
proach for synthesizing existing data 
to illuminate differential treatment 
efficacy and safety signals among 
Blacks as compared with other sub-
groups. The current analysis can 
help inform clinician tailoring of 
patient education and monitoring 
among Blacks using an atypical an-
tipsychotic agent, including framing 
a plan for surveillance for neutrope-
nia and potential metabolic issues. 

 Given the variability in allelic, 
genotypic, and haplotype-associated 
effects observed in studies evaluating 
the effects of this potential modifiers 
on safety and efficacy of the atypical 
antipsychotics, this literature further 
suggests that any pharmacogenetics-
based strategies for tailoring selection 
of a therapeutic will need to explicitly 
incorporate consideration of race and 
ethnicity, as different variation char-
acteristics appear to influence treat-
ment efficacy and safety in Blacks 
as compared with other groups. The 
wide differences observed in minor 
allele frequency for some variants, 
further suggest that the need for de-
velopment and validation of pharma-
cogenetic strategies informed by race 
and ethnicity will be an essential com-
ponent of future strategies to ensure 
safety and efficacy of atypical antipsy-
chotic therapy in individual patients. 
 Future research into hypotheses 
informed by the signals identified 
in this review will allow us to better 
understand biologic underpinnings 
of variable safety and efficacy of an-
tipsychotics among Blacks, includ-
ing the import of these effects within 
each individual’s treatment plan. 
Such approaches, when applied to 
appropriately powered datasets, will 
allow us to continue to advance the 
ability of precision medicine to truly 
be applied clinically across the rich 
diversity of our patient population.

AcknowledgMents

 This project described was supported by 
grant U54MD010722 from the National 
Institute on Minority Health and Health 
Disparities and the National Human Ge-
nome Research Institute and by CTSA award 
No. UL1 TR002243 from the National 
Center for Advancing Translational Sciences. 
Its contents are solely the responsibility of 
the authors and do not necessarily represent 



Ethnicity & Disease, Volume 30, Supplement 1, 2020238

Atypical Antipsychotic Response among Blacks - Jerome et al

official views of the National Institute on 
Minority Health and Health Disparities, the 
National Human Genome Research Institute, 
the National Center for Advancing Transla-
tional Sciences, or the National Institutes of 
Health.

Conflict of Interest
 No conflicts of interest to report. 

Author Contributions
 Research concept and design: Jerome, 
Pulley, Sathe, Dickerson, Worley, Wilkins; 
Acquisition of data: Jerome, Pulley, Sathe, 
Krishnaswami, Dickerson, Worley, Wilkins; 
Data analysis and interpretation: Jerome, 
Pulley, Sathe, Krishnaswami, Dickerson, 
Worley, Wilkins; Manuscript draft: Jerome, 
Pulley, Sathe, Dickerson, Worley, Wilkins; 
Acquisition of funding: Jerome, Pulley, Sathe, 
Worley, Wilkins; Administrative: Jerome, 
Pulley, Sathe, Krishnaswami, Dickerson, 
Worley, Wilkins; Supervision: Jerome, Pulley, 
Sathe, Worley, Wilkins

References
1. Schwartz RC, Blankenship DM. Racial dis-

parities in psychotic disorder diagnosis: A re-
view of empirical literature. World J Psychiatry. 
2014;4(4):133-140. https://doi.org/10.5498/
wjp.v4.i4.133 PMID:25540728

2. Herbeck DM, West JC, Ruditis I, et al. Varia-
tions in use of second-generation antipsychot-
ic medication by race among adult psychiatric 
patients. Psychiatr Serv. 2004;55(6):677-684. 
https://doi.org/10.1176/appi.ps.55.6.677 
PMID:15175466

3. Cheruvu VK, Igo RP, Jurevic RJ, et 
al. African ancestry influences CCR5 
-2459G>A genotype-associated viro-
logic success of highly active antiretroviral 
therapy. J Acquir Immune Defic Syndr 1999. 
2014;66(1):102-107. https://doi.org/10.1097/
QAI.0000000000000129

4. Vardeny O, Cavallari LH, Claggett B, et al; 
Randomized Aldactone Evaluation Study 
(RALES) Investigators. Race influences the 
safety and efficacy of spironolactone in severe 
heart failure. Circ Heart Fail. 2013;6(5):970-
976. https://doi.org/10.1161/CIRCHEART-
FAILURE.113.000530 PMID:23940307

5. Medicines Use and Spending in the U.S. 
- A Review of 2015 and Outlook to 2020. 
IMS Health. 2016. https://www.iqvia.com/
insights/the-iqvia-institute/reports/reports-
archive Last accessed January 7, 2020.

6. American Society of Health-System Phar-
macists. AHFS Drug Information. Bethesda, 
MD: American Society of Health-System 
Pharmacists; 2016. 

7. Pirmohamed M. Pharmacogenetics and 

pharmacogenomics. Br J Clin Pharmacol. 
2001;52(4):345-347. https://doi.org/10.1046/
j.0306-5251.2001.01498.x PMID:11678777

8. Lek M, Karczewski KJ, Minikel EV, et al; 
Exome Aggregation Consortium. Analysis of 
protein-coding genetic variation in 60,706 
humans. Nature. 2016;536(7616):285-
291. https://doi.org/10.1038/nature19057 
PMID:27535533

9. Arnold JG, Miller AL, Cañive JM, Rosenheck 
RA, Swartz MS, Mintz J. Comparison of 
outcomes for African Americans, Hispanics, 
and Non-Hispanic Whites in the CATIE 
study. Psychiatr Serv. 2013;64(6):570-578. 
https://doi.org/10.1176/appi.ps.002412012 
PMID:23494108

10. Lawson WB, Herman BK, Loebel A, 
Lazariciu I, Malik M. Ziprasidone in Black 
patients with schizophrenia: analysis of four 
short-term, double-blind studies. CNS Spectr. 
2009;14(9):478-486. https://doi.org/10.1017/
S1092852900023543 PMID:19890230

11. Su YP, Chang CK, Hayes RD, et al. Retro-
spective chart review on exposure to psycho-
tropic medications associated with neuroleptic 
malignant syndrome. Acta Psychiatr Scand. 
2014;130(1):52-60. https://doi.org/10.1111/
acps.12222 PMID:24237642

12. Chan LF, Zai C, Monda M, et al. Role of 
ethnicity in antipsychotic-induced weight gain 
and tardive dyskinesia: genes or environ-
ment? Pharmacogenomics. 2013;14(11):1273-
1281. https://doi.org/10.2217/pgs.13.127 
PMID:23930674

13. Müller DJ, Zai CC, Sicard M, et al. 
Systematic analysis of dopamine receptor 
genes (DRD1-DRD5) in antipsychotic-
induced weight gain. Pharmacogenomics J. 
2012;12(2):156-164. https://doi.org/10.1038/
tpj.2010.65 PMID:20714340

14. Barzman DH, DelBello MP, Forrester JJ, 
Keck PE Jr, Strakowski SM. A retrospective 
chart review of intramuscular ziprasidone 
for agitation in children and adolescents 
on psychiatric units: prospective studies are 
needed. J Child Adolesc Psychopharmacol. 
2007;17(4):503-509. https://doi.org/10.1089/
cap.2007.5124 PMID:17822344

15. Lambert BL, Chou CH, Chang KY, Tafesse 
E, Carson W. Antipsychotic exposure 
and type 2 diabetes among patients with 
schizophrenia: a matched case-control study 
of California Medicaid claims. Pharmacoepide-
miol Drug Saf. 2005;14(6):417-425. https://
doi.org/10.1002/pds.1092 PMID:15786516

16. Lambert BL, Chang KY, Tafesse E, Carson 
W. Association between antipsychotic treat-
ment and hyperlipidemia among California 
Medicaid patients with schizophrenia. J Clin 
Psychopharmacol. 2005;25(1):12-18. https://
doi.org/10.1097/01.jcp.0000150224.38630.
ae PMID:15643095

17. Kelly DL, Kreyenbuhl J, Dixon L, Love RC, 
Medoff D, Conley RR. Clozapine under-

utilization and discontinuation in African 
Americans due to leucopenia. Schizophr 
Bull. 2007;33(5):1221-1224. https://doi.
org/10.1093/schbul/sbl068 PMID:17170061

18. Maher KN, Tan M, Tossell JW, et al. 
Risk factors for neutropenia in clozapine-
treated children and adolescents with 
childhood-onset schizophrenia. J Child 
Adolesc Psychopharmacol. 2013;23(2):110-
116. https://doi.org/10.1089/cap.2011.0136 
PMID:23510445

19. Rahman A, Mican LM, Fischer C, Campbell 
AH. Evaluating the incidence of leukopenia 
and neutropenia with valproate, quetiapine, or 
the combination in children and adoles-
cents. Ann Pharmacother. 2009;43(5):822-
830. https://doi.org/10.1345/aph.1L617 
PMID:19401471

20. Stauffer VL, Sniadecki JL, Piezer KW, et al. 
Impact of race on efficacy and safety during 
treatment with olanzapine in schizophre-
nia, schizophreniform or schizoaffective 
disorder. BMC Psychiatry. 2010;10(1):89. 
https://doi.org/10.1186/1471-244X-10-89 
PMID:21047395

21. Ciliberto N, Bossie CA, Urioste R, Lasser 
RA. Lack of impact of race on the efficacy 
and safety of long-acting risperidone versus 
placebo in patients with schizophrenia or 
schizoaffective disorder. Int Clin Psychophar-
macol. 2005;20(4):207-212. https://doi.
org/10.1097/00004850-200507000-00003 
PMID:15933481

22. Patel NC, Crismon ML, Shafer A, De Leon 
A, Lopez M, Lane DC. Ethnic variation 
in symptoms and response to risperidone 
in youths with schizophrenia-spectrum 
disorders. Soc Psychiatry Psychiatr Epidemiol. 
2006;41(5):341-346. https://doi.org/10.1007/
s00127-006-0036-4 PMID:16467950

23. Emsley RA, Roberts MC, Rataemane S, et al. 
Ethnicity and treatment response in schizo-
phrenia: a comparison of 3 ethnic groups. J 
Clin Psychiatry. 2002;63(1):9-14. https://doi.
org/10.4088/JCP.v63n0103 PMID:11841075

24. Rosenheck R, Chang S, Choe Y, et al. Medica-
tion continuation and compliance: a com-
parison of patients treated with clozapine and 
haloperidol. J Clin Psychiatry. 2000;61(5):382-
386. https://doi.org/10.4088/JCP.v61n0511 
PMID:10847315

25. Nihalani ND, Tu X, Lamberti JS, et al. 
Diabetic ketoacidosis among patients receiv-
ing clozapine: a case series and review of 
socio-demographic risk factors. Ann Clin 
Psychiatry. 2007;19(2):105-112. https://
doi.org/10.1080/10401230701338169 
PMID:17612850

26. de Leon J, Diaz FJ, Josiassen RC, Cooper TB, 
Simpson GM. Weight gain during a double-
blind multidosage clozapine study. J Clin 
Psychopharmacol. 2007;27(1):22-27. https://
doi.org/10.1097/JCP.0b013e31802e513a 
PMID:17224708

https://www.ncbi.nlm.nih.gov/pubmed/25540728
https://doi.org/10.1176/appi.ps.55.6.677
https://www.ncbi.nlm.nih.gov/pubmed/15175466
https://doi.org/10.1097/QAI.0000000000000129
https://doi.org/10.1097/QAI.0000000000000129
https://doi.org/10.1161/CIRCHEARTFAILURE.113.000530
https://doi.org/10.1161/CIRCHEARTFAILURE.113.000530
https://www.ncbi.nlm.nih.gov/pubmed/23940307
https://www.iqvia.com/insights/the-iqvia-institute/reports/reports-archive
https://www.iqvia.com/insights/the-iqvia-institute/reports/reports-archive
https://www.iqvia.com/insights/the-iqvia-institute/reports/reports-archive
https://doi.org/10.1046/j.0306-5251.2001.01498.x
https://doi.org/10.1046/j.0306-5251.2001.01498.x
https://www.ncbi.nlm.nih.gov/pubmed/11678777
https://doi.org/10.1038/nature19057
https://www.ncbi.nlm.nih.gov/pubmed/27535533
https://doi.org/10.1176/appi.ps.002412012
https://www.ncbi.nlm.nih.gov/pubmed/23494108
https://doi.org/10.1017/S1092852900023543
https://doi.org/10.1017/S1092852900023543
https://www.ncbi.nlm.nih.gov/pubmed/19890230
https://doi.org/10.1111/acps.12222
https://doi.org/10.1111/acps.12222
https://www.ncbi.nlm.nih.gov/pubmed/24237642
https://doi.org/10.2217/pgs.13.127
https://www.ncbi.nlm.nih.gov/pubmed/23930674
https://doi.org/10.1038/tpj.2010.65
https://doi.org/10.1038/tpj.2010.65
https://www.ncbi.nlm.nih.gov/pubmed/20714340
https://doi.org/10.1089/cap.2007.5124
https://doi.org/10.1089/cap.2007.5124
https://www.ncbi.nlm.nih.gov/pubmed/17822344
https://doi.org/10.1002/pds.1092
https://doi.org/10.1002/pds.1092
https://www.ncbi.nlm.nih.gov/pubmed/15786516
https://doi.org/10.1097/01.jcp.0000150224.38630.ae
https://doi.org/10.1097/01.jcp.0000150224.38630.ae
https://doi.org/10.1097/01.jcp.0000150224.38630.ae
https://www.ncbi.nlm.nih.gov/pubmed/15643095
https://doi.org/10.1093/schbul/sbl068
https://doi.org/10.1093/schbul/sbl068
https://www.ncbi.nlm.nih.gov/pubmed/17170061
https://doi.org/10.1089/cap.2011.0136
https://www.ncbi.nlm.nih.gov/pubmed/23510445
https://doi.org/10.1345/aph.1L617
https://www.ncbi.nlm.nih.gov/pubmed/19401471
https://doi.org/10.1186/1471-244X-10-89
https://www.ncbi.nlm.nih.gov/pubmed/21047395
https://doi.org/10.1097/00004850-200507000-00003
https://doi.org/10.1097/00004850-200507000-00003
https://www.ncbi.nlm.nih.gov/pubmed/15933481
https://doi.org/10.1007/s00127-006-0036-4
https://doi.org/10.1007/s00127-006-0036-4
https://www.ncbi.nlm.nih.gov/pubmed/16467950
https://doi.org/10.4088/JCP.v63n0103
https://doi.org/10.4088/JCP.v63n0103
https://www.ncbi.nlm.nih.gov/pubmed/11841075
https://doi.org/10.4088/JCP.v61n0511
https://www.ncbi.nlm.nih.gov/pubmed/10847315
https://doi.org/10.1080/10401230701338169
https://doi.org/10.1080/10401230701338169
https://www.ncbi.nlm.nih.gov/pubmed/17612850
https://doi.org/10.1097/JCP.0b013e31802e513a
https://doi.org/10.1097/JCP.0b013e31802e513a
https://www.ncbi.nlm.nih.gov/pubmed/17224708


Ethnicity & Disease, Volume 30, Supplement 1, 2020 239

Atypical Antipsychotic Response among Blacks - Jerome et al

27. Krakowski M, Czobor P, Citrome L. Weight 
gain, metabolic parameters, and the impact 
of race in aggressive inpatients randomized to 
double-blind clozapine, olanzapine or halo-
peridol. Schizophr Res. 2009;110(1-3):95-102. 
https://doi.org/10.1016/j.schres.2009.02.006 
PMID:19269139

28. Henderson DC, Nguyen DD, Copeland 
PM, et al. Clozapine, diabetes mellitus, 
hyperlipidemia, and cardiovascular risks and 
mortality: results of a 10-year naturalistic 
study. J Clin Psychiatry. 2005;66(9):1116-
1121. https://doi.org/10.4088/JCP.v66n0905 
PMID:16187768

29. Lipkovich I, Jacobson JG, Caldwell C, Hoff-
mann VP, Kryzhanovskaya L, Beasley CM. 
Early predictors of weight gain risk during 
treatment with olanzapine: analysis of pooled 
data from 58 clinical trials. Psychopharmacol 
Bull. 2009;42(4):23-39. PMID:20581791

30. Kane JM, Peters-Strickland T, Baker 
RA, et al. Aripiprazole once-monthly in 
the acute treatment of schizophrenia: 
findings from a 12-week, randomized, 
double-blind, placebo-controlled study. J 
Clin Psychiatry. 2014;75(11):1254-1260. 
https://doi.org/10.4088/JCP.14m09168 
PMID:25188501

31. Nowrouzi B, Souza RP, Zai C, et al. Finite 
mixture regression model analysis on antipsy-
chotics induced weight gain: investigation of 
the role of the serotonergic genes. Eur Neuro-
psychopharmacol. 2013;23(3):224-228. https://
doi.org/10.1016/j.euroneuro.2012.05.008 
PMID:22840963

32. Wonodi I, Reeves G, Carmichael D, et al. 
Tardive dyskinesia in children treated with 
atypical antipsychotic medications. Mov 
Disord. 2007;22(12):1777-1782. https://doi.
org/10.1002/mds.21618 PMID:17580328

33. Demler TL, Morabito NE, Meyer CE, 
Opler L. Maximizing clozapine utiliza-
tion while minimizing blood dyscrasias: 
evaluation of patient demographics and 
severity of events. Int Clin Psychopharmacol. 
2016;31(2):76-83. https://doi.org/10.1097/
YIC.0000000000000108 PMID:26565383

34. Howes OD, Wheeler MJ, Meaney AM, et 
al. Bone mineral density and its relation-
ship to prolactin levels in patients taking 
antipsychotic treatment. J Clin Psychophar-
macol. 2005;25(3):259-261. https://doi.
org/10.1097/01.jcp.0000162798.87249.4d 
PMID:15876906

35. Loebel A, Cucchiaro J, Sarma K, et al. 
Efficacy and safety of lurasidone 80 mg/
day and 160 mg/day in the treatment of 
schizophrenia: a randomized, double-
blind, placebo- and active-controlled trial. 
Schizophr Res. 2013;145(1-3):101-109. 
https://doi.org/10.1016/j.schres.2013.01.009 
PMID:23415311

36. Meltzer HY, Cucchiaro J, Silva R, et al. 
Lurasidone in the treatment of schizophre-

nia: a randomized, double-blind, placebo- 
and olanzapine-controlled study. Am J 
Psychiatry. 2011;168(9):957-967. https://
doi.org/10.1176/appi.ajp.2011.10060907 
PMID:21676992

37. Ormerod S, McDowell SE, Coleman JJ, 
Ferner RE. Ethnic differences in the risks 
of adverse reactions to drugs used in the 
treatment of psychoses and depression: a 
systematic review and meta-analysis. Drug 
Saf. 2008;31(7):597-607. https://doi.
org/10.2165/00002018-200831070-00005 
PMID:18558793

38. Lawson W, Johnston S, Karson C, et al. 
Racial differences in antipsychotic use: claims 
database analysis of Medicaid-insured patients 
with schizophrenia. Ann Clin Psychiatry. 
2015;27(4):242-252. PMID:26554365

39. Rosenheck R, Leslie D, Keefe R, et al; 
CATIE Study Investigators Group. Barriers 
to employment for people with schizophre-
nia. Am J Psychiatry. 2006;163(3):411-417. 
https://doi.org/10.1176/appi.ajp.163.3.411 
PMID:16513861

40. Müller DJ, De Luca V, Sicard T, et al. 
Suggestive association between the C825T 
polymorphism of the G-protein beta3 subunit 
gene (GNB3) and clinical improvement with 
antipsychotics in schizophrenia. Eur Neuropsy-
chopharmacol. 2005;15(5):525-531. https://
doi.org/10.1016/j.euroneuro.2005.02.001 
PMID:16139171

41. Zuo L, Luo X, Krystal JH, Cramer J, Charney 
DS, Gelernter J. The efficacies of clozapine 
and haloperidol in refractory schizophrenia 
are related to DTNBP1 variation. Pharmaco-
genet Genomics. 2009;19(6):437-446. https://
doi.org/10.1097/FPC.0b013e32832b9cfc 
PMID:19369910

42. Hwang R, Tiwari AK, Zai CC, et al. Do-
pamine D4 and D5 receptor gene variant 
effects on clozapine response in schizophrenia: 
replication and exploration. Prog Neuropsycho-
pharmacol Biol Psychiatry. 2012;37(1):62-75. 
https://doi.org/10.1016/j.pnpbp.2011.11.018 
PMID:22203087

43. Hwang R, Souza RP, Tiwari AK, et al. Gene-
gene interaction analyses between NMDA 
receptor subunit and dopamine receptor gene 
variants and clozapine response. Pharma-
cogenomics. 2011;12(2):277-291. https://doi.
org/10.2217/pgs.10.182 PMID:21332319

44. Hwang R, Zai C, Tiwari A, et al. Effect of 
dopamine D3 receptor gene polymorphisms 
and clozapine treatment response: exploratory 
analysis of nine polymorphisms and meta-
analysis of the Ser9Gly variant. Pharmacoge-
nomics J. 2010;10(3):200-218. https://doi.
org/10.1038/tpj.2009.65 PMID:20029384

45. Hwang R, Shinkai T, De Luca V, et 
al. Association study of four dopamine 
D1 receptor gene polymorphisms and 
clozapine treatment response. J Psycho-
pharmacol. 2007;21(7):718-727. https://

doi.org/10.1177/0269881106072341 
PMID:17092969

46. Hwang R, Shinkai T, Deluca V, et al. Dopa-
mine D2 receptor gene variants and quantita-
tive measures of positive and negative symp-
tom response following clozapine treatment. 
Eur Neuropsychopharmacol. 2006;16(4):248-
259. https://doi.org/10.1016/j.euroneu-
ro.2005.09.004 PMID:16278074

47. Hwang R, Shinkai T, De Luca V, et al. 
Association study of 12 polymorphisms span-
ning the dopamine D(2) receptor gene and 
clozapine treatment response in two treatment 
refractory/intolerant populations. Psycho-
pharmacology (Berl). 2005;181(1):179-187. 
https://doi.org/10.1007/s00213-005-2223-5 
PMID:15830237

48. Fijal BA, Kinon BJ, Kapur S, et al. Candidate-
gene association analysis of response to risperi-
done in African-American and white patients 
with schizophrenia. Pharmacogenomics J. 
2009;9(5):311-318. https://doi.org/10.1038/
tpj.2009.24 PMID:19451915

49. Campbell DB, Ebert PJ, Skelly T, et al. 
Ethnic stratification of the association of 
RGS4 variants with antipsychotic treatment 
response in schizophrenia. Biol Psychiatry. 
2008;63(1):32-41. https://doi.org/10.1016/j.
biopsych.2007.04.018 PMID:17588543

50. Li J, Yoshikawa A, Brennan MD, Ramsey 
TL, Meltzer HY. Genetic predictors of 
antipsychotic response to lurasidone identi-
fied in a genome wide association study and 
by schizophrenia risk genes. Schizophr Res. 
2018;192:194-204. https://doi.org/10.1016/j.
schres.2017.04.009 PMID:28431800

51. Li J, Loebel A, Meltzer HY. Identifying the 
genetic risk factors for treatment response 
to lurasidone by genome-wide association 
study: A meta-analysis of samples from three 
independent clinical trials. Schizophr Res. 
2018;199:203-213. https://doi.org/10.1016/j.
schres.2018.04.006 PMID:29730043

52. Grossman I, Sullivan PF, Walley N, et al. 
Genetic determinants of variable metabo-
lism have little impact on the clinical use of 
leading antipsychotics in the CATIE study. 
Genet Med. 2008;10(10):720-729. https://
doi.org/10.1097/GIM.0b013e3181863239 
PMID:18813134

53. Sickert L, Müller DJ, Tiwari AK, et al. As-
sociation of the alpha 2A adrenergic receptor 
-1291C/G polymorphism and antipsychotic-
induced weight gain in European-Americans. 
Pharmacogenomics. 2009;10(7):1169-
1176. https://doi.org/10.2217/pgs.09.43 
PMID:19604092

54. Cashman JR, Zhang J, Nelson MR, Braun A. 
Analysis of flavin-containing monooxygenase 
3 genotype data in populations administered 
the anti-schizophrenia agent olanzapine. 
Drug Metab Lett. 2008;2(2):100-114. https://
doi.org/10.2174/187231208784040942 
PMID:19356079

https://doi.org/10.1016/j.schres.2009.02.006
https://www.ncbi.nlm.nih.gov/pubmed/19269139
https://doi.org/10.4088/JCP.v66n0905
https://www.ncbi.nlm.nih.gov/pubmed/16187768
https://www.ncbi.nlm.nih.gov/pubmed/20581791
https://doi.org/10.4088/JCP.14m09168
https://www.ncbi.nlm.nih.gov/pubmed/25188501
https://doi.org/10.1016/j.euroneuro.2012.05.008
https://doi.org/10.1016/j.euroneuro.2012.05.008
https://www.ncbi.nlm.nih.gov/pubmed/22840963
https://doi.org/10.1002/mds.21618
https://doi.org/10.1002/mds.21618
https://www.ncbi.nlm.nih.gov/pubmed/17580328
https://doi.org/10.1097/YIC.0000000000000108
https://doi.org/10.1097/YIC.0000000000000108
https://www.ncbi.nlm.nih.gov/pubmed/26565383
https://doi.org/10.1097/01.jcp.0000162798.87249.4d
https://doi.org/10.1097/01.jcp.0000162798.87249.4d
https://www.ncbi.nlm.nih.gov/pubmed/15876906
https://doi.org/10.1016/j.schres.2013.01.009
https://www.ncbi.nlm.nih.gov/pubmed/23415311
https://doi.org/10.1176/appi.ajp.2011.10060907
https://doi.org/10.1176/appi.ajp.2011.10060907
https://www.ncbi.nlm.nih.gov/pubmed/21676992
https://doi.org/10.2165/00002018-200831070-00005
https://doi.org/10.2165/00002018-200831070-00005
https://www.ncbi.nlm.nih.gov/pubmed/18558793
https://www.ncbi.nlm.nih.gov/pubmed/26554365
https://doi.org/10.1176/appi.ajp.163.3.411
https://www.ncbi.nlm.nih.gov/pubmed/16513861
https://doi.org/10.1016/j.euroneuro.2005.02.001
https://doi.org/10.1016/j.euroneuro.2005.02.001
https://www.ncbi.nlm.nih.gov/pubmed/16139171
https://doi.org/10.1097/FPC.0b013e32832b9cfc
https://doi.org/10.1097/FPC.0b013e32832b9cfc
https://www.ncbi.nlm.nih.gov/pubmed/19369910
https://doi.org/10.1016/j.pnpbp.2011.11.018
https://www.ncbi.nlm.nih.gov/pubmed/22203087
https://doi.org/10.2217/pgs.10.182
https://doi.org/10.2217/pgs.10.182
https://www.ncbi.nlm.nih.gov/pubmed/21332319
https://doi.org/10.1038/tpj.2009.65
https://doi.org/10.1038/tpj.2009.65
https://www.ncbi.nlm.nih.gov/pubmed/20029384
https://doi.org/10.1177/0269881106072341
https://doi.org/10.1177/0269881106072341
https://www.ncbi.nlm.nih.gov/pubmed/17092969
https://doi.org/10.1016/j.euroneuro.2005.09.004
https://doi.org/10.1016/j.euroneuro.2005.09.004
https://www.ncbi.nlm.nih.gov/pubmed/16278074
https://www.ncbi.nlm.nih.gov/pubmed/15830237
https://doi.org/10.1038/tpj.2009.24
https://doi.org/10.1038/tpj.2009.24
https://www.ncbi.nlm.nih.gov/pubmed/19451915
https://doi.org/10.1016/j.biopsych.2007.04.018
https://doi.org/10.1016/j.biopsych.2007.04.018
https://www.ncbi.nlm.nih.gov/pubmed/17588543
https://doi.org/10.1016/j.schres.2017.04.009
https://doi.org/10.1016/j.schres.2017.04.009
https://www.ncbi.nlm.nih.gov/pubmed/28431800
https://doi.org/10.1016/j.schres.2018.04.006
https://doi.org/10.1016/j.schres.2018.04.006
https://www.ncbi.nlm.nih.gov/pubmed/29730043
https://doi.org/10.1097/GIM.0b013e3181863239
https://doi.org/10.1097/GIM.0b013e3181863239
https://www.ncbi.nlm.nih.gov/pubmed/18813134
https://doi.org/10.2217/pgs.09.43
https://www.ncbi.nlm.nih.gov/pubmed/19604092
https://doi.org/10.2174/187231208784040942
https://doi.org/10.2174/187231208784040942
https://www.ncbi.nlm.nih.gov/pubmed/19356079


Ethnicity & Disease, Volume 30, Supplement 1, 2020240

Atypical Antipsychotic Response among Blacks - Jerome et al

55. Tiwari AK, Rodgers JB, Sicard M, et al. 
Association study of polymorphisms in 
cholecystokinin gene and its receptors with 
antipsychotic induced weight gain in schizo-
phrenia patients. Prog Neuropsychopharmacol 
Biol Psychiatry. 2010;34(8):1484-1490. 
https://doi.org/10.1016/j.pnpbp.2010.08.009 
PMID:20732371

56. Tiwari AK, Zai CC, Meltzer HY, Lieberman 
JA, Müller DJ, Kennedy JL. Association study 
of polymorphisms in insulin induced gene 2 
(INSIG2) with antipsychotic-induced weight 
gain in European and African-American 
schizophrenia patients. Hum Psychopharmacol. 
2010;25(3):253-259. https://doi.org/10.1002/
hup.1111 PMID:20373477

57. Greenbaum L, Smith RC, Lorberboym 
M, et al. Association of the ZFPM2 gene 
with antipsychotic-induced parkinsonism 
in schizophrenia patients. Psychopharmacol-
ogy (Berl). 2012;220(3):519-528. https://
doi.org/10.1007/s00213-011-2499-6 
PMID:21947317

58. Greenbaum L, Smith RC, Rigbi A, et al. 
Further evidence for association of the RGS2 
gene with antipsychotic-induced parkinson-
ism: protective role of a functional polymor-
phism in the 3′-untranslated region. Pharma-
cogenomics J. 2009;9(2):103-110. https://doi.
org/10.1038/tpj.2008.6 PMID:18347610

59. Clozapine REMS - Home. Last accessed Janu-
ary 7, 2020 from https://www.clozapinerems.
com/CpmgClozapineUI/home.u 

60. Manu P, Sarvaiya N, Rogozea LM, Kane JM, 
Correll CU. Benign ethnic neutropenia and 
clozapine use: a systematic review of the evi-
dence and treatment recommendations. J Clin 
Psychiatry. 2016;77(7):e909-e916. https://doi.
org/10.4088/JCP.15r10085 PMID:27464332

https://doi.org/10.1016/j.pnpbp.2010.08.009
https://www.ncbi.nlm.nih.gov/pubmed/20732371
https://doi.org/10.1002/hup.1111
https://doi.org/10.1002/hup.1111
https://www.ncbi.nlm.nih.gov/pubmed/20373477
https://doi.org/10.1007/s00213-011-2499-6
https://doi.org/10.1007/s00213-011-2499-6
https://www.ncbi.nlm.nih.gov/pubmed/21947317
https://doi.org/10.1038/tpj.2008.6
https://doi.org/10.1038/tpj.2008.6
https://www.ncbi.nlm.nih.gov/pubmed/18347610
https://www.clozapinerems.com/CpmgClozapineUI/home.u
https://www.clozapinerems.com/CpmgClozapineUI/home.u
https://doi.org/10.4088/JCP.15r10085
https://doi.org/10.4088/JCP.15r10085
https://www.ncbi.nlm.nih.gov/pubmed/27464332

