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Abstract
This umbrella review investigates which genetic factors are associated with drug-related movement disorders (DRMD), in an
attempt to provide a synthesis of published evidence of candidate-gene studies. To identify all relevant meta-analyses, a
literature search was performed. Titles and abstracts were screened by two authors and the methodological quality of included
meta-analyses was assessed using ‘the assessment of multiple systematic reviews’ (AMSTAR) critical appraisal checklist. The
search yielded 15 meta-analytic studies reporting on genetic variations in 10 genes. DRD3, DRD2, CYP2D6, HTR2A, COMT,
HSPG2 and SOD2 genes have variants that may increase the odds of TD. However, these findings do not concur with early
genome-wide association studies. Low-power samples are susceptible to ‘winner’s curse’, which was supported by diminishing
meta-analytic effects of several genetic variants over time. Furthermore, analyses pertaining to the same genetic variant were
difficult to compare due to differences in patient populations, methods used and the choice of studies included in meta-
analyses. In conclusion, DRMD is a complex phenotype with multiple genes that impact the probability of onset. More studies
with larger samples using other methods than by candidate genes, are essential to developing methods that may predict the
probability of DRMD. To achieve this, multiple research groups need to collaborate and a DRMD genetic database needs to be
established in order to overcome winner’s curse and publication bias, and to allow for stratification by patient characteristics.
These endeavours may help the development of a test with clinical value in the prevention and treatment of DRMD.

Background

Treatment with antipsychotics (AP) can provoke drug-
related movement disorders (DRMD) (also known as
extrapyramidal symptoms or EPS), i.e. tardive dyskinesia

(TD), Parkinsonism, akathisia, and acute or tardive dysto-
nia. Dyskinesias are hyperkinetic choreiform involuntary
movements which often fluctuate in severity [1]. Parkin-
sonism is clinically similar to Idiopathic Parkinson disease
with the following core features: tremor, rigidity, bradyki-
nesia [1], and postural instability [2]. Akathisia [2] is both a
subjective inner feeling of restlessness and objective motor
(leg) movements. Dystonia is defined as a syndrome of
sustained muscle contraction, frequently causing twisting
and repetitive movements or abnormal postures [3].

DRMD can be a reason for non-compliance increasing
the risk of a psychotic relapse [4, 5] and some DRMD may
become irreversible [6]. Chronic patients chronically
exposed to AP, particularly when residing in institutional
settings, where drug-adherence monitoring is high and
polypharmacy is common [7].

The prevalence of DRMD amongst patients varies
depending on the type of patient monitored and the rating
scales used, as well as interobserver differences. The pre-
valence is lower in younger patients (32%) [8], but sub-
stantial in chronic patients (68%) [9, 10], of which a quarter
has two types of DRMD [9]. The risk of DRMD is related
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to: (i) the type of AP, dosage and cumulative exposure [1],
and (ii) patient-related factors as sex, age, ethnicity, and
smoking [1, 10–15]. Several meta-analyses showed a
reduced risk of DRMD in second-generation antipsychotics
(SGAs), but not their expected disappearance [6, 16].

DRMD can cause severe impairment in quality of life
[17] and may interfere with daily activities and integration
into society through shame, anxiety and social withdrawal
[18, 19]. Also, a meta-analysis [20] and two recent studies
showed a higher mortality in patients with tardive dyski-
nesia [21, 22].

Pharmacogenetic research works on prevention strategies
by studying different genetic associations with a particular
disorder, bridging the gap between pharmacology and
genetics. Population-based association studies examine
genes that may play a role in the aetiology of a disorder.
These ‘candidate genes’ are selected on a theoretical basis.
For example, high sensitivity for the dopamine-D3 receptor
(DRD3), which is selectively expressed in a brain region
implicated in locomotor function, might be of influence on
DRMD [23, 24]. Using a case-control design, associations
can be revealed through examination of the allelic dis-
tribution in candidate genes.

Since 2005 genome-wide association studies (GWAS) [25]
have been developed which have the advantage of a
‘hypothesis free’ and unbiased approach for examining
new DNA variants, which can clarify unknown pathophy-
siological mechanisms. Several GWAS papers have been
published on DRMD identifying promising genes [26–30],
which do not concur with the candidate genes that have been
studied.

Pharmacogenetic studies may identify genetic risk fac-
tors for DRMD [31, 32], paving the way for individually
tailored pharmacotherapy [33]. To date, numerous papers
have been written on the subject, with inconsistent results
[34–36].

An umbrella review (UR) compares and contrasts find-
ings the highest level of evidence i.e. reviews (including
meta-analyses), provides a robust synthesis of published
evidence and considers the importance of effects found over
time, which may be attributed to the winner’s curse [37, 38].
Furthermore, the pooled data of meta-analyses may increase
the power with more precise estimates.

Given the above considerations, this UR aims to provide
clinicians and healthcare-decision makers with evidence-
based information about candidate genes of DRMD,
recommendations for future prevention and research, and a
clear understanding of a broad topic area, in less time than
would otherwise be required.

The current UR represents a systematic review of meta-
analyses of the candidate genes which are associated with
DRMD, updated over time to account for any possible
winner’s curse [37, 38].

Research objective

To investigate which genetic factors are associated with
DRMD, weighing their effect over time.

A study protocol was registered on PROSPERO (study
id CRD42017069634) before the reviewing process com-
menced [39].

Methods

Search strategy

Choice of candidate genes

We considered genes related to: (i) schizophrenia and
dysregulation of the dopamine system because DRMD can
be associated with schizophrenia [34, 40], (ii) the metabo-
lism of AP because they are partly responsible for DRMD
[41, 42], and (iii) to oxidative stress as DRMDs are related
to damage of the dopamine receptor [34, 43, 44]. The fol-
lowing genes were considered for meta-analyses:

Drug metabolism genes

Cytochrome P450 enzymes CYP2D6, CYP1A2, CYP2C19
and CYP3A4 degrade AP through hydroxylation in the
liver. CYP2D6 and CYP1A2 have been studied the most.
Within CYP2D6 Alleles 2*, 3*, 4*, 5*, 6*, 7*, 10*, 12*,
14*, and 41B* have been researched in meta-analyses, as
well as *1F and *1C in CYP1A2. Both genes are geneti-
cally polymorphic and the allele variations result in differ-
ent Cytochrome-P450-enzyme activity: lower activity leads
to higher drug serum concentrations with potential risk for
dose-dependent side effects; and higher activity leads to
lower serum concentration with lower drug-response
effects. CYP2D6 exhibits various metabolic capacities
resulting in patients being poor-, intermediate-, extensive-
and ultra-rapid metabolizers (PM/IM/EM/UM). PM are
people with two inactive CYP2D6 alleles, IM are homo-
zygous or heterozygous for reduced function alleles (*9,
*10, *14B, *17, *29, *41), EM with two wildtype alleles
(or combinations with *2, *33, *35, *39 alleles) and UM
with multiple copies of certain functional alleles (1, *2,
*35). The CYP1A2 enzyme metabolises several frequently
prescribed SGAs and is seriously inducible by smoking.

Dopaminergic genes

The most consistent associations in candidate-gene studies
of DRMD are observed for the dopamine D3 (DRD3) and
D2 (DRD2) receptor genes [40, 45]. The dopamine-
supersensitivity hypothesis proposed that the continuous
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occupation of dopamine receptors results in an upregulation
of dopamine receptors. This occurs in the basal ganglia
including the extrapyramidal system, making the patient

susceptible for DRMD [40]. The DRD3 contains an
SNP that substitutes serine (Ser) into glycine (Gly)
(Ser9Gly polymorphism, rs6280). Patients with Gly-Gly

Table 1 Search.

Database Search terms Number of articles

Medline (exp pharmacogenetics, exp clinical genetics, exp medical genetics, exp human genetics, exp molecular genetics,
exp gene, exp allele, exp genetics, exp genotype, exp genetic polymorphism, exp single nucleotide
polymorphism, exp genetic association, exp nucleotide sequence, single nucleotide.mp, exp gene frequency, exp
gene locus, exp genetic code, genetic research.mp, exp genetics, exp genetic association study/ or exp genetic
polymorphism/ or exp genetic marker, genetic testing.mp, exp genetic database, exp genetic background, exp
genetic predisposition, exp genetic load, exp gene frequency, exp genotype environment interaction, exp genetic
linkage, exp genome-wide association study, exp DNA, exp genome, exp whole genome sequencing, whole
genome.mp, gwas.mp, exp gene expression/ or exp epigenetics/ or exp epigenesis, exp whole genome
sequencing, WGS.mp.) AND (basal ganglia disease.mp, exp extrapyramidal syndrome, exp dopamine, exp
extrapyramidal system, exp brain, exp corpus striatum, movement disorder.mp, exp motor dysfunction, exp
tardive dyskinesia, exp parkinsonism, exp akathisia, exp dystonia, tardive dyskinesia.mp, dystonia.mp,
akathisia.mp, parkinsonism.mp.) AND (adverse effect.mp, exp adverse drug reaction, exp drug therapy,
therapeutics.mp, exp drug induced disease, neuroleptic induced.mp, exp atypical antipsychotic agent/ or
antipsychotic induced.mp, typical antipsychotic.mp, first generation antipsychotic.mp, second generation
antipsychotic.mp, antipsychotic.mp, neuroleptic.mp, drug induced.mp, exp drug toxicity, drug related side
effects.mp, exp side effect, exp chemically induced disorder, adverse drug reaction systems.mp, drug related.mp,
psycho*.mp, psychotic disorder.mp. or exp Psychotic Disorders, exp Bipolar Disorder/ or exp Schizophrenia/ or
schizo*.mp, bipolar.mp) AND (meta analyses.mp, exp Meta-Analysis, meta analysis.mp.)

250

Embase (exp pharmacogenetics, exp clinical genetics, exp medical genetics, exp human genetics, exp molecular genetics,
exp gene, exp allele, exp genetics, exp genotype, exp genetic polymorphism, exp single nucleotide
polymorphism, exp genetic association, exp nucleotide sequence, single nucleotide.mp, exp gene frequency, exp
gene locus, exp genetic code, genetic research.mp, exp genetics, exp genetic association study, exp genetic
polymorphism, exp genetic marker, genetic testing.mp, exp genetic database, exp genetic background, exp
genetic predisposition, exp genetic load, exp gene frequency, exp genotype environment interaction, exp genetic
linkage, exp genome-wide association study, exp DNA, exp genome, exp whole genome sequencing, whole
genome.mp, gwas.mp, exp gene expression, exp epigenetics, exp epigenesis, exp whole genome sequencing,
WGS.mp) AND (basal ganglia disease.mp. or exp extrapyramidal syndrome, exp dopamine, exp extrapyramidal
system, exp brain, exp corpus striatum, movement disorder.mp, exp motor dysfunction, exp tardive dyskinesia,
exp parkinsonism, exp akathisia, exp dystonia, tardive dyskinesia.mp, parkinsonism.mp, akathisia.mp,
dysthonia.mp) AND
(adverse effect.mp. or exp adverse drug reaction, exp drug therapy, therapeutics.mp, exp drug induced disease,
neuroleptic induced.mp, exp atypical antipsychotic agent, antipsychotic induced.mp, typical antipsychotic.mp,
first generation antipsychotic.mp, second generation antipsychotic.mp, antipsychotic.mp, neuroleptic.mp, drug
induced.mp, exp drug toxicity, drug related side effects.mp, exp side effect, exp chemically induced disorder,
adverse drug reaction systems.mp, drug related.mp, exp Bipolar Disorder, bipolar.mp, exp Psychotic Disorders,
exp Schizophrenia, schizo*.mp, psycho*.mp) AND (meta analysis, meta analys#s.mp)

759

Psychinfo (exp Genetics, pharmacogenetics.mp, clinical genetics.mp, medical genetics.mp, human genetics.mp, molecular
genetics.mp, exp GENES, gene.mp, exp ALLELES, allele.mp, genotype.mp, exp GENOTYPES, genetic
polymorphism.mp, single nucleotide polymorphism.mp, genetic association.mp, nucleotide sequence.mp, single
nucleotide.mp, gene frequency.mp, gene locus.mp, genetic code.mp, genetic research.mp, genetic association
study.mp, genetic polymorphism.mp, genetic marker.mp, exp Genetic Testing, genetic database.mp, genetic
background.mp, genetic predisposition.mp, genetic load.mp, gene frequency.mp, genotype environment
interaction.mp, exp Genetic Linkage, genome wide association study.mp, exp DNA, exp GENOME, whole
genome sequencing.mp, whole genome.mp, gwas.mp, exp Gene Expression, whole genome sequencing.mp,
WGS.mp, exp epigenetics, exp epigenesis)
AND (exp Basal Ganglia, exp Movement Disorders, basal ganglia disease.mp, exp Extrapyramidal Tracts, exp
Extrapyramidal Symptoms, extrapyramidal syndrome.mp, exp DOPAMINE, extrapyramidal system.mp, exp
BRAIN, corpus striatum.mp, exp Basal Ganglia, exp Movement Disorders, motor dysfunction.mp, exp Tardive
Dyskinesia, exp PARKINSONISM,exp AKATHISIA, dystonia.mp, tardive dyskinesia.mp, parkinsonism.mp,
akathisia.mp, akathisia.mp)
AND (exp Drug Therapy, exp “Side Effects (Drug)”, adverse effect.mp, therapeutics.mp, drug induced disease.
mp, exp Neuroleptic Drugs, neuroleptic induced.mp, atypical antipsychotic agent.mp, antipsychotic induced.mp,
typical antipsychotic.mp, first generation antipsychotic.mp, second generation antipsychotic.mp, anti psychotic.
mp, neuroleptic.mp, drug induced.mp, drug toxicity.mp, related side effects.mp, chemically induced disorder.
mp, adverse drug reaction systems.mp, drug related.mp, psycho*.mp, exp Schizophrenia, exp Bipolar Disorder,
psychotic disorder.mp, schizo*.mp, bipolar.mp) AND (meta analysis.mp, exp Meta Analysis, meta analyses.mp)

103
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homozygosity or heterozygotes have a four times
higher affinity for dopamine3 ligand (D3 ligand) than
Ser-Ser genotypes [34]. The DRD2 contains three SNPs that
have been studied by meta-analysis. The DRD2 Taq1A
polymorphism (rs1800497) is located in the bordering in the
ANKK1 gene, which is involved in signal transduction
[46]. Patients with A1A1 or A1A2 genotypes have a
lower D2-receptor count in the striatum compared with
A2 heterozygotes. DRD2 -141C Ins/del (rs1799732)
has been reported to reduce DRD2 promotor activity
in vitro and an increase in striatal D2 binding in vivo
[40], while Ser311Cys (rs1801028) affects intracellular
signalling [47].

Dopamine activity is terminated by dopamine reuptake
transporters and by metabolic degradation via catechol-O-
methyltransferase (COMT). The COMT gene contains an
SNP (Val158Met, rs4680) and it leads to valine changing to
methionine [34]. The met allele results in a less active and
less stable enzyme and therefore more dopamine stays
present in the synapse. Due to the high levels of dopamine
in the prefrontal cortex, negative feedback results in lower
dopamine levels in other parts of the brain. Whether COMT
influences the risk of TD by higher free radical formation or
postsynaptic dopamine receptor super sensitivity is not yet
known [40].

Serotoninergic genes

Serotonin plays an important role in dopaminergic neuro-
transmission regulation and genetic variation and the gene
encoding the 5-HT2A receptor (5HTR2A) may impact
DRMD. 5-HT2A receptors in the striatum and substantia
nigra exert an inhibitory effect on dopamine in the nigros-
triatal pathway, which could result in a decrease of DRMD,
in patients on AP. This could explain why some SGAs,
which act more on serotonergic neurons, may have a lower
potency for TD [43]. Of the HTR2A SNPs, 102T/C (rs6313)
and His452Tyr (rs6314) are the most researched.

Oxidative stress genes

Oxidative stress and free radicals play a significant role in
oxidative damage and cell death and can occur when using
AP [43]. Using AP, repeated exposure to free radicals
occurs while the antioxidant system is not sufficiently
equipped to counteract this, causing permanent neuronal
damage. This hypothesis is known as the “neuronal
degeneration hypothesis“ [48].

Superoxide-dismutase-2 gene (SOD2) codes for super-
oxide dismustase enzyme which is involved in mitochon-
drial oxidative metabolism [34]. SOD2 is an enzyme that
prevents the formation of free radicals [33]. The SOD2
contains a functional SNP (Ala9Val, rs4880) affecting

SOD2 activity. Contrary to expectation, the less effective
Val allele was found to be protective for TD [34]. NADPH
(quinine oxidoreductase 1:NQO1) is also involved in the
detoxification of superoxide radicals and carries a functional
polymorphism (Pro187Ser, rs1800566). Compared with the
Pro/Pro-wildtype patients with the Ser/Ser genotype hardly
produce any NQO1 protein (2–4%).

Other genes

Brain-derived neurotropic factor gene (BDNF)

BDNF maintains and promotes DRD3 expression [49]. It
positively affects neuronal growth, survival, and differ-
entiation [50]. Several studies have shown that schizo-
phrenia patients with TD had lower plasma BDNF than
patients without TD [49]. BDNF contains an SNP (rs6265),
which has been reported to affect human episodic memory
and neuronal function [51].

HSPG2 gene

The HSPG2 gene encodes perlecan, which binds to various
basement membrane proteins, such as collagen IV and to
cell-surface receptors [52]. The HSPG2 rs2445142 G allele
was found to be the risk allele for TD in a GWAS on 86
Japanese schizophrenia patients with treatment-resistant
TD. This allele was also associated with an increase in
gene expression in human prefrontal cortical tissues.
HSPG2 deficiency led to fewer vacuous chewing move-
ments in a mouse model of TD [53].

Search

Medline, Embase and Psychinfo were searched from
inception up to 23-09-2019 using various search terms and
their synonyms (Table 1). Titles and abstracts were scanned
for potentially eligible reviews by two authors (NB, PRB),
before retrieving full articles. Results without “meta-ana-
lysis” in the title or abstract were excluded. No language
restrictions were applied. Conflicting judgements were
resolved by discussion to reach consensus, otherwise
checked by a third reviewer (AH). Two review authors (NB,
PRB) hand searched the reference lists of the relevant
articles retrieved (Fig. 1).

Critical appraisal

Two review authors (NB, PRB) assessed the methodologi-
cal quality of included meta-analyses, using the ‘assessment
of multiple systematic reviews’ (AMSTAR) critical
appraisal checklist [54]. The AMSTAR instrument assesses
the quality of systematic reviews and meta-analyses.
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Results

The search yielded 15 meta-analytic studies and consensus
was obtained. No additional studies were found by cross-
referencing (Table 2). The meta-analyses found, considered
various SNPs in 10 candidate genes related to TD: DRD2,
DRD3, HTR2A, CYP1A2, CYP2D6, SOD2, COMT, NQO1,
BDNF and HSPG2. One meta-analysis [41] also included
parkinsonism, akathisia and acute dystonia in addition to
TD in the analysis.

Drug metabolism genes

Patsopoulos et al. [42] demonstrated, with a meta-analysis
of eight studies on CYP2D6 and TD, a moderate effect of
any loss of function (LF) alleles on TD (odds ratio (OR=
1.43)). LF alleles were grouped owing to the major effect
on the function of the protein, and to the sample size, in
which comparing the relative risk between alleles was not
possible. Seven of the eight studies examined white
patients. Subjects received a variety of AP, including both
first-generation AP (FGAs) and SGAs. Information on sex
distribution was available in only three studies. Three out
of eight studies were not in Hardy–Weinberg Equilibrium
(HWE) (P= 0.03, P= 0.001 and P < 0.001, respectively)
and they were excluded after sensitivity analyses. The

Hardy–Weinberg law states that in a large random mating
population at equilibrium genotype frequencies are func-
tions of allele frequencies, and that genotype frequencies
can be predicted by allele frequencies. Therefore significant
deviations from HWE predictions could stem from popu-
lation stratification, selection bias and genotyping errors. If
HWE is violated, the inferences of these studies may thus
be biased [55]. Heterogeneity was not present, and no
check for publication bias was performed (Table 2). Het-
erozygotes for CYP2D6 LF alleles and thus PM had an OR
of 1.50 for TD compared with wildtype (Wt) homozygotes
(Wt/Wt). The summary OR had been stable and not
changing in the same direction over time. There was evi-
dence that the strength of the association between TD and
LF alleles was more prominent in small studies, whereas it
was diminished in larger studies. Another meta-analysis of
four studies on TD did not find an increase of risk for TD,
except when only prospective studies were considered,
showing that heterozygotes had an increased odds for TD
(OR= 2.08) when compared with the wild type/wild type
genotype, i.e. alleles *1 and *2 (Table 2) [41]. In this study,
alleles were also considered functional (wild type) or
mutant and metaboliser status was not distinguished.
Incomplete data on HWE was given with two out of four
studies checking for HWE and publication bias was not
mentioned. There was no evidence for heterogeneity. These

PubMed
n=250

Psychinfo
n=103

EMBASE
n=759

n=1112

Exclusion of doubles

n=904

Inclusion based on screening 
title en abstract.

Inclusion criteria:
- Study design: Meta-analyses
- Language: All
- Domain: patients with DRMD
- Determinant: genetics
Exclusion criteria:
- Non-human
- Non-psychiatry n=19

Full text not 
available: n=0

n=19

n=15

Inclusion based on full 
text: 4 non-psychiatry

paper excluded

Addition of relevant 
references: n=0

n=15Date search: 23-09-2019

Fig. 1 Flowchart.
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four studies had also been included by Patsopoulos et al.
[42].

Three out of four abovementioned studies had a small
sample size (26 TD patients or less). One study included
110 Asian patients with TD. Thus, most patients in the
meta-analyses were of Asian descent. Subjects received
FGAs or SGAs or both (Table 3). Patients who were
mutation carriers had an OR of 1.83 compared with Wt/Wt.
Patients who had a wild type/mutation (Wt/mut) CYP2D6
genotype were more likely to develop parkinsonism than
patients with wild type/wild type (Wt/Wt) genotype (OR=
1.64). No association between CYP2D6 and akathisia or
acute dystonia was found.

The CYP1A2 enzyme metabolises SGAs clozapine and
olanzapine and is inducible by smoking. CYP1A2 contains
two studied SNPs: CYP1A2*1F and CYP1A2*1C. In the
analyses of CYP1A2*1F six studies were included, four out
of six studies included Asians only [40]. The type of AP
administered and sex of subjects were not mentioned. No
publication bias or heterogeneity was present (Table 3). It
was not mentioned whether the study groups were in HWE.
Bakker et al. [40] found no increased risk for TD for the
CYP1A2*1F polymorphism even when the groups were
confined to smokers, Asians or both; Asian are known to
have lower CYP1A2 activity (Table 2) [40]. In the
CYPA2*1C meta-analyses two studies were included, con-
taining all Asian subjects. Heterogeneity and/or publication
bias was not mentioned. Bakker et al. [40] found no
increase risk in for the CYP1A2 gene when studying SNP
CYPA2*1C (Table 2) [40].

Dopamine system genes

A meta-analysis [56] pooled eight studies on DRD3 (Ser9Gly
polymorphism, rs6280), with 97% white subjects, yielding a
pooled OR of 1.33, indicating moderately increased risk of
developing TD (Table 2). In 23 of 317 patients TD was
assessed clinically. For two study groups of patients in the
meta-analyses, only data of abstract could be used. The type
of AP was not mentioned and the meta-analysis had a low
AMSTAR score. HWE was checked and the TD groups from
Jerusalem and Nithsdale, were not in HWE. There was no
heterogeneity, or publication bias. (Table 3). Bakker et al.
[45] calculated a pooled OR of 1.17 for carrying the Gly allele
and TD, in 12 studies (Table 2). In total 7 studies included
only Asian subjects (Table 3). Bakker et al. conducted an
ethnic stratified, meta-analysis describing in carriers of the
Gly allele an OR of 1.07 for TD in all studies including
Asians, and 1.39 in non-Asians [45]. HWE was checked: one
study was not in equilibrium, whilst another did not report on
HWE. There was no heterogeneity, or publication bias.
Similarly, a meta-analysis of eight studies in Asians [57]
found no significant effect on OR for TD (Table 2).

Utsunomiya et al. [57] excluded four studies with only white
subjects and one study with only Jewish subjects included by
Bakker et al. [40]. The analysis was adjusted for age and sex.
However, the meta-analyses showed a low AMSTAR score
of two (Table 3). HWE and publication bias were not
checked. A meta-analysis by Tsai et al. [58] pooled data from
13 studies, of which eight conducted with Asians (59%),
showed a non-significant decrease in odds (OR= 0.93)
(Tables 2 and 3). Although the meta-analyses of Bakker et al.
[45] and Tsai et al. [58] were similar in demographic com-
position and other important variables, the number of subjects
with TD were different, i.e. 695 and 928, respectively. One
study was not in HWE. Tsai et al. [58] found a significant
publication bias and heterogeneity.

Bakker et al. [40] conducted a meta-analysis of four arti-
cles, considering DRD 2 Taq1A SNP (rs1800497), containing
297 TD patients (57% Asian descent). Using A1/A1 genotype
as a reference point, the pooled ORs were 1.80 and 1.15 for
A2/A2 and A1/A2 genotypes, respectively, indicating a higher
risk for patients with the A2 allele (Table 2). Groups were in
HWE; one study did not inform on HWE. MAF differed
between the ethnic groups. There was no evidence for het-
erogeneity or publication bias. A second meta-analysis con-
ducted by Zai et al. [47], with 507 TD subjects in six studies,
found a higher A2 frequency in TD patients (effect size 1.30)
and a higher A2/A2 genotype frequency in TD patients (effect
size 1.50) compared with patients without TD (Table 2).
Ethnicity, age, and sex ratio did not contribute to the results
observed (Table 3). Significant heterogeneity or publication
bias was not present and HWE was not examined.

Another SNP polymorphism in DRD2 studied in the meta-
analysis by Bakker et al. [45] was the Ser311Cys poly-
morphism (rs1801028). The four studies included 341 cases of
TD, with 84% of patients being Asian (Table 3). A non-
significant pooled OR was found for the genotypes for
Ser311Cys (Table 2). Publication bias or heterogeneity was not
observed and HWE was not mentioned in either meta-analysis.

Bakker et al. [40] studied the -141C Ins/Del poly-
morphism (rs1799732) in four studies consisting of 297
patients, no significant association between TD and this
polymorphism was observed (Table 2). All studies used
AIMS for observation of TD. A similar meta-analysis by
Zai et al. [47] concluded in the same result. Both meta-
analyses reported no publication bias or heterogeneity.
HWE was not mentioned in either meta-analyses.

Catechol-O-methyltransferase (COMT)

To date, three meta-analyses have been performed on
polymorphism rs4680 (Val158Met). Bakker et al. [40]
pooled five studies (382 patients with TD and all Asian) and
concluded in an OR of 0.63 of Met-Val genotype when
comparing to Val-Val homozygotes (OR= 0.63) (Table 2).
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The met allele results in a less active and less stable enzyme
and it is hypothesised that patients with the met allele have a
higher risk of TD. Three studies were in HWE, one study
was not and one study did not report on HWE. No het-
erogeneity was present in the genotypic comparisons
(Table 3). Zai et al. [59] performed a meta-analysis of seven
patient groups (553 with TD), including the five articles
analysed by Bakker et al. [40] and adding a Korean study
and an own present study consisting of white and black
subjects. Zai et al. performed a sex-stratified meta-analysis,
39% being female, and found a significant association
between the Val/Val genotype and TD occurrence (OR=
1.63), only in females (Table 2). All but one of the studies
were in HWE. There was no evidence for heterogeneity or
publication bias. The largest meta-analysis was performed
by Lv et al. [60], who included 11 studies (nine of which
included only Asian patients) with 1206 TD cases; they
included all studies that had been used in the meta-analysis
by Zai et al. [59] and Bakker et al. [40]. They additionally
included four large Chinese samples. The overall pooled
results indicated no significant association between COMT
Val158Met gene polymorphism (rs4680) and TD (Table 2).
They conducted a subgroup analysis by ethnicity and the
conclusion did not change. No publication bias was found.
A mild to moderate degree of heterogeneity was present and
one study did not report on HWE (Table 3). In all studies,
MAF differed between ethnic groups.

Serotonin system genes

The HTR2A gene T102C (rs6313) SNP is the most exten-
sively researched. A pooled analysis of 635 patients with
DRMD in six studied groups showed an OR of 1.64,
indicating a significant increase in risk of orofacial TD for
patients with a C allele compared with the T allele (wild
type) [61] (Table 2). This result remained after controlling
for age and sex. The T102C genotype was significantly
associated with TD in older patients and in patients with
non-orofacial TD. One of the six study groups (the largest:
containing 88 patients) was not in HWE, publication bias
was not analysed and heterogeneity was not present.
Another SNP (His452tyr, rs6314) in the same study did not
contribute on its own but did become significant
when coupled to the T102C SNP [61] (Table 2). The
authors stress the importance of considering the SNPs in
the context of a panel of polymorphisms associated
with DRMD.

Oxidative stress

A meta-analysis including four studies (134 patients with
TD) found a significant overall protective effect of the Val9
polymorphism (rs4880) for TD in the SOD2 gene (OR 0.37Ta
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for Ala-Val heterozygotes) [40] (Table 2). Bakker et al. [40]
excluded two studies due to the use of Polish language [62],
and not reporting on data [63]. Three out of the four studies
consisted of only Asian patients. One study was not in
HWE, and there was evidence for overall publication bias
(Table 3). However, in a second meta-analysis done by Zai
et al. [64], including 484 TD patients in nine study groups,
no increased odds were found. The three out of five extra
included studies were published after the search by Bakker
et al. [40] search was completed. Zai et al. [64] included the
studies excluded by Bakker et al. [40] but later excluded
these studies due to heterogeneity. The studies included
were in HWE, and no publication bias or heterogeneity in
the meta-analysis was found after the exclusion of the two
studies. The largest meta-analysis concerning SOD2 was
done by Wang et al. [65] and included ten studies (7 of
which had only Asian patients) with 676 TD patients. Three
out of ten studies had not been included in the meta-analysis
published by Zai et al. [64]. HWE was checked in all studies
(Table 3), but not reported. There was no significant asso-
ciation between Ala9Val alleles and TD (OR 0.90 CI
0.76–1.06) (Table 3). No publication bias was observed,
however, heterogeneity was considerable.

Zai et al. [64] meta-analysed six studies including 493
TD patients who were genotyped for NQO1 Pro187Ser
(rs1800566). All studies were in HWE. Heterogeneity was
found and the oldest study was excluded because it showed
an opposite trend to the other later studies. There was no
evidence for publication bias. Four out of six studies
included Asian patients exclusively (Table 3). Ethnicity and
sex ratio did not have any influence on the results observed.
The allelic, and genotypic results remained insignificant
(Table 2).

Other genes

BDNF

Miura et al. [66] meta-analysed six studies reporting on
Val66Met (rs6265) of BDNF. All studies together encom-
passed 1740 patients, 720 with TD, 26.9% female and 83%
Asian (Table 3). There was no significant association
between the Val66Met polymorphism and TD when com-
paring met carriers and non-met carriers (Table 2). MAF
differed between the Asian and white groups. All studies
were in HWE, and there was no heterogeneity or publica-
tion bias (after correction). They performed an-a-priory-
defined-subgroup analyses by race, Asians vs. white, which
showed no significant increase in TD occurrence. However,
a higher AIMS score was found in white subjects who were
met allele carriers versus met non-carriers, they consisted of
a small group of patients. This was not found with the
Asian group.

HSPG2 gene

A meta-analysis [67] found a significant association of the
G allele (rs2445142) with TD occurrence (OR 1.51
[1.22–1.86]) (Table 2). It was not stated which allele was
compared. Because the Taqman assay does not detect G to
A changes we assume the allele in comparison was the C
allele. All studies were in HWE. Much of the appeared
effect seemed to originate from the original dataset, which
concluded in an OR of 2.25 (1.55–3.27). Six of the seven
studies used AIMS criteria and 34% of patients were
female. No heterogeneity or publication bias was found.
Carriership frequencies were not stated (Table 3).

Discussion

Summary of findings

The current UR provides a synthesis of different published
reviews relevant to a specific question. We found 15 meta-
analyses of various SNPs in 10 candidate genes of which
seven genes (DRD3, DRD2, CYP2D6, HTR2A, COMT,
HSPG2, and SOD2), appeared to show a degree of asso-
ciations with TD, and CYP2D6 with Parkinsonism. Of the
seven genes CYP2D6 showed the strongest association with
DRMD, followed by DRD2, HTR2A, HSPG2, DRD3,
SOD2 and COMT. No suggestive or significant associations
were found with akathisia or tardive dystonia.

Specific genetic findings

Despite differences in methodology size and ethnic com-
position between the two meta-analyses on CYP2D6
[41, 42], both found a higher risk of TD in subjects with Wt/
mut genotype vs. Wt/Wt genotype and there is evidence that
an LF allele increases the risk of TD. In the Patsopoulos
et al. [42] meta-analyses all LF alleles were grouped
because of (i) major effect on the function of the enzyme
and (ii) sample size, in which comparing the relative risk
between the alleles was not possible. In the meta-analysis
by Fleeman et al. [41], alleles were also considered to be
mutant or Wt. Because the alleles were grouped, the risk of
DRMD could not be distinguished in PM/IM/EM/UM in
this UR. Patsopoulos et al. [42] found a stronger association
between TD and LF alleles in CYP2D6, when the smaller
studies included in his meta-analysis were considered. The
larger OR in the meta analysis by Fleeman et al. [41], could
be explained by the larger amount of small studies, when
compared with Patsopoulos et al. [42] meta-analysis. Three
out of the four studies included by Fleeman et al. [41] had
small sample sizes (26 TD patients or less) which could
have strongly influenced the meta-analysis.

2246 N. C. van der Burg et al.



Bakker et al. [40] Is the only one who studied both
CYP1A2*1F and CYP1A2*1C alleles (Table 3). It is pos-
sible that the non-significant results, also after stratification
by ethnicity and smoker status, are due to CYP1A2 not
impacting the risk of TD and/or low study power.

The 13 studies and four meta-analyses on DRD3 Ser9Gly
(rs6280) polymorphism show conflicting results, which
could be due to the underlying ethnic differences between
the study groups [45, 56–58] (Table 2). An ethnicity-
stratified meta-analysis by Bakker et al. [45] showed an OR
of 1.39 [1.07–1.81] in non-Asians but a non-significant OR
in Asians. In Asians, the Gly allele was found to be pro-
tective for TD, contrary to the white subjects. This stresses
the importance of ethnic stratification in analysis.

Two meta-analyses on DRD2 Taq1A polymorphism
(rs1800497), [40, 47] showed similar significant results
(Table 2), although they differed methodically (Table 3). It
is likely DRD2 Taq1A polymorphism influences the
risk of TD.

COMT is one of the most researched genes in TD with
11 studies and three meta-analyses [40, 59, 60]. The results
provide some support for the hypothesis that the COMT
impacts risk of TD, possibly depending on race and sex.
Within the three meta-analyses, not all included studies
were in HWE, which could influence results of all three
meta-analyses by faults as selection bias, population strati-
fication, and genotyping errors. This could explain the
mixed findings between the meta-analyses (Table 3) [55].
Zai et al. [59] states that the mixed findings of the different
studies on COMT could be due to the possibility that the
Val158Met (rs4680) SNP is sex-specific (and estrogen
influenced), emphasising the need for sex-specific analyses,
not only in TD but also in other psychiatric disorders.

The only meta-analyses on two HTR2A SNPs demon-
strated a small increase in TD in C allele carriers of rs6314
SNP and replication is needed. Lerer et al. [61] combined
rs6314 to rs6313 (His452Tyr), making the non-significant
separate SNPs a significant result in joint contribution. The
low MAFs in several ethnic groups of rs6313 would require
much larger samples to detect an association. Lerer et al.
[61] stressed that combining polymorphisms could increase
the knowledge of the polygenetic basis of the complex
phenotype of TD.

One meta-analysis was performed on NQO1. [64] and
the non-significant results could be due to NQO1 not
playing a major role in the pathogenesis of TD or that the
sample size was insufficient with the low MAFs in the white
and black subjects (Table 3). Zai et al. [64] additionally
studied the 9Val polymorphism (rs6314) in SOD2. In con-
trast to Bakker et al. [40], Zai et al. [64] did not find any
significant effect. The disappearance of the significant
results could be caused by ‘winners curse’ [37]. The
same inconclusive result was reported in the next large

meta-analysis [65], however, heterogeneity in this study
was high, which could have influenced the results (Table 3).

In the BDNF meta-analyses [66] 83% of patients were of
Asian ethnicity, and when only white patients were studied,
significant differences in AIMS scores were found between
met carriers and non-met carriers (Hedges’g= 0.253), there
was no increase in the risk of TD. An ethnically stratified
analysis may uncover group-specific effects, but to date
there is no strong evidence of BDNF genetic variation
driving risk of TD.

Zai et al. [67] studied the HSPG2 after positive results in
GWAS studies on the perlecan-coding gene and designed a
methodologically robust meta-analysis (Table 3). Much of
the effect seemed to originate from the original dataset and
the findings could thus be more relevant in Asians, in which
the original findings were found. Ethnically stratified ana-
lyses could investigate whether the HSPG2 gene plays a
role in the risk of TD.

Methodological issues

In several meta-analyses studied, it became apparent that
meta-analytic effects were smaller or insignificant, could
not be replicated or appeared ethnically divergent. There are
several possible explanations for the effects becoming
smaller or insignificant. First, the so-called ‘winners curse’
may cause overestimation of genetic effect size in initial
studies followed by low power in inconclusive follow-up
studies [37]. Second, the choice of inclusion of certain
studies in the meta-analyses may impact the overall out-
come, for example, the inclusion of small studies or the
inclusion of ethnically homogeneous or diverse studies.
Third, checking for heterogeneity, publication bias, and
HWE is essential for accurate results—all these factors can
impact meta-analytical results. Fourth, for certain SNPs, the
effect disappeared when more Asian patients were included
in the analyses (e.g. Ser9Gly in DRD3). Covert ethnic
stratification may exist within a defined ethnic population
resulting in spurious association due to differences in allele
frequencies and risk of DRMD. Association studies should
be replicated controlling population stratification [68]. Fifth,
in earlier studies, a higher proportion of patients were
treated with FGAs than SGAs and patients may have
received higher doses of AP, which may affect the rate of
TD and thus increase power differentially. Finally, the
concealed inclusion of more or fewer women could differ-
entially impact the risk of TD.

The low ORs observed in the current UR are consistent
with multiple genetic variants impacting complex pheno-
types. To date, there has been little work in DRMD phar-
macogenetics on the combined effects of multiple
variations. Several reports [69, 70] attempted to use several
genes to predict pharmacogenetic phenotypes, yielding
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some suggestive findings. However, larger patient samples
are required, making this study design challenging. GWAS
represent significant innovation. This technique allows
hypothesis-free analyses and has shown suggestive asso-
ciations with DRMD in several genes e.g. HSPG2 [53],
DPP6 [30], ZNF202 [26] and eight genes in the GABA-
signalling pathway [29]. Thus, the genes identified in
GWASs of DRMD do not concur with candidate genes,
which confirms that candidate-gene studies are prone to
false-positive findings and subsequent winner’s curse [71].

Strengths

The current UR has several strengths. First, A study protocol
was registered on PROSPERO (study id CRD42017069634)
before the reviewing process commenced [39].

Second, by judging meta-analyses by AMSTAR criteria,
the most accurate quality assessment possible was achieved,
e.g. judging the meta-analyses on publication bias and
heterogeneity. Third, an extensive search was conducted
and presumably no meta-analyses on DRMD were missed.
Fourth, all references of the search were checked and
selected by two authors (NB, PRB) and both authors scored
the AMSTAR criteria [54]. Fifth, HWE was checked for all
studies included in the UR and conclusions were made by
accounting for HWE. Sixth, by conducting the current UR
umbrella, meta-analyses were systematically assessed and
critically compared. In this way only the highest level of
evidence was assessed.

Limitations

The current UR has several limitations. First, the meta-
analyses overlapped, which is not to be avoided, but must be
taken into account when judging the ORs. Second, the
included meta-analyses were judged by AMSTAR criteria,
but AMSTAR criteria had not been established before 2014,
and most of the authors could not judge the studies by formal
quality assessment [72]. Therefore, several items could not be
scored and AMSTAR total scores varied extensively between
the included meta-analyses from “2” (low) to “7” (medium)
[54]. Third, comparison between meta-analyses of the same
gene was complicated because newer studies introduced
ethnic groups other than White which could have resulted in
covert ethnic stratification.

Pharmacogenetic studies may pave the way for perso-
nalised medicine. In clinical practice, CYP2D6 is already
being tested to determine metabolizer status. The objective
of pharmacogenetic research is to develop clinically useful
genetic tests that may identify patients at high risk for
adverse effects of the medication. However, research in

polygenic, multifactorial inheritance needs to overcome
methodological problems, e.g. sample heterogeneity, small
effects of multiple genes, (epi-) genetic interactions, pleio-
tropy, and small sample size [73]. The modest effects of
multiple genetic variants should not be underestimated, as
polygenetic epigenetic effects contribute to the higher risk
of TD. That is why the different polymorphisms cannot be
considered individually, results are not very useful and
should be interpreted with caution.

Collaboration initiatives are warranted, like large-scale
programs in cancer research, which have pushed the geno-
mics technology to new levels and have organised common
standards and coordination on an international scale. This
way, research overlap and redundancy can be minimised, and
the value of data can be increased through comparison [74].
Progress in molecular pathology studies and their decreasing
cost, increasing speed, and more comprehensive evaluation
(from gene sequencing to expression profiles and proteomics)
have encouraged their usage in different fields [75]. Rare
variants detected by these next-generation sequencing tech-
nologies may yield a stronger signal than GWAS approaches.
To date, the most modern techniques have not been used in
the science of DRMD to work towards genomic personalised
medicine. In the future, larger study samples are required to
help find genetic information that may predict the probability
of DRMD. Preferably longitudinal GWAS studies should be
done which take gene-environment interactions into account
and results should be placed in a DRMD database to over-
come publication bias.

In conclusion, by conducting the current UR we suc-
ceeded in applying an integrated approach and in the pos-
sibility of showing effects that otherwise would not have
been clear e.g. the effect of the choice of studies included in
meta-analytic results. The effects of most SNPs were too
small and varied to identify vulnerability for DRMD, and
did not concur with GWAS work on DRMD. The UR does,
however, provide clinicians with evidence-based informa-
tion regarding the candidate genes that are thought to be
associated with DRMD.
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