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REVIEW

An update on the pharmacogenetic considerations when prescribing dopamine 
receptor agonists for Parkinson’s disease
Pedro Ayusoa, Félix Javier Jiménez-Jiménez b, Javier Gómez-Tabalesa, Hortensia Alonso-Navarrob, Elena García- 
Martína and José A. G. Agúndeza 

aUniversidad de Extremadura, University Institute of Molecular Pathology Biomarkers, Cáceres, Spain; bSection of Neurology, Hospital Universitario 
del Sureste, Arganda del Rey, Spain

ABSTRACT
Introduction: Parkinson’s disease is a chronic neurodegenerative multisystemic disorder that affects 
approximately 2% of the population over 65 years old. This disorder is characterized by motor symp
toms which are frequently accompanied by non-motor symptoms such as cognitive disorders. Current 
drug therapies aim to reduce the symptoms and increase the patient’s life expectancy. Nevertheless, 
there is heterogeneity in therapy response in terms of efficacy and adverse effects. This wide range in 
response may be linked to genetic variability. Thus, it has been suggested that pharmacogenomics may 
help to tailor and personalize drug therapy for Parkinson’s disease.
Areas covered: This review describes and updates the clinical impact of genetic factors associated with 
the efficacy and adverse drug reactions related to common medications used to treat Parkinson’s 
disease. Additionally, we highlight current informative recommendations for the drug treatment of 
Parkinson’s disease.
Expert opinion: The pharmacokinetic, pharmacodynamic, and safety profiles of Parkinson’s disease 
drugs do not favor the development of pharmacogenetic tests with a high probability of success. The 
chances of obtaining ground-breaking pharmacogenetics biomarkers for Parkinson’s disease therapy 
are limited. Nevertheless, additional information on the metabolism of certain drugs, and an analysis of 
the potential of pharmacogenetics in novel drugs could be of interest.
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1. Introduction

Parkinson’s disease (PD) is a chronic neurological disorder that 
represents the second most common neurodegenerative dis
ease present today. Currently, PD affects up to 2% of the 
population over 65 years old, its prevalence being higher in 
men than in women [1]. The global prevalence of PD has 
increased by 155.5% in the past 25 years, with over 
8.5 million PD patients in 2019, and it is projected to reach 
over twelve million in the next 20 years [2]. Current trends 
reveal that the number of years that an individual lives with 
a disability caused by PD has increased by 154.7% since 1990. 
This increase, based on higher life expectancy of PD patients, 
has created an enormous economic burden for health systems 
and for the people in charge of patient care [2].

The clinical course of the disorder is progressive and char
acterized by motor symptoms such as bradykinesia, rigidity, 
resting tremor, walking disorder, and postural instability. 
These symptoms are commonly accompanied by non-motor 
symptoms which include depression, insomnia, autonomic 
dysfunctions, and cognitive disorders [3]. The main underlying 
pathological mechanisms are distinguished by intracellular 
aggregation of α-synuclein, which forms Lewy body inclusions, 
as well as a gradual loss of dopaminergic neurotransmission, 
which first occurs in the substantia nigra pars compacta, but 

later becomes more widespread as the disease progresses, 
leading to a deficiency of dopamine levels in the striatum 
[4]. The neurodegenerative process involving neurons from 
locus coeruleus, vagus dorsal motor nucleus, and raphe nuclei 
has been postulated as being responsible for the non-motor 
symptoms, whereas degeneration of nigral dopaminergic neu
rons results in the characteristic motor symptoms [5,6].

At present, there is no treatment for halting the pathologi
cal mechanism that drives the progression of neurodegenera
tive diseases; rather, current therapies focus on alleviating 
symptoms and slowing disease progression. The different 
therapeutic strategies include pharmacological treatment, sur
gical techniques, and rehabilitation. Thus, current pharmaco
logical therapy options aim to restore neuronal dopaminergic 
transmission. These therapies involve the treatment of motor 
symptoms and non-motor symptoms or concomitant pathol
ogies [7]. Based on the mechanism of action, the main drugs 
used for the treatment of motor manifestations of this disor
der are levodopa, anticholinergics, such as trihexyphenidyl 
and benztropine; antiglutamatergics, such as amantadine; 
monoamine oxidase inhibitors (MAOIs); dopamine agonists; 
catechol-O-methyl transferase inhibitors (COMTIs), and adeno
sine A2 receptor antagonists such as Istradefylline [8]. 
Regarding drugs used for the treatment of non-motor 
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symptoms, there is a wide variety of treatment options, such 
as donepezil and rivastigmine to control PD-associated 
dementia, or benzodiazepines to treat anxiety [7,8]. 
A comprehensive analysis of therapy for non-motor symptoms 
associated with PD disease, however, is beyond the scope of 
this review.

Current therapies used for the treatment of motor symp
toms improve motor skills and the quality of life of patients, 
although many patients respond differently to PD treatments 
in terms of efficacy and adverse effects. In this regard, evi
dence shows that certain patients develop adverse effects at 
high doses of dopaminergic treatments, while others show 
good tolerance [9]. Moreover, the initial effective dosage 
required to diminish motor symptoms varies widely among 
PD patients. In addition, diversity in motor complications and 
the onset of PD progression vary substantially in patients [10]. 
Unfortunately, the impact of pharmacogenomic factors on 
motor complications (motor fluctuations and dyskinesia) is 

overall unclear, as it will be discussed in detail below. This 
significant heterogeneity in therapy response may be linked to 
variations in genes encoding key players that influence the 
pharmacokinetic and pharmacodynamic processes related to 
anti-PD drugs [10]. This great variability in PD therapy has led 
to an urgent need to identify genetic markers for individua
lized precision treatments that would help to diminish the 
quality-of-life burden associated with PD. Hence, the purpose 
of this review is to highlight and summarize the most recent 
pharmacogenetic studies involving the role of genetic factors 
in the variability response to PD drug therapy, and to evaluate 
current pharmacogenetic-guided recommendations for the 
management of PD.

2. Current pharmacogenetic considerations in the 
treatment of Parkinson’s disease

As aforementioned, current standards of care focus on alleviat
ing the effect of the loss of dopaminergic neurons by increas
ing the amount of dopamine. Thus, most of the drug 
treatments are related to the dopamine metabolic pathway, 
levodopa (also known as L-dopa) being the gold standard 
drug prescribed in PD (Figure 1) [8].

2.1. Levodopa

Levodopa is a dopamine precursor used to replace dopamine 
loss and relieve motor impairments in PD. In contrast to 
dopamine, levodopa can penetrate the blood-brain barrier 
and reach the central nervous system [11,12]. However, levo
dopa is extensively decarboxylated to dopamine in peripheral 
tissues, by the aromatic L-amino acid dopa decarboxylase 
(DDC), which is responsible for metabolizing over 90% of 
levodopa. To a lesser extent, levodopa is also converted to 
3-O-methyldopa by the enzyme catechol-O-methyltransferase 

Article highlights

● Genetic variability of processes related to drug response and its 
metabolism affects the efficacy and risk of presenting adverse drug 
reactions during Parkinson’s disease therapy.

● Most pharmacogenetic studies on Parkinson’s disease have investi
gated the genetic variability related to levodopa response, single 
nucleotide variants in COMT and DRD2 being the genes that offer 
the most robust evidence.

● There is a lack of pharmacogenetics studies relating to COMT inhi
bitor drugs, monoamine oxidase inhibitor drugs, and dopamine 
receptor agonists.

● There is still not sufficient consistent information to implement 
a pharmacogenomics-guided treatment.

● The pharmacokinetic, metabolic, and safety profiles of drugs currently 
used in Parkinson´s disease therapy make it unlikely that ground- 
breaking pharmacogenetics biomarkers will be obtained for current 
PD therapy.

Figure 1. Mechanisms of principal drugs used in Parkinson’s disease therapy and genetic variants associated with their response.
Note: 3-OMD: 3-O-methyldopa. DOPAC: 3-4-dihydroxyphenylacetic acid. 
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(COMT). This latter metabolic pathway represents roughly 5% 
of the levodopa metabolism. Thus, the levodopa converted to 
dopamine in peripheral tissues may not reach the brain, which 
results in a reduction of therapeutic action in the brain and an 
augmented risk of adverse effects of dopamine in peripheral 
tissues [13]. Therefore, a dopamine decarboxylase inhibitor 
(DDI) is usually co-administered. The use of DDIs causes 
a shift in the levodopa metabolism to the COMT pathway, 
which augments levodopa bioavailability, allowing it to reach 
the brain and diminish the adverse effects of dopamine in 
peripheral tissues [14]. In this way, the coadministration of 
DDIs reduces the dose of levodopa required by over 70% 
[13]. In addition, a certain number of PD patients might 
require the coadministration of a COMT inhibitor to increase 
the bioavailability of levodopa [12].

Extensively, the differences in levodopa efficacy and its 
adverse reactions have been associated with the variability in 
genes mainly involved in its metabolism, transport, excretion, 
and response [10,11].

2.1.1. COMT genes
The COMT gene is situated on chromosome 22q11.1-q11.2 and 
encodes the COMT enzyme. The most studied single nucleo
tide variation (SNV) of the COMT is the nonsynonymous var
iant rs4680 (G>A), which results in an amino acid substitution 
(Val158Met) [10,15]. Several studies have evaluated the asso
ciation between this SNV and the risk of developing PD, and 
more recently, Jiménez-Jiménez et al. conducted a meta- 
analysis evaluating the role of the SNV COMT rs4680 in PD 
risk as well as diverse neurochemical features associated with 
PD [16]. Finally, the authors concluded that the evidence 
found did not support a major role of COMT rs4680 in PD 
risk or the neurochemical and neuropharmacological features 
associated with this pathology [16]. The occurrence of this SNV 
is associated with a low COMT activity and might be related to 
variability in the daily effective levodopa dose. With regard to 
the COMT rs4680 variant, three phenotypes have been 
described: high activity, moderate activity, and low activity 
according to the absence or presence of the mutant allele in 
heterozygosity or homozygosity [17]. Bialecka et al. [18] ana
lyzed the presence of the COMT rs4680 variant in a small 
Polish population of patients with sporadic PD and reported 
that the frequency of PD patients carrying the mutant variant 
rs4680 in homozygosity was higher among patients treated 
with low doses of levodopa (<500 mg per day) in comparison 
with the frequency found in those patients who received high 
doses (>500 mg per day) [18]. However, no statistically signifi
cant differences were found. Similarly, Sampaio et al. reported 
that non-mutant COMT rs4680 homozygous PD individuals 
tended to require higher doses of levodopa, although the 
association was not statistically significant [19]. Afterwards, 
these authors analyzed the impact of the COMT haplotype 
conformed by the SNVs rs6269 A>G, rs4633 C>T, rs4818 
C>G, and rs4680 A>G) on enzyme activity in a larger popula
tion composed of PD patients of Caucasian origin [20]. They 
identified a functional haplotype that influences COMT activ
ity; the authors demonstrated that the frequency of the hap
lotype G-C-G-G, associated with high COMT activity, increased 
in late-onset PD patients. Moreover, the levodopa dose 

required for G-C-G-G haplotype carriers was significantly 
higher than for non-carriers [20]. The association between 
the presence of the COMT rs4680 variant and variability in 
the levodopa dose required for PD patients has been also 
corroborated in an independent study. Chesire et al. observed 
that PD patients carrying the non-mutant COMT rs4680 allele 
received significantly higher maximum and mean daily levo
dopa equivalent doses than those who were carrying the 
mutant allele [21]. This finding might demonstrate that the 
mutant variant SNV rs4680 improves the bioavailability of 
levodopa due to the impairment of the COMT activity caused 
by the variant rs4680. Nevertheless, two studies conducted on 
Korean [22] and European [23] PD patients did not find an 
association between the COMT rs4680 variant and the 
response to a single oral levodopa dose [22] or pharmacoki
netic-pharmacodynamic variables [23]. These authors indi
cated, however, that the lack of association might be 
explained by the low prevalence of motor symptoms in the 
cohort included in both studies (Table 1) [22,23]. Because of 
the heterogeneity of the available studies on Levodopa effi
cacy or motor response and the SNP rs4680, data could not be 
pooled to carry out a meta-analysis [18–23]. Long-term levo
dopa treatment may lead to the development of adverse 
reactions such as dyskinesias, dystonia, visual hallucinations, 
and impulse control disorders [10,60]. Thus, certain studies 
have explored the role of COMT variants and their effects on 
enzyme activity in the development of adverse reactions 
linked to levodopa therapy. Theoretically, PD patients carrying 
the mutant allele COMT rs4680 A, which is associated with low 
COMT activity, might suffer dopamine accumulation in the 
synaptic cleft which causes dyskinesia. This association 
between the mutant COMT rs4680 AA genotype and dyskine
sia in PD patients treated with levodopa has been reported in 
two independent studies [19,24]. In contrast, Watanabe et al. 
showed that patients carrying the mutant COMT rs4680 allele 
in homozygosity tended to exhibit an increased risk of the 
‘wearing-off’ phenomenon and dyskinesia, although these 
associations were not statistically significant [25]. Similarly, 
the study by Contin et al. did not support this association in 
a cohort of Italian PD patients treated with levodopa [23]. We 
conducted a meta-analysis of three comparable studies 
[19,23,25]. The study by De Lau et al. [24] could not be 
included because detailed genotyping data was not provided. 
The meta-analysis was carried out using the R software pack
age meta [61]. Because of the high heterogeneity across stu
dies, we applied the random-effects model and used the 
inverse variance method for the meta-analytical procedure, 
the DerSimonian-Laird as an estimator for Tau2 [62], the 
Jackson method for the confidence interval of Tau2 [62], and 
the Hedges’ g (bias-corrected standardized mean difference) 
[63]. Figure 2a shows a Forest plot of the risk of developing 
dyskinesia (labeled as ‘event’) among carriers of the rs4680 
SNP as compared to non-carriers. Data do not support a risk of 
developing dyskinesia associated with the presence of the 
rs4680 SNV in patients receiving levodopa.

Vallelunga et al. did not find a link between COMT SNVs 
and the appearance of impulse control disorders in PD 
patients receiving levodopa [26], whereas Frauscher et al. 
describe an association between the SNV COMT rs4680 and 
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Table 1. Summary of main SNVs analyzed with the response to anti-Parkinson drug variability in Parkinson’s disease.

Drug Gene SNV
PD population 

sample Ethnicity
Associated 

with Effect of association P-value Ref.

Levodopa COMT rs4680 95 Polish Efficacy Low COMT activity/Low dose >0.18 [18]
Levodopa COMT rs4680 162 Brazilian Efficacy Low COMT activity/Low dose >0.5 [19]
Levodopa COMT rs4680 277 UK Efficacy Low COMT activity/Low dose 0.0056 [21]
Levodopa COMT rs6269 (G) 159 Polish Efficacy High COMT activity/High dose 0.011

rs4633 (C) [20]
rs4818 (G)
rs4680 (G)

Levodopa COMT rs4680 72 Korean Efficacy Motor response 0.59 [22]
Levodopa COMT rs4680 104 Italian Efficacy Motor response n.s. [23]
Levodopa COMT rs4680 150 Brazilian Adverse reactions Dyskinesia 0.0001 [19]
Levodopa COMT rs4680 219 UK Adverse reactions Dyskinesia 0.004 [25]
Levodopa COMT rs4680 118 Japanese Adverse reactions Dyskinesia/ n.s. [26]

”wearing off”
Levodopa COMT rs4680 104 Italian Adverse reactions Dyskinesia n.s. [23]
Levodopa COMT rs4680 89 USA Adverse reactions Impulse control disorders 0.568 [30]
Levodopa COMT rs4680 46 Caucasian Adverse reactions Daytime sleepiness 0.039 [31]
Levodopa COMT rs165815 231 Slovenian Adverse reactions Hallucinations 0.004 [32]
Levodopa DDC rs921451 33 French Efficacy Motor response 0.0097 [33]
Levodopa DDC rs3837091 33 French Efficacy Motor response 0.048 [33]
Levodopa DDC rs3837091 276 Mixed Adverse reactions Impulse control disorders 0.01 [36]
Levodopa DDC rs3837091 231 Slovenian Adverse reactions Orthostatic hypotension 0.028 [32]
Levodopa DDC rs1451375 276 Mixed Adverse reactions Impulse control disorders 0.037 [36]
Levodopa DDC rs921451 231 Slovenian Adverse reactions Orthostatic hypotension 0.007 [32]
Levodopa DRD2 rs2283265 (T) 199 Brazilian Adverse reactions Dyskinesia 0.007

rs1076560 (T)
rs6277 (C) [42]

rs1800497 (T)
rs2734849 (A)

Levodopa DRD2 rs1800497 140 Chinese Adverse reactions Motor fluctuations 0.001 [41]
Levodopa DRD2 rs1800497 89 USA Adverse reactions Impulse control disorders 0.333 [30]
Levodopa DRD2 rs1800497 172 German Adverse reactions Dyskinesia n.s. [43]
Levodopa DRD2 rs1800497 195 Brazilian Adverse reactions Dyskinesia 0.366 [45]
Levodopa DRD2 rs1800497 207 Korean Adverse reactions Dyskinesia 0.677 [44]
Levodopa DRD2 rs1800497 199 German Adverse reactions Sleep attacks 0.552 [46]
Levodopa DRD2 rs1800497 274 German Adverse reactions Sleep attacks 0.0007 [47]
Levodopa DRD2 rs1800497 96 Caucasian Adverse reactions Late-onset Hallucinations 0.04 [48]
Levodopa DRD2 STR 215 Italian Adverse reactions Dyskinesia 0.005 [49]
Levodopa DRD2 STR 98 UK Adverse reactions Dyskinesia 0.002 [50]
Levodopa DRD2 STR 89 USA Adverse reactions Earlier onset of dyskinesia 0.003 [51]
Levodopa DRD2 rs1799732 217 Brazilian Adverse reactions Gastrointestinal 0.027 [55]
Levodopa DRD3 rs6280 170 Indian Adverse reactions Impulse control disorders 0.041 [55]
Levodopa DRD3 rs6280 140 Chinese Adverse reactions Motor fluctuations n.s. [41]
Levodopa DRD3 rs6280 206 Korean Adverse reactions Dyskinesia 0.062 [44]
Levodopa DRD3 rs6280 172 German Adverse reactions Dyskinesia n.s. [43]
Levodopa DRD3 rs6280 203 German Adverse reactions Sleep attacks 0.203 [46]
Levodopa DRD3 rs6280 151 Caucasian Adverse reactions Hallucinations n.s. [48]
Levodopa DRD3 rs6280 87 USA Adverse reactions Hallucinations 0.047 [56]
Levodopa DRD3 rs6280 217 Brazilian Adverse reactions Gastrointestinal 0.022 [52]
Levodopa SLC22A1 rs622342 99 Caucasian Efficacy Higher doses 0.017 [60]
Levodopa SLC6A3 rs28363170 196 Brazilian Efficacy Lower doses 0.01 [63]
Levodopa SLC6A3 rs28363170 61 French Efficacy Motor response 0.0003 [64]
Levodopa SLC6A3 rs28363170 224 Brazilian Efficacy Levodopa dose 0.547 [66]
Levodopa SLC6A3 rs3836790 61 French Efficacy Motor response <0.0001 [64]
Levodopa SLC6A3 rs28363170 172 German Adverse reactions Dyskinesia 0.006 [43]
Levodopa SLC6A3 rs28363170 89 USA Adverse reactions Impulse control disorders 0.882 [30]
Levodopa SLC6A3 rs393795 352 Israeli Adverse reactions Dyskinesia <0.0001 [63]
Levodopa SLC6A3 rs393795 176 Italian Adverse reactions Dyskinesia 0.025 [68]

rs28363170
Levodopa SLC6A3 rs2652511 194 Brazilian Adverse reactions Hallucinations 0.02 [63]
Levodopa HOMER1 rs4704559 203 Brazilian Adverse reactions Dyskinesia 0.009 [71]
Levodopa HOMER1 rs4704559 203 Brazilian Adverse reactions Hallucinations 0.020 [71]
Entacapone COMT rs4680 33 France Efficacy COMT inhibition 0.02 [78]
Tolcapone COMT rs4680 24 Canadian Efficacy Motor response 0.29 [80]
Entacapone UGT1A9 UGT1A9 × 1b 52 UK Adverse reactions Gastrointestinal 0.014 [83]
Tolcapone UGT1A9 × 3a
Tolcapone UGT1A6 A528G 409 European Adverse reactions Hepatotoxicity <0.001 [84]
Rasagiline DRD2 rs2283265 692 Mixed Efficacy Motor response 0.032 [92]
Rasagiline DRD2 rs1076560 692 Mixed Efficacy Motor response 0.032 [92]
Ropinirole DRD2 STR 38 Dutch Adverse reactions Discontinuation <0.05 [38]
Pramipexole
Pramipexole DRD3 rs6280 30 Chinese Efficacy Motor response 0.024 [97]
Pramipexole DRD3 rs6280 62 Chinese Efficacy Higher dose <0.001 [99]
Pramipexole DRD2 rs1800497 30 Chinese Efficacy Motor response 0.834 [97]
Pramipexole DRD2 STR 62 Chinese Efficacy Higher dose 0.840 [99]

Note: n.s: not significant 
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daytime sleepiness in PD patients [27]. Regarding cognitive 
adverse effects, PD patients’ carriers of the COMT rs165815 
C allele showed a lower risk of suffering hallucinations during 
levodopa treatment (Table 1) [28].

Although additional studies are required to understand the 
role of COMT SNVs and the occurrence of adverse reactions in 
PD patients treated with levodopa, the evidence available 
suggests that the effect of COMT SNVs is marginal.

2.1.2. DDC gene
The DDC gene, which is situated on chromosome 
7p12.2-p12.1, encodes the enzyme DDC. This enzyme is 
responsible for levodopa decarboxylation to synthesize dopa
mine and is the main route for levodopa metabolism [13,29]. 
Two SNVs, within the promoter region of the DDC gene, have 
been evaluated in response to levodopa treatment [29]. The 
SNV DDC rs921451 is an intronic nucleotide substitution, 
whereas DDC rs3837091 constitutes a four-base-pair deletion 
located in the non-translated exon 1, which might have 
a functional impact on DDC expression [11,29,64,65]. Devos 
et al. analyzed the incidence of these two SNVs on the varia
bility of the motor response to levodopa in a cohort of 33 PD 
patients [29]. The authors reported that individuals carrying 
the mutant DDC rs921451 allele, and those carrying the DDC 
rs3837091 deletion, showed a poorer clinical effect of the 
levodopa treatment. However, the occurrence of both SNVs 
did not change the pharmacokinetic parameters for levodopa 
or dopamine [29]. Regarding adverse reactions associated with 
levodopa treatment, DDC rs3837091 deletion and the minor 
homozygous genotype of the DDC rs1451375 intron variant 
have been linked to the manifestation of impulse control 
disorders in PD patients [30]. Additionally, the occurrence of 
mutant alleles of rs3837091 and rs921451 SNVs has also been 

linked to the appearance of orthostatic hypotension in PD 
patients treated with levodopa [28]. However, further investi
gations are needed to confirm the role of DDC SNVs in the 
variability response to levodopa in larger populations 
(Table 1).

2.1.3. DRD genes
Dopamine receptors DRD1, DRD2, DRD3, DRD4, and DRD5 are 
encoded by five different genes DRD1, DRD2, DRD3, DRD4, and 
DRD5, respectively. These receptors bind dopamine and its 
antagonists and therefore are pharmacologic targets of levo
dopa and dopamine agonists [66]. Although several studies 
have analyzed the role of variations in these genes, none have 
reported any association with levodopa dosage [11,57,67]. 
Thus, most of the studies linking dopamine receptor D (DRD) 
gene SNVs and levodopa response mainly focus on the impact 
of DRD2 and DRD3 SNVs on the occurrence of adverse reac
tions to levodopa [10].

DRD2 is located at 11q22–23 and is the most studied DRD 
gene as it encodes the dopamine receptor DRD2, which is the 
main dopamine target in the nigrostriatal circuit [68]. The 
findings that report an association between DRD2 SNVs and 
the risk of developing dyskinesia in patients treated with 
levodopa are controversial. Wang et al. described an associa
tion in Chinese patients carrying the non-mutant allele of 
DRD2 rs1800497 in homozygosity, an SNV situated in the 3 
´UTR region of DRD2, and the appearance of motor fluctua
tions [32]. Additionally, Rieck et al. reported an association 
between a DRD2/ANKK1 haplotype, composed of the SNVs 
rs2283265, rs1076560, rs6277, rs1800497, and rs2734849, and 
an increased risk for suffering dyskinesia in Brazilian patients 
[31]. Nevertheless, the association between the SNV rs1800497 
and the occurrence of dyskinesia was not confirmed in 

Figure 2. Meta-analyses on the risk of developing dyskinesia in patients treated with levodopa. a) Carriers of the COMT rs4680 variant alleles. b) Carriers of the DRD2 
rs1800497 variant alleles.
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another three studies [26,33,35]. More recently, Dos Santos 
et al. also failed to corroborate this association in a Brazilian 
cohort of PD patients [34], although the authors observed an 
association between DRD2 rs1800497 and increased doses of 
levodopa (Table 1) [34]. The authors propose that these differ
ences may be related to the genetic heterogeneity of the 
populations studied. Figure 2b shows a Forest plot of the 
risk of developing dyskinesia (labeled as ‘event’) among car
riers of rs1800497 as compared to non-carriers. Data do not 
support a risk of developing dyskinesia associated with the 
presence of the variant allele in patients receiving Levodopa.

Regarding adverse reactions characterized by the occur
rence of psychotic symptoms, different studies have shown 
contradictory results indicating the association between the 
mutant DRD2 rs1800497 allele and hallucinations and sleep 
disorders [35–38]. Only two studies could be combined for 
meta-analysis [36,37]. Although both studies suggested 
a decreased risk for sleep attacks among carriers of the variant 
DRD2 rs1800497 allele, neither reached statistical significance. 
After meta-analysis, the combined results indicate an OR (95% 
C.I.) equal to 0.58 (0.05 to 6.83); P = 0.220, and therefore the 
effect was not significant. It should be borne in mind, how
ever, that the sample size in these two studies was small, and, 
therefore, further studies are still required to confirm or dis
card such an association.

In addition to DRD2 SNVs, a dinucleotide (CA) intronic short 
tandem repeat (STR) with four common alleles (13, 14, 15, and 
16 CA repeats) described in the DRD2 gene has been investi
gated and related to the development of dyskinesia [11]. 
Different studies have described a protective role of this STR, 
a repetition of 13 or 14 alleles, against dyskinesia [39,40]. 
Strong et al. reported that the 14- and 15-repeat alleles were 
associated with earlier onset of dyskinesia [41]. Additionally, 
Rieck et al. have reported that the genotype Ins/Ins DRD2 
rs1799732 is associated with gastrointestinal symptoms in PD 
patients treated with levodopa (Table 1) [42]. This latter evi
dence has been reported by the Pharmacogenetics knowledge 
base (PharmGKb) as a clinical annotation, although it is 
flagged with a low level of evidence [69]. Therefore, to confirm 
the suggestive role of DRD2 genetic variants and the adverse 
reactions associated with levodopa treatment, further investi
gations are required. A meta-analysis could not be carried out 
in this case, because of heterogeneity in the criteria for data 
stratification in such studies.

DRD3 is situated at 3q13–31, the non-synonymous SNV 
rs6280 (Ser9Gly has been associated with an increased risk of 
developing dyskinesia in a cohort of Korean PD patients 
receiving levodopa) [35]. Patients carrying the mutant variant 
in homozygosity showed a higher risk to suffer diphasic dys
kinesia [35]. The SNV rs6280 mutant variant provides a higher 
binding affinity to dopamine [70]. More recently, 
Krishnamoorthy et al. reported that patients carrying the het
erozygous SNV rs6280 genotype showed an increased risk to 
develop impulse control disorders in a cohort of Indian 
patients [43]. Nevertheless, these findings were not corrobo
rated in three independent studies conducted on Asian and 
European PD patients [32,33,36]. Furthermore, contradictory 
results have been reported indicating an association between 
DRD3 rs6280 and the risk of developing hallucinations 

[33,38,44]. Rieck et al. have shown that DRD3 rs6280 mutant 
homozygotic genotypes are associated with gastrointestinal 
symptoms triggered by levodopa therapy (Table 1) [42]. 
However, regarding DRD3 rs6280, the current evidence sup
ports a clinical annotation in PharmGKb, which suggests an 
association between the homozygous mutant genotype and 
a higher risk of adverse reactions in patients treated with 
levodopa [71]. However, the evidence level is low and further 
studies are warranted to implement the current knowledge in 
clinical practice. The meta-analysis indicated an OR (95% C.I.) 
equal to 0.52 (0.00–64.58); P = 0.335, thus suggesting the 
absence of a major effect of the variant allele in patients 
receiving levodopa. Two studies analyzed the association of 
the rs6280 SNV with the risk of developing hallucinations. One 
of these reported borderline significance [44], whereas the 
other did not show any association [38]. When these two 
studies were combined, an OR (95% C.I.) equal to 1.37 (0.01- 
to 130.03); P = 0.537 was obtained, thus suggesting the lack of 
a major association. Some studies have also analyzed the 
impact of SNVs in DRD1 and DRD4 on levodopa treatment, 
but the evidence of association is very limited so far [11,72].

2.1.4. Dopamine transporter genes
The levodopa efficacy and toxicity may be affected by the 
variability of genes encoding proteins that transport and 
translocate drugs and neurotransmitters. The organic cation 
transporter 1 (OCT1) is involved in the carriage of dopamine 
and different anti-PD drugs. This protein transport is encoded 
by the solute carrier family 22 member 1 gene (SLC22A1) [73]. 
Becker et al. investigated the role of the intron variant SLC22A1 
rs622342 in a large cohort of Caucasian PD patients [45]. The 
authors demonstrated that patients carrying the mutant allele 
received a higher daily dose of levodopa and showed a higher 
mortality rate. This variant might cause an impairment in the 
efficacy of levodopa transportation by OCT1 (Table 1) [45]. In 
this respect, PharmGKb has included a clinical annotation with 
a low level of evidence for the SNV SLC22A1 rs622342 [74].

The solute carrier family 6 member 3 (SLC6A3) gene is 
mapped at 5p15–33 and encodes the dopamine transporter 
protein DAT, which is involved in the reuptake of released 
dopamine by presynaptic neurons [33]. The most studied 
variant is the SLC6A3 rs28363170 which consists of a variable 
number of tandem repeats (VNTR) the most frequent alleles 
being those with 9 or 10 repeats. This polymorphism is located 
in the 3’ untranslated region, and 9-repeat carriers have shown 
a higher SLC6A3 expression [75]. Schumacher-Schuh et al. 
reported an association between carriers of the 9-repeat allele 
and low doses of levodopa in a cohort of Brazilian PD patients 
[46]. In contrast, Moreau et al. associated the presence of the 
10-repeat rs28363170 allele in homozygosity and the 6-repeat 
rs3836790 allele, a VNTR variant located in the SLC6A3 intron 
8, in homozygosity, with a lower dose of levodopa in a small 
cohort of French PD patients [47]. Considering this evidence, 
PharmGKb has a clinical annotation with a low level of evi
dence for the SNV rs3836790 in SLC6A3 [76]. A recent study 
did not support this finding in an analysis of genetic and 
pharmacological factors on levodopa dose prediction 
(Table 1) [48]. The role of SLC6A3 variants in levodopa 
response, therefore, remains unclear.
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With regard to adverse drug reactions (ADRs), the 9-repeat 
SLC6A3 rs28363170 allele has been associated with the occur
rence of psychotic episodes in Caucasian PD patients [33]. 
Vallelunga et al. failed, however, to find an association 
between SLC6A3 rs28363170 and the development of impulse 
control disorders [26]. Additionally, the mutant allele SLC6A3 
rs393795 has been linked with a later onset of levodopa- 
induced dyskinesia development [49]. More recently, Purcaro 
et al. reported that the combination of the 10-repeat SLC6A3 
rs28363170 in homozygosity and the non-mutant SLC6A3 
rs393795 allele might reduce susceptibility to develop dyski
nesia (Table 1) [50]. The differences between the results 
reported may stem from the genetic heterogeneity of the 
different populations studied.

Furthermore, Schumacher-Schuh et al. reported an associa
tion between the occurrence of hallucinations and the pre
sence of the C allele of SLC6A3 rs2652511, an SNV located in 
the potential transcriptional recognition site of SLC6A3 
(Table 1) [46].

2.1.5. Genetic variability of different signaling pathways
There is some evidence indicating that the presence the SNVs 
in genes related to signaling pathways involved in the patho
physiology of PD might increase the risk of suffering adverse 
reactions associated with the use of levodopa in PD patients 
[11,72]. Thus, the apoliprotein ɛ4 allele (APOE ɛ4) has been 
constantly associated with susceptibility to PD, although it has 
also been reported as a higher risk of levodopa-induced psy
chosis [77]. To this extent, SNVs in genes involved in dopami
nergic neurotransmission [78], synaptic plasticity [51], basal 
ganglia transmission [41], and regulation of dopamine D2 
receptor [79] have been analyzed. However, the evidence is 
limited and requires replication in additional larger 
populations.

Worthy of note is the association between the SNV 
rs4704559 in the gene encoding the homer scaffold protein 
1 (HOMER1) and levodopa adverse reactions [51]. An associa
tion between individuals carrying the SNV rs4704559 mutant 
allele and a lower prevalence of dyskinesia in a cohort of 
Brazilian PD patients has been described. HOMER1 encodes 
the protein HOMER1 which exerts a relevant role in glutamate 
transmission and neuroplasticity, events that are related to 
levodopa-induced dyskinesia [51]. From this perspective, 
PharmGKb contains a clinical annotation indicating that 
patients carrying the homozygous mutant show a lower risk 
for adverse reactions in patients treated with levodopa. 
Nevertheless, the evidence level is low [80].

2.2. COMT inhibitors

As aforementioned, COMT inhibitor drugs are used in combi
nation therapy with levodopa and DDC inhibitors to increase 
the bioavailability of levodopa by inhibiting its O-methylation 
to 3-methyldopa [81]. In this way, levodopa efficacy may be 
improved. The most common COMT inhibitors prescribed are 
entacapone, tolcapone and opicapone. Entacapone is 
a peripheral inhibitor whereas tolcapone is a peripheral and 
central inhibitor. Both are prescribed for PD patients with 
advanced symptoms including chronic motor fluctuations, 

although tolcapone use is more restricted because it is asso
ciated with adverse effects, such as hepatotoxicity [82]. 
Opicapone is a third generation COMT inhibitor that improves 
inhibitory capacity as well as peripheral tissue specificity and 
reduces the risk of toxicity [83]. These three COMT inhibitors 
are extensively metabolized by glucuronosyltransferase 
enzymes. Thus, entacapone is mainly metabolized by the uri
dine 5´-diphospho-glucuronosyltransferase (UGT) UGT1A9 and 
UGT1A1 enzymes, tolcapone is exclusively metabolized by 
UGT1A1, and opicapone is also metabolized by sulfation and 
methylation processes [12,84].

Few pharmacogenetics studies have evaluated the effect of 
the functional SNV COMT rs4680 (G>A; Val158Met) on the 
clinical response to entacapone. Corvol et al. analyzed the 
presence of this SNV in a small cohort of 33 PD patients [52]. 
These authors reported that patients carrying the non-mutant 
allele in homozygosity showed a greater response and higher 
levodopa concentrations, as well as an enhanced entacapone 
effect [52]. These results are in line with the high COMT 
activity observed in patients carrying the non-mutant allele. 
Considering this evidence, PharmGKb includes a clinical anno
tation with level 3 evidence indicating that PD patients carry
ing the mutant AA rs4680 genotype may suffer a decreased 
response to entacapone [85]. However, this association was 
not found in a cohort of PD patients receiving tolcapone [53]. 
These findings therefore require further investigation (Table 1).

Concerning adverse reactions associated with COMT- 
inhibitor therapy, pharmacogenetics studies have focused on 
SNVs in UGT1A9 and UGT1A6. The activity of the UGT1A9 
enzyme may be affected by the occurrence of two SNVs, 
namely, UGT1A9 × 1b, which is associated with a higher gene 
expression, and UGT1A9 × 3a, which causes an impairment in 
enzyme activity [86,87]. Ferrari et al. analyzed the presence of 
both SNVs in UGT1A9 in a cohort of 52 PD patients receiving 
COMT inhibitors [54]. The authors showed that the combina
tion of low UGT1A9 activity alleles was significantly higher in 
those PD patients who suffered adverse reactions [54]. The 
SNV A528G in UGT1A6 has also been analyzed in a cohort of 
PD patients receiving tolcapone [55]. The authors reported 
that the male patients who were carrying the G allele showed 
higher levels of transaminase, thus indicating a higher risk of 
hepatotoxicity [55]. However, further research is required to 
reveal the association between genetic variability in UGT1A 
genes and adverse reactions to COMT inhibitors (Table 1).

2.3. Monoamine oxidase inhibitors

Monoamine oxidases (MAO) are enzymes that catalyze the 
oxidative deamination of diverse amines, such as dopamine 
[88]. MAO enzymes may be categorized into two types: MAO- 
A which is mainly involved in the oxidative metabolism of 
tyramine, and MAO-B. The latter is the predominant isoform 
in the brain and is the enzyme mainly responsible for dopa
mine degradation to 3–4-dihydroxyphenylacetic acid and 
homovanillic acid [89]. In this respect, combination therapy 
including levodopa and MAO-B inhibitors, such as selegiline, 
rasagiline, or safinamide reduces the metabolic degradation of 
levodopa, thereby extending the action of levodopa [90].
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Selegiline is a selective irreversible MAO-B inhibitor that is 
orally administered with an extensive first-pass metabolism 
that promotes the development of transdermal patches, thus 
permitting a higher bioavailability than oral administration 
[91]. Selegiline is primarily metabolized to methamphetamine 
and desmethyl selegiline, and subsequently to the secondary 
metabolite amphetamine the cytochrome P450 (CYP) enzymes 
CYP2D6, CYP2B6, CYP3A4, CYP2A6 being the main isoforms 
involved [92]. The genes encoding these enzymes are highly 
polymorphic and diverse variant alleles have been associated 
with an impairment of the enzyme function [12]. Although 
variants in these genes may constitute potential biomarkers of 
the variability response to selegiline, to date no studies have 
evaluated the effect of these SNVs on selegiline pharmacoki
netics [10,72].

Rasagiline is a second-generation MAO-B irreversible inhi
bitor, mainly administered in early and mild PD, but it is also 
prescribed and effective in patients with moderately advanced 
PD. This drug is extensively metabolized by CYP1A2 [93]. 
Although[* [94] genetic variants of CYP1A2 have shown an 
impact on the pharmacokinetics of some drugs such as anti
psychotics agents [56], no studies have evaluated the role of 
functional SNVs in CYP1A2 in the variability response to rasagi
line [10,72]. A single large study has analyzed the effect of 
DRD2 SNVs in the response to rasagiline [56]. The authors 
reported that the intronic SNVs DRD2 rs2283265 and 
rs1076560, which are in high linkage disequilibrium, were 
associated with an improvement in motor function (Table 1) 
[56]. With regard to these two SNVs rs2283265 and rs1076560, 
PharmGKb includes two clinical annotations indicating that 
patients carrying the mutant homozygotic genotype for 
rs2283265 or rs1076560 may show an increased response to 
rasagiline [95,96]. However, the evidence level is low, and 
further investigations are warranted.

Finally, safinamide is a highly selected third-generation 
MAO-B reversible inhibitor that also reduces neuronal dopa
mine reuptake and glutamate release by blocking the voltage- 
dependent sodium and calcium channels [90]. It is usually 
administered to improve on time without dyskinesia and 
reduce the wearing-off symptoms associated with levodopa 
therapy [90]. However, to date, no pharmacogenetics studies 
have been performed to evaluate the variability response to 
this MAO-B inhibitor.

2.4. Dopamine receptor agonist drugs

Dopamine receptor agonist drugs directly stimulate dopamine 
receptors and may be distinguished into two categories: ergo
line and non-ergoline-derived agonists. Ergoline-derived dopa
mine agonists include bromocriptine, pergolide, lisuride, and 
cabergoline, whereas non-ergoline-derived dopamine agonists 
are ropinirole, pramipexole, rotigotine, and apomorphine [12]. 
Dopamine agonists have lower efficacy than levodopa; never
theless, combination therapy including dopamine receptor 
agonists and a lower dose of levodopa is as effective as 
a high dose of levodopa alone, though reducing the incidence 
of adverse reactions associated with levodopa use [10]. In 
clinical practice, dopamine agonists were initially introduced 
as an adjunct to levodopa treatment in patients showing 

levodopa-induced dyskinesia at the early stages of PD [97]. 
These drugs have also been administered as monotherapy to 
delay levodopa treatment and consequently reduce the occur
rence of ADRs at early stages of PD [98]. At later stages, 
levodopa demonstrates a lower efficacy, as patients show 
reduced levodopa decarboxylation [10]. However, patients 
receiving dopamine receptor agonists may frequently report 
episodes of lack of effectiveness and discontinue the treat
ment. Dopamine agonists are mainly metabolized by different 
liver CYP450 enzyme isoforms. The dopamine agonist meta
bolism has been extensively reviewed [12]. Briefly, bromocrip
tine is metabolized by CYP3A4 and CYP3A5, whereas lisuride, 
pergolide, and cabergoline are mainly metabolized by 
CYP3A4. With regard to non-ergoline-derived dopamine ago
nists, ropinirole is extensively metabolized by the enzymes 
CYP1A2 and, to a lesser extent, by CYP3A4 [12]. Although 
these enzymes are encoded by polymorphic genes, no phar
macogenetic studies have analyzed the role of SNVs in genes 
encoding dopamine agonists metabolizing enzymes and the 
response to these drugs in PD patients [11,72]. However, 
variability in the response has been related to the occurrence 
of SNVs in genes encoding dopamine receptors [11,72].

Firstly, the DRD2 (CA)n variant, which is an intronic STR with 
four common alleles, 13, 14, 15, and 16 CA repeats, and more 
precisely, the occurrence of the DRD2 (CA)-15 repeats allele, 
was associated with a higher risk of pramipexole and ropinir
ole discontinuation in a small cohort of Dutch PD patients [57]. 
Additionally, an independent study carried out in Chinese PD 
patients demonstrated a significant association between the 
nonsynonymous SNV rs6280 in DRD3 and the response to 
dopamine agonists [58]. Thus, PD patients carrying the non- 
mutant rs6280 allele in homozygosity showed a higher 
response to the non-ergoline-derived dopamine agonist pra
mipexole [58]. This association is reported by PharmGKb as 
a clinical annotation with a low level of evidence [99]. 
Additionally, the authors did not find an association between 
the SNV rs1800497 DRD2 and the response to dopamine 
agonists (Table 1) [58].

Furthermore, the association between the SNV rs6280 
DRD3 and the response to dopamine agonists has been repli
cated in a larger cohort of Chinese PD patients [59]. The 
authors reported that PD patients carrying the mutant allele 
in homozygosity required higher doses of pramipexole [59]. 
Conversely, the authors did not observe an association 
between the STR DRD2 (CA)n and the required doses of pra
mipexole (Table 1) [59].

3. Conclusion

The progression of PD is characterized by motor symptoms 
such as bradykinesia, resting tremor, postural instability, walk
ing disorder, or rigidity, accompanied by non-motor symp
toms such as depression or cognitive disorders. Currently, PD 
drug therapy is mainly based on hampering disease progres
sion and alleviating the symptoms. It is widely reported that 
patients receiving drug treatment for motor symptoms in PD 
show great variability in the response, and a number of them 
might develop ADRs such as dyskinesia. This variability has 
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a multifactorial origin including age at onset, disease status, 
and of particular interest for this review, genetic variability. In 
this review, we provide a state-of-the-art study focusing on 
the effect of genetic variability in the response to drug therapy 
in PD patients, as well as the risk of occurrence of ADRs. The 
pharmacogenetics studies on PD could provide useful tools to 
develop treatment guidelines based on genetic variability to 
offer personalized management of PD patients and, conse
quently, to improve the efficacy of PD treatments and to 
reduce the risk of ADRs. Most pharmacogenetics studies 
have investigated the genetic variability related to response 
to levodopa, which is the gold standard drug prescribed in 
these patients. These studies have centered on genes invol
ving response to levodopa, as well as its metabolism and 
transport. COMT and DRD2 and DRD3 genes have been exten
sively studied in different populations and large cohorts; 
COMT rs4680, DRD2 rs1800497, and DRD3 rs6280 are the 
most widely analyzed SNVs. In particular, COMT variants have 
been related to levodopa efficacy, whereas DRD2 and DRD3 
SNVs have been mainly linked to the occurrence of ADRs. 
However, the current findings are still inconclusive. 
Differences in the studies evaluating the COMT variants limit 
their use as clinical biomarkers able to predict levodopa 
response and provide a pharmacogenetic-guided dose pre
scription of levodopa. Nevertheless, this evidence warrants 
further investigations involving genetically homogeneous 
populations of PD patients, as well as unifying outcome cri
teria and the PD patient’s symptoms evaluated. In the case of 
DRD SNVs and their association with levodopa-induced 
adverse reactions, the genetic findings are more robust. In 
this respect, PharmGKb has reported two clinical annotations 
for the SNVs DRD2 rs1799732 and DRD3 rs6280, although the 
level of evidence reported is still low. Additionally, the levo
dopa metabolism gene DDC and genes encoding dopamine 
transports, such as SLC22A1 and SLC6A3, have also been eval
uated. Nevertheless, the findings are more restricted and need 
to be supported with evidence found in larger cohorts. 
Concerning therapy with COMT inhibitors, monoamine oxi
dase inhibitors, or dopamine receptors agonists, studies eval
uating the contribution of genetic variants to variability of the 
response, or the risk of suffering adverse reactions, are scarce, 
and highlight the necessity to develop further investigations 
that include genes involved in the metabolism of these drugs.

4. Expert opinion

The success of preemptive pharmacogenetics testing to mini
mize adverse drug reactions is strongly dependent on 
a combination of factors that include the prescription of 
drugs with a narrow therapeutic window, long half-life that 
favors drug accumulation, and the availability of pharmacoge
netic tests capable of predicting the metabolism or the effects 
of these drugs (that is, pharmacokinetic or pharmacodynamic 
biomarkers). A good example of this is the ability to predict 
adverse drug reactions with nonsteroidal anti-inflammatory 
drugs [100]. Conversely, the potential for drug-drug interac
tions, intensive first-pass metabolism, or high variability in 
drug absorption or distribution are factors that diminish the 
predictive capability of pharmacogenetic testing due to 

interindividual variability in drug bioavailability. Among the 
drugs mentioned in this review, it should be noted that opi
capone, although it has a short half-life, causes a prolonged 
COMT inhibition with a half-life of over 100 hours [101]. 
However, the therapeutic window is higher than that for 
other drugs such as tolcapone or entacapone [101], thus 
diminishing the potential of developing adverse reactions 
due drug to accumulation. Another good candidate for phar
macogenetics studies in PD is the MAO inhibitor safinamide, 
as it has a long half-life of about 20 to 30 hours, a negligible 
first-pass effect, a high bioavailability (which would diminish 
the effect of interindividual variability in drug absorption), and 
a narrow therapeutic window [102,103]. However, safinamide 
metabolism is carried out by amidases, and is not well under
stood [104], therefore there are no pharmacogenetic biomar
kers available for this drug so far. A better understanding of 
safinamide metabolism is required before pharmacogenetic 
biomarkers are developed. Another suitable candidate is the 
dopamine agonist cabergoline. This drug has a prolonged 
half-life (more than 60 hours) and a short therapeutic window 
because a dose higher than 1 mg may cause orthostatic hypo
tension, whereas the usual dose ranges from 0.25 to 4 mg/d 
[105]. However, the drug is hydrolyzed in the liver, the meta
bolism by polymorphic enzymes seems to be negligible [106] 
and, therefore, the chances of developing a pharmacogenetic 
biomarkers for cabergoline are very limited. Other drugs used 
in PD with half-lives between 5 and 21 hours include bromo
criptine, pergolide, ropinirole, pramipexole, and rotigotine. 
Regarding bromocriptine, it has a half-life of up to 15 hours 
[107] and a very low bioavailability due to limited oral absorp
tion and extensive first-pass metabolism. Pergolide also has 
a long half-life of up to 21 hours [108], and it undergoes first- 
pass metabolism. Although some CYP3A4 variant alleles with 
altered function have been described, such as CYP3A4 × 22 
(https://www.pharmvar.org/gene/CYP3A4), no studies have 
been carried out so far to evaluate the potential of CYP3A4 
genetic testing on bromocriptine or pergolide therapy.

Ropinirole has a half-life of about 6 hours and 
a bioavailability of about 50% [109] and although the potential 
of CYP1A2 genotyping has not yet been tested, due to the 
relatively reduced bioavailability combined with the high 
interindividual variability in ropinirole bioavailability, as well 
as insufficient understanding of the role of CYP1A2 gene var
iants on ropinirole metabolism, it is unlikely that pharmaco
genetic testing would have a high predictive capacity for drug 
response. Pramipexole has high bioavailability, and it has 
a half-life of about 8 to 12 hours. However, it is mainly elimi
nated unchanged in the urine [110], so pharmacogenetic 
testing has a low chance of success for this drug. Rotigotine 
has a half-life of 5 to 7 hours and a highly variable bioavail
ability [111]. Except for a genotyping study focusing on 
CYP2C19 gene variants, which ruled out an association with 
the pharmacokinetics of rotigotine [112], no studies have 
addressed the potential of pharmacogenetic testing with this 
drug [11,113]. The rest of the drugs mentioned in this review 
have shorter half-lives and therefore the chances for drug 
accumulation are more limited.

As for genes involved in drug response, despite promising 
findings related to DRD2, COMT, and SLC6A3 genes, no strong 
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associations either in isolated studies, or combined (this 
study), were identified. Currently, the pharmacogenetic data
base PharmGKb (https://www.pharmgkb.org/) contains nine 
clinical annotations with a low level of evidence concerning 
levodopa, rasagiline, entacapone, or pramipexole and includes 
genetics variants in DRD2, DRD3, COMT, HOMER1, SLC6A3, and 
SLC22A1. However, this evidence is still scarce. The Clinical 
Pharmacogenetics Implementation Consortium (CPIC) 
(https://cpicpgx.org) has published several guidelines to help 
in the interpretation of genetic tests and to provide recom
mendations on drug selection or drug dosing but do not 
provide recommendations for a pharmacogenetic-guided pre
scription of PD drug therapy. The CPIC webpage on gene-drug 
pairs (https://cpicpgx.org/genes-drugs/) includes several anno
tations on the COMT gene, including guidelines [114] invol
ving opioids and a low-level association with nicotine, but not 
with levodopa. No annotations or guidelines are provided for 
the DDC gene, and with regard to DRD genes, only a low-level 
annotation of DRD2 and risperidone appears, but none related 
to drugs used in PD. Regarding dopamine-transporter genes, 
no annotations or guidelines are provided for the SLC22A1 or 
SLC6A3 genes. Concerning other signaling pathways, the APOE 
gene is listed as having a low-level association with atorvas
tatin, and no association with the HOMER1 gene is listed. 
Regarding COMT and MAO inhibitors, as well as dopamine 
receptor agonists mentioned in this study, none of these 
were included in gene-drug associations.

Another factor that should be taken into consideration 
when assessing potential pharmacogenomics biomarkers in 
PD therapy is that drug response is related to several addi
tional factors that are usually insufficiently addressed in 
pharmacogenetic studies. For instance, it is well known that 
sex plays a relevant factor in Levodopa pharmacokinetics, 
with women requiring a lower dose (about 25% less than 
men) to achieve similar bioavailability [115]. Also, predictors 
of motor complications related to the age at onset, sex, 
severity of putaminal DAT depletion, higher putaminal 
SERT/DAT ratio, and high L-dopa dosages [113,116–125] 
should be taken into consideration as these factors may 
strongly modify drug response in PD patients. The degree 
to which these factors are influenced by genetic variability 
remains unclear. Polygenic response profiles [126,127] may 
also provide relevant information but, in our opinion, even 
polygenic testing is likely to be insufficient. That is unless 
polygenic data are combined with the above-mentioned 
phenotypic factors, clinical factors, and drug-drug interac
tions that, due to polypharmacy, are extremely common in 
PD patients. This holistic approach would need a shift in 
pharmacogenomics procedures and in phenotype inference, 
which would probably need machine learning processes to 
manage large datasets.

In sum, due to a combination of factors that include phar
macokinetic and pharmacodynamic factors, as well as the 
therapeutic window and the safety profiles, it is unlikely that 
conventional pharmacogenetic testing will provide ground- 
breaking genetic biomarkers useful in current PD therapy. 
Some hopes still stand with drugs whose metabolism is still 
not well understood, such as safinamide and others, as well as 
with novel drugs such as atremorine [113].
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