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Abstract

Background Dopamine replacement therapy remains the gold standard for symptomatic management of Parkinson’s disease
'ldwidc, However, most patients will develop debilitating motor levodopa-induced com plicalim@dLIC) in the form of
levodopa-induced dyskinesia (LID) and/or motor fluctuations (MF). This study aimed to conduct a systematic review and
meta-analysis on the pharmacogenetic association between LID and MF with common genetic variants of the dopamine
abolic and signaling pathways.

Methods A meta-analysis was conducted according to the PRISMA guidelines. Extracted studies include m:—conlml studies
evaluating the association between SLC6A3/DAT rs28363170 and rs393795; COMT rs4680 and rs4633; MAO-B rs1799836,
BDNF rs6265, DRDI rs4532, DRDESIS(XM‘J?, DRD3 16280, and DRDS5 rs6283 polymorphisms; and the overall risk of
MLIC and its subtypes LID or MF. Genotypic frequency were tcstafor deviation from the Hardy—Weinberg equilibrium
(HWE), and the genetic association was examined usingalc allelic (a vs. A), recessive (aa vs. Aa+AA), dominant (aa+ Aa
vs. AA), ovcrdommlt (Aavs. aa+AA), homozygous (aa vs. AA), and heterozygous (Aa vs. AA and aa vs. aA) models.
Results Fourteen studies were included in the meta-analysis. A significant association was found between COMT rs46809
polymcahisms with LID but not MF, with the association observable in Asians but not Caucasians. In Asians, the COMT
rs4633 was significantly associated with the occurrence of both LID and MF. The MAO-B rs1799836 was associated with
both MF and LID. Among all the dopamine receptor genes analyzed, only DRD2 exhibited an association with LID. No
association was observed between the SLC6AT/DAT and BDNF genes with either LID or MF.

Conclusion Strong associations were observed between polymorphisms of genes regulating dopamine metabolism with
the occurrence of LID and/or MF. The MAO-B rs1799836 may be potential for use as a general pharmacogenetic marker of
MLIC, while the COMT rs4680 and rs4633 may be used as markers of LID in Asian ethnicities.

Keywords Dopamine metabolic and signaling pathways - Polymorphism ‘aotor levodopa-induced complications
(MLIC) - Parkinson’s disease

Introduction

Parkinson’s disease (PD) is a neurodegenerative move-

a ment disorder affecting 2-3% of the population > 65 years
Gita Vita Soraya and Zulvikar Syambani Ulhaq have contributed of age [1] and currently exhibits one of the fastest growths
equally to this work and share first authorship. in prevalence, disability rates, and death, relative to other

neurological disorders [2]. The central pathologic feature
of PD includes the formation of Lewy bodies and accumu-
lation of «-synuclein protein, leading to the degeneration
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of dopaminergic neurons, particularly within the substantia
nigra [3, 4]. Ultimately, reduced activation oﬂe motor cor-
tex results in hallmark manifestations of PD such as resting
tremor, bradykinesia, muscle rigidity, gait dysfunction, and
postural instability [5, 6].

Clinical manifestations of PD dramatically affect the
quality of life of sufferers, and since no cure is available,
treatment is provided with the goal of symptomatic relief
and improved functionality for daily activities [7]. The dopa-
mine precursor, L-dopamine (L-dopa/levodopa), is one of
the most frequently utilized first-line treatments for PD and
remains the treatment of choice in elderly subjects due to its
lower side effect potential [1, 7].

However, approximately 40% of patients on levodopa will
develop adverse effects of motor levodopa-induced compli-
cations (MLIC) which manifests as levodopa-induced dys-
kinesia (LID) and/or motor fluctuations (MF), within the
first 4-6 years of treatment [8]. The occurrences of these
disabling complications are multi-factorial, as a result of
disease progression, cumulative treatment effect, and the
reorganization of neural circuitry or imbalance within the
basal ganglia pathways [9].

Certain genetic predispositions have been implicated
in the occurrence of both LID and MF, due to the marked
heterogeneity of patient responses towards levod@a [10].
The most notable polymorphisms include genes involved
in dopamine metabolism and signaling function. The most
commonly studied genes are illustrated in Fig. 1. In terms
of metabolic function, the first is the catechol-O-methyl-
transferase (COMT) enzyme, with soluble (§-COMT) and
membrane-bound (MB-COMT) subunits that are respon-
sible for catecholamine degradation, including dopamine.
The rs4680 variant results in the substitution of valine with
methionine in position 158, which has been linked to the
reduced COMT activity and higher dopamine levels. Addi-
tionally, another group of metabolic enzymes, the naoam-
ine oxidase (MAQ) enzymes, encompasses subtypes MAO-A
and MAO-B and plays a crucial role in the oxidative deami-
nation of monoamines.

Meanwhile, pharmacogenetically relevant genes that are
involved in dopamine signaling function (Fig. 1) and have
been implicated in MLIC development include those that
encode the dopamine transporter/solute carrier-6 (DAT/
SLC6) genes responsible for dopamine transport across the
plasma membrane and genes encoding the dopamine recep-
tor families D1 (DRDI, DRDS5) and D2 (DRD2, DRD3,
DRD4) through which dopamine can exert its physiological
functions [11]. Additionally, other pathways can also impact
dopamine effectivity, and one of the most notable genmml
have been implicated in MLIC development is the brain-
derived neurotrophic factor (BDNF) which may play a cru-
cial role in enhancing the survival of dopaminergic neurons
that reside within the substantia nigra [9, 12].

@ Springer

In sludy, we aimed to systematically review the rel-
evant single nucleotide polymorphisms (SNPs) that have
been identified in levodopa-uced complications. A recent
systematic review has been performed to assess the role of
certain genes in the occurrence of levodopa-induced dyski-
nesia [13], l@]id not distinguish between the MF and LID
phenotype. In this meta-analysis, we assessed the associa-
tions between the genes with susceptibility towards MLIC
in general, followed by a subanalysis of the association
between polymorphisms with either the dyskinesia (LID)
or MF phenotype using the genotypic frequency in each
individual study. Additionally, all the meta-analyses were
performed using multiple genetic models to determine the
associations between polymorphic genes of the dopamine
pathway with susceptibility of either LID or MF.

Methods

Literature search and data extraction
6]

A systematic review and meta-analysis was performed
according to the Preferred Reporting Items for Systematic
micws and Meta-Analysis (PRISMA) guidelines [14].
A literature search was conducted in PubMed and Sco-
pus using keywords related to dopamine metabolic and
signaling pathways such as “dopamine transporter/DAT/
solute carrier-6 member 3 (SLC6A3),” “catechol-o-
methyltransferase/ COMT,” “monoamine oxidase/MAO,”
“dopamine receptor/DR,” “brain-derived neurotrophic
factor/BDNF,” “polymorphism,” “polymorphismneuro-
trophic factorne me (MLIC),” “levodopa,” “dyskinesia,”
“motor fluctuation,” and 'kinson‘s disease (PD)” singu-
larly and in combination. The literature search was updated
until January 2021. The inclusion criteria of studies were
as follows: (1) evaluating the association between SLC6A 3/
mT rs28363170 and rs393795; COMT rs4680 and rs4633;
MAO-B rs1799836, BDNF rs6265, DRDI rs4532, DRD2
rs1800497, DRD3 rs6280, and DRDS5 rs6283 polymor-
phisms; and the risk of MLIC (including dyskinesia and/
or motor fluctuation) and (Zmlducled with a case—control
design. Data were extracted as follows: (1) name of the first
author, (2) year of publication, (3) type of single nucleotide
polymorphism (SNP), (4) age, (5) sex, (6) type of study, (7)
therapy, (8) duration of L-dopa or levodopa treatment, (9)
sample size, and (10) number of genotypes in patients with
and without MLIC.

Statistical analysis

Meta-analysis for each gene polymorphism was performed
for two or more studies, as previously described [15-17].
Genotypic frequency of the selected genes were tested for
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Fig.1 Summary of genes
involved in the dopamine
metabolism and signaling path-
ways. TH tyrosine hydroxylase,
DDC dopa decarboxylase,
VMAT vesicular mopoamine
transporter, MA ono-
amine oxidase-B, DOPAC
3.4-dihydroxyphenylacetic acid,
DAT dopamine transporter,
COMT catechol-O-methyl-
transferase, DRD1-5 dopamine
receptors 1-5, BDNF brain-
derived neurotrophic factor
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gcviation from the Hardy—Weinberg equilibrium (HWE) in
the control subjects if HWE was not reported in the original
study. The genetic association wasa:amined using different
genetic models, including allelic (a vs. A), recessive (aa vs.
Aa+AA), dominant (aa +ﬂavs. AA), overdominant (Aa
vs. aa+ AA), homozygous (aa vs. AA), and heterozygous
(Aa vs. AA and aa vs. aA) models [15-17]. The associations
between selected gene polymorphisms with MLIC pre
position were calculated by the pooled odds ratio (OR) and
95% confidence interval (CI). Heterogeneity ng studies
was evaluated using Q test and I statistic. The random-effect
model (REM) was used if heterogeneity existed:; otherwise,
the fixed-effect model (FEM) was used [18-20]. Subgroup
analysis was condd by stratifying based on ethnicity
and type of MLIC. Potential publication bias was assessed
by Begg’s funnel plots a Egger’s regression test. Begg's
funnel plot was applied if the pooled effect size alsisted
of 10 or more studies. A quantified ﬂull of p<0.05 was
indicative of statistical significance. A sensitivity test was
performed by sequentially omitting one study each time to
evaluate the stability of the results. All the meta-analysis was
performed using Review Manager 5.4.

Results
Dataset description

Using our inclusion criteria (Fig. Za total of 167 poten-
tial relevant records were identified, among which 77 were
reviewed. Sixty-three studies were then excluded due to the
following: (1) not relating to dopamine metabolism and sign-
aling pathways and its polymorphism; (conducled other
than case—control design; and (3) failed to extract the data.
Fourteen studies were then included in this meta-analysis
[21-34]. A total of 562, 2316, 1359, 361, 328, 405, 328, and
200 subjects for SLC6A3/DAT [21-24], COMT [22, 24-31],
MAO-B [22, 25, 29], BDNF [24, 27], DRDI [22, 32, 33],
DRD2 [22, 32, 33], DRD3 [22, 32, 33], and DRDS5 [32, 34]
polymorphisms, respeclivel}mre further analy zed.

All the included studies were comparable in terms of
age and sex. Duration of levodopa treatment varies between
studies, ranging from 3 to 11 years. Several anti-PD co-ther-
apies were reported in some studies, including MAO inhibi-
tor, COMT inhibitor, non-ergoline dopamine agonist, and
decarboxylase inhibitor. All studi@Eomplied with the HWE
except for the study from Purcaro et al. [21], Kakinuma et al.
[22], Wu et al. [30], Haat al. [29], Sampaio et al. [25], and
dos Santos et al. [23]. Details of the retrieved studies are
depicted in Table 1. As a supplementary, we also list other
genes that have been implicated in Parkinson’s MLIC, but
were not eligible for our analysis because they did not suit
our study’s inclusion criteria (Supplementary Table 1).

@ Springer

167 potential relevant records
identified through databases

90 publications excluded for:
* 4 Removal of duplicates

3 Reviews and comments
+ 73 not related with PD

Identification and
screening

77 publications assessed
for eligibility

Eligibility

63 gublications excluded for:

+ 38 Not related with dopamine metabolism and
s'lgnalin pathways or not polymorphism studies
25 Unable for data extraction’and not case-
control studies

1 v v v

5 articles for 9 articles for 3 articles for 2 articles for 4 articles for
DAT COMT MAO-B BDNF DRD

Included

Fig. 2 Flow diagram of the selection process of studies on polymor-
phisms of dopamine metabolism and signaling pathways in relation
to the occurrence of motor levodopa-induced complications (MLIC).
The selection process is initiated with identification and screening of
relevant studies, tbllml by eligibility assessment, and determination
of included studies. MAO-B monoamine oxidase-B, DAT dopamine
transporter, COMT catechol-O-methyltransterase, DRD  dopamine
receptors, BDNF brain-derived neurotrophic factor

Analysis of genes related to dopamine metabolism
and signaling

SLC6A3/DAT

Two SLC6A3/DAT polymorphisms, 1'828]7() and
rs393795, were analyzed (Table 2). Overall, there was no
significant association between SLC6A3/DAT rs28363170
and rs393795 polymorphisms with MLIC susceptibility in
all inheritance models. Due to limited studies on motor fluc-
tuations, subgroup analysis was only performed for dyski-
nesia, yielding similar findings of no significant association
with rs28363170. Moreover, Mineli et al. [21] described that
there is no advantage in excluding studies that appear not to
be in HWE, unless there are other reasons for doubting the
quality of the study.

COMT

Two COMT poly mmphism468() and rs4633, were ana-
lyzed (Table 2). Generally, we did not find any significant
association between rs4680 and MLIC predisposition in all
inheritance models, except patients with the AA genotype
exhibited l'mer susceptibility to the overall development
of MLIC (AA vs. GA, OR=1.38, 95% CI=1.03-1.84,
p=0.029, Fig. 3A). Interestingly, however, subgroup analy-
ses stratified by MLIC type revealed a significant asso-
ciation between rs4680 with dyskinesia predisposition in
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Table2 (continued)
DRD 54332 G= A

"Excluding study deviated from HWE

““Without excluding study deviated from HWE

50

allelic (A- G, OR=1.26, 95% CI=1.03-1.53, p=0.026,
Fig. 3B), recessive (AA vs. GA +GG, OR=1.79, 95%
CI=1.02-3.17, p=0.044, Fig. 3C), and homozygous (AA
vs. GG, OR =1.64, 95% CI =1.08-2.48, p=0.021, Fig. 3D)
models. Excluding studies deviating from HWE, our data
indicated that patients harboring the A allele exhibil
higher susceptibility to the development of dyskinesia (A
vs. G, OR =1.24, 95% CI=1.00-1.53, p=0.046, Fig. 3E).

Subgroup analysis was also performed according lo
nicity, and we found that in Asians, the rs4680 A allele was
associated with the development of dyskinesia (A vs. G,
OR=1.32,95%CI= l,()l—l,mp:{},()éli Fig. 3F), based on
the pooled analysis without excluding studies that deviated
from HWE. However, this ﬁlg did not stand when the
deviating study was excluded. No association was observed
between rs4680 polymorphism with MLIC predisposition
in Caucasians.

For rs4633, all included studies were Asians (Table 2).
Overall, a significant association between rs4633 poly-
morphism wilhalc susceptibility was observed in the
allelic (T vs. C, OR=1.83, 95% CI=1.28-2.62, p=0.001,
Fig. 4A), recessive (TT vs. CT+CC, OR=2.8 @5%
CI=1.10-7.22, p=0.031, Fig. 4B), dominant (TT 4+ CT vs.
CC,OR= 1.9895% CI=1.24-3.11, p=0.004, Fig. 4C),
homozygous (TT vs. CEEDR =3.67, 95% ClI=1.38-9.73,
p=0.009, Fig. 4D), and heterozygous (CT vs. CC,
OR=1.77,95% CI=1.10-2.84, p =0.019, Fig. 4E) models.
When subgroup analysis based on MLIC type was intro-
md, dyskinesia was significantly associated with allelic
ais C, OR=1.85, 95% CI=1.07-3.19, p=0.027, Fig. 4F),
dominant (TT+CT vs. CC, OR=2.39, 95% CI=1.18-4.85,
a:(),()l(), Fig. 4G), overdominant (CT vs. CC+TT,
OR=2.19, 95% CI=1.08-4.44, p=0.030, Fig. 4H), and
heterozygous (CT vs. CC, OR=2.42, 95% CI=1.16-5.05,
p=0.018, Fig. 41) models, while motor ﬂucllion was
significantly associated with allelic (T vs. C, OR=1.81,
95% CI=1.13-2.92, p=0.014, Fig. 47), recessive (TT
VS. CT-I-a:, OR=4.62, 95% CI=1.26-16.89, p=0.021,
Fig. 4K), and homozygous models (TT vs. CC, OR=5.56,
95% CI=1.47-21.08, p=0.012, Fig. 4L). Marginal asso-
ciation between the occurrences of motor fluctuation was
detected in the heterozygous model (TT vs. CT, OR=3.67,
95% CI=0.95-14.04, p=0.058, see Table 2).

MAO-B

Only a single MAO-B polymorphism, rs1 799836, was exam-
ined. Similar with SLC6A3/DAT, we did not exclude studies
that deviated from the HWE. Our data indicated significant
associations between 1'81796 with MLIC predisposi-
tion in the dominant (GG +AG vs. AA, OR=1.40, ‘m
CI=1.07-1.82, p=0.013, Fig. 5A), overdominant (AG
vs. AA+ GG, OR=1.78, 95% CI=1.31-2.41, p<0.0001,
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Fig.3 Forest plot of asso-
ciations between the COMT
polymorphism rs4680 with A
overall susceptibility towards
motor levodopa-induced com-
plications (MLIC) in the het-
erozygous (AA vs. GA) model;
B levodopa induced-dyskinesia
(LID) subtype occurrence in
the allelic (A vs. G) model {5
LID subtype occurrence in the
recessive (AA vs. GA+GG)
mode [GIYLID subtype occur-
rence in the homozy gous (AA
vs. GG) model; E LID subtype
occurrence in the allelic (A

vs. G) model after exclusion
of studies deviating from the
Hardy—Weinberg equilibrium;
and F LID subtype occurrence
in the allelic (A vs. G) model
in Asians
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Overall AA vs. GA

MLIC [+] MLIC [-]
Study Events Total Events Total Odds Ratio OR 95%-C1 Weight
Sampaio et al, 2018 (a] 8 13 7 74 —=— 1531 [3.92;59.78] 4.5%
Sampaio et al, 2018 [b] 739 8 48 1.09 [0.36 3.34] 6.7%
Michalowska et al, 2019 [a+b] 15 33 13 29 1.03 [0.38; 2.80] 8.4%
Watanabe et al, 2003 [a] 5 18 9 43 145 [0.41; 515] 5.2%
Watanabe et al, 2003 [b) 727 7 34 1.35 [0.41; 4.47] 59%
Cheshire et al, 2014 [a] 51 127 20 80 118 [0.66; 2.10] 25.2%
Zhao et al, 2020 [a] 1 15 312 0.21 [0.0Z; 2.33] 14%
Zhao et al, 2020 [b] 3 23 1 16 225 [0.21;23.83] 1.5%
Hao et al, 2014 [a] 5 24 95 529 —— 120 [0.44; 3.30] 8.2%
Hao et al, 2014 [b] 13 69 87 484 - 1.06 [0.55; 2.02] 20.1%
Kakinuma et al, 2020 [a] 5 19 6 31 —t— 149 [0.38 577] 4.6%
Wu et al [b] 4 53 4 72 —— 1.39 [0.33; 5.82] 4.1%
Xiao et al [a] 2 11 4 53 -t 272 [0.43:17.14]  2.5%
Kiao et al [b] 5 25 1 33 H———— 950 11.04; 86.97] 1.7%
Fixed effect model 496 1544 & 1.38 [1.03; 1.84] 100.0%
Heterogeneity: I = 33%, v° = 0.1620, p = 0.11
01 05 2 10
Dyskinesia A vs. G
Dyskinesia [+] Dyskinesia [-]
Study Events Total Events Total Odds Ratio OR 95%-C1 Weight
Sampaio et al, 2018 [a] 21§52 81 248 [0.76; 2.58] 10.6%
Watanabe et al, 2003 [a] 23 60 52 176 [0.80; 2.74] 10.6%
Cheshire et al, 2014 [a] 178 336 109 218 [0.80; 1.58] 34.2%
Zhao et al, 2020 [a] 16 52 15 90 [0.99;4.99] 6.1%
Hao et al, 2014 [a] 29 104 624 2070 [0.58; 1.39] 20.7%
Kakinuma et al, 2020 [a] 24 74 37 146 [0.77; 2.61] 10.6%
Xiao et al (a] 13 36 57 250 [0.91; 4.02] 7.2%
Fixed effect model 714 3198 = 1.26 [1.03; 1.53] 100.0%
Heterogeneity: I* = 6%, T = 0.0046, p = 0.38
0.5 1 2
Dyskinesia AA vs. GA+GG
Dyskinesia [+] Dyskinesia [-]
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Sampaio et al, 2018 [a] 8 26 7124 s T.43 [2.40; 22.98] 14.8%
Watanabe et al, 2003 [a) 5 30 9 88 1.76 [0.54; 5.73] 14.0%
Cheshire et al, 2014 [a] 51 168 29 109 120 [0.70; 2.06] 27.1%
Zhao et al, 2020 [a] 1 26 3 45 0.56 [0.06; 5.68] 5.2%
Hao et al, 2014 (a] 5 52 95 1035 ——— 1.05 [0.41; 2.71] 18.0%
Kakinuma et al, 2020 [a] 5 37 6 —t— 1.74 [0.50; 6.15] 13.0%
Xiao et al [a] 2 18 4 125 s 378 [0.54;22.32] B.0%
Random effects model 357 1599 —— 1.79 [1.02; 3.17] 100.0%
Heterogenelty: I© = 44%, 17 = 0.2361, p = 0.10

Dyskinesia AA vs. GG
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Sampaio et al, 2018 [a] 8 21 7 57 4.40 [1.35;14.36] 12.4%
‘Watanabe et al, 2003 [a] 5 17 9 54 2,08 [0.59; 7.38] 10.9%
Cheshire et al, 2014 [a] 51 92 29 58 = 1.24 [0.64; 2.40) 40.1%
Zhao et al, 2020 [a] 1 12 3 36 - . 1.00 [0.09;10.63) 3.1%
Hao et al, 2014 [a] 5 33 95 601 o 0,95 [0.36; 2.53] 18.3%
Kakinuma et al, 2020 [a] 5 23 6 48 —— 194 [0.53; 7.20] 10.2%
Xiao et al [a] 2 9 4 76 T+ 5.14 [0.80; 33.25] 5.0%
Fixed effect model 207 930 e 1.64 [1.08; 2.48] 100.0%
Heterogeneity: I° = 5%, T° = 0,0206, p = 0.39
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Dyskinesia* A vs. G
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio OR 95%-C1 Weight
Watanabe et al, 2003 [a) 23 60 52 176 B 1.48 [0.80;2.74] 11.9%
Cheshire et al, 2014 [a] 178 336 109 218 - 1.13 [0.80; 1.58] 38.3%
Zhao et al, 2020 [a] 16 52 15 90 + = 2.22 [0.99; 4.99] 6.8%
Hao et al, 2014 [a] 29 104 624 2070 —= 0.90 [0.58;1.33] 23.1%
Kakinuma et al, 2020 [a] 24 74 37 146 —jt— 1.41 [0.77;2.61] 11.8%
Xiao et al [a] 13 36 57 250 TH—+—— 191 [091;4.02) 81%
Fixed effect model 662 2950 — 1.24 [1.00; 1.53] 100.0%
Heterogeneity: I = 20%, T° = 0.0187, p = 0.28
05 1 2
Dyskinesia A vs. G [ASIAN]
Dyskinesia [+] Dyskinesia [-]

Study Events lotal Events Total 0Odds Ratio OR 95%-C1 Weight
Watanabe et al, 2003 [a] 23 60 52 176 —f——— 1.48 [0.80; 2.74] 19.2%
Zhao et al, 2020 [a] 16 52 15 90 e 2.22 [0.99;4.99] 11.0%
Hao et al, 2014 [a] 29 104 624 2070 — 0.90 [0.58;1.39] 37.5%
Kakinuma et al, 2020 [a] 24 74 37 146 —+ 141 [0.77;2.61] 19.2%
Xiao et al [a) 13 36 57 250 —=—— 191 [0.51;4.02] 13.1%
Fixed effect model 326 2732 <= 1.32 [1.01; 1.72] 100.0%

Heterogenelty: /* = 30%, T° = 0.0431, p = 0.22
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Fig. 5B), and heterozygous (GG vs. AG, OR=0.62, 95%
CI=0.40-0.95, p=0.027, Fig. 5C; AG vs. AA, OR=1.78,
95% CI=1.29-2.45, p<0.0001, Fig. 5D) models. Subgroup
analysis according to MLIC type revealed that both dys-
kinesia and motor fluctuation were significantly associated
with overdominant and heterozygous models (Fig. 5SE-H,
see Table 2).

DR

Four types of DR polymorphisms (DRDI rs4532, DRD2
rs1800497, DRD3 rs6280, and DRDS rs6283) were exam-
ined. Among them, only the DRD2 of rs 1800497 polymor-
phism @signiﬁcamly associated with dyskinesia suscep-
tibility (dominant model, AA +GA vs. GG, OR=1.70, ﬁ%
CI=1.05-2.75, p=0.031, Fig. 5I; overdominant model, GA
vs. AA+ GG, OR=1.87, 95% CI=1.17-3.00, p=0.009,
Fig. 5J; and heterozygous model, GA vs. GG, OR =1.85,
95% CI=1.12-3.05, p=0.016, Fig. 5K).

Analysis of genes influenced by dopaminergic
transmission

BDNF

Only a single BDNF polymorphism, rs6265, was evaluated.
And because we are unable to extract a complete number of
genotypes from the study by Cheshire et al. [27], analysis
was performed only on the dominant model, yielding no
significant association between the BDNF rs6265 polymor-
phisms with MLIC predisposition.

7

Publication bias and sensitivity analysis

Publication bias was assessed with the Begg’s funnel plot
(Supplementary Fig. 1) and Egger’s regression tests. Pub-
lication biases were observed in several analytical models
(see Egger’s regression tests column in Table 2), which is
possibly due to the high variability among different studies.
Sensitivity analyses were performed in a group (consisting
minimal of 3 studies) with significant results, yet associa-
tions detected in pooled analyses remained unchanged, sug-
gesting robustness of the findings (Supplementary Fig. 2-3).

Discussion

Motor levodopa-induced complications (MLIC) both in the
forms of LID and MF are common complications of dopa-
mine replacement therapy and significantly impact the qual-
ity of life of PD patients [35]. This study aimed to systemati-
cally review and meta-analyze the associations between LID
and MF with notable polymorphisms of the dopaminergic

metabolism and signaling pathways. A recent meta-analysis
has shown inconclusive findings in determining the associa-
tion between genetic variants with LID [13]. In this study,
we utilized multiple genetic models to reflect the biology
and population genetics of the disorders [36]. Furthermore,
this is also the first study that analyzes not just the overall
association between the polymorphisms and MLIC, but also
the association between variants with either the LID or MF
subtypes of MLIC, as previous epidemiologic studies have
demonstrated differences between the occurrence patterns
of the two MLIC subtypes [37].

The MAO-B and COMT enzymes have been implicated
in dopamine metabolism and bioavailability, and this study
confirms that COMT and MAO-B polymorphisms poten-
tially increase MLIC susceptibility. The MAO-B rs1799836
polymorphism was found to be significantly associated with
overall MLIC occurrence, with a stronger association for
the occurrence of dyskinesia relative to motor fluctuations.
Meanwhile, the COMT polymorphism rs4680 was signifi-
cantly associated with the dyskinesia subtype only, but not
with motor fluctuation subtype or overall MLIC, with main-
tained associations in the Asian subgroup on ethnicity analy-
sis. The predominance of the rs4680 association in Asians
have been demonstrated in a previous meta-analysis showing
increased PD susceptibility in Asians with the rs4680 poly-
morphism [38]. The rs4633 studies analyzed in this study
were all on Asian subjects, wherein we found a disparingly
higher risk among Asians with cerlamwdels displaying a
higher risk for the occurrence of MF. We also found a strong
association between the MAO-B rs1799836 polymorphism
with overall MLIC occurrence, with a stronger association
for the occurrence of LID relative to MF.

Dopaminergic receptors, from D1 to D5, play an impor-
tant role as the natural targets of dopamine agonist in d(@
mine replacement therapies, with most studies stating D1
and D2 as most important in PD drug response [24, 25].
Interestingly, none of the DR gene polymorphisms analyzed
in this study exhibited any meaningful associations with
MLIC, except for DRD2 rs1800497 which was significantly
associated with LID meplibilily only. The DRD2 receptor
plays a major role in dopaminergic response to levodopa in
PD patients, and the rs1800497 polymorphism is the main
variant of the DRD2 gene [23]. However, most associa-
tion studies have yielded conflicting results, and this study
confirms the presence of an association between the DRD?2
rs1800497 with LID susceptibility.

No association was observed between DAT/SLC6A3 poly-
morphisms with MLIC susceptibility in this study. In previ-
ous studies, the DAT rs393795 poorphism has been asso-
ciated with time to LID, possibly due to the altcrﬂtuplake
of dopamine in the synapse [39]. However, more studies are
needed to confirm this finding, since the number of studies
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A Overall Tvs. C

MLIC [+] MLIC [-]
Study Events Total Events Total
Xiao et al, 2017 [a] 13 38 61 250
Xiso et al, 2017 [b) 31 86 43 200
Zhao et al, 2020 [a] 15 52 16 54
Zhao et al, 2020 [b] 24 108 7 38
Flxed effect model 282 s82

Hatersganaity: I = 0%, 1° = 0, p = 0.85

B Overall TT vs. CT+CC

MLIC [+] MLIC [-]
Study Events Total Events Total
Xiao et al, 2017 [a] 2 18 7125
laa et al, 2017 [b] 6 43 3 100
2Zhao et al, 2020 [a] 1 26 2 ar
Zhao et al, 2020 [b] 3 5 o 19
Fixed effect model 141 291
Heterogeneity. I* = 0%, T = 0, p = 0.64
C Overall TT+CT vs. CC
MLIC [+] MLIC [-]
Study Evants Total Events Total
Kizo et al, 2017 [a) 11 e 34 125
Xiao et al, 2017 [b] 25 43 40 100
Zhao et al. 2020 [a] 14 26 14 47
Zhao et al, 2020 [b] . 54 719
Fixed effect model 141 291
Heterogeneity: 1 = 0%, 1/ = 0, p = 0.66
D Overall TT vs, CC
MLIC [+] MLIC [
Study Events Total Events Total
Xiao et al, 2017 [a] 2 9 T8
Xiao et al, 2017 [b) 6 24 3 63
Zhao at al, 2020 [a] 1 13 2 35
Zhao et al, 2020 [b] ER a 1z
Fixed effect model a2 188
Heterageneity: I = 0%, ' = 0, p = 0.72
E Overall CT vs. CC
MLIC [+] MLIC[-]
Study Events Total Events Total
Xiao et al, 2017 [a] 9 16 47 118
a0 et al, 2017 [b] 19 a7 3787
Zhao et al, 2020 [a] 13 25 1248
Zhao et al. 2020 [b] & 51 7 19
Fixed effect model 129 279

Hitarogaresity: i = 0%, 1° = 0, p = 0.51

Odds Ratio oR #5%-C1 Weight
«—— 175 [0.B4; 367]  234%

—#—— 106 [L18 358] 419%

- 198 [ .42]  19.8%

- . 323] 147%

1.83 [1.28; 2.62] 100.0%

Odds Ratlo oR 95%-C1 Welght
= 211 [0.40; 11.04] 32.4%
|_f_._ 524 [1.25 22.06] 43.0%

T 0.90 [0.08; 10.43]  14.8%
+ 2,65 [0.13; 53.70] 9.8%
= 2.81 [1.10; 7.22) 100.0%

21 0512 10

Odds Ratio OoR
2.07 [0.75; 5.64]

95%-C1 Waight

| —
0z 05 1 2

1.96 [1.24; 3.11] 100.0%

5
‘Ddds Ratie OoR 95%-C1 Weight
= 290 [0.50;16.72] 31.0%
+i 6.67 [1.51:20.36] 43.3%
1 1.38 [0.11:16.58] 15.4%

= 2.61 [0.13:54.25] 10.3%

— 3.67 [1.36; 9.73] 100.0%

61 0512 10

odds Ratio oR 95%-Cl Weight
1 1.94 [0.68:557] 20.5%

171 [080:367] 39.0%

288 [1L07:831] 216%

0.94 [031:279] 19.0%

1.77 [1.10; 2.84] 100.0%

Fig.4 Forest plot of associations between the COMT polymorphism

rs4633 wi
complicati
oCcurrence
occurrence in th

overall suscepti

lity towards motor levodopa-induced
MLIC) in the allelic model (T vs. C); B overall MLIC
sive (TT vs. CT +CC) model; C overall MLIC

inant (TT+CT vs. CC) model; D overall

MLIC occurrence in the homozygous (TT vs. CC) model; E overall
MLIC occurrence in the heterozygous (CT vs. CC) model; F levo-
dopa-induced dyskinesia (LID) subtype occurrence in the allelic (T

and patient data extracted for the DAT/SLC6A3 and BDNF

polymorphisms were small.

It is interesting to note the difference between the strength

of association between genetic variants with either the
LID or MF subtypes. This highlights the importance of
our approach, wherein subgroup analysis of the LID and
MF subtypes needs to be performed in order to acquire a
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J

Dyskinesia T vs. C
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio OR B5%-C1 Weight
Xiao et al, 2017 [a] 13 ELY 61 2%0 175 [0.84; 3.67] 54.3%
Zhao et al, 2020 [a] 15 52 16 84 198 [D.B8: 442 25.7%
Fixad offact model L] 348 |—====—  1.85 [1.07; 3.19] 100.0%
Heterogeneity: 1! = 0%, T = 0 p = 0.83 F !
as 1 2
Dyskinesia TT+CT vs. CC
Dyskinesia [+] Dyskinesia [-]
Study Events Total Events Total Odds Ratio oR 95%-C1 Weight
Xiao et al, 2017 [a] 11 1w 54 125 207 [0.75:5.68] 49.1%
Zhao et al, 2020 [a] 14 6 14 47 2.75 [1.02:7.42) 5S0.9%
Fixed effect model 44 172 — 2.39 [1.18; 4.85] 100.0%
Heterogeneity: * = 0%, 177 = 0, p = 0.68
0z 0% 1 2 3
Dyskinesia CT vs. CC+TT
Dyskinesia [+] Dyskinesia [-]
Study Events Total Events Total Odds Ratio OR 95%-Cl Welght
Xiao et al, 2017 [a] 8 18 47 125 - L66 [062:4.08) 50.8%
Zhao et al, 2020 [a] 13 26 12 a7 292 [106:B.01] 49.1%
Fixed effect model aq 172 —=—— 2,19 [1.08; 4.44] 100.0%

Hetgrogencty: I = 0%, ¥ = 0. p = 0,40

Dyskinesia CT vs. CC

Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio oR 95%-C1 Welght
Xigo et al, 2017 [a] 9 18 47 1 —= 194 [0.68; 5.57] a86%
Zhao et al, 2020 [a) 13 5 12 4 298 [1.07:831] 514%
Fixed effect model 4 183 | —==— 3,43 [1.15; 5.05] 100,0%

Heterogeneity: ¥ = 0%, T = 0, p = 057

Motor fluctuation Tvs. €
Moter flue [+]  Motor fluc [-]

Study Events Total Events Total Odds Ratio OR B5%-C1 Weight
Kiao et al, 2017 [b) ] 43 200 ol 206 [L18: 358) 7T41%
Zhao et al, 2020 [b] 24 108 T om -— 127 [(0.50;3.23] 2%.9%
Fixed effect model 184 238 e 181 [1.13; 2.92] 100.0%

Heterogenety: I° = 0%, T = 0, p = 0.38

Motor fluctuation TT vs. CT+CC
Motor fluc [+] Motor fluc [-]

Study Events Total Events Total Odds Ratio oR 95%-C1 Welght

Xiso et al, 2017 [b] 6 43 3100 & 5.24 [1.25: 22.06] 8l4%

Zhao et al, 2020 [b] ER- o 19 ——=F—— 265 [013:53.70] 1B.6%

Fixed effect model a7 119 —=———  4.62 [1.26; 16.89] 100.0%
—TTT o

Meterogenefy: I’ = 0%, v’ = 0. p = 0.69

Motor fluctuation TT vs. CC

Motor fluc [+]  Motor fluc [-]

Study Events Total Events Total Odds Ratio oR 95%-C1 Weight
Xiso et al, 2017 [b) 6 24 3 63 5 6.67 [151;29.36] B0.7%
Zhaa et al, 2020 [b] 3 3 9 12 — 261 [013:54.25] 19.3%
Fixed effect model 0 kL] 5.56 [1.47; Z1.08] 100.0%
Heterogeneity: I' = 0%, v' = 0, p = 059
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vs. C) model; G LID subtype occurrence in the dominant (TT +CT
vs. CC) model; H LID subtype occurrence in the overdominant (CT
vs. CC+ TT) model; I LID subtype occurrence in the heterozygous
(CT vs. CC) model; J motor fluctuation (MF) subtype occurrence in
the allelic (T vs. C) model; K MF subtype occurrence in the reces-
sive (TT vs. CT 4+ CC) model; and L. MF subtype occurrence in the
homozygous model (TT vs. CC). All studies were performed in the
Asian population

complete understanding of the associations. Overall, the
polymorphisms examined in this meta-analysis showed a

stronger likelihood of association with LID specifically,
although certain genetic models of COMT rs4633 showed
aremarkably higher risk for MF. There may be several rea-
sons contributing to the differences in the strength of asso-

ciation across subtypes. While the onset of LID and motor
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A Overall GG+AG vs. AA

MLIC [+] MLC [-]
Study Events Total Events Total 95%-Cl Weight
Hao et al, 2014 [a) 17 52 251 1025 l0.84; 2.76]  19.4%
Hao et al. 2014 [b] 49 164 219 923 [0.95; 1.98] 51.3%
Kakinuma et i, 7020 [a] 1237 a 13 [178:9.10] 7.2%
Sampaio et al, 2018 [a] 17 26 50 124 [0.29; 1.75] 6%
Sampaio ot al, 2018 [b] 51 69 56 Bl + 10.62: 2.59] 13.5%
Fixed effect model 348 2236 = 1.40 [1.07; 1.82] 100.0%

Htoregenaky: ©© = 27%, 1 = 0082, p = 0.24

B Overall AG vs. AA+GG

MLIC [+] MLIC[-]
Study Events Total Events Total Odds Ratio oR 95%-C1 Welght
Hao et al. 2014 [a] 13 52 124 1035 —E—— 245 [127:472] 21.9%
Hao et al, 2014 [b] ™ 1 1p8 923 = 4;2.54]  46.7%
Kakinuma et al. 2020 [a] L 8 73 T ! . .71] 1%
Sampata ot al, 2018 [a] L] 19 124 e 245 [0.94:6.45] 101%
Sampaio et al, 2018 [b] 13 6e uon =t 111 [0.48; 256] 13.5%
Fixed effect model 348 2238 - 1.78 [1.31; 2.42] 100.0%

Heterogeneky: I = 0%, v = 0, p= 0.60
B2 DS 1 2 5

C Overall GG vs. AG

MuC[+]  MUC[]

Study Events Total Events Total ‘Odds Ratio OoR 95%-Cl Weight

Hao et al, 2014 [a)
Haa et al. 2014 [b]

17 127 181
49 11 219

030 [0.20; 0.95]
067 [0.36; 1.26]

4
0
5

Sampada et al, 2018 [a] a 17 71 90
k]

Kakinuma et al. 2020 [a] 12 1 5.71 [0.53; 61.41] 31%

030 (010 0.89] 15.2%
Sampaio et al, 2018 [b] 51 4z 56 0.97 [0.41; 2.33] 23.2%
Fixed effect model 148 625 0.62 [0.41; 0.95] 100.0%
Heterogenety: [ = 48%, T/ = 0.2436, p = .10

0l 0512 10
D Overall AG vs. AA
MLIC [+] MLIC []
Study Events Total Events Tatal Odds Ratio oR 95%.C1 Weight
Hao et al, 2014 [a] 13 48 124 908 il 235 [121:456) 23.2%
Hao at al, 2014 [b] 2% 144 w8 812 — 164 [1.04;2.59] 49.4%
Kakinuma et al, 2020 [a) T 8 72 T 224 [0.73683] 8%
Sampaio et al, 2018 [a] B 17 18 53 - 159 [0.53; 4.81) B.4%
Sampaio et al, 2018 [b) 13 3 M 39 —'—'—— 129 [0.49;3.40] 10.9%
Fixed effect model 272 1884 - 1.78 [1.29; 2.45] 100.0%
—T—r—r

Heterogeneity: I° = 0%, T° = 0, p = 0.84
02 05 1 2 5

E Dyskinesia AG vs. AA+GG
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio OoR A5%-C1 Waight
Hao et al, 2014 [a] 13 52 124 1035 —F— 245 [12T472] 5a%
Kakinuma et al, 2020 [a] 1w & —t—=——— 190 [06%571] 195%
Sampaio et al, 2018 [a] B 26 19 124 ’ 246 [0.94;6.45] 254%
Fixed affect model 115 1232 — 2.33 [1.43; 3.79] 100.0%

——
02 0% 1 2 H

Fig.5 Forest plot of associations between the MAO-B polymorphism
1s1799 nd DRD2 rs1800497 polymorphism with MLIC suscep-
tibility. Association between the MAQO-B rs1799836 polymorphism
with the A overall susceptibility towards motor levodopa-induced
complications (MLIC) in the dominant (GG +AG vs. AA) model;
B overall MLIC occurrence in the overdominant (AG vs. AA+GG)
model; C overall MLIC occurrence in the heterozygous (GG vs. AG)
model; D overall MLIC occurrence in the heterozygous (AG vs. AA)
model; E levodopa-induced dyskinesia (LID) subtype occurrence in

Heterogeneity: 1 = 0%, 7" = 0. p = 0.92

fluctuations both average between 4 and 6 years, studies have
shown that MF is slightly more prevalent relative to LID
with a quicker average onset, and that both MF and LID
had a quicker onset in familial PD relative to sporadic PD
[40]. Secondly, it has been noted that the occurrence of LID
is highly influenced by disease severity [41], with a ten-
dency to appear earlier in severe PD and in the more severely
affected limbs of asymmetrical parkinsonism [8, 42].

This study has several limitations. Firstly, our analysis
did not adjust for the potential variables that can impact the

F Dyskinesia AG vs. AA
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio OR 95%-C1 Weight

Hao et al, 2014 [a] 13 4 124 908 - 235 [1.21;456) 58.3%

Kakinuma et al, 2020 [a] 7T oRn a n * 224 [0.73;6.83] 20.7%

Sampaio et al 2018 [a] B 7 1w 52 — =+ 159 [053481] I1.0%

Fixed effect model 97 1033 —— 2.14 [1.29; 3.56) 100.0%
—T 1

Meterogeneity: I = 0%, T = 0. p = 0.84
0z 68 1 2 &

Motor fluctuation AG vs. AA+GG
Motor fluc [+] Motor flue [-]

Study Events Total Events Total ‘Odds Ratio OR #5%-C1 Weight
Hao et al, 2014 [b] 29 164 108 923 162 [1.04;254) 77.6%
Sampaio el al, 2018 [b] 13 6 4 8 -~ = LIl [0.48 256] 22.4%
Fixed effect model 233 1004 b 1,49 [1.00; 2.21] 100.0%
Heterogeneny: ' = 0%, ¥/ = 0. p = 0.43

o5 1 2

Motor fluctuation AG vs. AA
Motor fluc [+] Motor flue [-]

Study Events Total Events Total Odds Ratlo oR 95%-Cl Welght
Hao et al, 2014 (1] 9 144 108 812 164 [104;259] BL9%
Sampako et al, 2018 [b] 13 2 PEI 129 [0.49:3.400 181%
Fixed effect model 175 851 —==—  L.57 [1.04; 2.37] 100.0%
Huteregenaity: I° = 0%, T = 0, p = 0.66 T 1

s 1 2

I Dyskinesia AA+GA vs. GG
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total Odds Ratio oR 95%-C1 Weight
Comi et al, 2017 [a] w50 14 50 —E—— 327 [142:752] 135%
05 Santos et al. 20186 la] 18 30 B5 165 141 [064:3.12] 37.1%
Kakinuma et al, 2020 [a] XA EE I ] 102 [0.4Z; 2.48] 29.4%
Fixed effect maodel 117 N 1.70 [1.05; 2.75] 100.0%

Heterogeneity: ©* = 45%, T = 01698, p = 0.14
02 05 1 2

J Dyskinesia GA vs. AA+GG
Dyskinesia [+] Dyskinesia [-]

Study Events Total Events Total oR 95%-C1 Welght
Comi at al, 2017 [a] 3 0 11 50 355 (145 BA3] 29.4%
dos Santos et al, 2016 [a] 16 30 73165 144 [0.66; 3.14] 36.5%
Kalinuma ot al, 2020 [a] 3 3 3 73 143 [054; 3.21] 34.0%

Fixed affect model

X 117 288
Hetaroganaity: I© = 32%, ¥ = 00811, p = 0.23

1.87 [1.17; 3.00] 100.0%

Dyskinesia GA vs. GG
Dyskinesia [+] Dvsl:inesial]

Study Events Total Events Odds Ratio oR 95%-C1 Welght
‘Comi et al, 2017 [a) 547 1 47 3.72 (153 9.02) 321%
dos Santos et al, 2018 [a] 16 28 T3 153 18- 146 [0.65:3.28) 381%
Kakinuma gt al, 2020 [a] PR ] 33 59 — 11E [0.47:2.95) 29.9%
Fixed sffect modael 259 — 1.85 [1.12: 3.05] 100.0%

Heserageneity: ¥ = 45%, v’-alalso o]a T !
02 05 1 2 £l

the overdominant (AG vs. AA+GG) model; F LID subtype occur-
rence in the heterozygous (AG vs. AA) model; G motor fluctuation
(MF) subtype occurrence in the overdominant (AG vs. AA+GG)
model; and H MF subtype occurrence in the heterozygous model
(AG vs. AA). Association between the DRD2 rs1800497 polymor-
phism with I LID subtype occurrence in the dominant {AA 4+ GA vs.
GG) model; J LID subtype occurrence in the overdominant (GA vs.
AA 4 GG) model; and K LID subtype occurrence in the heterozy gous
model (GA vs. GG) model

rates of motor fluctuations in dyskinesias. These variables
include age, levodopa dosage, prior or concomitant use of
other medications such as peripheral decarboxylase inhibi-
tors and dopamine agonists, and duration of disease or treat-
ment [37]. We also did not stratify based on gender, which
could have a potential impact on the associations, as previ-
ous studies have obsm:d sexual dimorphism in PD pharma-
cogenetics, wherein male individuals carrying the MAO-B G
allele treated with higher levodopa doses had an increased
risk of MLIC [25], and in studies of DRD2 polymorphism
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that indicate a strong protective effect towards motor com-
plications in males relative to females [43]. And finally, d
to the substantial heterogeneity and publication bias found in
the analysis, the results should be interpreted with caution as
more sludiemc needed to confirm these findings.

Overall, this study provides significant insight into the
role of pharmacogenetics in the manifestation of MLIC and
highlights the potential differences in the impact of these
polymorphisms across the LID and MF subtypes. And while
more studies are required to confirm these findings, it is
postulated that early identification of genetic markers of MF
of LID susceptibility can be possible, and the exploration of
alternative therapeutic approaches can be initiated earlier.

Conclusion

Strong associations were observed between polymorphisms
of genes regulating dopamine metabolism with the occur-
rence of LID and/or MF. The MAO-B rs1799836 may be
potential for use as a general pharmacogenetic marker of
MLIC, while the COMT rs4680 and rs4633 may be used as
markers of dyskinesia in Asian ethnicities.

Abbreviations NF: Brain-derived neurotrophic factor: CI: Confi-
dence interval; COMT: Catechol-O-methyltransferase; DAT: Dopamine
transporter; DRD: Dopamine receptor; HWE: Hardy-Weinberg equi-
librium; L-Dopa: L-dopamine; LID: Levodopa-induced dyskinesia;
MAOQO: Monoamine oxidase; MF: r fluctuations; MLIC: Motor
levodopa-induced complications; OR: Odds ratio: PD: Parkinson’s
disease: PRISMA: Preferred Reporting Item: ystematic Reviews
and Meta-Analysis; SLC6: Solute carrier 6; SNP: Single nucleotide

polymorphism
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