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ARTICLE OPEN

Genetic meta-analysis of levodopa induced dyskinesia in
Parkinson’s disease
Alejandro Martinez-Carrasco 1,2,3� , Raquel Real 1,2,3, Michael Lawton 4, Hirotaka Iwaki5,6, Manuela M. X. Tan 7, Lesley Wu1,2,3,
Nigel M. Williams 8, Camille Carroll9,10, Michele T. M. Hu11,12, Donald G. Grosset13, John Hardy3,14,15,16,17,18, Mina Ryten 3,19,20,
Tom Foltynie 1, Yoav Ben-Shlomo4, Maryam Shoai3,14,15and Huw R. Morris 1,2,3�

The genetic basis of levodopa-induced-dyskinesia (LiD) is poorly understood, and there have been few well-powered genome-wide
studies. We performed a genome-wide survival meta-analyses to study the effect of genetic variation on the development of LiD in
� ve separate longitudinal cohorts, and meta-analysed the results. We included 2784 PD patients, of whom 14.6% developed LiD.
We found female sex (HR= 1.35, SE= 0.11,P= 0.007) and younger age at onset (HR= 1.8, SE= 0.14,P= 2 × 10� 5) increased the
probability of developing LiD. We identi� ed three genetic loci signi� cantly associated with time-to-LiD onset.rs72673189 on
chromosome 1 (HR= 2.77, SE= 0.18,P= 1.53 × 10� 8) located at the LRP8 locus,rs189093213 on chromosome 4 (HR= 3.06,
SE= 0.19,P= 2.81 × 10� 9) in the non-coding RNALINC02353locus, andrs180924818 on chromosome 16 (HR= 3.13, SE= 0.20,
P= 6.27 × 10� 9) in the XYLT1locus. Based on a functional annotation analysis on chromosome 1, we determined that changes in
DNAJB4 gene expression, close to LRP8, are an additional potential cause of increased susceptibility to LiD. Baseline anxiety status
was signi� cantly associated with LiD (OR= 1.14, SE= 0.03,P= 7.4 × 10� 5). Finally, we performed a candidate variant analysis of
previously reported loci, and found that genetic variability inANKK1(rs1800497, HR= 1.27, SE= 0.09,P= 8.89 × 10� 3) and BDNF
(rs6265, HR= 1.21, SE= 0.10,P= 4.95 × 10� 2) loci were signi� cantly associated with time to LiD in our large meta-analysis.
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INTRODUCTION
Parkinson’s disease (PD) is a common neurodegenerative disorder,
characterised by the loss of dopaminergic neurons in the
substantia nigra pars compacta. The development of levodopa
induced dyskinesia (LiD) is a major clinical problem for PD patients
and multiple pharmacological and neurosurgical approaches have
been developed to try to prevent, attenuate or treat LiD.
Dopamine is lost from the nigrostriatal pathway, which manifests
as bradykinesia, muscular rigidity, rest tremor and postural
instability1,2. There are several symptomatic treatments for PD
motor symptoms, with the metabolic precursor of dopamine,
levodopa, being the ‘gold standard’ drug. Levodopa improves
motor function as measured by the Uni� ed Parkinson’s Disease
Rating Scale (UPDRS) or the more recent MDS-UPDRS, widely used
standard clinical assessments to evaluate the motor state in PD
patients3. A comparison of an early levodopa treated group
against a delayed treated group showed no difference in the rate
of motor progression, suggesting that levodopa itself is not
disease modifying or disease accelerating4. One of the major
drawbacks of long-term levodopa treatment is that many PD

patients experience levodopa-related motor complications, such
as wearing off, dystonia and dyskinesia5.

The prevalence of LiD varies across academic- and industry-led
studies, averaging at around 20–40% after 4 years of levodopa
treatment. There are two major LiD subtypes: peak-dose
dyskinesia, which occur during the therapeutic window of
levodopa treatment, and diphasic dyskinesia, which present at
the start and end of a dose cycle6.

Levodopa treatment is necessary for LiD development, but
there are likely to be several other mediating factors6. Based on
research in animal models, it is hypothesised that pulsatile
delivery of oral levodopa, presynaptic nigrostriatal degeneration
and intact striatal neurons are needed for the development of
LiD6. Major risk factors for the development of LiD include young
age at onset (AAO), female sex, low body weight, disease severity,
disease duration and treatment duration (from the initiation of
levodopa) as well as the total dose of levodopa7,8. Disease
duration and treatment duration are closely related and delayed
start study designs have evaluated the effect of delaying the
initiation of levodopa, showing an association between longer
delay and a decreased risk of LiD9. There is increasing evidence to
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suggest that genetics plays a role in the susceptibility to LiD. Rare
variants in genes such asPRKN, PINK1, and DJ-1 have been
reported to be associated with higher rates of dyskinesia10–12,
although patients with autosomal recessive PD usually have early
onset disease, which is in itself a risk factor for LiD. A study which
corrected for age and disease duration variability did not replicate
the � ndings of a higher LiD susceptibility amongPARK2mutation
carriers13.

Common variation may also in� uence the risk of developing
LiD. Variation at the DRD2, COMT, MAOA, BDNF, SLC6A3 and
ADORA2A loci have all been reported to in� uence the risk of
developing LiD14–23. Recently, an exome-wide association study of
LiD in PD found that variants inMAD2L2and MAP7loci were
associated with LiD, and replicated the association of the opioid
receptor gene OPRM124. Due to the high heterogeneity in the
genetic determinants that regulate LiD, validation in large cohorts
is needed.

Here, we investigated the genetic determinants of LiD by
performing a meta-analysis of genome-wide survival to LiD in� ve
different cohorts, and assessed previously reported loci. We also
performed functional genetic annotation to better understand the
nominated loci. Lastly, we have investigated the predictive power
of a polygenic risk score (PRS), and explored baseline clinical
features that were signi� cantly associated with the development
of LiD in PD using a stepwise regression approach.

RESULTS
Cohort clinical features and prevalence
Across all cohorts (n = 2784 PD patients), the incidence of LiD was
14% (Table1), except in the PPMI cohort where it was 21%. This is
consistent with the effect of age at onset on LiD25–27, given that
PPMI is a de novo study that recruited younger patients. We did
not exclude any patient from the PPMI cohort due to left-
censoring. We explored the effect of demographic and clinical
factors previously reported to be associated with LiD. We merged
baseline clinical data from all the cohorts. We found that patients
with younger PD AAO (grouped as people with age at onset
higher than 50 years and lower or equal than 50 years), had a
higher probability of developing LiD than older patients along the
time interval from disease onset to study end (HR= 1.8, SE= 0.14,
P= 2 × 10� 5) (data excluding PDBP as AAO was not available).
Female PD patients showed a consistent increase in the
probability of developing LiD during a 12.5 years time interval
(eFig. 2a, b). Body mass index (BMI) was available in PPMI and
Tracking Parkinson’s, and smoking status data was available in the
Tracking Parkinson’s cohort only. We did not� nd a signi� cant
increase in the probability of developing dyskinesia either for PD

patients with low baseline BMI nor for PD smokers at baseline
(eFig. 2c, d).

Power analysis
We performed a power analysis to estimate the power to� nd a
genetic association between time-to-LiD and genome-wide SNPs
with the current sample size and LiD event rate, and to evaluate
how this varied with a range of genotype hazard ratios and AFs.
We were well-powered (80% power) to detect genetic variants
associated with the development of LiD with a HR equal or higher
than 2 and a minor allele frequency(MAF) as low as 0.01 (eFig. 3a).
In addition, we performed a simulation to show as the sample size
increases, the power to detect rarer associations improves. As we
increased the simulated sample size to 18,000, we achieved 80%
power for genetic variants with a MAF lower than 0.01, and with a
HR lower than 2 (eFig. 3b).

Time-to-LiD GWAS
We ran time-to-LiD GWAS independently for each cohort, using
the � rst appearance of LiD as the outcome. We con� rmed that
there was no genomic in� ation in any cohort-speci� c GWAS
(eTable 3). We identi� ed three loci signi� cantly associated with
time-to-LiD onset in the meta-analysis of the adjusted model on
chromosome 1, chromosome 16 and chromosome 4 (Fig.1). The
most signi� cant SNPs at each loci were rs72673189, rs189093213,
rs180924818.rs72673189 (HR= 2.77, SE= 0.18,P= 1.53 × 10� 8)
in chromosome 1, is a variant in the third intron of theLRP8gene.
rs189093213 (HR= 3.06, SE= 0.19, P= 2.81 × 10� 9) in chromo-
some 4 was found in the non-coding RNALINC02353 (PCDH7
1.2 Mb downstream). rs180924818 (HR= 3,13, SE= 0.20,
P= 6.27 × 10� 9) in chromosome 16 was found very close
(0.15 Mb upstream) to the 3'-UTR of theXYLT1protein coding
gene in a non-coding region of the genome (Table2). The
direction of the effects was consistent and replicated across the
meta-analysed cohorts in which the SNPs were present (Fig.2). To
visually represent the survival probability of patients carrying the
lead SNP on each locus we found in our meta-analysis, we
extracted per cohort patients’ genotypes and showed the
difference in the probability of LiD between carriers and non
carriers through Kaplan-Meier curves (Fig.3).

Sensitivity analysis
The three variants found to signi� cantly increase LiD susceptibility
in the adjusted model approach remained associated in the basic
model including only known confounders (eTable 4). We found
the correlation of the SNP metrics between the basic and the
adjusted model to be high (eFig. 4). This indicated that adding
additional predictors based on baseline variation increased the

Table 1. Cohort summary statistics.

Cohort PD
patients
Post-QC
(n)

Follow
up,
years

No.(%)
LiD

No.(%)
left-
censored

No.(%)
male

Time to
midpoint
event
(mean ± sd)

AAO, years
(mean ± sd)

AAB, years
(mean ± sd)

Disease duration at
baseline from onset,
years (mean ± sd)

MDS-UPDRS part
III at baseline
(mean ± sd)

Levodopa dose
at baseline
(mean ± sd)

Tracking
Parkinson’s

1478 7.5 177 (12) 16 (1) 945 (64.23) 7.47 (2.18) 64.43 (9.16) 67.29 (9) 2.86 (1.58) 22.36 (11.69) 217 (197)

OPDC 705 9.0 92 (13) 8 (0.8) 451 (64) 7.87 (2.87) 64.35 (9.47) 67.21 (9.26) 2.85 (1.70) 26.27 (10.82) 280 (205)

PPMI 283 9.0 82 (21) 0 (0) 259 (66) 8.28 (2.27) 60.16 (9.93) 62.08 (9.78) 1.92 (1.30) 21.38 (9.10) 0 (0)

PD STAT 77 2.0 10 (13) 4 (4.9) 48 (62) 8.77 (2.83) 57.23 (8.7) 64.84 (9.24) 7.61 (1.73) 28.86 (11.61) NA

PDBP 241 5.0 33 (14) 16 (6) 149 (62) 5.93 (2.66) NA 64.58 (9.3) 2.85 (2.51) 20.9 (11.11) 414 (207)

No. (%) of LiD. This is the percentage with respect to (n).
No. (%) of left-censored. This is the percentage of left-censored patients with respect to (n).
No.(%) male. This is the percentage of males with respect to (n).
MDS-UPDRS part III (mean ± sd). MDS-UPDRS part III total at baseline.
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