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ARTICLE

Diagnostic prediction model for levodopa-
induced dyskinesia in Parkinson’s disease

Modelo de predicéao diagndstica para discinesias induzidas por levodopa na doenca de Parkinson

Bruno Lopes SANTOS-LOBATO"?, Artur . SCHUMACHER-SCHUHS?, Carlos R. M. RIEDERS, Mara H. HUTZ%,
Vanderci BORGES®, Henrique Ballalai FERRAZS, Ignacio £ MATAS, Cyrus P ZABETIANS, Vitor TUMAS'?

ABSTRACT

Background: There are currently no methods to predict the development of levodopa-induced dyskinesia (LID), a frequent complication
of Parkinson's disease (PD) treatment. Clinical predictors and single nucleotide polymorphisms (SNP) have been associated to LID in PD.
Objective: To investigate the association of clinical and genetic variables with LID and to develop a diagnostic prediction model for LID in
PD. Methods: We studied 430 PD patients using levodopa. The presence of LID was defined as an MDS-UPDRS Part IV score 21 on item 4.1.
We tested the association between specific clinical variables and seven SNPs and the development of LID, using logistic regression models.
Results: Regarding clinical variables, age of PD onset, disease duration, initial motor symptom and use of dopaminergic agonists were
associated to LID. Only CC genotype of ADORA2A rs2298383 SNP was associated to LID after adjustment. We developed two diagnostic
prediction models with reasonable accuracy, but we suggest that the clinical prediction model be used. This prediction model has an area
under the curve of 0.817 (95% confidence interval [95%CI] 0.77-0.85) and no significant lack of fit (Hosmer-Lemeshow goodness-of-fit test
p=0.61). Conclusion: Predicted probability of LID can be estimated with reasonable accuracy using a diagnostic clinical prediction model
which combines age of PD onset, disease duration, initial motor symptom and use of dopaminergic agonists.
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RESUMO

Introducé@o: No momento, ndo ha métodos para se predizer o desenvolvimento de discinesias induzidas por levodopa (DIL), uma frequente
complicacdo do tratamento da doenca de Parkinson (DP). Preditores clinicos e polimorfismos de nucleotideo Unico (SNP) tém sido
associados as DIL na DP. Objetivo: Investigar a associacdo entre variaveis clinicas e genéticas com as DIL e desenvolver um modelo de
predicao diagnostica de DIL na DP. Métodos: Foram avaliados 430 pacientes com DP em uso de levodopa. A presenca de DIL foi definida
como escore 21 no item 4.1 da MDS-UPDRS Parte IV. N6s testamos a associacdo entre variaveis clinicas especificas e sete SNPs com o
desenvolvimento de DIL, usando modelos de regressao logistica. Resultados: Em relacao as variaveis clinicas, idade de inicio da doenca,
duracao da doenca, sintomas motores iniciais e uso de agonistas dopaminérgicos estiveram associados as DIL. Apenas o genétipo CC do
SNP rs2298383 no gene ADORAZA esteve associado com DIL ap6s o ajuste. Nés desenvolvemos dois modelos preditivos diagnosticos com
acuracia razoével, mas sugerimos o uso do modelo preditivo clinico. Esse modelo de predicdo tem uma area sob a curva de 0,817 (intervalo
de confianca de 95% [IC95%] 0,77-0,85) e sem perda significativa de ajuste (teste de qualidade de ajuste de Hosmer-Lemeshow p=0,61).
Concluséo: A probabilidade prevista de DIL pode ser estimada, com acuréacia razoavel, por meio do uso de um modelo preditivo diagnéstico
clinico, que combina a idade de inicio da doenca, duracao da doenca, sintomas motores iniciais e uso de agonistas dopaminérgicos.

Palavras-chave:discinesias; doenca de Parkinson; levodopa;técnicas de apoio para a decisao.
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Parkinsons disease (PD) is a complex progressive disease
associated to many clinical problems through its natural his-
tory, with increasing disability and functional dependence.
Motor fluctuations and levodopa-induced dyskinesias (LID)
associated to levodopa therapy are usually the most relevant
clinical problems in the intermediary phase of the disease.
LID are involuntary movements affecting facial, cervical, and
limb muscles, usually associated to the plasma peak-dose
of levodopa®. Hospital-based prospective studies reported
LID prevalence from 33 to 51.2% after five years of levodopa
therapy*%; however, a recent community-based prospective
study described a LID prevalence of 12.7% after five years of
levodopa therapy®. LID may increase health care costs and
negatively impact the quality of life of patients with PD"¢%,

Many studies have extensively explored the potential
association of LID with distinct predictors. That includes
some clinical features related to PD, such as age of PD onset,
disease duration, levodopa therapy duration, levodopa daily
dosage and Hoehn & Yahr stage, but also demographic and
environmental aspects, such as gender, weight, coffee con-
sumption, among others’. Associations between LID and
genetic variations, mainly single nucleotide polymorphism
(SNP), have been studied over the last decades, with conflict-
ing results. Nonetheless, some studies associated some genes
variants to LID, such as COMT, MAOB, DRD2/ANKKI, DRDS3,
DAT1, BDNF and ADORA2A™ ™.

Despite its clinical significance, there are no precise meth-
ods to predict the risk for the development of LID. Clinical
trials on new drugs to prevent LID could be benefited from
prediction tools to select patients with higher risks of devel-
oping LID. Furthermore, there is a current worldwide effort
toward research on precision medicine, and a more effective
decision-making process in Neurology and medical therapy
in PD seems suitable to be tailored based on prediction mod-
els, regarding the prevention of LID". A recent prospective
study evaluated the risk of LID onset using a former predic-
tion model, with modest accuracy*.

We aimed to assess the association of clinical and genetic
data as predictors for LID in a sample of patients with PD and
explored if it was possible to use it as a predictive tool for LID
in patients with PD taking levodopa.

METHODS

Study design and subjects

We conducted a cross-sectional study with epidemiologi-
cal and clinical data from Brazilian patients with PD to iden-
tify clinical and genetic predictors associated to LID, as part of
the Latin American Research Consortium on the Genetics
of Parkinson's disease (LARGE-PD). We included patients fol-
lowed at two Movement Disorders Clinics in Brazil (Ribeirdo
Preto Medical School and Universidade Federal de Sdo Paulo).

After that, we also included in the analysis another Brazilian
cohort, which had used similar procedures ( for further infor-
mation on this sample see Rieck et al."*). We enrolled patients
between May 2007 and February 2014. All patients met the
UK Parkinsons Disease Society Brain Bank clinical diagnos-
tic criteria for PD". We excluded patients if: (1) they were not
taking levodopa at the time of study evaluation, and (2) there
were missing data about LID. The study was approved by the
Ethics Committee of Hospital das Clinicas de Ribeirdo Preto
and all participants provided the written informed consent.

Evaluations

We examined all patients using a standardized assess-
ment, comprising (1) clinical evaluation by movement dis-
orders specialists, which included the former version of the
UPDRS'" and the International Parkinson and Movement
Disorders Society-Unified Parkinsons Disease Rating Scale
(MDS-UPDRS)¥, and (2) peripheral blood collection for DNA
extraction. For patients assessed by the former version of the
UPDRS, we converted the Part III motor examination score
to equivalent MDS-UPDRS Part 111, as previously described®.
Other clinical data included demographics, age of PD onset,
disease duration, levodopa therapy duration, PD medications
and levodopa equivalent daily doses (LEDD)?, and original
Hoehn & Yahr stage®.

We defined the presence of LID by a score 21 on item 4.1
of the MDS-UPDRS Part IV (time spent with dyskinesias)
and confirmed this finding after a review of medical charts.
The initial motor symptom was dichotomized in tremor or
other symptoms (rigidity, bradykinesia, gait difficulty and
postural instability) based on a detailed description of their
initial dominant symptom after confirmed by a review of
medical charts. We classified clinical phenotypes at evalua-
tion as tremor dominant, postural instability/gait difficulty
(PIGD), and indeterminate, based on specific items from
MDS-UPDRS Parts II and IIL, as described previously**.

Genetic data

Genomic DNA was extracted from peripheral blood using
standard methods. All patients were genotyped for the follow-
inggenes and SNPs: COMT (rs4680), MAOB (rs1799836), DRD2/
ANKKI (Taq 14, rs1800497), DRD3 (rs6280), DATI (rs393795),
BDNF (rs6265) and ADORA2A (rs2298383). These SNPs had
a stronger association with LID, based on a systematic lit-
erature search on MEDLINE, EMBASE and Web of Science
(from inception to June 2017), using the following algorithms:
MEDLINE - levodopa AND dyskinesia AND polymorphism;
EMBASE - levodopa AND dyskinesia AND polymorphism
NOT ‘'tardive dyskinesia; Web of Science - TS=(levodopa
AND polymorphism AND dyskinesia) NOT TS="tardive dys-
kinesia™®**. We performed genotyping at LARGE-PD's coor-
dinating site in Seattle, WA (University of Washington/VA
Puget Sound Health Care System) using TagMan SNP geno-
typing assays (Applied Biosystems, CA, USA) on a 7900HT
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Sequence Detection System (ABI Prism, Applied Biosystems,
CA, USA). Genotyping from patients enrolled at one center
(Porto Alegre City) was already described in previous publica-
tions'™!, after, it was added to the present study. These anal-
yses were performed with the similar methodology used at
LARGE-PD’s coordinating site for the following SNPs: rs4680,
181799836, rs1800497, rs6280, rs6265 and rs2298383.

Statistical analysis

We performed multivariate logistic regression models
and defined the presence of LID as the dependent variable
using clinical data, genetic data (genotyped SNPs), and mixed
models. For clinical predictors model, we selected only inde-
pendent variables with p<0.1 in the univariate analyses with
the presence of LID. We entered these elected variables into
a multivariable logistic regression analysis with a stepwise
backward selection strategy. We used the Akaike Information
Criterion as a stopping rule®. Variables associated to
levodopa therapy (levodopa therapy duration, levodopa dose
at evaluation, LEDD) were excluded from the multivariate
analysis, because levodopa use is an essential condition for
the outcome (LID) and could cause distortions in the mod-
els. Genetic predictors models with p<0.1 in univariate analy-
sis were tested using multivariate logistic regression adjusted
for gender, age of PD onset, and levodopa therapy duration.
For the mixed model, we included only the main independent
variables selected in clinical and genetic models.

For internal validation of the final model, we applied
a bootstrap resampling procedure with 1,000 repetitions.
Discrimination of the models was quantified by an area
under the curve (AUC) of a receiver operating characteristic
(ROC) curve. Calibration of the models was determined with
the Hosmer-Lemeshow test for goodness of fit and visual-
ized by the calibration plots, in which we estimated the cali-
bration curve by local regression (LOESS). All analyses were
performed using SPSS for Windows, version 23.0 (SPSS Inc.,
Chicago, USA).

RESULTS

Clinical and genetic characteristics

We recruited a total of 525 Brazilian patients with PD
for this study. Of these, 430 patients fulfilled the inclusion
and exclusion criteria. We did not perform genotyping in
16 patients (with LID - five patients, without LID - 11 patients)
due to problems with DNA extraction, and we did not geno-
type all patients from one center (Universidade Federal do
Rio Grande do Sul - n=233) for DAT1 SNP.

Regarding clinical variables, there were no missing
data for gender, age at PD onset, age at evaluation and dis-
ease duration. There were missing data for 22 patients for
levodopa therapy duration, 20 patients for initial motor
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symptom, 17 patients for clinical motor phenotype defi-
nition, 14 patients for LEDD, 10 patients for MDS-UPDRS
Part 11T scores, 10 patients for amantadine use, 10 patients for
MAO-B inhibitors use, 10 patients for COMT inhibitors use,
six patients for dopaminergic agonists use, four patients for
Hoehn & Yahr stage.

Regarding genetic variables, DRD2/ANKKI SNP geno-
type data were missing in 45 patients, BDNF SNP gen type
data were missed in 37 patients, DRD3 SNP genotype data
were missed in 22 patients, COMT and ADORA2A SNP gen-
otype data were missing in 17 patients, and MAOB SNP
genotype data were missing in 19 patients. DAT1 SNP geno-
typing was only performed in 186 patients.

Clinical characteristics of patients according to the pres-
ence of LID are shown in Table 1. Patients with LID had an
earlier onset of PD, longer disease and levodopa therapy
duration, higher LEDD, increased disease severity, a higher
proportion of non-tremor symptoms at PD onset, and a
higher proportion of PIGD clinical phenotype at evaluation.
Moreover, patients with LID used dopaminergic agonists,
amantadine, and COMT inhibitors more frequently.

All genotyped SNPs displayed Hardy-Weinberg equilib-
rium. There were no significant differences in genotypic dis-
tribution or allelic frequency for all analyzed SNPs between
PD patients with and without LID, except for genotypic and
allelic frequency of ADORA2A SNP rs2298383 (Table 2).

Analysis of association between
clinical and genetic variables with LID

We presented all independent variables in the univariate
or multivariate analysis in Table 3. Multivariate analysis of
clinical variables showed that age of PD onset, disease dura-
tion, initial motor symptom, and use of dopaminergic ago-
nists were associated to LID (Table 3). There was no multicol-
linearity between independent variables.

Regarding genetics variables, only ADORA2A SNP was
selected to multivariate analysis, and it was associated to LID
(CC genotype) after adjustment for gender, age of PD onset,
and levodopa therapy duration (Table 3). There was no multi-
collinearity between independent variables. After, we dichot-
omized ADORA2A SNP genotyping data (O=genotypes TT and
TC; 1=genotype CC) to simplify the multivariate analysis.

We elaborated a multivariate model with the presence of
LID as the dependent variable and included the main clini-
cal variables (age of PD onset, disease duration, initial motor
symptom and use of dopaminergic agonists) as independent
variables, like described before. For this clinical model, the
AUC was 0.815 (95% confidence interval [95%CI] 0.787-0.85)
(Figure 1A). The mixed model comprised three of four inde-
pendent variables in the clinical model (age of PD onset, dis-
ease duration, initial motor symptom; use of dopaminergic
agonists was not significant in this model, with p=0.075) plus
ADORA2A rs2298383 SNP genotype, showing an AUC of 0.817
(95%CI 0.77-0.85) (Figure 1B). Based on AUC, both models



had good discrimination (AUC>0.8), but with no significant
increase in prediction accuracy after adding ADORA2A SNP.
In addition, both models had a good overall performance
(Nagelkerke's R* - clinical model 36%; mixed model 39.1%),
and calibration was acceptable (Hosmer-Lemeshow good-
ness-of-fit test - clinical model: chi-square 6.33, p=0.61; mixed
model: chi-square 13.6, p=0.09). We presented the calibration

plots of both models in Figures 1C and 1D. We submitted the
models for a bootstrapping procedure (internal validation),
and these results were not significantly different from origi-
nal multivariate results (Table 4).

To allow individualized calculations of the predictive
probability of LID in PD patients, we used the following
regression formulae:

Table 1. Clinical characteristics of PD patients, according to the presence of LID.

General characteristics Overall PD with dyskinesia PD without dyskinesia p-value
(n=430) (n=198) (n=232)

Male, % (n) 551 (237) 52 (103) 57.8 (134) 0.24°

Sample location (City), % (n) 0.552

Ribeirao Preto 30.5(131) 32.8 (65) 28.4 (66)

Sao Paulo 16.3 (66) 167 (31) 15 (35)

Porto Alegre 54.2 (233) 51.5(102) 56.5(131)

Age at onset of PD® 56 (46-65) 50 (42-59) 60 (51-69) <0.001°

Age at the time of 65 (56-74) 62.5 (54-69) 67 (59-75) €0.001°

evaluation®

Disease duration (years)® 8 (5-12) 11 (7-15) 6 (4—10) <0.001¢

(Lyeevaorig’bpa therapy duration 6(3-10) 8(6-12) 4(2-6) <0.001¢

(Lnqu}igs)i dose atevaluation 600 (400-800) 700 (500-975) 500 (300-750) <0.001°

égvs(;‘ifnpg/gg;)ij alent daily 750 (500-1000) 900 (634—1180) 600 (400-800) <0.001°

MDS-UPDRS Part [Il® 35 (24-50) 34.(23-47) 38 (26-51) 0.44°

Z;f]:‘;c;gfﬂs {;)'E':;l motor 69.5 (285) 58.5(107) 78.4(178) <0.001¢

leercglrui‘;irgri‘/?t(rshe’”Otype 53.8 (222) 33.5 (63) 70.7 (159) <0.0012

Hoehn & Yahr stage, % (n) 0.003®

1 4.2(18) 1(2) 6.9(16)

2 63.8 (272) 61.5(120) 65.8 (152)

3 20.7 (88) 251 (49) 16.9 (39)

4 8.7 (37) 8.2(16) 91 (21)

5 2.6(11) 41(8) 13(3)

Use of dopaminergic 35.6 (151) 46.9(92) 25.9 (59) <0.001

agonists, % (n)

Use of amantadine, % (n) 271 (114) 43.8 (84) 13.2 (30) <0.0012

Effnff MAQ-Binhibitors, 5.5 (23) 6.3(12) 4.8(11) 0.522

Use of COMT inhibitors, % (n) 11.4 (48) 18.8 (36) 53(12) <0.001

aChi-square test comparing frequencies between patients with and without dyskinesia;®Values in median (interquartile range); °"Mann-Whitney test comparing
medians between patients with and without dyskinesia.
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Table 2. Genotype distribution and allelic frequencies in PD patients with and without LID.

Overall PD with dyskinesia PD without

Sl (L0 (n=430) (n=198) dyskinesia (n=232) ol
COMT (rs4680)
Genotype AA 20.6 (85) 20.3 (39) 20.8 (46) 0.34
AG 47.5(196) 44.3 (85) 50.2 (111)
GG 32(132) 35.4 (68) 29 (64)
Allele A 43.9 42.5 4511 0.47
G 56 57.4 54.8
DRD2/ANKK1 (rs1800497)
Genotype AA 6.2 (24) 7.9 (14) 4.8(10) 0.14
AG 38.2(147) 41.6 (74) 35.3(73)
GG 55.6 (214) 50.6 (90) 59.9 (124)
Allele A 27.2 28.2 26.1 0.54
G 72.7 71.7 73.8
DRD3 (rs6280)
Genotype CC 29.2 (119) 24.9 (47) 32.9(72) 0.2
CT 48.8 (199) 51.9(98) 46.1 (101)
TT 22.1 (90) 23.3 (44) 21 (46)
Allele C 53.4 50.8 55.8 017
T 46.5 491 441
DAT1 (rs393795)
Genotype TT 4.7 (8) 4.5 (4) 4.9 (4) 0.78
TG 31.2(53) 29.5(26) 32.9(27)
GG 64.1 (109) 65.9 (68) 62.2 (51)
Allele T 20.2 19.3 21.3 0.68
79.7 80.6 78.6
MAOB (rs1799836)°
Genotype Female
cC 25.7 (48) 24.5(23) 26.9 (25) 0183
CT 49.7 (93) 44.7 (42) 54.8 (51)
T 24.6 (46) 30.9(29) 18.3(17)
Male
C 57.3(130) 52.5(52) 60.9 (78) 0.2
T 42.7 (97) 47.5 (47) 39.1 (50)
Allele (Female) C 49.7 46.2 53.2 0.21
T 50.2 93.7 46.7
BDNF (rs6265)
Genotype CcC 67.7 (266) 67.6 (121) 67.8 (145) 0.94
CT 28.8(113) 28.5(51) 29 (62)
TT 3.6 (14) 3.9(7) 3.3(7)
Allele C 82 81.5 82.5 0.77
T 17.9 18.4 17.4
ADORAZ2A (rs2298383)
Genotype € 25.7 (106) 32.3(62) 19.9 (44) 0.01
CT 49.9 (206) 45.3(87) 53.8(119)
TT 24.5(101) 22.4(43) 26.2 (58)
Allele C 50.5 54.4 46.8 0.03
49.4 45.5 53.1

Genotype values represented as % (n), and allele values represented as %. Chi-square test comparing frequencies between patients with and without LID;
®MAOB SNP rs1799836 genotypes and alleles were categorized by sex due its location in X chromosome.
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Table 3. Association between clinical and genetic variables (SNPs) and presence of LID in PD patients.

Univariate analysis

Multivariate analysis

B OR 95%Cl p-value B aOR 95%ClI p-value
Clinical variables
Sex
Female Ref - - - -
Male -0.232 0.79 0.54-1.16 0.23 = = = =
Sample location
(City)
Ribeirao Preto Ref = = = =
Séo Paulo -0.106 0.89 0.49-1.62 0.89 - - - -
Porto Alegre -0.235 0.79 0.51-1.21 0.28 = = = =
Age at onset of PD -0.059 0.94 0.92-0.95 <0.0001* -0.019 0.98 0.96-1.00 0.08
Disease duration 0.2083 1.22 1.16-1.28 <0.0001* 0.2 1.22 1.15-1.29 <0.0001
;S;ff;?fndose at 0.002 1.00 1.00-1.00  <0.0001 - - - -
MDS-UPDRS Part Il -0.003 0.99 0.98-1.00 0.57 = = = =
Initial motor
symptom
Other symptoms Ref Ref
Tremor -0.94 0.38 0.25-0.59 <0.0001* -1177 0.3 0.18-0.51 <0.0001
Clinical motor
phenotype
Postural instability
with gait disorder or Ref
indeterminate
Tremor dominant -1.564 0.20 0.13-0.31 <0.0001 = = = =
Hoehn & Yahr stage 0.32 1.37 1.08-1.75 0.009* - - - -
:gsgnoigfso‘)ammergic 0.93 2.53 168-3.81  0.009* 0.522 1.68 1.00-2.83 0.04
Polymorphisms
COMT (rs4680)
Genotype GG Ref
Genotype GA -0.328 0.72 0.46-1.12 0.14 = = = =
Genotype AA -0.226 0.79 0.46-1.37 0.41 - - - -
DRD2/ANKK1
(rs1800497)
Genotype GG Ref
Genotype GA 0.334 1.39 0.91-2.13 012 = = = =
Genotype AA 0.657 1.92 0.82-4.53 013 - - - -
DRD3 (rs6280)
Genotype TT Ref
Genotype TC 0.014 1.01 0.61-1.66 0.95 = = = =
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Table 3. Continue.

Univariate analysis

Multivariate analysis

B OR 95%Cl p-value B aOR 95%ClI p-value
Genotype CC -0.382 0.68 0.39-1.18 017 - - - -
DATT (rs393795)
Genotype GG Ref
Genotype GT -0.119 0.88 0.47-1.66 0.71 = = = =
Genotype TT -0.423 0.65 017-2.44 0.52 - - - -
MAOB (rs1799836)
ranpsce
&iﬁ;{g; cT 0111 0.89 0.44-179 0.75 - - - -
SFee’:;’;ylg;TT 0.617 1.85 0.81-4.22 014 - - - -
Genotype CC (Males) Ref
Genotype TT (Males) 0.344 1.41 0.82-2.39 0.2 - - - -
BDNF (rs6265)
Genotype CC Ref
Genotype CT -0.014 0.98 0.63-1.53 0.94 = = = =
Genotype TT 0.181 119 0.4-3.51 0.74 - - -
ADORA2A
(rs2298383)
Genotype TT Ref Ref
Genotype TC -0.014 0.98 0.6-1.59 0.95 0.166 118 0.65-2.13 0.58
Genotype CC 0.642 1.9 1.09-3.3 0.02~* 0.903 2.46 1.26-4.82 0.008

*Included in multivariate logistic regression analysis (p<0.1). As MAOB gene is in X chromosome, the genotypes were categorized by sex. B:regression coefficient;
OR:Odds Ratio; aOR: adjusted Odds Ratio; 95%Cl: 95% confidence interval; Ref: reference.

. Clinical prediction model
Predicted probability of LID
_ exp (age at onset of PDx-0.019+disease durationx0.206+

~ 1+exp (age at onset of PDx-0.019+disease durationx0.206+

use of dopaminergic agonistx0.543+
tremor as initial motor symptomx-1.17+-0.439

use of dopaminergic agonistx0.543+
tremor as initial motor symptomx-1.17+-0.439

. Mixed prediction model
Predicted probability of LID
_ exp (age at onset of PDx-0.032+disease durationx0.198+

" 1+exp (age at onset of PDx-0.032+disease durationx0.198+

tremor as initial motor symptomx-1.229+
ADORA2A CC genotypex0.825+0.425

tremor as initial motor symptomx-1.229+
ADORA2A CC genotypex0.825+0.425
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DISCUSSION

This cross-sectional and hospital-based study explored
the association of clinical and genetic variables with LID in
PD and found an association between age of PD onset, dis-
ease duration, initial motor symptom and use of dopaminer-
gic agonists and ADORA2A rs2298383 SNP genotype with this
motor complication. Furthermore, these data allowed the
construction of two diagnostic prediction models for LID in
PD (clinical and mixed), with good performance, discrimina-
tion, and calibration.

All these clinical predictors had been previously associ-
ated to LID, mainly age (age of PD onset or age at evalu-
ation). However, the most reliable clinical predictor in our
model was the initial motor symptom. We found that there
were 70% decreased odds of developing LID among patients
with tremor as initial motor symptom compared to patients
with other motor symptoms at PD onset. Previous studies
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Figure 1. ROC curves (A and B) and calibration plots (C and D) of diagnostic prediction models: clinical (A and C) and mixed model
(Band D). Triangles in calibration plots indicate observed frequencies by deciles of predicted probability (n=38-41).

Table 4. Diagnostic prediction models for LID in PD with bootstrapped results.

Clinical prediction model Mixed prediction model

B OR BCa 95% ClI p-value B OR BCa 95%Cl p-value
Age at onset of PD -0.019 0.98 -0.04-0.002 0.08 -0.032 0.96 -0.05--0.01 0.003
Disease duration 0.206 1.22 0.14-0.29 0.001 0.198 1.21 0.13-0.28 0.001
Use of
dopaminergic 0.543 172 0.05-1.08 0.034 - - - -
agonists
Initial motor 147 0.31 -1.66--0.67  0.001 -1.229 0.29 179--074  0.001
symptom
ADORA2A SNP
(rs2298383) - - - - 0.825 2.28 0.28-1.41 0.006
Intercept -0.439 0.64 = 0.58 0.425 1.53 = 0.56

B:regression coefficient; OR: Odds Ratio; BCa 95%Cl: bias-corrected and accelerated bootstrap 95% confidence interval.
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showed patients with tremor as initial motor symptom had
alower risk of developing LID***, and other two recent stud-
ies reported tremor dominant motor phenotype at evalua-
tion was also associated to a lower risk of LID*.

ADORA2A gene is located on chromosome 22 (22q11.23)
and encodes adenosine A, receptor, which stimulates ade-
nylate cyclase generation and is predominantly expressed in
basal ganglia'**’. Adenosine A,, receptor has been associ-
ated to LID in PD. Its expression is upregulated in the stria-
tum and external globus pallidus of a rodent model of LID
and post-mortem PD patients with LID*%, Studies in animal
models showed adenosine A,, receptor antagonists treat-
ment could improve motor symptoms without increasing
dyskinetic movements; however, new drugs, such as istrade-
fylline, preladenant or tozadenant had no considerable
impacts on LID in PD patients*. ADORA2A SNP rs2298383
is located in intron 1, a potential promoter region which
can regulate the function of adenosine A,, receptor', and
its association with LID was first described in Jewish Israeli
PD patients®*. Many patients enrolled in our study (about
52%) were recruited in a previous study in Southern Brazil,
which also detected an association between ADORA2A SNP
rs2298383 and LID™.

Regarding prediction models for LID in PD, Schapira et al.*
described a prognostic prediction model to estimate the risk
of developing LID in 3.25 years, based on patients enrolled in a
clinical trial (STRIDE-PD). The prediction model selected as vari-
ables: age, daily levodopa dose per weight, UPDRS Part II score
and gender, with modest discrimination (C-statistics 0.697)%.

The inclusion of SNPs as predictors of LID in PD was
explored in a recent study, which did not find any association
between a genetic risk score with dyskinesia”. The genetic
risk score was based on a previous paper, which identified 28
independent risk SNPs for PD (none of these SNPs were ana-
lyzed in our study)*. We believe genetic variations can be very
useful as predictors of LID, but more data from larger popula-
tions is needed.

Our primary purpose was to produce a diagnostic pre-
diction tool that could be used in future clinical trials to
select patients based on a stratification of their probability to
develop LID. Negative results in clinical trials on LID are com-
mon, even when there is robust evidence of efficacy on animal
models. One possible reason may be the absence of methods
to select subgroups of patients more suitable for new drugs
to prevent onset or to reduce dyskinesias. Considering SNP
genotyping is not a widely available method in clinical prac-
tice, and since the accuracy, discrimination, and calibration
of both prediction models (clinic and mixed) were similar, we
suggest that the clinical prediction model may be more use-
ful. The clinical prediction model has four parameters, which
can be easily assessed.

We presented both models as regression formulae because
it is one of the simplest formats, and it can be transformed
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into a specific program or an online calculator. Besides that,
despite being developed to clinical research, our diagnostic
prediction tool can be used in clinical practice, in a shared
decision-making setting, helping neurologists and patients
to decide about patients’ therapeutic options, mainly about
levodopa titration. Our clinical prediction model for the
development of LID is already available as a mobile applica-
tion (DysKalc') for free in Google Play online store for Android
operating system users.

Our study has many limitations. With a cross-sectional
design, we cannot estimate the risk of developing LID
over a specific period, meaning our prediction model has
no prognostic properties. However, our data allowed the
development of another type of prediction model, the diag-
nostic prediction model, which is designed to estimate the
probability of an underlying outcome (in our model, LID),
based on predictors (independent variables) that make
a subject suspected of having a specific condition in the
present, not in future®. Nevertheless, this approach must
be replicated in a prospective cohort. We could not per-
form external validation, an essential step to support the
generalizability of a prediction model for subjects other
than those analyzed. About our results on the association
of ADORA2A SNP rs2298383 and LID, they must be repli-
cated in other samples.

As to the strengths of our study, our total sample was
composed of three independent samples from distinct cen-
ters in Brazil, increasing the generalizability of our models.
Statistical power based on sample size was enough, accord-
ing to the “rule of thumb” of 10 subjects per candidate pre-
dictor. Selection of independent variables in the multivari-
able analysis based on Akaike’s Information Criterion avoided
overfitting and spurious predictors. Another strength is the
internal validation (the reproducibility of a developed model)
with bootstrapping, one of the most reliable techniques for
this purpose.

In conclusion, we developed two diagnostic predictions
(clinical and mixed) models to estimate the probability of LID
in PD, with reasonable accuracy, discrimination, and calibra-
tion. Between these two models, we suggest the use of the
clinical prediction model, because its predictors are more
easily assessed. Further replications in prospective cohorts
and external validation are needed.
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