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Abstract: Background: Evidence suggests that female gender represents a risk factor for the development of
motor/nonmotor fluctuations and dyskinesia in Parkinson’s disease (PD). So far, no prospective study has
analyzed this aspect in relation to the introduction of levodopa treatment.

Objective: This prospective multicenter study aims to assess the development of motor/nonmotor fluctuations
and dyskinesia based on gender over a 2-year observation period in PD patients starting levodopa.

Methods: Two hundred and eighty-nine PD patients requiring levodopa at baseline were enrolled at 17 Movement
Disorders Centers and followed for 2 years. Gender differences in the development of fluctuations, defined as a
score >2 in the 19-item Wearing-Off Questionnaire, and dyskinesia, defined by Movement Disorders Society
Unified Parkinson’s Disease Rating Scale Part IV (MDS-UPDRS-IV) score >0 on item 4.1 were assessed. Baseline
predictors of such complications were evaluated by stepwise multivariate logistic regression analysis.

Results: Two hundred and sixteen patients (139 men, 77 women) completed the follow-up (M24). By M24, 53,2% of
men and 64.9% of women had fluctuations (P = 0.048), whereas 5% of men and 14.3% of women developed
dyskinesia (P = 0.0185). Multivariate analysis showed that female gender significantly predicted wearing-off (Odds
ratio [OR] = 1.930; P = 0.0333), whereas older age was a significant protective factor (for 5-year increase:

OR = 0.712; P < 0.0001). Multivariate analysis showed that gender (OR = 3.405; P = 0.0228) and MDS-UPDRS Part
Il score (for a 5-unit increase: OR = 1.281; P = 0.0239) were significant predictors of dyskinesia at M24.
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Conclusions: Female gender was the strongest predictor of fluctuations and dyskinesia after 2-year intake of
levodopa. This finding could have important implications for the development of gender-oriented therapeutic

recommendations in early PD.

Prolonged use of levodopa (L-dopa), the most effective drug in
the treatment of Parkinson’s disease (PD), can lead to complica-
tions, mainly motor/nonmotor fluctuations and dyskinesia,
which are one of the main causes of disability among patients.”
Predictors of motor/nonmotor fluctuations and dyskinesia are
only partially known. Disease duration and r-dopa treatment
(duration and dosage) are among the main determinants.>

Evidence suggests that female gender may represent a risk factor
in the development of motor/nonmotor fluctuations and dyskine-
sia in PD.*® So far, we are not aware of any longitudinal studies
that have explored this issue in relation to the initiation of L-dopa
treatment.

Our study aimed to collect clinical data on the development
of motor/nonmotor fluctuations and dyskinesia in relation to
gender over a 2-year observation period in PD patients starting
L-dopa treatment.

Patients and Methods

This was a longitudinal national multicenter study, conducted at
17 TItalian centers for PD and movement disorders. Patients
affected by idiopathic PD were consecutively enrolled in the
study if L-dopa-naive and deemed by clinical judgment to
require L-dopa treatment. The protocol was approved by Ethics
Committees of all participating centers, and all patients signed
informed consent.

Sample size calculation was based on preliminary data
obtained from previous trials.*® Particularly, it has been hypoth-
esized that motor fluctuations (defined as a 19-item Wearing-Oft
Questionnaire [WOQ-19] score > 2) have a prevalence of 45%
in nonexposed men and an OR of 2 for women. Aiming at a
0.05 significance level and a power of 0.80, the estimated sample
size based on a z-test was 133 patients per gender, with a
men/women ratio of 1. However, according to the epidemio-
logical data reporting that an incidence rate of PD is 1.5-2 times
higher in men than in women,” and the design of the study
involving consecutive enrollment, we expected a greater number

of men to be recruited in the study.

Objectives and Assessments

The primary objectives of the study were as follows: (1) to
describe gender-related differences in the development of
motor/nonmotor fluctuations by analyzing the percentages of
women and men who developed such fluctuations, defined as a
WOQ-19 score 2 2" assessed at a 2-year follow-up after starting
L-dopa treatment; (2) to describe gender-related differences in

the development of dyskinesia, defined as a score > 0 on item
4.1 of the Movement Disorders Society Unified Parkinson’s dis-
ease rating scale Part IV (MDS-UPDRS-IV),? also assessed at a
2-year follow-up after starting L-dopa treatment.

Secondary objectives were to describe gender-related differ-
ences in the development of (1) behavioral complications,
assessed by Questionnaire for Impulsive-Compulsive Disorders in
Parkinson’s Disease (QUIP),” the Hamilton Depression and the
Hamilton Anxiety rating scales (HAM-D, HAM-A),'"!" the
Apathy Evaluation Scale (AES)'%; (2) nonmotor symptoms
assessed by MDS-UPDRS nonmotor part (Part I) and the non-
motor symptoms severity scale (NMSS)"; (3) motor symptoms,
assessed by MDS-UPDRS motor section (Part III); (4) auto-
nomic symptoms assessed by the Scale for Outcomes in
Parkinson’s disease—Autonomic (SCOPA-AUT)'; (5) global
cognitive status assessed by the Montreal cognitive assessment
(MoCA)'%; (6) daily life activities, assessed by MDS-UPDRS
activities of daily living (Part II), the Schwab and England activi-
ties of daily living (SEADL)'®; (7) quality of life, assessed by the
39-item Parkinson’s disease quality of life (PDQ-39)"; and (8)
patient’s adherence to the therapy, assessed by the Morisky Med-
ication Adherence Scale (MMAS).'®

Genetic Substudy

The role of genetic variants in the development of fluctuations
and dyskinesia was assessed in a subgroup of patients who
accepted to be enrolled in this substudy using an NGS panel of
54 genes, of which 16 are associated with monogenic PD and
38 are risk loci or genes involved in L-dopa-induced dyskinesia.
The complete list of genes examined is presented in Table S1.

Statistical Methods

The primary and secondary endpoints were analyzed in the com-
pleter population, consisting of all enrolled patients who com-
pleted the 24-month follow-up.

The co-primary endpoint, represented by the development of
wearing-off, defined by a WOQ-19 score 22, was analyzed by
comparing the two genders on its absolute cumulative frequency
during 24 months from the introduction of 1-dopa treatment by
means of the ¥ test at a nominal statistical significance of 0.05
(one sided). In addition, in the case of a statistically significant
result of the above primary analysis, a separate analysis was con-
ducted for the WOQ-19 motor score 21 and WOQ-19 non-
motor score =1 by means of the ¥? test at a nominal statistical
significance of 0.05 (one sided).
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To analyze the co-primary endpoint, represented by the
development of dyskinesia during 24 months from the introduc-
tion of L-dopa as assessed by the MDS-UPDRS-IV item 4.1
score >0, we compared the two genders by means of the ¥ test
at a nominal statistical significance of 0.05 (one sided).

The analyses of the secondary endpoints were performed by
means of analysis of covariance (ANCOVA) (in case of a statisti-
cally significant parallelism test) models for repeated measures.

In case of statistically significant differences between genders
at the univariate analysis, the association between gender and the
development of motor/nonmotor fluctuations (WOQ-19 total
score >2, WOQ-19 motor score >1, and WOQ-19 nonmotor
score 21) and dyskinesia was evaluated using stepwise multivari-
ate logistic regression models with backward elimination. The
“goodness-of-fit” was evaluated using Hosmer and Lemeshow
tests.'” The models were adjusted for baseline characteristics such
as age at onset, L-dopa dosage, concomitant use of monoamine
oxidase type B (MAO-B) inhibitors or dopamine-agonists, and
other clinical features that were significantly associated with the

event in the univariate analysis.

Results

A total of 291 patients were asked to take part in the study
between February 2019 and November 2022. Figure 1 shows
the study flowchart. Two patients ended their clinical workup
with a diagnosis of multiple system atrophy (MSA) and iatrogenic
parkinsonism (one woman and one man, respectively) and thus
were excluded from the study. Thus, 289 patients (174 men and
115 women) underwent baseline examination (see Table S2). A
total of 216 patients, 139 (79.9%) men and 77 (67%) women,
completed the 24-month follow-up and, thus, represent the
study cohort. Four patients died during the study. Most dropouts
were ascribed to restrictions during the COVID-19 pandemic,
preventing many patients from returning for study assessments.

Baseline characteristics for the completers population are described
in Table 1. Men and women were homogeneous for age, age at
diagnosis, disease duration, and body mass index (BMI) (Table 1).

Mean baseline scores of the HAM-A and HAM-D were signifi-
cantly higher in women (P = 0.0004 and P = 0.0032, respectively),
although scores were within the range of mild severity. Significantly
higher scores were also found in women compared to men in the
SCOPA-AUT (P = 0.0037), mainly driven by thermoregulatory,
pupillomotor and sexual domain, and the summary index of the
PDQ-39 (P = 0.0025), mainly driven by mobility, emotional well-
ness, and bodily discomfort domains. No significant differences
were found in other administered scales.

At baseline, 54,6% of men and 46.1% of women were treated
with at least one antiparkinsonian drug. Rasagiline was the most pre-
scribed medication, taken in 28.7% of men and 22.6% of women;
36% of men and 33% of women were treated with dopamine ago-
nists. L-dopa-equivalent daily dose (LEDD) at baseline was similar in
men (122.9 + 127.1 mg/day) and women (109.32 + 129 mg/day;
P =0.45). 1-dopa was started after baseline examination in each
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patient, and the prescribed dose was similar in men (216.7
+ 110.1 mg/day) and women (217.1 4 90.8 mg/day, P = 0.97).

The analysis of the first co-primary endpoint, represented by a
WOQ-19 score 22, showed that 74 (53.2%) men and 50 (64.9%)
women had wearing-oftf by M24 (Fig. 2A). The difference
turned out to be statistically significant (P = 0.048).

At the separate analysis of the WOQ-19 motor score 21 and
WOQ-19 nonmotor score 21, the results of the ¥? test turned
out to be statistically significant for the motor score only
(P =0.01245). By M24, 80 (65%) men and 60 (80%) women
had a motor score 21 (Fig. 2B).

No significant association was found between dyskinesia and
anxiety in both women and men (P = 0.762 and P = 0.274,
respectively), and between dyskinesia and depression in both
women and men (P = 0.770 and P = 0.274, respectively) by
means of % test. A trend toward significance was found between
motor fluctuations and anxiety in men (P = 0.059), whereas no
significant association was observed in women (P = 0.541).
No significant association was found between motor fluctuations
and depression in either men (P = 0.532) or women (P = 0.317)
using XZ test.

The analysis of the second co-primary endpoint showed that
7 (5%) men and 11 (14.3%) women developed dyskinesia by
M24. The analysis of the MDS-UPDRS-IV item 4.1 at M24
showed a statistically significant difference between the two gen-
ders (P = 0.0185) (Fig. 3).

To assess the interaction between age and gender and 1-dopa
dosage and gender, one-way analysis of variance (ANOVA) was
conducted. No significant interaction with gender was found for
age (P = 0.127) or L-dopa dosage (P = 0.342).

A multivariate logistic regression model was conducted with
wearing-off (yes/no) as the dependent variable. Independent var-
iables included gender (P = 0.04795 at the univariate analysis),
age (P < 0.0001 at the univariate analysis), BMI (P = 0.5726 at
the univariate analysis, but included in the model as a possible
confounding factor in the comparison between the two genders),
age at diagnosis (P = 0.0001 at the univariate analysis), duration
of the disease (in months, P = 0.0251 at the univariate analysis),
treatment with MAO-B inhibitors or dopamine agonists
(P =0.0105, at the univariate analysis), MDS-UPDRS Part I
score, (P = 0.0254 at the univariate analysis), MDS-UPDRS Part
I score (P=0.0060 at the univariate analysis), and MDS-
UPDRS Part III score (P = 0.0396 at the univariate analysis).

In the final model the variables significantly associated with
the event were gender (OR and 95% Wald confidence interval
[CI]: women vs. men: OR = 1.930; 95% CI: 1.062-3.577,
P = 0.0333), with female gender being a risk factor for wearing-
off, and age (P < 0.0001; OR = 0.934, 95% CI: 0.903—0.967 for
each year increase; for 5-year increase: OR = 0.712, 95% CI:
0.597-0.840), with older age being a protective factor (see
Table 2). The Hosmer and Lemeshow test turned out to be not
statistically significant (P = 0.7783).

Furthermore, when the prescribed dose of 1-dopa at base-
line was added as a variable to the final model, it turned out
not to be significantly associated with the dependent variable
(P = 0.2159).
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(175 M, 116 W)

291 screened subjects

2 subjects excluded due to

\ 4

alternative diagnosis
(1M, 1wW)

Baseline visit:
289 subjects
(174 M, 115 W)
LEVODOPA
START

2 y follow-up

Analysed:
216 completers
(139 M, 77 W)

Fig. 1. Study flowchart.

A multivariate logistic regression model has been carried out with
WOQ-19 motor score (0/21) as the dependent variable, and inde-
pendent variables included the following: gender (P = 0.0249 at the
univariate analysis), age (P = 0.0061 at the univariate analysis), age at
diagnosis (P = 0.0114 at the univariate analysis), and treatment with
MAO-B inhibitors or dopamine agonists (P = 0.012 at the univariate
analysis).

In the final multivariate model, the variables significantly asso-
ciated with the event were gender (women vs. men: OR 2.52;
95% CI: 1.262-5.262, P = 0.0109), with female gender being a
risk factor for motor wearing-off, and age (P = 0.0046), with
a protective effect (OR = 0.946; 95% CI: 0.911-0.983 for each
year increase and OR = 0.759; 95% CIL: 0.622-0.913 for
each 5-year increase) (see Table 2).

Furthermore, when the prescribed dose of L-dopa at baseline
was added to the final model, it turned out not to be associated
with the dependent variable (P = 0.7190).

A multivariate logistic regression model has been carried out with
the MDS-UPDRS 1V item 4.1 (0/>0) as the dependent variable and
gender (P =0.0185 at the univariate analysis), age (P = 0.1066,
included for having the estimates adjusted for), BMI (P = 0.3544 at
the univariate analysis, included as a potential confounder factor in

Lost to follow-up (restrictions
due to COVID pandemic): 69
Deceased: 4

the comparison between the two genders), age at diagnosis
(P =0.2267 at the univariate analysis, included for consistency with
the previous analysis using the WOQ-19 > 2 as dependent variable),
and MDS-UPDRS Part III score (P = 0.0191 at the univariate anal-
ysis) as independent variables.

In the final model, the variables statistically associated with
the event were gender (women vs. men: OR = 3.405, 95% CIL:
1.215-10.400, P =0.0228) and MDS-UPDRS Part III score
(OR = 1.051, 95% CI: 1.006-1.098 for each unity increase,
P=0.0239; OR = 1.281, 95% CI: 1.033-1.599 for each 5-unit
increase), both being risk factors for dyskinesia (see Table 2).

Furthermore, when the prescribed 1-dopa dose at baseline was
added to the final model, it turned out not to be associated with
the dependent variable (P = 0.4634).

Secondary Endpoints

For QUIP-RS, the ANCOVA model showed a pattern signifi-
cantly different between genders overtime (interaction “gender by
time” P = 0.0272). Indeed, there was an increase from 12 to
24 months in women (least squares means + standard error: 4.5398
+ 0.8875 and 5.4629 + 0.8551, respectively) and a decrease in
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TABLE 1  Demographic and clinical features based on gender at baseline—completers population

Male (n = 139)
mean (SD) median

Female (n = 77)
mean (SD) median

Statistics (min-max) (min-max) P-value
Age (y) 63.81 (9.14) 65.34 (9.28) 0.242
65.00 (39.00; 81.00) 67.00 (39.00; 86.00)
Age at diagnosis 63.81 (9.14) 65.34 (9.28) 0.143
65.00 (39.00; 81.00) 67.00 (39.00; 86.00)
Disease duration (mo) 25.75 (24.48) 23.48 (24.00) 0.444
18.00 (0.00; 168.00) 13.00 (0.00; 120.00)
BMI 26.26 (3.58) 25.85 (4.46) 0.497
26.30 (19.04; 38.31) 25.39 (18.34; 37.88)
MDS-UPDRS I 7.49 (4.68) 8.60 (5.65) 0.126
7.00 (0.00; 21.00) 8.00 (1.00; 24.00)
MDS-UPDRS I 7.63 (4.56) 8.03 (5.05) 0.559
7.00 (0.00; 20.00) 7.00 (1.00; 19.00)
MDS-UPDRS III 26.80 (9.35) 27.79 (11.70) 0.526
26.00 (4.00; 55.00) 26.00 (6.00; 68.00)
QuUIP 7.18 (9.99) 5.08 (10.13) 0.143
2.00 (0.00; 46.00) 1.00 (0.00; 56.00)
HAM-A 6.13 (5.25) 8.99 (6.08) 0.0004
5.00 (0.00; 25.00) 8.00 (0.00; 25.00)
HAM-D 5.50 (4.85) 7.54 (4.63) 0.0032
4.00 (0.00; 23.00) 7.00 (0.00; 24.00)
AES 32.22 (7.68) 32.31 (8.26) 0.939
32.00 (18.00; 55.00) 30.00 (20.00; 55.00)
SCOPA-AUT 33.75 (6.58) 37.06 (8.49) 0.0037
34.00 (23.00; 55.00) 37.00 (23.00; 62.00)
NMSS 21.45 (20.28) 27.70 (31.07) 0.228
14.00 (0.00; 84.00) 15.50 (0.00; 109.00)
MoCA 24.48 (3.52) 23.51 (4.66) 0.121
25.00 (15.00; 30.00) 25.00 (9.00; 29.00)
SEADL 91.65 (7.95) 89.47 (11.53) 0.145
90.00 (70.00; 100.00) 90.00 (40.00; 100.00)
PDQ-39 summary index 12.63 (9.29) 17.65 (12.47) 0.0025
10.36 (0.00; 50.16) 13.23 (1.30; 55.90)
Morisky scale 7.49 (1.00) 7.37 (1.29) 0.560

8.00 (3.00; 8.00)

8.00 (2.50; 8.00)

Note: Significant differences are presented in bold.

Abbreviations: BMI, body mass index; MDS-UPDRS, Movement Disorders Society Unified Parkinson’s Disease Rating Scale; QUIP, Questionnaire for Impulsive-
Compulsive Disorders in Parkinson’s Disease; HAM-A, Hamilton Anxiety rating scale; HAM-D, Hamilton Depression rating scale; AES, Apathy Evaluation Scale;
SCOPA-AUT, Scale for Outcomes in Parkinson’s disease—Autonomic; NMSS, nonmotor symptoms severity scale; MoCA, Montreal cognitive assessment; SEADL,
Schwab and England activities of daily living; PDQ-39, 39-item Parkinson’s disease quality of life.

men (least squares means + standard error: 6.251 4 0.66 and
4.0568 + 0.6349, respectively). However, the change between
12 and 24 months in women and in men was not significant,
even if we detected a borderline significance level in men
(P = 0.0545). This borderline significant improvement in men
between 12 and 24 months was mainly driven by sex domain
and hobbyism-punding domain. No significant differences
between genders overtime were found for other secondary out-

comes (see Supporting Information).
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Genetic Substudy

A total of 142 patients (89 men, 53 women) enrolled in the
genetic substudy completed the 2-year follow-up. Detailed
genetic findings in patients participating in the substudy are
presented in Supplementary Tables S1 and S3. A total of
310 gene variants, 187 in men and 123 in women, were
found. The prevalence of genetic variants did not differ

between genders (P = 0.543) and was not associated with
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Fig. 2. Percentage of patients developing wearing-off (A) and motor fluctuations (B) based on gender assessed over a 2-year

observational period since the start of levodopa treatment.
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Fig. 3. Percentage of patients developing dyskinesia based on gender assessed over a 2-year observational period since the start of

levodopa treatment.

wearing-off or dyskinesia at the 2-year follow-up in the uni-
variate analysis (P = 0.482 and P = 0.294, respectively).

Antiparkinsonian Medications at
Follow-Up and Safety

L-dopa daily dose at the 1-year follow-up was similar between men and
women (263 + 111.5 vs. 243.1 4 84.3 mg/day; P = 0.186). LEDD,
excluding 1-dopa, at the 1-year follow-up was similar between men and
women (133.8 + 120.3 vs. 106.8 4+ 119.7; P = 0.122). 1-dopa daily
dose at the 2-year follow-up was slightly higher in men compared to
women (327.6 4 148 vs. 286.7 + 125.6 mg/day; P = 0.041), whereas

LEDD, excluding levodopa, at the 2-year follow-up was similar between
men and women (139.66 + 138.2 vs. 114.9 + 121; P = 0.191).
Adverse events and serious adverse events are provided in
Tables S4 and S5.
In particular, 14.4% of men and 21.7% of women reported

experiencing at least one adverse event during the study.

Discussion

This is the first study designed to longitudinally evaluate
the development of fluctuations and dyskinesia and their
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TABLE 2 Significant predictors of wearing-off and dyskinesia at multivariate analyses

OR 95% CI P-value
Wearing-off as the dependent variable
Gender 1.930 1.062-3.577 0.0333
Age, each year increase 0.934 0.903-0.967 <0.0001
Age, each 5-year increase 0.712 0.597-0.840
Motor wearing-oft as the dependent variable
Gender 252 1.262-5.262 0.0109
Age, each year increase 0.946 0.911-0.983 0.0046
Age, each 5-year increase 0.759 0.622-0.913
Dyskinesia as the dependent variable
Gender 3.405 1.215-10.400 0.0228
MDS-UPDRS Part III, each unity increase 1.051 1.006-1.098 0.0239
MDS-UPDRS Part III, each 5-unit increase 1.281 1.033-1.599

Abbreviations: OR, Odds ratio; CI, confidence interval; MDS-UPDRS, Movement Disorders Society Unified Parkinson’s Disease Rating Scale.

predictors in men and women with PD enrolled at their first
ever intake of L-dopa.

At the 2-year follow-up, we found that wearing-oft was sig-
nificantly more common in women than men. Moreover, in line
with previous cross-sectional studies assessing fluctuations using
WOQ-19,2"*" we found that WOQ-19 was very sensitive in
detecting wearing-oft.

The early recognition of wearing-off is critical to optimize
disease treatment and improve long-term clinical outcomes.
Consistent with our results, a previous cross-sectional multicenter
study using WOQ-19 in a larger PD population, who had been
treated with L-dopa and/or dopamine agonist for >1 year before
the study screening, found a significantly higher prevalence of

>2L A higher preva-

wearing-off in women compared to men.
lence of wearing-off in women has also been demonstrated using
WOQ-9, and a shorter time latency to develop motor fluctua-
tions has been shown in women compared to men.***

We found that female gender was the main predictor of fluctua-
tions with an OR of 1.930, whereas older age was a protective fac-
tor with an OR of 0.712 for each 5-years increase. Female gender
was the main predictor of motor fluctuations with an OR of 2.52,
whereas older age confirmed to be a protective factor with an OR
of 0.759 for each 5-years increase. Both findings are consistent with
data from a large cross-sectional study using WOQ-19 score, show-
ing that women had an 80.1% higher risk of experiencing wearing-
off than men, and every increase of 1 year of age was associated
with a 5% risk reduction of wearing-off>' Young age and female
gender were significant predictors of wearing-oft also in the
STRIDE-PD study, a prospective, multicenter double-blind study
comparing 1-dopa/carbidopa versus r-dopa/carbidopa/entacapone
in early PD.** Conversely, some previous studies assessing longitudi-
nal PD cohorts did not find differences in the risk of wearing-off
between genders,” > likely due to different designs, inclusion

criteria, and measures for wearing-off compared to our study. This
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study advances our knowledge on the topic and suggests that early
detection of wearing-off is advisable, particularly in women, to
manage promptly this debilitating phenomenon.

At the 2-year follow-up, we also found that the prevalence
of dyskinesia was significantly higher in women than men.
This finding is consistent with previous retrospective and pro-

25,26,28
“2%% Indeed, female gender has been asso-

spective studies.
ciated with a shorter time to occurrence of L-dopa-induced
dyskinesia with a median time to dyskinesia of 4 years in
women and 6 years in men.?’

Moreover, female gender was a very strong predictor of dyskine-
sia (OR: 3.405), whereas motor severity at baseline, assessed by
MDS-UPDRS Part III, was a less strong predictor of dyskinesia
with an OR of 1.281 for each 5-unit increase. Again, the 1~-dopa
dose at baseline did not predict dyskinesia in our cohort. This find-
ing is consistent with results from a large Italian PD cohort showing
that 1-dopa daily intake was not associated with the risk of dyskine-
sia, whereas female gender showed a 39% higher risk of dyskine-
sia. A multivariate analysis from the PPMI cohort assessing
423 PD patients with a median follow-up duration of 4.6 years also
reported female gender among the most important predictors of
dyskinesia.>" This is the first study showing such a significant gender
effect on dyskinesia at a very early stage after the introduction of L-
dopa and could push toward a change in clinical practice, consider-
ing gender among the main determinants of therapeutic choices
rather than using a one-size-fits-all approach.

BMI did not predict dyskinesia nor fluctuations, strongly
supporting the idea that female gender per se is an independent
predictor of motor complications. This finding is consistent with
a previous population-based 5-year longitudinal study recruiting
drug-naive PD patients, where female gender resulted to be a
risk factor for dyskinesia regardless of body weight.?®

We have recently reported a greater bioavailability of L-dopa

in L-dopa-naive women with PD compared to men. In this
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study, L-dopa pharmacokinetics was assessed at the first ever
L-dopa intake of L-dopa/benserazide (100/25 mg), and women
showed significantly higher area under curve and maximum
plasma concentration than men irrespective of body weight.*?
The same findings were also reported in pharmacokinetics studies
assessing patients on chronic L-dopa treatment.”>>* Possible dif-
ferences in metabolic 1-dopa pathways have been suggested, as
women have about 25% lower catechol-O-methyltransferase
enzyme activity than men,” but differences in gastrointestinal
transit times could also be involved.

We suggest that in our cohort L-dopa dosage did not emerge
as a significant predictor of fluctuations and dyskinesia due to the
similar dosages prescribed in both genders and the short duration
of administration. The observation that only at the end of the
observation period women received a L-dopa dose slightly lower
than men may reflect the attention paid by neurologists toward
the development of dyskinesia in women, as we did not find sig-
nificant differences between genders overtime on MDS-UPDRS
Part II and Part III scores.

We had no evidence of a genetic contribution to the gender-
related differences in the development of fluctuations and dyski-
nesia. Consistent with these findings, previous studies excluded
that SNCA variants increasing the expression of SNCA gene

30,36 @i
7 Similarly,

predicted dyskinesia or motor fluctuations in PD.
GBA mutations were not found to be associated with a higher
risk of developing motor complications in different PD

37,38

populations. Finally, dopamine receptor D2 gene polymor-

phisms were shown to provide a strong protection toward dyski-
nesia only in men and not in women.*’

Hormonal factors may contribute to biological differences in the
expression of PD, with a lower incidence and a more benign phe-
notype at onset in women, mainly related to the estrogenic status.*’
However, once the disease has started, shorter time to develop
wearing-off and dyskinesia in women argues against a persistent
protective effect of estrogens. Sex-chromosome genes and sexual
dimorphism in brain structure and function are also supposed to
have a role in determining gender differences in PD.*"**

One limitation of our study is that only Italian patients were
enrolled; therefore, our findings are not widely generalizable and
should be confirmed particularly in non-Caucasian populations.
Moreover, the high number of dropouts poses a risk of bias in
the study results, but it was not preventable due to the COVID
pandemic.

We demonstrated that female gender was the most important
predictor of fluctuations and dyskinesia in early PD patients after a
2-year intake of L-dopa. Overall, our findings could have important
implications in early disease stages and foster the need for the devel-

opment of gender-oriented therapeutic recommendations.
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