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Purpose: Lacunae are imaging biomarkers of cerebral small vessel disease (CSVD) and are
correlated with the degree of gait instability in Parkinson’s disease (PD). The wearing-off phenom-
enon (WO) occurs more frequently in PD patients as disease progresses. The present study aimed
to investigate the overall impact of the quantity and location of lacunae on the WO in PD.
Patients and Methods: This retrospective, single-center study included 315 consecutive
eligible patients with PD from Beijing Tiantan Hospital from May 2016 to August 2018. We
collected data on demographics and clinical features, assessed lacunae and examined the
presence of the WO. The association between lacunae and the WO was assessed using
a binary logistic regression model.

Results: The number of lacunae was significantly associated with the WO in patients with PD
according to a model adjusted for age at onset, disease duration, Hoehn—Yahr (H-Y) staging,
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale part III (MDS-UPDRS
III) total score and levodopa equivalent daily dosage (LEED) (P=0.037, OR 1.156, 95% CI
1.009, 1.325) and to a model further adjusted for other CSVD imaging biomarkers (P=0.046, OR
1.172, 95% CI 1.003, 1.369). Following additional adjustment for other potential confounders,
the association remained significant (P=0.043, OR 1.195, 95% CI 1.005, 1.421). Lacunae in
subcortical areas (P=0.004, OR 0.498, 95% CI 0.308, 0.803) and basal ganglia (P=0.046, OR
1.616, 95% CI1.009, 2.587), especially in the caudate nuclei (P=0.023, OR 1.104, 95% CI 0.185,
0.881), were significantly associated with the WO in PD patients.

Conclusion: Our finding highlights the significant association between lacune and the WO,
and lacunae may be an independent contributor to the WO in PD patients. Promoting
neurovascular health may prevent the progression of the WO in PD patients.

Keywords: Parkinson’s disease, wearing-off phenomenon, lacunae, cerebral small vessel
disease

Introduction

Resting tremor, bradykinesia, rigidity and gait/postural instability are the main
symptoms of Parkinson’s disease (PD), and levodopa replacement therapy is the
primary method for alleviating these symptoms.' As the disease progresses, these
clinical symptoms worsen and are accompanied by the gradual development of
drug-related motor complications. The wearing-off phenomenon (WO) is a motor
fluctuation that occurs within several years in most PD patients who have under-
gone chronic dopamine replacement therapy.” The timing of the development of the
WO varies among patients as the disease progresses. According to the literature,
approximately 20—40% of PD patients will experience the WO after 4-6 years of
dopamine replacement therapy.”
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According to previous studies, the risk factors for WO
mainly included female sex, age at onset of PD, disease
duration, dose of daily levodopa, and Unified Parkinson’s
Disease Scale Part II and Part 111 scores.*> However, these
factors are limited in terms of the demographic and clin-
ical features of PD patients.

The correlation between cerebral small vessel disease
(CSVD) and PD has received increasing attention in recent
years. Several studies have shown that CSVD may be
a comorbidity of PD and could worsen the motor symp-
toms and cognition of PD patients,’ ® although the under-
lying mechanism remains largely unknown. A widely
accepted hypothesis is that the CSVD lesion disrupt the
striato-thalamo-cortical circuit,'® which includes the sub-
thalamic nucleus, pedunculopontine nucleus, and visuos-
patial and executive networks and is thought to be
involved in the pathophysiology of gait and postural
impairment in patients with PD."" Vascular dysfunction
accelerates the processes of neuronal dysfunction or
death and neurodegeneration may engage in the mechan-
ism, t0o.'? However, vascular pathology was shown to be
significantly lower in autopsy-proven PD than in normally
aging persons,'” and some vascular risk factors, such as
smoking, may even play a protective role in PD in terms of
development or prognosis.'

Additionally, cerebrovascular disease has been identi-
fied at autopsy as an etiological factor in parkinsonism in
1-3.2% of cases, and white matter hyperintensity (WMH),
an imaging biomarker of CSVD, could affect gait and
cognitive function in patients with PD based on MRI
evidence.'>'°

Lacunae are another imaging biomarkers of CSVD.'”
Our previous study indicated that lacunae were correlated
with gait instability in PD.'” We hypothesize that lacunae
may also contribute to the WO, but to the best of our
knowledge, no previous study has explored the association
between lacunae and the WO in PD.

Therefore, the aim of this study was to estimate this
association in PD patients and identify a new strategy for
resolving the WO in PD.

Patients and Methods

Patients

This was a retrospective, single-center study from the
Department of Neurology of Beijing Tiantan Hospital,
Capital Medical University. From May 2016 to
August 2018, a total of 315 idiopathic PD patients who

underwent MRI scans were enrolled in this study. Patients
who met the clinically definite PD based on the 2015
Movement Disorder Society (MDS) Clinical Diagnosis
Criteria were included.'® A reported good response to
levodopa or > 30% improvement in the response to levo-
dopa was identified to differentiate PD from vascular
parkinsonism. The exclusion criteria included 1) uncertain
PD diagnosis or suspicion of atypical parkinsonism (multi-
ple system atrophy, corticobasal ganglionic degeneration,
or progressive supranuclear palsy) and second parkinson-
ism syndrome (vascular, drug-induced, toxin-induced,
postinfectious parkinsonism); 2) a history of moderate-to-
severe head trauma, hydrocephalus, brain surgery, or brain
tumor; and 3) a lack of clinical and MRI data. This study
was approved by the Ethics Committee of the Beijing
Tiantan Hospital and was performed in accordance with
the Declaration of Helsinki. Informed consent was
obtained either from the participants or their closest
relatives.

Clinical Assessment

Demographic information (age at admission, sex, weight
and height), medical history (hypertension, diabetes, car-
diac disease [angina, myocardial infarction, or heart fail-
ure), smoking history, drinking history and disease
duration were collected. The results of admission blood
tests for factors associated with cerebrovascular disease
(triglyceride [TG], total cholesterol [TC], low-density
lipoprotein [LDL], high-density lipoprotein [HDL], homo-
cysteine [HCY], uric acid, fasting blood glucose [FBG],
glycosylated hemoglobin levels) were also recorded. The
severity of PD was assessed by Hoehn—Yahr (H-Y) sta-
ging and the Movement Disorder Society—Unified
Parkinson’s Disease Rating Scale part III (MDS-UPDRS
I1T) total score. The subscores for tremor (items 3.15, 3.16,
3.17 and 3.18), rigidity (items 3.3), bradykinesia (items
34, 3.5, 3.6, 3.7, 3.8, 3.9 and 3.14) and gait/postural
instability (items 3.10, 3.11 and 3.12) were obtained
from the MDS-UPDRS III. Cognition was assessed by
the Montreal Cognitive Assessment (MoCA). Mood was
assessed by the Hamilton Anxiety Rating Scale (HAMA)
and Hamilton Depression Rating Scale (HAMD). Motor
assessment was performed in an off-medication state;
however, cognition and mood assessments were per-
formed in an on/off-medication state. A score of at least
one point on the 19—item Wearing-off Questionnaire
(WOQ-19) was defined as the possible presence of the
WO. The WOQ-19, which covers a wide range of
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symptoms and emphasize the importance of certain easier
neglected symptoms, such as anxiety, numbness and cold
and hot feelings, has a good accuracy. The levodopa
equivalent daily dosage (LEED) was calculated as levo-
dopa dose +levodopa dose x 1/3 if on entacapone +
piribedil (mg) + pramipexole (mg) x 100 + selegiline
(mg) x 10 + amantadine (mg) + controlled-release levo-
dopa (mg) x 0.75.

MRI Assessment
MRI data were acquired from four 3-T MRI and one
1.5-T MRI devices in Beijing Tiantan Hospital with T1-
weighted imaging, T2-weighted imaging, fluid-attenuated
inversion recovery imaging (FLAIR), and susceptibility-
weighted imaging (SWI) sequences. The MRI data were
collected and evaluated in Beijing Tiantan Hospital. All
image readers were professionally trained and blinded to
each other and to the patients’ demographic information
and clinical data. The same images were interpreted by
two readers, and a final review by a senior radiologist to
ensure the accuracy and consistency of the imaging findings.
Lacunae were defined as round or ovoid cavities with
diameters ranging from 3 mm to 15 mm and were character-
ized by a hypointense lesion on FLAIR images, according to
the corresponding hyper— and hypo— intensities on T2— and
T1-weighted images, respectively.'” The presence and num-
ber of lacunae were examined in the subcortical white matter
(including the internal capsule, corona radiata, and corpus
callosum), basal ganglia (including the caudate nuclei, and
lenticular nuclei), thalamus and infratentorial area. In addi-
tion, to adjust for their potential influence on the WO, other
biomarkers of CSVD, such as WMH, enlarged perivascular
space (PVS) and microbleeds (MBs), were also assessed.
WMH was assessed by the Fazekas scale®® and divided into
two groups, periventricular hyperintensities (PVH) and deep
white matter hyperintensities (DWMH), both of which were
graded on a scale of 0-3. The total score of the Fazekas scale
was the sum of the PVH score and the DWMH score. PVSs
in the basal ganglia (BG-PVSs) and in the centrum semio-
vale (CS—PVSs) were rated separately according to the semi-
quantitative rating scale developed by the Edinburg group.?'
MBs were assessed according to the Microbleed Anatomical
Rating Scale (MARS).*

Statistical Analysis

All statistical analyses were performed in SPSS 24.0. The
Kolmogorov—Smirnov test was used to check the distribu-
tion of the data. Continuous variables were expressed as

the means and standard deviations (SD) or interquartile
range (IQR), and categorical variables were reported as
numbers and percentages. The student’s t-test and the
Mann—Whitney U-test were used for comparison of nor-
mally and abnormally distributed data, respectively. The
Chi—square test was used to evaluate the differences in
categorical variables. A binary logistic regression model
was conducted to explore the potential influence of lacu-
nae on the WO in PD. P<0.05 is considered statistically
significant.

Results

A total of 315 PD patients were enrolled in the current study,
and 191 (61.63%) PD patients reported experiencing the
WO. The demographic and clinical characteristics, cerebro-
vascular disease-related risk factors and CSVD-related
MRI features of the patients are listed in Table 1.

Differences Between PD Patients with
and without the WO

The differences in the demographic and clinical character-
istics, cerebrovascular disease—related risk factors and
CSVD-related MRI features between patients with and
without the WO are presented in Table 1. Patients with the
WO showed a significantly earlier onset age, longer disease
duration, greater disease stage, higher motor and mood
scores and higher LEED (P<0.01). The gait/postural
instability subscores were higher in patients with the WO
(P<0.05); however, there were no differences in the tremor,
rigidity or bradykinesia subscores between patients with and
without the WO (P>0.05). Patients with the WO had sig-
nificantly higher serum HCY levels and lower serum uric
acid levels than patients without the WO (P<0.05).
A significant difference in the number of lacunae was
found between patients with and without the WO (P<0.05,
Figure 1). Other CSVD imaging biomarkers were not sig-
nificantly different between the two groups (P>0.05,
Figure 1).

Association Between Lacune and WO in
PD Patients

Binary logistic regression showed that the number of lacunae
were significantly associated with the WO in PD patients
according to the model 1 (adjusted for age at onset, disease
duration, H-Y staging, MDS—UPDRS III total score and
LEED) (P=0.037, OR 1.156, 95% CI 1.009, 1.325) and
model 2 (model I1+adjusted for WMH, PVS, MBs)
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Table | Differences Between PD Patients with/Without the WO

Total (n=315) With WO (n=191) Without WO (n=124) | P value
Demographic features
Age at admission, years, median (IQR) 64.00 (58.00, 69.00) 64.00 (58.00, 69.00) 65.00 (58.00, 69.75) 0.312
Sex, n (F/M) 131/184 85/106 46/78 0.193
BMI, median (IQR) 24.22 (21.99, 26.45) 24.22 (21.99, 26.37) 24.05 (21.80, 26.54) 0.537
Medical history, n (%)
Hypertension 96 (30.48%) 53 (27.75%) 43 (34.68%) 0.192
Diabetes mellitus 38 (12.06%) 23 (12.04%) 15 (12.10%) 0.988
Coronary heart disease 32 (10.16%) 23 (12.04%) 9 (7.26%) 0.170
Current or previous smoking 93 (29.52%) 50 (26.18%) 43 (34.68%) 0.106
Current or previous drinking 77 (24.44%) 43 (22.51%) 34 (27.42%) 0.322
Blood test at admission
TG, mmol/L, median (IQR) 1.03 (0.74, 1.47) 1.00 (0.74, 1.44) 1.05 (0.72, 1.53) 0.8I18
TC, mmol/L, mean+SD 4.06+0.79 4.06+0.80 4.06+0.78 0.967
LDL, mmol/L, mean+SD 2.41+0.69 2.39+0.70 2.45+0.67 0.469
HDL, mmol/L, median (IQR) 1.18 (1.08, 1.32) 1.22 (1.04.1.40) 1.16 (0.98, 1.34) 0.080
HCY, pmol/L, median (IQR) 14.88 (12.32, 18.41) 15.35 (12.58, 19.45) 14.73 (11.67, 17.35) 0.035*
Uric acid, pmol/L, median (IQR) 282.20 (232.8, 323.4) 270.30 (223.80, 317.50) | 293.35 (250.43, 344.88) 0.002%*
FBG, mmol/L, median (IQR) 4.53 (4.22, 4.99) 4.55 (4.21, 5.06) 4.52 (4.29, 491) 0.778
Glycosylated hemoglobin, %, median (IQR) 5.7 (5.5, 6.0) 5.70 (5.40, 6.00) 5.70 (5.50, 6.00) 0.700
Clinical features
Age at onset, years, median (IQR) 57.00 (50.00, 63.00) 55.00 (50.00, 62.00) 59.00 (52.00, 65.00) 0.001**
Disease duration, years, median (IQR) 6.00 (4.00, 10.00) 8.00 (5.00, 10.00) 4.00 (3.00, 7.00) <0.001%*
H-Y staging, median (IQR) 3.00 (2.00, 4.00) 3.00 (2.50, 4.00) 3.00 (2.00, 3.00) <0.001**
MDS-UPDRS |l total score, median (IQR) 39.00 (29.00, 52.00) 43.00 (32.00, 54.00) 36.00 (24.00, 45.75) <0.00 1**
Tremor subscore, median (IQR) 6.00 (2.00, 10.00) 6.00 (2.00, 11.00) 5.00 (1.00, 9.00) 0.200
Rigidity subscore, median (IQR) 8.00 (4.00, 10.50) 8.00 (4.00, 11.00) 7.00 (4.00, 10.00) 0.147
Bradykinesia subscore, mean+SD 24.43+12.89 25.61%13.19 22.31%12.12 0.056
Gait and postural subscore, median (IQR) | 4.00 (2.00, 6.00) 4.00 (2.00, 7.00) 3.00 (1.00, 5.00) 0.007**
LEED, mg/day, median (IQR) 500.00 (300.00, 700.00) | 550.00 (375.00, 750.00) | 400.00 (250.00, 600.00) 0.001%**
MoCA score, median (IQR) 22.00 (17.00, 26.00) 22.00 (17.00, 25.00) 23.00 (18.75, 26.00) 0.143
HAMA score, median (IQR) 13.00 (8.00, 19.00) 14.00 (9.00, 20.00) 10.00 (6.00, 17.00) 0.003**
HAMD score, median (IQR) 12.00 (6.00, 18.00) 14.00 (7.00, 20.00) 10.00 (5.00, 16.00) 0.005**

Notes: *p<0.05, **p<0.01.

Abbreviations: WO, wearing-off phenomenon; IQR, interquartile range; SD, standard deviations; BMI, body mass index; TG, triglyceride; TC, total cholesterol; LDL, low-
density lipoprotein; HDL, high-density lipoprotein; HCY, homocysteine; FBG, fasting blood glucose; H-Y staging, Hoehn—Yahr staging; MDS-UPDRS Ill, Movement Disorder
Society-Unified Parkinson’s Disease Rating Scale part lll; LEED, levodopa equivalent daily dosage; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive
Assessment; HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale.

(P=0.046, OR 1.172, 95% CI 1.003, 1.369). After further
adjustment for other potential confounders (model 3, model
2+ adjusted for age at admission, sex, BMI, risk factors for
cerebrovascular disease and MRI machines), the association
remained significant (P=0.043, OR 1.195, 95% CI 1.005,
1.421) (Table 2).

Association of the Location of the
Lacunae with the WO in PD Patients
As shown in Table 3, we explored the association between the

location of the lacunae and the WO in PD patients. Lacunae in
subcortical areas (P=0.004, OR 0.498, 95% CI 0.308, 0.803)

and basal ganglia (P=0.046, OR 1.616, 95% CI 1.009, 2.587),
especially in the caudate nuclei (P=0.023, OR 1.104, 95% CI
0.185, 0.881), were significantly associated with the WO in
PD patients (Table 3).

Discussion

The present study investigated the association between
lacunae and the WO in PD patients from a new perspective
involving the cross-field of cerebrovascular disease and
neurodegenerative disease. The results showed that lacu-
nae were significantly associated with the WO in PD
patients disease  duration,

independent of age,
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Figure | CSVD related MRI features between PD patients with/without the WO. Boxplot (A—F) showed the CSVD related MRI features between PD patients with/without

the WO, including PYH, DWMH, lacunae number, BG-PVS, CS-PVS and MBs.

Abbreviations: CSVD, cerebral small vessel disease; PVH, periventricular hyperintensities; DWMH, deep white matter hyperintensities; BG-PVS, enlarged perivascular
space in the basal ganglia; CS-PVS, enlarged perivascular space in the centrum semiovale; MBs, microbleeds.

H-Y staging, MDS-UPDRS III score, LEED, and serum
HCY and uric acid levels. Furthermore, we found that
lacunae in subcortical areas and the caudate nuclei were
associated with the WO in PD patients.

As the name implies, the wearing-off phenomenon,
a common motor fluctuation in PD patients as the disease
progresses, is characterized by the development of a loss
of response to the medication dose before taking the next
dose. A pharmacokinetic study indicated that patients

Table 2 Association Between Lacunae and the WO in PD
Patients

R? OR (95% CI) P value
Model | 0.155 1.156 (1.009, 1.325) 0.037*
Model 2 0.173 1.172 (1.003, 1.369) 0.046*
Model 3 0.257 1.195 (1.005, 1.421) 0.043*

Notes: All variables were entered into the logistic models simultaneously. Model |
adjusted for age at onset, disease duration, H-Y staging, MDS-UPDRS Il total score
and LEED. Model 2= model |+adjusted WMH, PVS, MBs. Model 3= model 2+
adjusted for age at admission, sex, MoCA, HAMA, HAMD, BM], risk factors for
cerebrovascular disease and MRI machines. *p<0.05.

Abbreviations: OR, odds ratio; Cl, confidence interval; H-Y staging, Hoehn—Yahr
staging; MDS-UPDRS Ill, Movement Disorder Society-Unified Parkinson’s Disease
Rating Scale part Ill; LEED, levodopa equivalent daily dosage; WMH, white matter
hyperintensity; PVS, enlarged perivascular space; MBs, microbleeds; BMI, body mass
index.

usually showed a good response after taking a single
dose of levodopa for 60 minutes, but the parkinsonism
symptoms re-emerged or were exacerbated before their
next scheduled dose.”® The most common explanation is
that the benefit of the last dose “wears—off”. The exact
mechanism of the WO has not been well clarified, and
may be multifactorial. It is generally accepted that the
degeneration of presynaptic dopaminergic neurons, results
in a lack of storage for levodopa and a resultant inability to
buffer
Postsynaptically, alterations in receptor responsiveness

variations in levodopa availability.?*
and changes in the pharmacodynamic response may also
be responsible mechanisms.”> In addition to the central
mechanism, peripheral factors such as high-protein
diets®® and gastrointestinal dysfunction?’ could also influ-
ence the absorption of levodopa and induce WO.

In our study, the prevalence of the WO was 61.63%,
higher than that in a study in mainland China.”® The
possible reason for this was that in the earlier study, the
authors screened the WO in their study with the WOQ-9,
which has a lower specificity in identifying WO.?’

In contrast to previous studies on the risk factors for

the WO, our study found that lacunae were a predictable
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Table 3 The Association of the Location of the Lacunae with the WO in PD Patients

R? OR 95% CI P value
Lacunae in subcortical areas 0.036 0.498 0.308, 0.803 0.004+*
Lacunae in basal ganglia 0.017 1.616 1.009, 2.587 0.046*
Lacunae in lenticular nucleus 0.001 0.901 0.570, 1.422 0.653
Lacunae in caudate nucleus 0.025 1.104 0.185, 0.881 0.023*
Lacunae in thalamus 0.013 0.567 0.291, 1.104 0.095
Lacunae in subtentorial areas 0.012 0.553 0.272, 1.123 0.101

Notes: All variables were entered into the logistic models simultaneously. *p<0.05, *p<0.01.

Abbreviations: OR, odds ratio; Cl, confidence interval.

factor, especially those located in the caudate nuclei. The
imaging definition of a lacune is a round or ovoid, sub-
cortical, fluid-filled (similar signal as CSF) cavity, measur-
ing between 3 mm and approximately 15 mm in diameter,
consistent with a previous acute small deep brain infarct or
hemorrhage in the territory of one of the perforating
arterioles.'” Blood—brain barrier leakage and endothelial
dysfunction seem to be pivotal factors contributing to the
pathogenesis of lacunae or CSVD."’

We hypothesized that the number and location of lacu-
nae may be correlated with the presynaptic and postsynap-
tic mechanisms of the WO. First, a lacunar lesion located
in the basal ganglia, especially in the caudate nuclei, the
main brain area involved in PD, may worsen the degen-
eration of presynaptic dopaminergic neurons and further
affect the release of levodopa. Additionally, it may alter
the binding capacity of dopamine receptors in the postsy-
naptic membrane of dopamine neurons. These factors
would affect the continuous and stable release of the
levodopa, and resulting in the emergence of the WO.
Second, a lacunar lesion may likely disrupt the striato-
thalamo-cortical pathway, a well-established functional
pathway in PD.**?! This pathway is related to the motor
symptoms in PD, and potentially to the WO as the disease
progresses and the pathway is disrupted. In the lesion
network analysis by Joutsa et al, lesional locations asso-
ciated with parkinsonism were functionally connected to
a common network similar to the network affected in
idiopathic PD.*? Future studies with functional imaging
or molecular imaging are needed to test this hypothesis.
Furthermore, the common mechanism of neurovascular
unit dysfunction of the lacunae and PD may also contri-
bute to the association between the lacunae and the WO in
PD patients.>

We found that patients with the WO had an earlier
onset age, longer disease duration, greater disease stage,
higher motor and mood scores and higher LEED, which

were consistent with previous study.*> We also found that
the gait/postural instability subscores were higher in
patients with the WO, which may mean that a higher
gait/postural instability subscores or postural instability/
gait-dominant motor phenotype could be a risk factor for
WO. In addition, our study showed that patients with the
WO had higher HCY levels and lower uric acid levels.
The association between HCY or uric acid and the WO
has not been very clarified. Only one study showed that
serum uric acid levels were inversely associated with the
occurrence of the WO in males with PD,>* consistent with
the findings in our study. The authors supposed that uric
acid has a neuroprotective effect on presynaptic terminals
and in preventing the WO in PD. More related studies
should be conducted to explore this relationship in the
future.

Our study has several implications. First, the comor-
bidity of the lacunae in PD requires greater attention and
intervention, as a silent lacune is not actually silent.
Second, the WO in PD may be multifactorial, and related
to additional factors beyond demographic and clinical
features. Third, lacunae may share a common mechanism
with PD, rather than causing motor symptoms and worsen-
ing of the WO. Fourth, promoting neurovascular health
may prevent the progression of the WO in PD.

The study has several strengths. First, to the best of our
knowledge, this is the first study from the perspective of
CSVD to investigate predictive factors of the WO in PD.
Second, a relatively large sample size was used in our
study. Third, we also investigated the correlation of the
location of lacunar lesions with the WO. Fourth, we used
several regression models to understand the effect of lacu-
nae on the WO in PD.

Several limitations of the present retrospective study
also need to be acknowledged. First, the retrospective
study design may be affected by recall and selection
bias, and the fact that the admitted PD patients had may
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affect the generalizability of the results. However, physi-
cians can directly assess the fluctuation of symptoms and
minimize the chance of underdiagnosing the WO in
admitted hospital PD patients. Future longitudinal studies
and larger samples are needed. Second, WO-related symp-
toms vary from motor symptoms to nonmotor symptoms.
PD patients with early-stage WO may be unaware of the
subtle motor fluctuations related to PD treatment and thus
may not bring them to the attention of their physicians,
thus leading to an underdiagnosis of the WO. Although we
used the WOQ-19, a suggested screening scale for MDS,*’
to assess the presence of the WO, this questionnaire was
unable to assess the severity of the WO. Therefore, quan-
titative assessments, such as the MDS-UPDRS, should be
performed during on- and off-medication states to identify
symptom fluctuations. Third, the diagnosis of PD in this
study was based on clinical diagnostic criteria rather than
pathology, which may affect the diagnostic accuracy for
the disease.

Conclusion

In conclusion, lacunae may be independent contributors to
the WO in PD patients, possibly by affecting the presy-
naptic and postsynaptic mechanisms of the phenomenon.
Promoting neurovascular health may prevent the progres-
sion of the WO in PD.
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