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Editorial on the Research Topic
New insights in non-motor symptoms in Parkinson'’s disease

In recent years, the wide range of non-motor symptoms encountered by Parkinson’s
disease (PD) patients have gained more attention of clinicians and researchers, as they
have major impact on their quality of life. Key issues remain that of nonmotor fluctuations,
pain, visual disturbances, sleep and other unmet needs. Establishing clinically meaningful
biomarkers, screening questionnaires, characterizing the role of the microbiota-gut-brain
axis, improving the concept of non-motor fluctuations, and the influence of device-
aided therapies on non-motor symptoms are just some of the hot topics of research that
contribute to a better understanding of non-motor symptoms of PD and their effective
management (1-5).

In their original research, Diaconu et al., show the beneficial and sustained effects of
levodopa-carbidopa intestinal gel (LCIG) therapy on sleep disturbances associated with
PD. In this longitudinal study, 10 advanced PD patients were followed for 1 year after
the initiation of LCIG therapy. They report improvement in several sleep parameters after
LCIG therapy, suggesting that a proper management of the motor symptoms may also
contribute to improved sleep quality.

In a brief research report, Marano et al., explore the importance of the vitamin
D/parathormone (PTH) axis in the pathogenesis of restless legs syndrome (RLS) in PD.
In their study of fifty PD patients, hyperparathyroidism was associated with the presence
of RLS, independent of their motor disabilities due to PD. The authors postulate that
identification and early treatment of such PD patients with vitamin D supplementation
would reduce the levels of PTH and alleviate the symptoms of RLS.

Kurihara et al. used PainVision®, a perceptual pain/analyzer, to assess the pain
threshold in PD patients. In their original research, the authors included 48 PD patients
with pain and 53 PD patients without pain. Intensity of pain, as measured by PainVision®,
did not correlate with traditional subjective rating scales, but PD duration and severity may
be important factors that correlate with current pain perception threshold. The authors
propose this new tool as an objective method for pain quantification in future research.
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In an original research paper, Raeder et al. investigated
the clinimetric properties of the Gut Dysmotility Questionnaire
(GDQ), a newly developed assessment tool for screening and
monitoring gastrointestinal dysfunction in PD, especially focusing
on constipation. The Phase 1 of the research demonstrated the
paucity of screening tools designed for the assessment of specific
gastrointestinal symptoms in PD to date, therefore a preliminary
version of the questionnaire was created. In Phase 2, cognitive
pretests (such as standard pretests, interviews and assessment
questionnaires) were conducted to develop the final version of
the GDQ, which comprises of 18 items for the self-assessment
of the gastrointestinal dysmotility. GDQ showed high acceptance
and efficacy, as well as sufficient reliability and construct validity
in the present study, and it may become a promising assessment
tool of the gastrointestinal symptoms in future clinical practice
and research.

Although motor fluctuations are known to negatively influence
the quality of life of the PD patients, less is known about the
non-motor fluctuations. In their original research article, Kakimoto
et al,, explored the role of non-motor fluctuations in relation to
motor fluctuations and quality of life. Non-motor fluctuations
were found in 26.1% of the PD patients enrolled in the study
and were observed even in early stages of the disease. Non-motor
fluctuations were shown to impair the quality of life of PD patients,
independently of motor fluctuations, suggesting that their early
identification is key for an optimized therapeutic outcome.

The evolution of dysautonomia in PD was observed in a
longitudinal study conducted by Stewart et al.. For this purpose,
information from the Parkinson’s Progression Markers Initiative
(PPMI) database was assessed. Autonomic dysfunction (evaluated
by several specific scales) was observed since the early stages
of the disease and worsened over the 7 years of follow-up.
The positive association between greater olfactory dysfunction,
more autonomic impairment, and more severe motor symptoms
with respect to baseline may offer new insights regarding the
pathological processes underlying PD progression.

Jiang et al,, evaluated the main characteristics of sleep using
polysomnography and questionnaires in 44 naive PD patients.
Nocturnal awakenings and reduced sleep efficiency were the most
common features of poor sleep quality in these PD patients.
More than half of the subjects had a poor sleep quality, which
was associated with the severity of non-motor symptoms and a
reduced quality of life. Sleep may also influence the evolution
of motor symptoms, as the authors observed that an increased
number of nocturnal arousals events may predict the progression
of motor impairment.

The of the
underlying the development of PD are still not fully understood.

pathogenesis neurodegenerative  processes
Li et al. highlighted in their review the complex role of the
microbiota-gut-brain axis in the pathophysiology of PD. The
authors cover several aspects that may explain the mechanisms
of neurodegeneration in PD (the body-first and brain-first
theories, the role of the microbiome dysregulation, the changes
in metabolites derived from gut microbiome, the influence

of the genetic and environmental factors, etc.), taking also
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into consideration potential targets for future management or
prevention plans.

Zhao et al. conducted a meta-analysis to evaluate the role of
white matter hyperintensities (WMH), on cognitive function in PD.
Pooling results from 23 studies, they showed that WMH an imaging
marker of the white matter in disease causation, was associated with
cognitive impairment in PD.

In a review article, Ungureanu et al, describe dry eye
in PD. With an
among 70% of PD patients, dry eyes can manifest through a

disease increased estimated prevalence
large burden of symptoms, such as excessive tearing, visual
discomfort/disturbances and photophobia, that impair patients’
quality of life. The authors focus on the pathogenesis, clinical
evaluation, and management of this non-motor symptom
commonly encountered in PD.

Pain is another non-motor symptom with a high prevalence in
PD (up to 85%), complex interactions with motor symptoms, other
non-motor features and quality of life. Alizadeh et al., explored in
a review paper the potential links between several genotypes and
pain symptoms in monogenic PD. A good understanding of the
genetic profile in patients with specific types of pain may contribute
to tailored therapeutic approaches for patients with monogenic PD
in the future.

Research on non-motor symptoms in PD is much needed for
a better understanding of the pathophysiology of this disease and
improving the care of PD patients.
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Background: Non-motor manifestations are the main features of Parkinson'’s disease
(PD). These have been associated with vitamin D abnormalities, but the role of
parathormone (PTH) is still obscure. Among the non-motor symptoms of PD, the
pathogenesis of restless leg syndrome (RLS) is still debated, but it has been associated
with the vitamin D/PTH axis in other disease models. Our study deepens the
association between vitamin D and PTH with the prevalence of non-motor symptoms
of PD and explores such a relationship in patients reporting leg restlessness.

Methods: Fifty patients with PD were extensively investigated with motor and non-
motor scales. Data on serum levels of vitamin D, PTH, and related metabolites
were obtained, and patients were stratified as having vitamin D deficiency or
hyperparathyroidism according to standardized criteria.

Results: Overall, 80% of patients with PD exhibited low vitamin D levels, and
hyperparathyroidism was diagnosed in 45%. The analysis of the non-motor symptoms
profile using the non-motor symptom questionnaire (NMSQ) revealed 36% of leg
restlessness, a main feature of RLS. This was significantly associated with worse
motor symptoms, quality of sleep, and quality of life. Moreover, it was associated
with hyperparathyroidism (OR: 3.48) and with PTH levels, independent of vitamin D,
calcium/phosphate levels, and motor status.

Conclusion: Our results suggest a significant association between the vitamin D/PTH
axis and leg restlessness in PD. PTH has a putative role in nociceptive modulation,
and previous evidence on hyperparathyroidism has suggested a possible interrelation
with RLS. Further investigations are necessary to add PTH to the non-dopaminergic
non-motor landscape of PD.

KEYWORDS

sleep, vitamin D, restless legs, dopamine agonist, parathormone

Introduction

Parkinson’s disease (PD) is characterized by motor and non-motor symptoms. The latter
are the main determinants of quality of life and are known to cover several pathophysiological
underpinnings of Parkinson’s disease, being involved in the prodromal phase and in milestones
of the progression through stages (1). In this regard, some of them including leg restlessness,
poor quality of sleep, and behavioral disorders are of key importance. Not much is known
about the underlying etiologies of such symptoms, and if serum biomarkers may correlate with
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such manifestations. Patients with PD are also known to exhibit lower
25(OH)D levels than the general population. Indeed, there is growing
evidence about the association between vitamin D and non-motor
manifestations of PD-cognition, mood, autonomic functions, and
falls (2). The presence of insufficient 25(OH)D levels is associated
with insomnia, a lower quality of sleep, and a bad disease profile
overall (3). Moreover, there are several studies on the role of
parathormone (PTH), closely interconnected with vitamin D, in the
pathogenesis of restless leg syndrome (RLS) in other disease models,
such as end-stage renal disease (4, 5). The link between vitamin D,
PTH, and PD patient’s non-motor and sleep profiles, however, has
not yet been investigated. Both molecules are strictly interconnected.
PTH is produced by the parathyroid glands to maintain the right
balance of calcium, phosphate, and vitamin D in the bloodstream.
Parathyroid levels are controlled by a feedback loop of calcium
levels, where low levels of calcium stimulate parathyroid hormone
release (6). Hyperparathyroidism may be classified as primary, due
to a disorder of the glands, or secondary, thus due to hypocalcemia,
frequently secondary to low vitamin D levels (7). The aim of the
present study is to investigate the relationship between the vitamin
D—PTH axis and non-motor symptoms. Hence, we prospectively
studied such associations in a well-structured sample of patients
with PD.

Methods

Patients with PD aged 55-80 years were consecutively enrolled
in the outpatient PD clinic of our institution in the winter season
of 2020-2021 (21 December to 20 March). We excluded subjects
with diseases that could affect bone and calcium metabolism, and
administration of drugs affecting calcium concentrations other than
peroral vitamin D supplements. All our patients were evaluated by an
experienced rater to collect data on disease duration (years), modified
Hoehn and Yahr scale (H&Y), Unified Parkinson’s Disease Rating
scale (UPDRS) part 1 to 4, Non-motor Symptom Questionnaire
(NMSQ), Parkinson’s Disease Quality of Life Questionnaire (PDQ-
39), Montreal Cognitive Assessment (MoCA), and PD Sleep
Scale (PDSS). Data on comorbidities, PD therapies, vitamin D
supplementations, and dietary oral intake of calcium were also
obtained. All the patients were on chronic treatment with levodopa
and were tested on their ON-DOPA condition during the morning.
Blood samples were collected during the same evaluation to
obtain data on 25(OH)D, PTH, calcium, and phosphate levels.
Creatinine, blood urea nitrogen (BUN), glomerular filtration rate
(GFR), and albumin were also collected to provide corrections to
the 25(OH)D and the calcium/phosphate metabolism. The presence
of hyperparathyroidism was identified by the PTH cut-off value of
>85 pg/ml, while deficient or insufficient 25(OH)D was identified
by the cut-off values of <30 and <20ng/ml, respectively (8).
Patients with ongoing 25(OH)D supplementation were included to
observe the effect of peroral therapies on the variables investigated.
Total serum calcium and serum albumin were measured using
automated methods. Serum phosphate and creatinine were also
measured by automated techniques. 25(OH)D was measured by an
immunochemiluminometric assay (Abbott Laboratories Diagnostics
Division, Abbott Park, IL, 60064, USA). Intact PTH was measured by
an immunochemiluminometric assay using the automatic analyzer
Modular E170 (Roche Diagnostics, Indianapolis, Ind, USA) in
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TABLE 1 Serum PTH, vitamin D, and related metabolites in our PD cohort.

Variable [reference range] Median (QI-QlII)

PTH [14-85 pg/ml] 83.35 (66.08-105.35)

25(OH)D [20-50 ng/ml] 21.7 (15.5-27.7)

Calcium [8.4-10.2 mg/dl] 9.2(9.2-9.4)

Phosphate [2.3-4.7 mg/dl] 3.1(2.8-3.43)

Calcium dietary intake (mgs per day) 716.5 (512.5-978.25)

PTH, parathormone.

the laboratory of our institution. Data were reported as median
(QII-QIII) or frequencies (%). Inferential statistics were performed
through the Wilcoxon test or the chi-square test according to
the distribution. Correlations between variables were tested with
Spearman’s p and the degree of the association with logistic regression
or generalized linear modeling. Statistics were performed through the
JMP software (SAS, v16.0). The study was conducted according to the
Declaration of Helsinki principles and all subjects signed informed
consent. The datasets generated during and/or analyzed during the
current study are available from the corresponding author upon
reasonable request.

Results

Clinical, demographic, and biological
characteristics of the PD cohort

Our sample included 50 subjects, 17 (34%) were women. The
median age was 69.5 (61.7-74) years, and the median disease duration
was 6 (3-10) years. The UPDRS part 3, H&Y, and MoCA scores had
median values of 20 (15-25), 2 (2-2.5), and 24 (22-26), respectively.
The median sleep quality as reported by the PDSS was 94.5 (79.25-
109.75). All subjects were on levodopa, with 15 (30%) also taking
a dopamine agonist (DA) (total LEDD 600 mgs, 482.5-957.5).
Serum levels of 25(OH)D, PTH, calcium, phosphate, and calcium
dietary intake are reported in Table 1. Twenty-one (43%) and 15
(35%) patients showed deficient and insufficient 25(OH)D levels,
respectively. Hyperparathyroidism was diagnosed in 21 subjects
(45%). Twelve patients were on peroral vitamin D supplements
(24%). Calcium and phosphate levels were within the normal range,
as well as creatinine, BUN, and albumin. All subjects had a GFR
>60 ml/min.

Correlations between vitamin D and PTH
metabolism with non-motor symptoms and
sleep

Patients reported a median of 10 (7-14) non-motor symptoms
at NMSQ. There was no association between 25(OH)D, PTH, and
sleep as assessed through the PDSS. Vitamin D was significantly
lower in patients who gave a positive answer to the NMSQ questions
about memory impairment (p = 0.036), while PTH levels were higher
in patients with constipation (p = 0.044), trouble in having sex (p
= 0.021), and leg restlessness (p = 0.020) (Supplementary Table 1).
To further verify the clinical significance of such associations,
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we analyzed the relationship between NMSQ question outcomes
and the presence of 25(OH)D insufficiency or deficiency and
hyperparathyroidism, according to the established criteria (see
Methods section). The only significant association, maintained upon
such stratification, was between the NMSQ question 26 (“presence
over the last month of unpleasant sensations in legs at night
or while resting, and a feeling that they needed to move”) and
hyperparathyroidism (64.7 vs. 34.5%, p = 0.045). Hence, the sample
was consequently stratified accordingly in restless PD (rPD, n = 18,
36%) vs. non-restless PD (nrPD).

Characterization of patients with leg
restlessness and correlations with the
vitamin D/parathormone axis

The presence of leg restlessness was higher in the female sex; it
was associated with higher UPDRS part 3 and PDQ-39 scores and
with lower MoCA and PDSS scores (Table 2). Groups (nrPD vs.
rPD) did not differ in their LEDD and DA therapy consumption.
The rPD group was strongly associated with the PDQ-39 score
(p 0.670; p < 0.001) and with the PDSS score (p —0.340; p =
0.006). The former association occurred in an independent fashion
with respect to sleep quality in a multivariate model. Similarly,
the relationship between rPD and quality of life was maintained
after correcting for age, sex, and motor status (UPDRS part 3)
in a multivariate generalized linear model (Supplementary Table 2).
25(OH)D, calcium, phosphate, dietary calcium, and vitamin D intake
were equally distributed across groups. Similarly, creatinine, BUN,
and albumin were similar across groups and were excluded for further
analysis. As previously mentioned, serum PTH and the prevalence
of hyperparathyroidism were higher in the rPD than in the nrPD
group (Table 2; unitary odds ratio for PTH pg/ml is 1.02; odds ratio of
having RLS in patients with hyperparathyroidism vs. patients without
is 3.48).

By means of a generalized linear model, there was no effect of
sex in the relationship between rPD and PTH (p = 0.037). A similar
result was observed also after adding the age of the patients in the
multivariate model. To investigate the association between PTH,
25(OH)D, calcium, phosphate levels, and calcium dietary intake with
rPD, which was selected as a dependent variable, a further model
was created. Such analysis confirmed the presence of an independent
relationship between PTH levels and leg restlessness (p = 0.021),
also after adding in the same model the UPDRS part III score as a
covariate (p = 0.041) (Supplementary Table 3).

Finally, to check the effect of peroral 25(OH)D supplementation,
we stratified the sample accordingly and observed that patients
with rPD who did not receive 25(OH)D supplements had
significantly higher PTH levels and lower PDSS values than nrPD
(Table 3).

Discussion

Vitamin D and its hormonal axis are involved in Parkinson’s
non-motor profile. This is further confirmed by the present study,
which is in line with the available literature and with its heterogeneity
(3). The latter is probably caused by differences in the demographic
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TABLE 2 Demographic data, disease features, vitamin D (25(OH)D), and
PTH-related parameters distributed according to leg restlessness.

Variables nrPD (n=32) rPD(n=18) p-value

Demographic and disease features

Age (years) 69.5 (62.5-73) 70.5 (59.8-76.3) 0.675

Sex (F) 6 (18.8%) 11 (61.1%) 0.004

Disease duration 5(2-10) 7 (3-9.25) 0.905

(years)

Modified Hoehn and 2(2-2) 2.5 (1.875-3) 0.088

Yahr score

UPDRS part 3 total 18 (13.5-21) 25(19.5-33.25) 0.010

score

MoCA total score 25(23-26) 23(21.25-25.25) 0.026

LEDD (mgs) 562 (406.5-880) 800 (500-1,095) 0.901

Use of dopamine 8 (25%) 7 (38.8%) 0.347

agonist

PDSS 103 (84.5-116.5) 82.5 0.005
(61.75-96.25)

PDQ-39 14.21 (7.9-14.2) 44 (32-56) <0.001

Metabolic parameters

25(OH)D (ng/ml) 22 (14.9-27.44) 20.95 0.386
(16.65-30.25)

25(OH)D deficiency 13 (42%) 8(47%) 0.806

25(0OH)D 12 (38.7%) 5(29.5%)

insufficiency

Normal 25(OH)D 6 (19.3%) 4(23.5%)

PTH (pg/ml) 75.5 (58.6-99.7) 98.8 0.020
(69.45-116.65)

Hyperparathyroidism 10 (34.5%) 11 (64.7%) 0.045

Vitamin D 8 (25%) 4(22%) 1.000

supplementation

Calcium intake (mgs) 749 (518-979) 681 (496-846) 0.379

UPDRS, Unified Parkinson’s Disease Rating Scale; MOCA, Montreal Cognitive Assessment;
LEDD, levodopa equivalent daily dose; PDSS, Parkinson’s disease sleep scale; PDQ-39,
Parkinson’s disease questionnaire-39. Statistical significance in bold.

sample characteristics, in the outcome measures, and by the
biological variability of the 25(OH)D and PTH metabolism over
time, during seasons due to light exposure, but also age and sex
(9). Our real-life study was conducted on a mild-to-moderate
sample of patients with PD during the winter season when vitamin
D levels are putative to be lower with a possible increase in
PTH than in other periods of the year. Nevertheless, the high
prevalence of hyperparathyroidism in PD (45% of our cohort) has
never been systematically reported. Our study also documented
that almost 80% of patients had impaired 25(OH)D levels, with
40% of them bearing insufficient levels (<10ng/ml). In light of
such data, it is not surprising that patients with PD exhibit high
PTH levels. In a few anecdotal reports, authors described patients
with concomitant parkinsonism and hyperparathyroidism (10, 11),
questioning if the latter was an incidental finding or a causative
condition; noteworthy surgical removal of the parathyroid glands
improved symptoms.
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TABLE 3 Prevalence of leg restlessness in patients with or without 25(OH)D
supplementation.

25(0OH)D un- nrPD rPD (n =13) p-value
supplemented (n = 22)

PTH 75.7 (60-104) 98.8 (78.7-118) 0.031
25(0OH)D 19.3 (14-23.6) 18.5 (16.6-30.2) 0.772
PDSS 106 (81.75-116.5) 87.5 (66-96.5) 0.021
25(0OH)D nrPD (n =7) rPD(n=4) p-value
supplemented

PTH 75 (42-87.5) 84.5 (60-118) 0.780
25(0OH)D 33.4(27.8-43.7) 22.5(16-30) 0.018
PDSS 93 (86.25-118) 71 (59.25-92.75) 0.174

PTH, parathormone; PDSS, Parkinson’s disease sleep scale. Statistical significance in bold.

Despite the non-motor symptom screening with NMSQ
identified various possible associations with 25(OH)D and PTH
(i.e., memory performances, constipation, sexual function, and
restless legs), only the link between PTH levels and restless legs
maintained after selecting clinically relevant measures of interest
(i.e., the presence of insufficiency or deficiency of vitamin D and
hyperparathyroidism according to standardized criteria). In line
with previous studies obtained with NMSQ (12), we found that
30-40% of patients with PD reported leg restlessness as “unpleasant
sensations in legs at night or while resting, and a feeling that
they needed to move.” The latter was confirmed to be a strong
determinant of sleep quality and quality of life, independent of
motor status.

Leg restlessness is a frequent symptom in PD and the
epidemiological link between PD, leg restlessness and RLS is complex,
as the prevalence of RLS in PD shows diverging results ranging
from 0 to 50% (13), with prospective studies identifying a more
trustable prevalence of 10-20% (14). Such variability is mainly
caused by the heterogeneity of methods used for RLS screening:
from having the symptom of “irresistible desire to move the legs,
particularly at night” used in the former data on prevalence (15),
to the use of the IRLSSG diagnostic criteria (which have undergone
two revisions since their first publication in 1995) in the latter
(16). Of interest, in our series, patients presented with a median of
10 non-motor symptoms but only the presence of leg restlessness
had a direct correlation with higher PTH values and prevalence
of hyperparathyroidism.

In this regard, the association between PTH and RLS is not
entirely new. High levels of PTH are associated with bad quality
of sleep and RLS in patients affected by the end-stage renal disease
(4), and even in this case, surgical removal of the parathyroid
glands appears to improve symptoms of RLS, hypothesizing that
an imbalance between calcium and phosphate levels could be the
underlying etiology of the irresistible urge to move the legs (17).
Some studies, however, reported no correlation between RLS and
biochemical abnormalities including electrolyte levels in patients
undergoing hemodialysis (18). In line with this, our study showed
no signs of renal impairment or alteration in calcium and phosphate
homeostasis. As a result, despite several studies addressing this
phenomenon, the association between hyperparathyroidism and RLS
is still poorly understood.
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Hypothesis on the presence of RLS in patients with PD includes
a progressive depletion of the dopaminergic system due to long
disease duration or a consequence of long-term antiparkinsonian
therapy (19). The sensation of leg motor restlessness (LMR), yet
not fulfilling the diagnostic criteria of RLS, has been found to be
present also in drug-naive patients with early Parkinson’s disease.
Such symptoms, however, did not have diurnal fluctuations, reflecting
possible akathisia or other causes of restlessness (20). It has been
postulated that LMR may be a prodrome of the future development
of RLS (21). In our study, patients with PD were all on treatment, and
despite the disease duration being similar between groups, patients
with rPD had higher motor and lower cognitive scores at UPDRS
part 3 and MoCA, respectively. However, the importance of the
management of leg restlessness in our patients was supported by the
prominent relationship between RLS and quality of life (i.e., PDQ-
39), which occurs independently of any other sleep disturbances as
evaluated by the PDSS.

The link between hyperparathyroidism and RLS in PD is
possible and represents a new therapeutic chance. In our study,
the relationship between PTH and leg restlessness appears to be
independent of potential confounders—including motor status or
age and sex which are known to be involved in PTH dynamics
(19). The central nervous system exhibits the parathyroid hormone
receptor 2, which is concentrated in the endocrine and limbic regions
in the forebrain. Its endogenous ligand, TIP39, modulates several
aspects of the stress response, in particular, the nociceptive processing
(i.e., facilitating the nociceptive transmission at a supraspinal level),
through what is called the neuroendocrine system (22). Accordingly,
growing evidence supports the view of RLS as a derangement of
sensorimotor interaction and of the gating of nociceptive information
to the central nervous system (23) where high PTH levels might
have an effect. PTH has been shown to modulate dopamine turnover
in the rat in vivo, implicating a link between the concentration
of two molecules, (24) and their possible interrelation in the
pathophysiology of RLS. Furthermore, the two molecules both
inhibit phosphate transport in cultured mouse proximal tubule cells,
contributing to shared mechanisms in the feedback loop between
calcium/phosphate/PTH (25). Elevated parathyroid hormone levels
are also associated with poor sleep quality, and parathyroidectomy
has been found to improve insomnia substantially (26). Vitamin
D has negative feedback on PTH exertion and may therefore
be a possible actor in the management of leg restlessness. To
corroborate a possible exclusive association between PTH and
RLS and in the absence of a more specific scale, it is worthy to
report that in our cohort neither NMSQ question 10 (“unexplained
pains”) nor UPDRS II question 17 (“sensory complaints related to
parkinsonism”) reported a statistical association with PTH (data not
shown). Our data, therefore, provide early possible evidence of an
effect of 25(OH)D supplementation on PTH and RLS symptoms. The
increase in vitamin D levels would play a role in calcium absorption
and, consequently, in PTH reduction through a negative feedback
loop (27).

The present study has the main limitation of relying on the
NMSQ to identify the symptom of leg restlessness and not RLS
ascertained through the IRLSSG criteria. The former has a good
sensibility (~85%) but a lower specificity (15), owing probably to
the fact that it does not account for relief induced by movement.
Our sample might contain RLS mimics, such as polyneuropathy and
akathisia. Signs or symptoms of such conditions were not reported

frontiersin.org


https://doi.org/10.3389/fneur.2023.1113913
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Marano et al.

10.3389/fneur.2023.1113913

Confounders

PTH (pg/ml)

HyperPTH Leg restlessness

98.8 (69.45 - 116.65)

64.7%

p=0.04

i

Parkinson’s disease

75.5 (58.6 - 99.7)

FIGURE 1

Hypothetical interrelation between hyperparathyroidism and leg restlessness.

in the clinical routine of our cohort, but given that the protocol
was not designed to address such conditions, further studies are
warranted to verify our hypothesis. In our opinion, however, our
results deserve to be shared to allow replication studies with a more
complete methodology (e.g., RLS criteria and rating scales, bone
metabolism instrumental investigation, neurophysiological tests) on
larger controlled samples. Moreover, the lack of consistency in the
link between PTH and restless legs vs. PTH and pain questions
at NMSQ or UPDRS II reinforces our hypothesis. Prospective
longitudinal data would be of further help in characterizing the
associations between PTH and PD. Despite our preliminary results
being compatible with the presence of a possible effect of 25(OH)D
supplementation on PTH and RLS symptoms, a study with a
specific design is furtherly warranted. We may speculate, therefore,
that in predisposed individuals, such as patients with PD, PTH
may preferentially act as a neuromodulator able to enhance non-
motor symptoms such as leg restlessness, probably through a non-
dopaminergic pathway.

In conclusion, PTH, but not calcium, phosphate, or even vitamin
D itself, is associated with the presence of RLS symptoms in PD, and
such relationship is not significantly influenced by the patient’s motor
features (Figure 1). Leg restlessness may, indeed, be improved using
vitamin D, allowing us to hypothesize future pathophysiologic and
therapeutic scenarios for leg restlessness in patients with PD.
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development and pretest studies
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Objective: A total of 48% of patients with Parkinson’s disease (PD) present
symptoms of gastrointestinal dysfunction, particularly constipation. Furthermore,
gastrointestinal tract (GIT)-related non-motor symptoms (NMSs) appear at all
stages of PD, can be prodromal by many years and have a relevant impact on
the quality of life. There is a lack of GIT-focused validated tools specific to PD
to assess their occurrence, progress, and response to treatment. The aim of
this study was to develop and evaluate a novel, disease- and symptom-specific,
self-completed questionnaire, titled Gut Dysmotility Questionnaire (GDQ), for
screening and monitoring gastrointestinal dysmotility of the lower GIT in patients
with PD.

Methods: In phase 1, a systematic literature review and multidisciplinary expert
discussions were conducted. In phase 2, cognitive pretest studies comprising
standard pretests, interviews, and evaluation questionnaires were performed in
patients with PD (n = 21), age- and sex-matched healthy controls (HC) (n = 30),
and neurologists (n = 11). Incorporating these results, a second round of cognitive
pretests was performed investigating further patients with PD (n = 10), age- and
sex-matched HC (n = 10), and neurologists (n = 5). The questionnaire was adapted
resulting in the final GDQ, which underwent cross-cultural adaptation to the
English language.

Results: We report significantly higher GDQ total scores and higher scores
in five out of eight domains indicating a higher prevalence of gastrointestinal
dysmotility in patients with PD than in HC (p < 0.05). Cognitive pretesting improved
the preliminary GDQ so that the final GDQ was rated as relevant (100/100%),
comprehensive (100/90%), easy to understand concerning questions and answer
options (100/90%), and of appropriate length (80/100%) by neurologists and
patients with PD, respectively. The GDQ demonstrated excellent internal
consistency (Cronbach'’s alpha value of 0.94). Evidence for good construct validity
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is given by moderate to high correlations of the GDQ total score and its domains
by intercorrelations (rs = 0.67-0.91; p < 0.001) and with validated general NMS
measures as well as with specific items that assess gastrointestinal symptomes.

Interpretation: The GDQ is a novel, easy, and quick 18-item self-assessment
questionnaire to screen for and monitor gastrointestinal dysmotility with a focus
on constipation in patients with PD. It has shown high acceptance and efficacy as
well as good construct validity in cognitive pretests.

KEYWORDS

bowel movement, constipation, gut, questionnaire, Parkinson’s disease, cognitive pretest,
non-motor symptoms

1. Introduction

Patients with Parkinson’s disease (PwWPD) present with motor
and non-motor symptoms (NMSs). Although the clinical diagnosis
of Parkinson’s disease (PD) is primarily based on motor symptoms
caused by dopamine deficiency (1-3), NMSs are increasingly
relevant diagnostic criteria for PD (2, 4).

A broad spectrum of NMSs is already prevalent in the

prodromal stage, several vyears before motor symptoms
appear. NMSs are common in all PwPD and occur at
all stages of the disease (1, 4-6). Several studies have

shown that NMSs have a greater impact on health-related
quality of life (HRQoL) in PwPD in comparison to motor

symptoms (7). Therefore, evaluation, monitoring, and
treatment of NMSs are crucial for a holistic approach
to PwPD.

In particular, gastrointestinal dysfunctions are common,
prominent, and troublesome NMSs, which can impair the
absorption of oral anti-PD drugs and potentially affect HRQoL
in PwPD (5, 8-13). Up to 48% of PwPD present gastrointestinal
symptoms, particularly constipation (14). There are global
NMS tools such as the Non-Motor Symptoms Questionnaire
(NMSQuest) (12) and the NMSS (15) that ask about gastrointestinal
symptoms next to other NMS but more in a sense if there
is an involvement of the gastrointestinal tract (GIT) or not.
Specific questionnaires such as the SCOPA-AUT (16) assess the
whole GIT and autonomic symptoms, but there is still a lack
of validated disease- and symptom-specific instruments to screen
for and monitor gastrointestinal dysmotility of the lower GIT
with a focus on constipation in PD nor are there validated
instruments for other diseases that could be transferred and used
in PwPD. This is an unmet need based on the following rationale:
Constipation is an important symptom in the prodromal stage
of PD and is associated with a higher risk of PD development
(6, 8, 17, 18). Furthermore, in the majority of patients with PD,
it is hypothesized that the pathophysiological process leading
to clinically manifested PD starts in the gut (19-24). Indeed,
pathological alpha-synuclein deposits could already be detected in
the entire gastrointestinal tract 20 years before diagnosis (20, 21,
25).

Thus, there is a need for a questionnaire that can detect
gut dysmotility, and the questionnaire should be applicable to
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screen people who are at risk of PD development. Furthermore,
constipation is evident throughout the whole course of PD (15,
26), so that the assessment and monitoring of gastrointestinal
motility and constipation are necessary for any patient with
PD on a regular basis. In addition, treatment effects should
be recognized when monitoring these symptoms as well as
their effect on HRQoL. The need for such a questionnaire has
already been expressed by the Movement Disorders Society (MDS)
(27). In addition, the development of scales and questionnaires
such as the NMSQuest (12) or the symptom-specific Parkinson’s
Disease Sleep Scale (28) has resulted in a better understanding
of NMS and enhanced the diagnostic and treatment approaches
in PD.

Therefore, we developed the Gut Dysmotility Questionnaire
(GDQ) as a screening and monitoring tool for gastrointestinal
dysmotility with a focus on constipation in international

collaboration  (29). A comprehensive cognitive pretest
study was performed including PwPD, and healthy
controls (HC) as well as neurologists. This resulted in

the final GDQ as a disease- and symptom-specific, self-
completed, short, and holistic questionnaire to screen for
and monitor gastrointestinal dysmotility of the lower GIT
in PwPD.

2. Materials and methods

2.1. Phase 1: Development of the
preliminary GDQ

In phase 1, a systematic literature search was performed
to identify questionnaires and to reveal relevant questions

in relation to lower gastrointestinal tract symptoms. In
the PubMed search, we wused combinations of the key
terms “Constipation AND Parkinson,” “Bowel Movement

AND Parkinson,”
including all articles in English and German of any type

and “Constipation AND Questionnaire,

up to October 2018. A selection of questions in English
was developed and discussed in repetitive multidisciplinary
expert group meetings. Hereby, the preliminary GDQ (pGDQ)
was developed.
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2.2. Phase 2: Standard and cognitive pretest
study of the GDQ

The objective of this study was to perform standard and
cognitive pretests on PwPD, HC, and neurologists using the
German version of the pGDQ to verify its wording and effectiveness
(30) as well as to further refine the questionnaire. Phase 2a covered
the first standard and cognitive pretest. Hereafter, the GDQ was
adapted and pretested again in phase 2b.

2.2.1. Study design and procedures

The standard and cognitive pretest study was performed
as an open, prospective, single-center evaluation study at the
Department of Neurology of the Technische Universitit Dresden
(TUD), Germany.

The cognitive pretests included structured interviews and
evaluation questionnaires in the following three groups: patients
with idiopathic PD, age and sex-matched HC, and neurologists
specialized in movement disorders.

Patients with Parkinson’s disease were consecutively recruited
in the movement disorders-specialized out- and in-patient clinics
of the Department of Neurology of TUD. The HC were mainly
relatives and companions of the investigated PwPD. Ethical
approval (EK 518122019) was granted by the ethics committee of
TUD. All participants gave written informed consent before any
study-related procedure was initiated.

In phase 2a, a standardized study protocol was performed
in PwPD and HC with a collection of sociodemographic and
disease-related data. In addition, validated PD-specific scales
and questionnaires were used to obtain a clinical impression of
motor and non-motor burden (Montreal Cognitive Assessment,
Hoehn & Yahr stage, clinical impression of severity index for
PD, Beck Depression Inventory), general medical health state
(clinical global impression, patient global impression), and HRQoL
(Parkinson’s Disease Quality of Life Questionnaire eight, EQ-
5D-5L). Furthermore, questionnaires assessing gastrointestinal
symptoms (MDS-UPDRS part I question 1.11, SCOPA-AUT,
NMSQuest), influencing factors, and habits such as smoking
and caffeine consumption, and physical activity were recorded.
The standard and cognitive pretests were interview-based on
a specifically prepared interview guideline and protocol and
conducted with all PwPD and HC (30). The PwPD and HC
completed the pGDQ as well as the evaluation questionnaire
themselves. While doing so, verbal and non-verbal reactions
were observed by the study personnel. Following completion,
each individual question of the pGDQ as well as any unusual
verbal and non-verbal reactions observed during the completion
of the pGDQ were discussed in a personal interview with the
participants. Techniques of think-aloud, verbal probing, and a
confidence rating were used (30). For the think-aloud method,
the participant was asked to express his or her thoughts on
each question before and during answering the question. Patients
were encouraged to reflect on all possible thoughts on each
question. In verbal probing, specific questions were asked about
the answer types of the questionnaire. For confidence rating,
participants were asked to indicate how correctly they answered
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each question. If uncertainties were stated, the participants were
asked why they felt so. In addition, each data point of the interview
protocols was quantitatively and qualitatively analyzed by the
developers for further guidance. The participants themselves were
also encouraged to make valuable and well-structured suggestions
for the improvement of the pGDQ. The time taken to complete the
questionnaire was recorded.

The study protocol for the neurologists was more concise
and required demographic data and a level of expertise in the
field of neurology. Each neurologist scored a total of four pGDQ
questionnaires (two completed by PwPD and two by HC) using
a provided scoring guide and further completed an evaluation
questionnaire for cognitive pretesting.

The evaluation questionnaire of the pGDQ was the same in all
three study groups. It contained simple yes and no answers with an
additional free text option for remarks and was adopted from the
literature (31). In addition, the neurologists evaluated the different
domains and the scoring system of the pGDQ.

The pGDQ, the scoring guide, and the evaluation questionnaire
were adapted to the results of phase 2a resulting in the prefinal
GDQ (pfGDQ) which was retested in phase 2b investigating further
PwPD and HC as well as neurologists who had already participated
in phase 2a. The standardized study protocol of phase 2a was
shortened and performed with the standard and cognitive pretests
in all PwPD and HC. The PwPD and HC completed the pGDQ
as well as the evaluation questionnaire themselves, followed by an
interview as in phase 2a.

The study protocol for the neurologists was repeated, and
each neurologist scored a total of four pGDQ questionnaires
(two completed by PwPD and two by HC) using a provided
scoring guide and completed an evaluation questionnaire for
cognitive pretesting.

2.2.2. Inclusion and exclusion criteria

Healthcare professionals were included if certified as
neurologists and study nurses, each with specific knowledge
in movement disorders or geriatrics. Participants of the PD study
group had to be diagnosed with idiopathic PD based on the clinical
diagnostic criteria (2) and had to be at least 18 years old. HC had to
be between 30 and 80 years old.

The exclusion criteria for the PD study group were any
diagnosis of atypical or secondary PD, severe memory impairment,
or any uncontrolled psychiatric illness such as psychosis. HC was
excluded if they were diagnosed with severe memory impairment
or any acute and uncontrolled neurological, psychiatric, or
diseases (e.g., psychosis and

gastrointestinal concomitant

gastrointestinal infection).

2.2.3. Data analysis

Data analysis was performed using SPSS. Demographic
and clinical characteristics of phase 2a and phase 2b were
analyzed using non-parametric tests as the data were mostly not
normally distributed.

For the evaluation of the preliminary and prefinal GDQ, the
following parameters were analyzed: data quality (<10% missing
data and more than 90% calculable scores), floor and ceiling effects
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Pubmed-search terms:
"Constipation" AND "Parkinson"
"Bowel Movement" AND "Parkinson"
"Constipation" AND "Questionnaire"

Identification

Y

Number of records identified:
n =4080

Number of records excluded:
n=168
Y Reason: duplicate records

Y

Number of records screened by
title, abstract and full-text: Ve ~
n=23912 Number of records excluded:
% - n=3628
Reason: no relevant content
v in relation to the project,
( R no relevant questionnaire
Number of articles assessed by full-text: - J
n =284
. J

V/—/R

Number of articles with relevant content Number of articles with
to the project: relevant questionnaires:
n =201 n =148

Screening

Y

Eligibility

Inclusion

Y

21 questionnaires for the assessment
of gastrointestinal symptoms

alidated in
Parkinson's
disease

yes no

9 questionnaires were validated for use 12 questionnaires were not validated

in patients with Parkinson's disease for use in patients with Parkinson’s
disease but specific to assess

gastrointestinal symptoms

Overview of identified questionnaires

3 questionnaires were not specifically
developed for use in patients with
Parkinson's disease, but for use in

patients with depression, autonomic
symptoms and multiple system atrophy

6 questionnaires were developed for use
in patients with Parkinson's disease with
3 of these covering non-motor

symptoms in general

FIGURE 1
Flowchart summarizing the literature search.

below 15%, and skewness between —1 and +1. The reliability of =~ (>0.15), and corrected item-total correlation (>0.30). Spearman’s
both questionnaires was explored with Cronbach’s alpha (>0.70),  rank correlation coefficients were considered “weak” if the r¢-value
inter-item correlation (0.20-0.75), item homogeneity coefficient — was <0.3, “moderate” if 0.3-0.59, and “high” if >0.60 (32, 33).
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Data from the standard pretests, cognitive pretests, and

evaluation questionnaires were analyzed with qualitative
and quantitative methods, including descriptive tests. The
collected data were categorized and quantified using an adapted
Classification Coding Scheme (CCS) (34). A P-value of <0.05 was

considered to be statistically significant.

2.3. Cross-cultural adaptation of the GDQ

The GDQ followed

international guidelines with translation from German to

cross-cultural adaptation of the
English language and vice versa (35). Detailed information will be
published in another scientific article.

3. Results
3.1. Phase 1

Based on a systematic literature search (Figure 1) and identified
questionnaires, a selection of questions in English was developed
aiming to cover all relevant domains in relation to gastrointestinal
dysmotility and PD. In repetitive multidisciplinary expert group
meetings including internationally recognized movement disorders
specialists (N = 12), gastrointestinal specialists (N = 2), and PD
specialist nurses and study nurses (N = 2), the following points
were discussed: relevant questions/content, design of questions
and answer possibilities, meaningful domains to merge questions,
the relevance of influencing factors and associated symptoms, and
scoring system.

Phase 1 resulted in the pGDQ, which consisted of 16 questions
with eight sub-questions, comprising 24 questions in total. The
questions were assigned to eight different domains: frequency,
duration, severity, consistency, assistance, pain, quality of life,
and development (Table 2). Answers were mainly provided by
a four-item unipolar response scale. In the domain of stool
consistency, answers were assessed in a table with small drawings
for visualization. The answer options in the domain development
were designed as a visual analog scale, ranging from constipation
“improving” over “stable” to “worsening.” As a scoring method, a
basic summation of all answers was chosen so that the total score
of the pGDQ could range from 0 to 74 points with higher values
implicating worse gastrointestinal dysmotility.

3.2. Phase 2

3.2.1. Phase 2a study: Cognitive pretests of the
preliminary GDQ
3.2.1.1. Characteristics of the study sample

In phase 2a, 21 PwPD and 30 HC as well as 11 neurologists were
included. Demographic, motor, and non-motor characteristics of
PwPD and HC are summarized in Table 1.

The neurologists (63.6% female patients) had a mean (£SD)
age of 37.2 £ 11.4 (ranging from 27.5 to 66.6) years and a mean
duration of experience in neurology of 8.6 & 10.0 (ranging from 0.8
to 35.0) years with 45.5% acting as a resident physician and 54.5%
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as a consultant or in a higher position. In the total group, the years
of experience, particularly in PD, were 5.6 & 9.8 (ranging from: 0.0
to 30.0).

The included PwPD and HC were age- and sex-matched, and
cognitive assessments were within normal ranges so that the results
of self-completed questionnaires and scales were considered to be
reliable (Table 1). Regarding data quality, no relevant data from any
of the study participants were missing.

Patients with Parkinson’s disease showed a significantly higher
impairment in comparison to HC in all PD-specific questionnaires
and scales evaluating motor and non-motor symptoms as well as in
the clinical global impression of health state. Furthermore, PWPD
presented with a significantly worse HRQoL in contrast to HC
(Table 1).

Significant differences in the confounders and co-morbidities
recorded were found between PwPD and HC, with PwPD
presenting more often with depression (p < 0.01), dysphagia (p <
0.05), and surgery on the gastrointestinal tract (p < 0.01), especially
the small/large intestine (p < 0.05). There were also significant
differences in the use of antidepressants (p < 0.01), antipsychotics
(p < 0.05), painkillers (p < 0.01), laxatives (p < 0.001), and ulcer
therapy (p < 0.05), which were taken more frequently by PwPD.
In addition, PWPD exercised less (p < 0.05) but got physiotherapy
more often (p < 0.001) compared to HC. All PwPD received PD-
specific therapy, of which 76.2% of patients received combination
therapy of at least two drugs. Approximately, 28.6% of PwPD had
an advanced therapy with deep brain stimulation and at least one
oral medication, and 14.3% of patients used a pump therapy and at
least one oral medication. An overview of all PD therapies in the
PwPD group is provided in Figure 2.

Patients with Parkinson’s disease showed a significantly higher
total score in the pGDQ compared to HC. Furthermore, in five
out of eight domains of the pGDQ, PwPD scored significantly
higher than HC (Table 2). This is in correspondence with the results
of validated measures of constipation in PD such as NMSQuest
question 5 (percentage “yes-answer” in PwPD 57.1% vs. in HC 0%,
p < 0.001, MW U-test) and SCOPA-AUT question 5 (percentage
with constipation in PwPD 50% vs. in HC 3.3%, p < 0.01, chi-
square test). The pGDQ total score, PD duration (r; = 0.29,
p > 0.05), and LEDD (r, = 0.32, p > 0.05) showed a weak
positive correlation.

3.2.1.2. Acceptability

The GDQ total score showed a minor floor effect with 4.8%
of PwPD having the lowest total score, but no ceiling effect. The
pGDQ domains showed a moderate floor effect, ranging from
4.8% of PwPD reaching the lowest score in the domain severity
up to 52.4% in the domain assistance and from 3.3% of HC
reaching the lowest score in the domain development up to 100%
in the domain frequency. None of the pGDQ domains showed a
ceiling effect. Apart from the assistance domain (5.48) in the HC,
moderate skewness was found for all domains and the total score in
both groups.

3.2.1.3. Psychometric properties
Internal consistency was high for all items of the questionnaire
(Cronbach’s alpha value of 0.92), and for the domain pain (¢ =
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TABLE 1 Demographic, motor, and non-motor characteristics of patients with Parkinson'’s disease (PD) and healthy controls of the phase 2a study.

PD patients (n = 21) Healthy controls (n = 30) P-value
Age (years) (minimum-maximum) 65.52 =+ 8.63 (49.00-80.00) 59.70 =+ 14.02 (30.00-80.00) 0.168
Sex (m/f) 12/9 16/14 0.788
Education (years) (minimum-maximum) 10.81 = 1.29 (8.00-13.00) 10.80 =+ 1.69 (8.00-14.00) 0.984
Disease duration (years) (minimum-maximum) 9.67 £ 6.02 (2.00-21.00) N/A N/A
LEDD (mg/day) (minimum-maximum) 802.54 + 469.57 (0.00-1730.38) N/A N/A
Hoehn and Yahr stage* 3(2.0-3.0) 0 (0.0-0.0) <0.001
CGI-S (minimum-maximum) 3.90 £ 0.70 (3.00-5.00) 1.93 £ 0.98 (1.00-4.00) <0.001
NMSQ 11.22 £ 5.65 2.67 £2.47 <0.001
SCOPA-AUT Item 5* 0.90 £ 1.02 0.03£0.18 <0.001
SCOPA-AUT Item 6" 1.20 £ 1.06 0.234+0.43 <0.001
MoCA 27.00 £ 2.30 28.47 £1.53 <0.05
BDI 9.55+£9.47 1.70 £+ 2.61 <0.001
PDQ-8 8.80 £5.19 N/A N/A
EQ-5D-5L Index Value 0.76 £ 0.19 0.96 £ 0.06 <0.001
pGDQ (minimum-maximum) 18.05 £12.40 (0.00-40.00) 6.10 £ 3.11 (2.00-12.00) <0.001
Non-alcoholic drinks (ml/d) (minimum-maximum) 1411.90 + 602.48 (500.00-2500.00) 1848.33 =+ 666.63 (500.00-3750.00) <0.05
Caffeinated drinks (ml/d) (minimum-maximum) 485.71 £ 222.57 (0.00-800.00) 478.33 £ 307.29 (0.00-1500.00) <0.05
Alcoholic drinks (ml/d) (minimum-maximum) 100.68 =+ 191.28 (0.00-750.00) 173.71 £ 331.85 (0.00-1500.00) <0.05

Data are presented as mean = SD or *median (25"-75" percentiles). Differences between groups were tested using the Mann-Whitney U-test or Pearson chi-square test were appropriate.
PD, Parkinson’s disease; LEDD, Levodopa Equivalent Daily Dose; CGI-S, Clinical Global Impression-Severity scale; NMSQ, Non-Motor Symptoms Questionnaire; SCOPA-AUT, Scales for
Outcomes in PD-Autonomic; MoCA, Montreal Cognitive Assessment; BDI, Beck Depression Inventory; PDQ-8, Parkinson’s Disease Questionnaire-8; pGDQ, preliminary Gut Dysmotility
Questionnaire. *Item 5, “In the past month, have you had problems with constipation?” (0 = Never; 1 = Sometimes; 2 = Regularly; 3 = Often); "Item 6, “In the past month, did you have to
strain hard to pass stools?” (0 = Never; 1 = Sometimes; 2 = Regularly; 3 = Often). The p-values are bold if they are significant (<0.05).

0.92), it was good for the domain frequency (a = 0.75) and adequate
for all other domains (o = 0.46-0.68) in PwPD.

The intercorrelation and construct validity of the pGDQ are
summarized in Table 3. In PwPD, all pGDQ domains, except
development, showed a high-level positive correlation with the total
score (rs = 0.67-0.91; p < 0.001). The pGDQ domains showed
a moderate- to high-level positive correlation with each other (rs
= 0.44-0.91, p < 0.05) apart from a weak positive correlation
between the domain pain and frequency (r; = 0.30, p > 0.05) and
any correlation of the domain development. The total score of the
pGDQ correlated positively on a high level with the NMSQ total
score and Item five as well as Item seven of the NMSQ, which are
specific to assess constipation. It is noteworthy that the pGDQ total
score also correlated on a high level with the NMSQ Items 12 and
13, which relate to memory and mood. The SCOPA-AUT Item five,
Item six, and the total score as well as the MDS-UPDRS Item 1.11
and the PDQ-8 total score correlated positively on a high level with
the pGDQ total score (Table 3). The total score of the pGDQ also
correlated positively on a moderate level with the Hoehn and Yahr
stage, with the BDI, and on a weak level with the CGI-S (Table 3).
The PDQ-8 total score correlated positively on a high level with the
pGDQ QoL domain.

In HC, the total score of the pGDQ correlated positively with
the NMSQ on a weak level (r; = 0.33, p < 0.05). In addition, the
QoL domain of the pGDQ correlated negatively on a weak level
with the EQ-5D-5L score (rs = —0.43, p < 0.01) (Table 3).

Frontiersin Neurology

3.2.1.4. Evaluation of the pGDQ using the interview
protocol and the evaluation questionnaire with
corresponding adaptation

In total, 355 problems were identified in the interviews with
PwPD and HC which were performed directly after the self-
completion of the pGDQ. These problems were categorized into
24 CCS codes, which were assigned to the corresponding questions
of the pGDQ (Table 4). In particular, question 16 with overall
27% entries, question 12 with 17.5%, question 2 with 7.3%, and
question 8.1 with 6.5% entries were found to stand out. The
highest-rated issues were the type of answer possibilities with
“unclear respondent instruction” and “missing response categories”
for questions 12 (stool consistency) and 16 (development of
constipation during the past 3 months). In both questions, the
answer options were differently designed compared to the four-
item response scale of most other questions, which was well
received. Therefore, in question 12, the type of answer option was
changed from a table to individual questions with the four-item
response scale. Moreover, the visual analog scale of question 16,
which was just a line without any numeric values was adapted
comprising boxes ranging from “constipation gets worse” (-5
points) to “no change in constipation” (0 points) to “constipation
gets better” (5 points), and one further box has an alternative
answer option of “no constipation.” Hereby, also the scoring of
the answer was improved as it had been prone to errors in the
evaluation by neurologists with a relevant number of total scores
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Therapy of patients with Parkinson'’s disease included in phase 2a.
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being incorrectly calculated. In addition, question 16 was excluded
to be counted toward the total score of the GDQ based on results
of the intercorrelation and convergent validity but was retained in
the questionnaire as it was found to be valuable by neurologists.
Another often observed issue was “complex/awkward syntax” for
questions 2 (duration of constipation in years) and 6 (incomplete
evacuation). Therefore, the wording of question 2 was simplified.
Question 6 was removed from the questionnaire due to the results
of the evaluation questionnaire, which showed no meaningful
difference between questions 5 and 6. Question 5 remained as it
was better received and evaluated. “Complex/awkwardly detailed
response definition” was a common issue for many questions.
Questions 3 (straining during defecation), 4 (constriction in the
anus during defecation), 5 (incomplete evacuation), 6 (incomplete
evacuation), 8 (painful abdomen), 9 (rectal pain), 10 (laxative
usage), 11 (manual aid for defecation), 12 (stool consistency), and
13 (fecal incontinence) had frequencies as response options with
additional text in brackets to specify the terms, which was often
found to be confusing or too detailed. In addition, PwPD and HC
did not find the answer options to be exhaustive as rated in “missing
response categories.” There was a lack of options, e.g., in frequency-
related response options, such as “rarely” between the provided
choices “never” and “sometimes.” Subsequently, all frequency
response options were replaced with the four-item response scale

» o«

“never,

»  «

rarely/sometimes,” “often,” and “mostly/always.” The

Frontiersin Neurology

response options of question 15 (quality of life) were found to be too
complex and were simplified. Questions 8.2 and 9.2 used severity
response options with definitions in brackets, which were found to
be too detailed and confusing. The answer options were simplified

» «

to “not applicable,” “mild,” “moderate,” and “severe.” Another point
of criticism was the conditional omission of questions. This applied
to the four questions with subcategories of frequency and severity:
question 8 about painful pull in the stomach or unpleasant bloating,
9 about rectal pain, 10 about the use of laxatives, and 13 about stool
incontinence. If the frequency “never” was chosen, the question
about the severity should be skipped. This was confusing as well
as it was not followed by some participants and therefore caused an
incorrect scoring of the pGDQ. As a consequence, the subcategories
of questions 8 and 9 were changed to two different questions,
one asking for frequency and one for severity. Question 10 was
reduced to one question, not asking about the efficacy of the
use of laxatives anymore. Question 13 on fecal incontinence was
removed from the questionnaire due to an additional low inter-item
correlation in its domain, and it reduced the internal consistency of
the questionnaire measurably.

The results of the evaluation questionnaires of PwPD, HC, and
neurologists are presented in Table 5. Most study participants of the
three groups found the pGDQ to be relevant and helpful to assess
current gastrointestinal health state, comprehensive, simple, and
clear to understand; to be having suitable, clear, and appropriate
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TABLE 2 Total and domain scores and completion time of the preliminary GDQ of patients with Parkinson’'s disease and healthy controls of the phase 2a

study.

pGDQ PD patients (n = 21) Healthy controls (n = 30) P-value
Total score 18.05 = 12.40 (0.00 to 40.00) 6.10 & 3.11 (2.00 to 12.00) <0.001
Domain-frequency 1.43 £ 1.40 (0.00 to 4.00) 0.00 = 0.00 (0.00 to 0.00) <0.001
Domain-duration 2.14 £ 1.46 (0.00 to 5.00) 0.27 £ 0.45 (0.00 to 1.00) <0.001
Domain-severity 4.14 £ 2.67 (0.00 to 11.00) 1.27 £ 1.05 (0.00 to 4.00) <0.001
Domain-consistency 4.24 £ 2.90 (0.00 to 9.00) 3.10 = 1.45 (0.00 to 5.00) 0.096
Domain-assistance 1.24 £ 1.51 (0.00 to 5.00) 0.10 + 0.55 (0.00 to 3.00) <0.001
Domain-pain 3.48 £ 3.39 (0.00 to 10.00) 1.57 % 1.48 (0.00 to 6.00) 0.056
Domain-HRQoL 1.67 % 1.59 (0.00 to 5.00) 0.23 £ 0.57 (0.00 to 2.00) <0.001
Domain-development —0.35 4= 1.06 (-4.00 to 1.00) —1.30 4= 2.11 (-5.00 to 0.00) 0.505
Completion time (min) 8.45 £ 5.28 (3.00 to 15.00) 5.90 &£ 2.24 (2.00 to 5.00) <0.05

Data are presented as mean & SD (minimum-maximum). PD, Parkinson’s Disease; pGDQ, preliminary Gut Dysmotility Questionnaire; HRQoL, Health-Related Quality of Life. The p-values

are bold if they are significant (<0.05).

answers; and to be having a sensible order of the questions. About
half of the study participants of each group found the pGDQ to
be difficult to answer. This was in line with the results of the
interview protocol as described above. Disagreement was found in
the question if the pGDQ is too long with 54.5% of the neurologists
evaluating the pGDQ as too long in contrast to PwPD (23.8 %)
and HC (3.3 %) who are the once who completed the pGDQ.
Due to the removal of questions and streamlining of the pGDQ
by simplification as described above, we addressed this issue.
Interestingly, 27.3% of the neurologists found the pGDQ strange
or embarrassing whereas none of the HC and only 14.3 % of the
PwPD declared this.

The evaluation questionnaires of the neurologists revealed that
the scoring of the pGDQ was too complex, mainly due to the
different types as well as the changing value of the response options
(from low to high and high to low scores). As the response options
were homogenized based on the feedback by the PwPD and HC
in the interviews as shown earlier, the scoring got simplified. In
addition, all response options were scored from left to right with
increasing scores.

Based on these results of the phase 2a study, the preliminary
GDQ was adapted to the pfGDQ, which was tested in a phase 2b
study. The pfGDQ consisted of only 18 instead of 24 questions
and did not contain any sub-questions. The questions were still
assigned to the same eight domains as in the pGDQ (Table 2). All
answers were provided on a four-item response scale, which was
equalized wherever possible. Only the answer option of the domain
development remained as a visual analog scale in an adapted
version as described above.

3.2.2. Phase 2b study: Cognitive pretests of the
prefinal GDQ

In phase 2b, the adapted pGDQ, titled pfGDQ, was cognitively
pretested in a smaller sample size to evaluate the changes and
to create the final GDQ. A total of 10 PwPD, 10 HC, and five
neurologists were investigated.

Frontiersin Neurology

Demographic, motor, and non-motor characteristics of PwPD
and HC are summarized in Table 6.

The five neurologists (60% men), which also participated in
phase 2a, were selected based on their answers of the evaluation
questionnaire from phase 2a. Particular concern was given to those
who were critical and who had negative comments. Their mean
(£SD) age was 43.9 £ 14.7 (ranging from: 29.7 to 67.7) years, and
their mean duration of general experience in neurology was 14.4
=+ 5.6 (ranging from 3.0 to 35.0) years with 11.8 £ 5.5 years of
experience particularly in PD.

Patients with Parkinson’s disease and HC were matched for
age and sex, and the cognitive scores were within normal ranges,
so that the results of the self-completed questionnaires and scales
were regarded as reliable (Table 6). Regarding data quality, one
pfGDQ from a PwPD was incomplete and could not be used for
full statistical analysis (missing 5%).

Patients with Parkinson’s disease showed a significantly higher
total score of the pfGDQ compared to HC. In addition, PwPD
scored significantly higher in five out of the eight domains of the
pfGDQ compared to HC (Table 6). The mean completion time of
the pfGDQ was significantly longer for PwPD than for HC but
shorter compared to the completion time of the pGDQ (in PwPD
1.05 and in HC 2.52 min less).

3.2.2.1. Acceptability

The pfGDQ total score showed no floor and no ceiling effect.
The pfGDQ domains showed a moderate floor effect, ranging from
10% of PwPD reaching the lowest score in the domain consistency
up to 40% in the domain assistance and from 20% of HC reaching
the lowest score in the domain severity, pain and development up
to 100% in the domain frequency, assistance, and development.
A low ceiling effect was detected with 10% of PwPD reaching
the highest score in the domain severity and development. A
moderate skewness was found for all domains and the total score
in both groups.
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TABLE 3 Intercorrelation and construct validity of pPGDQ domains in patients with Parkinson'’s disease.

pGDQ-total pGDQ- pGDQ- pGDQ- pGDQ- pGDQ- pGDQ-
score frequency duration severity consistency assistance development

pGDQ-frequency 0.79*%*
pGDQ-duration 0.81*** 0.70***
pGDQ-severity 0.88*** 0727 0.66**
pGDQ-consistency 0.84*** 0.55** 0.57** 0.61**
pGDQ-assistance 0.79%* 0.64** 0.82%* 0.66** 0.53"*
pGDQ-pain 0.67*+ 0.30 0.50 0.58* 0.68** 0.44*
pGDQ-HRQoL 0.91%+ 0.63* 0.79** 0.81%* 0.66* 0.84* 0.64*
pGDQ-development —0.05 —0.04 —0.24 —0.09 —0.08 —0.06 0.04 0.07
Hoehn and Yahr stage 0.56* 0.60* 0.61* 0.44* 0.48* 0.46 0.22 0.41* 0.32
CGL-S 0.37* 0.67+ 0.58* 031 0.20 0.34 0.18 033 —0.02
NMSQ-item 5° 0.80** 0.847+* 077+ 0.66™* 0.61°* 0.76"* 0.32 0.74++ 0.07
NMSQ-item 7 0.76%+ 0.7+ 072 0.71%+ 0.58" 0.65* 0.54* 0.66* —0.14
NMSQ-item 12¢ 0.70* 0.47* 0.71* 0.71% 0.48* 0.53* 0.47* 0.70** —0.15
NMSQ-item 13¢ 0.71%+ 0.75% 0.60* 0.58* 0.66* 0.45* 0.65* 0.52* —0.19
NMSQ-total score 0.85%+ 0.64* 0.81%* 0.84%+ 0.71% 0.64* 0.62* 0.74%+ —0.15
SCOPA-AUT-item 5¢ 0.62* 0.71% 0.73** 0.45* 0.48* 0.65* 0.26 0.56* 0.03
SCOPA-AUT-item 6 0.77++ 0.76%* 0.79** 0.66" 0.55" 0.70%* 0.46* 0.72%+ 0.05
SCOPA-AUT-total score 0.75%+ 0.80%* 0.78** 0.64* 0.63* 0.63* 043 0.65* —0.03
MDS-UPDRS -item 1.118 0.72%+ 0.49* 071+ 0.58* 0.58* 0.75%* 0.61* 0.69* —0.16
PDQ-8-total score 0.83*+ 0.7+ 077 0.77++ 0.64* 0.65* 0.59* 0.80%+ —0.01
BDI-total score 0.57* 0.60* 0.62* 0.54* 0.50* 0.33 0.36 0.45* —0.07

Spearman’s rank correlation coefficients. *P < 0.05; **P < 0.01; ***P < 0.001. BDI, Beck Depression Inventory; CGI-S, Clinical Global Impression-Severity scale; MDS-UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale, NMSQ, Non-Motor
Symptoms Questionnaire; PDQ-Q, Parkinson’s Disease Questionnaire; pGDQ, preliminary Gut Dysmotility Questionnaire; HRQoL, Health-Related Quality of Life; SCOPA-AUT, Scales for Outcomes in PD-Autonomic. *Item 5, “Have you experienced any of the
following in the last month? Constipation (<3 bowel movements a week) or having to strain to pass a stool (feces)” (0 = No; 1 = Yes); "Item 7, “Have you experienced any of the following in the last month? Feeling that your bowel emptying is incomplete after having
been to the toilet” (0 = No; 1 = Yes); Item 12, “Have you experienced any of the following in the last month? Problems remembering things that have happened recently or forgetting to do things” (0 = No; 1 = Yes); ¢Item 13, “Have you experienced any of the
following in the last month? Loss of interest in what is happening around you or doing things” (0 = No; 1 = Yes); Item 5, “In the past month, have you had problems with constipation?” (0 = Never; 1 = Sometimes; 2 = Regularly; 3 = Often); {Item 6, “In the past
month, did you have to strain hard to pass stools?” (0 = Never; 1 = Sometimes; 2 = Regularly; 3 = Often); 8Item 1.11, “Over the past week have you had constipation troubles that cause you difficulty moving your bowels?” (0 = Normal; 1 = Slight; 2 = Mild; 3 =
Moderate; 4 = Severe).
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TABLE 4 Problem labels for the classification coding scheme codes of each question of the pGDQ compiled by the interview protocols of patients with Parkinson’s disease and healthy controls for the phase 2a

study.
Question number of the preliminary Gut Dysmotility Questionnaire [frequency (N), occurrence per question in %] Total
(frequency,
overall
in %)
N % N % N % N %

‘Complex estimation, 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 2 3.2% 0.0% 0.0% 0.0% 0 0.0% 1 1.0% 3 0.8%
difficult mental
calculation required
‘Complex topic 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 0.0% 0.0% 0.0% 0 0.0% 0 0.0% 1 0.3%
Complex/awkward 0.0% 12 46.2% 0 0.0% 0 0.0% 0 0.0% 7 43.8% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 3 23.1% 0 0.0% 22 6.2%
syntax
‘Complex/awkwardly 12.5% 0 0.0% 9 50.0% 6 33.3% 5 35.7% 2 12.5%) 0.0% 5 21.7% 25.0% 6 50.0% 0 0.0% 33.3% 12.5% 50.0% 6 9.7% 40.0% 0.0% 0.0% 1 7.7% 2 2.1% 52 14.6%
detailed response
definition
Erroneous 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 33.3% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 0.0% 0.0% 0.0% 0 0.0% 2 2.1% 4 L1%
assumption
High detail required 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 33.3% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 5 8.1% 0.0% 0.0% 0.0% 0 0.0% 0 0.0% 6 1.7%
or information
unavailable
Layout or formatting 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 7 11.3% 0.0% 0.0% 0.0% 0 0.0% 6 6.3% 13 3.7%
Long recall or 37.5% 5 19.2% 0 0.0% 0 0.0% 1 7.1% 2 12.5%| 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 0.0% 0.0% 0.0% 0 0.0% 0 0.0% 12 3.4%
reference period
Missing response 0.0% 1 3.8% 5 27.8% 2 11.1%] 2 14.3% 0 0.0% 0.0% 4 17.4% 0.0% 1 8.3% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 0.0% 0.0% 33.3% 0 0.0% 30 31.3% 47 13.2%
categories
Non-verbal reaction 25.0% 1 3.8% 0 0.0% 0 0.0% 2 14.3% 1 6.3% 0.0% 1 4.3% 0.0% 0 0.0% 0 0.0% 0.0% 12.5% 0.0% 4 6.5% 0.0% 0.0% 0.0% 2 154% 9 9.4% 23 6.5%
(re-reading, skeptical
or thoughtful)
Other answer type 12.5%) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 5 8.1% 0.0% 0.0% 0.0% 1 7.7% 2 2.1% 9 2.5%
preferred
Overlapping 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 0.0% 0.0% 33.3% 0 0.0% 0 0.0% 2 0.6%
categories
Potentially sensitive 0.0% 0 0.0% 1 5.6% 0 0.0% 0 0.0% 0 0.0% 0.0% 8 34.8% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 16.7% 1 1.6% 0.0% 0.0% 0.0% 0 0.0% 0 0.0% 11 3.1%
or desirability bias
Question not 0.0% 0 0.0% 0 0.0% o 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 32 33.3% 32 9.0%
applicable to some
respondents
Question order 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 2 2.1% 2 0.6%
Question too long. 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 4 30.8% 0 0.0% 4 L1%
Several questions 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 0.0% 0.0% 0.0% 0 0.0% 0 0.0% 1 0.3%
Topic carried over 0.0% 0 0.0% 0 0.0% 1 5.6% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 2 15.4% 0 0.0% 3 0.8%
from earlier question
Uncertain or failure 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 5 83.3% 0.0% 75.0% 0.0% 0 0.0% 0.0% 25.0% 0.0% 0 0.0% 0 0.0% 13 3.7%
to skip.
Unclear respondent 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 25 40.3% 0.0% 0.0% 0.0% 0 0.0% 7 7.3% 32 9.0%
instruction
‘Undefined term 0.0% 2 7.7% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 33.3% 0 0.0% 25.0% 0 0.0% 1 16.7% 0.0% 0.0% 16.7%; 0 0.0% 20.0% 12.5%; 0.0% 0 0.0% 0 0.0% 8 23%
Undefined/vague 12.5% 1 3.8% o 0.0% 8 44.4% 3 21.4% 0 0.0% 0.0% 3 13.0% 25.0% 5 41.7% 0 0.0% 66.7% 0.0% 16.7%; 0 0.0% 20.0% 0.0% 0.0% 0 0.0% 0 0.0% 28 7.9%
term
Vague term 0.0% 1 3.8% 1 5.6% 1 5.6% 0 0.0% 1 6.3% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 62.5% 0.0% 0 0.0% 0 0.0% 9 2.5%
'Vague/unclear 0.0% 3 11.5% 2 1L1%| 0 0.0% 1 7.1% 3 18.8% 0.0% 2 8.7% 250% 0 0.0% 0 0.0% 0.0% 0.0% 0.0% 1 1.6% 20.0% 0.0% 333% 0 0.0% 3 3.1% 18 5.1%
question
Total (frequency, 2.3% 26 7.3% 18 5.1% 18 5.1% 14 3.9% 16 4.5% 0.8% 23 6.5% L1% 12 3.4% 6 1.7% 1.7% 2.3% 1.7% 62 17.5% 1.4% 2.3% 0.8% 13 3.7% 96 27.0% 355 100.0%
occurrence overall in
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TABLE 5 Results of the evaluation questionnaire for neurologists and patients with Parkinson’s disease of the phase 2a and 2b study.

Questions of the evaluation questionnaire Answer options Neurologists PD patients
Phase 2a  Phase2b  Phase2a  Phase 2b
(n=11) (n=15) (h=21) (n=10)
N % % N %
Do you consider the questionnaire relevant? Yes 11 1000 | 5 100.0 | 19 90.5 10 100.0
No 0 0.0 0 0.0 2 9.5 0 0.0
Does the questionnaire help you to assess the current health status Yes 11 1000 | 5 100.0 | 16 762 | 9 90.0
related to gastrointestinal symptoms of your PD patients?
No 0 0.0 0 0.0 5 238 | 1 10.0
Do you find the questionnaire sufficiently comprehensive? Yes 11 100.0 | 5 100.0 | 17 810 | 9 90.0
No 0 0.0 0 0.0 4 19.0 0 0.0
Do you think the questionnaire is too long? Yes 6 54.5 1 20.0 5 238 | 0 0.0
No 5 45.5 4 80.0 16 76.2 10 100.0
Do you find the questions simple and clear to understand? Yes 8 72.7 5 1000 | 13 619 | 9 90.0
No 3 27.3 0 0.0 8 381 | 1 10.0
Do you find questions strange / embarrassing? Yes 3 27.3 N/A 3 143 | 0 0.0
No 8 72.7 N/A 18 85.7 10 100.0
Do you find certain questions difficult to answer? Yes 5 455 N/A 11 524 1 10.0
No 6 54.5 N/A 10 47.6 9 90.0
Do you find the answer options suitable, clear and appropriate? Yes 9 81.8 5 1000 | 15 714 | 9 90.0
No 2 18.2 0 0.0 6 28.6 0 0.0
Do you find the order of the questions sensible? Yes 10 90.9 5 100.0 | 21 100 9 90.0
No 1 9.1 0 0.0 0 0.0 0 0.0
Do you have any comments or general suggestions for improving the Yes 6 54.5 N/A 5 238 | 3 30.0
questionnaire?
No 5 45.5 N/A 16 76.2 7 70.0
Do you find the instructions for conducting and evaluating the Yes N/A 5 100.0 | N/A N/A
questionnaire suitable?
No N/A 0 N/A N/A
Does the questionnaire help you in screening healthy controls for Yes 10 90.9 5 100.0 | N/A N/A
gastrointestinal symptoms?
No 1 9.1 0 0.0 N/A N/A
Do you find the evaluation of the questionnaire suitable? Yes 6 54.5 5 100.0 | N/A N/A
No 5 45.5 0 0.0 N/A N/A
Do you find the assignment of the individual questions to the 8 different | Yes 8 72.7 5 1000 | N/A N/A
domains correct and sensible?
No 3 27.3 0 0.0 N/A N/A

PD, Parkinson’s disease.

3.2.2.2. Psychometric properties

Internal consistency was high for all items of the pfGDQ
(Cronbach’s alpha value of 0.94). Further analyses were not
performed as results of phase 2a were satisfying and the sample size
of phase 2b was too small to result in any relevant new findings.

3.2.2.3. Evaluation of the pfGDQ by the evaluation
questionnaire with corresponding adaptation

The results of the evaluation questionnaires of the pfGDQ
as assessed by PwPD, HC, and neurologists are summarized in
Table 5. The majority of the three groups found the pfGDQ
easy to understand, not too long, comprehensive, and relevant.

Frontiersin Neurology

There were no major points of criticism in the evaluation
questionnaires of all three groups. The simplified scoring of the
pfGDQ was an improvement as evaluated by the neurologists
and reflected in zero errors in the calculation of the pfGDQ
scores by the neurologists. Therefore, only minor adjustments to
the pfGDQ were necessary. A grammatical error in the answer
options of question 2 (duration) was criticized and corrected.
Questions 14 and 15 (consistency) contained a description of
consistency in parentheses, which was criticized as being too
restrictive. To mitigate this, “for example” was added. Question 18
(development) also contained definition text in parentheses, which
was removed.
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TABLE 6 Demographic, motor, and non-motor characteristics and prefinal GDQ score characteristics of patients with Parkinson'’s disease and healthy
controls of the phase 2b study.

PD patients (n = 10) Healthy controls (n = 10) P value
Age (years) (minimum-maximum) 67.80 £ 9.51 (47.00 to 82.00) 64.41 £ 14.30 (32.00 to 80.00) 0.631
Sex (m/f) 4/6 5/5 0.653
Disease duration (years) (minimum-maximum) 9.03 £ 5.80 (1.67 to 19.68) N/A N/A
Hoehn and Yahr stage* 2 (2.0 to 3.0) 0 (0.0 to 0.0) <0.001
MoCA (minimum-maximum) 27.17 £ 2.79 (22.00 to 30.00) N/A N/A
pfGDQ total score (minimum-maximum) 17.10 £ 9.92 (1.00 to 32.00) 6.40 £ 4.20 (1.00 to 13.00) <0.05
pfGDQ-frequency (minimum-maximum) 0.70 + 0.48 (0.00 to 1.00) 0.00 + 0.00 (0.00 to 0.00) <0.01
pfGDQ-duration (minimum-maximum) 1.40 + 1.07 (0.00 to 3.00) 0.20 # 0.42 (0.00 to 1.00) <0.05
pfGDQ-severity (minimum-maximum) 4.40 % 2.84 (1.00 to 9.00) 1.50 % 1.08 (0.00 to 3.00) <0.05
pfGDQ-consistency (minimum-maximum) 3.70 % 2.36 (0.00 to 8.00) 1.80 = 1.69 (0.00 to 4.00) 0.054
pfGDQ-assistance (minimum-maximum) 1.00 £ 1.15 (0.00 to 3.00) 0.00 = 0.00 (0.00 to 0.00) <0.01
pfGDQ-pain (minimum-maximum) 4.10 = 3.00 (0.00 to 8.00) 2.20 + 1.69 (0.00 to 6.00) 0.135
pfGDQ-HRQoL (minimum-maximum) 1.80 =+ 1.62 (0.00 to 4.00) 0.70 £ 1.06 (0.00 to 3.00) 0.278
pfGDQ-development (minimum-maximum) —1.00 4 3.16 (-5.00 to 5.00) 0.00 = 0.00 (0.00 to 0.00) <0.05
pfGDQ-completion time (min) 7.40 + 3.84 3.38+0.98 <0.05

Data are presented as mean % SD or *median (25"-75" percentiles). Differences between groups were tested using the Mann-Whitney U-test or Pearson chi-square where appropriate. PD,
Parkinson’s disease; pfGDQ, prefinal Gut Dysmotility Questionnaire; MoCA, Montreal Cognitive Assessment; HRQoL, Quality of Life. The p-values are bold if they are significant (<0.05).

The phase 2b study resulted in the adaptation of the pfGDQ
to the final GDQ. The final GDQ is a self-completed questionnaire
consisting of 18 multiple-choice questions and takes approximately
4min to complete (Figure3, print version of the GDQ in
Supplementary Figure 1). It covers eight domains (Table 7). The
total score of the final GDQ results from the sum of the questions
1 to 17; each scored from 0 to 3 points from left to right in
the respective answer options (Figure 4). The total score of the
final GDQ accounts from 0 to a maximum of 51 points with
higher scores indicating more disturbed gastrointestinal motility
and, in particular, constipation. Question 18 is used to monitor the
development of constipation and is not included in the total score.
If there is a worsening of constipation, the score is increasingly
negative, and if constipation improves, the score is increasingly
positive with a maximum of 5 points, respectively; no change is
rated as zero.

4. Discussion

We describe the development and cognitive pretesting and
provide clinimetric attributes of the novel self-completed Gut
Dysmotility Questionnaire (GDQ) as a quick and comprehensive
tool to screen for and monitor gastrointestinal dysmotility of the
lower GIT with a focus on constipation in PwPD.

In phase 1, we revealed a lack of symptom-specific
(gastrointestinal motility) and disease-specific (PD) validated
instruments by a systematic literature review. Instruments such as
the NMSQuest (12) and the NMSS (15) that are validated for use in
patients with PD, assess several NMS including a domain-entitled
gastrointestinal tract with eight and three questions, respectively,
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asking for dribbling of saliva, dysphagia, and constipation.
These instruments aim to assess if there is an involvement of
the gastrointestinal tract or not. In contrast, the SCOPA-AUT
(16) obtains more detailed information about the whole GIT
and autonomic symptoms. In addition, there is the GIDS-PD,
which has also been newly developed and validated in PD to
assess gastrointestinal dysfunction including the entire GIT (36).
However, there is no questionnaire, which focuses on the lower
GIT and covers symptoms of dysmotility and constipation.

The second issue we revealed in phase 1 was a wide range of
diverse definitions of constipation as also identified in previous
studies (37). Therefore, we applied the Rome IV criteria, the
gold standard for gastroenterologists, in defining criteria for
assessing gastrointestinal disorders as well as for diagnosing
constipation (38).

Moreover, the period to be covered by the questionnaire was
challenging to define. It should not exceed the recall period but
also be unaffected by short-term influencing factors such as the
consumption of specific food or infections. The final consensus was
3 months, also taking into account international expert consortia
and the Rome IV criteria (38).

Potential questions and associated domains were identified in
the literature review, then compiled, and discussed in repetitive
national and international expert consortia involving different
disciplines. The technique of questioning, the wording, and the type
of response options were also discussed. We decided to use four-
item response options in the form of multiple-choice answers for
all questions, except for the domain consistency and development,
for which we used a table and a visual analog scale, respectively.

Phase 1 resulted in the preliminary GDQ. A limitation of
phase 1 was that not all critiques could be included in the
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Name: Today’s date: GDQ
Sex: O male O female O divers Age: years g
e

GUT DYSMOTILITY QUESTIONNAIRE (GD

This questionnaire is asking about your gastrointestinal function during the past 3 months.
Please answer the questions by marking the boxes. For each question only one answer is
allowed. Please mark the answer, which describes your situation within the past 3 months the
best.

The questionnaire is meant to be self-completed. Please answer the questions the best you can,

if needed with support of your carer.

1. How many successful bowel movements per week have you usually had during the
past 3 months?

S times per week or
more

[m]

O 3-4timesper week [J Twice per week a On:e per week or

N

. Constipation can be described as having less than three bowel movements per week.
For how many years have you had less than three bowel movements per week?

Between 5 and 10

Not applicable years

O Less than 5 years a O More than 10 years

. How often did you have to squeeze to pass stool during the past 3 months?

o

3

O Never O Rarely/sometimes [ Often O Mostly/always
4.

. How often have you felt a constriction or blockage (in your anus), which made it
difficult to pass stool during the past 3 months?

O Never O Often

5. How often have you felt that your bowel movement was incomplete after passing
stool during the past 3 months?

O Rarely/sometimes O Mostly/always

O Never O Rarely/sometimes [J Often O Mostly/always

6. How much time did you need per bowel movement on average during the past 3
months?

< Between 5 and 10 Between 10 and 20 More than 20

O Less than Sminutes O minutes o minutes o minutes

7. How often have you felt a painful pull in your or during
the past 3 months?

O Never O Rarely/sometimes [ Often O Mostly/always

8. How severe was the painful pull in your stomach or unpleasant bloating during the
past 3 months?

O Notapplicable O Mmild O Moderate O Severe

9. How often have you suffered from rectal pain (in your anus) during a bowel
movement or from an unpleasant rectal sensation (fullness) during the past 3

months?
O Never O Often

10.How severe was your rectal pain (in your anus) during a bowel movement or the
unpleasant rectal sensation (fullness) during the past 3 months?

O Rarely/sometimes O Mostly/always

O Notapplicable O Mild O Moderate O Severe

11.How often have you used laxatives (medicine/food) during the past 3 months?

O Never O Rarely/sometimes [ Often O Mostly/always

12.Have you used enemas or manual help to empty your bowels during the past 3
months?

O Never O Rarely/sometimes [J Often O Mostly/always

13.How often was the consistency of your stool liquid during the past 3 months? ‘
O Never O Often

14.How often was the consistency of your stool soft during the past 3 months?
(For example like a sausage)

O Often

O Rarely/sometimes O Mostly/always

O Mostly/always O Rarely/sometimes [ Never

15.How often was the consistency of your stool hard during the past 3 months?
(For example like a lumpy sausage or separate lumps)

O Often

4
900
e

O Never O Rarely/sometimes O Mostly/always

16.Have you been satisfied with your bowel activity during the past 3 months?

Somewhat

o Moderately
dissatisfied

O Ssatisfied dissatisfied

O Very dissatisfied

17.Have your bowel movements affected your activities of daily life during the past 3
months? (For example, due to physical discomfort, the duration of toilet visits, by thoughts
about this issue.)

Yes, severe
difficulties, which
affect my activities
or my well-being,
but do not stop me
from any activities.

Yes, very severe
difficulties, which
affect my activities
or my well-being
and stop me from
activities.

No, none or minor
difficulties. My

O activities or my well- [
being are not
affected.

Yes, some
difficulties, which
affect my activities
or my well-being.

18. Please mark the box, which best describes the development of your constipation
during the past 3 months:
O No constipation
OR

[m} o o o [m} o o o o o o
5 -4 -3 -2 -1 0 1 2 3 4 5

Getting worse No change Getting better

Thank you for completing this questionnaire.
May we ask who completed this questionnaire?

O Patient [J Carer O Patientand carer

FIGURE 3
Gut Dysmotility Questionnaire (GDQ).

preliminary questionnaire as these would have been inappropriate
for everyday clinical use (e.g., free text answers), would have greatly
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TABLE 7 Domains of the final GDQ with corresponding questions.

GDQ Domain Question number

Frequency 1
Duration 2,6
Severity 3,4,5
Pain 7,8,9,10
Assistance 11,12
Consistency 13,14, 15
Quality of life 16,17
Development 18

lengthened the questionnaire (e.g., assessment of co-morbidities
and influencing factors on the GIT such as habits and medical
therapy), or was believed to have arisen from a feeling of shame
about some questions.

The gold standard for developing qualitative questionnaires
is cognitive pretests, which we conducted in phase 2 (30).
The cognitive pretest of the pGDQ combined quantitative
and qualitative methods including interviews and evaluation
questionnaires as this has been proven to be useful and effective
for a new questionnaire. Based on similar studies on testing
questionnaires and referring to cost-benefit considerations in the
published literature, an average of 20 people per cognitive pretest
is recommended due to the high volume of collected data per
individual (30). A statistical case number estimation is not possible
when performing cognitive pretests. We included 21 PwPD and
30 age- and sex-matched HC in phase 2a. The cognitive pretests
led to changes in the selection of questions, the technique of
questioning and their structure, the kind and structure of answer
options, as well as the wording. Significantly more and precise
criticisms were collected in the oral interviews, especially with the
method of thinking aloud, than in the evaluation questionnaires
(355 vs. 72). This was accounted by a greater willingness of
participants to declare criticisms orally in a conversation than
in written form. In addition, in PwPD, writing can be restricted
by motor symptoms. This is an important finding and shows
the necessity of guided interviews in scale development even
though this means a considerably higher time commitment. In
our experience, interviews could last more than 3h, particularly
with advanced PwPD. In contrast, the evaluation questionnaires of
PwPD and HC provided valuable feedback about the improvements
after adjusting the questionnaire to the results of phase 2a.

A major criticism was expressed by PwPD and HC in relation
to questions, which included sub-questions and the need to
skip questions dependent on the previous answer. Furthermore,
including a variety of response options such as multiple-choice,
scales, and tables proved to be impractical, error-prone, and
demotivating for the participants. In particular, question 12 about
stool consistency, which was designed as a table, was split into
individual multiple-choice questions to achieve a more continuous
method of collection. Question 16 about the development of
constipation, which was recorded as a scale, was adapted with clear
boxes to tick including numeric values and an additional option
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GDQ

RGut

B4 Dysmotility
4 Questionnaire

Gut Dysmotility Questionnaire (GDQ)

Instructions for administration and evaluation

The GDQ is a quick tool for screening and monitoring of gastrointestinal symptoms in
Parkinson's disease.

This questionnaire shall be completed by the patient which takes about 5 to 10 minutes.
The total score of the GDQ is derived from the questions 1 to 17 by addition of the single
scores and ranges from 0 to a maximum of 51 points. High scores indicate worse
gastrointestinal motility and especially constipation. Question 18 serves to monitor the
development of constipation and is not included in the total score.

The following 8 domains are covered:

- Frequency: Question 1

- Duration: Question 2, 6

- Severity: Question 3,4, 5

- Pain: Question 7,8, 9, 10

- Assistance: Question 11, 12

- Consistency: Question 13, 14, 15

- Satisfaction/quality of life: Question 16, 17
- Development: Question 18

Evaluation of the individual questions:

The questions 1 to 17 are always scored in the correspondent answer options from left
to right in ascending order from 0 to 3 points.

1. How many successful bowel movements per week have you usually had during the
past 3 months?

= 5 times per week 3 - 4 times per O “Toies e week = Once per week or
or more week less
= 0 Points =1 Point = 2 Points = 3 Points

The question 18 is not included in the total score, but serves to check the development
of constipation.

18. Please mark the box, which best describes the development of your
constipation during the past 3 months:

[0 No constipation
OR
O O O O O O O O O O O
-5 -4 -3 -2 -1 0 1 2 3 4 5
Getting worse No change Getting better

FIGURE 4
Instructions for administration and evaluation of the Gut Dysmaotility Questionnaire (GDQ)

to record, i.e., “no constipation.” It was also removed from the indicator for the neurologists in addition to the total score. By
overall rating and is designed to stand alone for the evaluation of  equalization of the design of questions as well as answer options
the development of constipation intended to serve as a progress  to a 4-point multiple-choice response, ranging from no symptoms
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(0 points) to the worst symptoms (3 points) with the zero-point
answer always being the first answer option, we could minimize
confusion, and it helped to streamline the answering process as
confirmed by PwPD and HC in phase 2b. Hereby, the calculation
of the total score of the questionnaire improved. In phase 2a, we
revealed a relevant number of total scores that were incorrectly
calculated, whereas in phase 2b, all total scores were correct.
This can also be referred to the scoring guide which was greatly
simplified and proved to be quick to learn, easy to implement,
and less prone to errors. The streamlining of the questionnaire
is also objectively reflected in the required median completion
time, which was reduced from 6 to 4min. In addition, PwPD,
HC, and neurologists reported improvements in the evaluation
questionnaires of phase 2b in comparison to 2a in relation to
relevance, comprehensiveness, length, and comprehensibility of
questions and answers of the pfGDQ in comparison to the pGDQ.
Sudman and Bradburn (39) said, “Even after years of experience, no
expert can write a perfect questionnaire.”

The data quality of phase 2 was very satisfactory with all
included participants being fully computable. Reliable responses of
the self-completed questionnaires were secured by regular results
in the cognitive assessment. The study group of PWPD can be
evaluated as a representative group for PD as PwPD throughout all
disease stages from newly diagnosed drug-naive PwPD to advanced
PwPD with disease durations up to 21 years, and high LEDD
were investigated (Tables 1, 4, 6). Furthermore, PWPD showed on
average an intermediate motor burden based on the H&Y stage
and were evaluated as moderately ill in the CGI-S (Table 1). PWPD
presented with more NMS and worse HRQoL in comparison to HC
as expected (12, 40). Gastrointestinal dysmotility and constipation
were also significantly more common in PwPD than in HC. This
was found in the established validated questionnaires and scales as
well as in the pGDQ (Tables 1, 2, 4). All pGDQ domains except the
domain development showed a high association with the pGDQ
total score as well as the pGDQ total score with the NMSQuest
total score as a measure of general NMS burden and the SCOPA-
AUT total score as a measure of gastrointestinal and autonomic
symptoms (Table 3). Furthermore, the pGDQ total score and its
domains were tested against corresponding individual questions
of these validated instruments (Table 3). We found significant
correlations primarily on a moderate and high level. These findings
provide good construct validity of the pGDQ. We also used the
PDQ-8, a validated measure of HRQoL in PD, as a further measure
for convergent validity. The similar content of the pGDQ domains
with the independent corresponding measures explains the high
correlations but also reflects that these symptoms can be assessed in
a simpler and brief way, which is relevant for routine assessments
in clinics. Constipation is a known symptom of depression,
independent of PD, so that a significant correlation of the pGDQ
and the BDI in PwPD and HC on a lower level was expected
(41). This was indeed the case with a correlation on a moderate
level further supporting the discriminant validity of the pGDQ.
Furthermore, the observed strong correlation between memory and
constipation has also been discussed in the literature (42).

In the pGDQ and pfGDQ, a high-floor effect was found for
some questions and domains. This was expected since not every
participant exhibited all the characteristics of gut dysmotility so that
this high-floor effect was particularly pronounced in the control
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group. However, the number of study participants is relatively
small for this kind of analysis, so that in the validation study with
a larger sample size, it has to be clarified whether these reflect
sample characteristics or scale properties. There was no relevant
ceiling effect. For a phase 2 study, these findings indicate a suitable
acceptability of the questionnaire.

In the clinimetric statistics of the pGDQ questions containing
sub-questions, the domains that included these questions (mainly
the domain pain) as well as the domain consistency and
development with different types of response options stood out
negatively. This was supported by the results of the interviews and
evaluation questionnaires. Subsequently, main adjustments were
performed in relation to these questions and domains.

The pGDQ and the pfGDQ demonstrated excellent internal
consistency (Cronbach's alpha value up to 0.92 and 0.94).

Limitations of the phase 2 studies were mainly related to
the performance of specific analyses such as the evaluation
of floor/ceiling effects as discussed above, the evaluation
of temporal reliability by a retest, and the definition of
cutoff scores to discriminate between participants with and
without constipation. This is linked to the small number of
participants in cognitive pretest studies in comparison to
validation studies. However, the number of participants in this
cognitive pretest study was higher for PwPD and HC than
recommended (30).

Phase 2 resulted in the final GDQ that enquires in 18 questions
with detailed information about gastrointestinal dysmotility with
a focus on constipation during the past 3 months and covers
eight domains including the effect of bowel movements on HRQoL
and the development of constipation (Figure 3; Table 7). The
GDQ showed both high acceptance and effectiveness in assessing
gastrointestinal dysmotility in PWPD and HC as well as sufficient
reliability and construct validity. The self-completed GDQ can
be used as a comprehensive, simple, and quick instrument for
screening and monitoring gastrointestinal dysmotility in PwPD
and HC. Furthermore, the length of time required for completion
by the patients as well as evaluation by the physicians is a few
minutes so that the GDQ can easily be integrated into clinical
practice (Figure 4). How valuable the GDQ is for measuring
changes in gastrointestinal dysmotility after treatment or in the
course of PD needs to be assessed in further studies. Even though
we performed an intensive cognitive pretesting to create the
GDQ, an international validation study with a higher number of
PwPD and HC including a retest to investigate temporal reliability
is planned.
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The longitudinal progression of
autonomic dysfunction in
Parkinson’s disease: A 7-year
study
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!Clinical Ageing Research Unit, Newcastle University, Campus for Ageing and Vitality, Newcastle upon
Tyne, United Kingdom, 2Regional Sleep Service, Newcastle upon Tyne NHS Foundation Trust, Newcastle
upon Tyne, United Kingdom, *Department of Nuclear Medicine and PET Centre, Aarhus University
Hospital, Aarhus, Denmark, “Department of Clinical and Experimental Medicine, University of Pisa, Pisa,
Italy

Background: Autonomic dysfunction, including gastrointestinal, cardiovascular,
and urinary dysfunction, is often present in early Parkinson's Disease (PD).
However, the knowledge of the longitudinal progression of these symptoms, and
the connection between different autonomic domains, is limited. Furthermore, the
relationship between the presence of autonomic symptoms in early-stage PD and
olfactory dysfunction, a possible marker of central nervous system involvement,
has not been fully investigated.

Objectives: We aimed to investigate the occurrence and progression of
autonomic dysfunction in recently diagnosed (< 2 years) untreated PD
patients and determine any coexistence of symptoms in individual patients.
We also investigated the relationship between autonomic symptoms, olfactory
dysfunction, and motor impairment.

Methods: Data were obtained from the Parkinson’'s Progression Markers
Initiative (PPMI) database. Autonomic dysfunction was measured using the Scales
for Outcomes in Parkinson’'s Disease (SCOPA-AUT). Symptom frequency and
mean scores over 7 years were determined. The simultaneous occurrence of
different autonomic symptoms was also examined. Finally, the relationships
between SCOPA-AUT scores, olfactory dysfunction, and motor impairment were
investigated using the University of Pennsylvania Smell Identification Test (UPSIT)
and the Movement Disorder Society—Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS), respectively.

Results: Follow-up data were available for 7 years for 171 PD patients and
for 5 years for 136 HCs. Mean SCOPA-AUT score increased significantly from
baseline to the 7-year follow-up for each autonomic domain, except for
female sexual dysfunction. Most patients reported three or more autonomic
symptoms. Common clusters of symptoms were composed of combinations of
gastrointestinal, urinary, thermoregulatory, and sexual dysfunction. At baseline,
greater SCOPA-AUT total score was associated with lower UPSIT scores (r =
—0.209, p = 0.006) and with greater total MDS-UDPRS IIl score (r = 0.218, p
= 0.004).

Conclusions: Autonomic dysfunction, often with coexistence of autonomic
manifestations, is common in early PD and progressively worsens over the first
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7 years of disease, suggesting that these symptoms should be addressed with
appropriate treatments early in the disease. The association between greater
autonomic dysfunction and greater olfactory impairment, coupled with the
association with more severe motor scores at baseline, indicates that patients
who show more severe autonomic dysfunction could also have more severe
involvement of the central nervous system at the time of diagnosis.

KEYWORDS

autonomic dysfunction, SCOPA-AUT, PPMI (Parkinson’s progression markers initiative),
olfactory dysfunction, Parkinson'’s disease

Introduction

Autonomic dysfunction is common in Parkinson’s disease (PD)
and poses a significant impact on patients’ quality of life (1). It
is increasingly recognized that autonomic symptoms, manifesting
as gastrointestinal, urinary, cardiovascular, thermoregulatory, and
pupillomotor dysfunction, can be present in the early stages of
PD. A previous study by Stankovi¢ and colleagues found that
71% of early PD patients, classified as Hoehn and Yahr (H&Y)
stage I, reported having autonomic symptoms (2). Autonomic
dysfunction may also be a prodromal manifestation of PD, with
early autonomic features predicting a faster rate of PD progression
(3-5). Furthermore, pathological studies have shown the presence
of alpha-synuclein deposition within the nuclei of autonomic plexi,
which has been found to correlate with accelerated cell death in
the autonomic nervous system (6, 7). However, the knowledge of
how autonomic dysfunction progresses and the degree to which
different autonomic symptoms cluster together, is limited (2).

Olfactory dysfunction is also a defining PD feature, and is often
a prodromal manifestation (8, 9). Approximately 10% of subjects
with idiopathic loss of smell receive a diagnosis of PD within
10 years (10). Olfactory dysfunction is associated with male sex
and non-motor manifestations such as apathy (11) and cognitive
dysfunction (12). However, the relationship between olfactory and
autonomic dysfunction is unclear, and its investigation may be
worthwhile in light of the proposed “brain-first” and “body-first”
models of disease progression. Indeed, this hypothesis proposes
two main routes of PD pathological progression, one following
an ascending route originating from peripheral organs, e.g., the
gut, and one following a descending route originating from the
olfactory-amygdala complex (13, 14).

Therefore, in this study we investigated: (i) the longitudinal
progression and coexistence of autonomic symptoms in early PD
over a period of seven years and compared it to a cohort of
healthy controls; (ii) the presence of olfactory dysfunction; (iii) the
association between autonomic dysfunction, olfactory impairment,
and motor manifestations in early PD (13).

Methods
Study population

PD patients and healthy controls (HC) were retrieved from

the Parkinson’s Progression Markers Initiative (PPMI) database.
PPMI is an ongoing, multicentre clinical study investigating the

Frontiersin Neurology

longitudinal progression of PD. The study includes treatment-naive
PD subjects, with a disease duration of 2 years or less. Loss of
dopaminergic neurons in the nigrostriatal tracts is confirmed in
all subjects using dopamine transporter - single photon emission
computed tomography (DaT-SPECT). HCs were all >30 years
old and had no first-degree family members diagnosed with
PD. HC diagnosed with PD at any time-point over the course
of the study were excluded from analysis. A complete list of
inclusion and exclusion criteria for the study can be found in
the PPMI study protocol (https://www.ppmi-info.org/sites/default/
files/docs/archives/ Amendment-12.pdf). All participating PPMI
sites received approval from an ethical standards committee prior
to study initiation and written informed consent for research was
obtained from all participants in the study.

Data for the analyses in this paper were accessed on the 2nd
September 2022.

PD and HC subjects with seven years of follow-up data
available were identified from the database. Participants who had
missing data throughout the observation period were excluded
from the analysis.

We identified 171 PD participants with complete datasets
for 7-year analysis. In the HC group, 196 participants with
baseline SCOPA-AUT data were available. Only a small number of
participants had available data at year 7 (n = 23) or year 6 (n = 101),
whereas 136 had available data for 5 years of follow-up. Therefore,
we included only 5 years of follow-up data in the analysis of the
HC population.

Clinical assessment and demographics

Autonomic dysfunction was evaluated using the self-
completed SCOPA-AUT questionnaire (15),
following six autonomic domains, using their corresponding

assessing  the

subscales: gastrointestinal (questions 1-7), urinary (questions
8-13), 14-16),
(questions 17-18 and 20-21), pupillomotor (question 19) and

cardiovascular  (questions thermoregulatory
sexual (questions 22-23 for males, and 24-25 for females).
Total scores were calculated from the sum of all responses from
questions 1-23 for male participants, and 1-21 and 24-25 for
female participants. Each item score ranges from 0 to 3, based
on the occurrence of specific autonomic symptoms; 0 (never), 1
(sometimes), 2 (regularly), and 3 (often).

To assess the frequency of autonomic symptoms, the
percentage of subjects reporting a score > 0 for each item,
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representing individuals experiencing autonomic symptoms
sometimes, regularly, and often, was calculated at each follow-
up. The percentage of subjects reporting symptoms in a single
autonomic domain (e.g., cardiovascular domain, questions 14-16)
was determined by identifying subjects with a total domain
score > 0.

The coexistence of autonomic symptoms in two or more
domains was determined by analyzing the percentage of
(SCOPA-AUT domain

The percentage of subjects

subjects
> 0)
scoring above zero in one, two, three, four, five and all
determined. The
also analyzed to assess whether there was any clustering of

reporting symptoms score

in multiple domains.

six autonomic domains, was data was
autonomic symptoms across PD participants. A cluster was
defined by > 10 individuals reporting a specific combination
of symptoms.

Olfactory dysfunction was assessed with the University of
Pennsylvania Smell Identification Test (UPSIT), and motor
impairment with the Movement Disorder Society - Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS). Published
normative UPSIT scores were used to define normosmia,
hyposmia, and anosmia (16).

Statistical analysis

Baseline demographics and general clinical characteristics of
PD patients and HCs were compared using the Chi-square
test for categorical variables (e.g., gender) and Mann-Whitney
test for continuous variables. To investigate the progression
and differences between PD and HC in SCOPA-AUT total
scores and sub-scores (gastrointestinal, urinary, cardiovascular,
pupillomotor, thermoregulatory, male/female sexual dysfunction),
two-way repeated measures ANOVA models were implemented
for each dependent variable, and a grouping variable (HC or
PD) was used as a factor. For each dependent variable, the
Greenhouse-Geisser corrected overall model (group*assessment)
was considered to evaluate the significance of the model.
Univariate tests and Bonferroni-corrected pairwise comparisons
based on estimated marginal means (EMMs) were used to test
differences between PD and HC scores at each assessment.
Multivariate tests and Bonferroni-corrected pairwise comparisons
based on EMMs were used to test scores differences between
assessments in each group. Since data from year 5 to year
7 was present for PD participants only, one-way repeated
measures ANOVA models were carried out to investigate the
progression of SCOPA total score and sub-scores in such
timeframe. To investigate statistical differences in the proportions
of PD and HC reporting symptoms at baseline and each
annual follow-up, Chi-square tests with Bonferroni p-value
correction for multiple comparisons were used. To investigate
the relationship between UPSIT, SCOPA-AUT and MDS-UPDRS
III scores, Pearson correlation was carried out in PD subjects
at baseline.

Statistical analysis was performed using SPSS Version 28 (IBM
SPSS). Statistical significance level for hypothesis testing was set at
P < 0.05, two-sided.
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Results

Baseline demographics and clinical
characteristics

Gender proportions (2 = 2.823, p = 0.093) and age (U =
11705.5, p = 0.920) were not significantly different between PD and
HC (Table 1). At baseline, PD patients had a significantly higher
mean SCOPA-AUT total score and sub-scores for gastrointestinal,
urinary, cardiovascular, and male sexual domains compared to HCs
(all Bonferroni-corrected ps < 0.01, from the repeated measures
ANOVAs comparing baseline scores; Figure 1). Mean scores within
the pupillomotor, thermoregulatory, and female-specific sexual
domains, however, were not significantly different between patients
and HCs at baseline.

Longitudinal progression of autonomic
symptoms over 7 years

In PD, there was a significant increase in mean total SCOPA-
AUT score from baseline to 5 years (baseline: EMM [SE]: 9.00
[0.37]; 5 years: EMM [SE] 14.74 [0.65]; F = 25.050, p < 0.001) and
from 5 to 7 years (7 years: EMM [SE] 17.13 [0.74]; F = 9.294, p <
0.001). No significant increase was shown in HC (baseline: EMM
[SE]: 5.81 [0.41]; 5 years: EMM [SE] 7.27 [0.73]; F = 1.667, p =
0.142). Figure 1 shows SCOPA-AUT total and sub-domain scores
in PD and HC over the first 5 years after baseline.

In PD patients, SCOPA-AUT sub-scores significantly increased
from baseline to the 5th year of follow-up in the gastrointestinal
(F = 25.329, p < 0.001), urinary (F = 7.837, p < 0.001),
cardiovascular (F = 7.540, p < 0.001), pupillomotor (F = 4.553, p
< 0.001), thermoregulatory (F=5.232, p < 0.001), and male sexual
dysfunction (F = 7.924, p < 0.001) domains. No change in the
female sexual dysfunction domain score was found (F = 0.856, p =
0.511). No significant changes were found in sub-domains in HC.

At the 5 years follow up, SCOPA-AUT total score and all
domains sub-scores, except female dysfunction, were significantly
higher in PD compared to HC (all Bonferroni-corrected ps<0.05;
Figure 1). Thermoregulatory and pupillomotor dysfunction sub-
scores, which were not different between PD and HC at baseline,
became significantly different at first-year follow-up, and this
difference remained significant thereafter (all Bonferroni-corrected
ps < 0.001).

Symptom frequencies

Urinary dysfunction was the most frequently reported
symptom at baseline and during follow up for both patients
and controls (Table 2). In controls, the most frequently reported
urinary symptoms were increased frequency (69.9%) and nocturia
(81.6%). The second-most common symptom domain in PD
was gastrointestinal dysfunction. The comparison between
groups showed that the percentage of PD subjects reporting
gastrointestinal and cardiovascular symptoms were significantly
greater than controls (p < 0.0001) at every time-point. Higher
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TABLE 1 Baseline clinical and demographic features of Parkinson'’s Disease (PD) and healthy participants (HC).

10.3389/fneur.2023.1155669

Gender 51/120 53/83

Number, (29.8/70.2) (39.0/61.0)

Female/male (%) 0.093*
Age, years, mean (SD) 60.55 (9.81) 60.22 (11.27) 0.920°
Disease duration at enrolment, months, mean (SD) 6.62 (6.63) - -
Reported symptoms duration at enrolment, months, mean (SD) 49.28 (20.27) - -
MDS-UPDRS part III, mean (SD) 19.37 (8.56) - -
Hoehn and Yahr, median (range) 1(1-3) - -
SCOPA-AUT scores

Gastrointestinal 1.88 (£ 1.95) 0.68 (= 0.98) < 0.001°¢
Urinary 4.16 (£ 2.75) 3.07 (£2.28) < 0.001°
Cardiovascular 0.41 (£ 0.67) 0.15 (4+0.39) < 0.001°¢
Pupillomotor 0.40 (£ 0.68) 0.29 (£ 0.53) 0.102¢
Thermoregulatory 1.06 (£ 1.24) 0.93 (£ 1.15) 0.366°
Sexual - male 0.74 (£ 1.01) 0.36 (£ 0.94) 0.007°
Sexual - female 0.35 (& 1.35) 0.32 (£ 0.81) 0.787¢
TOTAL 9.00 (£ 5.42) 5.80 (4 3.81) < 0.001°¢

(*) chi-square test; (°) Mann-Whitney U test; () pairwise comparisons from repeated measures ANOVA models, Bonferroni-corrected p-values; MDS-UPDRS, Movement Disorders
Society—Unified Parkinson’s Disease Rating Scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease-Autonomic Dysfunction; SD, Standard Deviation.

frequencies of symptoms were also identified in the PD group
compared to the HC group, in the pupillomotor, thermoregulatory,
and sexual domains, but these were not consistent over time. No
differences were identified between the two groups in urinary
dysfunction and female sexual dysfunction frequencies.

Coexistence of autonomic symptoms

In the PD group, 2% reported no autonomic symptoms at
baseline. Six percent of patients reported autonomic symptoms
in one domain, 21% in two, 22% in three, 28% in four, 17% in
five and 4% in all six domains (Figure 2). At 5-year follow-up, 1%
of patients reported no autonomic symptoms, with 3% reporting
autonomic symptoms in one domain, 11% reporting symptoms in
two domains, 19% in three domains, 29% in four domains, 24% in
five domains and 13% in all six domains. Finally, at seven years, all
patients reported symptoms in at least one autonomic domain, with
1% experiencing symptoms in one domain only, 11% in two, 14%
in three, 26% in four, 37% in five and 11% in all six.

At baseline, eight clusters (i.e., > 10 PD participants reporting
a specific combination of symptoms) with common combinations
of symptoms were identified: six of them contained gastrointestinal
and urinary symptoms among others, while two of them included
urinary symptoms only and urinary and sexual symptoms together.
Interestingly, at 5 and 7 years, five clusters were overlapping
with baseline (Figure 3). Ten clusters of symptoms were present
at five years and nine at 7 years, and all of them included the
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gastrointestinal and urinary domains. Furthermore, at 5 and 7
years' follow up, a cluster of participants with symptoms in all
domains was present.

Association between autonomic, olfactory,
and motor function

At baseline, 14 PD participants were normosmic, 95
hyposmic and 62 anosmic according to UPSIT normative
scores. No differences were found between participants
with a normal vs. abnormal score, or between hyposmic
vs. anosmic participants, in baseline SCOPA-AUT total
score, MDS-UPDRS part III total score and bradykinesia,
rigidity and tremor sub-scores (Mann-Whitney U test, all ps
> 0.05).

Participants with baseline SCOPA-AUT total scores in
the upper half of the scores’ distribution (baseline SCOPA-
AUT score median = 8) had significantly higher baseline
MDS-UPDRS III total score compared to those in the
lower half (median [interquartile range]: 22 [9] vs. 16.5
[9; U = 25985, p = 0.002). Conversely, no significant
differences were present in bradykinesia, rigidity, or tremor
sub-scores between participants with SCOPA-AUT scores in
the upper half of the distribution compared to those in the
lower half.

There was a significant inverse association between UPSIT
and SCOPA-AUT total scores in PD (r = —0.209, p = 0.006,
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SCOPA-AUT total and sub-domain scores in Parkinson'’s disease (PD) and Healthy Controls (HC) over the first 5 years after baseline. Scores depicted
in the panels are based on estimated marginal means (and 95% confidence intervals) from repeated-measures ANOVA models.
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TABLE 2 Symptom frequencies from baseline to year 5 in HC, and to year 7 in PD.

Number and percentage of subjects reporting symptoms in each domain

Baseline
PD HC

Time-point
SCOPA-AUT domain

Year-1

PD HC

Time-point

SCOPA-AUT domain

Gastrointestinal 121 (71%) | 56 (41%) | <0.0001 | 142(83%) | 56 (41%) | <0.0001 | 147 (86%) | 57(42%) | <0.0001
Urinary 165 (96%) | 125 (92%) 0.081 163 (95%) | 125 (92%) 0218 165 (96%) | 126 (93%) 0.132
Cardiovascular 55(32%) | 18(13%) | <0.0001 | 61(36%) | 18(13%) | <0.0001 | 66(39%) & 14(10%) | <0.0001
Pupillomotor 54 (32%) | 35(26%) 0.262 67 (39%) | 26(19%) | <0.0001 | 69 (40%) | 32 (24%) 0.002
Thermoregulatory 99 (58%) | 73 (54%) 0.459 105 (61%) | 60 (44%) 0.003 102 (60%) | 59 (43%) 0.005
Sexual 79 (46%) | 45 (33%) 0.020 86 (50%) | 54 (40%) 0.064 88(51%) | 47 (34%) 0.003
Male (N = 120; 83) 53 (44%) | 22 (27%) 0.017 60 (50%) | 31(37%) 0.107 64 (53%) | 27 (33%) 0.003
Female (N = 51; 53) 26 (51%) | 22 (42%) 0333 26 (51%) | 22 (42%) 0.333 24 (47%) | 20 (38%) 0.336

Gastrointestinal 151 (88%) | 61 (45%) | <0.0001 | 152(89%) | 63 (46%) | <0.0001 | 155(91%) | 66(49%) | <0.0001
Urinary 163 (95%) | 129 (95%) 0.850 164 (96%) | 125 (92%) 0.139 164 (96%) | 130 (96%) 0.891
Cardiovascular 74 (43%) | 16(12%) | <0.0001 | 77(45%) | 15(11%) | <0.0001 | 77 (45%) | 15(11%) | <0.0001
Pupillomotor 78 (46%) | 34(25%) | <0.0001 | 70 (41%) | 35(26%) 0.005 74 (43%) | 32(24%) | <0.0001
Thermoregulatory 109 (64%) | 60 (44%) 0.001 107 (63%) | 59 (43%) 0.001 105 (61%) | 70 (51%) 0.081
Sexual 90 (53%) | 59 (43%) 0.107 99 (58%) | 54 (40%) 0.002 104 (61%) | 55(40%) | <0.0001
Male (N = 120;83) 67 (56%) | 33 (40%) 0.037 73 (61%) | 32 (39%) 0.003 82(68%) | 36(43%) | <0.0001
Female (N = 51;53) 23 (45%) | 25 (47%) 0.832 26 (45%) | 21 (40%) 0.245 22(43%) | 19 (36%) 0.447

Time-point

SCOPA-AUT domain

Gastrointestinal 158 (92%) - - 163 (95%) - -
Urinary 166 (97%) - - 165 (96%) - -
Cardiovascular 84 (49%) - - 85 (50%) - -
Pupillomotor 82 (48%) - - 81 (47%) - -
Thermoregulatory 112 (65%) - - 125 (73%) - -
Sexual 98 (57%) - - 98 (57%) - -
Male ( N = 120;83) 77 (64%) - - 74 (62%) - -
Female (N = 51;53) 21 (41%) - - 21 (41%) - -

Values represent the number of subjects with a score in each domain >0, with the percentage in parentheses based on the total number of subjects (171 PD; 136 HC). The total score for the

sexual domain is divided further into specific scores for male and female, in which the percentage is based on the total number of male and female PD and HC subjects, appropriately. P-values
comparing PD and HC cohorts are derived from Chi-square tests with Bonferroni correction for multiple comparisons (corrected p-value threshold = 0.001).

Figure 4) and HC subjects (r = —0.267, p = 0.002) at baseline.
In PD, a significant direct association was also present between
baseline MDS-UDPRS III score and SCOPA-AUT score (r = 0.218,
p=0.004).

Discussion

Our study investigated the longitudinal progression of
autonomic symptoms in a large, well characterized cohort of
de novo PD patients over a period of seven years and followed
the coexistence of autonomic symptoms over time to examine
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multi-domain clustering patterns. The association between
autonomic, olfactory, and motor symptoms was also explored.

Baseline demographics and clinical features

When comparing SCOPA-AUT scores between groups at
baseline, we identified a significantly higher mean score in the
gastrointestinal, urinary, cardiovascular, and sexual domains in
PD patients compared to controls. However, while reported male
sexual dysfunction symptoms were significantly greater in patients
compared to controls, no significant difference was identified in
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Diagram representing the percentage of Parkinson’s disease (PD) patients and Healthy Controls (HC) reporting none, one, two, three, four five or all
six autonomic symptoms over 5 years for both cohorts, and an additional 2 years in the PD group. Each column represents the percentage of

Baseline
40% mPD
HHC
30%
20%
10%
%
A 2 3 4 5 6
Number of affected domains
7 years
40% mPD
HHC
30%
20%
10%
0,
Ges 1 2 3 4 5 6
Number of affected domains
FIGURE 2
participants in each group (PD or HC) with the indicated number of symptoms.
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female sexual dysfunction. Although under investigated, female
sexual dysfunction has been reported in PD (17, 18). We believe our
finding may be related to different factors, such as the early stage
of the PD cohort that was studied and the fact that the SCOPA-
AUT questionnaire, which contains only two specific questions for
female sexual dysfunction, may be unable to identify differences
with controls.

Conversely, no significant differences in mean scores were
found between cohorts for thermoregulatory or pupillomotor
domains. Taken together with a previous study (2), these
results would suggest that pupillomotor dysfunction and possibly
thermoregulatory dysfunction are mild and/or uncommon in the
early stages of PD.

Longitudinal assessment of autonomic
symptoms over 7 years

Our study also investigated the longitudinal progression of
autonomic dysfunction over a period of 7 years. To our knowledge

Frontiersin Neurology

this is the longest follow-up of autonomic dysfunction in a large
cohort of early PD patients. Another strength of this study is that
a complete dataset was available for PD subjects for 7 years, with
no missing assessments, providing a realistic account of autonomic
dysfunction in these patients over time.

We observed a significant increase in mean SCOPA-AUT score
over time. This finding was consistent for all domains, excluding
female sexual symptoms, which did not significantly increase over
the observation period.

No significant increases in SCOPA-AUT total or sub-domains
scores were shown in HC over the 5 years in which these subjects
were observed.

One previous study with shorter follow-up (3 years) on 107
PD patients found increasing severity in urinary, gastrointestinal,
cardiovascular domains, and sexual dysfunction. However, sexual
dysfunction was not reported separately for males and females.
Also, pupillomotor and thermoregulatory scores did not change
over time (2). It should be noted that in that study the frequency
of individual autonomic symptoms at baseline and the changes
over time are smaller compared to the ones observed in our study.
This may be due to factors related to the cohort that was assessed,
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consisting of participants with milder PD (H&Y stage I). Indeed,
compared to the patients included in the current analysis from
the PPMI cohort, their baseline mean MDS-UPDRS was 3.4 points
lower and mean SCOPA-AUT total score 5.3 points lower.

Baseline

-Gl, UR, TR
- Gl, UR, SEX
-Gl, UR, CV, TR
-Gl, UR, TR, SEX
- Gl, UR, PM, TR, SEX

-Gl, UR, PM, TR
-Gl, UR, CV, SEX

. -Gl,UR, CV,PM, TR

\_ -Gl, UR, CV, PM,

\TR, SEX (All)

5 years

7 years

FIGURE 3

Venn diagram showing specific combinations of autonomic
symptoms present in at least 10 Parkinson's disease participants at
baseline, 5 years and 7 years follow ups. Gl, gastrointestinal; UR,
urinary; CV, cardiovascular; TR, thermoregulatory; PM,
pupillomotor; SEX, sexual domain.

10.3389/fneur.2023.1155669

Overall, our findings of worsening autonomic symptoms over
time reinforce previous conclusions that autonomic dysfunction
is associated with increasing PD severity and duration (2, 19-
21) Furthermore, we add a detailed longitudinal analysis in all
autonomic sub-domains over a long period of time, with a
comparison between PD and HC over 5 years, and an additional
follow up to a total of 7 years for PD.

Frequency of individual autonomic
symptoms over the 7-year period

Urinary dysfunction was the most reported autonomic
symptom in individuals with PD at every time-point, affecting
95-97% of patients over the 7-year period. Interestingly, 92-
96% of HCs also reported symptoms within the urinary domain,
suggesting that urinary symptoms are also common in healthy
controls (22). However, mean SCOPA-AUT scores in the urinary
domain at baseline were significantly higher in PD than controls,
indicating greater dysfunction in PD. In a previous large study of
mid-stage PD patients (mean disease duration 10.5 years), greater
scores in the urinary domain were found as well, compared to
controls (23). Together with our findings, this suggests that urinary
dysfunction may be present at the earliest stages of PD and worsens
with disease progression.

Gastrointestinal dysfunction was the second most reported
complaint among PD patients, with 71% experiencing symptoms
at baseline, 91% at the 5-year follow-up, and 95% at 7 years. Within
the gastrointestinal domain, constipation was found to be the most
common symptom, followed by excessive drooling. Only 41-49%
HCs reported these symptoms over the whole 5-year period. Our
findings are in keeping with existing knowledge that PD patients
frequently report gastrointestinal dysfunction both prior to the

Total UPSIT Score at Baseline

10

Total SCOPA-AUT Score at Baseline

FIGURE 4

Scatter plot of total UPSIT score by total SCOPA-AUT score at Baseline in Parkinson’s disease (PD), using Pearson correlation with 95% confidence

intervals.
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onset of motor symptoms and in early disease (23, 24). Of note
there was a 24% increase in patients reporting gastrointestinal
symptoms over the 7-year period, indicating that gastrointestinal
dysfunction becomes more common with PD progression. A
previous study conducted in a PD cohort with variable disease
durations (mean 3.6 years and standard deviation 4.26) showed that
greater right caudate dopaminergic deficit may be associated with
greater gastrointestinal dysfunction (25).

Symptoms of cardiovascular dysfunction were reported by less
than half of the PD patients at each assessment. However, at all
assessments, the percentage of PD patients with these symptoms
was significantly higher than the control population, suggesting a
direct role of the neurodegenerative process in the occurrence of
these symptoms.

Despite being one of the most common complaints at each
assessment, the frequency of sexual dysfunction in males and
females were not different between PD and controls until the 5-
year follow-up assessment, when less than half (43%) of the male
control population experienced sexual dysfunction compared to
62% of male PD patients. It is known that sexual symptoms,
including erectile dysfunction, are commonly experienced by male
PD patients (17), which occur in conjunction with other autonomic
symptoms. Furthermore, reduced testosterone levels have also been
shown in PD and this may contribute to such symptoms (26). It
should also be acknowledged that scores of male sexual dysfunction
were higher in PD than controls; therefore, although PD and HC
showed similar frequencies, the severity was greater in PD.

Previous studies have identified sexual issues in females with
PD, such as vaginal tightness and loss of libido (17, 18). The finding
of more prominent sexual dysfunction in males than females with
PD had also been reported in a previous small study of 34 patients
with PD (27).

A previous study concluded that constipation, a drop in systolic
blood pressure, and erectile dysfunction could identify PD 5 years
before the diagnosis of the disease with a high sensitivity (4).
Accordingly, at baseline (within 2 years of diagnosis) we identified
that the largest difference in symptom frequencies between PD
and HC subjects was in the gastrointestinal, cardiovascular, and
male-specific sexual domains.

Coexistence of autonomic symptoms in
individual PD patients

We observed that the coexistence of autonomic symptoms in
individual PD patients is very common, even in the first 2 years
of disease, suggesting multi-organ involvement, which requires
attention and appropriate management from the early stages of
the disease. At baseline, only a minority of PD patients reported
no autonomic dysfunction (3%) or a single symptom in any of
the SCOPA-AUT domains (6%). Conversely, most of them (71%)
reported symptoms in more than two domains and 4% reported
problems in all six domains.

The percentage of patients experiencing multiple autonomic
symptoms further increased over the 7-year follow-up, with all
participants reporting at least one autonomic symptom at the
last follow-up, and the percentage of patients reporting all six
symptoms almost tripled to 11%.
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The percentage of PD patients reporting five symptoms also
increased from 17% to 37%, while the percentage of patients
reporting autonomic symptoms in one or two domains dropped
from 6% to 1% and from 21% to 11%, respectively.

Conversely, we did not observe a notable change in the
proportions of HCs experiencing symptoms in multiple autonomic
domains over the course of the 5-year follow-up period.

These findings further detail the progression of multiple
autonomic symptoms from the early stages of PD (6) and extend the
findings reported by Stankovi¢ and colleagues who also identified
multi-domain dysfunction progressing over 3 years (2).

In our study, urinary symptoms were present in every PD
cluster at baseline, 5 and 7 vyears, predominantly appearing
with gastrointestinal, thermoregulatory, and sexual symptoms,
suggesting these symptoms occur together in PD. Although to
a lesser extent, cardiovascular and pupillomotor symptoms also
appeared in conjunction with these symptoms. The clustering of
these symptoms may be due to differential anatomical involvement
of the peripheral autonomic nervous system, the dominant system
innervating the organ (e.g., sympathetic or parasympathetic), and
the residual innervation and function of the organ (28).

Although clustering of symptoms was also present in controls,
the majority reported two or three symptoms, and only 1%
experienced all six. It is probable that healthy controls will
experience some autonomic symptoms due to, e.g., the normal
process of ageing. It should also be acknowledged that our method
of evaluating autonomic symptoms clustering does not consider
severity and mean scores, which have been shown to be higher in
the PD cohort (6).

Association between autonomic and
olfactory function in PD

At baseline, greater autonomic dysfunction was associated
with both greater olfactory impairment and more severe motor
scores. No differences were found in terms of motor manifestations
between participants with and without olfactory dysfunction.

These findings may be indicative of a “clustering” of worse
manifestations, i.e., patients with a more aggressive phenotype,
as indicated in recent studies that have shown the possibility of
subdividing PD populations in benign, intermediate and malignant
subtypes (29, 30).

Furthermore, these findings should also be discussed in light
of the hypothesis that the pathological PD process may progress
in a bottom-up (body-first) or top-down (brain-first) fashion
(8). Indeed, one could expect that PD patients with a “body-
first” phenotype and predominant autonomic manifestations may
have less olfactory impairment, and patients with a “brain-first”
phenotype may have olfactory impairment and less autonomic
dysfunction. However, in a “body-first” phenotype with autonomic
symptoms, by the time motor symptoms arise, the pathological
process may have already spread to cause olfactory dysfunction.
Based on the available pathological evidence, it has been proposed
that “body-first patients” might have a higher burden of cerebral
Lewy body pathology (including in the olfactory bulbs) by the
time PD becomes manifest, and this may, in turn, be associated
with a higher degree of olfactory impairment (14). Conversely,
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in “brain-first patients” the involvement of the olfactory bulb
may be more frequently unilateral, resulting in smaller olfactory
impairment. In this context, the association between greater
autonomic dysfunction and greater olfactory impairment may
be driven by PD patients with a greater spread of pathology
throughout the brain, a process that possibly started in the
peripheral nervous system.

Finally, it may be hypothesized that the association between
autonomic and olfactory dysfunction may be related to aging.
Indeed, this same inverse correlation was also identified in
the HC group. However, it should be noted that 65% of
controls had normal olfactory function and overall low SCOPA-
AUT scores, while PD participants were mostly hyposmic
or anosmic and had significantly higher SCOPA-AUT scores
than HC.

Limitations

Several limitations should be acknowledged. Due to the lack
of HCs with data at 6 and 7 years, we were unable to compare
HCs and PD at the last two follow ups. We were also unable to
control for PD medications, which may have effects on autonomic
function. Similarly, concomitant conditions such as diabetes may
also have influenced these symptoms, therefore further research
may consider a full medical history of individual subjects to further
improve the analysis, as well as uncover any associations with
other pathologies.

We selected participants who had complete data over the entire
follow up. This may have excluded more severe participants that
were less able to attend the frequent PPMI visit schedule. Therefore,
when interpreting the results of this study, it should be considered
that the cohort might include a greater proportion of milder
PD patients.

Our study focused on autonomic dysfunction. Other clinical
and imaging data was not systematically included in the analysis.
Further evaluation looking for other clinical and paraclinical
associations of autonomic dysfunction may prove a useful avenue
of future research.

It must also be acknowledged that the SCOPA-AUT does
not include a threshold for allowing the clinical determination
of dysautonomia in PD. In this study, the ability to determine
whether scores reflect severe or mild dysfunction would have
allowed a more apt analysis of autonomic function decline in
PD. Furthermore, the subjective nature of the SCOPA-AUT opens
the potential for underestimation or overestimation of autonomic
symptoms, which could limit the significance of our results.
Objective measures of autonomic dysfunction, alongside subjective
SCOPA-AUT scores, would allow a more accurate analysis of
autonomic function.

Conclusions

Overall, our study provides novel insights into the progression
of autonomic dysfunction in the first 7 years of idiopathic
PD. A progressive increase in multi-domain dysfunction was
identified over time. We also found that multiple autonomic
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symptoms in different organ domains cluster together in
PD. Future studies investigating the progression of SCOPA-
AUT score and multi-domain prevalence in PD in the later
stages could lead to better understanding as to whether less
frequently reported autonomic symptoms (e.g., cardiovascular
and pupillomotor dysfunction) become more prevalent over
higher
scores were associated with lower olfactory function scores, a

time. Finally, at baseline autonomic dysfunction
finding that should be further investigated in future studies,
considering the top-down and bottom-up models of PD

pathology progression.
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Introduction: Long-term levodopa treatment in patients with Parkinson’s disease
(PwWPD) often causes motor fluctuations, which are known to affect their quality
of life (QOL). These motor fluctuations may be accompanied by fluctuations in
non-motor symptoms. There is no consensus on how non-motor fluctuations
affect QOL.

Methods: This was a single-center, retrospective study and included 375
patients with Parkinson’s disease (PwPD) who visited the neurology outpatient
department of Fukuoka University Hospital between July 2015 and June 2018. All
patients were evaluated for age, sex, disease duration, body weight, and motor
symptoms by the Movement Disorder Society-Unified Parkinson’s Disease Rating
Scale part Ill, depression scale by the Zung self-rating depression scale, apathy
scale, and cognitive function by the Japanese version of The Montreal Cognitive
Assessment. A nine-item wearing-off questionnaire (WOQ-9) was used to assess
the motor and non-motor fluctuations. QOL in PwPD was investigated using the
eight-item Parkinson'’s Disease Questionnaire (PDQ-8).

Results: In total, 375 PwPD were enrolled and classified into three groups
according to the presence or absence of motor and non-motor fluctuations.
The first group included 98 (26.1%) patients with non-motor fluctuations (NFL
group), the second group included 128 (34.1%) patients who presented with only
motor fluctuations (MFL group), and the third group included 149 (39.7%) patients
without fluctuations in motor or non-motor symptoms (NoFL group). Among
them, the PDQ-8 SUM and SI were significantly higher in the NFL group than in
the other groups (p<0.005), implying that the NFL group had the poorest QOL
among groups. Next, multivariable analysis showed that even one non-motor
fluctuation was an independent factor that worsened QOL (p<0.001).

Conclusion: This study showed that PwPD with non-motor fluctuation had a
lower QOL than those with no or only motor fluctuation. Moreover, the data
showed that PDQ-8 scores were significantly reduced even with only one non-
motor fluctuation.

Parkinson’s disease, wearing-off phenomenon, motor fluctuation, non-motor
fluctuation, wearing-off questionnaire (WOQ-9), Parkinson’s disease questionnaire-8
(PDQ-8)
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Introduction

Parkinson’s disease (PD) is characterized by motor symptoms
such as tremor, rigidity, and bradykinesia, and a variety of non-motor
symptoms such as cognitive impairment, neuropsychiatric symptoms,
gastrointestinal symptoms, autonomic dysfunction, pain, and fatigue
(1). Advances in diagnosis and treatment for PD have progressed due
to the development of recent diagnostic criteria, dopaminergic
treatment, and device-aided therapy, and the average life expectancy
of patients with Parkinson’s disease (PwPD) has significantly
increased (2-4).

As a result, many patients are living with the disease for a longer
period of time, and under these circumstances, it is desirable to
improve their quality of life (QOL) during that period. Although
levodopa remains the most effective therapeutic agent for symptomatic
treatment of PD (5, 6), patients often experience motor fluctuations
after long-term treatment with levodopa that affect their QOL (7).
PwPD with motor fluctuations may also experience fluctuations in
their non-motor symptoms (8). Non-motor symptoms are expected
to have a greater potential for affecting QOL than motor symptoms in
PwPD (9-11). However, there are few studies to date that address how
non-motor fluctuations affect patients’ QOL, compared to motor
fluctuations. There is no established assessment of non-motor
fluctuations except the newly developed MDS-NMS Non-Motor
Fluctuations subscale (12). Here, we used the nine-item wearing-oft
questionnaire (WOQ-9) to evaluate motor and non-motor
fluctuations. WOQ-9, which consists of five questions relating to
motor symptoms and four questions relating to nonmotor symptoms,
was developed as a screening tool for wearing-off, and previous studies
propose its efficacy for the early detection of wearing-oft (13-15). This
study aimed to investigate the impact of non-motor fluctuations for
QOL in PwPD using WOQ-9.

Materials and methods
Protocol approval

This study was approved by the institutional ethics committee at
the Department of Neurology, Fukuoka University Hospital (U20-04-
001). Oral, informed consent was obtained from each patient before
enrolment and participation in the study.

Patients and study design

This was a single center, cross sectional, retrospective study of 375
consecutive PWPD. Movement Disorder Society Clinical Diagnostic
Criteria for PD (16) were used to diagnose PD, and those patients that
met the diagnostic criteria for definite or probable PD were included.
All patients enrolled in this study between July 2015 and June 2018 at
the Department of Neurology, Fukuoka University Hospital in Japan.
All patients were evaluated for age, sex, disease duration, body weight,
presence of wearing off, dyskinesia, REM sleep behavior disorder, and
visual hallucinations; this information was extracted from each
patient’s medical record. Disease severity was defined according to the
Hoehn & Yahr stage, and motor symptoms were evaluated using the
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale
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(MDS-UPDRS) part III (17). Cognitive function was assessed with the
Japanese version of the Montreal Cognitive Assessment (MOCA-])
(18, 19). Mood disorders were evaluated by the Zung self-rating
depression scale (SDS) (20). The evaluation of motor and non-motor
fluctuations was performed using WOQ-9, then all patients were
classified into three groups according to the results of WOQ-9 as
follows: patients with non-motor fluctuations (NFL group), those with
only motor fluctuations (MFL group), and those with no fluctuation
(NoFL group). Exclusion criteria included dementia, severe
psychiatric symptoms, and those not willing to take part in this study.
Each patients QOL was evaluated by the Parkinsons Disease
Questionnaire-8 (PDQ-8). PDQ-8 is a questionnaire which is a short-
form version of the 39-item Parkinsons Disease Questionnaire
(PDQ-39) (21), and the total score (PDQ-8 SUM) and summary index
(PDQ-8 SI) were calculated. Then, we studied the correlation between

non-motor fluctuations and QOL.

Statistics

All basic data were expressed as mean = SD or 7 (%). These data
were compared using ANOVA for continuous variables or using
chi-square test for categorical variables. This study involved three
sets of analyses: In the first, we compared the PDQ-8 SUM/PDQ-8
SI among each of three groups according to the results of WOQ-9
mentioned above. We performed the analysis using analysis of
covariance (ANCOVA) with Tukey’s post-hoc test, including age,
sex, disease duration, MDS-UPDRS part III score, and hallucination
as covariates. In the second set of analyses, we assessed associations
between the PDQ-8 SUM/PDQ-8 SI and the numbers of motor/
non-motor fluctuations in WOQ-9. Additionally, we assessed
whether the sum of the numbers of motor/non-motor symptoms
had a statistical trend for the PDQ-8 scores by regarding the sum of
the numbers as a numerous variable. We performed these analyses
using ANCOVA including age, sex, disease duration, and
MDS-UPDRS part III score as covariates. In the third set of analyses,
we compared the PDQ-8 SUM/PDQ-8 SI among each of four
groups divided by disease duration as follows: patients with <2 years
duration (DUI group), those with >2 and <5 years duration (DU2
group), those with >5 and <10years duration (DU3 group), and
patients with >10years duration (DU4 group). We performed the
analysis using ANCOVA, including age, sex, and MDS-UPDRS part
IIT score as covariates. In the fourth set of analyses, we compared
with the item of the non-motor fluctuation among each of motor
subtypes of the patients and analyzed the relationship between them
by chi-square test. Statistical significance was set at p<0.05. All
analyses were conducted using IBM SPSS v.26 and SAS
software v.9.4.

Results

A total of 375 PwPD participated in this study. The first group
included 98 (26.1%) patients with non-motor fluctuations (NFL
group), the second group included 128 (34.1%) patients who presented
with only motor fluctuations (MFL group), and the third group
included 149 (39.7%) patients without fluctuations in motor or
non-motor symptoms (NoFL group). The demographics and clinical
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TABLE 1 Demographics and clinical characteristics.

10.3389/fneur.2023.1149615

Total (n=375) NFL (n=98, MFL (n=128) NoFL (n=149) Value of p
M+NF=93, NF=5)

Sex, male, 1 (%) 140 (37.3%) 33 (33.7%) 33 (25.8%) 74 (49.7%) <0.001
Age, year (SD) 69.8 (10.6) 67.7 (11.0) 68.8 (11.8) 72.0 (8.8) 0.004
Age at onset, year (SD) 62.1(11.8) 58.9 (12.1) 60.9 (12.0) 65.1 (10.8) <0.001
Disease duration, year (SD) 7.8 (6.4) 8.9(4.7) 8.1(5.9) 6.9 (7.5) 0.041
RBD, 1 (%) 177 (47.8%) 58 (59.8%) 55 (44.0%) 64 (43.2%) 0.022
Hallucinations, # (%) 97 (26.0%) 36 (36.7%) 26 (20.6%) 35 (23.5%) 0.019
H&Y 2.8(1.8) 2.8(0.8) 2.7(0.9) 2.9(2.7) 0.733
MDS-UPDRS part ITI 30.4 (14.7) 31.7 (15.5) 30.0 (15.8) 30.0 (12.9) 0.645
Motor fluctuation number
(sD) 1.2(1.3) 2.3(1.2) 1.8 (0.9) 0 <0.001
Non-motor fluctuation
number (SD) 0.5(0.9) 1.7 (0.8) 0 0 <0.001
MMSE (SD) 269 (3.3) 26.7 (3.6) 27.5(3.2) 26.8 (3.2) 0.092
MoCA (SD) 22.7 (3.4) 22.4(5.7) 23.4(4.8) 22.2 (4.3) 0.123
PDQ-8 SI (SD) 21.7 (19.3) 29.7 (20.1) 20.6 (20.6) 17.4 (15.1) <0.001
PDQ-8 SUM (SD) 6.9 (6.2) 9.5 (6.7) 6.6 (6.6) 5.6 (4.8) <0.001
SDS (SD) 43.0 (10.3) 46.7 (9.7) 42.2 (10.0) 41.2 (10.3) 0.001

NFL, Patients with non-motor fluctuations; MFL, Patients with only motor fluctuations; NoFL, Patients with no fluctuations; M + NEF, Patients with non-motor fluctuations and motor
fluctuations; PD, Parkinson disease; RBD, REM sleep behavior disorder; H&Y, Hoehn & Yahr scale; MDS-UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale;
MMSE, Mini-Mental State Examination; MoCA, The Montreal Cognitive Assessment; PDQ-8 SI, The Parkinson’s Disease Questionnaire-8 summary index; PDQ-8 SUM, The Parkinson’s
Disease Questionnaire-8 sum score; WOQ-9, 9-item Wearing-off Questionnaire; SDS: self-rating depression scale.

TABLE 2 Multivariable analysis of the association between PDQ-8 SUM/PDQ-8 Sl and the three groups according to the results of WOQ-9.

NFL vs. MFL NFL vs. NoFL MFL vs. NoFL
PDQ-8 ST NFL MEFL NFL NoFL MFL NoFL
Mean (95% CI) 28.1(24.5-31.6), 20.3 (17.2-23.4) 28.1(24.5-31.6), 18.7 (15.9-21.6) 20.3 (17.2-23.4), 18.7 (15.9-21.6)
Difference 7.8 (3.2-12.4) 9.3 (4.7-14.0) 1.6 (—2.7-5.8)
p value 0.003 <0.001 0.751
PDQ-8 SUM NFL MEFL NFL NoFL MFL NoFL
Mean (95% CI) 9.0 (7.8-10.1), 6.5 (5.5-7.5) 9.0 (7.8-10.1), 6.0 (5.1-6.9) 6.5 (5.5-7.5), 6.0 (5.1-6.9)
Difference 2.5(1.0-4.0) 3.0 (1.5-4.5) 0.5 (—0.9-1.9)
p value 0.003 <0.001 0.752

NFL, Patients with non-motor fluctuations; MFL, Patients with only motor fluctuations; NoFL, Patients with no fluctuations; PDQ-8 SI, The Parkinson’s Disease Questionnaire-8 summary
index; PDQ-8 SUM, The Parkinson’s Disease Questionnaire-8 sum score; WOQ-9, 9-item Wearing-off Questionnaire; CI, confidence interval. For multivariable analysis, mean differences, 95%
confidence intervals, and value of ps were estimated using ANCOVA with Tukey’s post hoc test, including age, sex, disease duration, MDS-UPDRS part III score, and hallucination as

covariates.

characteristics among the three groups are presented in Table 1. The
age, and age at PD onset of the NoFL group were significantly higher
than those of the other two groups. The disease duration of the NoFL
group was shorter than those of the other two groups (p=0.038). The
higher scores of PDQ-8 corresponded to lower scores of QOL
(Table 1).

In the first analysis, the scores of PDQ-8 SUM and PDQ-8 SI in
the NFL group were significantly higher than those in the other two
groups even after adjusting for covariates (NFL group vs. MFL group
regarding PDQ-8 SUM: differences, 2.5, 95% CI 1.0-4.0, value of p,
0.003; NFL group vs. NoFL group regarding PDQ-8 SUM: differences,
3.0, 95% CI, 1.5-4.5, value of p<0.001; NFL group vs. MFL group
regarding PDQ-8 SI: differences, 7.8, 95% CI, 3.2-12.4, value of p,

Frontiers in Neurology

0.003; NFL group vs. NoFL group regarding PDQ-8 SI: differences 9.3,
95% CI, 4.7-14.0, value of p <0.001; Table 2).

In the second analysis, there were linear associations between the
scores of PDQ-8 SUM/PDQ-8 SI and the numbers of motor/
non-motor fluctuations. The value of p trend for the associations
between motor numbers and PDQ-8 SUM, motor numbers and
PDQ-8 SI, non-motor numbers and PDQ-8 SUM, and non-motor
numbers and PDQ-8 SI were 0.003, 0.003, <0.001, and<0.001,
respectively. Furthermore, the value of p trend for the associations
between the total number of motor and non-motor fluctuations and
PDQ-8 SUM and between the total number of motor and non-motor
fluctuations and PDQ-8 SI were <0.001 and <0.001, respectively
(Table 3; Figure 1).
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TABLE 3 Relationship between the scores of PDQ-8 SUM/PDQ-8 Sl and the number of motor fluctuations; relationship between the scores of PDQ-8
SUM/ PDQ-8 Sl and the number of non-motor fluctuations.

The numbers of motor fluctuation p for trend
P 3
N 154 77 79 40 20 5
PDQ-8 SI Mean (SD) 17.7 (15.2) 22.6 (21.5) 23.6 (21.0) 26.5 (22.7) 27.7 (20.1) 37.5 (16.1) 0.003
PDQ-8 SUM Mean (SD) 5.7 (4.9) 7.2(6.9) 7.6 (6.7) 8.5(7.3) 8.9(6.4) 12.0 (5.2) 0.003
The numbers of non-motor fluctuation p for trend

0 1 2 3 4
N 277 51 26 19 2
PDQ-8 SI Mean (SD) 18.9 (17.9) 27.9 (20.6) 25.1(20.4) 39.8 (21.2) 39.1(2.2) <0.001
PDQ-8 SUM Mean (SD) 6.0 (5.7) 8.9 (6.6) 8.0 (6.5) 12.7 (6.8) 12,5 (0.7) <0.001

PDQ-8 SI, The Parkinson’s Disease Questionnaire-8 summary index; PDQ-8 SUM, The Parkinson’s Disease Questionnaire-8 sum score; WOQ-9, 9-item Wearing-off Questionnaire.

p for trend < 0.001

Mean PDQS

2 3

Motor Fluctuation
Score

FIGURE 1
Motor and nonmotor fluctuations.

Mean PDQ-8 as a function of motor and non-motor fluctuations.

Among the items in WOQ-9, pain is the most weighted fluctuated
symptom related to QOL, followed by anxiety. In addition, a
multivariable analysis was performed to examine the association
between combination of WOQ-9 items on non-motor fluctuation and
QOL, but no combination was found to be correlated (p =0.157).

In the third analysis, all of the 375 PwPD were classified by disease
duration into the following four groups. We used ANCOVA including
age, sex, and MDS-UPDRS part III score as covariates. The first group
which contained 60 (16.0%) patients was classified as a DUI. The
second group had 53 (14.1%) patients was labeled DU2. The third
group labeled as DU3 had 145 (38.7%) patients. Then, the fourth
group, DU4, had 117 (31.2%) patients. We studied the relationships
between disease duration and fluctuations in PwPD (Figure 2). The
proportion of PwPD with motor and non-motor fluctuations
increased when the PD disease duration increased (p <0.05).

In the fourth analysis, two out of the 375 PwPD were excluded due
to lack of motor subtype data, then the total of 373 PwPD was
classified by motor subtypes into the three groups: tremor-dominant,
postural instability and gait difficulty, and mixed. The non-motor
fluctuations of mood changes, pain, cloudy/thinking, and anxiety/
panic among the three groups were analyzed by chi-square test.
We obtained a clear relationship between the non-motor fluctuation

Frontiers in Neurology

of cloudy/thinking and motor subtypes (p <0.05), while others have
no relationship with motor subtypes (Table 4). PwPD with the motor
subtype of postural instability and gait difficulty have a clear
correlation with the non-motor fluctuation of cloudy/thinking.

Discussion

This single-center, retrospective study conducted in Japan showed
that non-motor fluctuations were an independent risk factor for
reducing patients’ QOL. Prevalence of non-motor fluctuations were
found in 26.1% of the participants, and increased with severity of
PD. These results were slightly lower overall than the frequency of
NMEF in the MDS-NMS study of 9.1% for <2 years of disease duration,
54.3% for 2-5years, 63.6% for 5-10years, and 71.0% for >10years,
with an average of 49.2% (22). It is known that factors such as older
age, disease duration, reduced activity of daily living, severity of motor
symptoms, and long off-time reduce the QOL score of PWPD (23).
Using a score that quantified non-motor symptoms, it has been
reported that non-motor symptoms are more important than motor
symptoms for QOL in PwPD (11). To date, no studies have evaluated
the relationship between non-motor fluctuations and QOL in
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Relationships between duration and fluctuations with parameters of NFL, MFL, and NoFL.
FIGURE 2
Relationship between duration and fluctuations.

TABLE 4 Mood changes between PwPD with the three motor subtypes according to the results of WOQ-9; pain/aching between PwPD with the three
motor subtypes according to the results of WOQ-9; cloudy/thinking between PwPD with the three motor subtypes according to the results of WOQ-9;
and anxiety/Panic between PwPD with the three motor subtypes according to the results of WOQ-9.

Motor subtypes

Tremor-dominant

Postural instability and
gait difficulty

Yes 22(5.9) 26 (7.0) 4(1.1)

Mood changes 0.181
None 180 (48.3) 122 (32.7) 19 (5.1)
Yes 18 (4.8) 18 (4.8) 2(0.5)

Pain/Aching 0.593
None 184 (49.3) 130 (34.9) 22(5.9)
Yes 17 (4.6) 30 (8.0) 2(0.5)

Cloudy/Thinking 0.004
None 185 (49.6) 118 (31.6) 21(5.6)
Yes 11 (2.9) 14 (3.8) 4(1.1)

Anxiety/Panic 0.079
None 191 (51.2) 134 (35.9) 19 (5.1)

WOQ-9, 9-item Wearing-off Questionnaire. In the four present analyses, p values were estimated using chi-square tests. Statistical significance was defined as value of p <0.05. All data are

presented as 1 (%).

comparison with motor fluctuations. In this study, PDQ-8 scores such
as SUM and SI in the NFL group were higher than scores for MFL and
NoFL (p<0.001), implying that the NFL group had the poorest QOL
among groups. WOQ-9 is a simple tool that can be easily used in daily
clinical practice for research, as opposed to a complicated
questionnaire. It was shown that non-motor fluctuations obtained in
this assessment directly affected QOL, making it a target for more
aggressive therapeutic intervention. Generally, non-motor fluctuations
appear after the presence of motor fluctuations, however, in this study
there were a few cases in which only non-motor fluctuations were
seen, without the motor fluctuations shown in the previous study (10).
In addition, it was observed that non-motor fluctuations could appear
even at an early stage; alternately, there were many patients who
continued with only motor fluctuations for a long time. Thus, it can
be considered that the group with the earliest occurrence of
non-motor fluctuations formed a subtype with poor QOL such as a
subtype with severe motor and non-motor dysfunction/malignancy.
This study has some limitations. This was a single center, cross-
sectional study, therefore the number of patients was limited. However,
reliability of the data was confirmed because diagnosis and clinical
evaluation was performed by specialists of movement disorders.
Patients were consecutive without selection, and they were involved
from an early stage to a progressive one. Second, the study did not
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include patients with severe dementia or more advanced stages. Third,
the study did not include detailed information on medications other
than LED. Medication content may affect the prevalence of non-motor
fluctuations, and further investigation considering the type of
antiparkinsonian medications is necessary. Fourth, evaluation of
non-motor fluctuations by MDS-NMS, which has recently been
validated as a new qualitative test, was not performed in this study. In
addition, the reason for the lower non-motor fluctuation prevalence
compared to the MDS-NMS Non-Motor Fluctuations subscale (12) in
this study may have been due to the lower sensitivity of non-motor
fluctuations as a result of using WOQ-9 rather than
MDS-NMS. However, the usefulness of WOQ-9 lies in its simplicity,
which makes it suitable for use during routine clinical practice.
We here investigated how combinations within the four non-motor
items of WOQ-9 correlated with QOL, but owing to the small number
of patients in each group, we were unable to obtain significant
differences. Since it seems important to ascertain which combinations
of non-motor symptom items are most relevant to quality of life,
future large-scale studies should be conducted to clarify this point.
Further research is also needed to analyze the risk factors for
non-motor fluctuations, which could not be examined here.

In conclusion, this is the first report to assess the prevalence of
fluctuations simplified WOQ-9 in

non-motor using a
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PwPD. Furthermore, it was shown that the non-motor fluctuations
affected QOL independently of motor fluctuations. Non-motor
fluctuations should therefore be accurately evaluated in PwPD.
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3Clinicco, Brasov, Romania

Background: Sleep disturbances are commonly encountered in people with
advanced Parkinson's disease (PD). In these stages, levodopa—carbidopa intestinal
gel (LCIG) is recommended for improving motor symptoms, some non-motor
dysfunctions, and quality of life in these patients. This study aimed to assess the
effects of LCIG on sleep in PD in a longitudinal study.

Study design: An open-label observational study in patients with advanced PD
undergoing LCIG treatment was carried out.

Measures and outcomes: [n total, 10 consecutive advanced people with PD
were evaluated at the baseline and after 6 months and 1 year, respectively, of
LCIG infusion. Sleep parameters were assessed with several validated scales. We
assessed the evolution of sleep parameters under LCIG infusion over time and the
effects on sleep quality.

Results: Significantimprovement following LCIG was observed in PSQl total score
(p =0.007), SCOPA-SLEEP total score (p = 0.008), SCOPA-NS subscale (p = 0.007),
and AIS total score (p = 0.001) at 6 months and 1 year, compared to the baseline.
The PSQI total score at 6 months correlated significantly with the Parkinson’s
Disease Sleep Scale, version 2 (PDSS-2) “disturbed sleep” item at 6 months (p =
0.28; R = 0.688), while the PSQI total score at 12 months significantly correlated
with the PDSS-2 total score at 1 year (p = 0.025, R = 0.697) and with the AlS total
score at 1 year (p = 0.015, R =0.739).

Conclusion: LCIG infusion demonstrated beneficial effects on sleep parameters
and sleep quality, which were constant over time for up to 12 months.

KEYWORDS

intrajejunal infusion, sleep, insomnia, advanced Parkinson's disease,

longitudinal

levodopa

1. Introduction

Sleep disorders are common in people with Parkinson’s disease (PwPD) (1). A broad
spectrum of sleep complaints has been identified in these patients: insomnia, fragmented
sleep, daytime sleepiness, restless legs syndrome (RLS), nocturia, and REM sleep behavior
disorder (RBD) (1). Previous studies have suggested that the prevalence of sleep disturbances
is higher as the disease advances (2, 3); moreover, sleep complaints are among the top
five most bothersome symptoms in people with advanced PD (4) and are associated
with a reduced quality of life, which is more evident as the disease progress (5).
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As the co-occurrence of sleep disturbances in people with
PD might have several causes, being related to complex motor
complications in some of the cases, a personalized approach is
advisable for the thorough assessment of sleep complaints in order
to establish a comprehensive management plan (6). The diagnosis
and treatment of symptoms during nighttime were reported by
patients as an unmet need. More focus on the management of these
symptoms with a 24-h complex approach is advised (7).

Traditional treatment in PD aims to control motor symptoms.
The most commonly used oral products, levodopa/benserazide and
levodopa/carbidopa, offer control of the motor features, until the
onset of motor fluctuations, with no effect on disease progression
(8). Levodopa—carbidopa intestinal gel (LCIG) infusion with an
average duration of 15-16 h/day represents an effective treatment
of complex motor symptoms in people with advanced PD (9, 10).
Previous studies reported an improvement in certain non-motor
symptoms, including beneficial consequences on sleep and general
quality of life (11-13). These studies assessed globally the non-
motor symptoms. Few studies have assessed the efficacy of LCIG
over time specifically on sleep disturbances.

The objectives of this open-label observational study were to
assess the effectiveness of LCIG infusion on sleep disturbances in
PwPD at 6 months and 1 year after the initiation of this treatment.

2. Materials and methods

2.1. Patients and study design

Consecutive people with advanced PD who started LCIG
infusion were recruited from the Department of Neurology, County
Clinical Hospital of Bragov, Romania. The inclusion criteria were
as follows: (i) diagnosis of PD according to the MDS clinical
diagnosis criteria of PD (14); (ii) advanced stage of the disease, in
treatment with LCIG (15); (iii) no dementia or severe cognitive
impairment (Mini-Mental State Examination test > 24); and (iv)
patients who were willing to voluntarily participate in the study
(by signing the informed consent). The exclusion criteria were as
follows: (i) secondary parkinsonism; (ii) advanced PD patients with
indications for other device-aided therapies; (iii) severe cognitive
impairment; and (iv) comorbidities known to impair sleep and
quality of sleep (such as stroke, chronic pulmonary, renal, or
hepatic disorders).

Patients underwent clinical assessment at the baseline (prior to
LCIG treatment), and after 6 and 12 months of LCIG treatment,
respectively. The evaluation of the patients was performed in
“ON” states.

2.2. Clinical assessment

Information regarding age, gender, age at PD onset, duration
of disease, Hoehn & Yahr (H&Y) stage during ON and OFF
stages, previous medication for sleep disorders, and levodopa
equivalent daily dose (LEDD) were collected. Patients were assessed
at all three time points with validated scales for cognition
evaluation (Mini-Mental State Examination—MMSE) and for sleep
examination, which are described below. All patients included in
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the present study signed informed consent forms. The study was
approved by the Ethics Committee of the University Transilvania
of Bragov (1.11/01/2019).

2.3. Questionnaires

We used questionnaires and scales validated for PwPD.
The Parkinson’s Disease Sleep Scale, version 2 (PDSS-2) is a
comprehensive evaluation scale of the various sleep impairments
commonly identified in PD (16). For all 15 questions included
in the questionnaire, the patient chooses an appropriate response
from zero (never) to four (very frequent). The highest score of
60 represents maximal nocturnal disturbance, while a cutoff score
of 15 was proposed to identify “bad” sleepers (16). In total, three
derived PDSS-2 subscales could be identified (16), with a maximum
score of 20 each: “disturbed sleep”™ items 1-3, 8, and 14; “motor
problems at night”: items 4-6, 12, and 13; “PD symptoms at night”:
items 7, 9-11, and 15. Nocturia was assessed using item 8 of
the PDSS-2.

The Scale for Outcomes in Parkinson’s Disease-Sleep (SCOPA-
SLEEP) (17) was designed specifically for evaluating sleep
characteristics in the PD population. The subscale assessing the
night symptoms (SCOPA-NS) consists of five items offering a
grading possibility from 0 (“not at all”) to 3 (“a lot”), with a cutoft
score of 7 indicating nighttime impairments (17, 18). Similarly,
sleep symptoms during the daytime were evaluated through six
items within the SCOPA-Daytime Symptoms subscale (SCOPA-
DS), with a cutoff score of five, suggestive of the presence of
disturbances (17). One additional item, which does not count for
the total score, explores the overall sleep quality, varying from “very
well” to “very bad” (17).

The Pittsburgh Sleep Quality Index (PSQI) (19) is a frequently
used generic scale containing 19 questions for the assessment of
the quality of sleep. A score of >5 was proposed to identify “bad”
sleepers (19, 20).

The Athens Insomnia Scale (AIS) is a self-administered
questionnaire designed for assessing the severity of insomnia. It
consists of eight questions related to various aspects of insomnia,
with a maximum score of 24 points indicating severe disturbances
(21). A score higher than 6 is suggestive of patients with insomnia
(22). We used the following criteria for grading the severity of
insomnia, as proposed by Okajma et al.: absent (0-5), mild (6-9),
moderate (10-15), and severe (16-24) (23).

The Epworth Sleepiness Scale (ESS) (24) was used to evaluate
daily sleepiness. The patients’ scores evaluated were from zero
(never) to three (always), showing the probability of falling asleep
in different eight daily situations. Scores higher than 10 were
considered suggestive of EDS (25).

2.4. Data analysis

Data were analyzed using the SPSS software package for
Windows, release 23.0. Descriptive data were used in order to
evaluate the patients’ clinical characteristics at the baseline. The
Wilcoxon signed-rank test is used if the differences between pairs
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of data are non-normally distributed, while the Friedman test can
compare more than two groups. Therefore, the Wilcoxon signed-
rank test was applied for comparisons of test score values before and
after the initiation of LCIG. The Friedman test was used to compare
the mean ranks before and after 6 and 12 months after LCIG. We
applied Bonferroni’s correction in case of multiple comparisons
using Microsoft Excel.

Spearman’s rank correlation coefficients were employed for
associations. All p-values reported were two-tailed. A probability
p-value of <0.05 was considered to be statistically significant.

3. Results

A total of 10 PD patients were enrolled in this longitudinal
research. In the study, three patients were female subjects. The
mean age + standard deviation (SD) at inclusion was 69.8 £ 8.4
years, the mean age £ SD of disease onset was 62.8 & 9.3 years and
that of PD duration was 7 & 2.74 years. The mean infusion duration
=+ SD was 15 =+ 0.87 h/day. None of our patients was treated for 24
h/day. LEDD increased slightly from 1261 4= 334 mg at the baseline
to 1373 £ 373 mg (p = 0.008) at 12 months after LCIG. None of
the patients received other oral dopaminergic treatment following
LCIG initiation. MAO inhibitors were withdrawn in all patients,
and four patients received clonazepam for treatment of probable
RBD symptoms at the baseline and during the entire follow-up
period, and another patient received lorazepam for treatment of
insomnia at the baseline and had reduced the dose at 12 months
after LCIG implementation. The mean value of the Hoehn and
Yahr stage in ON state &= SD was 3.6 &= 0.51 at the baseline, 2.9
0.31 at 6 months, and 3 =+ 0.47 at 12 months follow-up. Significant
improvement following LCIG was observed at 6 and 12 months in
the PSQI total score (p = 0.007), SCOPA-SLEEP total score (p =
0.008), SCOPA-NS subscale (p = 0.007), and AIS total score (p =
0.001; Table 1). No significant differences were observed between
the ESS score (p = 0.27) and SCOPA-DS (p = 0.37) at 6 and 12
months following LCIG.

Regarding sleep quality, as evaluated with PSQI, three
subdomains showed significant improvement following LCIG at 6
and 12 months (Table 2): component 1, subjective sleep quality (p =
0.004), Component 2, sleep latency (p = 0.012), and component 4,
sleep efficiency (p = 0.003).

Total sleep time, which was self-estimated by the patients,
has increased from 5.9 4 1.19h before the initiation of LCIG
treatment to 7 £ 0.66h at 6 months after LCIG initiation and
to 7.2 + 0.63h at 12 months of treatment (p = 0.001). As
expected, the PDSS-2 total score significantly improved over time
(0.006). All three subdomains of the PDSS-2 for “disturbed sleep,”
“motor problems at night,” and “PD symptoms at night” showed
improvement following LCIG infusion (Table 3). Specifically, the
items “poor sleep quality,” “difficulties to fall asleep,” “difficulties

» <«

to stay asleep;

» <«

tiredness in the morning, “painful postures
in the morning” “tremor when waking,” “uncomfortable and
immobility,” and “painful arms or legs” demonstrated a statistically
significant change from the baseline (Figure 1). There was a
trend toward an improvement in symptoms related to nocturia,

distressing dreams, and muscular cramps and a trend toward
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worsening of hallucinations; however, these trends did not reach
statistical significance.

With regard to SCOPA-SLEEP total and SCOPA-NS subscores,
results showed a quite remarkable improvement in sleep quality.
Mean SCOPA-SLEEP total was 15.9 4 5.91 at the baseline, with
an improvement after 6 months (10.1 &£ 2.51), respectively after
12 months (5.91 £ 2.21; p = 0.008; Table 1). The evolution of the
overall item (“C1—Overall, how well you slept at night during the
past month?”) in SCOPA-SLEEP is presented in Table 4. A trend of
improvement in subjective quality of sleep was noted in most of the
patients after LCIG therapy at 6 and 12 months.

Regarding the quality of sleep and other sleep parameters,
Spearman rank correlation analyses were performed. The PSQI
total score at 6 months correlated significantly with PDSS2
“disturbed sleep” item at 6 months (p = 0.28; R = 0.688); moreover,
there was a significant correlation between the PSQI total score at
12 months and the PDSS-2 total score at 12 months (p = 0.025, R
= 0.697) and between PSQI total score at 12 months and AIS total
score at 12 months (p = 0.015, R = 0.739). Significant differences
were also found for the baseline measurement vs. 12 months
reevaluation, after Bonferroni correction, except for Component 4:
Sleep efficiency (p 0.003 vs. 0.039) of PDSS2.

4. Discussion

This study evaluated the effect of LCIG treatment in
advanced PD at 6 and 12 months. Sleep complaints have been
reported by more than half of PD patients, being known to
significantly affect the quality of life in these patients (26).
Therefore, it is essential for clinicians to establish a comprehensive
therapeutical plan that should be effective for both motor
and non-motor characteristics. Sleep disorders were commonly
reported in our study group. In total, four patients were
previously diagnosed with probable RBD and were treated with
clonazepam, one patient was treated with lorazepam for persistent
insomnia, while the other patients had no treatment for their
sleep disorders.

Several explanations for the development of sleep disturbances
in advanced PD have been proposed. Due to fluctuations in
the motor symptoms and the association of painful cramps,
akinesia, and dystonia during night, sleep might also be
disturbed (27). Neurodegeneration of the regions involved in sleep
regulation and low concentrations of dopaminergic medications
during night might be involved in the occurrence of sleep
complaints in advanced PD (28). Moreover, early morning off
periods, which can be identified in almost 60% of PwPD with
dopaminergic treatment, might also cause several disturbances
during nighttime, given the number of non-motor symptoms that
can be associated—the urgency of urination, anxiety, pain, and limb
paresthesia (29).

The main finding of our research was a significant
improvement in sleep parameters and quality of sleep at 6
and 12 months after LCIG initiation. Total scores of the PDSS-2,
SCOPA-SLEEP and SCOPA-SLEEP NS subscale, AIS, and PSQI
showed significant reductions compared to the baseline. Overall
sleep disturbances persisted at 12-month follow-up but with
reduced intensity.
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TABLE 1 Assessment of people with Parkinson’s disease at LCIG infusion initiation (baseline) and after 6 and 12 months of LCIG infusion.

10.3389/fneur.2023.1105650

Baseline 6 months 12 months p-value* p-value**

MMSE Mean 28.9 29.10 28.90 0.568 0.999
SD 1.52 1.28 0.99

PSQI total Mean 10.10 6.9 6.2 0.007 0.004
SD 324 213 2.04

SCOPA—SLEEP Mean 15.9 10.1 9.7 0.008 0.006
SD 5.91 251 221

SCOPA—NS Mean 10.5 55 5.4 0.007 0.000
SD 3.62 0.7 0.699

SCOPA—DS Mean 5.4 46 43 037 0.369
SD 2.98 231 231

ATS Mean 17.1 7.4 137 0.001 0.0001
SD 5.83 1.83 3.46

ESS Mean 10.9 9.2 8.9 027 0387
SD 5.52 456 453

*Friedman test; Significant results are indicated in bold. Values are expressed as average (standard deviation). **Bonferroni adjusted p < 0.016 for baseline measurement vs. 12 months. AIS,
Athens Insomnia Scale; ESS, Epworth Sleepiness Scale; MMSE, Mini-Mental State Examination; PSQI, Pittsburgh Sleep Quality Index; SCOPA—NS, Scale for Outcomes in Parkinson’s Disease

(Sleep)—Night Symptoms; SCOPA—DS, Scale for Outcomes in Parkinson’s Disease (Sleep)—Day Symptoms.

TABLE 2 PSQl test scores and its subdomains in the people with Parkinson'’s disease, at the baseline and after 6 and 12 months of LCIG infusion.

Baseline 6 months 12 months p-value* p-value™*
Component 1: subjective sleep quality 2.1(0.73) 1.1 (0.31) 1.1 (0.31) 0.004 0.001
Component 2: sleep latency 2.6 (0.69) 1.9 (0.56) 1.7 (0.48) 0.012 0.003
Component 3: sleep duration 1(1.05) 0.8 (0.42) 0.7 (0.48) 0.687 0.424
Component 4: sleep efficiency 1.3 (1.05) 0.4 (0.96) 0.3 (0.94) 0.003 0.039
Component 5: sleep disturbance 1.4 (0.51) 1.2 (0.42) 1.1 (0.31) 0.097 0.134
Component 6: sleep medication 0.8 (1.31) 0.5 (1.08) 0.4 (0.96) 0.156 0.448
Component 7: daytime dysfunction 0.9 (0.56) 1(0) 0.9 (0.31) 0.717 1.000

*Friedman test; significant results are indicated in bold. Values are expressed as average (standard deviation). **Bonferroni adjusted p < 0.016 for baseline measurement vs. 12 months. PSQI,

Pittsburgh Sleep Quality Index.

Insomnia, one of the most frequently declared sleep
problems in PD patients, was demonstrated to be less severe
with LCIG therapy (most of the subjects reported moderate
insomnia at the baseline and mild insomnia at the two follow-
up visits, as recorded with the total AIS score). The items
from the PDSS-2 concerning insomnia (“difficulty falling
asleep” and “difficulty staying asleep”) showed significant
changes from the baseline, suggesting improvements in this
domain. Poor sleep quality, tiredness in the morning, as
well as other symptoms related to motor problems or PD
symptoms at nighttime (painful postures in the morning,
tremor, immobility and discomfort, and limb pain) presented
a significant improvement with continuous dopamine delivery,
as evaluated with PDSS-2. On the contrary, for item 7 of the
PDSS-2 (“distressing hallucinations”), it was noticed a slight
worsening at 12 months compared to that of the baseline
and 6 months, and item 15 (“snoring”) was constant during
the entire follow-up period. Daytime sleepiness (as evaluated
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with ESS and SCOPA-DS) did not show statistically significant
improvement during the follow-up period. This result might
be explained either by the small sample size or by increased
LEDD administration.

To the best of our knowledge, few studies have characterized
the evolution of sleep parameters over time as a primary outcome
in patients treated with LCIG infusion.

Our conclusions are in line with the results of other studies,
which revealed that an appropriate dopaminergic supply during
nighttime can be effective on sleep complaints. However, most
of the previous questionnaire-based studies have assessed the
effectiveness of LCIG infusion using multidomain scales such
as the Non-Motor Symptoms Questionnaire (NMSQ) or Non-
Motor Symptoms Scale (NMSS), which contain only some items
related to sleep complaints. In our study, we used several validated
scales to examine more specifically insomnia, sleep fragmentation,
EDS, and the consequences of sleep disturbances on quality
of life.
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TABLE 3 PDSS-2 in the people with Parkinson’s disease at the baseline and after 6 and 12 months of LCIG infusion.

Baseline 6 months 12 months p-value* p-value™*
Total sleep time (hours) 5.9 (1.19) 7.00 (0.66) 7.2 (0.63) 0.001 0.007
PDSS-2 total score 27.9 (13.08) 17.18 (6.99) 17.18 (7.6) 0.006 0.003

Disturbed sleep

Item 1 reduced sleep quality 2.5(0.84) 1.2 (0.42) 1.2 (0.42) 0.004 0.004
Item 2 difficulties to fall asleep 3.4(1.07) 1.6 (0.51) 1.5 (0.52) 0.003 0.000
Item 3 difficulties to stay asleep 2.7 (1.05) 1.7 (0.48) 1.6 (0.51) 0.013 0.008
Item 8 passing urine during night 2.4 (1.17) 2.3(1.15) 2.2(1.13) 0.223 0.7

Item 14 tiredness in the morning 2.9(1.19) 1.7 (0.67) 1.7 (0.67) 0.016 0.012

Motor problems at night

Item 4 restlessness of limbs 1.5 (1.08) 0.7 (0.82) 0.9 (0.73) 0.074 0.164
Item 5 urge to move the limbs 1.5 (1.08) 0.6 (0.84) 0.8 (0.78) 0.074 0.115
Item 6 distressing dreams 1.7 (0.94) 1.4 (0.96) 1.3 (0.82) 0.156 0.327
Item 12 painful postures in the morning 2.3(1.25) 1.2 (0.42) 1.4 (0.51) 0.028 0.049
Item 13 tremor when waking 1.6 (1.5) 1.2 (1.13) 1.4 (1.2) 0.05 0.751

PD symptoms at night

Item 7 hallucinations 0.1 (0.31) 0.1(0.31) 0.2 (0.63) 0.368 0.66
Item 9 uncomfortable and immobility 3.3(1.05) 1.2 (0.42) 1.6 (0.51) 0.001 0.000
Item 10 painful arms or legs 2.2 (1.03) 1.3 (0.48) 1.4 (0.51) 0.013 0.041
Item 11 muscle cramps in limbs 2.1(1.1) 2.2 (2.78) 1.2 (0.63) 0.065 0.037
Item 15 snoring 0.5 (0.07) 0.5(0.07) 0.5(0.07) - -

*Friedman test; Significant results are indicated in bold. Values are expressed as average (standard deviation). **Bonferroni adjusted p < 0.016 for baseline measurement vs. 12 months. PD,
Parkinson’s disease; PDSS-2, Parkinson’s Disease Sleep Scale version 2.
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FIGURE 1
Evolution of the subscores (mean values) in the PDSS-2 at the baseline, 6 and 12 months follow-up. Values with asterisk (*) were statistically
significant (p < 0.05), Friedman test.
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TABLE 4 Evolution of overall item (C1—"Overall, how well you slept at
night during the past month?”) in SCOPA-SLEEP. Scores are shown in
percentages.

Overall, how Baseline 6 months 12
well you slept at (V4] follow up months
night during the (VA follow up
past month? (VA
Very well 0 0 0
Well 0 50 40
Rather well 20 30 50
Not well but not badly 10 20 0
Rather badly 30 0 10
Badly 30 0 0
Very badly 10 0 0

SCOPA-SLEEP, Scale for Outcomes in Parkinson’s Disease.

One of the first studies that demonstrated the benefits of LCIG
on sleep was conducted by Honig et al. and included 22 PD patients
who were followed up for 6 months (30). Significant improvements
were observed in nine domains of the NMSS, including the
sleep/fatigue domain (30).

Buongiorno et al. observed a significant decrease in insomnia
at 3 months following the initiation of LCIG infusion, using a
semi-structured interview (31).

One multicentric study analyzing the GLORIA registry
included 258 PD patients in treatment with LCIG infusion, over
a period of 24 months (12). The sleep domain was assessed with
the NMSS, and at the last follow-up visit, a significant reduction
in the sleep/fatigue domain score was recorded, compared to the
baseline. The improvement in sleep quality was consistent with the
alleviation of motor symptoms (12). Similar results were obtained
by Chaudhuri et al. (13) from the GLORIA database. Among other
non-motor symptoms, the sleep/fatigue domain assessed with the
NMSS showed significant improvement compared to the baseline
and also a significant association between the NMSS sleep scores
and the improvement in the quality of life was observed (13).

The results at 1-year follow-up in the DUOGLOBE study
showed an improvement in sleep complaints, as evaluated with the
total PDSS-2 score. Improvements were also noticed in daytime
sleepiness (ESS total score) (32); our results were in line with
this even though in our study the positive effect on daytime
symptoms measured with ESS and SCOPA-DS did not reach
statistical significance.

Sleep parameters were assessed using PDSS-2 in two other
previous studies (33, 34), with a significant improvement in LCIG
therapy over time. Zibetti et al. (33) have also noticed that daytime
sleepiness improved after 2-4 months of LCIG treatment in
12 patients.

On the contrary, De Fabregues et al. demonstrated that sleep
quality was still poor in patients undergoing LCIG infusion, but it
did not get worsened by the end of the follow-up period (35).

A better quality of sleep was observed in the study
group. PSQI total scores decreased progressively at 6 and 12
months. Moreover, most of the patients included in our study
evaluated a shorter sleep latency and better sleep efficiency
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(calculated as estimated total hours asleep/total hours in
bed). Subjective improvement in sleep quality was correlated
at 6 months with the alleviation of disturbed symptoms at
night (difficulty initiating and maintaining sleep, nocturia,
and tiredness in the morning) and at 12 months with
an overall improvement in sleep complaints and reduced
insomnia symptoms.

The effectiveness of LCIG infusion on sleep parameters and
quality of sleep may be explained by a more stable concentration
of levodopa obtained with the constant substance administration
even though the infusion was stopped during nighttime. There
are data suggesting that daytime LCIG may significantly improve
sleep quality, as assessed using the PDSS scale and Parkinson’s
disease questionnaire PDQ-8 (27). The improvement of motor
symptoms which appears to be steadier following continuous drug
administration than oral therapies can be reflected on sleep patterns
and might contribute to subjective improvements of complaints
related to sleep.

We are aware that the present study has several limitations.
The main limitation of this study is the lack of a control
group. This was a questionnaire-based study, and the sleep
disturbances identified in our patients were not assessed by
objective methods, such as polysomnography. Several parameters,
such as total sleep time, were self-estimated by the patients
(anamnestic and not measured by polysomnography). We did not
include the opinion or the evaluation of caregivers concerning
the sleep quality of the patients. Furthermore, this is an
unblinded open-label study. Considering the small sample size
of our study, larger trial studies addressing specifically the
effect of LCIG on sleep may be conducted. The power of
the study is low; thus, some no significant differences in our
study can become significant in a larger group. Several sleep
disturbances, such as RLS, sleep apnea, or RBD were not
evaluated specifically.

In conclusion, our findings suggest that sustained, long-
term improvements in sleep parameters and sleep quality
were obtained in patients undergoing LCIG infusion. In
busy clinical practice, when complex objective assessments
such as actigraphy or polysomnography are time-consuming
and/or expensive to use, scales and questionnaires might be
useful to monitor the effectiveness of medication on sleep.
One may consider using the PDSS-2 to follow up on sleep
LCIG
aspects of sleep, is brief, and is easy to administer. Sleep

disturbances under infusion as it assesses various
disturbances have an important impact on quality of life,
along with other motor and non-motor features associated
with advanced PD. In these complex cases, the concept of
personalized medicine should be applied. Our data support
the observation that proper management of the motor
symptoms with continuous levodopa delivery may also confer
better sleep and a better quality of life for this category of

PD patients.
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Introduction: Pain is one of the most frequent non-motor symptoms occurring
in patients with Parkinson'’s disease (PD). Traditionally, the Visual Analog Pain Scale
(VAS), Numerical Rating Scale (NRS), and Wong-Baker Faces Pain Rating Scale (FRS)
have been used for clinical pain assessment, but these assessments are subjective
at best. In contrast, PainVision® is a perceptual/pain analyzer that can quantitatively
evaluate pain as “pain intensity” based on “current perception threshold” and
“pain equivalent current.” We evaluated the current perception threshold in all PD
patients and pain intensity in PD patients with pain using PainVision®.

Methods: We recruited 48 patients with PD (PwPD) with pain and 52 PwPD without
pain. For patients with pain, we measured current perception threshold, pain
equivalent current, and pain intensity using PainVision®, in addition to evaluation
by VAS, NRS, and FRS. For patients without pain, only current perception threshold
was measured.

Results: There was no correlation with either VAS or FRS, whereas only weak
correlation was identified for NRS (y = —0.376) with pain intensity. Current
perception threshold was positively correlated with duration of the disease
(y = 0.347) and the Hoehn and Yahr stage (y = 0.259). As a quantitative evaluation
of pain, pain intensity by PainVision® does not correlate with conventional
subjective pain assessments.

Discussion: This new quantitative evaluation method of pain may be suitable as an
evaluation tool for future intervention research. Current perception threshold in
PwPD was related to the duration and severity of the disease and may be involved
in peripheral neuropathy associated with PD.

Parkinson's disease, pain, PainVision®, perception threshold, pain intensity

1. Introduction

Pain is one of the most salient non-motor symptoms that afflicts patients with Parkinson’s
disease (PwPD), and its frequency varies from 40 to 85%, depending on the report (1-3). Pain
can occur at any stage of the disease, from early PD to advanced stages, and some pain is known
to precede motor symptoms (4). As the disease progresses, the frequency of pain complications
increases due to a variety of factors, including pain associated with motor fluctuation, dyskinesia,
dystonia, and postural abnormalities. As it is a subjective sensation, pain has traditionally been
considered difficult to quantify. The Visual Analog Pain Scale (VAS) is the most used,
conventional pain assessment tool (5) because of its simplicity and ease of use. However, concern
has been raised for its use as it is a subjective assessment tool that relies on patient reporting,
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and these results can easily be swayed by personal experience and
psychological factors. In response to this challenge, Shimazu et al. (6)
developed an objective method of pain evaluation called PainVision®,
which is a perceptual/pain analyzer that quantitatively evaluates pain
as “pain intensity” based on “current perception threshold” and “pain
equivalent current.” PainVision® has contributed to a more objective
evaluation of pain regardless of the disease; however, to our
knowledge, there are no reports of pain in PD that have been assessed
using PainVision®. Thus, we closely examined pain in PwPD by
quantifying PD pain with PainVision® in addition to using
conventional tools of pain assessment.

2. Materials and methods

This study was conducted as a single-center, cross-sectional study.
We assessed 111 sequential PwPD (57 patients with pain and 54
patients without pain), who received treatment at the Department of
Neurology, Fukuoka University Hospital from October 2020 to March
2022. Patients with a definite cause of pain other than PD, such as pain
due to arthritis or malignancy, were excluded. All patients were
examined by a movement disorder specialist and clinically diagnosed
with established PD or probable PD according to the International
Parkinson and Movement Disorder Society (MDS) diagnostic criteria
(7). Eligible patients were over 20years old, who understood the
purpose and methods of the study, and gave written consent.
Exclusion criteria were as follows: (1) patients who could not give
consent; (2) patients with severe dementia or psychiatric symptoms
that could interfere with the assessment; and (3) patients with
electronic devices such as pacemakers or implantable cardioverter
defibrillators in their bodies. This study was approved by the Ethical
Review Board of Fukuoka University (U20-08-009). Demographic
and background information such as age, sex, age at disease onset,
duration of disease, wearing off phenomenon, dyskinesia, and
hallucinations were extracted from the patient medical records.
Levodopa-equivalent daily dose (LEDD) was calculated from the
medications according to the standard assessments (8). Motor
symptoms were evaluated by a movement disorder specialist using the
Hoehn and Yahr (HY) stage (9) and the Movement Disorder Society
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) part III (10).
Cognitive function was assessed with the Japanese version of the
Montreal Cognitive Assessment (MoCA) (11, 12) and the Mini Mental
State Examination (MMSE). The permission of using MoCA was
obtained. Depression was assessed using Zung’s Self-Rating
Depression Scale (SDS) (13). The 9-symptom Wearing-off
Questionnaire (WOQ-9) (14,
phenomenon of wearing off. In this study, patients were considered to

15) was used to evaluate the

have “wearing off” if they had two or more symptoms positive on the
WOQ-9 item and if they improved with dopaminergic therapy.
Patients’ quality of life was assessed using the PDQ-8 (16), and their
total score (PDQ-8 SUM) and summary index (PDQ-8 SI) were
calculated (17). Patients’ clinical subtypes were classified into tremor
dominant (TD) subtype, postural instability/gait difficulty (PIGD)
subtype, and indeterminate type based on TD scores and PIGD scores
of the MDS-UPDRS (18). Pain in PD was qualitatively assessed using
the King’s Parkinson’s Disease Pain Scale (KPPS) (19). The types of
pain were classified as follows: 1, Musculoskeletal pain; 2, Chronic
pain; 3, Fluctuation-related pain; 4, Nocturnal pain; 5, Oro-facial pain;
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6, Discoloration, edema/swelling; and 7, Radicular pain (19). Pain was
assessed using the VAS (5), Numerical Rating Scale (NRS) (20), and
Wong-Baker Faces Pain Rating Scale (FRS) (21). In addition,
we assessed current perception threshold, pain equivalent current, and
pain intensity using PainVision®. For patients without pain, only
current perception thresholds were assessed. We performed these
evaluations during a patient’s on state.

2.1. Scales

« KPPS: This is a scale for evaluating pain specific to PD patients.
The KPPS classifies pain into seven domains. In response to the
14 questions, an evaluator will quantify and describe the severity
and frequency of the symptom. The score for each item is
obtained by multiplying the severity (0-3) by the frequency
(0-4). The maximum score is 144, with higher scores indicating
more pain (19).

 VAS: This is a scale for evaluating pain numerically. Participants
can indicate the degree of pain by marking on a 100 mm line
segment ranging from 0 mm of “no pain” to 100 mm of “greatest
pain imaginable” (5).

« NRS: This is a scale for evaluating pain numerically. This scale is
a 11,21, or 101 point scale where the end points are the extremes
of no pain and the worst pain. Participants point to their current
level of pain in numerical terms. The NRS can be graphically or
verbally delivered (20). In this study, the NRS was graphically
delivered ranging from 0 of “no pain” to 10 of “greatest
pain imaginable”

« FRS: This is a scale for evaluating pain according to a person’s
facial expressions. The illustrations of faces are lined up ranging
from happy face to crying face. Patients are asked to select an
illustration of a facial expression that is similar to their own
feelings (21). In this study, we used the scale which shows a series
of faces ranging from 0 of “no hurt” to 10 of “hurts worst”

2.2. PainVision®

PainVision® (PS-2100; Nipro Co., Osaka, Japan) is a medical
device that can quantify and objectively evaluate degrees of pain. The
degree of pain is replaced by a different sensation of current
stimulation, which is measured as a current value. This test inflicts low
levels of pain because it stimulates a portion of the Ap and AS fibers
in the sensory nerves, and less of the C fibers. A disposable electrode
EL-BAND is attached to the medial forearm opposite to the dominant
hand, and current is applied to the electrode to measure “current
perception threshold” and “pain equivalent current” (Figure 1). To
measure the current perception threshold, a weak current with a basic
cycle of 50 HZ is applied to the electrode and gradually increased. The
current perception threshold is measured by pressing a hand switch
when the participant feels some stimulus at the electrode. The pain
equivalent current is measured by further increasing the current
stimulation and the pressing of a hand switch when the participant
feels that the degree of pain and the electrode stimulation are equal or
greater than the current stimulation. The current perception threshold
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TABLE 1 Baseline clinical characteristics of Parkinson’s disease patients
with pain and those without pain.

Sex, male (n) 45 (45%) 26 (50%) 19 (39.6%) 0.296
Age (years) 68.0+10.53 68.85+10.71 67.08+10.35 0472
Age at onset
59.93+10.86 | 61.79+11.28 57.92£10.12 0.74
(years)
Duration
7.95+5.12 6.87+4.44 9.13£5.57 0.038
(years)
LEDD (mg) 567.7+354.57 | 454.29+273.99 = 690.57+392.06  0.001
HY stage 2.57+0.85 2.37£0.81 2.79+0.85 0.015
UPDRS part
- 25531236 | 25351435 25.73£9.92 0.567
FIGURE 1 _ _ TD subtype 37 37%) 28 (53.8%) 9 (18.8%) <0.001
A disposable electrode is attached to the medial forearm, and
current is applied to the electrode. The participant presses hand PIGD subtype 56 (56%) 22 (42.3%) 34 (70.8%) 0.004
switch to measure “current perception threshold” and “pain Indeterminat
. " ndeterminate
equivalent current. 6 (6%) 2 (3.8%) 4(8.3%) 0.301
type
SDS 42.81+9.25 41.62+8.58 44.1£9.85 0.198
) ) i MMSE 28.2+3.36 28.37£4.07 28.02+2.39 0.613
and the pain equivalent current are each measured three times, and
. . MoCA 24.1+4.69 24.08+4.62 24.15+4.8 0.895
the average value is extracted. Although there were no rules regarding ©
i Wearing off
measurement error, the current perception threshold was defined as g 47 (47%) 22 (423%) 25 (52.1%) 0328
a value that fell within 1% of the mean value and the pain equivalent (m)
current as a value that fell within +20% of the mean value in the three Dyskinesia (1) 30 (30%) 11 (21.2%) 19 (39.6%) 0.045
measurements. The mean values of the current perception threshold -
Hallucination
and the pain equivalent current were used to measure the pain - 24 (24%) 11 (21.2%) 13 (27.1%) 0.488
intensity=(pain  equivalent  current—current  perception
. PDQ-8 SI 19.62£1523  17.36+13.41 22.07£16.79 0.162
threshold) x 100/current perception threshold (6).
PDQ-8 SUM 6.28+4.87 5.56+4.29 7.06+5.37 0.175
CPT 11.39+4.92 10.41+3.67 12.44+5.84 0.092

2.3. Statistics

Age, age at onset, duration of disease, LEDD, HY stage, UPDRS
part III, SDS, MMSE, MoCA, PDQ8-SUM, PDQ-8-SI, and current
perception threshold were analyzed by Mann-Whitney U test between
PwPD with pain and without pain. Sex, subtype (TD, PIGD,
Indeterminate type), wearing off phenomenon, dyskinesia, and
hallucinations between the two groups were analyzed by chi-square
test. Correlation coefficients between pain intensity and duration of
disease, VAS, NRS, and FRS were analyzed using Pearson’s correlation
coefficient. The correlations between current perception threshold and
age of onset, duration of disease, LEDD, HY stage, and UPDRS Part
III were analyzed using partial correlation coefficients after controlling
for age. All value of ps <0.05 were considered statistically significant.
Data were analyzed by SPSS v.26 (SPSS Inc., Chicago, IL,
United States).

3. Results

Eleven patients (nine with pain and two without pain) were
excluded because seven of these patients had large measurement
errors in current perception thresholds or pain equivalent current as
measured by PainVision®, and four other patients had a definite cause
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All data are presented as mean + standard deviation or 1 (%). LEDD, Levodopa equivalent
daily dose; HY, Hoehn and Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; TD,
tremor dominant; PIGD, postural instability/gait difficulty; SDS, Self-Rating Depression
Scale; MMSE, Mini-Mental State Examination; MoCA, The Montreal Cognitive Assessment;
PDQ-8 SI, The Parkinson’s Disease Questionnaire-8 Summary Index; PDQ-8 SUM, The
Parkinson’s Disease Questionnaire-8 Sum Score; CPT, current perception threshold.

of pain other than PD. Table 1 shows the clinical characteristics of the
patients and comparison between PwPD with pain and without pain.
The participants were 48 patients with pain and 52 patients without
pain. There were 45 males and 55 females, mean age 68.0+£10.53 y,
mean disease duration 7.95+5.12 y, mean HY stage 2.57 £0.85, and
mean UPDRS Part III 25.53+12.36. Compared to PwPD without
pain, PWPD with pain showed significantly longer disease duration
(p=0.038), higher LEDD (p=0.001), higher HY stage (p=0.015),
more PIGD subtypes (p=0.004), and higher dyskinesia complications
(p=0.045). Table 2 shows details of the background of patients’ with
pain. The mean duration of pain was 7.46+8.91 y, and the use of
analgesics was 39.6%. The majority of patients (75%) had
musculoskeletal pain, and 37.5% had two or more types of pain.
Table 3 shows correlation analysis of pain intensity and other factors.
Correlation between VAS and FRS was non-significant and weak
correlation was identified for NRS (y=—0.376) with “pain intensity”
evaluated by PainVision® (Figure 2). Table 4 shows correlation
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analysis between VAS and other factors. Strong positive correlations
were found between VAS and NRS (y=0.758) and FRS (y=0.658).
Table 5 shows partial correlation coeflicient between current
perception threshold and other variables after controlling for age.
There was a weak negative correlation between current perception
threshold and age at onset (y=—0.308), and weak positive correlations
with duration of disease (y=0.347) and HY stage (y=-0.259;
Figure 3). No correlation was found between current perception
threshold and pain intensity.

4. Discussion

Taking a different approach from traditional pain assessment
tools, PainVision® provides a quantitative assessment of sensory
thresholds and existing pain regardless of disease. It quantifies pain as
“pain intensity” based on “current perception threshold” and “pain
equivalent current” Objective pain assessment became possible by

TABLE 2 Pain evaluations in Parkinson's disease patients with pain
(n=48).

Duration of pain (years) 7.46+8.91

Use of analgesics 19 (39.6%)

Pain assessment by various scales

VAS (mm) 38.31+20.17
NRS 4.19+1.83
FRS 4.58+1.75
Pain assessment by Pain Vision®

CPT (uA) 1244 +5.84
PEC (uA) 32.76+24.16

Pain intensity 180.9+191.18

KPPS domains

Musculoskeletal pain 36 (75%)

Chronic pain 10 (20.8%)

Fluctuation-related pain 13 (27.1%)

Nocturnal pain 2 (4.2%)
Oro-facial pain 0 (0%)

Discoloration, edema/swelling 3(6.3%)
Radicular pain 6 (12.5%)

Patients with more than one type of pain 18 (37.5%)

All data are presented as mean (standard deviation) or 1 (%). VAS, Visual Analog Scale;
NRS, Numerical Rating Scale; FRS, Wong-Baker Faces Pain Rating Scale; CPT, current
perception threshold; PEC, pain equivalent current.

10.3389/fneur.2023.1130986

quantifying the degree of pain as “pain intensity” In this study,
we measured “pain intensity” by using PainVision® in PwPD with
pain and found no significant correlation with conventional subjective
assessments of pain such as VAS and FRS; furthermore, there was only
a weak positive correlation (y=0.376) with NRS.

Because the VAS is a subjective assessment based on past
personal experience of pain, it varies widely among individuals
(22). By contrast, “pain intensity” by PainVision® is an objective
evaluation tool because it is less susceptible to psychological factors
(23, 24). Most PwPD experience neuropsychiatric symptoms such
as depression, anxiety, sleep disturbances, psychiatric symptoms,
and behavioral and cognitive changes (25). In fact, it has been
reported that 35% of PD patients have clinically significant
depressive symptoms (26). The VAS assessment of pain may fail to
capture the accurate level of pain in PwPD, especially when they are
psychologically influenced. Although scales of subjective pain
assessment such as VAS, are still important for evaluating patients’
should
be incorporated at the same time as it can provide important

pain, objective assessment by PainVision® also
background information that can impact the outcome of therapeutic
intervention. Perceived pain is a mixture of subjectivity and
objectivity, and patients’ subjective assessments of pain are thought
to be affected by their current mental status. However, PainVision®
may be more objectively weighted.

Another advantage of PainVision® is its ease of use; PainVision®
can be performed in a short period of time, is minimally invasive
to the patient, and has a simple examination procedure. Even
PwPD, many of whom are elderly, can operate it simply by pressing
a hand switch after detecting the current and the current
corresponding to the pain. This study was the first to use
PainVision® for PD pain assessment, and we experienced no
technical difficulties. This device has been used to assess persistent
chronic pain, such as low back pain (27), chemotherapy-induced
peripheral neuropathy (28), and pain in herpes zoster (24).
Furthermore, it has been used in studies of treatment-related pain,
such as evaluating the postoperative pain from single-site
laparoscopic colectomy (29) and evaluating the effect of plexus
brachialis block on postoperative pain after arthroscopic rotator
cuff repair (30). Correlations between “pain intensity” by
PainVision® and VAS have been reported in evaluations of various
types of chronic pain (31), venous chemotherapy-induced vascular
pain (32), and chemotherapy-induced peripheral neuropathy (33).
On the other hand, contrary to the results of our study, some studies
have shown no correlation between “pain intensity” and VAS (24,
34). In a study that assessed low back pain using the VAS, the
McGill Pain Questionnaire (MPQ), and PainVision®, the values
measured by PainVision® showed consistent results even after
repeated calculations and good correlation with MPQ, but no

TABLE 3 Pearson product—moment correlation coefficient between pain intensity and other variables.

Pain intensity Duration HY stage UPDRS Part

VS. ]

y —0.196 -0277 -0.177 —0.136 0.152 0.376 0.281
Value of p 0.182 0.057 0.228 0358 0.303 0.008 0.053

HY, Hoehn and Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; SDS, Self-Rating Depression Scale; VAS, Visual Analog Scale; NRS, Numerical Rating Scale; FRS, Wong-Baker Faces

Pain Rating Scale.
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FIGURE 2
intensity versus FRS. VAS, Visual Analog Scale; NRS, Numerical Rating Scale; FRS, Wong-Baker Faces Pain Rating Scale.

TABLE 4 Pearson product—moment correlation coefficient between
visual analog scale and other variables.

VAS Duration HY  UPDRS SDS NRS FRS
VS. stage Partlll

y 0.225 0.245 0.225 —0.078 = 0758 | 0.658 ‘
Value 0.125 0.093 0.124 0599 <0.001 | <0.001
of p

HY, Hoehn and Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; SDS, Self-Rating
Depression Scale; VAS, Visual Analog Scale; NRS, Numerical Rating Scale; FRS, Wong-Baker
Faces Pain Rating Scale.

correlation with VAS (34). It is interesting to note that the
correlation between PainVision® and subjective pain assessment
varies based on the disease.

In this study, partial correlation coefficient after controlling for
age showed that current perception threshold had a negative
correlation with age at onset, and a positive correlation with
duration of disease and HY stage. Current perception thresholds in
normal participants are higher in men than in women and increase
with age (35). Elevated current perception thresholds are suggestive
of sensory neuropathy. Sato et al. (36) and Hiramatsu et al. (37)
report that current perception thresholds in diabetic patients are
higher than in non-diabetic patients and are useful for detecting
minor neuropathy without obvious neurological findings. Goda
et al. (38) report that the current perception threshold of
hemodialysis patients is higher than that of healthy participants.
This study also suggests that the presence of minor peripheral
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neuropathy in PD may be detectable. The cause of peripheral
neuropathy in PD is known to be associated with abnormalities in
vitamin B12, methylmalonic acid, and fasting homocysteine, so the
metabolic effects of long-term exposure to levodopa may cause
peripheral neuropathy (39, 40). It is also reported that small fiber
density is decreased in PD and that there is a-synuclein deposition
in peripheral nerves on skin biopsy (41). PwPD with peripheral
neuropathy are associated with suffering from non-motor
symptoms such as cognitive decline, axial motor symptoms, and
autonomic symptoms (42), suggesting that peripheral neuropathy
develops with PD progression.

In this study, we compared PD patients with and without
pain. The group with pain had significantly longer disease
duration, higher LEDD, higher HY stage, more PIGD subtype,
and a higher rate of dyskinesia complications as background
factors. Previous studies report an association between pain in
PD and duration of disease (43, 44) and that higher HY stage or
higher disease severity is associated with pain severity (45, 46),
which is consistent with the results of this study. Regarding
dyskinesia and pain, a functional magnetic resonance imaging
study showed that dyskinetic PWPD experience increased pain
sensitivity and centrally sensitized nociceptive pathways (47). It
is speculated that altered pain sensitivity may increase the
frequency of pain complications in patients with dyskinesia.
Regarding PD subtypes and pain, there is a report that pain is
associated with the PIGD subtype because it involves more
advanced dopaminergic striatal denervation, and dopamine
deficiency causes hyperalgesia (48).
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TABLE 5 Partial correlation coefficient between current perception threshold and other variables after controlling for age.

Age at onset Duration HY stage UPDRS Part Il Pain intensity
y —0.308 0.347 0.171 0259 0.152 -0.135 ‘
Value of p <0.002 <0.001 0.090 0.010 0.133 0.367 ‘

CPT, current perception threshold; LEDD, levodopa equivalent daily dose; HY, Hoehn and Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale.
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FIGURE 3
Correlation between CPT and patients’ characteristics. (1) CPT versus age at onset. (2) CPT versus duration. (3) CPT versus HY stage. CPT, current
perception threshold; HY, Hoehn and Yahr.

The first limitation of this study is that it was a single-center, Data availa blllty statement
small-scale study. More patients need to be evaluated with
PainVision®. Second, the degree of pain was not compared to The original contributions presented in the study are included in
other assessment methods such as the McGill Pain Questionnaire.  the article/supplementary material, further inquiries can be directed
Third, though pain in PD is heterogeneous and classified into  to the corresponding author/s.
seven classifications of the KPPS, individual analysis of pain was
not performed in this study. Most previous reports of Pain Ethics statement
Vision® show that it can measure the degree of nociceptive or
neuropathic pain. However, pain in PD has a wide variety of The studies involving human participants were reviewed and
causes, including a lowered pain threshold to nociceptive stimuli ~ approved by Ethical Review Board of Fukuoka University (U20-08-
and activation of ascending pain pathways (49), and reduced  009). The patients/participants provided their written informed
descending pain inhibition (50), which lead to difficult aspects  consent to participate in this study.
in the interpretation of measurements. Therefore, the type of pain
that is most useful for evaluation by PainVision® should
be considered in the future. Author contributions

Despite the above mentioned limitations, we believe
PainVision®, which enables objective evaluation that is less KK: methodology, statistical analysis, investigation, and writing
susceptible to psychological influences, is a useful tool for the - original draft. TM and SF: review and editing. Y'T: conceptualization,
evaluation of pain in PwPD. However, as pain in PD is complex,  formal analysis, and supervision. All authors contributed to the article
further study is warranted. and approved the submitted version.
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Parkinson’s disease (PD) is a complex progressive neurodegenerative disease
associated with aging. Its main pathological feature is the degeneration and
loss of dopaminergic neurons related to the misfolding and aggregation of
a-synuclein. The pathogenesis of PD has not yet been fully elucidated, and its
occurrence and development process are closely related to the microbiota-
gut-brain axis. Dysregulation of intestinal microbiota may promote the damage
of the intestinal epithelial barrier, intestinal inflammation, and the upward
diffusion of phosphorylated a-synuclein from the enteric nervous system
(ENS) to the brain in susceptible individuals and further lead to gastrointestinal
dysfunction, neuroinflammation, and neurodegeneration of the central nervous
system (CNS) through the disordered microbiota-gut-brain axis. The present
review aimed to summarize recent advancements in studies focusing on the
role of the microbiota-gut-brain axis in the pathogenesis of PD, especially the
mechanism of intestinal microbiome dysregulation, intestinal inflammation, and
gastrointestinal dysfunction in PD. Maintaining or restoring homeostasis in the gut
microenvironment by targeting the gut microbiome may provide future direction
for the development of new biomarkers for early diagnosis of PD and therapeutic
strategies to slow disease progression.

Parkinson'’s disease, microbiota-gut-brain axis, intestinal microbiome dysregulation,
inflammation, gastrointestinal dysfunction

1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disease associated with aging
(1), and its prodromal stage may be longer than 20 years. The prodromal stage is characterized
by specific non-motor symptoms, including rapid eye movement sleep behavior disorder
(RBD), autonomic nerve dysfunction, and cognitive disorders (1, 2). The main pathological
feature of PD is the progressive loss of dopaminergic neuron (DN), which is related to the
misfolding and aggregation of a-synuclein (1-3). However, a-synuclein could be detected in
both central nervous system (CNS) and enteric nervous system (ENS). Studies on animal
models of PD indicate that abnormal a-synuclein may spread to the CNS in a prion-like
manner through the vagus (4, 5). In the pathogenesis and development of PD, the intestinal
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microbiome affects the close two-way communication between the
gastrointestinal tract and the brain, which is called the microbiota-
gut-brain axis (Figure 1). PD patients have significant intestinal
microbiome disorders and metabolite changes, which may promote
the damage of the intestinal epithelial barrier, intestinal inflammation,
and abnormal phosphorylation of a-synuclein to spread upward from
the ENS to the brain in individuals with genetic susceptibility and
further lead to gastrointestinal dysfunction, neuroinflammation, and
neurodegeneration of CNS through the disordered microbiota-gut-
brain axis (6, 7). Currently, no treatment can cure or effectively
prevent the progression of PD. Although dopamine replacement
therapy helps to improve the initial motor symptoms, it cannot
inhibit dopaminergic neurodegeneration and is associated with
motor complications (8, 9). Meanwhile, oral administration of
levodopa and other PD-related drugs requires the optimal
gastrointestinal function to determine the ideal drug metabolism.
However, gastrointestinal dysfunction and intestinal microbiome
disorders in PD patients will interfere with the absorption and
utilization of drugs (10-15), while some therapeutic agents (such as
dopamine agonists) may directly affect the gut microbiome and
aggravate gastrointestinal dysfunction (16-18). Therefore, there is an
urgent need to better determine the pathobiological mechanism of
the highly complex bidirectional association of the microbiota-gut-
brain axis in PD. Hence, in this review, we aimed to summarize recent

10.3389/fneur.2023.1185375

advancements in studies focusing on the role of the microbiota-gut-
brain axis in the pathogenesis of PD, especially the potential
mechanism of intestinal microbiome dysregulation, intestinal
inflammation, and gastrointestinal dysfunction in PD. In order to
reveal new insights into the etiology and pathophysiology of PD, a
new strategy is provided for the early diagnosis and treatment of PD
from the perspective of the intestinal tract by targeting the
gut microbiome.

2. The body-first and brain-first PD

Since Braak et al. discovered that pathological a-synuclein
aggregated in the ENS may spread retrogradely to the brain through
the vagus (19), a series of studies have shown that there is an
important two-way interaction between the gut and the brain (20,
21). PD is assumed to exist in two subtypes: The brain-first PD, in
which a-synuclein pathology spreads from the CNS affects the
autonomic nervous system, and body-first PD, in which a-synuclein
pathology originates from the intestinal or peripheral autonomic
nervous system and then spreads to the CNS through vagus and
sympathetic connections (22, 23). Compared to normal subjects,
a-synuclein was found in the stomach and vagus of PD subjects (24).
Human epidemiological data showed that complete truncal vagotomy
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the brain through the vagus nerve in susceptible individuals and further lead to gastrointestinal dysfunction, neuroinflammation, and
neurodegeneration of the central nervous system (CNS) through the disordered microbiota-gut-brain axis.
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could reduce the risk of secondary PD and delay the age of PD onset
(25), indicating that a-synuclein is not only deposited in the
substantia nigra but also in the gastrointestinal tract and the vagus.
Animal studies have shown that a-synuclein aggregates can spread
from the gastrointestinal tract to the brain through the autonomic
nervous system. By injecting pathological a-synuclein into the
duodenum and the pyloric muscle layer of mice (26) or the duodenal
wall of rats (20), initial retrograde multi-synaptic propagation of
pathological a-synuclein along with the loss of DN, motor and
non-motor symptoms. However, trunk vagotomy and loss of
a-synuclein could prevent the transmission of a-synuclein from the
gut to the brain and the associated neurodegeneration and behavioral
defects (26). Arotcarena et al. found that in non-human primate
models, enteral injection or striatal injection of a-synuclein from PD
patients can induce striatal injury and pathological manifestations of
the ENS (21).

RBD is the strongest prodromal marker of PD, and clinical and
imaging evidence suggests that RBD can be used as a clinical marker
to distinguish body-first PD (RBD positive) from brain-first PD (RBD
negative) (27, 28). The PET tracer 11C-Donepezil was used clinically
to evaluate parasympathetic enteric innervation, and it was found that
patients with RBD had reduced uptake of 11C-donepezil in the colon
and small intestine (29), indicating that the body-first PD patients
showed autonomic nerve innervation loss in the prodromal stage. This
was verified in 37 newly diagnosed PD patients, using a multi-modal
imaging case—control PET study which found that the 11C-donepezil
intake of the colon in body-first type was significantly lower than that
in the brain-first type (30). Cardiac 1231-MIBG imaging can effectively
assess whether sympathetic dysfunction is present, and the study
found that 92% of RBD patients show pathological 123I-MIBG
imaging (27), and body-first PD patients show significantly a lower
cardiac 123I-MIBG signal due to sympathetic dysfunction (30). The
above imaging evidence supports the existence of brain-first and
body-first subtypes of PD. In addition, colonic dysfunction can
be quantified objectively by total colonic volume and colonic transit
time (CTT). Studies have found that compared with healthy control
groups, PD patients usually have significantly prolonged CTT and
larger total colon volume (30, 31), among which total colon volume
and CTT increase more significantly in patients with body-first
PD (27).

Both clinical studies and animal model evidence (19-32) indicate
that the dysfunctional autonomic nervous system (such as vagus) may
be the pathway of pathological transmission of a-synuclein in PD
between ENS and CNS, which is consistent with the body-first and
brain-first hypothesis mechanism of PD.

3. Microbiota—gut—brain axis and
!ntSE)tlnal microbiome dysregulation
in

The gut microbiota is the densest microbiome in the human body,
composed of bacteria, viruses, protozoa, fungi, etc., and communicates
bidirectional with the brain through the microbiota gut-brain axis,
thus
inflammatory response, and nervous system function of the host (33,

significantly affecting the intestinal barrier function,

34). The structure and function of the intestinal microbiome are
constantly undergoing dynamic changes, which will be significantly
affected by genetic factors and environmental factors (infection,
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medication, food, etc.), and the abnormal quantity or quality is called
intestinal microbiota disorder (35). The dysregulation of intestinal
microbiome in PD patients leads to increased exposure to various
pro-inflammatory and neurotoxic microorganisms, and the changes
in the entire intestinal microbiome are shown as a decreased level of
short-chain fatty acids (SCFAs) and increased lipopolysaccharide
(LPS) (36-38). In addition, intestinal microbiota can produce
functional amyloid protein, namely, microbial amyloid protein, which
can not only promote intestinal and systemic inflammation but also
accelerate the aggregation of a-synuclein in the intestinal nerve plexus
and spreads to the CNS through a transsynaptic cell-to-cell
transmission (39). The above mechanisms may cause neuronal
damage or promote susceptibility to neuronal damage, thus affecting
the occurrence and development of PD (40).

3.1. Changes of major intestinal microbiota
in PD and their correlation with clinical
characteristics

The composition and function of intestinal microbiota are closely
related to clinical characteristics of PD, including clinical symptoms,
disease progression, and severity (41, 42). The high-throughput
sequencing studies found that intestinal microbiome changes in PD
patients persisted in follow-up sampling 2 years later (43), and the
most significant changes were the decrease of the bacterial group
producing SCFAs (with anti-inflammatory effects) and the increase of
the bacterial group producing LPS (with pro-inflammatory properties)
(44). With the development of PD, the abundance of Faecalibacterium,
Roseburia, Prevotella, Lachnospiraceae family and their key member
Butyrivibrio decrease significantly, while the abundance of
Megasphaera, Akkermansia, and Verrucomicrobia as well as
Lactobacillaceae continued to increase in PD patients (45-47). Among
them, Roseburia decomposed carbohydrates to produce SCFAs, which
can protect the gut from pathogens. The decreased abundance of
Roseburia affects the host’s ability to repair epithelial cells and regulate
inflammation and is associated with the deterioration of cognitive
function. Prevotella decomposes proteins and carbohydrates to
produce SCFAs, the abundance of which is negatively correlated with
disease severity. Its abundance is significantly decreased in rapidly
progressing PD patients and is associated with the deterioration of
cognitive function (48). Butyrivibrio abundance decline is correlated
with poor motor function and motor complications (49). The
accumulation of Akkermansia promotes intestinal mucous barrier
damage and intestinal inflammation, leading to abnormal aggregation
of a-synuclein in the intestine, and eventually leads to higher
endotoxemia and systemic inflammation to promote the progress of
neuropathology (46). Increased abundance of Megasphaera is
associated with poor motor and cognitive function (50). At the same
time, changes in the composition of intestinal microbiota can affect
neurodegeneration through inflammatory response, the abundance of
Bacteroides is correlated with the level of plasma TNF-a and the
severity of motor symptoms (51). In addition, reduced abundance of
the major producers of butyrate (including the genera Roseburia,
Romboutsia, and Prevotella) was associated not only with worsening
cognitive function but also with the severity of depressive symptoms
in PD patients (52) (Table 1).

At present, there is heterogeneity in the results of studies on the
changes in intestinal microbiota in PD, which may be due to
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TABLE 1 Summary of altered intestinal microbiota in PD and their correlation with clinical symptoms.

Bacteria Abundance Function Motor Symptom Non-motor Symptom References
Roseburia | Produce SCFAs - Be associated with the deterioration of | Mao et al. (48);
cognitive function; Xie et al. (52)
Be associated with depressive
symptom
Prevotella | Produce SCFAs - Be associated with the deterioration of | Mao et al. (48);
cognitive function; Xie et al. (52)
Be associated with depressive
symptom
Butyrivibrio l Produce butyrate Be correlated with poor motor Toh et al. (49)
function and motor complication
Romboutsia | Produce butyrate - Be associated with worsening Xie et al. (52)
cognitive function and depressive
symptom
Akkermansia 1 Degrade intestinal | - Promote gastrointestinal dysfunction Nishiwaki et al. (46);
mucin Cirstea et al. (121)
Megasphaera 1 Be associated with poor motor Be associated with poor cognitive Vascellari et al. (50)
function function
Bacteroides 1 - Be correlated with severity of - Linetal. (51)
motor symptom

| refers to decreased abundance and 1 refers to increased abundance.

differences in research methods, disease status, and population as well
as confounding factors (49). In order to elucidate the significance of
changes in gut microbiome in PD and assess its potential as biomarkers
for risk, diagnosis, treatment, and prognosis of PD, future large-scale
clinical studies could employ a cross-comparative multi-omics
approach combined with clear patient criteria (including geographic
regions, ethnicity, disease stage, and detailed phenotypes and
genotyping) to provide a comprehensive understanding of how the gut
microbiome and its metabolites interact with the host and influence
the cause, symptoms, and progression of PD. At the same time, more
rigorous experimental design and more advanced detection methods
are needed to deeply analyze the dynamic evolution process of
intestinal microbiota in PD patients and animal models.

3.2. Changes in metabolites derived from
gut microbiome

Microbial metabolites can not only reflect the composition and
function of intestinal microbiota but also are closely related to the
progression of PD. Abnormal microbial metabolites are correlated
with the pathology of a-synuclein and the activation of microglia
cells, which can promote the neurodegeneration and movement
disorders of PD animal models (53). Among them, SCFAs are the
main metabolite of dietary fiber fermentation by intestinal microflora
(including acetic acid, propionic acid, and butyric acid.), which plays
a key role in maintaining the integrity of the colon epithelium,
regulating immune response and intestinal permeability, as well as
affecting brain function (54). The case—control study confirmed that
the fecal microbiome and metabolome composition of PD patients
were significantly different from that of the control group, and the
fecal SCFAs level and the bacteria-producing level were both
decreased, but the plasma SCFAs level increased (55, 56), which is
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associated with impairment of the gut-blood barrier and may
be aggravated by constipation (57). Metagenomic functional analysis
confirmed differences in microbiome metabolism related to SCFAs
precursor metabolism in PD patients (48). Microbial metabolite
levels related to the relative abundance of the proinflammatory
intestinal microbes, in PD patients, and the abundance of
proinflammatory microorganisms such as Clostridiales bacterium
and Ruminococcus sp. is significantly correlated with the decrease of
SCFAs level in feces and the increase of SCFAs level in plasma,
especially propionic acid (58). SCFAs levels in feces and plasma of PD
patients are not only correlated to specific changes in intestinal
microbiome but also closely related to the clinical severity of PD (59).
Specifically, poor cognitive function of PD patients was significantly
correlated with low SCFAs level in feces (55), high butyric acid, and
valerate level in plasma (58). The poorer the motor function, the
lower the fecal SCFAs level, and the higher the plasma propionic acid
concentration (58), and the poor postural instability-gait disorder
score is associated with a low butyric acid level (55). Meanwhile,
elevated microbial metabolites in the plasma of PD patients include
indole derivatives, secondary bile acids, and hippuric acid (HA),
which act as signaling molecules that can cross the blood-brain
barrier to regulate inflammatory response and metabolic homeostasis.
Among them, the plasma HA level is correlated with PD disease
status (60). The elevated plasma levels of Trimethylamine N-oxide
derived from gut microbes through dietary components, including
L-carnitine and choline, are associated with disease severity and
progression of PD (61) (Table 2). In addition, preclinical studies have
found changes in intestinal microbiota and metabolites in various
animal models of PD, and restoring healthy intestinal microbiota can
effectively improve the damage of dopamine neurons in animal
models of PD. MPTP-induced mouse models with a reduced
abundance of Faecalicatena was accompanied by decreased
expression of propionic acid and striatal Tyrosine hydroxylase (TH)
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TABLE 2 Changes of microbial metabolites and their effects on PD.

Microbial metabolites  Function

Plasma level

10.3389/fneur.2023.1185375

Effect on PD References

and neuroinflammation

Short-chain fatty acids (SCFAs) Maintain the integrity of the colon 1 Be related to abundance of Tan et al. (55);
epithelium; proinflammatory intestinal microbes; | Nuzum et al. (56);
Regulate immune response and Be related to poor cognitive function; | Chen et al. (58);
intestinal permeability; Be related to poor motor function Wallen et al. (59);
Affect brain function

Hippuric acid Regulate the brain’s inflammatory 1 Be correlated with PD disease status Chen et al. (60)
response and metabolic
homeostasis

Trimethylamine N-oxide Promote a-synuclein aggregations 1 Be associated with disease severity Chen etal. (61)

and motor symptom progression

| refers to decreased plasma level and 1 refers to increased plasma level.

(62). A fasting-simulated diet increases favorable gut microbiome
and SCFAs in PD mice, thereby increasing brain-derived
neurotrophic factor (BDNF) levels and reducing neuroinflammation
(63). Osteocalcin can improve the dyskinesia and DN loss of PD mice
by increasing Bacteroidetes and the level of propionic acid (64).

The clinical correlation between intestinal microbes with their
metabolites and PD further supports intestinal microbes as new
biomarkers for early diagnosis of PD and potential targets for
treatment. Moreover, changes in intestinal microbiota composition
affect
metabolomics can be used to better understand the association

fecal metabolomics characteristics. Therefore, fecal
between intestinal microbiota and clinical features (including clinical

phenotype, disease status, and progression) in PD patients.

4. Genetic and environmental factors
contribute to the microbiota-gut-brain
axis disturbance

The interaction between genetic susceptibility and environmental
factors jointly promotes the occurrence and development of PD (65).
Studies have shown that >85% of PD cases occur in a sporadic manner,
and familial PD can be attributed to disease-causing gene mutations
associated with PARK sites, including Parkin, PINK1, and LRRK2.
Epidemiological data indicated that less than 50% of LRRK2 mutation
carriers eventually develop PD (66), suggesting that environmental
factors other than genetic mutations are needed to trigger
PD. Neuropathological studies have shown that a-synuclein can
spread from ENS to central DA, and age is the key factor for the spread
of a-synuclein. Inoculation of a-synuclein into the gastrointestinal
tract of elderly rats, a-synuclein transmits along enteric nerve (67) or
sympathetic and parasympathetic nerves (68) to the brain.
Mitochondria are key participants in inducing, promoting, or
aggravating the pathogenesis of PD (69). Mitochondrial damage is
involved in the inflammatory cascade (70, 71). Intestinal microbial
disorders in PD patients may lead to the progressive loss of DN
through mitochondrial dysfunction (72, 73).

The gastrointestinal tract is an important place of contact with the
environment, and environmental risk factors related to PD, including
infection, environmental pollutants, and pressure, can affect the
intestinal microbiome, which is the trigger for the occurrence and
development of PD in genetically susceptible hosts (74). A prospective
cohort study involving 228,485 individuals aged 50 and above found
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that gastrointestinal infection was associated with an increased risk of
PD, and the destruction of the gastrointestinal mucosa by bacterial
and viral pathogens could trigger the aggregation of a-synuclein in
intestinal neurons and initiate its retrograde transport to CNS (75).
Repeated infection of intestinal Citrobacter rodentium can damage DN
in PINK1~~ mice and lead to motor deficiency (76). Further studies
have revealed changes in intestinal microbiota over time, including
the increased abundance of Enterobacteriaceae and Verrucomicrobia
(77). The above studies have shown that differences in intestinal
microflora caused by gastrointestinal infection can trigger PD. After
long-term administration of rotenone, a-synuclein accumulation was
observed in the CNS and intestine of mice (78), and the development
of motor dysfunction depend on the presence of intestinal microbiota,
compared with sterile mice, the changes in intestinal microbiota
composition in conventionally fed mice were the same as those in
human PD patients, including increased Lactobacillaceae, and
decreased Lachnospiraceae (79). Chronic stress causes hypothalamic-
pituitary-adrenal dysfunction in PD mice, leading to intestinal barrier
dysfunction and decreased anti-inflammatory bacteria Lactobacillus
abundance (80). The ingestion of trichloroethylene in elderly rats
induces reduced abundance of Blautia that produced SCFAs (81).

The above research results indicated that the diversity and stability
of intestinal microbiota decrease with age can lead to an increased
genetic susceptibility to PD-related neurodegeneration, and
environmental factors are more likely to trigger the pathophysiological
process of PD microbe-gut-brain axis disorder.

5. Intestinal microbiome dysregulation
and intestinal inflammation

The dysbiosis of intestinal microbiota can lead to intestinal
inflammation, which can initiate the accumulation of misfolded
a-synuclein in ENS in the early stage, and activate microglia and
astrocytes through the microbiota-gut-brain axis upward pathway,
thus triggering and/or promoting CNS inflammation and
neurodegeneration. The above mechanism can have a synergistic
effect with genetic and environmental factors to jointly trigger and
promote the occurrence and development of PD (82, 83). Rota et al.
found that in a-synuclein transgenic mice, significant symptoms of
gastrointestinal dysfunction (such as constipation) precede CNS
neurodegeneration (84). Further studies showed that the aggregation
of a-synuclein in the colon of early PD mouse could trigger intestinal
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inflammation and induce impairment of the intestinal barrier,
accompanied by reduced production of SCFAs such as butyric acid
and propionic acid (85). Through the double-hit PD model, it was
found that intestinal inflammation and microbial dysbiosis could
promote mucosal barrier leakage, enhance intestinal inflammation in
mice, and accompany DN loss (86, 87).

As producers of Toll-like sensors (TLRs) ligands, the
dysregulation of intestinal microbiota causes damage to intestinal
epithelial cells through the activation of TLRs, then triggered the
downstream TLR4 signaling pathway, thus promoting the
inflammatory response in the gut and brain of PD patients (88).
Intestinal inflammation, neuroinflammation, intestinal dysfunction,
and neurodegeneration were significantly reduced in PD rodent
models with TLR4 knockout (89, 90). Some variants of the TLR4
genes are considered to be risk factors of inflammatory bowel disease
(IBD) and PD (91). Intestinal inflammation, a hallmark of IBD, plays
an important role in the occurrence and development of PD. Clinical
studies have indicated that clear genetic and pathophysiological links
between IBD and PD (92, 93), and IBD may moderately increase PD
risk (94). Both IBD and PD have intestinal inflammation, intestinal
barrier dysfunction, and intestinal microbiome dysbiosis (95).
Dysregulation of intestinal microbiome is closely associated with
chronic intestinal inflammation in IBD, IBD patients and PD patients
had the same intestinal microbiome characteristics, showing
pro-inflammatory microbiota profiles, with a lower microbial
a-diversity, and the abnormal expression of a-synuclein has been
found in both intestines and ENS of IBD patients (96, 97). Similar to
the PD, the abundance of bacteria-producing SCFAs like
Lachnospiraceae, Roseburia, Faecalibacterium, Ruminococcus and
Blautia in patients with IBD decreased significantly (98), gut
microbiota dysbiosis promotes the onset of IBD. Meanwhile, multiple
cohort studies (99-102) and two systematic reviews and meta-
analysis (103, 104) have found that irritable bowel syndrome (IBS) is
associated with a higher hazard of PD. IBS is a functional bowel
disorder characterized by recurrent abdominal pain and changes in
bowel habits (105, 106). It has been found that intestinal
inflammation, increased intestinal permeability and changes in
intestinal microbiome are involved in the pathogenesis of IBS, which
was similar to that of PD (107). A nested case—control study with 1.7
million participants suggested that IBS is associated with a higher risk
of PD and support the importance of the microbiota-gut-brain axis
in PD etiology (108). The above studies indicate that intestinal
microbiome dysregulation promotes intestinal inflammation, which
plays an important role in the pathogenesis of PD.

6. Intestinal microbiome dysregulation
and gastrointestinal dysfunction

Clinical and neuropathological evidence shows that the
neurodegeneration of PD is accompanied by gastrointestinal
dysfunction (109-112). A retrospective study involving 1.5 million
participants showed that the earliest estimated time of onset of PD
prodromal gastrointestinal dysfunction occurred decades before
motor symptoms (109). Heinzel et al. conducted a study on 666 elderly
people and found that intestinal microbiota composition was related
to PD precursor markers, and its changes would lead to changes in
clinical symptoms (110).
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6.1. Constipation

Constipation is the most common PD-related gastrointestinal
dysfunction, which is considered as reliable evidence of autonomic
nervous disorder in the PD prodromal stage (113). The severity of
constipation can predict the progress of motor symptoms and
cognitive impairment in PD patients and seriously affect their
quality of life (114). Lubomski et al. found that PD patients were
three times more likely to be constipated than healthy subjects (78.6
vs. 28.4%); age, stage, depression, anxiety, and autonomic
dysfunction all increased the risk of constipation in PD patients
(115); and the significantly reduced physical activity in PD patients
was correlated with the severity of constipation (116). With the
progression of the disease, the incidence of constipation in PD
patients increases, and more than 80% of PD patients (including
newly diagnosed PD patients) show prolonged CTT (117). At the
same time, chronic constipation leads to slower gastrointestinal
emptying, which can delay PD drug absorption (impaired
pharmacodynamics) and thus lead to deterioration of motor
function (118, 119). Clinical studies have proved that intestinal
microbial dysregulation is related to gastrointestinal dysfunction in
PD patients. According to the 16SrRNA gene sequence data of 324
participants, the effect of constipation on PD is as high as 76.56%
mediated by intestinal microbial changes (120), and intestinal
microflora dysbiosis plays an important role in PD-related
constipation mainly through the reduction of SCFAs producing
bacteria. Constipated PD patients show unique intestinal microbiota
characteristics, namely, decreased butyrate synthesis, increased
production of harmful amino acid metabolites, including an increase
in Akkermansia and Bifidobacterium while a decrease in
Faecalibacterium and Lachnospiraceae. Akkermansia was positively
correlated with chronic constipation and stool hardness, while
Faecalibacterium and bacteria-producing butyrate are negatively
correlated with stool hardness and constipation (121). The above
studies indicated that intestinal microbiota composition and
metabolic changes in PD patients are closely related to intestinal
function, and supplementation of probiotics containing SCFAs
producing bacteria or drugs promoting the growth of SCFAs-
producing bacteria which may have a potential application prospect
in the prevention and treatment of PD-related constipation.

6.2. Small intestinal bacterial overgrowth
(SIBO)

SIBO refers to a large amount of colonization of the small intestine
by bacteria present in the colon (122). A meta-analysis involving 973
participants showed an increased prevalence of SIBO in PD patients
(33-52%) and a strong association with motor complications (123).
SIBO-positive patients exhibit increased intestinal permeability,
bacterial translocation, promoting microglial cell activation and
abnormal accumulation of a-synuclein in intestinal neurons, as well as
affecting levodopa bioavailability due to peripheral inflammation or
partial metabolism of levodopa. Van et al. found that PD patients with
SIBO positive had a higher relative abundance of bacterial tyrosine
decarboxylase in the proximal small intestine (the site of levodopa
absorption), which reduces the level of levodopa in situ (10). Among the
bacteria species identified so far, Enterococcus faecalis rich in tyrosine
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decarboxylase can fully metabolize levodopa peripheral (11).
Meanwhile, PD treatment drugs may be an important confounder of
intestinal microbiome changes, and dopamine agonists can cause SIBO
in healthy rats, including an increase in Lactobacillus, and affect L-dopa
bioavailability (17). The above studies have shown a negative correlation
between bacteria with tyrosine decarboxylase activity and the level of
levodopa in the systemic circulation, and PD-related drugs essentially
have significant effects on disease-related complications, including
promoting gastrointestinal dysfunction, SIBO, and altering intestinal
microbiome composition (18). Therefore, specific bacterial species in
the small intestine such as Enterococcus faecalis, Lactobacillus species,
and tyrosine decarboxylase activity levels can be used as biomarkers to
monitor the efficacy of levodopa. Future studies need to consider the
effects of PD therapeutics and SIBO eradication on gastrointestinal
motor function and microbiome composition.

6.3. Helicobacter pylori (HP) infection

HP infection has been found to be associated with the
pathophysiology and increased risk of PD (124). Colonization of HP
in the gastrointestinal tract leads to the destruction of the blood-brain
barrier, neuroinflammation, and degradation of DN through direct
neurotoxic effects (neurotoxic factors directly damage cells), local
effects (chronic mucosal inflammation damages the gastrointestinal
barrier), and systemic immune responses (increased secretion of
pro-inflammatory cytokines). Meanwhile, HP induces the reduction
of gastric acid that leads to dysregulation of the gut microbiome,
contributing to the development of SIBO, as previously described,
which worsens the motor function of PD (125). The retrospective
cohort study found that compared with the control group (n=9,105),
the HP infection group (1n=9,105) had a significantly higher risk of
PD (126). Another case—control study found that HP-positive patients
had worse motor function (127). A meta-analysis of 13 studies showed
that HP infection was associated with more severe motor symptoms
and worse drug response in PD patients (12). Another meta-analysis
of 10 studies found that the eradication of HP could improve motor
retardation and myotonia in PD patients as well as improve the
therapeutic outcome of levodopa (13). Clinical observation suggested
that duodenal inflammation induced by HP infection is accompanied
by mucosal damage, which leads to poor drug response and motion
fluctuation in PD patients through impaired levodopa bioavailability
(14). The above studies emphasize that HP infection is involved in the
pathophysiological process of PD, which can not only worsen the
severity of the disease but also negatively affect the drug response of
patients. HP eradication may improve its bioavailability by reducing
HP-dependent levodopa consumption, thus improving motor control
(15). Considering the high clinical prevalence of HP infection, it may
be reasonable to screen people with a high risk of PD for
HP. Meanwhile, for PD patients with poor symptom control, HP
eradication may enhance the effect of levodopa, but whether HP
eradication affects the natural process or progression of PD remains
to be verified by further large-scale longitudinal studies and
randomized controlled trials.

The prodromal stage is a window of opportunity for better
understanding the pathogenesis of PD and early detection of the
disease. Gastrointestinal dysfunction is the most important non-motor
symptoms in PD patients (128). Currently, the management and
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treatment of PD-related gastrointestinal dysfunction are limited (129).
Studies have shown that not only levodopa and other therapeutic
drugs can directly affect the microbiome but also the intestinal
microbiome can interfere with the absorption and utilization of drugs.
Therefore, it is crucial to identify and treat PD-related gastrointestinal
dysfunction, and further studies are needed on the potential
interactions between intestinal microbiota and therapeutic drugs
used, so as to improve the bioavailability of drugs such as levodopa
and provide a basis for the development of new complementary
therapeutic strategies for PD at the intestinal level.

7. PD therapy: disease remission
strategies based on regulation of the
gut microbiome

Considering the role of the microbiota-gut-brain axis in the
occurrence and progression of PD, disease mitigation strategies based
on intestinal microbiome regulation deserve further research,
especially in the prevention and treatment of gastrointestinal
dysfunction and motor symptoms in PD. At present, preclinical and
clinical studies mainly focus on reducing the clinical symptoms of PD
or delaying the progression of the disease through probiotics,
prebiotics, and diet adjustment (130).

7.1. Food and diet pattern

Diet and nutrition are the main factors affecting the balance of
intestinal microbiota (131). Epidemiological reports showed that the
regulation of intestinal microbiota through food and diet pattern can
not only reduce the risk of PD (132) but also improve the symptoms
and quality of life of PD patients (133, 134). There is a strong
correlation between the age of PD onset and dietary habits, with
adherence to the Mediterranean diet that can reduce the probability
of precursor PD in the elderly (135). Adherence to the MIND diet is
closely associated with delayed onset of PD in women, with the
longest delay of 17.4years, and adherence to the Greek
Mediterranean diet is associated with delayed onset of PD in men,
with a difference of up to 8.4years (136). A negative association
between Mediterranean diet adherence and PD was observed in a
cohort of more than 47,000 Swedish women (137). Evidence from a
systematic review involving 52 studies suggests that following a
Mediterranean diet can reduce the onset and clinical progression of
PD (138). Specific dietary patterns can regulate intestinal
inflammation and influence the risk of PD (139). Western diet rich
in refined carbohydrates and animal saturated fats, may have a
harmful effect on the microbiota-gut-brain axis, which can lead to
intestinal microbiome dysbiosis and increase bacteria containing a
large amount of LPS, thus affecting intestinal barrier function and
leading to endotoxemia, systemic inflammation, and mitochondrial
dysfunction (140), which is associated with increased risk and
deterioration of PD. Rich in flavonoids, polyunsaturated fatty acids,
and plant fiber, the Mediterranean diet has a positive effect on the
gut microbiome, which can increase SCFAs-producing bacteria and
induce GLP-1 and BDNF release, reduce intestinal inflammation,
and prevent neurodegeneration, thereby reducing the risk of PD
(141). A case-control study with 54 PD patients showed that a
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TABLE 3 Summary of the role of food and diet pattern in PD.

Food or Diet Effect on PD References
Pattern
Mediterranean diet Reduce the risk of PD Maraki et al. (135);
Yin et al. (137);
Bianchi et al. (138);
Bianchi et al. (141)
MIND diet Delay the onset of PD Metcalfe-Roach et al. (136)
in women
Greek Mediterranean | Delay the onset of PD Metcalfe-Roach et al. (136)
diet in men
Western diet Increase risk and Terenzi et al. (139);

deterioration of PD Jackson et al. (140);

Vegetarian diet Improve clinical motor | Hegelmaier et al. (142)

symptoms of PD

Containing Be involved in the Vojdani et al. (143);

a-synuclein in the pathogenesis of PD Vojdani et al. (144);

diet through autoimmunity. | Lerner et al. (145)

vegetarian diet including a high proportion of anti-inflammatory
acting short-fatty acids (SCFA) can improve the pro-inflammatory
intestinal microbiome in PD patients, with a significant clinical
improvement as quantified by UPDRS III (142). In addition,
a-synuclein in food, which share cross-reaction epitopes with
human o-synuclein and have molecular similarity with brain
antigens were involved in synaptic nucleoprotein lesions in the
pathogenesis of PD through autoimmunity (143, 144), including
forming immune complexes with antibodies to cross the blood-
brain barrier and also reaching the blood-brain barrier from ENS
(145). Therefore, elimination of foods containing a-synuclein in the
diet may help to prevent or delay the occurrence and development
of PD (Table 3).

The food and diet pattern may affect the microbiota-gut-brain axis
by altering the composition of the microbiome, thereby improving the
progression of PD. In future, it is necessary to further determine the
potential beneficial effects of various dietary patterns in inhibiting
amyloid accumulation and oxidative stress in ENS and better
understand the effects of diet and intestinal microbial disorders on
PD, including disease progression, autonomic dysfunction, and
cognitive function. At the same time, the long-term nature of food and
diet pattern needs to be considered, as well as the duration, dose, and
combination of interventions for different dietary patterns.

7.2. Probiotics

Probiotics are live microorganisms that are beneficial to the
health of the host when given in appropriate amounts, and preclinical
and clinical studies have shown that probiotics regulate gut
microbiota (improving intestinal barrier integrity, reducing
overgrowth of potentially pathogenic bacteria in the gut, and
inhibiting bacterial translocation), maintain immune homeostasis
(regulating the immune system of the gastrointestinal mucosa),
protect DN (inhibiting glial cell activation, increasing BDNF and
SCFAs, and reducing LPS), and improve the overall PD behavioral
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phenotype (146). Intake of probiotics can not only improve
constipation-related non-motor symptoms in PD patients but also
alleviate motor dysfunction (147, 148). Multiple randomized
controlled clinical trials have shown that the ingestion of probiotics
(with multiple strains of probiotics alone (149, 150) or in combination
with probiotic fibers (151)) can improve gastrointestinal symptoms
in PD patients by modulating the microbiota-gut-brain axis,
including reducing abdominal pain, bloating, and constipation
symptoms, and improving stool hardness, bowel frequency, and
bowel habits in PD patients with constipation (152). Therefore,
probiotics relieve constipation by regulating intestinal microbiota,
which has a good clinical application value (153). In addition, taking
probiotics for 12 weeks can reduce MDS-UPDRS scores and improve
insulin resistance in PD patients (154). At the same time, preclinical
studies have found that probiotics can alleviate movement disorders
in PD animal models and exert neuroprotective effects on DN. Long-
term administration of probiotics can not only improve
gastrointestinal symptoms and UPDRS scores of MitoPark PD mice
but also inhibit the progressive degeneration of DN in the nigra
(155). Goya et al. found that the probiotic Bacillus subtilis PXN21
could affect the release of intestinal microbial metabolites in
Caenorhabditis elegans, thereby inhibiting and reversing the
aggregation of a-synuclein and removing formed synuclein lesions
(156). Intestinal microbiota can also affect the progression of PD by
regulating intestinal endocrine through GLP-1, relieve oxidative
stress and inflammatory response, and inhibit TH neuron apoptosis
through activating its receptor GLP-1R (157). Ingestion of probiotics
can reduce the intestinal pathogen Enterobacteriaceae in MPTP-
induced PD mice (158), reverse the dysbiosis of intestinal microbiome
(increased abundance of Alistipes) (159), and increase TH-positive
neurons by increasing GLP-1.

Considering the high variability of the inherent intestinal
microbiota from PD patients and exogenous probiotics, a further
longitudinal study is needed on the influence of exogenous probiotics
on the intestinal microenvironment of PD patients before and after
intervention under optimal control conditions and to verify the long-
term efficacy, safety, and mechanism of its treatment of PD. Meanwhile,
accurate development of personalized treatment plans requires the
determination of the most appropriate probiotics for PD treatment
based on the specific intestinal microbiota profile of a single
PD patient.

8. Conclusion

In summary, the preclinical and clinical research evidence
discussed in this review supports the important role of bidirectional
microbiota-gut-brain pathways and intestinal microbiome
dysregulation in the initiation and progression of PD. In the condition
of the

microenvironment may induce a-synuclein deposited in ENS to

intestinal microbiota dysbiosis, pro-inflammatory
spread to the CNS in the form of transsynaptic cell transmission and
further causes gastrointestinal dysfunction, neuroinflammation, and
neurodegeneration through the disordered microbiota-gut-brain
axis. The relationship between intestinal microbiota disorder and PD
is far more complex than the one-way causal relationship. Elucidating

the pathophysiological role of the microbiota-gut-brain axis in PD
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can not only further reveal the early pathogenesis of PD and predict
the progression of neurodegeneration, phenotypic transformation,
and prognosis but also intestinal microbiome-oriented treatment
strategies to maintain or restore the homeostasis of the intestinal
microenvironment may alter the disease course of PD through the
microbiota-gut-brain axis, which will provide future direction for the
development of new biomarkers for early diagnosis and therapeutic
targets to slow the progression of PD. This can be applied clinically
to design more effective personalized or subtype-specific, patient-
centered treatment and prevention strategies.
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Sleep structure and related
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and Li Zhang?*
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Medical University, Nanjing, China

Background: Sleep disturbance is a common non-motor symptom of Parkinson'’s
disease (PD). Most polysomnography (PSG) studies are conducted when patients
are in their “on medication” state. Our study aimed to investigate changes in the
sleep structure in drug-naive PD patients with poor subjective sleep quality based
on polysomnography (PSG) and to explore potential correlations between sleep
structure and clinical features of the disease.

Methods: A total of 44 drug-naive PD patients were included. All patients
completed a standardized questionnaire to obtain demographic and clinical
characteristics and underwent whole-night PSG recording. Patients with PSQI
scores >5.5 were considered poor sleepers, and patients with PSQI scores <5.5
were considered to be good sleepers.

Results: There were 24 (54.5%) PD patients in the good sleeper group and 20
(24.5%) PD patients in the poor sleeper group. We observed that poor sleepers
had severe non-motor symptoms (NMS) and worse life quality. The PSG displayed
that they had a longer wake-up time after sleep onset (WASO) and lower sleep
efficiency (SE). Correlation analysis revealed that the micro-arousal index was
positively associated with UPDRS-III, and the N1 sleep percentage was negatively
associated with the NMS score in good sleepers. For poor sleepers, rapid eye
movement (REM) sleep percentage was negatively related to the Hoehn-Yahr
(H-Y) stage, WASO increased with UPDRS-III, periodic limb movement index (PLMI)
increased with the NMS score, and N2 sleep percentage was negatively related to
the score of life quality.

Conclusion: Night awakening is the main manifestation of decreased sleep quality
in drug-naive PD patients. Poor sleepers have severe non-motor symptoms and
poor life quality. Additionally, the increase in nocturnal arousal events may predict
the progression of motor dysfunction.

KEYWORDS

Parkinson'’s disease, sleep disturbances, non-motor symptoms, polysomnography, sleep
structure, clinical features
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1. Introduction

(PD)
neurodegenerative disease that places an enormous material

Parkinson’s  disease is a common chronic
and mental burden on patients (1, 2). Although PD is characterized
by motor symptoms, a broad spectrum of non-motor symptoms
(NMS), including sleep disturbance, neuropsychiatric symptoms,
and autonomic dysfunction, can be identified in people with
PD (3). Sleep disturbances in PD include insomnia, rapid eye
movement (REM) sleep behavior disorder, sleep-disordered
breathing, restless legs syndrome, and circadian dysregulation, and
affect a high percentage of people with PD (4, 5). The decline in
sleep quality is a very common complaint among PD patients. One
possible reason for the high prevalence of sleep complaints is that
neurodegenerative diseases disrupt the circadian rhythm system at
a faster rate than normal aging (6). Furthermore, there are strong
correlations between sleep disturbances and other non-motor as
well as motor symptoms such as nocturia, dystonia, and pain (7).
Worse sleep quality has recently been reported to aggravate motor
and non-motor symptoms in PD (8, 9). Many sleep problems may
occur in the early stages of the disease and worsen as the disease
progresses (10, 11), necessitating proper vigilance.

In the past, the evaluation of sleep quality relied mainly on
a series of sleep scales. Many studies have used the Pittsburgh
Sleep Quality Index (PSQI) and the Parkinson’s Disease Sleep
Scale (PDSS) for sleep assessment in PD patients (12). Although
these instruments are rapidly administered and efficient, a detailed
understanding of the sleep structure of patients with sleep
complaints is still lacking. Currently, video-polysomnography (v-
PSG), which is considered to be the most valuable method of
diagnosing sleep disorders, is widely applied (13). PSG can not only
quantitatively analyze the sleep structure but can also sensitively
record the occurrence of specific sleep events. Previous studies
using PSG revealed that, compared with healthy controls, patients
with PD have shorter total sleep time, lower sleep efficiency, and
increased sleep latency and wakefulness after sleep onset (14-
16). However, anti-PD medication has an inevitable effect on
sleep structures. The use of MAO-B inhibitors is related to sleep
stages 2 and 3, while sleep stage 1 can be predicted by dopamine
agonists (17).

In this respect, a cohort of drug-naive patients is essential to
bringing new insights into the field of the non-motor spectrum
of PD. This study aimed to investigate changes in the sleep
structure in drug-naive PD patients with poor subjective sleep
quality compared to those with good sleep quality using PSG
technology and to explore the association between clinical features
and sleep structure.

2. Materials and methods

2.1. Study participants

A total of 63 newly diagnosed PD patients were initially
recruited from the Neurology Clinic of the Affiliated Brain Hospital
of Nanjing Medical University from September 2021 to May
2022. Patients were diagnosed by at least two movement disorder
disease specialists. Participants who met the following criteria
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were eligible for inclusion: if they met the diagnostic criteria
of the UK Parkinson’s Disease Brain Bank (18) and did not
use any anti-PD medication before if they completed a standard
questionnaire completely, or if they also cooperatively performed
a PSG examination before taking any anti-PD medication.
Exclusion criteria were as follows: (1) the presence of secondary
parkinsonism, focal brain lesions (according to MRI evidence),
and other psychiatric disorders; (2) patients taking hypnotics,
antidepressants, or antipsychotics within the month prior to the
PSG examination, because these drugs may affect sleep architecture;
and (3) the presence of severe obstructive sleep apnea (apnea—
hypopnea index was higher than 30), in which situation, there
was manual intervention during the PSG, which could affect the
reliability of the PSG. Finally, 44 patients were included in this
study. This study was approved by the Ethics Committee of the
Affiliated Brain Hospital of Nanjing Medical University (2021-
KY007-01), and written informed consent was obtained from the
study participants for research purposes.

2.2. Clinical evaluation

All subjects completed a standardized questionnaire designed
to collect general information, including name, age, gender,
body mass index (BMI), and disease duration at baseline. The
Unified Parkinson’s Disease Rating Scale (UPDRS) (19) and
their Hoehn -Yahr stage (H-Y stage) (20) were used to assess
comprehensive symptoms and to describe the severity of motor
function. Non-motor symptoms were assessed using the Non-
Motor Symptom Questionnaire (NMSQ) (21, 22). The Montreal
Cognitive Assessment (MoCA) was used to evaluate cognitive
function (23). Quality of life was assessed using the 39-item
Parkinson’s Disease Questionnaire (PDQ-39) (24). Subjective sleep
assessment was performed using the Pittsburgh Sleep Quality Index
(PSQI) (25) and the Parkinson’s Disease Sleep Scale (PDSS) (26).
The diagnosis of rapid eye movement behavior disorder (RBD),
periodic limb movement disorder, and obstructive sleep apnea was
made based on the PSG reports according to the International
Classification of Sleep Disorders, Third Edition criteria (27). The
PSQI is a self-report questionnaire that evaluates the subject’s sleep
during the past month. It includes 19 items, and the maximum
possible score is 21. A PSQI global score of >5 discriminates sleep
disturbance in patients with insomnia with a sensitivity of 99% and
a specificity of 84% (28). The cutoff value to differentiate between
good and poor sleepers is >5 points (25). We considered patients
with PSQI scores >5.5 as poor sleepers and patients with PSQI
scores <5.5 to be good sleepers.

2.3. Polysomnography technique

All patients underwent overnight video-PSG in an acclimatized,
sound-proof sleep laboratory with a data acquisition time longer
than 8h. We used a Compumedics Grael-HD 64 (Compumedics
Grael-HD, Melbourne, Australia) polygraph for signal acquisition.
This instrument includes six electroencephalogram channels, two
electrooculogram  channels, channel,

one electromyogram
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TABLE 1 Demographic information and clinical characteristics.

10.3389/fneur.2023.1156910

Variables Total Good sleepers
(B}

Age, years 68.86 (7.06) 68.83 (8.67) 68.90 (4.93) 0.983*
Male patients/female patients, N 30/14 18/6 12/8 0.652¢
BMI, kg/m? 24.48 (3.06) 24.94 (2.60) 23.94 (3.60) 0.458*
Disease duration, years 1.25(3.5) 1(2.5) 2(3.4) 0.172°
H-Y stage 2(0) 2(0) 2(0.1) 0.398°
UPDRS III 19.73 (6.94) 18.08 (7.43) 21.70 (6.08) 0.232°*
NMSQ 8.68 (4.49) 7.50 (4.40) 10.10 (4.38) 0.026%
MoCA 27 (4) 25 (5) 27 (1) 0.130°
PDSS 112 (40) 132 (17) 94.5 (13) 0.001°
PDQ-39 15.50 (41) 10 (21) 42.5 (38) 0.010°
Sleep disorders, N (%)

RBD 16 (36.4%) 10 6 0.675¢
PLMD 12 (27.3%) 8 4 0.646°
OSA 12 (27.3%) 10 2 0.162¢

2Student’s t-test, bMann—Whitney U-test, “chi-square test. Data with a superscript a are expressed as mean (standard deviation, SD), those with a superscript b as median (interquartile range,

IQR), and those with a superscript ¢ as number (percentage). Bold values indicate statistically significant differences (p < 0.05).
BMI, body mass index; H-Y stage, Hoehn-Yahr stage; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part ITI; NMSQ, Non-motor Symptoms Questionnaire; MoCA, Montreal Cognitive
Assessment; PDSS, Parkinson’s Disease Sleep Scale; PDQ-39, Parkinson’s Disease Questionnaire-39; RBD, rapid eye movement sleep behavior disorder; PLMD, periodic limb movement disorder;

OSA, obstructive sleep apnea.

one nasal pressure channel, one respiratory thermistor
channel, one oximetry channel, one snore detector channel,
one electrocardiography channel, one abdominal movement
assessment channel, one thoracic movement assessment channel,
one body position channel, and two leg movement sensors.
Continuous audio and video recording were performed using
infrared cameras. The EEG channels, including frontal (F3, F4),
central (C3, C4), and occipital (O1, O2) channels, were placed
according to the international 10-20 location system and linked
to the mastoid electrodes as a reference. The staging and scoring
were reviewed by a board-certified sleep physician according to
the American Academy of Sleep Medicine (AASM) guidelines
(13). Sleep stage percentages were calculated relative to total sleep
time. Objective sleep parameters included total sleep time (TST;
min), wake-up time after sleep onset (WASO; min), sleep efficiency
(SE; %), sleep latency (SL; min), and the percentage of N1, N2,
and N3 sleep, average heart rate (AHR; the number of events/min
sleep), apnea-hypopnea index (number of events/hour sleep),
micro-arousal index (number of events/hour sleep), and periodic
limb movement index (PLMI; the total number of leg movements)

during the entire night.

2.4. Statistical analysis

IBM SPSS 26.0 software was used for statistical analysis.
Measurement data were expressed as mean (standard deviation,
SD), median (interquartile range, IQR), number (N), or percentage
(%). The Kolmogorov-Smirnov test was used to check the
normality of the measurement data. A two-sample ¢-test was used
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for normally distributed data, and the Mann-Whitney U-test was
used for non-normally distributed data. A chi-square test was
conducted to analyze qualitative data. PSG data were compared
by one-way analysis of covariance (ANCOVA) with adjustments
for confounding factors, including UPDRS-III score and H-Y
stage. In addition, the Spearman test was applied to analyze the
correlation between sleep parameters and clinical characteristics.
Linear regression was performed with the evaluation of the
correlation coefficient. The statistical significance level was set at
ap <0.05.

3. Results

3.1. Demographic and clinical
characteristics

Table 1 shows the demographic information and clinical
characteristics of the patients. A total of 63 drug-naive PD patients
were initially examined. A total of 13 patients who took hypnotics,
antidepressants, or antipsychotics within the month prior to the
PSG examination were excluded. Four patients were excluded
due to incomplete PSG data, and two patients who had severe
obstructive sleep apnea were also excluded. Finally, 44 patients
were included in our study. Among them, 24 (54.5%) were good
sleepers, and 20 (45.5%) were poor sleepers. Compared with good
sleepers, poor sleepers had higher NMSQ and PDQ-39 scores and
lower PDSS scores (P = 0.026, P = 0.010, P = 0.001, respectively).
However, there were no significant differences in age, sex, BMI,
disease duration, H-Y stage, UPDRS-III, or MoCA scores between
the two groups. Furthermore, we observed that 36.4% of our PD
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TABLE 2 Comparison of sleep scales between different sleep disorders.

Without RBD With RBD P
PSQI 4(6) 2(7) 0.583"
PDSS 110.69 (22.33) 115.56 (24.45) 0.995
Without PLMD With PLMD P
PSQI 6.17 (4.81) 471 (3.52) 0.654%
PDSS 111 (24.1) 118.93 (18.71) 0.693°
Without OSA With OSA P
PSQI 6.63 (4.62) 4.43 (4.24) 0.148*
PDSS 110.88 (20.89) 116.04 (27.1) 0.084%

2Student’s t-test, PMann-Whitney U-test. Variables with a superscript a are expressed as mean
(standard deviation, SD) and those with a superscript b as median (interquartile range, IQR).
Bold values indicate statistically significant differences (p < 0.05).

PSQI, Pittsburgh Sleep Quality Index; PDSS, Parkinson’s Disease Sleep Scale; RBD, rapid
eye movement sleep behavior disorder; PLMD, periodic limb movement disorder; OSA,
obstructive sleep apnea.

cohort had RBD, 27.3% had PLMD, and 27.3% had OSA. We
compared the distribution of various sleep disorders in good and
poor sleepers, and no significant difference was found.

3.2. Comparison of sleep scales

The scores of patients with and without various sleep disorders
on two sleep scales were compared separately; the results are
summarized in Table 2. No significant differences were found for
RBD, PLMD, or OSA patients.

3.3. Comparison of sleep parameters

Sleep parameters derived from PSG recordings are shown in
Table 3. Poor sleepers differed significantly from good sleepers in
terms of wake-up time after onset (WASO) and sleep efficiency
(SE) (P = 0.008, P = 0.004, repetitively). There was no significant
difference between the groups in total sleep time, sleep latency,
REM latency, N1 sleep percentage, N2 sleep percentage, N3 sleep
percentage, or the sleep disorder indices average heart rate (AHR),
apnea-hypopnea index (AHI), micro-arousal index (MAI), and
periodic limb movement index (PLMI).

3.4. Correlations between sleep
architecture and clinical features

The correlations between sleep parameters and clinical features
are presented in Table 4. For good sleepers, increasing MAI was
related to higher UPDRS-III scores (r = 0.680, P = 0.015), and N1
sleep percentage increased with NMSQ scores (r = —0.564, P =
0.036). For poor sleepers, longer WASO was associated with higher
UPDRS-III scores (r = 0.640, P = 0.006), PLMI increased with
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NMSQ scores (r = 0.644, P = 0.014), and lower N2 sleep percentage
was related to higher PDQ-39 scores (r = —0.685, P = 0.029). We
also observed that REM sleep latency increased with the H-Y stage
in poor sleepers (r = —0.696, P = 0.025).

The regression analysis between clinical features and associated
sleep parameters is summarized in Table 5. In good sleepers, MAI
explained 46.8% of UPDRS-III variation (P = 0.003, R? = 0.468),
and NI sleep percentage explained 33.4% of NMSQ variation. For
patients with poor sleep quality, PLMI accounted for 31.6% of
NMSQ variation (P = 0.033, R?> = 0.316), and N2 sleep percentage
accounted for 36.7% of PDQ-39 variation (P= 0.037, R? = 0.367).

4. Discussion

A total of 44 patients were enrolled in this study, including
24 (54.5%) in the good sleeper group and 20 (45.5%) in
the poor sleeper group. We observed that poor sleepers
had severe non-motor symptoms and poor quality of life.
They had longer wake-up times and lower sleep efficiency
during night sleep according to PSG results. Furthermore, we
found significant associations between nocturnal arousal events
and motor symptom scores in all drug-naive PD patients.
Our findings provide new insights into sleep problems in
Parkinson’s disease.

Our study evaluated the prevalence of three major sleep
disorders in PD, including RBD (36.4%), PLMD (27.3%), and OSA
(27.3%). The results are consistent with the frequencies reported in
previous studies (29, 30). We did not find significant differences
in PSQI or PDSS scores between the groups with and without
these three sleep disorders. The results are consistent with those
reported in some studies (31, 32), but contrary to other studies
(33, 34). Differences between the results obtained in this study
and other studies may be explained by the possible coexistence
of other sleep problems in different PD cohorts and by the fact
that only one or two questions on the PSQI and PDSS scales
are strongly associated with specific types of sleep disorders. A
previous study that tested the criterion validity of the PSQI in
diagnosing the sleep disorders mentioned above found that it was
not highly accurate for predicting the existence of these disorders
(35). Thus, the PSQI is more suitable for screening for the presence
of sleep alterations than for diagnosing specific types of sleep
disorders. In our study, we divided the patients into two groups
based on their PSQI scores. We compared the distribution of sleep
disorders in good and poor sleepers, and no significant difference
was found.

Changes in PSG in our study focused on drug-naive PD
patients. After considering the distribution of different sleep
disorders, we wanted to investigate the features of disturbed
objective sleep parameters in patients suffering from reduced
subjective sleep quality. Previous studies have reported that,
compared with healthy controls, there were significant differences
in sleep architecture patterns in PD patients (16); these differences
include a decrease in TST, SE, N2 sleep percentage, and REM
sleep percentage and an increase in WASO, N1 sleep percentage,
REM sleep latency, and PLMI. Our study compared the sleep
structure between good and poor sleepers in drug-naive patients.
We observed that as patients’ sleep quality began to decline,
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TABLE 3 Comparison of sleep parameters.

10.3389/fneur.2023.1156910

Total Good sleepers Poor sleepers P
TST (SD), min 308.50 (110.70) 339.29 (99.66) 271.55 (116.94) 0.158°
WASO (SD), min 171.00 (79.12) 144.75 (49.87) 199.00 (64.75) 0.008"
SE, % 53.84 (16.67) 58.18 (14.74) 48.64 (18.10) 0.004%
SL(SD), min 23.00 (32.3) 27.50 (45.6) 23.00 (56.9) 0.974°
REML (SD), min 116.50 (198.5) 102.50 (88.0) 164.00 (349.3) 0.470°
REM Sleep% (SD), min 12.01 (8.25) 12.54 (9.67) 11.38 (6.61) 0.751°
N1 Sleep % 6.65 (12.30) 5.80 (12.30) 9.05 (12.78) 0.817°
N2 Sleep % 62.84 (12.43) 63.82 (13.30) 61.67 (11.90) 0.694*
N3 Sleep % 13.45 (27.50) 9.55 (27.05) 21.85 (22.28) 0322
AHR (SD) 60.39 (7.15) 59.88 (7.74) 61.00 (6.72) 0.725%
AH I(SD) 1.90 (7.0) 3.95 (8.0) 035 (3.3) 0.137°
MAI (SD) 12.95 (8.5) 15.80 (5.4) 9.7(9.3) 0.974°
PLMI (SD) 31.25 (59.98) 47.71 (78.20) 11.50 (11.24) 0.459°

2Student’s t-test, ®Mann-Whitney U-test. Variables with a superscript a are expressed as mean (standard deviation, SD) and those with a superscript b as median (interquartile range, IQR). Bold
values indicate statistically significant differences (p < 0.05). The p-value was adjusted for the UPDRS-III score and H-Y stage.
TST, total sleep time, WASO, wake time after sleep onset, SE, sleep efficiency, SL, sleep latency, REM, rapid eye movement, REML, REM sleep latency, N1 sleep, NREM sleep stage 1, N2 sleep,

NREM sleep stage 2, N3 sleep, NREM sleep stage 3, AHR, average heart rate, AHI, apnea—hypopnea index, MAI, micro-arousal index, PLMI, periodic limb movement index.

the main changes were longer wake-up times after falling asleep
and lower sleep efficiency. The differences in the findings may
be explained by the progression of the disease and the use
of anti-PD medication. In terms of neuropathologic evidence,
sleep-wake disturbances in PD may reflect disruption of the
neural circuitry that controls circadian rhythms (6). Altered
peripheral clock gene expression and decreased function of the
hypothalamic suprachiasmatic nucleus (SCN) are believed to
be responsible for reduced melatonin output and sleep-wake
disruption in PD patients (36, 37). Our results also revealed
significant associations between the percentage of REM sleep
and the H-Y stage in poor sleepers. Sleep-controlling neurons
have recently been reported to be sensitive and vulnerable
to a-synuclein (38), and the spread of pathology to the
coeruleus/subcoeruleus complex may further disrupt REM sleep
(39-41). With regard to anti-PD medication, one study has
reported that higher amounts of dopaminergic medications,
especially L-dopa, were related to sleep fragmentation and
insomnia (42). These changes have been described as a progressive
destructuring of the sleep structure (43). The mechanisms
underlying sleep disturbances in PD remain speculative. Our
observations may be an early objective manifestation of sleep
disturbance in original ecological patients.

We consider sleep disturbances an integral part of PD
rather than comorbidity. Our research explored the association
between sleep parameters and typical clinical characteristics of
PD, including the H-Y stage, the UPDRS-III score, the NMSQ
score, and the PDQ-39 score. We also conducted an analysis
of correlations between disease and PSG parameters, and no
significant correlations were found. However, we observed that
MAT was positively related to the UPDRS-III score in good sleepers
and that WASO increased with the UPDRS-III score in poor
sleepers. Both MAI and WASO were nocturnal arousal events,
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and dopamine may play a crucial role in the close association
between these events and motor dysfunction. As we all know, PD
is characterized by a progressive loss of dopaminergic neurons
in the substantia nigra, and its metabolism and activity are
also strongly influenced by the circadian clock (44). On the
contrary, sleep dysfunction can disrupt the circadian rhythms
that are generated by SCN, and the dysfunction of sleep and
peripheral clocks, such as those in microglial and neuronal
cells, leads to subsequent changes within and outside of the
brain, including neuroinflammation, increased oxidative stress,
and reduced metabolic clearance. These outcomes have been
proposed to exacerbate Parkinson’s disease progression (45-48).
Therefore, the increase in nocturnal arousal events may be of
great value in predicting the progression of motor dysfunction
in PD. Our recent study found that N3 sleep (slow-wave sleep,
SWS) is one of the important risk factors in PD patients with
hallucinations (49). The deconstruction of the sleep structure is
a process affected by many complex factors. The decrease in
light sleep (including N1 sleep and N2 sleep) in the early stages
of the disease causes more daytime fatigue. This may aggravate
non-motor symptoms or quality of life burden in drug-naive
PD patients.

Periodic limb movements during sleep (PLMS) have been
reported to be associated with greater symptom severity, more
subjective sleep disturbance, and decreased quality of life in PD
patients (34, 50). We did not observe significant differences in
PLMI variation in drug-naive PD patients with different subjective
sleep quality. However, our results revealed an association
between PLMI and non-motor symptoms in drug-naive patients
with poor sleep quality. Evidence has confirmed that there are
common pathophysiological pathways between PLMS and PD
(51). Nigrostriatal degeneration may promote PLMS, whereas
dopaminergic enhancement may control PLMS. In our drug-naive
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TABLE 4 Correlations between different sleep parameters and clinical features.

Good sleepers

H-Y stage UPDRS-III NMSQ score
TST 0.063 0.846 0.088 0.786 —0.091 0.778 0.174 0.589
WASO 0.209 0.514 —0.049 0.880 —0.361 0.249 —0.298 0346
SE 0.000 1.000 0.175 0.586 —0.086 0.791 0.204 0.526
SL 0.000 1.000 —0.221 0491 0.264 0.406 0.021 0.948
REML —0.238 0.480 —0.478 0.128 0.121 0.722 —0.064 0.852
REM Sleep% 0.042 0.897 0.530 0.058 —0.007 0.982 0.119 0.712
N1 Sleep % 0.376 0.228 0.070 0.829 —0.564 0.036 —0.396 0.202
N2 Sleep % ~0.167 0.603 0.088 0.787 —0.236 0.461 —0.088 0.786
N3 Sleep % —0.168 0.603 —0.309 0329 0.564 0.056 0.446 0.146
AHR ~0.376 0.228 —0.553 0.062 —0.472 0.077 —0.533 0.074
AHI —0.021 0.948 0.268 0399 —0.268 0.399 —0.308 0331
MAI 0.125 0.698 0.680 0.015 0.043 0.895 0270 0396
PLMI —0.042 0.897 0.172 0.594 0.134 0.320 —0.053 0.871

Poor sleepers

H-Y stage UPDRS-III NMSQ score
TST —0.609 0.062 —0.293 0412 —0.301 0.399 0.006 0.987
WASO 0.609 0.062 0.640 0.006 0.153 0.672 —0.067 0.855
SE —0.609 0.062 —0.524 0.120 —0.129 0.723 —0.067 0.855
SL 0.000 1.000 0.390 0.265 —0.288 0.419 —0.176 0.627
REML 0.274 0476 0.151 0.699 —0.201 0.604 —0.283 0.460
REM Sleep% —0.696 0.025 —0.354 0316 —0.166 0.647 0382 0276
N1 Sleep % —0.087 0.811 —0.134 0712 0522 0.122 0.442 0.200
N2 Sleep % 0.348 0324 0317 0372 —0.313 0.379 —0.685 0.029
N3 Sleep % 0.087 0.811 —0.152 0.674 0252 0.483 0212 0.556
AHR —0.225 0.533 0.567 0.055 0.070 0.848 0.600 0.067
AHI 0301 0.064 —0.043 0.043 —0.488 0.153 0.524 0.120
MAI —0.522 0.122 0232 0519 0.544 0.054 0.067 0.855
PLMI 0435 0.209 0.134 0712 0.644 0.014 0.164 0.651

Bold values indicate statistically significant differences (p < 0.05).

H-Y stage, Hoehn-Yahr stage; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part III; NMSQ, Non-motor Symptoms Questionnaire; PDQ-39, Parkinson’s Disease Questionnaire-39;
TST, total sleep time, WASO, wake time after sleep onset, SE, sleep efficiency, SL, sleep latency, REM, rapid eye movement, REML, REM sleep latency, N1 sleep, NREM sleep stage 1, N2 sleep,
NREM sleep stage 2, N3 sleep, NREM sleep stage 3, AHR, average heart rate, AHI, apnea-hypopnea index, MAI, micro-arousal index, PLMI, periodic limb movement index.

PD cohort, the regression model suggested that increasing PLMI
was an independent variable predicting a higher NMSQ score in
poor sleepers.

Several methodological considerations should be mentioned.
First, although there have been some studies investigating the
characteristics of objective sleep parameters in drug-naive PD
patients, we conducted a more comprehensive clinical evaluation
of these patients and further explored the relationship between
sleep parameters and clinical features. Second, our study was based
on PSG data. The majority of published studies related to sleep

Frontiersin Neurology

problems used subjective tools to measure sleep quality, while only
a few such studies used objective methods. However, patients in our
study did not undergo a second PSG examination to eliminate the
first-night effect, which should be considered as a methodological
and ethnic bias. In addition, we did not include healthy controls
with and without sleep disorders such as OSA, RBD, and PLMS.
Finally, our cohort consisted of a relatively small number of patients
and was recruited in a single center. Further studies should include
larger cohorts and conduct longitudinal follow-ups to confirm the
correlations between sleep parameters and clinical characteristics.
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TABLE 5 Linear regression analysis in good sleepers and in poor sleepers.

B B P F  Adjusted

RZ

Good sleepers

UPDRS-III

MAI 0.897 0.718 3.265 0.009 | 10.660  0.468

NMSQ score

N1% —0.319 | —0.628 | —2.554 | 0.029| 6.522| 0.334

Poor sleepers

NMSQ score

PLMI 0.244 0.626 2272 0.013| 5.163| 0316

PDQ-39 score

N2% —1.106 | 0.444 —0.661 | 0.037 6.210 0.367

The p-value has been calculated using a linear logistic regression analysis.

UPDRS-III, Unified Parkinson’s Disease Rating Scale Part IIl; NMSQ, Non-motor Symptoms
Questionnaire; PDQ-39, Parkinson’s Disease Questionnaire-39; N1 sleep, NREM sleep
stage 1, N2 sleep, NREM sleep stage 2, MAI, micro-arousal index, PLMI, periodic limb
movement index.

5. Conclusions

Our results showed that more than 50% of drug-naive PD
patients have poor subjective sleep quality, mainly manifested
by increased nocturnal awakening time and decreased sleep
efficiency. Poor sleepers have severe non-motor symptoms and
poor quality of life. Nocturnal arousal events, including MAI and
WASO, may predict the progression of motor dysfunction. We
provide new evidence for associations between sleep parameters
and clinical characteristics in PD patients before they begin
medication interference.
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In Parkinson’s disease (PD) patients, a wide range of ocular and visual disorders
are present. Tear film instability, inflammation and dysfunction of the ocular
surface, and the presence of symptoms of visual disturbance characterize dry
eye, a multifactorial disease of the ocular surface. Based on a literature search,
we discuss the frequency, pathogenesis, and influence on the quality of life of
patients with dry eye in Parkinson’s disease. Furthermore, we review the available
means of diagnosis and management of dry eye. An improvement in awareness
and recognition of dry eye is needed to provide suitable, personalized therapeutic
options for PD patients, aiming to improve their quality of life, independence,
and safety.

KEYWORDS

dry eye, Parkinson’s disease, keratoconjunctivitis sicca, visual disturbances, diagnosis,
management

Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder presenting a wide range of
non-motor symptoms including visual disturbances, with important implications for the
quality of life of these patients. Visual disturbances in PD range from peripheral to central
and include dry eye, diplopia, decreased blink rates, blepharitis, blepharospasm, visual
hallucinations, retinal abnormalities, and convergence insufficiency (1). These disturbances
lead to the appearance of ocular symptoms such as eye tearing, blurred vision, difficulty
with reading, doubling of images, presence of passage hallucinations, impaired contrast
sensitivity, and color vision and are frequently interconnected. For example, dopamine
depletion and alpha-synuclein aggregation in the cell layers of the intra-retinal region
have been shown to lead to a dysfunction in visual processing with impairment in color
discrimination, contrast sensitivity, visual acuity, object, and motion perception (2, 3);
double vision has been associated with the presence of visual hallucinations and convergence
insufficiency (4). Dry eye disease was defined by the 2007 International Dry Eye Workshop
(5) as “a multifactorial disease of the tears and ocular surface that results in symptoms of
discomfort, visual disturbance, and tear film instability with potential damage to the ocular
surface that is accompanied by increased osmolarity of the tear film and inflammation of
the ocular surface”. Symptoms of dry eyes include excess tearing, stinging or burning eyes,
foreign body sensation, scratchiness, photophobia, and redness of the eye (6).

Dry eye disease has a prevalence of as high as 70% in PD patients (1, 7). Thus, patients
with PD should be considered to be at increased risk of developing dry eyes. The aim of this
study was to review the pathogenesis, clinical evaluation, impact on quality of life (QoL), and
management of dry eye in Parkinson’s disease.
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Pathogenesis of dry eye in Parkinson's
disease

Dysfunction of the tear-secreting glands and/or disorders
of the ocular surface led to dry eye (8). The precorneal tear
film is a hydrated gel, with its composition including water,
electrolytes, mucins, soluble antimicrobial proteins (lactoferrin
and lysosome), immunoglobulins, and growth factors that help
regulate cellular processes (9, 10). A superficial lipid layer formed
by hydrophilic polar lipids such as phospholipids and ceramides
is adjacent to the aqueous-mucin layer (11). The aqueous-mucin
layer is anchored by chemical attractions to the superficial corneal
epithelium (Figure 1) (12). Its role is to protect and support the
ocular surface.

The communication between the ocular surface (cornea and
conjunctiva) and the tear-secreting glands (lacrimal glands and
meibomian glands) occurs through a neural reflex arc: The sensory
afferent information travels through the ophthalmic branch of
the fifth cranial nerve (the trigeminal nerve) to the pons where
the integration of signals with the input from cortical and other
central nervous system centers is made. The efferent nerves are
both parasympathetic (seventh cranial nerve—the facial nerve) and
sympathetic (paraspinal sympathetic chain) fibers that travel to
the lacrimal glands and are responsible for tear secretion (9). A
decrease in aqueous tear secretion leads to an increase in tear film
osmolarity and chronic inflammation that may severely affect the
function and differentiation of the ocular surface epithelium (13).

In Parkinson’s disease, several mechanisms are incriminated
(Figure 2). With disease progression, the accumulation of
aggregated alpha-synuclein was hypothesized to spread from
the nigrostriatal dopaminergic system to the hypothalamus and
neocortex in a caudo-rostral pattern, leading to cell dysfunction,
degeneration, and a subsequent decrease in striatal dopamine
levels (14). The neurochemical control of blinking is exerted by
the dopaminergic, GABAergic, and cholinergic systems of the
brainstem. Thus, the decreased levels of dopamine in the central
nervous system (CNS) of PD patients give rise to significantly
decreased blink rates (15). Blinking is crucial for maintaining
an adequate tear film on the surface of the eyes. Second, it is
acknowledged that abnormalities in autonomic function are
ubiquitous in PD (16). The superior salivatory nucleus and
the lacrimal nucleus in the pons give rise to general visceral
(parasympathetic and sensory) efferent fibers that are carried to the
geniculate ganglion within the intermediate nerve. Preganglionic
parasympathetic fibers exit the geniculate ganglion forming the
greater superficial petrosal nerve that joins the deep petrosal nerve
toward the pterygopalatine ganglion. From there, parasympathetic
postganglionic fibers synapse with the lacrimal glands (17). From
the hypothalamus, descending autonomic fibers regulated by
the ventral striatum and limbic system travel to the superior
salivatory nucleus. Thus, the dysfunction of the autonomic system
caused by the presence of Lewy bodies in the substantia nigra
as well as the sympathetic and parasympathetic ganglia might
explain the lacrimation disturbances found in PD patients (18).
Furthermore, changes in meibum lipid composition and structure
could contribute to the increased susceptibility to dry eye in
PD patients (19). Tear proteins involved in lipid metabolism,
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oxidative stress, and immune response were found to be altered in
Parkinson’s disease patients (20).

Finally, antiparkinsonian medications were associated
with dry eye syndrome (21). Benzhexol, pramipexole, and
levodopa are known to cause dryness in mucous membranes
due to their anticholinergic effects. Other examples include
orphenadrine, benztropine, bornaprine, procyclidine, benapryzine,

and methixine (22).

Clinical evaluation of dry eye

Subjective assessment

Dry eye can be assessed by wusing rating scales and
questionnaires. The description, scoring system, and validity
parameters of questionnaires can be found in Table 1. The Ocular
Surface Disease Index (OSDI) is the most commonly used dry
eye questionnaire. In PD patients, OSDI scores were significantly
higher compared to healthy subjects (7).

Objective assessment

Tear function abnormalities in PD patients have been reported
in the literature. Most authors reported more than one abnormal
tear film test result, and, in some cases, the results were correlated
with disease severity.

Slit lamp examination

A slit lamp examination can be used to diagnose moderate-
to-severe dry eye by measuring the upper and lower tear menisci
and by assessing the presence and grade of lid-parallel conjunctival
folds (LIPCOFs), a sensitive predictor of dry eye. Based on the
examination of conjunctival folds in the lower temporal quadrant,
a grading system of three degrees has been proposed (23). The
LIPCOF degree did not significantly differ between patients with
Parkinson’s disease and controls in a study by Nowacka et al. (7).

Therefore, more studies are needed in order to assess the
usefulness of slit lamp examination for dry eye disease in PD.

Aqueous tear production (Schirmer test)

The insertion of a standardized filter paper strip into the
lower conjunctival sac in order to measure the amount of wetting
(millimeter units) after a period of 5 min is known as the Schirmer
test. The screening threshold for dry eyes is 10 mm, with a value of
5mm or less confirming the diagnosis (6).

Schirmer test scores were significantly lower in patients with
Parkinson’s disease than those in controls in a study by Demirci
et al. (24) (6.52 £ 2.94 mm/5min vs. 11.3 £+ 6.16 mm/5 min).
Similar results were obtained in three other studies (25-27) that
followed the corneal parameters in PD patients compared to
controls: 6.56 &+ 4.75 mm/5 min vs. 12.81 &+ 5.68 mm/5 min, 9.08
+ 4.46 mm/5min vs. 17.16 & 9.57 mm/5min, and 4.3 &+ 1.8
mm/5min vs. 9.4 + 3.0 mm/5 min, respectively. Schirmer’s test
scores were also found to be significantly affected in patients with
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Mechanisms of dry eye in Parkinson’s disease.

PD compared to healthy subjects (13.20 4 10.45 vs. 17.49 &  Staining of the ocular surface

11.16 mm) in a study by Nowacka et al. (7). Vital staining of the ocular surface using different dyes, such as
The Schirmer test, therefore, is a useful method for evaluating  lissamine green, rose bengal, and fluorescein, has been widely used

and diagnosing dry eye in Parkinson’s disease patients. to assess the integrity of the conjunctival and corneal epithelial cells.
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TABLE 1 Description, scoring system, and validity parameters of available dry eye questionnaires.

Questionnaire

Ocular surface disease index (OSDI)

Description

The most used one. 12-item
questionnaire; assessment of symptoms
of ocular irritation and their impact on
vision-related functioning.

Subscales: vision-related function,
ocular symptoms, and

environmental triggers.

Nelolqlgle]

Total score of 0 to 100

Higher score = greater disability
0-12 = normal;

13-22 = mild dry eye;

23-32 = moderate dry eye;

>33 = severe dry eye.

10.3389/fneur.2023.1236366

Validity parameters

Sensitivity

0.60-0.92(higher in more

severe diseases) Specificity 0.83
Reliability

Internal consistency (Cronbach’s
a= 0.92(0.84-0.94)

Area under curve ROC = 0.970
Schiffman et al. (81)

Visual Functioning Questionnaire-25
(NEI-VFQ-25)

25-item questionnaire; shorter version
of NEI-VFQ; assessment of the effect of
visual impairment on the patient’s
health-related quality of life

Total score of 0 to 100
Higher score = greater disability

Reliability*

Internal consistency = between 0.66
and 0.94 for all subscales *for NEI-VFQ,
longer 51-item-questionnaire

Mangione et al. (82)

Standardized Patient Evaluation of Eye
Dryness (SPEED) Questionnaire

Eight items; assessment of frequency
and severity of symptoms, monitoring
of diurnal and changes in symptoms
over 3 months

Total score of 0-28

0-4 = mild dry eye;

5-7 = moderate dry eye;
>8 = severe dry eye.

Reliability

Internal consistency = between 0.86
and 0.95

Area under curve ROC = 0.928
Ngoet al. (83)

Dry Eye Questionnaire 5 (DEQ-5)

5-item questionnaire; assessment of the
frequency of watery eye, discomfort and
dryness, and late-day discomfort and
dryness intensity; simplified version of
the original DEQ

Total score of 0-22

>6 = dry eye;

>12 = suspected Sjogren
syndrome (SS).

Sensitivity

0.712 Specificity

0.827 Reliability

Internal consistency = 0.819
Area under curve ROC = 0.835
Akowuah et al. (84)

Symptom Assessment in Dry Eyes
(SANDE) Questionnaire

Two questions presented in a visual
analog scale; assesses the frequency and
severity of dry eye syndrome, and is
useful in detecting changes in symptoms
over time.

Visual analog scale

Frequency of symptoms: rarely to all the
time

Severity of symptoms: very mild to

very severe

Reliability

Spearman coefficient correlation:

R = 0.64; P < 0.001 (when compared to
0SDI)

Amparo et al. (85)

Repeatability Intraclass correlation
coefficient (ICC) = 0.53-0.76
Schaumberg et al. (86)

Dry Eye related Quality of life Score
(DEQS)

15-item questionnaire; assessment of
dry eye symptoms and influence on
daily life, and the overall degree of
quality of life impairment

Total score of 0-100
Higher score = greater disability

Reliability

Internal consistency (Cronbach’s o)
= 0.93 Repeatability

Intraclass correlation coefficient
(ICC) = 0.91

Sakane et al. (87)

McMonnies Questionnaire

14-item questionnaire; helps detect dry
eye, detects patients at risk for
developing dry eye due to exposure to
specific factors

Specific scoring systems available

Sensitivity

0.87-0.93 Specificity

0.85-0.89 Reliability

Area under curve ROC = 0.94
Gothwal et al. (88)

The University of North Carolina Dry
Eye Management Scale (UNC DEMS)

Single-item scale; provides a snapshot of
a patient’s overall experience: symptoms
and quality of life over the last week

Visual analog scale
From 1 (no symptoms) to 10
(severe symptoms)

Reliability

Spearman coefficient correlation:

R = 0.80; P < 0.001 (when compared
to OSDI) Repeatability

Test-retest reliability coefficient = 0.90
Grubbs et al. (89)

The damaged epithelial cell stain was in a bright color (green for
fluorescein and lissamine green and purple for rose bengal) after
the instillation of a drop of dye solution under cobalt-blue-filtered
light (28).

Reddy et al. (29) determined the degree of ocular surface
staining with rose bengal, lissamine green, and fluorescein sodium
in patients with PD and progressive supranuclear palsy (PSP)
compared to healthy subjects. A high percentage of PD and PSP
patients had abnormal staining compared to healthy controls
(none). This is in concordance with a study by Demirci et al. (24)
that found higher corneal fluorescein staining in PD patients than
that in the control group.
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Staining of the ocular surface may prove useful in diagnosing
dry eye disease in PD, but more studies are needed.

Tear film stability (tear break-up time)

By applying a fluorescein strip to the lower conjunctival sac
and examining it under cobalt-blue-filtered light, the tear break-up
time or TBUT can be determined (30). TBUT represents the time
measured between the last blink and the appearance of the first dark
spot, and a value under 10 s is considered abnormal (31).

TBUT was significantly lower in patients with Parkinson’s
disease than in healthy subjects in various studies (18, 24, 25, 32).
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Biousse et al. (1) found that only TBUT was abnormal in PD
patients compared to controls in terms of normal rose bengal
staining and Schirmer test values. In another study, TBUT was not
significantly different between the PD group and the control group,
while Schirmer test results and meibomian gland function were
significantly affected (7).

Studies are conflicting regarding the use of TBUT in properly
diagnosing dry eye syndrome. More studies are needed in order to
assess the usefulness of the test for Parkinson’s disease patients.

Anterior segment optical coherence tomography

With high-resolution AS-OCT, cross-sectional images of the
cornea can be obtained, allowing not only the examination of
corneal layers (38) but also the measurement of corneal thickness
and cross-sectional area, precise height, and volume of the tear
meniscus (33).

Using AS-OCT, Ulusoy et al. (25) measured the thickness
of each corneal sublayer in patients with Parkinson’s disease in
comparison to healthy individuals. They found that the thicknesses
of the Bowman and stromal layers were significantly lower in PD
patients. Furthermore, stromal thickness was negatively correlated
with disease duration and severity and positively correlated with
TBUT and Schirmer test scores. They concluded that reduced
blinking rates and tear film dysfunction lead to corneal thinning
in patients with PD.

Corneal thickness is an important indicator of corneal health.
Central corneal thickness (CCT) was found to be significantly
decreased in PD patients compared to healthy subjects in several
studies (24).

Aksoy et al. (32) reported that the CCT, TBUT, and Schirmer
test values decrease in correlation with disease severity (increasing
Hoehn-Yahr scores). Demirci et al. (24) found corneal thickness to
be significantly correlated with TBUT, blinking rates, and Schirmer
test scores in PD patients.

Tamer et al. (18) measured the tear meniscus height in PD
patients and controls and found abnormal tear meniscus height
in 67.9% of the PD patients recruited in the study. Tear meniscus
height was not linearly associated with the disease stage.

The use of optical coherence tomography to measure the
thickness of corneal sublayers and tear meniscus proved to be a
reliable method in evaluating the presence of dry eyes in Parkinson’s
disease patients.

Evaluation of blink rates

Blinking is necessary to maintain a healthy and regular tear
film. Reduced blinking causes increased evaporation of aqueous
components, resulting in subsequent contamination of the mucin
layer and thinning of the tear film (34). Blinks are not only reduced
but also are less effective with a decrease in amplitude and velocity
in PD patients (35, 36). Due to impaired blinking, PD patients are
at increased risk for dry eye. Inflammation, impairment of blinking,
corneal sensitivity, and decreased tear secretion aggravate dry eye
symptoms in PD (37).

PD patients were found to have significantly decreased blinking
rates (BRs) compared to healthy controls (1, 18, 24, 27).
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TABLE 2 Dry eye classification of severity.

Grade 1 Grade 2 Grade 3 (severe)
(mild) (moderate)
Symptoms + ++ +++
Signs - + (reversible) + (irreversible —

complications)

Symptoms: itching, dryness sensation, photophobia, ocular tiredness, and blurry vision.
Reversible signs: epithelial erosion, keratophakia filamentosa and punctata, short BUT,
marginal blepharitis, and hyperemia.

Complications: corneal ulcers and neovascularization, keratinization, leukomas, retraction
of conjunctival folds, and squamous epithelial metaplasia (permanent sequelae leading to
reduced visual acuity).

Tamer et al. (18) found blinking rates to be inversely correlated
with total abnormal tear tests and with disease severity (H-Y
scores). This is in concordance with other studies that also found a
significant negative correlation between blink rates and H-Y scores
in PD patients (24, 25, 32).

Fitzpatrick et al. (38) found significantly decreased blink rates
in PD patients compared to healthy individuals during different
everyday tasks such as reading a book or watching a video. They
found no correlation between BR and disease severity, duration,
or treatment.

Decreased blink rates, therefore, could be an important
indicator that further tear tests are needed in order to properly
diagnose dry eye syndrome in PD patients at risk.

Dry eye staging

Based on the presence of symptoms and signs, dry eye can be
classified into three grades of severity: grade 1 or mild, grade 2 or
moderate, and grade 3 or severe (Table 2) (39).

Impact on the quality of life

In Parkinson’s disease patients, both motor and non-motor
symptoms (including ophthalmological problems) contribute
significantly to a decreased quality of life (QoL). PD patients
with dry eye experience several symptoms that further worsen
QoL. These symptoms include dryness, itching, redness, ocular
fatigue and pain, excessive tearing, and decreased visual acuity. The
presence of ocular discomfort due to dry eye was associated with
greater interference with activities of daily living and with higher
scores on the OSDI (40).

In a study by Borm et al. (41), 53% of PD patients reported
that the presence of ophthalmologic symptoms had a moderate-to-
severe effect on their quality of life, compared with 16% of controls.
The greatest interference was experienced while reading, driving a
car, watching television, and working on a computer. In another
study, Borm et al. (42) measured the impact on daily life using
the VFQ-25 (Visual Functioning-25 questionnaire). In total, 44% of
PD participants reported poor QoL due to the presence of relevant
ophthalmological disturbances. The severity of visual disturbances
is also correlated with an increased risk for falls as PD patients
compensate for their motor and postural impairments with visual
guidance (43, 44).
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TABLE 3 Summary of treatment options for different stages of dry eye.

Early stage Moderate stage

Patient education

Early-stage treatment
Elimination of environmental factors (e.g., air +

pollutants, hot and cold temperatures, and alcohol)
Elimination of precipitating medications (diuretics,
beta-blockers, antihistamines, tricyclic
antidepressants, antipsychotics, and
antiparkinsonian drugs)

Artificial tear substitutes (cellulose ethers,
carbomers, polyvinyl alcohol, sodium hyaluronate,
and povidone)

Eyelid therapy (warm compresses and eyelid
hygiene)

Correction of eyelid abnormalities (if present)
Treatment of contributing factors (e.g., blepharitis)
Treatment of underlying systemic disease

or cyclosporin)

e Punctal plugs

o Anti-inflammatory agents (topical steroids
e Supplementation with omega-3 fatty acids

e Moisture chamber glasses

10.3389/fneur.2023.1236366

Severe stage

Moderate-stage treatment

+

e Oral  anti-inflammatory (short-term
corticosteroids or tetracycline)

Mucolytic agents

Autologous serum tears

Therapeutic contact lenses

Permanent punctal occlusion

Surgical intervention (tarsorrhaphy)

agents

In patients suffering from dry eye, the prevalence of depression
and anxiety is approximately three times higher than that in
patients without dry eye disease (45). This is especially important
because depression and anxiety are among the most frequently
reported neuropsychiatric disturbances in PD with a prevalence of
up to 90% (46). Thus, patients with dry eye and Parkinson’s disease
are at increased risk for depression and anxiety. Treatment of dry
eye with over-the-counter lubricants of the ocular surface improved
patient-reported satisfaction levels and QoL to as high as 75% for
patients with mild symptoms and 65% for patients with severe
symptoms (47). However, PD-related motor impairments might
interfere with the self-administration of ocular products, with PD
patients experiencing limited independence from being unable to
handle eye drop instillation themselves, thus further decreasing
their quality of life (48).

Management of dry eye in PD

Dry eye management usually begins with conventional over-
the-counter ocular surface lubricants in the early stages and can
progress to advanced therapies in more severe cases. In some of
the cases, new therapies may be added to previous ones to increase
the efficacy of the treatment. Treatment options are summarized in
Table 3 (6, 49). However, symptomatic treatment of dry eye has not
yet been studied, specifically for Parkinson’s disease patients.

Patient education

Patient education is an important step in the care management
of people with chronic illnesses such as Parkinson’s disease because
it provides support and information to patients and caregivers
while also improving self-care, treatment compliance, patient
wellness, and physical function through exercise. Many patient
education programs have been developed worldwide with various
improvements in QoL in PD patients (50-54).

Proper patient education is also essential for dry eye. The
implementation of certain lifestyle and behavioral changes could
alleviate dry eye symptoms (Figure 3). Exposure to air pollution or
other environmental irritants, including tobacco smoke, should be
limited. Cigarette smoking was found to have adverse effects on tear
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Dietary supplimentation (omega 3
fatty acids)

Avoid excessive screen and
monitor use

Avoid alcohol intake

Stop or reduce smoking

Reduce exposure to air pollution

FIGURE 3
Lifestyle changes recommended for dry eye management.

protein and on the lipid layer of the tear film and is associated with
dry eye (55, 56). Excessive monitor usage should also be avoided.
Dietary changes should be implemented with the consumption of
omega-3 fatty acids and the limitation of alcohol intake (57).

Elimination of precipitating medications

Antiparkinsonian medications such as levodopa, benzhexol,
or pramipexole are known determinants of dry eye. Other
implicated medications are also antipsychotics and antidepressants,
as depression and psychosis are two major neuropsychiatric
comorbidities in PD patients.

While the elimination of precipitating medications is
recommended, that is not always the case for Parkinson’s
disease patients. Antiparkinsonian medication is crucial for the
improvement of PD for both motor and non-motor symptoms.
Clinicians should consider, if possible, switching between classes of
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antiparkinsonian medications if a certain treatment is considered
to be the cause of dry eye symptoms. For example, amantadine was
found to induce corneal endothelial toxicity in a dose-dependent
manner (58), thus potentially being involved in treatment-induced
dry eye.

On the other hand, levodopa replacement therapy has been
shown to improve the blinking rates of PD patients (35). As
discussed above, blinking is involved in the pathogenesis of dry eye,
thus, an improvement in blinking might alleviate dry eye symptoms
for these patients. The idea that patients should consciously
increase their blink rates is difficult to achieve in the case of
Parkinson’s disease.

Artificial tear substitutes

Artificial tear substitutes are inorganic solutions containing
electrolytes, surfactants, and viscosity agents that aim to lower the
surface tension of the tear film, enhance tear volume by forming
a hydrophilic layer on the ocular surface, and prevent bacterial
growth, thus reducing the symptoms of dry eye (59). Cellulose
ethers, carbomers, polyvinyl alcohol, sodium hyaluronate, or
povidone are the main components of most artificial tear
substitutes. Each tear substitute has its own properties; hence,
treatment should be individualized according to each patients
deficit. In the general population, substitute treatment with added
lubricants and osmoprotectants has been shown to increase patient
satisfaction levels over a short period of time (60, 61). However, this
may not be the case for Parkinson’s disease patients. The application
of artificial tear substitutes requires increased manual dexterity. As
PD patients struggle with fine-motor dexterity tasks due to motor
impairments, treatment adherence is expected to be low. It is well-
known that treatment burden is a serious issue for both PD patients
and their caregivers, causing poor adherence to treatment, poor
quality of life, and poor health outcomes (62).

Advanced-stage therapies

In cases where artificial tear substitute treatment is insufficient,
topical anti-inflammatory treatment may be efficient. Topical
cyclosporine proved to have a high success rate for patients with
mild-to-severe dry eye disease (63) and seemed to prevent the
progression of dry eye symptoms over a period of 12 months
(64). Topical corticosteroids have been reported to reduce corneal
fluorescein staining and improve ocular irritation (65). Patients
should be monitored, as prolonged treatment with corticosteroids
may cause cataract formation and increased intraocular pressure.

In ocular surface diseases, obstruction of the lacrimal drainage
to preserve the tears on the ocular surface can be achieved
with punctal plugs, which are biocompatible silicone devices. The
use of punctal plugs has been shown to decrease the use of
tear substitutes and improve symptoms in dry eye patients (66).
Complications of punctal plug use include partial migration or
extrusion, which can cause local irritation or even canaliculitis
and keratitis, loss, epiphora, punctal stenosis, and infectious
complications (pyogenic granuloma) (67). Permanent punctal
occlusion by laser or thermal cauterization can be beneficial in
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severe cases. An alternative for permanent punctal occlusion may
be labial mucous membrane grafting, especially in patients with
conjunctival cicatricial changes (68).

Moisture chamber glasses or spectacles (MCSs) are prosthetic
devices that provide a comfortable and moister ocular environment
by preventing the evaporation of tears and protecting the eyes from
irritants such as wind, dust, or pollen. In a study by Shen et al. (69),
significant improvements in ocular comfort and ocular parameters,
tear meniscus height (TMH), non-invasive tear break-up time (NI-
BUT), and tear film lipid layer thickness were found in the MCS
group (dry eye subjects who wore MCSs for a period of 90 min)
compared to the control group. MCSs are a feasible, non-invasive,
alternative treatment for dry eye, especially for patients exposed to
harsh environmental conditions.

The of the
(tarsorrhaphy) can be used in severe, refractory cases of dry

temporal or permanent closure eyelids
eye. It allows a better distribution of the tear film on the surface of
the eyes by decreasing the rate of evaporation of the tear film (70).
It was proven to be very effective in the management of ocular
surface problems, including dry eye, with a success rate as high as
90% and minor complications (71).

These treatments have not been specifically studied for

Parkinson’s disease patients.

Sjogren’s syndrome and Parkinson'’s
disease

(SS) is an autoimmune disorder

characterized by the presence of dry mouth, dry eyes, and recurrent

Sjogren’s syndrome
episodes of salivary gland enlargement due to keratoconjunctivitis
sicca and focal lymphocytic sialadenitis (72). It has been associated
with central nervous system abnormalities such as seizures,
cognitive dysfunction, aseptic meningoencephalitis, focal cerebral
deficits, multiple
disorders (73).
The risk of Parkinson’s disease was found to be 1.37 times

sclerosis-like symptoms, and movement

greater in patients with autoimmune rheumatic diseases than
in controls in a nationwide population-based cohort study (74).
Furthermore, the incidence of PD was higher in SS patients (2.5%;
215 out of 8,422 patients); thus, primary and secondary SS patients
were considered to have a higher risk of developing Parkinson’s
disease (74). The pathogenesis of this phenomenon is unclear. It
is thought to be due to an autoimmune process aimed against the
basal ganglia that could involve anti-SSA and SSB antibodies or
anti-beta2-glycoprotein IgG antibodies (75, 76).

Several cases of SS associated with Parkinsonism have
been described in the literature (75, 77-79). In most cases,
antiparkinsonian drugs did not improve the neurological signs and
symptoms, while corticosteroid treatment variably improved the
symptomatology in some cases.

A diagnosis of Sjogren’s syndrome should be considered in
patients with Parkinsonian features complaining of xerostomia and
dry eye.

We recommend that dry eye assessment, a critical element
of vision considered vital in Parkinson’s disease, be added to
the recently described dashboard system for the vitals of PD
patients (80).
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Conclusion

In Parkinson’s disease patients’ dry eye is a frequent complaint
and has a negative impact on their health-related quality of life.
Reduced blink rates due to dopamine depletion in the CNS, the
presence of Lewy bodies in the substantia nigra, sympathetic
and parasympathetic ganglia with subsequent autonomic system
dysfunction, changes in meibum lipid composition and tear
proteins, and changes in PD medications all play a role in the
complex pathogenesis of this disorder. Various treatments for dry
eye are available, but most of them, if not all, have not been
specifically studied for Parkinson’s disease patients. Instillation of
artificial tear substitutes and removal of incriminated medications
may not be feasible in PD patients. The care of these patients should
always include an ophthalmologist as part of a multidisciplinary
team. More studies are needed to explore this heterogenous
syndrome in PD.
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Background: Parkinson’s disease (PD) is often accompanied by cognitive
dysfunction, which imposes a heavy burden on patients, their families, and
society. Early identification and intervention are particularly important, but
reliable biomarkers for identifying PD-related cognitive impairment at an early
stage are currently lacking. Although numerous clinical studies have investigated
the association between brain white matter hyperintensity (WMH) and cognitive
decline, the findings regarding the relationships between WMH and cognitive
dysfunction in PD patients have been inconsistent. Therefore, this study aims to
conduct a meta-analysis of the effect of WMH on PD cognitive function.

Methods: This study was conducted in accordance with the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses (PRISMA) and Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) guidelines. We systematically
searched relevant literature from databases such as PubMed, Web of Science,
EMBASE, CNKI, and CBM. The retrieval time was limited to database records
created up untilDecember 31, 2022. Additionally, we manually retrieved references
for full-text reading. Statistical data analysis was performed using RevMan 5.3 and
Stata 15.0 software.

Results: This study encompassed 23 individual studies and involved 2,429 patients
with PD. The group of PD with mild cognitive impairment (PD-MCI) exhibited
a significantly higher overall level of WMH than the group of PD with normal
cognitive function (PD-NC) (SMD = 0.37, 95% Cl: 0.21-0.52, p <0.01). This finding
was consistent across subgroup analyses based on different ethnicities (Asian
or Caucasian), WMH assessment methods (visual rating scale or volumetry),
and age matching. In addition to the overall differences in WMH load between
the PD-MCI and PD-NC groups, the study found that specific brain regions,
including periventricular white matter hyperintensity (PVH) and deep white matter
hyperintensity (DWMH), had significantly higher WMH load in the PD-MCI group
compared to the PD-NC group. The study also conducted a meta-analysis of
WMH load data for PD with dementia (PDD) and PD without dementia (PDND),
revealing that the overall WMH load in the PDD group was significantly higher
than that in the PDND group (SMD=0.98, 95% CI: 0.56-141, p<0.01). This
finding was consistent across subgroup analyses based on different ethnicities
and age matching. Moreover, regarding specific brain regions (PVH or DWMH),
the study found that the PDD group had significantly higher WMH load than the
PDND group (p<0.01).
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Conclusion: WMH was associated with PD cognitive dysfunction. The early
appearance of WMH may indicate PD with MCI.

Parkinson'’s disease, white matter hyperintensity, cognitive impairment, dementia,

meta-analysis

Introduction

Parkinson’s disease (PD) is the second most prevalent
neurodegenerative disorder after Alzheimer’s disease (AD). With the
aging of the population, its incidence and prevalence have been
increasing in recent years. Epidemiological studies have shown that
PD affects 0.3% of the general population in developed countries,
1.0% of people aged over 60 years, and 3.0% of those over 80 years old
(1). Initially, PD was characterized as a movement disorder with core
motor symptoms such as resting tremors, bradykinesia, postural
instability, and stiffness in the neck, trunk, and limbs. However, it is
now recognized that PD also presents with non-motor symptoms
(NMS) such as olfactory dysfunction, constipation, autonomic
dysfunction, sleep disorders, cognitive impairment, anxiety, and
depression (2). Clinical studies indicate that NMS may manifest
several years or even decades before the onset of motor symptoms,
which may have important diagnostic implications (3).

Cognitive dysfunction is a NMS in PD, encompassing both PD
with mild cognitive impairment (PD-MCI) and PD with dementia
(PDD). Clinical studies indicate that approximately 30% of newly
diagnosed PD patients develop PD-MCI (4), while PDD affects
roughly 80% of PD patients who have had the disease for over 10 years
(5). Previous research has identified various risk factors for cognitive
dysfunction in PD, including male gender, advanced age, higher
Hoehn and Yahr scale stage, severity of motor symptoms, speech
impairment, postural instability/gait difficulty subtype, depression,
hallucinations, and educational level (6).

PD-MCI is a clinical syndrome characterized by cognitive and
functional deficits that exhibit heterogeneity. It represents an
intermediate stage between normal cognition and dementia, and can
involve one or more cognitive domains. Clinical studies indicate that
PD-MClI is an early stage of cognitive decline in PD and a significant
risk factor for the progression of PD to PDD (7).

As PDD typically develops within an already established
diagnosis of PD, detecting and diagnosing PD before the onset of
dementia symptoms is crucial. PDD has a subtle onset and slow
progression, primarily affecting attention, executive function,
visual-spatial abilities, memory, and other cognitive domains.
Executive dysfunction is particularly prominent and often
accompanied by hallucinations, delusions, apathy, and emotional or
personality changes (8). Compared with AD patients, there are
some differences in the degree and features of cognitive deficits in
individual cognitive domains: memory impairment is more
pronounced in AD, while executive dysfunction is more common
in PDD. Several risk factors have been identified for PDD, including
age, time of diagnosis, akinetic-rigid subtype, disease severity,
verbal fluency impairments, genetic factors, low education level,
and postural instability (9).
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PD-MCI can impact the lives of PD patients by diminishing their
ability to communicate, access social support, and perform daily
activities, which can be especially daunting for young patients facing
societal, familial, and occupational pressures. In comparison, PDD has
an even greater impact on the lives of PD patients (10). Hence, early
and precise identification and diagnosis of cognitive dysfunction in
PD are critical for reducing harm and enhancing patient outcomes.
However, there is currently a lack of biological markers to accurately
detect cognitive dysfunction in PD in clinical practice.

White matter hyperintensity (WMH), also known as leukoaraiosis
(LA), is typically observed as merged or patchy areas of high-signal
intensity on T2-weighted imaging (T2 WI) or fluid-attenuated
inversion recovery (FLAIR) sequences in magnetic resonance imaging
(MRI) scans of older adults (11). Generally, WMH is considered an
imaging marker of white matter damage that increases with age, and
the detection rate of WMH in Asians is generally significantly higher
than that in Caucasians (12). In neuroimaging, WMH is typically
classified into two subtypes: periventricular white matter
hyperintensity (PVH) and deep white matter hyperintensity
(DWMH). Research has found that WMH reflects chronic
hypoperfusion of the brain’s white matter, indicating axonal injury,
myelin sheath damage, and gliosis. The core pathophysiological
mechanism involves vascular damage caused by ischemia and hypoxia
(13-16). Related studies have also found that WMH is involved in the
entire process of cognitive impairment (17-22). In an 8-year cohort
study, Kuller et al. found that individuals with significant WMH had
a significantly increased risk of developing AD (HR=1.5, 95%CI:
1.17-1.99) (23). Silbert et al. found that compared with baseline
WMH load, WMH progression may be the most crucial risk factor for
predicting cognitive dysfunction (19). Clinical studies have also found
that WMH in different areas may have varying effects on cognitive
function. Smith et al. found that executive dysfunction and memory
were associated with the specific location of WMH rather than the
overall volume of WMH (24). Subsequently, Sunwoo et al. found that
WMH load (OR: 1.616, P<0.01) and Cholinergic Pathways
Hyperintensities Scale (CHIPS) score (OR: 1.084, P<0.01) were
related to the outcome of PDD (25). Lee et al. found that WMH was
an independent factor related to PD cognitive dysfunction, regardless
of age, gender, disease duration, severity, and cerebrovascular risk
factors (26). However, Lee et al. (27) found that baseline WMH load
was not related to dementia but longitudinal follow-up showed that
WMH could predict the occurrence of PDD. In a cohort study,
Hanning et al. (28) found that total WMH load was not related to the
cognitive function of newly diagnosed PD patients. Overall, previous
literature reports indicate significant differences in the relationship
between WMH and PD cognitive impairment.

In recent years, there has been an increasing number of studies
exploring the impact of WMH on cognitive impairment in
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PD. Therefore, this study aims to conduct a systematic review and
meta-analysis of literature published domestically and internationally
in recent years regarding the effect of WMH on cognitive impairment
in PD. The objective is to provide further clarification on the impact
of WMH on cognitive function in PD, explore imaging markers for
early identification of cognitive dysfunction in PD, and offer new
evidence for early recognition and intervention of cognitive
dysfunction in clinical practice.

Methods
Study design
This study adheres to the Meta-analysis of Observational Studies

in Epidemiology (MOOSE) guidelines
observational studies and follows the Preferred Reporting Items for

for epidemiological

Systematic Reviews and Meta-Analyses (PRISMA) recommendations
for conducting systematic reviews and meta-analyses.

Study search and selection

This study systematically searched relevant literature in online
databases, including PubMed, Web of Science, EMBASE, China
National Knowledge Infrastructure (CNKI), and Chinese Biomedical
Literature Database (CBM). The search was limited to the period from
each database’s establishment to December 31, 2022. Additionally,
manual searches were conducted on the reference lists of full-text
articles. Search terms used in this study mainly originated from
subject headings and free words. The following search terms
were utilized:

“Parkinson Disease,” “Parkinsons Disease,” “Parkinsonism,’

» <«

“paralysis agitans,

» «

white matter hyperintensities,” “white matter

» < » <

hyperintensity;” “white matter lesion,

» <«

white matter lesions,” “small

vessel disease,” “leukoaraiosis,” “leukoencephalopathy;’

“leukoencephalopathies,”  “cognitive  dysfunction,”  “cognitive

dysfunctions,” “cognitive decline,” “cognitive declines;,” “cognitive
impairment;” “cognitive impairments;,” “neurocognitive disorder,”

» «

“neurocognitive disorders,” “mental deterioration,” and “dementia”

The included studies met the following criteria: (1) PD patients
included in this study were diagnosed according to the
United Kingdom Parkinson’s Disease Society Brain Bank Criteria
from 1992 and/or the clinical diagnostic criteria for PD established by
the Movement Disorders and Parkinson’s Disease Group of the
Chinese Medical Association Neurology Branch in 2016 and/or the
Parkinson’s disease diagnostic criteria by the Movement Disorder
Society (MDS) in 2015. (2) The study provided relevant data on the
cognitive function status grouping of PD patients (cognitive
impairment group and non-cognitive impairment group) and the
identification and quantification of WMH severity based on head
MRI. (3) The study type was limited to cohort studies or case—control
studies. (4) Studies that could provide mean + standard deviation data
suitable for meta-analysis were included. (5) The publication language
was limited to Chinese or English.

The exclusion criteria were as follows: (1) PD patients with a
history of or coexisting central nervous system diseases, peripheral
nerve diseases that affect movement and/or autonomic function, and
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psychiatric illnesses unrelated to Parkinson’s disease were excluded
from this study. (2) Animal experiments were also excluded from this
study. (3) Literature such as case reports, reviews, and commentaries
that could not provide mean + standard deviation data suitable for this
study were excluded.

Investigators WZ and BC independently screened titles and
abstracts of articles and determined whether to search for further
articles based on the inclusion and exclusion criteria. Articles that
could not be excluded were retrieved, and their full text was
reviewed by TZ and YC. For articles with insufficient reported data
for analysis, we contacted the corresponding author via email to
request additional data. Any disagreements were resolved through
discussions between the reviewers, and third reviewer SZ was
consulted when necessary.

Data extraction

Two reviewers independently extracted relevant data, including
the first author, publication year, research location, sample size, race,
age, gender composition ratio, PD disease duration, Hoehn-Yahr
stage, revised Unified Parkinson’s Disease Rating Scale part III
(UPDRS III), Montreal Cognitive Assessment (MoCA) or Mini-
Mental State Examination (MMSE) scores, WMH distribution
location, WMH evaluation method, and mean + standard deviation
data used for meta-analysis.

Quality assessment

The quality of the included literature was evaluated using the
Newcastle-Ottawa Scale (NOS) (29), which consists of eight items and
uses a semi-quantitative star system to assess the quality of the
literature, with a maximum score of nine stars. The items include
selection of study groups, comparability, and exposure or outcome
evaluation. Studies with an NOS score of 5 or higher are considered
to be of high quality (30). Additionally, Egger’s tests were performed
using Stata version 15.0 to quantitatively analyze potential
publication bias.

Data synthesis and statistical analysis

RevMan 5.3 software was used for statistical analysis in this study.
Continuous variables were represented using the weighted mean
difference (MD) or standardized mean difference (SMD) and their
corresponding 95% confidence intervals (CI). If the same method was
used to assess WMH and cognitive function across studies, MD and
its corresponding 95% CI were used for result analysis; otherwise,
SMD and its corresponding 95% CI were used. The combined MD or
SMD and their 95% CIs were calculated using either a random effects
model or fixed effects model, and forest plots were generated to
present individual studies and summary data. Heterogeneity between
studies was assessed using the chi-square test and the I* statistic, with
significant heterogeneity being considered when p<0.1 for the
chi-square test or I*>50% (31-33). A random effects model was used
for statistical analysis if significant heterogeneity was present;
otherwise, a fixed effects model was employed (31-33). Sensitivity
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FIGURE 1
PRISMA search strategy flow diagram of studies selection process.

analyses were performed by omitting one study at a time to evaluate
the robustness of the results.

Results
Search results

Using the established retrieval strategy and selected online
databases, a total of 1,296 literature records were obtained. Through
manual deduplication combined with literature management software,
we reviewed and organized the titles and abstracts of 868 literature
records and retrieved and read the full text of 99 articles. Finally, 23
studies were included in the meta-analysis. The literature search
process is shown in Figure 1.

Study characteristics

This study included a total of 23 relevant studies involving 2,429
patients with PD. The publication dates of the included studies ranged

Frontiers in Neurology

from February 2006 to February 2021. Among them, 17 studies
compared the severity of WMH between PD-MCI and PD-NC, while
7 studies compared the WMH status between PDD and PD without
dementia (PDND). Only one study (34) simultaneously compared the
WMH status between PD-MCI and PD-NC groups, as well as between
PDD and PDND groups. The largest study enrolled 192 PD patients,
while the smallest study enrolled 28. Of the included studies, 14 were
from Asia, 8 were from Europe, and 1 was from the Americas. Except
for two studies (35, 36), all included studies provided information on
the course of PD. The evaluation of WMH was mainly performed
through visual assessment or volumetric analysis of MRI scans of PD
patients, with corresponding scale assessment data provided. Among
them, 15 studies used visual assessment, 7 studies used volumetric
analysis, and only one study (37) used both visual and volumetric
assessment. The grouping of PD patients based on the degree of
cognitive impairment was mainly determined by MMSE scores and/
or MoCA scale. However, three studies did not use MMSE or MoCA
to evaluate the degree of cognitive impairment in PD patients. One
study (34) assessed the degree of cognitive impairment using various
tests such as the Rey Auditory Verbal Learning Test (RAVLT), the
Verbal Fluency Test (VFT), the Stroop Color-Word Test (SCWT), the
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Trail Making Test Part B (TMT-B), the Raven’s Colored Progressive
© n | o o N © o o © Matrices (RCPM), the Clock Drawing Test, and the Token Test.
Another study (38) utilized the Korean version of MMSE, the Clinical
Dementia Rating (CDR) scale, and the Clinical Dementia Rating sum
% % % % % % of boxes (CDR-SB) to evaluate the degree of cognitive impairment in
S ol 2 5 < = <« | = PD patients. Finally, one study (37) employed MMSE scores and the
S w5z B 8 z g z 3 . . . . -
s = s = = s Mattis Dementia Rating Scale to evaluate the severity of cognitive
i * @ e N @ impairment, but no MMSE-related data were found in the latter two
studies. All of the included studies were assessed as high-quality
studies according to the . The basic characteristics of the include
di di he NOS. The basic ch: istics of the included
;&; studies and the results of quality assessment are shown in Tables 1-3.
(S 2 2 2 g g
] 5 5 5 E | E
T wn 5} 5} 5} 5] 5}
=8 £ =TT £ T T 5 5 & :
= s 2 & 5 & & = = = Quality assessment
g % The NOS scores of the included studies ranged from 5 to 8, with
ko) % S O N S S e e . g no study being assessed as low quality. The methodological quality of
S= B & = the included meta-analysis studies is detailed in Tables 1-3. The Egger
a3}
S B test using Stata 15 showed no evidence of publication bias.
= - ] ) [T} N ~
S = o - S = ® |
= 4 e NooEos 3 g Effects of total WMH in PD-MCI versus
- 3 =2z = © &z = |8 PD-NC
% E R 32 o2
QD: 2 3 H % + R 3
~ } IS N = = 2
= ] = NI = = Data comparing the total WMH load between PD-MCI and
PD-NC groups were available in 17 studies (28, 34, 35, 37-46, 48-50),
a % . which included a total of 1656 PD patients. Due to high heterogeneity
&= S 2z 2 8 S P % i (32), a random-effects model was used for statistical analysis. The
+ + +l + +l +
g = E a2 2 =R - s ¢ meta-analysis results showed that the overall WMH load in the
& g E 28| 3 S %] 0% 5 a PD-MCI group was significantly higher than that in the PD-NC group
N ~
g Noos s 4 S =2 3 (SMD=0.37, 95% CI: 0.21-0.52, p<0.01), as presented in Figure 2.
o N h Subgroup analyses were performed based on relevant factors of
interest in clinical practice, such as different WMH assessment
5 e § 5 methods (visual rating scale and volumetric analysis), PD patients’
~ iZ] -~ 2] @
> g - & E| % 5§ § § < belonging to different ethnic groups (Asian or Caucasian) and
= = § =z % 2 ] 2] = 3 2
St¢ 2 g S 2 § < 3 % 2 whether they were age-matched. The subgroup analyses revealed that:
8 E £ 5 S E § g E :; 5’%‘ :Ef (1) both visual rating scale-based assessment (SMD =0.39, 95% CI:
0.17-0.61, p<0.01) and volumetric analysis-based assessment
S < s e £ £ £ £ £ £ (SMD=0.35, 95% CI: 0.12-0.59, p<0.01) showed significant
% s 4 @ 2 © S 3 g ¢ @ differences in WMH load between PD-MCI and PD-NC groups, as
=2 £ |55 & o§° % o\l\j o\§ § presented in Figure 3; (2) the WMH load in both Asian (SMD =0.47,
= e % 5 g g 8 € ® N 95% CI: 0.21-0.73, p<0.01) and Caucasian (SMD=0.26, 95% CI:
0.10-0.43, p<0.01) PD-MCI groups was significantly higher than that
oS in the PD-NC group, as shown in Figure 4; (3) additionally, in the
g— Z 2 2 5 3 3 ¥ 3 8 & age-matched subgroup (SMD =0.26, 95% CI: 0.05-0.48, p=0.02) and
*a v F N A = —~ « s
& I A A R D the age-unmatched subgroup (SMD=0.46, 95% CI: 0.24-0.69,
= p<0.01), the WMH load in the PD-MCI group was significantly
s w | o | higher than that in the PD-NC group, as shown in Figure 5.
= 5|53 05 3F (3 3|5 |3
+
2 i £¢% & § 8 & § ¢
2 S < © © N © © g .
B 3 33 = S 'z = <= @ , Effects of PVH in PD-MCI versus PD-NC
) 3 i # + H H H 2 4 'Fg
o S R - (R s 2 S %2
<c:n e e e A e RN E This study included five studies (41, 45, 47, 49, 50) that compared
_ % the PVH load between the PD-MCI and PD-NC groups, with a total
- e 23 = . 5 = = % 2 of 503 PD patients. The heterogeneity test suggested high
E o ; Tj E’ < %’ = % E Tj ; heterogeneity; therefore, a random-effects model was used for data
- 7 ) 5] = o 2 5] 5]
25 £ EREEE g - %ﬂ = B B o 3o £ % analysis. The results indicated that the PVH load in the PD-MCI
N S 2 25 2 | <X &2 2 &
& group was significantly higher than that in the PD-NC group
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TABLE 2 Basic features and quality evaluation of included studies in PD-NC and PD-MCI groups.

First Age (years) N/M Sample Male (%)  Country/ Duration of PD UPDRS-I1II N/M Location WMH
author/ size N/M N/M Ethnicity (years) N/M of WMH assessment
time
Oh et al. (46) 62.5+9.4/68.8+6.6 53/76 50.9%/42.10% Korea/Asian 1.9+1.8/1.7£1.6 NA T Visual 1.5+0.7/1.7£0.6
Lietal. (47) 63.45+7.65/64.28 +8.05 45/43 53.33%/51.16 China/Asian 2.85+1.38/ 3.46+2.25 25.85+10.57/33.65+12.46 P/D/B/T Visual 1.80+0.50/2.27 £0.65
Switzerland,
Dunet et al.
37) 78.1+6.1/81.8+3.8 15/13 67%/54% France/ 5.7+3.6/6.5+5.1 NA T Visual/Volumetric NA
7
Caucasian
Stojkovic
1 (48) 61.5+8.1/65.6+7.9 46/61 65.2%/64% Italy/Caucasian 7.2+54/8.9+5.3 36.5+13.6/44.5+11.9 T Volumetric 2.1+£0.9/2.4+0.8
etal.
Hanning Germany/
64.0+£9.063.0+10.0 29/79 59%/69% NA 14 (8;22)/18 (14;28) Visual 1.5 (1;2)/2 (1.3;2.5)
etal. (28) Caucasian
Huang et al. Singapore/
61.3+9.5/65.4+7.8 81/94 58.0%/55.3% 14.85+9.05%/10.97 £7.29* 17.3+7.5/25.1+11.1 T/P Volumetric 1.7+0.4/1.8+0.4
(49) Asian
P/D /T/O/
Lietal. (50) 60.4+3.3/60.2+3.0 30/29 56.7%/58.6% China/Asian 2.5+1.0/5.7+1.1 10.3+1.9/21.6+2.5 Te/E/B/L Visual 1.3£0.3/2.2+0.2
e,
Nicoletti et al.
(34) 64.4+10.4/67.5+7.4 84/55 61.9%/63.6% Italy/Caucasian 3.0+£2.9/3.0£2.7 25.4+14.5/27.4+11.9 T Visual 1.9£0.6/2.2+0.7

1e30 oeyz

B10"uISIa1U0L

NA, not available; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part IIl; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; H-Y staging, Hoehn and Yahr staging; NOS, Newcastle-Ottawa Scale; N, PD-NC; M, PD-MCI; T, Total
WMH (White matter hyperintensity); D, Deep; P, Periventricular; I, Infratentorial; B, Basal ganglia; O, Occipital lobe; Te, Temporal lobe; Pa, Parietal lobe; F, Frontal lobe; The data is presented as mean + standard deviation or percentage; a, This item is measured in
months; b, Data is presented as median (first quartile; third quartile).
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E (SMD=0.47, 95% CI: 0.10-0.84, p=0.01), as demonstrated in
o ® ~ | ® ® ) © § F igure 6.
=
g
e 2 2 5 e oz Effects of DWMH in PD-MCI versus PD-NC
X8 4 $08 &8
o g |dlg| & N s Z
‘% % % Z % ’% % 2 A total of five studies (41, 45, 47, 50) met the inclusion criteria and
% |0 2 3 2 A provided relevant data for comparing the DWMH load between the
— =%
z PD-MCI and PD-NC groups, with a total of 374 PD patients. The
- = results of the random-effects model analysis revealed that the DWMH
o g load in the PD-MCI group was significantly higher than that in the
- g 5 ) PD-NC group (SMD =0.57, 95% CI: 0.28-0.86, P<0.01), as presented
A : 3 3% T 3 3 3& inFiguer
Z 2
- < .
“ aﬁ m’ Z g Effects of total WMH in PDD versus PDND
(o] =
.z <z E El-
cT E2 7 2 A z %%
'% = ':» Q, o E o o ) A 3B This study included a total of six studies (26, 34, 36, 42, 51-53)
. | 2 F
e = 2 o x B K & —s;; E that provided data for comparing the total WMH load between the
= = . e PDD and PDND groups, with a total of 636 PD patients. It is
- £ E noteworthy that all six studies used visual rating scales to evaluate the
o - o - £ g severity of WMH. The results of the random-effects model analysis
> = S = ‘ﬁ E g revealed that the overall WMH load in the PDD group was
— 3 - " - a - - z & significantly higher than that in the PDND group (SMD =0.98, 95%
i X a < 2 s R
2 2 Z S z i X Z § 5 CI: 0.56-1.41, p<0.01), as demonstrated in Figure 8.
Q Ez‘ P T i ; 2 Further subgroup analyses based on whether different races and
\ et — E=TR
N *® K & ‘gb 2 ages were matched found that: (1) among Asians (SMD =1.32, 95%CI:
g: Tg 0.82-1.81, p<0.01) and Caucasians (SMD =0.58, 95% CI: 0.32-0.84,
=2 n < O - - & p<0.01), the overall WMH load in the PDD group was significantly
~ 3 = “Q 2 ) i
v H b H o B Ho33y higher than that in the PDND group, as presented in Figure 9; (2) in
§ b o < 5 "]
5 [« = 2 Iz« *© « = J = the age-matched group, the overa oad in the roup was
8 S S 2 5 3 2 o g 33 he ag hed group, th 1l WMH load in the PDD group
gs = § S ki ; T 3 bt f % significantly higher than that in the PDND group (SMD=0.93, 95%
Q g = E = = A b E % g CI: 0.60-1.27, p<0.01); however, there was no significant difference
(=R
2 ER- in the total WMH load between the PDD and PDND groups in the
8 % Tg non-age-matched group (SMD =1.12, 95% CI: —0.14-2.38, p=0.08),
z g .
I S > q 2 e g; - | B E‘ as shown in Figure 10.
= NEIEEREIE s 2z £
— C .= = 8 < < = =z < < S B
Hll S S £e T T 3z ®Bg ¢ T |2 %
=l O S 5z & 5 & <22 7 g &3 .
R C C - ¢ R s = = 53 Effects of PVH in PDD versus PDND
o g &
O X = X S = X E 3
El S 2 5 2 8 & 5 e °
73, o [a) i = = % 2 S S E ) This study included a total of six studies (26, 36, 51-54) that
I 0= © = NG = = o E & Y
E © Z % ES o\§ g g g ;: = §° provided relevant data for comparing the PVH load between the PDD
“5 . [(e} Lf; S -
5 = @ s 3 - g g g = and PDND groups, with a total of 375 PD patients. The results of the
£ M % 2 random-effects model analysis revealed that the PVH load in the PDD
£ Té!'. oy = 3 5 g B = s 3 ?} group was significantly higher than that in the PDND group
7] I~ = [Sa) = = ) — = o B .
2 I Z e s = 8 @ o 8 %% (SMD=0.83, 95% CI: 0.48-1.19, p<0.01), as demonstrated in
© 2= .
> A £ Figure 11.
£ 2 8
T Na) ) <« g5
2 B g Q|9 ™ 2 g
Ll = i\l N~ o B :3 g &
° hy HooH + N H g2 .
ol f £ 28 & § & 3% Effectsof DWMH in PDD versus PDND
S BB s 3 mw = & 3 £32
i > = S 8w i = |58
g o by E 5 % ° § g ij A total of five studies (26, 36, 52-54) reported relevant data for
i < L e © g é comparing the DWMH load between the PDD and PDND groups.
§ —~ - The heterogeneity test showed no significant heterogeneity; therefore,
E - = 5 2 g g = éé : a fixed-effects model was used for statistical analysis. The results
m 9. s 8 < 8|5 = s E revealed no significant difference in DWMH load between the PDD
-~ o < = B o) = A2 o @
S RN 5 S5 2z Eo 89 fo 2E and PDND groups (SMD=0.55, 95% CI: 0.36-0.73, p<0.01), as
< R A AL S .l gL 28 &L L8 o
= zZ s presented in Figure 12.
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PD-MCI PD-NC Std. Mean Difference Std. Mean Difference

r Mean D Total Mean D Total Wei 1V, ndom. 95% CI IV. Random, 95% CI
Amboni et al. 2015 0.42 0.43 21 0.4 0.46 21 4.3% 0.04 [-0.56, 0.65] -
Baggio et al. 2015 0.97 1.03 22 079 1.27 43 5.3% 0.15[-0.37, 0.66] ]
Dalaker et al. 2009 104 153 30 73 13 133 6.9% 0.23[-0.17, 0.63] N
Dunet et al. 2018 (1) 1.9 1 13 15 08 15 3.2% 0.43 [-0.32, 1.19] -
Dunet et al. 2018 (2) 16 13.2 13 8.8 6 15 3.1% 0.70 [-0.07, 1.47] T —
Ham et al. 2014 139 1.9 46 141 18 41 6.5% -0.01[-0.43, 0.41] -1
Hanning et al. 2019 143 2.03 29 145 264 79 6.4% -0.01[-0.43, 0.42] - 1
Huang et al. 2020 1.24 2.86 94 1 3.41 81 8.5% 0.08 [-0.22, 0.37] I
Kandiah et al. 2013 8.2 6.87 24 409 6.1 67 5.7% 0.65[0.17, 1.12] -
Kim et al. 2012 15.8 10.5 48 10.5 10.9 25 5.6% 0.49 [0.00, 0.98] —
Li et al.2020 269 1.14 29 147 1.22 30 4.9% 1.02[0.47, 1.56] -
Mak et al. 2015 12.3 10.3 25 42 58 65 5.6% 1.10[0.61, 1.59] -
Nicoletti et al. 2021 33 45 55 22 28 84 7.7% 0.31[-0.04, 0.65] T
Oh et al. 2016 20.3 149 76 132 96 53 7.5% 0.54 [0.19, 0.90] -
Shin et al. 2012 24 14 87 23 16 44 7.4% 0.07 [-0.30, 0.43] -1
Stojkovicv 2018 1.15 2.03 61 043 0.61 46 7.0% 0.45[0.06, 0.84] -
Wang et al. 2013 743 698 23 409 449 23 45% 0.56 [-0.03, 1.15] I
Total (95% Cl) 696 865 100.0% 0.37 [0.21, 0.52] <&
Heterogeneity: Tau? = 0.05; Chiz = 32.34, df = 16 (P = 0.009); I = 51% 1 0 PR 0‘5 1
Test for overall effect: Z = 4.61 (P < 0.00001) Favours [F;D-NC] Favours [PD-MCI]

FIGURE 2
Forest plot and meta-analysis of total WMH between PD-MCI and PD-NC.

PD-MCI PD-NC Std. Mean Difference Std. Mean Difference
r r Mean D Total Mean D Total Weigh IV, Random, 95% CI IV, Random, 95% CI
1.7.1 visual rating scale-based assessment
Dunet et al. 2018 (1) 1.9 1 13 15 08 15  3.2% 0.43[-0.32, 1.19] ]
Ham et al. 2014 139 1.9 46 141 18 41 6.5% -0.01[-0.43, 0.41] ]
Kim et al. 2012 15.8 10.5 48 10.5 10.9 25 5.6% 0.49[0.00, 0.98]
Li et al.2020 269 1.14 29 147 1.22 30 4.9% 1.02[0.47, 1.56]
Nicoletti et al. 2021 33 45 55 22 28 84 7.7% 0.31[-0.04, 0.65] T
Oh et al. 2016 20.3 14.9 76 132 96 53 7.5% 0.54 [0.19, 0.90]
Shin et al. 2012 24 14 87 23 16 44 7.4% 0.07 [-0.30, 0.43] ]
Wang et al. 2013 7.43 6.98 23 4.09 4.49 23 45% 0.56 [-0.03, 1.15]
Subtotal (95% CI) 377 315 47.2% 0.39 [0.17, 0.61]

Heterogeneity: Tau? = 0.04; Chi? = 12.96, df = 7 (P = 0.07); I> = 46%
Test for overall effect: Z = 3.50 (P = 0.0005)

1.7.2 volumetric analysis-based assessment

Amboni et al. 2015 0.42 0.43 21 0.4 0.46 21 4.3% 0.04 [-0.56, 0.65]
Baggio et al. 2015 0.97 1.03 22 079 127 43  53% 0.15[-0.37, 0.66] ]
Dalaker et al. 2009 104 153 30 73 13 133 6.9% 0.23 [-0.17, 0.63]
Dunet et al. 2018 (2) 16 13.2 13 88 6 15  3.1% 0.70 [-0.07, 1.47] T
Hanning et al. 2019 143 2.03 29 145 264 79  6.4% -0.01[-0.43, 0.42] ]
Huang et al. 2020 1.24 2.86 94 1 341 81 8.5% 0.08 [-0.22, 0.37] ]
Kandiah et al. 2013 8.2 6.87 24 409 6.11 67 57% 0.65[0.17, 1.12]
Mak et al. 2015 12.3 10.3 25 42 58 65 5.6% 1.10[0.61, 1.59]
Stojkovicv 2018 1.15 2.03 61 043 0.61 46 7.0% 0.45[0.06, 0.84]
Subtotal (95% CI) 319 550 52.8% 0.35[0.12, 0.59]

Heterogeneity: Tau? = 0.07; Chi? = 19.17, df = 8 (P = 0.01); I = 58%
Test for overall effect: Z =2.92 (P = 0.004)

o o;M!H WH

Total (95% ClI) 696 865 100.0% 0.37 [0.21, 0.52]
Heterogeneity: Tau? = 0.05; Chi? = 32.34, df = 16 (P = 0.009); 1> = 51%

Test for overall effect: Z = 4.61 (P < 0.00001)

Test for subaroup differences: Chi? = 0.05. df = 1 (P = 0.82). I = 0%

L
t

1 05 05 1
Favours [PD-NC] Favours [PD-MCI]

o

FIGURE 3
Forest plot and meta-analysis of WMH between PD-MCI and PD-NC: a subgroup analysis based on different assessment modalities.

Sensitivity analysis Discussion

This study conducted sensitivity analyses for all explored outcome Our research systematically retrieved literature on the relationship
measures, and the results demonstrated that the study findings were ~ between WMH and cognitive impairment in PD. We conducted a
stable and reliable. meta-analysis to investigate the impact of WMH load on cognitive
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FIGURE 4
Forest plot and meta-analysis of WMH between PD-MCI and PD-NC: a subgroup analysis based on different ethnicities.
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FIGURE 5
Forest plot and meta-analysis of WMH between PD-MCI and PD-NC: a subgroup analysis based on age.
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Test for overall effect: Z = 2.47 (P = 0.01)

FIGURE 6
Forest plot and meta-analysis of PVH between PD-MCI and PD-NC.
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FIGURE 7
Forest plot and meta-analysis of DWMH between PD-MCI and PD-NC.
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function in PD, which is of clinical significance for doctors. A total of
19 case-control studies and 4 longitudinal cohort studies with 2,429
participants were included. The study found that the severity of WMH
may play an important role in the cognitive decline of PD, even in the
early stages of cognitive impairment, and may serve as an imaging
biomarker for early cognitive dysfunction in PD patients.

In a cross-sectional study, Dalaker et al. (39) compared the total
load of WMH in 163 newly diagnosed untreated PD patients and 102
age-matched healthy controls but found no significant difference in
the overall WMH load between the two groups. Subgroup analysis of
PD-MCI and PD-NC did not reveal any significant differences
between the two groups. Similarly, Baggio et al. (44) and Amboin et al.
(43) also did not find a relationship between WMH and cognitive
impairment in PD. However, Kandiah et al. (41) found that the overall
WMH load in PD-MCI patients was significantly higher than in
PD-NC patients; even after adjusting for age and vascular risk factors
such as diabetes, hypertension, hyperlipidemia, smoking, etc., the
overall WMH load in the PD-MCI group remained significantly
increased. Mak et al. (45) also reported similar findings. However, a
recent longitudinal study by Nicoletti et al. (34) found that baseline
WMH load was not associated with the risk of PD-MCI, and severe
baseline WMH was the strongest predictor of PDD. In our study,
we compared the WMH load between the PD-NC and PD-MCI
groups and found that the WMH load in the PD-MCI group was
significantly higher than in the PD-NC group, suggesting that WMH
may play an important role in early cognitive impairment in PD.

The evaluation of WMH can be classified into two methods: visual
rating scales and volumetric assessments. Visual rating scales are
commonly used as they are simple and quick; however, they have
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some subjective bias and ceiling effects, and their reliability and
sensitivity are lower compared to volumetric measurement methods.
Therefore, our study conducted subgroup analyses based on different
WMH assessment methods, and found that even after excluding
potential subjective bias in visual rating scales, significant associations
between WMH and PD-MCI were still observed using the
volumetric assessment.

As WMH load increases with age, and the prevalence of WMH
positivity is significantly higher in Asians than in Caucasians (12), our
study conducted subgroup analyses based on age-matching and
ethnicity (Asian or Caucasian). We found that the impact of WMH
load on early cognitive function in PD was not influenced by ethnicity
or age; regardless of age-matching or ethnicity, the severity of WMH
was significantly correlated with cognitive impairment in PD patients.
Due to limitations in accessing research data, this study did not
specifically explore the effects of WMH load on cognitive
domains in PD.

Vesely et al. found that the impact of WMH load on cognitive
function may vary in specific brain regions (55). In a cohort study,
Kandiah et al. (41) reported that baseline PVH load significantly
increased in the PD-MCI group compared to PD-NC, while there
was no significant difference in DWMH load. Further univariate
analysis revealed that PVH was significantly higher in PD-MCI
than PD-NGC; after adjusting for age and hippocampal volume in
multivariate analysis, PVH only showed a certain trend, and
DWMH was not a predictor of PD-MCI risk. Subsequently, Mak
et al. (45) found that the overall WMH and PVH load were
significantly higher in the PD-MCI group than in the PD-NC
group, while there was no significant association between DWMH
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Test for overall effect: Z = 4.54 (P < 0.00001)

FIGURE 8
Forest plot and meta-analysis of total WMH between PDD and PDND.
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Forest plot and meta-analysis of WMH between PDD and PDND: a subgroup analysis based on different ethnicities.
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and PD-MCI. Interestingly, Li et al. (47) observed in a study of
cognitive impairment in 120 PD patients that compared to PD-NC,
DWMH load was significantly increased in PD-MCI, while there
was no significant difference in PVH load between the two groups.
Further multiple regression analysis demonstrated that the
correlation between PD cognitive impairment and DWMH score
was the highest. In our study, we found that both PVH and DWMH
load were significantly associated with early cognitive function in
PD patients, suggesting that both PVH and DWMH may affect early
cognitive function in PD.

Two studies (42, 50) provided data on the correlation between
lobar WMH load, basal ganglia WMH load, and PVH load with
cognitive impairment in PD. Li et al. (50) reported that only frontal
lobe WMH load showed a significant difference between the PD-MCI
group and the PD-NC group, while Wang et al. (42) found no
significant differences in WMH load in various brain regions between
the PD-NC and PD-MCI groups. Due to limitations in accessing data,
the effects of WMH load in different brain regions on cognitive
impairment in PD were not explored based on each region’s WMH
load. Future research on the effects of WMH in different brain regions
on cognitive function in PD is expected to provide further insights
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into the impact of WMH in different brain areas on cognitive
dysfunction in PD.

PD-MCI is the most crucial risk factor for PD progression to PDD
(7). Compared to PD-MCI, PDD has a more significant impact on
patients’ daily lives. Beyer et al. (51) first explored the impact of WMH on
cognitive impairment in PD in 2006 and found that compared with the
PDND group, the levels of DWMH load and PVH load were significantly
higher in the PDD group. Multiple linear regression analysis revealed that
DWMH was the only variable significantly correlated with MMSE scores.
Subsequently, Joki et al. (36) observed that PVH load was significantly
increased in PDD patients compared to PDND patients, while there was
no significant difference in DWMH load between the two groups. In
contrast, Slawek et al. (53) found in a study of 192 PD patients and 184
age-and gender-matched healthy controls that overall WMH load and
DWMH load were related to cognitive impairment in PD patients, while
no significant correlation was found with PVH. Further multivariate
analysis showed that DWMH could predict PDD. Our study conducted
a meta-analysis of studies on overall WMH load and PDD, and found that
overall WMH load affects cognitive function in PDD patients. Further
subgroup analysis revealed that both Asian and Caucasian WMH load
were related to cognitive function in PDD, while there was no significant
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difference in WMH load between different age PDD and PDND groups,
suggesting that age may confound the relationship between WMH and

PDD. In future research, special attention should be paid to the impact of

age on the relationship between WMH load and cognitive

function in PDD.
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Limitations

This study has several limitations. First, unpublished data, case

reports in abstract form, and non-English or Chinese literature

were not included, which may have led to selection bias. Second,
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due to differences in analysis methods and designs among different
studies, the comparability of data was limited, which may have had
some impact on the research results. Third, due to data availability,
this study did not analyze the relationship between WMH in
different brain regions and cognitive domains in PD. Fourthly, this
study did not take into account various sources of variation,
including vascular risk factors, UPDRS scores, and the duration of
PD. Therefore, more high-quality multicenter studies are still
needed in the future to clarify the relationship between WMH and
cognitive impairment in PD and provide more high-quality
evidence-based medicine for clinical practice. This will allow for
early and accurate identification and diagnosis of cognitive
in PD,
patient prognosis.

impairment reducing its harm and improving

Conclusion

WMH is associated with cognitive dysfunction in PD, and the
severity of WMH may impact cognitive dysfunction in
PD. Additionally, the early appearance of WMH may suggest the
presence of MCI in PD.

Data availability statement
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Glossary

ARWMC age-related white matter changes

BBB blood-brain barrier

CHIPS score the Cholinergic Pathways Hyperintensities Scale

CIL confidence intervals

CVR cerebrovascular reactivity

DWMH deep white matter hyperintensity

Erkinjunntti the Erkinjunntti rating scales

Fazekas the Fazekas visual rating scales

FLAIR fluid-attenuated inversion recovery

H-Y stage Hoehn and Yahr scale stage

MCI Mild cognitive impairment

MD mean differences

MMSE Mini-Mental State Examination

MoCA Montreal Cognitive Assessment

MOOSE the Meta-Analysis of Observational Studies in Epidemiology guidelines

MRI magnetic resonance imaging

Na no available

NOS Newcastle-Ottawa Scale

PD Parkinson’s Disease

PDD PD dementia

PD-MCI Parkinson’s disease mild cognitive impairment

PD-NC Parkinson’s disease with no cognitive impairment

PDND non-demented PD

PVH periventricular hyperintensity

Scheltens scale

the Scheltens visual rating scales.

SMD standard mean difference

UKPDS the use of British Parkinson’s Disease Society
UPDRS-III Unified Parkinson’s Disease Rating Scale part IIT
WMH White matter hyperintensity
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Pain in monogenic Parkinson'’s
disease: a comprehensive review
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and Veronica Bruno'?*

!Department of Clinical Neurosciences, University of Calgary, Calgary, AB, Canada, 2Hotchkiss Brain
Institute, Calgary, AB, Canada

Pain, a challenging symptom experienced by individuals diagnosed with
Parkinson’s disease (PD), still lacks a comprehensive understanding of its
underlying pathophysiological mechanisms. A systematic investigation of its
prevalence and impact on the quality of life in patients affected by monogenic
forms of PD has yet to be undertaken. This comprehensive review aims to
provide an overview of the association between pain and monogenic forms
of PD, specifically focusing on pathogenic variants in SNCA, PRKN, PINKZ1,
PARK7, LRRK2, GBA1, VPS35, ATP13A2, DNAJC6, FBXO7, and SYNJ1. Sixty-
three articles discussing pain associated with monogenic PD were identified
and analyzed. The included studies exhibited significant heterogeneity in
design, sample size, and pain outcome measures. Nonetheless, the findings of
this review suggest that patients with monogenic PD may experience specific
types of pain depending on the pathogenic variant present, distinguishing
them from non-carriers. For instance, individuals with SNCA pathogenic
variants have reported painful dystonia, lower extremity pain, dorsal pain, and
upper back pain. However, these observations are primarily based on case
reports with unclear prevalence. Painful lower limb dystonia and lower back
pain are prominent symptoms in PRKN carriers. A continual correlation has
been noted between LRRK2 mutations and the emergence of pain, though
the conflicting research outcomes pose challenges in reaching definitive
conclusions. Individuals with PINK1 mutation carriers also frequently report
experiencing pain. Pain has been frequently reported as an initial symptom
and the most troublesome one in GBA1-PD patients compared to those
with idiopathic PD. The evidence regarding pain in ATP13A2, PARK7, VPS35,
DNAJC6, FBXO7, and SYNJlpathogenic variants is limited and insufficient.
The potential linkage between genetic profiles and pain outcomes holds
promising clinical implications, allowing for the potential stratification of
patients in clinical trials and the development of personalized treatments
for pain in monogenic PD. In conclusion, this review underscores the need
for further research to unravel the intricate relationship between pain and
monogenic forms of PD. Standardized methodologies, larger sample sizes,
and longitudinal studies are essential to elucidate the underlying mechanisms
and develop targeted therapeutic interventions for pain management in
individuals with monogenic PD.
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1. Introduction

Parkinson’s disease (PD) is a complex disorder with significant
clinical variability, potentially influenced by genetic factors, affecting
not only motor but also non-motor symptoms (NMS) including pain
(1, 2). Pain in PD encompasses various categories, including
musculoskeletal pain, chronic pain, fluctuation-related pain, nocturnal
pain, orofacial pain, discoloration, edema/swelling, and radicular
pain, as categorized by the King’s Parkinson’s Disease Pain Scale (3).

Despite of its high prevalence, with reports of up to 85% of PD
patients experiencing pain (4-6), it remains underdiagnosed and
undertreated, even if it significantly impacts the quality of life (7-12).
Lower Back Pain (LBP) is the most common pain site in PD,
surpassing its prevalence in healthy older adults (13). Shoulder pain
can even precede the PD diagnosis (14), with 12% of PD patients
reporting it as their initial symptom (15). Motor complications in PD
patients correlate with a higher risk of pain, and pain potentially
exacerbates parkinsonian symptoms (5, 16). Given the complexity of
pain etiology and the limited therapeutic options for its management,
a comprehensive and accurate classification of pain types are crucial
for improved patient outcomes (12).

Pathogenic variants in PD-causative genes have been associated
with diverse disease symptoms (17, 18). For example, cognitive
decline affects 70% of PD patients with pathogenic alpha-synuclein
(SNCA) gene variants, while only 23% of Leucine-Rich Repeat Kinase
2 (LRRK?2) carriers exhibit cognitive impairment (18). Rigidity and
bradykinesia are nearly universal in SNCA patients, with dystonia less
frequently observed (18). Despite these observations, data on pain in
monogenic forms of PD remain limited. Case reports and small case-
control studies indicate variations in pain presentation among
different genetic forms of PD. For instance, a PD patient with an
SNCA pathogenic variant exhibited dorsal pain as a primary
symptom (19), while another patient with the Leu347Pro PTEN-
induced putative protein kinase 1 (PINKI) pathogenic variant
developed long-term right-sided pain following right-hand tremor
onset (20).

Reports also suggest pain as an initial symptom in PD patients
with the G2019S LRRK2 variant (21). Yet, these reports rarely explore
the longitudinal progression of pain or compare pain experiences
among carriers of different pathogenic variants under similar
conditions. Consequently, the question of whether genetic status
directly leads to the emergence of pain or is associated with different
types in PD remains unanswered.

This review aims to investigate the hypothesis that genotypes may
influence the pain phenotype in PD patients. We assess the presence,
types, severity, and onset time of pain in PD patients and their
relationship with different variants in pathogenic genes. By
synthetizing existing literature, this review seeks to enhance our
understanding of pain in monogenic forms of PD and offer insights
for future research and clinical management.

2. Methods
2.1. Search strategy

To ensure methodological rigor, this review adhered to the

Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (22).
The initial literature search encompassed databases such as
MEDLINE (PubMed), Embase (Elsevier), and Cochrane databases.
We sought articles published from inception until March 2023. The
search strategy employed a combination of subject headings and
MeSH terms, including “Parkinson’s disease” OR “Parkinson
disease” OR “PD,” AND “gene” OR “genetic” OR “monogenic” OR
“SNCA” OR “PRKN” OR “Parkin” OR “PINK1” OR “DJ1” OR
“LRRK2” OR “ATP13A2” OR “GBA1” OR “DNAJC6” OR “FBXO7”
OR “SYNJ1” OR “PARK1” OR “PARK2” OR “PARK4” OR “PARK6”
OR “PARK7” OR “PARKS8” OR “PARKY9” OR “PARKI15” OR
“PARK19” OR “PARK20,” AND “pain” OR “pain sensation” OR
“somatosensory discomfort” The search was conducted without
restrictions on language, year of publication, study type, or
publication status.

Two independent investigators (PA and CTC) conducted the
search, and the search results, including abstracts and full-text articles,
were organized using reference management software. In addition to
the electronic search, references from included studies and review
articles were screened to augment the dataset.

Monogenic forms of PD result from the inheritance of a
pathogenic variant of a single gene, contributing to approximately
30% of familial cases and 3-5% of sporadic cases (23). While the PD
causative gene landscape has sparked some debate, several genes,
including, SNCA, Parkin RBR E3 Ubiquitin Protein Ligase (PRKN),
PINKI, LRRK2, and deglycase DJ-1 (PARK7) are widely as
acknowledged as monogenic PD genes by most experts (24, 25).
This review incorporates vacuolar protein sorting 35 (VPS35), with
only one confirmed pathogenic variant (26), ATPase Cation
Transporting 13A2 (ATP13A2), F- box protein 7 (FBXO7), DnaJ
Heat Shock Protein Family (Hsp40) Member C6 (DNAJC6), and
Synaptojanin-1 (SYNJI1) based on a recent comprehensive
review (25).

We have included findings related to the GBAI gene
(Glucosylceramidase) which elevate the risk of developing PD. Pain
reports are common among GBAI carriers, making this addition
significant to our review (27).

Specific pathogenic variants linked to PD and pain syndromes are
discussed within the text, while those variants reported only in
are further
comprehensive reference.

individual cases summarized in Table 1 for

2.2. Selection criteria

To ensure the relevance and quality of selected articles, the
following inclusion criteria were applied: (A) Published papers that
specifically focused on pain symptoms in patients with monogenic
pathogenic variants associated with PD and (B) Articles that
provided information on autosomal dominant (AD) or recessive
(AR) forms of PD or on patients carrying at least one pathogenic
variant in the SNCA, PRKN, PINKI, PARK7, LRRK2, GBAI,
VPS35, ATP13A2, DNAJC6, FBXO7, or SYNJI genes, and reporting
cases of PD-related pain. Furthermore, a meta-summary was
conducted to consolidate the overall findings from the
selected studies.

The exclusion criteria were as follows: (A) Articles that included
PD patients carrying gene pathogenic variants other than those listed
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TABLE 1 Pain in monogenic PD: summary of the data extracted from the included studies concerning clinical studies.

Gene/ . . o
Protein . Type of . Pain-related Other clinical
Symbol/ Variants type Sample size . .
. product study information features
Inheritance
110 fully sequenced Bilateral action tremor,
Appel-Cresswell etal. | Case series/ | 1105 patients and 875 | Painful dystonic flexion on micrographia, and
SNCA missense (H50Q)
(2013) (28) report control TagMan walking in carriers. decreased walking speed
sequencing with shuffling.
Lesage et al. (2013) Case series/ Lower extremity pain in 1 out Left hemibody rest
SNCA missense (G51D) 4 patients
(29) report of 3 carriers. tremor.
SNCA/ First presented with
PARK1, PARK4/ Alpha-synuclein dorsal pain and gait
Mosaicism of duplication
AD Perandones et al. Case series/ Dorsal pain in 1 out of 2 disorders, secondary to
and triplication in oral 2 cases
(2014) (19) report patients rigidity and
mucosal cells
bradykinesia of the
lower left leg.
Fatigue, tremors, and
Case series/
Triplication Byers et al. (2011) (30) 1 case Upper back pain decreased dexterity as
report
P initial symptoms.
Psychomotor slowness,
Capecci et al. (2004) Case series/ Painful dystonic posture during
Homozygous Exon 3 deletion 1 patient mood depression,

PRKN/
PARK2/
AR

Parkin

(31)

report

off phases.

insomnia.
Intron 5 splice mutation/ Lower limb pain/leg pain, pain
Case series/
intron 5 splice mutation and | Khan et al. (2002) (32) 10 patients with “OFF-periods” and painful | Bilateral leg tremor.
report
exon 8 deletion P dystonic cramps of the feet.
Left foot severe pain as first
Dogu et al. (2004) Case series/
Homozygous exon 4 deletion 33) 12 siblings complaint and left foot dystonia | N/A
33 report
P two years later in one patient.
4% with pain and 24% with
Compound heterozygous
dystonia as their onset
Parkin mutation (a deletion Djarmati et al. (2004) Case series/
75 unrelated patients symptom. No clarification N/A
of exon 7 and a missense (34) report
about Parkin mutation carriers
mutation in exon 12)
was among them.
Tingling sensation with foot
sensory loss in 2 out of 9 Parkin
Ohsawa et al. (2005) Case series/ | 9 Parkin patientsand | patients.
Different deletions* N/A
(35) report 8 idiopathic PD Significant decrease of SNAP
amplitude in 8 out of 9 Parkin
Ppatients.
1 homozygous exon 2
deletion, 13 compound Case series/ | 115 PD patients (24 Painful ‘OFF’ periods in
Khan et al. (2003) (36) N/A
heterozygous, and 10 had report Parkin patients) homozygous patients.
single mutant allele
Homozygous for 202A Nisipeanu et al. (2001) | Case series/
4 brothers Low back pain N/A
deletion 37) report
3 PRKN deletion patients (2
Bouhouche et al. Case series/ | 18 consanguineous
homozygous and 1 No pain for 3 Parkin patients. N/A
(2017) (38) report patients
heterozygous)
9 homozygous deletion The same patients
Cross- 230 PD (30 Parkin 50% of patients with tingling
mutations and 7 had a Shyu et al. (2005) (39) complained of
sectional carriers) pains over both lower legs.
heterozygous point mutation profound dizziness.
15 heterozygous, 3
“ve 122 non-related
homozygous, and 7
Monroy-Jaramillo Cross- EOPD patients (25 ‘The patient with exon 9
compound heterozygous N/A
etal. (2014) (40) sectional Parkin mutation) and | deletion experienced pain.
including different kinds of
120 HC
deletions or duplications
Left foot dystonia in
the other sisters.
Painful contractions with
No pain was
objective mild sensory
mentioned.
93 carried two mutations and | Lesage et al. (2007) Cross- neuropathy in the lower limbs
435 patients Another sister had a
25 had one mutation (41) sectional 1 out of 3 sisters with single

heterozygous deletion of exon
3.

mild decrease in
sensory nerve action
potentials in the lower

limbs without pain.

Frontiers in Neurology

112

(Continued)

frontiersin.org


https://doi.org/10.3389/fneur.2023.1248828
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Alizadeh et al.

TABLE 1 (Continued)

Gene/

Symbol/
Inheritance

Protein
product

10.3389/fneur.2023.1248828

Pain-related

Other clinical

Variants type Authors/year Sample size . .
yp y P information features
5 Parkin, 5
Doherty et al. (2013) Case- pathologically FOG and painful OFF-period
Different Parkin mutations N/A
(42) control confirmed PD, and 4 dystonia in PRKN carriers.
HC
Somatosensory disturbances
(Sensory gain for the cold pain
Parkin heterozygous Gierthmiihlen et al. Case- 9 Parkin carriers and threshold in 5 out 9 parkin N/A
mutation (2010) (43) control 9HC carriers. Sensory gain for the
hot pain threshold in one
carrier).
43% of Parkin carriers had
“other symptoms” including
Koziorowski et al. Case- 150 EOPD patients
Different kinds of mutation pain and dystonia as an onset N/A
(2013) (44) control and 230 HC
symptom in comparison with
13 % for non-carriers.
Severe LBP
202A deletion
Hassin-Baer et al. 13 PD patients and 15 | (8 out of 13)
(12 homozygous, 1 Cohort N/A
(2011) (45) family members Painful dystonia
heterozygous)
(2 out of 13)
All patients had lower
Different Parkin mutations Elia et al. (2014) (46) Cohort 44 patients Lower limb pain in 3 patients. limb walking task-

specific dystonia.

One with homozygous

Zadikoff et al. (2006)

Case series/

Back, and extremity pain, and

transition in exon 7 11 PD patients painful wearing-off dystonia N/A
(47) report
(Q456>X) are frequent complaints.
1 EOPD patient
Homozygous A217D Norman et al. (2017) Case series/
(family of Moroccan Back and shoulder pain. N/A
mutation (48) report
origin)
5 heterozygous for Biswas et al. (2010) Case series/ | 250 patients and 205 Pain in legs, calves, knees, NIA

Arg246Gln & Arg276GIn

(49)

report

HC

spine, and back.

27 variants including 1
homozygous T-C
substitution in exon 5
(Leu347Pro)

Rogaeva et al. (2004)
(20)

Case series/

report

289 PD patients and
80 HC in the first
stage and 150 HC for
estimating the

mutation frequencies

Pain on the right side after 10

years.

Right-hand tremor as

an onset symptom.

Kilarski et al. (2012)

Case series/

Lower limb tremor as
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1 homozygous L347P 136 EOPD Pain as an onset symptom.
(50) report an onset symptom.
An urge to move her
lower limbs was
1 homozygous nonsense
Case series/ | 80 sporadic EOPD accompanied by
PINK1/ . mutation in exon 3 Tan et al. (2006) (51) Painful paresthesia
PTEN-induced report patients painful paresthesia
PARK6/ o (Tyr258Stop)
AR putative kinase 1 with a cramp-like
feeling distally.
1 homozygous L539F PINK1
Bouhouche et al. Case series/ | 19 unrelated PD
and 1 homozygous Q456X No pain reported N/A
(2017) (52) report patients
PINKI mutation
Four variants were
Right shoulder pain in 2
found and three of them
Different mutations in Djarmati et al. (2006) | Cross- heterozygous patients
92 EOPD patients (c.558GC, ¢.626CT, and
exon2* (53) sectional [mutation (952A>T in exon 2:
€.952AT) are likely to
Met318Leu)]
be pathogenic.
Painful episodes of torticollis
53 patients without
and levodopa-induced painful
Ibanez et al. (2006) Case- PINKI mutations
Different kinds of mutations dystonia episodes in 1 N/A
(54) control 34 PINK]1 patients,
homozygous Q456X PINK1
and 174 HC
mutation patient.
Somatosensory impairment
14 family members
Gierthmiihlen et al. Case- (higher mechanical pain, and
PINKI mutation with PINKI mutation N/A
(2009) (55) control pain pressure thresholds in
and 14 HC
PINKI1 carriers than HC).
(Continued)
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Gene/ : . o
Protein . . Pain-related Other clinical
Symbol/ Variants type Sample size : .
. product information features
Inheritance
Different substitution Koziorowski et al. Case- 150 EOPD patients
No pain reported N/A
mutations* (2013) (44) control and 230 HC
1 patient for clinical
Heterozygous N1437H Puschmann et al. Case series/ Severe painful dystonia in ON
study and 7 brains for N/A
mutation (2012) (56) report state.
genetic study.
Painful cervical dystonia was
Case series/
11 G2019S mutation Bras et al. (2005) (57) 128 PD patients responsive to levodopa in 2 N/A
report
P carriers.
The same patient had
Idiopathic patient Painful left heaviness in the right
3 G2019S mutation (2
Gosal et al. (2005) Case series/ foot dystonia after 9 years of arm and leg, which
familial and 1 idiopathic 273 PD patients
fent) (58) report onset symptoms in an caused some walking
atient,
P idiopathic patient. difficulties as an onset
symptom.
Severe wasting painful
871 PD patients (430 Bradykinesia and
dyskinesia after 13 years of
One p.R1441G mutation, one | Hatano et al. (2014) Case series/ | sporadic PD and 441 tremors in the left
disease onset in a patient with
p.G2019S, and 103 G2385R (59) report probands with lower limb as onset
both R1441G and G2385R
familial PD) symptoms.
mutations in LRRK2.
Pain as an onset symptom in
Gatto et al. (2013) Case series/
Three with G2019S mutation o 55 PD patients one carrier with abnormal N/A
report
P MMSE.
Higher heat pain threshold in
Khlebtovsky et al. Cross-
LRRK2 mutation 28 PD patients LRRK2 carriers than non- N/A
(2018) (60) sectional X
carriers.
First included: 98
EOPD, 42 LOPD
Joint pain was the initial
2 with R1441C and 2 with Hedrich et al. (2006) Cross- patients.
symptom in one patient with N/A
G2019S mutation (61) sectional Further included: 220
R1441C LRRK2 mutation.
LRRK2/ . EOPD patients and
Leucine-rich repeat
PARKS/ 200 HC
AD kinase 2
8 heterozygous R1441C
Criscuolo et al. (2011) | Cross- Pain in 5 R1441C carriers vs.
mutation, 1 heterozygous 192 PD patients N/A
(62) sectional one no-carrier
G2019S mutation
Bouhouche et al. Cross- 100 unrelated PD No significant difference in
G2019S mutation N/A
(2017) (52) sectional patients pain prevalence.
G2385R or R1628P LRRK2 Lietal. (2015) (63) Cross- 1225 PD patients No differences in the NMS N/A
variants sectional phenotype.
LRRK2 Gly2019Ser mutation | Healy et al. (2008) Case- 24 world populations, | 126 out of 301 LRRK2 PD N/A
(64) control 19 376 patients patients (42%) had dystonia,
mostly painful foot dystonia
"OFF-period"(25%for
idiopathic PD).
7 PD patients and 2 PD Baig et al. (2015) (65) | Case- 769 PD patients, 98 at | 'The pain was reported among N/A
relatives (at-risk group) had control risk (first-degree PD symptoms in 55.6% of PD
LRRK2 mutation relatives), and 287 HC | patients and 1.2% of relatives.
G2385R mutation An et al. (2008) (66) Case- 600 PD patients and No significant difference N/A
control 334 unrelated HC between genotypes in pain as
an onset symptom.
LRRK2 G2385R or R1628P ‘Wang et al. (2014) Case- 223 LRRK2-PD No difference in pain between N/A
(67) control carriers and 1366 iPD. | LRRK2 PD patients and
idiopathic PD.
LRRK2 R1628P mutation Zhang et al. (2009) Case- 600 patients and 459 No significant difference in N/A
(68) control unrelated HC Ppain as an onset symptom
among genotypes.
7 heterozygous G2019S Luciano et al. (2010) Cohort 791 individuals Knee pain was reported among | N/A
mutation (69) symptoms in one individual
who developed PD.
(Continued)
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i Protein . . Pain-related Other clinical
Symbol/ Variants type Authors/year Sample size . .
. product information features
Inheritance
1 homozygous deletion Martino et al. (2015) Case series/ | 1PD patient Pain in the right hand Right-arm dystonic
ATPI13A2/ (¢.2822delG) (70) report posturing is an onset
PARKY/ ATPase 13A2 symptom.
AR Two with W258X mutation Bouhouche et al. Cross- 19 PD patients No pain among their N/A
(2017) (52) sectional symptoms.
D1/ 1 heterozygous deletion of Djarmati et al. (2004) | Case series/ | 75 unrelated PD Pain as an onset symptom in 3 N/A
exon>5 (34) report patients out of 75 (4%). No mention if
PARK7/ DJ-1
AR the DJ-1 carrier was one of
them.
15 with GBA mutations Bonner et al. (2020) Case series/ | 20 PD patients (15 The pain was reported as the Sleep disruption was
(71) report with PD-GBA and 5 most bothersome symptom in reported as caused by
with idiopathic PD) 17 patients (12 GBA-PD pain in 2 patients. No
patients) clarification if patients
GBA-PD patients reported were GBA carriers.
rigidity and stiffness often
combined with pain.
N370S (homozygous) Rodriguez-Porcel Case series/ | 2 GBA-PD patients A cramp-like pain N/A
etal. (2017) (72) report
3 heterozygous D409H and 1 | Kresojevic et al. Cross- 578 PD patients Pain is an initial symptom in all | N/A
heterozygous R463H (2015) (73) sectional carrier patients.
Different heterozygous Jesus et al. (2016) (74) | Case- 532 iPD patients (62 37.9% of deleterious and 40% Among other NMS,
mutations control carriers) and 542 HC of benign GBA carriers vs. REM sleep disorder
GBA1/ (43 carriers) 34.4% of non-carriers had pain | was significantly more
AD Glucocerebrosidase common among GBA
carriers than non-
carriers
12 heterozygous including McNeill et al. (2012) Case- 220 PD patients (12 Unexplained pain was more N/A
five N370S, two L444P, and (75) control PD-GBA and 20 common among GBA-PD
other different mutations non-GBA mutations patients than sporadic (58% vs.
PD patients) 10%, p=0.005).
1444P mutation ‘Wang et al. (2014) Case- 49 GBA-PD and 1366 | No differences concerning N/A
(67) control iPD bodily pain between groups.
Different kinds of point Neumann et al. (2009) | Case- 790 PD and 257 A patient with R463C mutation | N/A
mutations or deletion (76) control controls experienced pain in the left
shoulder and lower back pain,
also a patient with G193E
reported back pain

*Type of mutations is fully described in the manuscript.
SNCA, alpha-synuclein; PRKN, Parkin RBR E3 Ubiquitin Protein Ligase; PINK1, PTEN induced putative protein kinase 1; LRRK2, Leucine-Rich Repeat Kinase 2; ATP13A2, ATPase Cation
Transporting 13A2; DJ-1, deglycase; and GBA, Glucosylceramidase; N/A, non-applicable; PD, Parkinson’s disease; iPD, idiopathic Parkinson’s disease; HC, healthy controls; AA, AG, GG,
different genotypes of SNPs which have different base pair; FOG, Freezing of gait; EOPD, Early-onset Parkinson’s disease; SNAP, Sural Sensory Nerve Action Potential; T—C, T to C transition
(mutation); MMSE, Mini-Mental State Examination; PD-GBA, GBA carrier PD patients.

above or patients with other pain-related diseases, X-linked dystonia-
parkinsonism, or rapid-onset dystonia-parkinsonism, and (B)
Redundant publications.

The assessment of the retrieved occurred in two phases. Initially,
titles and abstracts were screened based on the inclusion/exclusion
criteria. Subsequently, the full text of the remaining articles was
reviewed for final selection. Any articles that did not provide pertinent
information regarding pain in monogenic forms of PD, even after a
thorough full-text revision, were excluded from the analysis.

2.3. Specific aim
This review aimed to investigate the presence of pain in

individuals with monogenic variants associated with PD. The primary
objectives were to ascertain whether particular gene pathogenic
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variants within the spectrum of monogenic PD genes correlate with
the presence of pain and, more specifically, to explore whether these
pathogenic variants are associated with specific types of pain.

3. Results
3.1. Identification of studies

A consolidated master list comprising 541 potentially eligible
articles was generated from the contributions of the two reviewers.
Duplicate entries within the list were identified and removed, resulting
in 534 unique articles. A preliminary screening of the titles and
abstracts was conducted by the study team, which led to the exclusion
of 3 due to the lack of relevance to the search terms. Furthermore,
several papers were flagged for full-text review but were subsequently
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c Records removed before screening:
-8 Records identified through
© " .
‘:g electronic database — Duplicate records removed (n = 7)
= searching: Additional records identified through other
% (n=541) sources: Letters, comments, editorials,
guidelines, dissertations, and lectures (n = 0)
0 Articles screened Records excluded after preliminary screening:
5 (n=534)
o Abstracts published full papers later (n = 3)
A
> Full-text articles assessed for Full-text articles excluded (n = 463):
= eligibility ;
’u% (n=531) Reason 1: Not talking about phenotypes
= Reason 2: Not consider pain at all
8 Studies included in
'g qualitative synthesis
E (n=63)
SNCA: 2 animal and 4 clinical studies.
PRKN: 16 clinical studies.
PINKZ: 2 animal and 11 clinical studies.
LRRK2: 2 animal and 16 clinical studies.
ATP13A2: 2 clinical studies.
DJ1:1 clinical study.
GBA : 7 clinical studies.
FIGURE 1

PRISMA's diagram depicts the flow of information through the different phases of the comprehensive review, which included searches of databases.
SNCA, alpha- synuclein; PRKN, Parkin RBR E3 Ubiquitin Protein Ligase; PINK1, PTEN induced putative protein kinase 1; LRRK2, Leucine-Rich Repeat
Kinase 2; ATP13A2, ATPase Cation Transporting 13A2; PARK7, deglycase; GBA, Glucosylceramidase.

excluded as they did not contain any mention of pain within the
reported symptoms. This process led to the exclusion of 463 articles.

In total, 63 articles met eligibility criteria for inclusion in this
review. These selected articles encompassed six studies conducted
on animal models, twenty-eight case series or case reports, eleven
cross-sectional studies, fifteen case—control studies, and three
prospective cohort studies (Figure 1). Each selected study underwent
a comprehensive review, and pertinent data were extracted.

For each gene, we provide a general description and a summary
of clinical studies, while details related to animal models will
be presented in Table 2.

3.2. Monogenic forms of PD

More than 40 distinct chromosomal loci and 21 disease-
causing genes associated with PD have been identified (77, 78).
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Among these, specific regions house known genes responsible for
monogenic PD. Recognized monogenic PD genes include SNCA,
PRKN, PINK1, PARK7, LRRK2, GBA1, VPS35, ATP13A2, DNAJC6,
FBXO7, and SYNJI (25, 78). In monogenic PD, a pathogenic
variant in a single gene is sufficient to manifest the PD
phenotype (79).

All of the above mentioned genes exhibit autosomal inheritance
patterns (79). In general, phenotypes resembling idiopathic PD (iPD)
are more commonly observed in cases of AD inheritance, whereas
young-onset parkinsonism resembling iPD or parkinsonism with
atypical features is more commonly associated with AR inheritance (78).

Our review encompasses 11 out of 19 known PD-causing
genes identified in the most recent comprehensive genetic database
of PD (80). The exclusion of the remaining genes is due to
insufficient data supporting their pathogenic role in PD and
subsequent studies failed to replicate the pathogenic variant
(81, 82).
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TABLE 2 Pain in monogenic PD: summary of the data extracted from the included studies concerning animal models.

Sz Protein
Symbol/ product Variants type Authors/year Sample size Pain-related information
Inheritance
The abnormal pain in PD may be caused
Higher expression of Vivacqua et al. (2009)
At least 3 rats by the pathological changes related to
alpha-Synuclein (84)
SNCA/ alpha-Synuclein
PARKI, PARK4/ | Alpha-synuclein PINKI-/-SNCA A53T double mutant mice
AD show early prodromal sensory neuropathy.
SNCA missense (A53T) Valek et al. (2021) (85) 32 mice
Loss of thermal sensitivity is an initial sign
of sensory dysfunction.
Abnormal nociceptive responses and faster
Pinkl-/- Johnson et al. (2020) (86) Rat model in PD thermal withdrawal latencies in PINK1
PINK1/
PTEN-induced -/- rats.
PARK6/ o
AR putative kinase 1 PINKI-positive cells participate in the
Pinkl-/- Yi et al. (2019) (87) Rat model in PD development of pain following
mitochondrial autophagy.
LRRK2 BAC (Bacterial
R1441G mutation in Artificial Chromosome)
LRRK2/ Bichler et al. (2013) (88) Pain sensitivity.
Leucine-rich LRRK2 transgenic (Tg) mice and
PARKS/
repeat kinase 2 control ones (NTg)
AD
Gain of function LRRK2/Park8 transgenic
Valek et al. (2019) (89) Not develop any sensory deficits.
mutation in LRRK2 PD mice and rats

No animal studies concerning pain in the following gene mutations were found: PRKN/PARK2 (Parkin), ATP13A1/PARKY (ATPase 13A2), DJ-1/PARK7 (deglycase), GBAI (Glucocerebrosidase).
SNCA, alpha-synuclein; PINK1, PTEN, induced putative protein kinase 1; LRRK2, Leucine-Rich Repeat Kinase 2; AR, Autosomal Recessive; AD, Autosomal Dominant; BAC, Bacterial

Artificial Chromosome; Tg, transgenic; NTg, non-transgenic.

Approximately 15% of individuals with PD have a family history
of the disorder, with the current known monogenic forms accounting
for approximately 30% of familial PD cases (16, 83).

The selected articles included in this review primarily focus on
genes SNCA, PRKN, LRRK2, PINK1, PARK7, and GBA1I which are
associated with either Early Onset PD (EOPD) or Late Onset PD
(LOPD). We also sought information on ATP13A2, DNAJC6, FBXO?7,
and SYNJ1, which are rare causes of atypical PD However, our search
did not yield any reports specifically addressing pain in relation to
these genes.

A summary of the review results is provided in Table 1, providing
an overview of key findings related to of pain in the context of
monogenic PD.

3.2.1. SNCA (PARK1, 4)

The SNCA gene plays an important role in AD PD, with missense
mutations and copy number gains (duplication or triplication) being
established causes of PD. While pathogenic missense variants in
SNCA are rare in the general population, duplications and triplications
are also rare but more frequent, with approximately 60 reported
families to date (90).

SNCA has six exons that encode alpha-synuclein, a 140-amino
acid cytoplasmic protein highly abundant in neurons, particularly
in the substantia nigra pars compacta (SNc), where it regulates
(83, 91). Pathogenic SNCA
variantscan lead to cytoplasmic accumulation of alpha-synuclein,

dopamine neurotransmission

promoting oxidative stress and metabolic dysfunction in the
SNc (92).

Specific pathogenic variants in the SNCA that are associated with
PD. Parkinson’s disease-1 (PARK1) results from a point pathogenic
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variant (missense) in SNCA, while SNCA gene duplication and
triplication lead to Parkinson’s disease-4 (PARK-4) (93). To date, eight
pathogenic missense variants have been identified in SNCA, all located
within the N-terminal amphipathic region of alpha-synuclein. These
variants interfere with the alpha-helix-mediated interaction with
membranes, contributing to the pathogenesis of PD (94-100).

The most common of these eight missense variants is A53T (18,
80). The number of cases for other missense variants (A30G, A30P,
E46K, H50Q, G51D, A53E, and A53V) are small, and some, like
H50Q, are not significantly enriched in cases compared to controls
(18). Therefore, sufficient evidence may not exist to classify all of them
as pathogenic variants (18).

PD patients with SNCA gene pathogenic variants typically exhibite
earlier age of disease onset than iPD, rapid disease progression,
positive response to levodopa treatment, and often present with
prominent NMS (101).

This review included six studies, two animal models and four
clinical studies (all case series/reports), that investigated SNCA
pathogenic variants and their potential association with pain. Out of
the initially identified articles, 61 were excluded as they did not
mention pain or other phenotypes related to SNCA pathogenic variants.

Regarding animal studies, Vivacqua et al. reported that higher
levels of alpha-synuclein expression in spinal cord areas known to
be involved in pain modulation and transmission (84). Another study
showed that PINK1—/— SNCA A53T double mutant mice, which
develop a PD-like disease, exhibited a loss of thermal sensitivity as an
initial sign of sensory dysfunction (85).

Among clinical studies, one case report study described a novel
SNCA missense pathogenic variant, G51D, in a patient with lower
extremity pain among her symptoms (29). Additionally, two other
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case reports detailed dorsal and upper back pain in carriers with
SNCA duplication and triplication (19, 30).Another case report
described painful dystonic flexion of the toes while walking in a
patient with H50Q variant, although this variant’s pathogenicity
remains under debate (28).

3.2.2. PRKN (PARK2)

The PRKN gene is associated with an AR form of the disorder (79,
102, 103). Homozygous and compound-heterozygous pathogenic
variants in PRKN are causative of PD, while heterozygous pathogenic
variants may predispose to PD symptoms with low penetrance,
making them potential genetic risk factors (104, 105).

PRKN comprises12 exons and encodes Parkin, a 465 amino acid
protein (79, 106). Parkin is widely expressed in human tissues, with
significant abundance in the brain, especially the substantia nigra pars
compacta (SNc¢) (106).

Approximately 60 PRKN pathogenic and non-pathogenic variants
have been identified, including deletions and duplications, which can
complicate PRKN genotyping (107, 108). According to published data,
up to 18% of EOPD patients globally and 27.6% of AR families carry
PRKN pathogenic variants (23, 109). Among PD-PRKN patients, exon
3 deletion is the most frequent pathogenic variant (17). All PRKN
pathogenic variants result in the loss of Parkin function, leading to a
loss of Ubiquitin E3
neurodegeneration (110).

ligase activity and subsequent

Monogenic PD associated with PRKN typically presents with
early onset, slow symptom progression, and a positive response to
dopaminergic treatment but is often accompanied by
complications such as dystonia and prominent freezing of gait
(111, 112).

Sixteen studies in this review provided information on the
association between PRKN pathogenic variants and pain, including
clinical data. These studies included eight case series/reports, three
cross-sectional, three case—control studies, and two cohorts. One
hundred fifty-six eight clinical studies and one animal study were
excluded because they did not mention pain as a symptom or did not
involve carriers pathogenic variant carriers.

A cohort study has reported painful limb dystonia as a symptom
among PRKN pathogenic variant carriers (45). Besides, another
cohort study described eight cases with lower limb dystonia activated
by walking, Three of those cases also presented with lower limb pain
unrelated to dystonic spasms (46).

A case-control study mentioned painful dystonia among three
PRKN missense pathogenic carriers and general pain in another
missense carrier, while one case report study described painful
dystonic posture during off phases in a homozygous exon 3 deletion
patient (31, 42). Three case reports described painful foot dystonia
among deletion carriers, with four patients in one study also
experiencing LBP (32, 33, 37).

Notably, a case series reported 24% dystonia among the
patients but did without specifying whether they were PRKN
pathogenic variant carriers (34). A case—control study reported
“other symptoms” including pain and dystonia, as an onset
symptoms in 43% of PRKN carriers compared to 13% of
non-carriers (44).

Musculoskeletal pain has also been associated with PRKN
pathogenic variants (R275W, exon 3 duplication and homozygous

deletion) in two studies (40, 41).
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In a cross-sectional study, a carrier of PRKN exon 9 deletion
reported experiencing pain as a symptom, although the specific type
of pain was not described (40). Another cross-sectional study noted
painful contractions as an onset symptom in a patient with exon 3
deletion (41). Additionally, a homozygous PRKN pathogenic variant
carrier required hospitalization due to painful OFF periods (36).

Sensory symptoms and signs, such as tingling sensation and a
significant decrease in Sural Sensory Nerve Action Potential (SNAP)
amplitude, were reported in two studies (35, 39). Besides, a case-
control study observed a sensory gain in cold and hot pain thresholds
among carriers (43).

On the other hand, there was a study screened 145 PD patients for
LRRK2 pathogenic variant, 19 of whom carried a PRKN pathogenic
variant. They reported their clinical data, including pain, and no
specific mention of pain was reported for any of the pathogenic
variant carriers (38).

3.2.3. PINK1 (PARK®6)

Pathogenic variants in the PINKI gene are the second most
common cause of AR EOPD (79). PINKI comprises 6 exons
encoding PTEN-induced putative kinase 1, a 581 amino acid
serine/threonine kinase (113). In normal conditions, wild-type
PINKI plays a protective role against neuronal apoptosis in neural
cell lines. However, pathogenic variants associated with PARK6
disrupt this protective function, leading to the degeneration of
dopaminergic neurons (114). Most PINKI pathogenic variants are
located in exon 7, with Q456X variant being the most
frequent (79).

Individuals with PINKI monogenic PD typically have an onset age
of around 32 years and experience slow disease progression, often with
a favorable response to levodopa treatment and sleep benefits (115).

Thirteen studies have investigated the potential relationship
between pain and PINK1 pathogenic variants. These studies include
two animal studies and eleven clinical research articles (seven case
series/reports, one cross-sectional study, and three case—control
studies). Forty-one clinical studies were excluded from the analysis
because they did not mention pain as a symptom.

Regarding animal studies, a study found that thermal withdrawal
latencies were significantly shorter in PINKI1—/— rats than in wild-
type rats over time, indicating altered pain responses (86). The second
team used a rat model with neuropathic pain to investigate the role of
PINKI1 and observed increased expression of PINK]I in pain-related
areas compared to control rats (87).

A case-control study reported painful episodes of torticollis and
painful dystonia in a homozygous Q456X PINKI pathogenic variant
carrier (54). Similarly, Zadikoff et al. described a homozygous Q456X
PINK]1 pathogenic variant carrier who frequently experienced back
and limb pain and painful wearing-off dystonia (47).

Multiple case reports, one case—control, and one cross-sectional
study support the observation that pain is frequently encountered in
patients with PINKI pathogenic variants, often manifesting in various
body regions, particularly the neck, back, and shoulders. However,
these studies did not provide detailed descriptions of the specific type
and characteristics of the reported pain (20, 48-50, 53, 55).

Additionally, a case report study highlighted a patient with a novel
homozygous nonsense PINKI pathogenic variant. This patient
exhibited an urge to move her lower limbs accompanied by painful
paresthesia and a sensation of distal cramping (51).
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On the other hand, one case report (a homozygous Q456X
carrier) and one case—control study specifically assessed pain
symptoms in individuals carrying PINKI mutations, but neither of
them reported pain as a symptom among the PINKI carriers (38, 44).
In the case—control study, the prevalence of pain among PINKI
carriers was 0%, while it was 13% in the non-carrier group, it was 13,
and 43% in PRKN carriers (44).

3.2.4. LRRK2 (PARKS)

Pathogenic variants in the LRRK2 gene are the most common
genetic cause of AD PD (24, 116), affecting both familial and sporadic
forms of the disease (117). The LRRK2 gene is a large gene consisting
of 51 exons and encodes a 2,527 amino acid cytoplasmic protein called
leucine-rich repeat kinase 2 (118). One of the critical functions of
LRRK2 is its regulation of protein synthesis through the miRNA
pathway, and impairment in this pathway has been implicated in
LRRK2-related pathogenesis (119).

More than 40 pathogenic variants have been identified in the
LRRK2 gene among PD patients, with eight of them known to cause
PD (93). Among them, the most common and well-characterized
LRRK?2 pathogenic variant is G2019S, with a prevalence ranging from
0 to 42% depending on ethnicity, followed by R1441C (120, 121).

LRRK2-PD patients typically presents as a LOPD, often respond
well to levodopa treatment, and have fewer NMS than iPD cases
(122, 123).

Among the identified studies involving LRRK2-associated PD
patients, 18 included information on pain symptoms, while 124
studies did not mention pain or other sensory symptoms and were
excluded from the analysis. Of the 18 studies, two were animal studies,
and the remaining 16 were clinical consisting of five case series/
reports, five cross-sectional studies, five case-control studies, and one
cohort study.

Evidence from mouse studies investigating the association
between LRRK2 and pain observed similar pain sensitivity than
controls without developing sensory deficits (88, 89).

Multiple studies have described the presence of painful dystonia
in different cohorts of LRRK2 pathogenic variant carriers. Three
studies reported painful dystonia among G2019S pathogenic variant
carriers. A case-control study reported that 42% of carriers
experienced painful foot dystonia during the “OFF period” (64).
Another case report described a patient who reported painful foot
dystonia (58). Furthermore, a study reported painful cervical dystonia
in one individual, which showed a positive response to levodopa
treatment (57).

Severe wearing-off and dyskinesia with off-time pain have been
reported in a LRRK2 pathogenic variant carrier (59). Unspecified pain
and joint pain have been reported as onset symptoms by three PD
patients, all carriers of pathogenic variants, two G2019S and one
R1441C (21, 61, 69). A case—control study found that pain is one of
the most common NMS experienced by PD patients with LRRK2
pathogenic mutations, affecting over half of the subjects (65). In a
cross-sectional study, pain was observed in five R1441C carriers but
only in one non-carrier, although the difference was not statistically
significant (p=0.155). The specific type and characteristics of the
reported pain were not described in detail (62).

Notably, a case report documented a patient with severe and
painful ON-dystonia who carried a LRRK2 N1437H variant which is
not recognized among the established pathogenic variants (56).
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Furthermore, McGill test recorded neuropathic disturbances were
reported for LRRK2 pathogenic variant carriers with a mean of 8.3
8.3+ 14 compared to 0 for non-carriers. Additionally, LRRK2 mutation
carriers displayed a higher heat pain threshold compared to
non-carriers (44.1£4.82 vs. 40.6 £4.5°C, p=0.058), suggesting a clear
difference in terms of pain perception (60).

The final five included studies for this gene reported pain among
individual carrying LRRK2 pathogenic variants. However, after
analysis, no statistically significant difference in the prevalence of pain
emerged between the carrier and non-carrier groups (52, 63, 66-68).

3.2.5. PARK7 (DJ-1)

PARK?7 pathogenic variants are associated with AR PD and are
relatively uncommon, constituting approximately 1 to 2% of EOPD
cases (124). The PARK7 gene is comprised of 8 exons, with the initial
two being noncoding, and it encodes DJ-1, a 189 amino acid protein
which exhibits neuroprotective and antioxidant properties (125, 126).
Pathogenic variants within PARK7 result in the production of a
mutated DJ-1 protein characterized by reduced activity due to
misfolding (127, 128).

Individual carrying PARK7 pathogenic variant typically
experience disease onset at an average age of 27 years and often exhibit
prominent NMS, including mental health disorders and cognitive
decline. Dystonia is highly prevalent, affecting approximately 73% of
those with DJ-1 pathogenic variant (129).

Among the 26 studies examining PARK7 pathogenic variants,
only one case series/report study mentioned the presence of pain.

Djarmati et al. conducted a screening of 75 unrelated PD patients
and identified one individual carrying a heterozygous deletion of exon
5 in PARK7. Among the 75 cases, three individuals presented pain as
an onset symptom (4%); however, the authors did not specify whether
the PARK?7 pathogenic variant carrier was one of the three PD patients
reporting pain (34).

3.2.6. VPS35 (PARK17)

VPS35 is responsible for encoding the vacuolar protein sorting
ortholog 35, which is a critical component of a large complex involved
in the transportation of proteins from endosomes to the trans-Golgi
network. Pathogenic variants in VPS35 were initially identified in
2011 and represent a rare cause of AD LOPD (18, 130).

Exome analysis has revealed that the D620N is the sole confirmed
pathogenic variant associated wit PD thus far (131). Monogenic PD
linked to VPS35 exhibits high heritability but low penetrance. The
clinical phenotype of VPS35-related PD closely resembles that of iPD,
although the average age of onset is typically around 50 years old (132).

Among the twelve studies conducted on individual carrying
VPS35 variants, 67 patients were included, all of whom were
heterozygous carriers (18). Out of these 67 heterozygous patients, who
presented a total of 10 different potentially disease-causing variants,
50 (75%) carried the pathogenic D620N variant (18). While these
studies did report various symptoms in these patients, NMS were the
least commonly reported (6.2%) and none of the studies specifically
mentioned the presence of pain (18).

3.2.7. GBA1

Pathogenic variants in the GBAI gene are not considered
causative for PD, but they represent the most prevalent genetic
susceptibility factor for the development of the disease (133, 134).
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While GBAI pathogenic variants do not exhibit complete penetrance,
heterozygote carriers face a fivefold increased risk of developing PD,
while homozygotes have a 10- to 20-fold elevated risk (135). The
penetrance of GBA pathogenic variant carriers to develop PD has
been estimated as 13.7% by the age of 60years and 29.7% by the age
of 80years (135).

Furthermore, due to their higher frequency in most PD
populations compared to known monogenic PD genes such as
LRRK2, SNCA, and PRKN (136), GBAI pathogenic variants are
regarded as the most significant genetic risk factor for PD (137).
Recent genome-wide association studies have confirmed that
approximately 8-12% of PD patients carry GBAI pathogenic
variants (138).

The GBAI gene, located on chromosome 1q22, encodes the
enzyme glucocerebrosidase, and is associated with AR Gaucher
disease (GD) (136). Approximately 130 GBAI pathogenic variants
have been reported in PD patients (27, 139). Similar to GD, L444P and
N370S are the two most frequent pathogenic variants. Severe
pathogenic variants such as L444P are associated with a higher risk of
developing PD, earlier age of onset, and more severe motor and
NMS (140).

We included seven articles (comprising four case-control studies,
two case series/reports, and one cross-sectional study). Eighteen
articles were excluded because they did not mention pain among the
reported symptoms.

While no distinctive symptoms have been reported to differentiate
GBAI pathogenic variant carriers from individuals with iPD (141),
pain appears to be an exception. Some patients with GD develop
progressive parkinsonian symptoms (142), and notably, pain has been
more frequently reported as an initial symptom in GBA1-PD patients
compared to individuals with iPD.

Shoulder pain and LBP (76), unexplained pain (58% vs. 10%,
p=0.005) (75), and cramp-like pain as the primary source of disability
at a young age (72) have all been reported more frequently among
GBA1 pathogenic variant carriers compared to non-carriers. In a case
series pain was identified as the most bothersome symptom in 12 out
of 15 GBAI-PD patients also reporting rigidity and stiffness, often
accompanied by pain. One patient described painful dyskinesia as the
most bothersome symptom, and two reported pain-related sleep
problems (71).

In a cross-sectional study, pain was reported more frequently as
an initial symptom in the GBAI-PD compared to the iPD 10.3 vs.
(3.0%) (p=0.039), with four patients reporting shoulder pain as their
initial symptom. The most significant finding of this study is that the
presenting symptoms of PD are similar in GBAI carriers and
non-carriers for all parameters except for pain (73).

On the other hand, two case-control studies mentioned that
GBA1-PD patients experienced bodily pain among their symptoms,
although no statistically significant differences were reported between
GBA1-PD and the iPD group (p=0.7) (67, 74).

Considering that symptoms tend not be more severe among
patients carrying pathological variants like L444P, it becomes
intriguing to explore whether pain is more closely associated with
severe variants (137). Contrary to this argument, based on existing
studies, while two patients with N370S variant (considered mild)
reported cramp-like pain (72), 49 patients with L444P variant
(classified as severe) found no significant differences in terms of bodily
pain compared to individuals with iPD (67).
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3.2.8. ATP13A2 (PARK9)

Pathogenic variants in the ATP13A2 gene are responsible for
Kufor-Rakeb syndrome (KRS), an AR atypical form of PD (143). The
ATPI13A2 gene consists of 29 exons and encodes a protein of 1,180
amino acids (144). The ATPI3A2 protein plays a role in reducing
intracellular concentrations of manganese ions (Mn2+), thereby
offering protection against apoptosis (145). Pathogenic variants in
ATPI3A2 lead to disruptions in the proteasomal pathway and
premature degradation of ATP13A2 mRNA, contributing to the
development of KRS (146).

Since the discovery of ATP13A2 pathogenic variants in 2006
(144), only a limited number of studies have been conducted and
published. Among the 16 studies we assessed, one cross-sectional
study and one case series/report did mention pain as a symptom,
while the remaining 14 studies did not mention pain or other
associated phenotypes and were consequently excluded.

In one cross-sectional study, a ATP13A2 pathogenic variant was
identified in two patients who did not have pain as one of their
symptoms (38). Additionally, a case report documented arm dystonic
posturing as the onset symptom in a homozygous patient with
2822delG variant who was unresponsive to anticholinergics and
levodopa; however this variant has not yet been definitively established
as a pathogenic variant for PD (70).

3.2.9. DNAJC6 (PARK19A, b)

DNAJC6, located on 1p31.3, encodes auxilin, and its loss of
function can lead to EOPD (147). In animal studies, the absence of
auxilin has been linked to synaptic vesicle endocytosis disruptions,
which have adverse effects on synaptic neurotransmission,
homeostasis, and signaling (148). However, the precise mechanism by
which auxilin deficiency induces dopaminergic neurodegeneration
and unusual neurological remains
understood (148).

Homozygous pathogenic variants in DNAJC6 are responsible for

symptoms incompletely

atypical parkinsonism, exhibiting AR inheritance pattern (149, 150).
PARKI19A is characterized by onset in the first or second decade of life
and rapid disease progression, while PARK-19B onset occurs between
the third and fifth decades, featuring a slower progressive course, and
similar features to classic iPD (149-151).

Three separate case-report studies identified Juvenile-onset PD,
PARK-19A, among patients with homozygous pathogenic variant in
the DNAJC6 gene, including two loss-of-function and one nonsense
variant; however, none of these cases reported pain as a symptom
(149, 150, 152). Another study reported homozygous pathogenic
variants in two unrelated families with PARK-19B and no instances of
pain were among their reported symptoms (151).

Finally, in a comprehensive analysis utilizing whole exome
sequencing DNAJC6 potential pathogenic variants were explored in 6
juvenile parkinsonism patients. Homozygous nonsense R256*
DNAJC6 pathogenic variants were confirmed for all affected children
and none of them reported pain among their symptoms (153).

3.2.10. FBXO7 (PARK15)

FBXO7 a gene comprising ten exons is located on chromosome
22q12.3, encodes a member of the F-box protein family known as
F-Box Protein 7, characterized by an approximately 40 amino acid
motif (154). Pathogenic variants in FBXO?7 are responsible for an AR
parkinsonian syndrome. The typical presenting symptoms include
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bradykinesia and tremor, and patients affected by this disorder
frequently exhibit pyramidal signs, dysarthria, and dyskinesia (155).

To date, eight studies have identified cases carrying FBXO7
variants, predominantly associated with an early-onset parkinsonian
and pyramidal syndrome (155-161). Notably, only one study reported
a classical PD presentation in two siblings, caused by a new FBXO7
pathogenic variant, L34R (162). None of these studies discuss or
mention pain as one of the associated symptoms.

3.2.11. SYNJ1 (PARK20)

SYNJ1, located on 21q22.11 and comprised of 33 exons, encodes
Synaptojanin 1 protein. Pathogenic variant in SYNJI Are associated to
AR EOPD (163).

Remarkably, independently and simultaneously, two studies
identified the same homozygous missense pathogenic variant in the
SYNJI gene, R258Q. In both studies affected patients were thoroughly
screened for all known genes, and R258Q SYNJI was the sole
pathogenic variant identified. Two affected siblings in each study
suffered from EOPD, and none of them mention pain among their
symptoms (164, 165).

4. Discussion

This review was conducted to assess the presence of pain in
patients with monogenic PD-related pathogenic variants,
encompassing genes such as SNCA, PRKN, PINK1, LRRK2, ATP13A2,
PARK7, VPS35, GBAI, DNAJC6, FBXO7, and SYNJI. The central
findings of this review offer valuable insights into the connection
between specific gene pathogenic variants and the occurrence of pain
in individuals with PD.

As a summary: (1) for the SNCA gene, two point mutations were
associated with lower extremity pain and painful foot dystonic flexion
while walking (28, 29). Gene duplications and triplications were also
linked to dorsal and upper back pain (19, 30); (2) PRKN carriers
reported painful lower limb dystonia and lower back pain as
prominent symptoms (31-33, 36, 37, 42, 45, 46). Additionally,
musculoskeletal pain, sensory loss, tingling sensation, and reduced
SNAP amplitude suggested a central origin for abnormal sensitivity in
PRKN pathogenic variant carriers (35, 39-41, 43); (3) Pain was
observed in PINKI pathogenic variants. Homozygote carriers of the
Q456X as the most frequent pathogenic variant experienced painful
dystonia (47, 54), and pain was reported in various body parts, with a
preference for the neck, back, and shoulders (20, 48-50, 53, 55).
PINK1 pathogenic variants were also associated with abnormal central
somatosensory processing (51); (4) The LRRK2 pathogenic variants
are associated with pain, with painful dystonia reported in G2019S
carriers (57, 58, 64) and G2019S and R1441C carriers reporting
unspecified joint pain as their onset symptom (21, 61, 69). Multiple
studies indicated that LRRK2 pathogenic variant carriers experienced
different types of pain as part of their symptoms (52, 56, 59, 60, 62, 63,
66-68); (5) Limited studies have assessed pain in ATP13A2 pathogenic
variant carriers. However, pain was reported in a few cases, suggesting
a potential link between ATP13A2 and pain (70); (6) Among GBA1
pathogenic variant carriers, pain was reported as one of the most
prevalent early symptoms, with some patients exclusively experiencing
shoulder pain as an initial presentation (73). A case series study found
that almost all GBAI-PD patients reported pain as their most
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(71).

associated with GBAI pathogenic variants, may contribute to

bothersome symptom Glucosylceramide accumulation,
PD-associated sensory neuropathies and pain (166). Low GBAI
activity has also been observed in PD patients without GBAI
pathogenic variants, indicating its involvement in developing or
progressing PD-associated sensory neuropathy (167). It would
be indeed interesting to explore whether pain is more associated with
severe pathological variants in PD-related genes. However, based on
the available studies, there does not appear to be a significant
difference in the prevalence of pain between individuals with severe
pathological variants and those with iPD (67, 137); (7) No results were
available regarding pain in PARK7, VPS35, DNAJC6, FBXO7, and
SYNJ1 pathogenic variants. The most common pain subtypes linked
with Monogenic Parkinson’s disease are summarized in Figure 2.

The findings discussed in this review provide valuable insights
into the connection between specific monogenic variants in PD-related
genes and pain in PD. Certain genes roles, including SNCA, PRKN,
PINK1, and LRRK2, have been extensively studied providing potential
perspectives into the underlying mechanisms of pain in PD.

In the case of SNCA, animal studies have indicated that abnormal
pain in PD may be attributed to pathological changes related to alpha-
synuclein- presence in unmyelinated areas of the spinal cord (84, 85).
Clinical studies further support the presence of various pain
manifestations in SNCA pathogenic variant carriers, such as painful
dystonic flexion while walking and dorsal and upper back pain (19,
28,29).

Similarly, PRKN pathogenic variant carriers have been found to
experience painful lower limb dystonia and lower back pain,
accompanied by reduced SNAP amplitude (31-33, 35-37, 39-43, 45,
46). These findings suggest the involvement of sensory axonal
neuropathy and suggest that reduced SNAP amplitude may serve as a
diagnostic indicator for PRKN-related PD.

PINKI pathogenic variant carriers, they exhibit distinct
somatosensory profiles and clinical entities compared to iPD,
suggesting a primary hypofunction of nociceptive and non-nociceptive
systems in PINKI-associated PD (43). Studies have proposed that
specific PINKI pathogenic variants, such as the L347P, may
be associated with pain in PD patients (20). Moreover, abnormalities
in nociceptive processing have been reported in PINKI pathogenic
variant carriers, indicating a potential role of abnormal central
somatosensory processing in pain generation (43). Interestingly, these
abnormalities seem to lead to hypoalgesia rather than hyperalgesia,
contrasting with the findings in sporadic PD cases (168). The study of
E3 ligase dysfunction has provided insights into the pathophysiology
of PD, particularly about the PRKN gene (169). The single-base pair
deletion in PRKN observed in four brothers with refractory back pain
may be attributed to a lack of E3 activity, potentially contributing to
lower back pain in PD patients (37). E3 ligases play a crucial role in
the ubiquitin-proteasome pathway involved in protein turnover, and
dysfunction in this pathway has been implicated in PD (169).

Additional research is needed to better understand the connection
between LRRK2 and pain as while multiple clinical studies have
suggested that individuals with LRRK2 pathogenic variants experience
different pain types (21, 58, 64, 88), animal models findings also
suggest that pain sensitivity remains unchanged in the presence of
LRRK2 pathogenic variants (89, 123).

In the context of other monogenic variants, such as ATPI3A2,
PARK7, VPS35, DNAJC6, FBXO7 and SYNJI the current literature
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provides inconclusive results or insufficient data regarding their
association with pain in PD. Additional studies are required to clarify the
potential links between these genes and pain symptoms in PD patients.

Genetic associations with GBAI variants have demonstrated an
influence the occurrence of pain in PD. Patients carrying GBAI variants
have reported higher rates of pain compared to non-carriers (71, 73).
Recent studies suggest that approaches targeting glucocerebrosidase
activity or refolding may reduce PD pain and sensory loss (166). Even
in PD patients without GBAI variants, low GBAI activity has been
observed, indicating a prevalent loss of GBAI function that may
contribute to developing or progressing PD-associated sensory
neuropathy (135). These findings suggest that elevated levels of
glucosylceramides may underlie sensory neuropathies characterized by
the loss of thermal sensation and mechanical hypersensitivity in PD
patients, irrespective of the presence of chronic pain.

Overall, this comprehensive review underscores the complex
relationship between monogenic pathogenic variants in PD-related
genes and the presence of pain in PD. To advance our understanding

Frontiers in Neurology

of the underlying mechanisms and identify potential targets for the
treatment of pain in PD further investigations are essential. While this
review provides a solid foundation for future research, it also sheds
light on several limitations that require attention. The absence of pain
assessment in numerous studies and the lack of detailed pain
characteristics impede a comprehensive understanding of pain in
monogenic PD-related pathogenic variants. Furthermore, the
predominance of case series/reports and the limited information
available for specific gene pathogenic variants underscores the necessity
for more robust studies with larger sample sizes and systematic
evaluation of pain symptoms. It is because of these limitation specific
frequencies or data about the prevalence of pain in monogenic forms
of PD remain unclear. Addressing this knowledge gap is of paramount
importance and needs the implementation of more focused and
structured study designs regarding pain in PD. Finally, gaining a deeper
understanding of pain as a potential prodromal symptom in monogenic
PD could provide insights into early indicators and predictive markers,
allowing for more timely and targeted interventions.
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5. Conclusion

In conclusion, the existing evidence suggests that specific types of
pain are commonly observed in individuals with monogenic forms of
PD, particularly those associated with SNCA, PRKN, PINKI, LRRK2,
and GBAI genes. Pain in PD can potentially serve as a clinical marker,
sometimes as a prodromal symptom as in individuals with PRKN and
GBAI pathogenic variants, but also as a potential marker of
progression other genes pathogenic variants.

Given the subjective nature of pain, its effective management
requires standardized and objective standards of care. Future
investigations should prioritize the collection of high-quality,
standardized pain data, to enable direct comparison across studies and
facilitate large-scale meta-analyses. Establishing connections between
genetic profiles with pain symptoms could have significant clinical
implications, such as guiding the selection of diagnostic tests, facilitating
patient stratification for clinical trials, and ultimately enabling
personalized treatment approaches for individuals with monogenic PD.
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