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Abstract

Parkinson’s disease (PD) is a neurodegenerative dise>se with a 200 year-long research
history. Our understanding about its clinical phenotv. - and pathogenesis remains limited,
although dopaminergic replacement therapy tas siznificantly improved patient outcomes.
Autonomic dysfunction is an essential ce’..~or, of non-motor phenotypes that has recently
become a cutting edge field that directs . antier research in PD. In this review, we initially
describe the epidemiology of dysautnno,~ic symptoms in PD. Then, we perform a meticulous
analysis of the pathophysiology of ~ut. - omic dysfunction in PD and propose that the peripheral
autonomic nervous system m~v be 3 key route for a-synuclein pathology propagation from the
periphery to the centra! nervuus system. In addition, we recommend that constipation,
orthostatic hypotensiol uriary dysfunction, erectile dysfunction, and pure autonomic failure
should be viewed as pror romal dysautonomic markersin PD prediction and diagnosis. Finally, we
summarize the strategies currently available for the treatment of autonomic dysfunction in PD
and suggest that high-quality, better-designed, randomized clinical trials should be conducted in

the future.
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1. Introduction

Autonomic dysfunction is an important non-motor phenotype of Parkinson’s disease (PD)
(Schapira et al., 2017). Recently, an increasing number of studies have focused on the role of
autonomic dysfunction in the prediction and early diagnosis of PD, making this one of the top
research frontiers in the PD field (Berg et al., 2015; Fereshtehnejad et al., 2019; Schrag et al,,

2015). Autonomic dysfunction in PD includes gastrointestinal malfunction, cardiovascular

dysregulation, urinary disturbance, sexual dysfunction, thermoregulatory aberrance, and

pupillo-motor and tear abnormalities (Berg et al., 2015; Postuma e* al., 2013; Schrag et al., 2015).

Our knowledge of the epidemiology of dysautonomic symptr:><... ¢D is limited by insufficient
attention, a lack of unambiguous definitions, and the inac-quacy of objective methodologies to
measure them (Schapira etal., 2017).

Although a-synuclein pathology and autorZ™ic nerve denervation have been widely
observed in the peripheral sympathetic, par>sympathetic, and enteric nervous systems, the
specific culprit or mechanism that leads .~ 2 stonomic failure in PD has not yet been identified
(Orimo et al., 2008b; Phillips et al., .708). Pure autonomic failure (PAF) is a rare autonomic
disease that was recently revealeu .0 nave a high risk of leading to the development of
PD-related neuropathology and . ator dysfunction during disease progression (Kaufmann et al.,

2017; Singer et al., 2017). The “reakthrough suggested that autonomic dysfunction might be one

of the aetiological orifins »f PD pathophysiology, although most cases of PD might not be

associated with autono. ic dysfunction.

In previous decades, the international Movement Disorder Society (MDS) recommended

that multiple clinical rating scales (shown in Table 1 and Section 4) should be used for the

evaluation of autonomic dysfunction in PD which may improve the measurement of

dysautonomic symptoms in PD (Evatt et al., 2009; Pavy-Le Traon et al., 2011; Pavy-Le Traon et al.,

2018). Nevertheless, only limited objective assessments of dysautonomic symptoms are available
in previous studies, highlighting the importance of applying functional, imaging, pathological, and
electrophysiological techniques in future studies of autonomic dysfunction in PD. Although
autonomic dysfunction is one of most common non-motor phenotypes in PD, it is very

challenging to manage it (Palma and Kaufmann, 2018). The limited treatment options available
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for autonomic dysfunction in PD make it one of the key issues in PD management. In this review,
we make a sophisticated summary of recent research progress into autonomic dysfunction in PD
with the hope of providing an integrated and prospective picture for future basic and clinical

research.

2. Epidemiology
At least four categories of dysautonomic symptoms occur in PD patients, which include

gastrointestinal malfunction, cardiovascular dysregulation, rinary disturbance, sexual

dysfunction, thermoregulatory aberrance, and pupillo-motor and cea. abnormalities (Figure 1). In

addition, pupillo-motor and tear abnormalities due to the ¢ 2str. <tion of the ocular autonomic
nervous system are also prevalent in PD (Figure 1). In this sc ~tion, we describe the epidemiology
of dysautonomic symptoms in PD patients to establish tr.. importance and necessity of studying
autonomic dysfunction in PD.
2.1. Gastrointestinal dysfunction

The frequency of gastrointestinal symy. oms is very high in PD, even during the premotor
phase of the disease. It has been reportec that 88.9% of PD patients will develop gastrointestinal

symptoms prior to the onset of P2:'ins>~4an motor symptoms (Sung etal., 2014).
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Figure 1. The distribut.un and frequency of dysautonomic symptoms in PD patients. This figure
illustrates the most common dysautonomic symptoms observed in PD patients. Our findings
indicate that autonomic dysfunction should be viewed as an important phenotype in the

definition and characterization of PD.

2.1.1. Weight Loss
Almost half of PD patients show weight loss during disease progression (Cersosimo et al.,
2018). However, weight loss can be associated with levodopa usage, rigidity, tremor, and other

factors; thus, assessing the frequency of weight loss due to disease progression may be much
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more accurate during the initial diagnosis of the disease, when patients have not yet started drug
therapy. Because of a lack of sufficient attention, no accurate assessment of the frequency of

weight loss that occurs during the pre-diagnosis or premotor phase of PD is available.

2.1.2. Sialorrhea

Sialorrhea occurs in over 50% of early PD patients (Malek et al., 2017). Sialorrhea can cause
both day and night-time drooling. In PD, the frequency of drooling ranges from 32% to 74%, and
the pooled drooling prevalence was estimated to be 56% in a syste n~tic review (Kalf et al., 2009).
Frequent drooling appears in approximately 25% of PD patients. Jve. 20% of PD patients exhibit
diurnal drooling. Drooling causes social embarrassment ard it “reases the risk of aspiration

pneumonia; thus, it is a key clinical issue in the managemenu ~f PD patients.

2.1.3. Dysphagia

According to a systematic review, dys',hag ia occurs in 11-81% of PD patients (Takizawa et al.,
2016). Among newly diagnosed PD pa*ients, ovar 15% may have dysphagia (Owolabi et al., 2014).
As the disease progresses, the freq.er..*’ and severity of dysphagia increase. Sex, age, disease
duration and dementia are reporte. to be independently associated with the occurrence of
swallowing disturbances in PL. Dysphagia significantly impairs patient quality of life and is a

predictor of poor outcomes ..> Ite-stage PD.

2.1.4. Gastroparesis

The exact prevalence of gastroparesis in PD is still unknown. Among the causes that can lead
to gastroparesis, PD accounts for 7.5% of all cases (Marrinan et al., 2014). A systematic review
reported that the prevalence of gastric emptying delay in PD ranged from 70% to 100%, although
many cases may be asymptomatic (Heetun and Quigley, 2012). In the premotor phase,
gastroparesis may occur; however, its prevalence is not significantly different from that of the
average population. Gastroparesis has the potential to affect nutrition and quality of life. It has
also been reported to cause plasma levodopa peak delay, which would be an unavoidable

concern in PD.



2.1.5. Small intestinal bacterial overgrowth syndrome

Small intestinal bacterial overgrowth (SIBO) is defined as an excessive amount of bacteria in
the small intestine. The frequency of SIBO in PD ranges from 20% to 60% (Niu et al., 2016; Tan et
al., 2014). SIBO may exacerbate gastrointestinal symptoms and motor functions, making it a key

issue in PD management.

2.1.6. Constipation

According to previous studies, 20% to 70% of diagnosed PD 'atients have constipation
symptoms (Kaye et al., 2006; Malek et al., 2017). Because ~c.>stiration also occurs frequently in
the premotor stage of PD, it has been incorporated into «ne MuS diagnostic criteria of prodromal
PD (Berg et al.,, 2015). Multiple factors may contrib’.ce o constipation in PD; these include

reduced water intake, mobility, and disease progre “-ior. (Ueki and Otsuka, 2004).

2.1.7. Defecatory dysfunction

Defecatory dysfunction has beea ef orted for decades in PD patients (Mathers et al., 1989).
The prevalence of defecatory dys.*inction in PD patients is nearly 77% (Edwards et al., 1994). PD
patients with defecatory dy.function usually exhibit diffuse lower abdominal discomfort,

constipation, and fecali ico, *inence.

2.2. Cardiovascular dysfunction
2.2.1. Orthostatic Hypotension

Orthostatic Hypotension(OH) is a frequent cardiovascular symptom of PD. According to one
systematic review and meta-analysis, the estimated prevalence of OH is approximately 30% in PD
(Velseboer et al., 2011). In another study, 40% of early stage PD patients with no prior medication
treatment were reported to have OH (Bae et al., 2011). Thus, OH is prevalent in early stage PD
patients. OH may have a negative influence on disease progression and quality of life in PD

patients, in whom it increases health care utilization, disrupts cognitive abilities, impairs daily



living activities, and increases the rate of medically attended falls. In addition, PD patients with
OH have more severely impaired motor function. Even in the asymptomatic stage, OH is

associated with impaired daily living activities.

2.2.2. Postprandial Hypotension

Postprandial hypotension occurs early in PD, in which the prevalence of postprandial
hypotension is over 30% (Yalcin et al., 2016). The odds ratio (OR) of postprandial hypotension in
PD is 3.49 according to a recent systematic review and meta-ana v<is (Pavelic et al., 2017). The
prevalence of postprandial hypotension in PD was higher in fatie ts with OH than in those
without (Yalcin et al., 2016). Postprandial hypotension is as' ocia ‘ed with marked worsening of
parkinsonian motor symptoms and is thought to be a preu'~tor of all-cause mortality in older,

low-level care residents.

2.2.3. Nondipping

Nondipping is defined as the I~ss of or any decrease in nocturnal blood pressure fall.
Currently, only a few studies have r7.pr.*ea on nondipping in PD. One reported that 88% of PD
patients have nondipping (Somm r e. al., 2011), and nondipping was found to be more prevalent
in PD patients with OH than n. those without (Sommer et al., 2011), consistent with a study
conducted by Berganzo et a, 'Parganzo et al., 2013). In a recent study, over 80% of PD patients
were revealed to e na.ulogical dippers (Arici Duz and Helvaci Yilmaz, 2019). Additionally,
reverse dipping has becin demonstrated to be a biomarker of dysautonomia in PD, indicating that

nocturnal blood pressure is dysregulated in PD (Milazzo et al., 2018).

2.2.4. Supine Hypertension

Supine hypertension is a common characteristic of cardiovascular autonomic dysfunction
that often accompanies OH (Goldstein et al., 2003). The prevalence of supine hypertension in PD
is 34% (Fanciulli et al.,, 2016). Supine hypertension is associated with the occurrence of
cardiovascular comorbidities, cognitive dysfunction, and a greater fall in systolic and diastolic

orthostatic blood pressure. Supine hypertension also increases the risk of stroke, dementia, and
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myocardial infarction in the long-term.

2.3. Urogenital dysfunction
2.3.1. Urinary dysfunction

According to previous studies, urinary dysfunction occurs in 27-85% of PD patients, with
most symptoms classified as irritative (McDonald et al., 2017; Winge and Nielsen, 2012). It has
been estimated that 64% of PD patients complain of urinary symptoms (Uchiyama et al., 2011).
Urinary dysfunction also occurs in the early stage of PD. The most ‘cmmon irritative symptom in
PD is nocturia, followed by frequency and urinary incontinence Ap,-oximately 25% of affected
patients present functional obstructive symptoms (Camps-Sciusa et al., 2003). The most
frequent obstructive symptom is incomplete emptying of 1. = bladder. An increase in post-void
residual urine volumes was observed in a small percenta,_~ of early drug-naive PD patients (Lee
et al., 2018b). Urinary dysfunction is associater: v.ith falls, cognitive impairment, and worse
motor and non-motor impairment in PD p~..~m. Lower tract urinary symptoms can jeopardize
relationships, intimacy, and participation 1, social activities and cause embarrassment, all of

which have a profound impact on quality € life.

2.3.2. Sexual Dysfunction

Sexual dysfunction nccove in over 50% of early stage PD patients (Malek et al., 2017).
Dopamine replacer.ie. *-1.2 uced hypersexuality and aberrant sexual be haviour, which are not due
to dysautonomia itseli vut instead to impaired impulse control, have also been reported in PD
(Giladi et al., 2007; Meco et al., 2008). A common presentation of sexual dysfunction in PD
patients of both sexes is reduced sexual drive and arousal. Hypersexuality, erectile dysfunction,
and ejaculation abnormality occur specifically in male PD patients, while female patients may
experience loss of lubrication and involuntary urination during sex. Sexual dysfunction produces

an extremely negative influence on the quality of life and emotional moods of PD patients.

2.4. Thermoregulatory dysfunction

Hyperhidrosis, especially nocturnal sweating, is one of the most common features of
8



thermoregulatory dysfunction in PD (Schestatsky et al., 2006; van Wamelen et al., 2019). Patients
with hyperhidrosis usually exhibit higher dysautonomia burden than those without (van
Wamelen et al., 2019). They also tend to present higher dyskinesia symptoms and have a worse

quality of life and higher levels of anxiety and depression (van Wamelen et al., 2019).
2.5. Pupillo-motor and tear abnormalities

The pupillary light reflex has been known to be impaired in PD for decades (Giza et al., 2011).
Pupillary unrest has also been found to be associated with both motor and non-motor features of
PD (Jain et al., 2011). Pupillary supersensitivity to both para.vmpathomimetic agents and
sympathomimetic agents has been reported in PD (Hori et al., 2M08). Impaired tear function was
first reported in PD patients in 2005 (Tamer et al., 2005). The :linic\l significance of pupil and tear

abnormalities in PD is unknown.

3. Pathogenesis
3.1. Neuropathology

The two core hallmarks of au*onomic aeuropathology in PD are autonomic neuronal
destruction and a-synuclein accumu’at'. . Neuronal destruction is characterized by neuron loss,
nerve fibre degeneration, and svaap.~ loss. The accumulation of a-synuclein is characterized by
the formation of Lewy bodies. he central autonomic control centres include the corte, insula,
hypothalamus, brain stem, ~rJ spinal cord, and both neuronal destruction and a-synuclein
accumulation have oc *n LZserved in these regions (Christopher et al., 2014; De Pablo-Fernandez
et al., 2017; Del Trediur and Braak, 2012; Muntane et al., 2008; Qinas et al., 2010; Orimo et al.,
2008b). In the peripheral autonomic nervous system, structures such as the vagus nerve,
sympathetic nerve fibres, and enteric neural plexus exhibit neuronal destruction, and a-synuclein
pathology is also common and can even precede central neuropathology (Bloch et al., 2006;
Braaket al., 2007; Gold et al., 2013; Orimo et al., 2008b).

The neuropathology of the autonomic system, including both a-synuclein accumulation and
neuronal destruction, has been reproduced in animal models of PD. Chronic exposure to
rotenone induced a robust increase in a-synuclein aggregates that were similar to the enteric

Lewy bodies found in idiopathic PD (Drolet et al., 2009). In addition, a rotenone-induced PD
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model exhibited a significant loss in small intestine myenteric neurons, which also occurs in PD
patients (Drolet et al., 2009). PD-related neuropathologies including a-synuclein aggregation and
enteric neurodegeneration were also replicated in a PD mouse model that expressed human
a-synuclein (Chen et al., 2018; Kuo et al., 2010), a
1-methyl-4-phenyl-1,2,3,6-tetrahydroxypyridine (MPTP) model (Anderson et al., 2007; Lai et al.,
2018), and a 6-hydroxydopamine (6-OHDA) Rhesus monkey model (Shultz et al., 2016). In
addition, 6-OHDA induced a reduction in cardiac sympathetic nerve fibresin nonhuman primates

(Joers et al., 2014).

3.2. Genetic factors
Genetic factors affect multiple phenotypes of PD. in.'i"ding both motor and non-motor

symptoms. A few studies have reported that autonomic “vsfunction is associated with genetic

factors. Gene variants that cause familial PD are a<soriated with autonomic dysfunction in PD.

Family PD patients usually present autone~...~ a, sfunction in the early stage of the disease, in
some cases in the premotor stage. It ha. been reported that SNCA gene duplication and
triplication are both associated with cara.. « sympathetic denervation in PD (Orimo et al., 2008a;
Singleton et al., 2004). In additi~=> L~.n symptomatic and asymptomatic SNCA E46K carriers
exhibit cardiac sympathetic deervaion (Tijero et al., 2013a; Tijero et al., 2010). In patients with
GBA mutations, both colcic Li:wy body pathology and cardiac sympathetic denervation have
been observed (Brocknmant et al., 2011; Lebouvier et al., 2014). In contrast, autonomic
dysfunction is less prev: lent and severe throughout the course of the disease in familial PD

patients with PARK2 (parkin RING-Between-RING E3 ubiquitin protein ligase) and PARK9 (ATPase

Cation Transporting 13A2) mutations (Kanai et al., 2009; Tijero et al., 2015). For carriers of the

LRRK2 mutation, the earlier studies reported they tend to exhibit higher cardiac MIBG uptake,

less gastrointestinal dysfunction, and relatively intact heart rate variability (HRV) as compared

with idiopathic PD patients (Tijero et al., 2013b; Trinh et al., 2014; Visanji et al., 2017). However,

recent studies showed that LRRK2 G2019S mutation carriers had increased beat-to-beat HRV and

LRRK2 R1441G mutation carriers had higher scores of dysautonomia as compared to noncarriers

(Carricarte Naranjo et al., 2019; Pont-Sunvyer et al., 2017). Further studies were required to clarify
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how the LRRK2 variants affect autonomic functions in PD. Therefore, autonomic dysfunction in

PD can be modified by genetic factors.

3.3. Environmental factors

Only a few studies have investigated how environmental toxins cause PD-like pathology and

PD-related autonomic dysfunction. Gastrointestinal tract is the major interface where external

factors interact with internal environment. Gut microbiota alterations play a key role in the

pathogenesis of PD. The imbalance of the gastrointestinal microk ‘cta has been reported in PD

patients by using 16s ribosomal RNA gene amplicon sequencing ana. ‘sis (Barichella et al., 2019;

Li et al., 2019; Pietrucci et al., 2019; Scheperjans et al., 2015". Sci 2perjans et al. (2015) reported

that the intestinal microbiome was altered in PD and ass >ciated with the motor phenotype

(Scheperjans et al., 2015). Barichella et al. (2019) foun.' tnat decreased Lachnospiraceae and

increased Lactobacillaceae and Christensenellac:a-. *vere significantly associated with worse

cognitive impairment, gait disturbances, ar. nos.'iral instability in PD patients (Barichella et al.,

2019). Pietrucci et al. (2019) repo. ed reduced Lachnospiraceae and increased

Enterobacteriaceae families were correla. ~d with worse disease severity and motor impairment

(Pietrucci et al., 2019). However mo.* studies have not found a correlation between altered

microbiota and gastrointesti~al sy nptoms, therefore, whether microbiota dysbiosis affects

gastrointestinal symptom. in D patients remains unknown. In a chronic MPTP model,

researchers found that gast ointestinal dysfunction and intestinal pathology occurred prior to

motor dysfunction (Lai et al., 2018). They found significant changes in the abundance of

Lachnospiraceae, Erysipelotrichaceae, Prevotellaceae, Clostridiales, Erysipelotrichales and

Proteobacteria (Lai et al., 2018). In rotenone induced-PD model, PD-like microbiome traits have

been identified (Johnson et al., 2018). It was also revealed that gut microbiota were required for

motor deficits, microglia activation, and a-synuclein pathology (Sampson et al., 2016). However,

they all did not demonstrate that alterations in the gut microbiota were associated with

gastrointestinal dysfunction in animal models. Previously, an epidemiological and genetic overlap

between PD and inflammatory bowel disease (IBD) has been reported (Hui et al., 2018; Park et al.,

2019; Villumsen et al., 2019; Zhu et al., 2019). It was shown that IBD patients had a 22%
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increased risk of PD as compared with non-IBD individuals (HR=1.22) (Villumsen et al., 2019). In

the past decades, microbiota alterations in IBD have been demonstrated to disrupt intestinal

barrier, trigger intestinal inflammation, and induce autoimmune response (Chu et al., 2016; lyer

et al., 2018; Levy et al., 2015), therefore, it is very likely that microbiota dysbiosis may also induce

gastrointestinal inflammation and functional impairment in PD. Future studies are required to

identify the correlations between gastrointestinal dysfunction and microbiota dyshomeostasis in

PD.

SIBO is among the most common gastrointestinal phenotypes of PD and may be associated

with gastrointestinal dysfunction. However, it has been reported th~t 5,20 is not related to worse

gastrointestinal symptoms, indicating that SIBO s likely a para''z' cc..sequence but not the cause

of gastrointestinal symptoms (Tan et al., 2014). Interestirly, uue acid abnormality and altered

lipid metabolism in PD have been found to be associat 4 wi h gut microbiota dysbiosis (Hasuike

et al., 2019). Thus there is possibility that gut micrr -iota may induce gastrointestinal dysfunction

by affecting biochemical metabolism of gut trac of Fu patients.

The question of whether gastrointes. na' infection is associated with autonomic dysfunction

in PD remains unresolved. A study conu 'cted by Tan et al. (2014) reported that nearly one-third

of PD patients are infected with Hei.c/bc'cter pylori (HP) (Tan et al., 2015). Although they found

that HP positivity was associat=u ‘vith worse motor function, HP infection had no effect on the

gastrointestinal symptoms 0. »a.ents (Tan et al., 2015). Recently, intestinal Gram-negative

bacteria infection has yee. demonstrated to induce mitochondrial antigen presentation and

cytotoxic mitochondria- “pecific CD8+ T cells in both periphery and the brain in Pinkl” mice

(Matheoud et al., 2019). Thus it is possible that autoimmune and inflammatory responses may

mediate the intestinal dysfunction and autonomic dysfunction in PD.

3.4. Mechanisms and hypothesis
3.4.1 Peripheral nerve dysfunction

Most dysautonomic symptoms can be attributed to the functional or structural impairment
of peripheral nerves of the autonomic nervous system, including the sympathetic nervous system,
the parasympathetic nervous system, and the enteric neural plexuses. In a clinical setting, PD

patients with autonomic dysfunction usually present with extremely severe degeneration of
12



autonomic nerve fibres and neurons in both the early and late stagesof the disease.

With regard for gastrointestinal dysfunction, dysautonomic symptoms can be attributed to the
degeneration of the autonomic nervous system that innervates the gut, including the peripheral
sympathetic nerve, vagus nerve, sacral parasympathetic nerve, and enteric plexuses. Most
gastrointestinal dysfunction observed in PD may reflect an impairment in the mobility of the
digestive tracts from the oral outlet to the anal outlet; these impairments can include dysphagia,
gastrin emptying delay, gastroparesis, intestinal dysmotility, constipation and so on. Generally,
the parasympathetic nervous system drives gastrointestinal mobility, and the sympathetic
nervous system antagonizes the mobility induced by the parasyrnat. . ~tic nervous system. The
vagus nerve system is the major parasympathetic nervous sys*-™ ....portant to the regulation of

gastrointestinal motility functions. In PD patients, vagus ne've ucgeneration is very common and

has been associated with the development of PD (Brec et . ., 2019; Pelz et al., 2018; Phillips et

al., 2008; Tsukita et al., 2018). Pelz et al (2018) :~vealed that vagus nerve (VN) axons were

significantly smaller in PD patients than in cont:\Is by using high-resolution ultrasound (Pelz et al.,

2018), which was also found by Walter ~t 4l (2018) (Walter et al., 2018). The deposition of

a-synuclein has been observed in vagus nerve in PD patients and PD animal models (Kalaitzakis et

al., 2008; Mu et al., 2013; Noorian e. a'., 2012; Phillips et al., 2008; Uemura et al., 2018). In

animal experiments, the vagus i.~rve has been demonstrated to be an essential route for the

transmission of a-synuclein pa«hoiogy from the periphery to the central nervous system or from

central regions to perip'iera' nervous system (Holmaqvist et al., 2014; Kim et al., 2019; Uemura et

al., 2018; Ulusoy et al., ?017; Van Den Berge et al., 2019). The enteric neuropathology observed

in PD patients has been reproduced in PD models and is thought to be associated with
gastrointestinal dysfunction (Colucci et al., 2012; Greene et al., 2009; Zhang et al., 2015). In a
MPTP mouse model, changes in colon motility were associated with the loss of enteric
dopaminergic neurons (Anderson et al., 2007). In a rotenone-induced PD model, delayed gastric
emptying was reported to be mediated by enteric nervous system dysfunction (Greene et al.,
2009). In a 6-OHDA-induced PD rat model, intestinal dysmotility was shown to be related to
neurochemical changes in the enteric system (Colucci et al., 2012).

With regard for cardiovascular dysfunction, the destruction of both the sympathetic nervous

system and the parasympathetic nervous system may contribute to the imbalances observed in
13



blood pressure and heart rate variability (HRV). Under physiological conditions, the baroreflex
modulates the homeostasis of blood pressure under stressed situations, such as an increase in
blood volume or shock. However, the baroreflex is not the only mechanism involved in
maintaining stable blood pressure within a physiological range. Balanced cardiac contraction and
relaxation, a normal blood volume, enough peripheral vascular resistance, and the elastic
reservoir ability of the aorta all contribute to the maintenance and stability of blood pressure.
Changing from the supine position to the standing position causes a decrease in the volume of
blood that flows back to the right heart from the peripheral organs, resulting in a subsequent
decrease in cardiac output and a decline in blood pressure. In 2 p. vsiological situation, the
carotid sinus baroreceptor senses that less mechanical press:..~ 1. yroduced by the blood, and
this results in a reduction in parasympathetic activity and an n.wrease in sympathetic activity in
the cardiovascular system. A reduction in afferent tran. missi)n of the baroreflex and an increase
in sympathetic activity complement the decline =° blood pressure caused by the orthostatic
position change. In PD, OH may be related “» the abnormal response of the cardiovascular
regulatory centre to a reduction of blood | ves.ure due to a body position change. Goldstein et al.

(2005) proposed that lower baroren ~xive cardiovagal gain during valsalva maneuver and

orthostatism, sympathoneural failure, ard cardiac and extracardiac noradrenergic denervation

revealed by septal myocardial 1F;dopamine radioactivity and plasma norepinephrine levels are

strongly related to OH in PD (L ~ldstein et al., 2005). In fact, it has been shown that low baroreflex

sensitivity is strongly arsoc."ted with supine hypertension and OH in PD patients (Blaho et al.,
2017). Nakamura et ' (2014) demonstrated that the failure to increase total peripheral
resistance that results from impaired sympathetic innervation leads to large reductions in systolic
blood pressure in OH in PD (Nakamura et al., 2014). In addition to the cardiac sympathetic system,
a study has also revealed that cardiac parasympathetic dysfunction is observed in PD and
associated with the development of OH, indicating that cardiac parasympathetic dysfunction and
cardiac sympathetic denervation are concurrent with each other (Shibata et al., 2009).

The peripheral pelvic plexus and inferior hypogastric plexus control both bladder and sexual
function, respectively, in humans. It remains unknown how the dysfunction of these sympathetic
and parasympathetic nerves, which innervate the bladder and reproductive organs, contributes

to urinary dysfunction. The degeneration of the peripheral pelvic plexus and inferior hypogastric
14



plexus have rarely been studied in PD.

The thermoregulatory dysfunction observed in PD may be mediated by peripheral
mechanisms. The peripheral sympathetic and parasympathetic nervous system both participate
in maintaining the stability of body temperature. In PD patients, sympathetic sudomotor and
vasoconstrictive functions become impaired in parallel with a reduction in intraepidermal nerve
fibre density and an increase in skin a-synuclein deposition (Asahina et al., 2014; Kass-lliyya et al.,
2015; Kuzkina et al., 2019). Therefore, skin neuropathy may be a potential cause of
thermoregulatory dysfunction in PD.

In pupil function, pupillary parasympathetic and sympatheti~ pc.-tganglionic impairments
both occur in PD (Hori et al., 2008), and these are thought =~ “e .li.e mechanism that mediate

pupil abnormalities in this patient population.

3.4.2. Central autonomic dysregulation

The autonomic dysfunction observed in PT -an “e caused by the degeneration of the central
nuclei or central neural networks that con. 2l physiological autonomic functions. Both cortical
and subcortical structures are involved i1, *he regulation of autonomic function in humans. The
degeneration of central autonom’. re_ .atory centres has been reviewed recently (Coon et al.,
2018). The insular cortex -lays a key role in autonomic and limbic integration, and
neuropathological studies “ave .evealed that a-synuclein pathology occurs in the insula in PD
patients (Papapetrcool los nd Mash, 2007). Papapetropoulos et al. (2007) found that the
severity of PD-related ' europathology in the insular cortex was associated with OH in PD
(Papapetropoulos and Mash, 2007), indicating the involvement of central mechanisms in
cardiovascular dysfunction of PD. In the spinal cord, a-synuclein pathology was found in spinal
cord lamina | neurons, in the parasympathetic preganglionic projection neurons of the vagal
nerve, and in sympathetic preganglionic neurons of the spinal cord (Braak et al., 2007; Del Tredici

and Braak, 2012). A new study published in 2019 revealed that the central network that

modulates parasympathetic outflow was impaired in early PD by combining heart-rate-variability

based methods and resting-state fMRI (Tessa et al., 2019).The degeneration of the nigrostriatal

network may participate in the occurrence of autonomic dysfunction in PD. Anselmi et al. (2017)
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identified a nigro-vagal monosynaptic pathway that regulates gastric tone and motility.
Interestingly, this nigro-vagal pathway was impaired in a paraquat-induced model of

Parkinsonism (Anselmi et al., 2017). Recent studies have shown that impaired cortical activation

and functional connectivity shown in fMRI are associated with dysautonomia in PD. Suntrup et al.

(2013) provided the first evidence showing that the cortical activation associated with swallowing
is significantly reduced in PD patients (Suntrup et al., 2013), a finding that was further supported
by a recent study that showed that changes in functional connectivity in swallowing-related
cortices can contribute to dysphagia in PD (Gao et al.,, 2019). In addition, central cholinergic
dysfunction has been reported to be associated with dysphagia i~ e."ly PD (Lee et al., 2015).
Therefore, central mechanisms may be involved in the c-.iv.uscular and gastrointestinal
dysfunction observed in PD.

Urinary dysfunction is mainly caused by centra! mec ianisms in PD. Under physiological
conditions, the basal-frontal ganglia circuit contro!z *he lower sacral micturition reflex. However,
in PD, the frontal-basal ganglia D1 dopaminerg’- circuit is impaired. This alteration results in the
disinhibition of the micturition reflex «~d subsequent detrusor overactivity and overactive
bladder symptoms (Sakakibara et al., .214; Winge et al., 2005). In a study performed by Kitta et
al. (2006), the researchers used pos.iron emission tomography to identify the brain regions that
were activated during detrusor o. ~ractivity in PD. They found that significant activation occurred
in the periaqueductal grey, su. olementary motor area, cerebellar vermis, insula, putamen and
thalamus (Kitta et al., 00, Urinary functions were also controlled by lower brainstem nuclei,
including the pontine 1, icturition centre and the pontine continence centre. Roy et al. (2019)
found that brainstem degenerative changes around the pontine continence centre may be
associated with bladder storage symptoms in PD (Roy et al., 2019). Sexual dysfunction is a
common clinical feature in PD, which is characterized by reduced sexual drive and sexual arousal.
Sexual drive and sexual arousal are regulated by neurobiological, endocrinological, and
psychological mechanisms. The mechanisms of how central regulatory centres are involved in
these sexual behaviour changes in PD remain unknown. Testosterone levels have been reported
to be reduced in PD and are associated with non-motor symptoms (Okun et al., 2004a; Okun et
al., 2004b). Thus, reduced testosterone levels may contribute to sexual dysfunction in PD.

However, little is known about the pathological mechanisms involved in sexual dysfunction in PD.
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3.4.3. a-synuclein and other toxicities

The pathology associated with a-synuclein or phosphorylated a-synuclein in the autonomic
nervous system and its innervated regions is the hallmark of autonomic dysfunction in PD.
However, the mechanism of how a-synuclein or phosphorylated a-synuclein exert neurotoxicity
in the autonomic nervous system remains unknown. Generally, a-synuclein can induce multiple
neuronal pathological phenotypes, including nuclear dysfunction, mitochondrial dysfunction,
endoplasmic reticulum/Golgi dysfunction, autophagy/lysosome dysfunction, and synaptic
dysfunction (Wong and Krainc, 2017). Thus, it is very likely that aut.1omic nervous dysfunction
may also share these common mechanisms of a-synuc'zin ‘oxicity. Orimo et al. (2008)
demonstrated that the axonal aggregation of a-synuclein may precede the degeneration of
cardiac sympathetic nerves in PD, indicating a causal rela. ~.1ship between a-synuclein pathology
and cardiac sympathetic denervation (Orm»> et al, 2008b). In addition,
a-synuclein-overexpressing transgenic mi-. si.~wed intestinal accumulation of proteinase

K-insoluble alpha-synuclein and autonomic ‘=ficits (Hallett et al., 2012). Moreover, a-synuclein

deposition in the sympathetic noradrene. ~ic neurons of skin biopsies has been associated with

cardiac_noradrenergic deficiency Mec-ured by 18F-dopamine radioactivity in neurogenic OH,

further supporting the notic~ tha. a-synuclein pathology plays a key role in cardiac nerve

denervation (Isonaka et -l., .J19). Accumulated neuropathological data presented in the

literature demonstrates that Lewy body pathology occurs in the enteric plexuses and
gastrointestinal tracts (G Id et al., 2013). Although a-synuclein pathologies have been localized in
enteric plexuses and gastrointestinal tracts, whether they are associated with gut dysfunction in
PD has not been demonstrated. Interestingly, a study performed by Lee et al. (2018) showed that
the deposition of a-synuclein in the mucosal enteric nervous system was not associated with the
functional impairment of the affected gut segment, indicating that a-synuclein pathology is not
likely to be the cause of gastrointestinal dysfunction (Lee et al., 2018a).
3.4.4. Gut or autonomic route of a-synuclein propagation

a-Synuclein pathology and the degeneration of the autonomic nervous system are the two

hallmarks of dysautonomia in PD. Previous studies have shown that a-synuclein pathology occurs
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in parallel with the degeneration of autonomic neurons and nerve fibres (Orimo et al., 2008b).
There is also consensus that a-synuclein pathology is an indicator of neurodegeneration, and
degenerated neurons usually exhibit a-synuclein pathology. In the past decade, a dual-hit
hypothesis has been proposed by the Braak group to better explain the distribution of
a-synuclein pathology during PD development. In this hypothesis, a neurotropic pathogen
(probably viral) is thought to enter the brain via two routes: a nasal route, with anterograde
progression into the temporal lobe, and a gut or autonomic route, with retrograde propagation
into the medulla, pons, and midbrain (Hawkes et al., 2007). Because the second route in this
hypothesis is mostly involved in the autonomic nervous system in g strointestinal tracts, this
hypothesis suggests that autonomic dysfunction plays a ':2** ._ie in the development of
neuropathology in PD. Previous neuropathological studies «uggest that a-synuclein pathology, to
some extent, may initially occur in autonomic per: her:! nerves, including the peripheral
sympathetic plexus, vagus nerve and other paras:-nathetic plexuses as well as enteric neural
plexuses before gradually ascending to the lov-er prain stem nuclei, substantia nigra, striatum,
and cortex (Del Tredici and Braak, 2012). Thi-, paradigm of peripheral to central transmission of
a-synuclein pathology is supported . the finding that in PD patients, peripheral cardiac
sympathetic axons exhibit neurodcg :neration earlier than that has been observed in the
neuronal somata or neurites ir .. = paravertebral sympathetic ganglia (Orimo et al., 2008b). It is
also further supported by a.~=ct evidence showing that human PD brain lysates containing
different conformations ot w. -synuclein can be transported into the central nervous system via the
vagal nerve following heir injection into the intestinal wall (Holmgqvist et al., 2014). The
propagation of a-synuclein from the dorsal motor nucleus of the vagal nerve to the pons,
midbrain, and forebrain was demonstrated in another study. Ulusoy et al. (2013) showed that the
selective injection of adeno-associated viral vectors carrying human a-synuclein into the vagus
nerve in the rat neck can lead to the progressive spreading of a-synuclein pathology to more
rostral brain regions, including the ipsilateral coeruleus-subcoeruleus complex, dorsal raphae,
hypothalamus and amygdala (Ulusoy et al., 2013). Recent studies also showed that treatment of
a-synuclein-preformed fibrils in the mouse gastrointestinal tract caused Lewy body-like
aggregates to form in the brainstem via the vagus nerve, and this effect could be prevented by

vagotomy before inoculation (Kim et al., 2019; Uemura et al., 2018). In PD patients, the dorsal
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motor nucleus of the vagus nerve shows early a-synuclein pathology; thus, the vagus nerve may
be the most likely route for a-synuclein transmission from the peripheral autonomic system to
the brain (Uemura et al., 2018). Interestingly, a full truncal vagotomy is associated with a reduced
PD risk, further supporting the possibility that vagus nerve-induced a-synuclein propagation

occurs in PD (Liu et al., 2017; Svensson et al., 2015). Appendix is innervated by vagus nerve,

Killinger et al. (2018) showed that healthy human appendix contained a-synuclein aggregates and

PD-associated a-synuclein truncation products (Killinger et al., 2018). Moreover, removal of the

appendix was associated with a lower risk for PD and delayed age of PD onset (Killinger et al.,

2018; Mendes et al., 2015). According to a recent study, vagus nera 1, y also be a route for the

propagation of a-synuclein from brain to periphery (Van Den T-rg <t al., 2019). Van Den Berge

et al. (2019) reported that a-synuclein can propagate fro~ duvuenum to brainstem, then from

brainstem to stomach via the vagus nerve (Van Den Be. "e et al., 2019). A gut or autonomic route

for a-synuclein pathology transmission may be furt'.~r supported by findings related to rare pure
autonomic failure (PAF), which was recent! recugnized as a new prodromal PD marker
(Kaufmann et al., 2017; Singer et al., 20.7). ""AF patients show severe a-synuclein pathology in
both the sympathetic and parasympati, ~tic autonomic nervous systems (Hague et al., 1997). The
pathology of a-synuclein observed i.i ".he periphery also occurs prior to the pathology observed
in the central nigrostriatal syste m in PAF (Arai et al., 2000). As the disease progresses, the
neuropathology of the centi.! nervous system becomes evident. Therefore, findings in PAF
suggest that in some cise. of PD, neurodegeneration may initially originate in the autonomic

nervous system and the 1 propagate into the central nervous system. Though most of evidence

supporting the autonomic propagation of a-synuclein focused on vagus nerve, it is possible that

other parasympathetic and sympathetic pathways may also be possible routes for a-synuclein

propagation. Orimo et al. (2008) found that accumulation of a-synuclein aggregates in the distal

axons of the cardiac sympathetic nerves precedes that of neuronal somata or neurites (Orimo et

al., 2008b). Den Berge et al. (2019) revealed that autonomic ganglia, cardiac autonomic nerves,

dorsal motor nucleus of the vagus, and enteric plexus all participated in the propagation of

a-synuclein pathology (Van Den Berge et al., 2019). Here, we propose an autonomic

nerve-mediated a-synuclein propagation model to explain how the autonomic nervous system

contributes to the growth of the a-synuclein pathology tree in PD (Figure 2). Future studies
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performed in preclinical animal models and PD patients are required to confirm the reliability of

non-vagal autonomic nerve-mediated a-synuclein propagation.

The Tree of a-synuclein Pathology

Central nervouys system

S
1’/;7
Day, ot e :
‘¢ nervous Y 3

Non-vagus parasympathetic
nervous system?

Figure 2. Growth of the “a-synuclein_pathuiogy” tree in PD. In this figure, we propose an

autonomic nerve-mediated propaga’ior. mndel to illustrate how a-synuclein pathology originates

in the peripheral autonomic nervou. system and propagates into the central nervous system.

According to the dual-hit hyrou =sis, nasal and gut routes may represent two possible pathways
for a-synuclein transmissinn ., ~ " D. Because our review focused on the autonomic nervous system,
the nasal route is rou Jisc _sed in detail. Based on our analysis in this review, we believe there is
enough evidence to deinonstrate that the propagation of a-synuclein pathology may be partially
mediated by the vagus nerve. Whether other autonomic nervous systems also participate in the

propagation of a-synuclein pathology should be further investigated in future studies.
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4, Clinical evaluation

Table 1

The scales for the evaluation of autonomic dysfunction in PD

Autonomic dysfunction

Scales

References

Global evaluation

Sialorrhea

Dysphagia

Constipation

Orthostatic hypotension

Urinary dysfunction

Sexual dysfunction

SCOPA-AUT

Non-motor Symptoms Questionnaire
Drooling Severity and Frequenc'’ Sca.>
Drooling Rating Scale

Sialorrhea Clinical Scale *or FPu
Swallowing Disturba, ~e O Jestionnaire
Dysphagia-Speci’i. Quality of Life scale
Swallowing Cinical Assessment Score
Rome \." criceria or Rome Il criteria
SCO:r.*-AUT

Cur 1pc site Autonomic Symptom Scale
Orthostatic Grading Scale

Novel Non-Motor Symptoms Scale
Danish Prostatic Symptom Score
International Consultation for
Incontinence Questionnaire for Male
Lower Urinary Tract Symptoms
Overactive Bladder = Questionnaire
(OABq)/OABq Short Form/8-item OABq
score/OAB Symptom Score

Quality of Sexual Life Questionnaire
Arizona Sexual Experiences Scale

Sexual Dysfunction Inventory

Evattetal., 2009

Evattetal., 2009

Evattetal., 2009

Evattetal., 2009
Pavy-Le Traon et

al., 2011

Pavy-Le Traon et

al., 2018

Moore et al,

2002
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4.1. Clinical rating scales

The recommended global rating scales used for the evaluation of autonomic dysfunction by
international MDS are the Scales for Outcomes in PD-Autonomic (SCOPA-AUT) and the
Non-motor Symptoms Questionnaire for PD (Evatt et al., 2009). The scales suggested for
assessing sialorrhea include the Drooling Severity and Frequency Scale, the Drooling Rating Scale,
and the Sialorrhea Clinical Scale for PD. The scales suggested for evaluating dysphagia include the
Swallowing Disturbance Questionnaire, the Dysphagia-Specific Quality of Life scale, and the
Swallowing Clinical Assessment Score in Parkinson's Disease. Alth~ug,. the Rome Il criteria are
widely used for the diagnosis of constipation, the early Rome ' ‘e, _.on is also used in PD studies
(Evatt et al., 2009). For the assessment of OH, the MDS tar+ force recommended the SCOPA-AUT
and the Composite Autonomic Symptom Scale (Pavy-L: Tracn et al., 2011). They also suggested
the Novel Non-Motor Symptoms Scale and the Ort'.~static Grading Scale for evaluating OH in PD
(Pavy-Le Traon et al., 2011). Regarding scree: ng 1ur orthostatic symptoms in PD, the criteria
suggest the Self-completed Non-Motor Sy.~otyms Questionnaire (Pavy-Le Traon et al., 2011). The
rating scales recommended by the N.OS for urinary evaluation include the Danish Prostatic
Symptom Score, the International Co'istication for Incontinence Questionnaire for Male Lower
Urinary Tract Symptoms, the Ov. ractive Bladder Questionnaire (OABq), the OABq Short Form,
the 8-item OABq score, and 1. CAB Symptom Score(Pavy-Le Traon et al., 2018). Most of these
scales are well-validater. in . vological settings, but none are validated specifically in PD. Therefore,
they should be studie. further and specifically validated in PD. The Quality of Sexual Life
Questionnaire (QoSL-Q) is the first questionnaire used for the evaluation of sexual life quality in
PD patients (Moore et al., 2002). The Arizona Sexual Experiences Scale and the Sexual
Dysfunction Inventory can also be utilized to assess sexual dysfunction in PD. The clinical scales

used for evaluating autonomic dysfunction in PD has been summarized in Table 1.

4.2. Objective examinations
4.2.1. Gastrointestinal functions

4.2.1.1. Saliva gland function
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Saliva collection and analysis is the most direct methodology for assessing sialorrhea in PD
(Tiigimae-Saar et al., 2018). The saliva of the participants is collected into a cup for 5 min in both
resting and stimulated situations. The samples are generally taken at 2 hours after breakfast, and
the patients are instructed to not brush their teeth before the collection procedure. To measure
the amount of saliva under stimulated conditions, the patients chewed a piece of wax for 5 min
before the collection of saliva, and this led to the accumulation of saliva in the oral cavity
(Tiigimae-Saar et al., 2018). After saliva collection, the quantity and buffering capacity of the
saliva were measured. Saliva composition can be analysed using a Saliva-Check BUFFER in Vitro
Test or other commercial saliva tests (Tiigimae-Saar et al., ®71», Scintigraphy has been
developed to evaluate sialorrhea in PD (Nicaretta et al., 2022\, ... this study, the uptake and
intra-glandular distribution of Tc-99m (pertechnetate) in t~= pa:otid gland were not significantly
altered in PD, but the speed of parotid excretion w. = higher in PD patients than in healthy

subjects (Nicaretta et al., 2008).

4.2.1.2. Pharyngo-oesophageal motility

Fiberoptic endoscopic evaluation of _~allowing (FEES) is an objective approach to measure
dysphagia. Blumin et al. (2004) fir-- av. '.ated laryngeal functions using FESS in PD patients. They
found that PD patients showe- sigi..ficant vocal fold bowing (Blumin et al., 2004). A subsequent
study used the FEES revea:~d sv-allowing disturbances in PD patients (Manor et al., 2007). In the
past decade, FEES ha: bee1 used to evaluate dysphagia severity, to assess the efficacy of
dysphagia therapy and to study the pathophysiology of dysphagia in PD patients. The
video-fluoroscopic swallowing study (VFSS) is also widely used to evaluate swallowing capacity in
PD (Fukuoka et al., 2019). In VFSS images, PD patients show oropharyngeal bradykinesia,
incoordination, reduced anterior hyoid bone movement, and decreased e piglottic rotation angle
during swallowing. VFSS can also be used to predict aspiration pneumonia, validate clinical rating
scales, and study the mechanisms of dysphagia in PD. High-resolution manometry (HRM) can be
used to evaluate swallowing ability and oesophageal motility in PD patients. Researchers have
used HRM to evaluate the pharyngo-oesophageal motility of PD patients in randomized clinical

trials (Derrey et al., 2015). Radioisotope scintigraphy could be used to assess dysphagia. Potulska
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et al. (2003) reported that when dysphagia was evaluated with oesophageal scintigraphy, it was
observed in all 18 PD patients (Potulska et al., 2003). Electrophysiological study is an alternative
test to evaluate oropharyngeal dysphagia in PD. Electrophysiological abnormalities frequently
occur in PD and have been correlated with disease symptoms and pathophysiology (Ertekin,

2014).

4.2.1.3. Gastric emptying

Gastric scintigraphy is the gold standard methodology for t e objective measurement of
gastric emptying time (GET). In a recent systematic review, .om,ared with healthy control
subjects, PD patients showed a non-significant GET delay. 1ow ‘ver, when they excluded one
outlier study, a significant delay was found (Knudsen et al., 2018). The “C-octanoate breath test
has also been used to measure GET. According to the sai. = systematic review, the YC-octanoate
breath test revealed a highly significant GET eluy in PD patients (Knudsen et al., 2018).
Furthermore, significantly smaller amplitu~.- o. veristaltic contractions were detected in the

stomach by functional magnetic resonance . *aging in PD subjects (Unger et al., 2010).

4.2.1.4. Intestinal motility

The radio-opaque mark=r \>0OM) technique is an approach used to measure gastrointestinal
transit time. A recent stiidy ~eealed colonic dysfunction in the early to moderate stage of PD
patients (Knudsen cc ', .247a). In addition to the ROM technique, colonic volumes derived from
CT or MRI scans have wveen used to assess colonic functions. In PD patients, colonic volume is
frequently increased, and this is especially pronounced in distal colonic segments (Knudsen et al.,
2017a). A magnetic tracking system was designed to measure gastrointestinal transit time.
Knudsen et al. (2017) used an ambulatory 3D-transit system to show that the small intestinal
transit time was significantly longer in PD patients (Knudsen et al., 2017b). Intestinal scintigraphy
has also been used for the evaluation of intestinal dysmotility in PD, and the duration of small
intestine passage was found to be significantly longer in PD patients than in healthy controls

(Dutkiewicz et al., 2015).
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4.2.1.5. Anorectal function

Anorectal manometry is the most common technique for evaluating anorectal functions in
PD. PD patients usually exhibit impaired voluntary sphincter squeeze (Ashraf et al., 1994). Stocchi
et al. (2000) used anorectal manometry to show that the straining pattern was abnormal and
that anal tone was decreased in PD patients (Stocchi et al., 1999). Recently, high-resolution
anorectal manometry was applied in PD patients to evaluate defecatory dysfunction (Su et al.,
2016). PD patients can have defecatory dyssynergia, balloon expulsion abnormalities, rectal
sensation diminishment, and an absence of rectoanal inhibitory reflex (Su et al., 2016).
Electromyography (EMG) is another technique used to meas''re _norectal function. EMG
recordings usually show reduced recruitment of the extern-! an.. sphincter and puborectalis
musclesin PD patients (Ashraf et al., 1995). Defecography ‘« alsu « methodology used to evaluate
defecatory dysfunction in PD. PD patients usually exhil t inc eased rectal widening, puborectalis
muscle dysfunction, sphincter muscle abnormali*~s, incomplete emptying, and an elevated

postdefecation residual volume in defecograph, stuaies.

4.2.2. Cardiovascular functions
4.2.2.1. Cardiovascular autonomic “nc*Jnal tests

Cardiovascular autonomi- function tests (CVTs) include orthostatic tests, the head-up tilt
test, the cold pressor test, deer oreathing tests, Valsalva manoeuvres, the isometric contraction
test, 24-h ambulatorv k nod sressure monitoring, 24-h Holter monitoring, hyperventilation tests,
and so on. All of these te ,ts have been used to assess cardiac autonomic functionsin PD patients.
R-R interval variation (RRIV) is an essential indicator of cardiac autonomic functions. RRIV has
been investigated during deep breathing, Valsalva manoeuvres, and standing in PD (Bordet et al.,
1996). PD patients may exhibit lower RRIV during deep breathing and the Valsalva manoeuvre.
HRV can be measured using echocardiography. Both traditional spectral (very low frequency, VLF;
low frequency, LF; high frequency, HF) and non-spectral components can be obtained. The
Valsalva ratio, baroreflex sensitivity, and the coefficient of variation of RR intervals in the resting
state (resting-CVRR) and during deep breathing (DB-CVRR) are utilized by researchers to study

cardiac parasympathetic functions in PD. In these functional tests, PD patients often show
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decreased cardiac parasympathetic parameters, and resting-CVRR and DB-CVRR are significantly

reduced in the early phase of PD.

2 MIBG orlgF-dopamine uptake

4.2.2.2. Cardiac

The most common examination used for the evaluation of sympathetic innervation is cardiac
iodine-123-labelled metaiodobenzylguanidine (***I-MIBG) uptake. The ratio of the average pixel
count corresponding to the heart to that of the mediastinum (H/M) is defined as cardiac
123 .MIBG uptake. Reduced cardiac 123.MIBG uptake is frequen in PD patients. In addition,
reduced '*’I-MIBG uptake is intimately correlated with impaired nea.t tunctions during exercise,
indicating that sympathetic denervation plays a critical role in \»e pathogenesis of autonomic
dysfunction in PD. 18F-dopamine is also a radiotracer used >r the measurement of sympathetic
dysfunction in PD patients (Goldstein et al., 2018). It has . ~<n used to assess cardiac sympathetic

denervation in high-risk subjects with a family r.story of PD olfactory dysfunction, dream

enactment behaviour, or OH.

4.2.2.3. llC-donepezil PET/CT

The PET tracer ‘'C-donerezii has been validated for the in vivo guantification of
acetylcholinesterase density in . ~ripheral organs. Gjerlgff et al. (2015) conducted the first study
to assess acetylcholinestera.~ wensity in the peripheral organs of PD patients. They found that
11C-donepezil bind.ny we. significantly decreased in the small intestine and pancreas of PD
patients (Gjerloff et al., 2015). In a second study, Fedorova et al. (2017) found that PD patients
showed significantly reduced 11C—donepezil uptake in the small intestine, colon, and kidneys

(Fedorova et al., 2017).

4.2.2.4. Sympathetic skin response

The abnormal sympathetic skin response (SSR) observed in PD patients was first reported in
the 1990s. In that study, 14.5% of PD patients had an abnormal SSR (Wang et al., 1993). The
prolongation of latency and reduced amplitudes are the two main presentations in an abnormal

SSR in PD. A recent study demonstrated that forehead SSR was more sensitive for the evaluation
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of autonomic dysfunction in both the early and late stages of PD (Sariahmetoglu et al., 2014).

4.2.3. Urinary functions
4.2.3.1. Urodynamic tests

PD patients may present detrusor hyperreflexia (67%), hyporeflexia or areflexia (16%),
hyperreflexia with impaired contractile function (9%), and hyperreflexia with detrusor-sphincter
dyssynergia (3%) in urodynamic tests. It has been reported that over 80% of PD patients have
abnormal findings in urodynamic tests (Uchiyama et al., 2011). Tt = urodynamic test is currently
used to assess the epidemiology of urinary dysfunction and tke e icacy of subthalamic deep
brain stimulation (DBS) on bladder function and to study t1e 1. echanisms underlying urinary

dysfunction in PD (Herzog et al., 2006).

4.2.3.2. Urinary sonography

To evaluate urinary retention, bladde. soography is performed before and after voluntary
voiding. Hahn et al. (2005) initially reported that urinary retention was normal in PD patients but
not in those with multiple system atrop..* fHahn and Ebersbach, 2005). Lee et al. (2018) reported
that post-void residual urine vo umc- were higher in PD patients (Lee et al., 2018b). Further
studies are required to investig. e whether urinary retention can be evaluated based on bladder

sonography changes in PD

4.2.4. Thermoregulatory functions

The sympathetic skin response, sweat response, skin vasomotor reflex, and skin sympathetic
nerve activity can be measured in peroneal nerves by microneurography and have been utilized
to evaluate sympathetic sudomotor and vasoconstrictive neural function in PD (Shindo et al.,
2008). The amplitudes of palmar sweat responses to deep inspiration, mental arithmetic, and
exercise are usually lower in PD patients. These patients also exhibit a reduced skin vasomotor

reflex and decreased sympathetic sudomotor and vasoconstrictive neural functions.
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4.2.5. Pupillary function

Pupillary responses to various stimuli (dark/light adaptation, light reflex, near vision reaction
and electrical sural stimulation) have been known to be impaired in PD for decades (Giza et al.,
2011; Micieli et al., 1991). Whether the pupillary response observed in PD is specific and

deserves investigation should be explored in future studies.

5. The utility for PD prediction and diagnosis
5.1. Prediction utility

Because multiple autonomic symptoms occur prior to 1. otor impairment in PD,
dysautonomic symptoms can be utilized to predict the occurr :nce >f PD. In the diagnostic criteria
for prodromal PD published in 2015 by MDS, dysautonom.. symptoms, including constipation,
symptomatic hypotension, severe erectile dysfuncti.=, and urinary dysfunction, were
recommended as prodromal markers of PD (Berg :t -.I., 2015). In a recent study performed by the
Schrag group, multiple dysautonomic sympt_.~s \.ere used to establish a risk algorithm to predict
the diagnosis of PD; these included co. stipation, urinary dysfunction, hypotension, and
hypersalivation (Schrag etal., 2019).

According to a systematic “evi>'v and meta-analysis, compared to subjects without
constipation, those with cor<tipa.on had a pooled OR of 2.27 (95% Cl 2.09 to 2.46) for
developing PD (Adams-Ca.* et .i., 2016). Recently, Fereshtehnejad et al. (2019) reported that
constipation occurs 1C 16 ‘ears prior to PD phenoconversion (Fereshtehnejad et al., 2019).
Constipation is a freque 1t feature of iRBD patients and can significantly increase the risk of
phenoconversion (Postuma et al., 2019). In addition, constipation also occurs in the premotor
stage of Gaucher disease (GD) patients and in heterozygous GBA mutation-positive carriers
(Gattoet al., 2016).

123

Reduced cardiac ““"I-MIBG uptake is also a prodromal marker of PD (Kashihara et al., 2010;

123

Tijero et al., 2013a; Tijero et al., 2010). In iRBD patients, a marked reduction in cardiac ~“"I-MIBG

uptake was observed, similar to findings in early stage PD patients (Kashihara et al., 2010). In

12

SCA2 patients with a higher risk of Parkinsonism occurrence, ’|-MIBG myocardial scintigraphy

also showed reduced cardiac uptake (Miyaue et al., 2017). In asymptomatic individuals with SNCA
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mutations, the reduction in ‘**I-MIBG uptake precedes nigrostriatal loss and motor impairment

21.MIBG uptake implies impaired

(Tijero et al., 2013a; Tijero et al., 2010). Because reduced
cardiovascular function, cardiovascular dysfunction may be a prodromal marker of PD. In fact, the
risk ratio for patients with hypotension to develop PD was 3.23 in a study conducted by Schrag et
al (Schrag et al., 2015). Thus, cardiovascular dysfunction has substantial value in predicting PD.

Urinary incontinence has been associated with incident parkinsonism and PD-related brain
pathology (Buchman et al., 2017). An overactive bladder has been demonstrated to be a
premotor biomarker of PD. Erectile dysfunction was incorporated into the diagnostic criteria of
prodromal PD proposed by MDS (Berg et al., 2015). Erectile dysf:'nci.~n can occur 10-16 years
before PD phenoconversion. Additionally, erectile dysfunction !~ ...arkedly increases the rate of
phenoconversion in iRBD patients (Postuma etal., 2019).

PAF is a dysautonomic disease with a higher risk « * con rerting into PD. However, it was not
recognized as a prodromal marker of PD in the 2725 diagnostic criteria of MDS. PAF showed a
pattern of Lewy body deposition similar to thal of Fu. It has been reported that the Lewy bodies
can be observed in the substantia nigra, .~ct' coeruleus, sympathetic ganglia, autonomic axons
innervating cardiac tissues, periadren.' adipose tissue, and urinary bladder of PAF patients
(Hague et al., 1997). Arai et al. (".0Cu) first reported the association between PAF and
synucleinopathy. They showed .“at PAF patients present a marked increase in a-synuclein
deposition in both pre- ana ~osc-ganglionic lesions of the sympathetic and parasympathetic
nervous systems, while suw tantia nigra lesions were absent, and no cortical Lewy bodies were
observed (Arai et al., z2170). Orimo et al. (2002) revealed that cardiac sympathetic denervation
was similar between PAF and PD patients, further indicating that PAF share an autonomic
neuropathophysiology similar to that of PD (Orimo et al., 2002). Their results were validated in
subsequent studies that showed that both PD patients and PAF patients have reduced
noradrenergic innervation in the heart and extracardiac organs (Kashihara et al., 2006; Tipre and
Goldstein, 2005). More interestingly, Goldstein et al. (2008) showed that PAF and PD exhibited
similar nigral and overall central dopaminergic denervation. However, dopaminergic denervation

was more severe in PD than in PAF, and sympathetic noradrenergic denervation was more severe

in PAF than in PD (Goldstein et al., 2008). According to a recent study, Kaufmann et al. (2017)

revealed that 6 of 74 (8.1%) PAF patients developed PD within a 4-year follow-up period
29




(Kaufmann et al., 2017). The average age of PAF patients at onset of symptomatic orthostatic

hypotension was 65 years, and they obtained PD/DLB diagnosis after 9.5 years later. They also

revealed that PAF patients with a supine heart rate over >70 bpm and heart rate response to tilt

<10 bpm had higher risk for PD/DLB phenoconversion (Kaufmann et al., 2017). In another study,

Singer et al. (2017) reported that 11 of 318 (3.5%) PAF patients converted into PD or dementia

with Lewy bodies (Singer et al., 2017). They revealed reduced total Composite Autonomic

Severity Score (CASS) and Orthostatic norepinephrine levels in PD/DLB converters as compared

with stable PAF patients (Singer et al., 2017). They also found that a total CASS of less than 7 and

an orthostatic rise in norepinephrine over 65 pg/mL had the high~<t i.-k for developing PD/DLB

(Singer et al., 2017). The discrepancy of PD/DLB conversion r=%'n ... these two studies could be

due to differences in the diagnostic accuracy of PAF, ~fferc.it durations of follow-up, and

differences in the medical conditions present in the PAT natie ats (Kaufmann et al., 2017, Singer et

al., 2017). In summary, PAF is a new prodror.z! PD characterized by clinical autonomic

dysfunction.

5.2. Diagnosis utility
PD is a neurodegenerative _‘“se.-: characterized by motor impairment and non-motor
dysfunction. In the diagnostic -rite.a of PD proposed by MDS in 2015 (Postuma et al., 2015),

cardiac sympathetic dener -atior- diagnosed based on 123

I-MIBG scintigraphy is listed as a support
criterion that can incre. se ti.e diagnostic accuracy of PD (Postuma et al., 2015). However, these
diagnostic criteria do not include other autonomic dysfunctions, such as constipation, OH,
erectile dysfunction, and urinary dysfunction, as supportive criteria even though they were also
prevalent in PD (Postuma et al., 2015). In contrast, they excluded those patients who exhibited
severe autonomic failure in the first 5 years of disease, including those with OH and severe
urinary incontinence or urinary retention (Postuma et al., 2015). This was because MSA patients

123

usually develop severe autonomic dysfunction before motor impairment, and I-MIBG
scintigraphy is specifically altered in PD but not in MSA patients (Kashihara et al., 2006). By

excluding subjects with severe autonomic failure, they significantly increased the diagnostic

accuracy of established PD to over 90% and that probable PD to over 80%. This diagnostic
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criterion may be accurate; however, it may also exclude PD patients with early autonomic
dysfunction and those who may present severe autonomic dysfunction concurrent with motor
impairment. As discussed above, multiple dysautonomic symptoms have been recognized as
prodromal markers of PD, and we do not know why these dysautonomic symptoms are not used
to support the diagnosis of PD. Even PAF patients, who have early and severe autonomic
dysfunction, can convert to PD during disease progression (Kaufmann et al., 2017; Singer et al.,
2017). Therefore, we have enough evidence to demonstrate that other dysautonomic

phenotypes diagnosed in spite of 123

I-MIBG scintigraphy can be used to support PD diagnosis in
clinical practice. Future studies may be required to examir~ ti.~ possibility that other

dysautonomic phenotypes, such as constipation, OH, e-:-ti. dysfunction, and urinary

dysfunction, could be supporting diagnostic criteria for PD.

l."

Disease Stage I Preclinical phase Diagnosed phase

Target
population

LEIK)

PD familal members Bgh-ri PD patients
High-risk subjects

2L.MIBG or **F-dopami Rating scales Rating scales

12.MIBG or **F-dopamine uptake/CVTs
C-donepezil PET

FEES/VFSS/GET/ROM

Urodynamic test

Anorectal manometry

Sympathetic skin response

Tissue a-synuclein staining

Clinical 1ZIMIBG or **F-dopamine uptake/CVTs
evaluation

C-donepezil PET
FEES/VFSS/GET/ROM
Urodynamic test
Anorectal manometry
Sympathetic skin response
Tissue a-synuclein staining

No indication for starting
therapy
Lack of preventive therapy

Suggested
treatments

Figure 3. An algorithm for the evaluation and management of autonomic dysfunction in PD.

Sialorreha:Botulinum toxin / Radiotherapy
Dysphagia: EMST

Gastroparesis: Domperidone/Mosapride [
nizatidine / Botulinum toxin

Constipation; Bulk forming laxatives /
Osmotic Laxatives / Chloride channel

activator / Mosapride

Orthostatic hypotension: Fudrocortisone /
Midodrine or droxidopa

Urinary dysfunction: Antimuscarinic agents/
B-3 adrenergic agonist / Botulinim toxin
Sexual dysfunction: Inhibitor of PDE-5
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Sialorreha:Botulinum toxin / Radiotherapy
Dysphagia: Levodopa / Rotigotine / EMST /
DBS

Gastroparesis: Domperidone / Mosapride /
nizatidine / Botulinum toxin

Constipation: Bulk forming laxatives /Osmotic
Laxatives / Chloride channel activator /
Mosapride

Orthostatic hypotension: Fudrocortisone /
Midodrine or droxidopa

Urinary dysfunction: Antimuscarinic agents /
B-3 adrenergic agonist / Botulinim toxin
Sexual dysfunction: Inhibitor of PDE-5




The figure shows the target population and the evaluation of and potential therapies for
autonomic dysfunction in PD from the preclinical stage to the diagnosed stage. In the preclinical
stage, it should be suggested that PD familial members and other high-risk subjects should be
screened for potential dysfunction of the autonomic nervous system using objective
examinations as this would help to identify those with early a-synuclein pathology or autonomic
function abnormalities and the development and design of preventive therapies for them. In the
premotor phase, the prodromal PD had non-motor symptoms and a high risk of converting to PD.
Patients with both autonomic dysfunction and other non-motor phenotypes, such as subjects
with hyposmia, iRBD, and depression, should be targeted. In thi~ sta-e, autonomic symptoms
should be treated, and therapies for prevention and conversi<> n..y be explored. In diagnosed
PD patients, good management of dysautonomic sympte~s, uituding urinary dysfunction and
sexual dysfunction, should be achieved. Abbreviations: *'VTs: Cardiovascular functional tests; DBS:
Deep brain stimulation; EMSS: Expiratory muscle ~:-ength training; FESS: Fibreoptic endoscopic
evaluation of swallowing; GET: Gastrin emptyir -* time; PET: Positron emission to mography; RBD:

REM sleep behaviour disorder; ROM: Raa, -0 saque marker; VFSS: Vide o-fluoroscopic swallowing

study.

6. Treatments

Autonomic dysfuncticn is »equent and can occur in every stage of PD. When recognized,
patients with autonnmi " dys unction can be targeted, evaluated, and treated. In this section, we
propose an algorithm :o assist in the future recognition, evaluation, and treatment of
dysautonomia in patients in different stages of PD (Figure 3). As we show in this figure,
identifying the population with a higher risk of PD is the priority of this algorithm. In different
stages of the disease, various approaches can be used to evaluate early alterations in autonomic
functions. After populations with early autonomic dysfunction are screened, preventive therapies
can be explored for both dysautonomia and PD in clinical trials. This would be invaluable to
translational studies of prodromal PD. The initial consideration for the management of autonomic
dysfunction in prodromal PD or PD is to identify whether the observed autonomic dysfunction is

due to disease development or other environmental or medical conditions. If autonomic
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dysfunction is not primary, it is secondary to causative/aggravating drugs or other non-PD
diseases. The discontinuation of related causative/aggravating drugs and treatment of other
diseases should be considered first. Clinical trials designed to treat autonomic dysfunction in PD
are challenging to perform. Currently, only a few therapeutic options are supported by large,
randomized, placebo-controlled trials (RCTs). According to previous clinical studies, patient
education, nonpharmacological approaches, and drug therapy have been demonstrated to be
effective for the improvement of autonomic dysfunction in PD. Here, in the last section, we
summarize the options for the treatment of autonomic dysfunction in PD patients, including
nonpharmacological and pharmacological therapeutic strategies, **ith *he hope that this review

will provide a practicalalgorithm for the management of autor -~ uysfunction in PD.

6.1. Gastrointestinal dysfunction
6.1.1. Weight loss

Wight loss occurs in many medical c~..diticns. In PD patients, the regular assessment of
weight is needed to maintain energy homu nstasis. If clinical weight loss is identified, specific
approaches are required to prevent fur.~er weight loss. Diet adjustment is the most useful
approach to maintaining body "..~ig.*. A balanced diet with healthy nutritional factors is
recommended for PD patien*: (M.raki et al., 2019). If gastrointestinal symptoms, including
dysphagia, gastroparesis, -r in.astinal dysmotility, affect food intake in a PD patient, these
symptoms should be n anas ed. Currently, few clinical trials are evaluating the effects of drug
therapies on weight loss n PD patients. Exenatide is a drug used for the treatment of diabetes in
clinical practice. Aviles-Olmos et al. (2013) reported that exenatide did not significantly improve
weight loss in PD patients (Aviles-Olmos et al., 2013). Considering that weight loss is not always
bad (e.g., in overweight PD patients), future clinical trials are needed to treat weight loss with a

focus on patients with dramatic weight loss, which can produce significant medical benefits.

6.1.2. Sialorrhea
Botulinum neurotoxin has been shown to be effective in treating sialorrhea or drooling in

clinical trials. A systematic review published by Egevad et al. (2014) concluded that botulinum
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neurotoxin was effective for the treatment of sialorrhea in PD based on data obtained from 12
studies (Egevad et al., 2014). Ruiz-Roca et al. (2019) reported a new systematic review of 21
studies demonstrating that botulinum toxin is an effective therapeutic strategy or option for the
treatment of sialorrhea in PD patients (Ruiz-Roca et al., 2019). In a systematic review reported in
2018, researchers found that among previously published pharmaceutical interventions for
sialorrhea used in PD, only botulinum toxin was associated with significant therapeutic effects
(Sridharan and Sivaramakrishnan, 2018). Radiotherapy has been used for the treatment of
sialorrhea in patients with amyotrophic lateral sclerosis (ALS). A series of studies have shown that
salivary gland radiotherapy effectively improved sialorrhea in A!' < pc.*ients (Slade and Stanic,
2015). For patients with parkinsonism, only one study has eva'.~te. .ne efficacy of salivary gland
radiotherapy for sialorrhea treatment. Postma et al. (2007 repurted that applying radiotherapy
to the major salivary glands was an effective and safe I« "g-te ‘m treatment for sialorrhea patients
with parkinsonism (Postma et al., 2007). Thus, radz*herapy may actually have some potential to
assist the treatment of sialorrhea in PD patient.

Anticholinergic agents have been hy, ~ttz2sized to be effective for sialorrhea in PD patients;
however, systematic treatment of ai.‘icholinergic drugs may produce central side effects,
especially cognitive impairment. Tho'asen et al. (2007) reported on the effects of sublingual
application of an ipratropium b ~mide spray for sialorrhea therapy and found that it did not

significantly reduce the saliva . ‘eight of PD patients (Thomsen et al., 2007).

6.1.3. Dysphagia

Drug therapy has been used for dysphagia treatment in PD. Levodopa is primarily targeted
to motor impairment in PD patients; however, it has also been shown to improve swallowing
capacity in PD (Warnecke et al., 2016). Conversely, according to a previous systematic review of 7
studies, levodopa intake did not improve swallowing dysfunction in PD patients (Menezes and
Melo, 2009). More studies are required to confirm the efficacy of levodopa for the treatment of
dysphagia in PD. In a pilot study, a rotigotine transdermal patch was shown to improve
swallowing in PD patients (Hirano etal., 2015).

Expiratory muscle strength training (EMST) has been shown to improve swallowing and
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cough functions in patients with dysphagia. It was also reported to improve cough and
swallowing functions in PD patients (Pitts et al., 2009). However, that study found that the
beneficial effects of EMST on swallowing were not continued after training; thus, a maintenance
program aimed at sustaining function after EMST is required. Video-assisted swallowing therapy
is another approach to treat swallowing disturbances. Manor et al. (2013) showed that
video-assisted swallowing therapy was associated with improved swallowing-related quality of
life and fewer food residues in the pharynx (Manor etal., 2013).

DBS has been shown to improve dysphagia, gastric emptying, constipation, and difficulty
with defecation in PD patients by modulating the neural systen tha. controls gastrointestinal
functions (Arai et al., 2012; Krygowska-Wajs et al., 2016). '‘~w..er, some studies produced
uncertain results regarding the efficacy of DBS as 2 dyspnagia treatment. Interestingly,
high-frequency repetitive transcranial magnetic stii-ulat on has been shown to improve
dysphagia in PD (Khedr et al., 2019). In addition, e!=-*rical stimulation is shown to increase hyoid
bone movement and reduced aspiration in PD {“ark ec al., 2018).

Vocal fold augmentation with injecti. 0 liryngoplasty (IL) is well-established as a treatment
for glottal insufficiency. IL can improv~ dysphagia symptoms in PD with glottal insufficiency
(Howell et al., 2019). Skill training or. s va'ilowing may also help to rehabilitate swallowing abilities
in PD. Athukorala et al. (2014) sr..wed that a skill-based training approach significantly improved

swallowing-related quality of \.“= (athukorala et al., 2014).

6.1.4. Gastroparesis

In the PD literature, there is still a lack of well-designed RCTs aimed at the study of the
treatment of gastroparesis in PD. Domperidone is a peripheral dopamine blocker that can
enhance upper gastrointestinal motility and gastric emptying in PD patients (Soykan et al., 1997).
Mosapride citrate is a selective 5-HT4 receptor agonist that has been shown to subjectively
improve bowel frequency (Liu et al., 2005). Nizatidine is a selective histamine H2-receptor
antagonist and a cholinomimetic. Nizatidine can shorten gastric emptying time in PD patients
(Doi et al., 2014). Botulinum toxin type A was shown to improve gastroparesis symptoms in two

cases of PD (Gil et al., 2011), and in a pilot study, it was also found to improve gastroparesis for

35



up to several months (Triadafilopoulos et al., 2017).

6.1.5. SIBOs

Before the treatment of SIBO is considered, the clinicians should confirm whether the SIBO
is caused by secondary factors as the correction of secondary causes is the initial option for the
treatment of SIBO. Reducing the intestinal bacterial content and gas production are two
objectives of SIBO treatment. The traditional therapeutic for SIBO is antibiotics; however,
antibiotics have not previously been used to treat SIBO in PD. Futt e studies should consider the
use of antibiotics for the therapy of SIBO in PD patients. Probioti~.s a\ » also a potential choice for
the treatment of SIBO (Zhong et al., 2017). Probiotics cin i, prove SIBO and constipation
symptoms in the general population, but the value of prohic.ics for SIBO treatment in PD has not
been assessed. Future studies are required to determine . ‘“.ether probiotics can improve SIBO in
PD patients. At present, the treatment of SIB/) i 'rery demanding because of the lack of

well-designed clinical trials in the previous I”._-av.ve.

6.1.6. Constipation

Constipation is one of most ammon non-motor symptoms in PD. The priority for
constipation treatment in PD = lifestyle modification. Increasing fiber and water intake and
physical activity are usua!lv ~~ummended for PD patients in clinical practice; however, whether
these lifestyle moc.n ~tic. ., are effective for constipation treatment in PD patients is unknown.
Before constipation in D can be treated, any secondary causes that could induce constipation,
such as gastrointestinal tumour and inflammatory bowel disease, should be treated. In previous
years, multiple strategies, such as bisacodyl, milk of magnesia, lactulose and senna products,
have been tried to treat constipation in PD. Bulk-forming laxatives are the most common
prescription for the treatment of constipation in the general population. Bulk-forming laxatives
contain psyllium, polycarbophil, wheat dextrin, methylcellulose, and soluble dietary fiber. All of
these ingredients can promote intestinal motility and increase intestinal transit time. Psyllium has
been shown to be effective in treating constipation in PD (Ashraf et al., 1997). Osmotic laxatives

are another type of constipation treatment option. Osmotic laxatives can increase water
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retention in the stool and thus enhance stool frequency. Polyethylene glycol (PEG) is an osmotic
laxative agent used for constipation treatment. PEG improved constipation symptoms in PD
patients in an RCT (Zangaglia et al., 2007). Chloride channel activators can stimulate chloride
channels in the intestinal lumen and thereby increase intestinal fluid secretion and gut motility.
Ondo et al. (2012) reported that lubiprostone appeared to be effective for the short-term
treatment of constipation in PD (Ondo et al., 2012). Mosapride is a 5-HT4 receptor agonist that
has been demonstrated to be beneficial for the improvement of constipation in PD patients (Liu
et al., 2005). In addition, probiotics have been shown to improve stool consistency and bowel
habits in PD patients (Cassani et al., 2011). Botulinum toxin is b~neu. ial for gastroparesis and
dysphagia, and a study also showed that it may relieve con<.»a.on symptoms in PD patients
(Albanese et al.,, 1997). Furthermore, levodopa has bcen i1uund to attenuate constipation
symptoms of PD patients (Tateno et al., 2011). Finally, ‘'inct onal magnetic stimulation has been
reported to reduce colonic transit time and impre-.> colonic motility in PD patients (Chiu et al.,

2009).

6.1.7. Defecatory dysfunction

Endoscopic botulinum neurc? 2xir, i:ijection is the only therapeutic that has been examined
for the treatment of defecato~ dys. unction in PD (Triadafilopoulos et al., 2017). The injection of
botulinum neurotoxin ini~ th. canal is safe and well-tolerated and produces significant
symptomatic improvem >nt for up to several months (Triadafilopoulos et al., 2017). Future studies
may be required to corirm this result, and well-designed RCTs are required to examine the

therapeutic value of other approaches for defecatory dysfunction in PD.

6.2. Cardiovascular dysfunction
6.2.1. OH

Guidelines are available for the treatment of OH in PD patients. The primary goal for treating
OH in PD is to reduce symptom burden, improve life quality, and decrease associated morbidity
and mortality. Currently, the treatments available for OH include correcting aggravating factors,

implementing nonpharmacological measures, and drug therapies. Drugs that may aggregate OH
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include diuretics, sildenafil, nitrates, a-blockers, centrally acting a2-agonists, and tricyclic
antidepressants (Palma and Kaufmann, 2018). All of these drugs should be avoided when treating
OH (Palma and Kaufmann, 2018). Increasing water and salt intake may be useful for the
treatment of OH in PD (Palma and Kaufmann, 2018). L-dopa or dopamine agonists may also
exacerbate OH, and thus, a dose adjustment of levodopa and dopamine agonists may be
considered in patients with OH (Palma and Kaufmann, 2018). For PD patients with OH, gradual
position changes and briefly sitting before standing are recommended. Fudrocortisone can
increase intervascular volume and has been demonstrated to be an effective pharmaceutical
treatment for OH in PD (Schoffer et al., 2007). Midodrine and dre~ido, ~ can increase peripheral
vascular resistance and have been successfully used for the tre2*mc..c of OH in PD (Hauser et al.,
2015). According to a systematic review, droxidopa was fo''1d 1u pe a safe and effective drug for
the short-term management of OH symptoms. Howev. -. the efficacy of droxidopa for long-term
use has not been demonstrated (Elgebaly e* a1, 2016). Pyridostigmine bromide is a
cholinesterase inhibitor that can enhance choli>=rgic neurotransmission in both sympathetic and
parasympathetic terminals. It has bee:. skown to improve OH symptoms in PD patients

(Schreglmann et al., 2017).

6.2.2. Supine hypertension

The guidelines for tk.~ tre.tment of supine hypertension associated with neurogenic OH
have been recentlv puhlist2ad (Jordan et al., 2019). The goal for the treatment of supine
hypertension in PD pe.ients is to reduce end organ damage without exacerbating OH.
Antihypertensives, including captopril, nebivolol, clonidine, hydralazine, losartan, and
nitroglycerine patches, can be prescribed for the treatment of supine hypertension in PD patients
(Palma and Kaufmann, 2018). However, patients should be instructed about the risk of

hypotension and falls when taking these antihypertensives.

6.3. Urogenital dysfunction
6.3.1. Urinary symptoms

Regarding the treatment of bladder overactivity, few large RCTs have been conducted in this

38



field. In a recent systematic review, the authors concluded that at present, there is little or no
evidence showing that current therapeutics improve urinary outcomes in PD patients (Takahashi
et al., 2014). It is widely recognized that dopaminergic drugs can improve or worsen urinary
symptoms in PD patients (Sakakibara et al., 2016). For example, rotigotine, a dopaminergic
agonist, was found to be effective for the treatment of urinary symptoms (Brusa et al., 2017).
While antimuscarinic agents have been used for the treatment of urinary symptomes, it should be
warned when the patients had cognitive impairment. Antimuscarinic agents include darifenacin,
trospium, solifenacin, oxybutynin, tolterodine, and fesoterodine. In a pilot trial, solifenacin was
found to improve urinary incontinence in PD (Zesiewicz et al., ?11.} and was thought to be
performed with lower risk bias (Peyronnet et al., 2018). B-> Au. _.ergic agonists are another
potential treatment option for detrusor overactivity in PD *atie.ics because they have no central
cognitive effects. Mirabegron is the only B-3 adrenerg '~ ag nist examined in PD that has been
demonstrated to effectively relieve urgency sympt<s in elderly OAB patients with PD or other
neurological diseases (Peyronnet et al., 2018).

Botulinum toxin A has been demo. <tr.ted to be effective for the treatment of urinary
symptoms (Kulaksizoglu and Parman, »210). Due to the involvement of the nigrostriatal pathway
inurinary dysfunction in PD, the apg.ication of DBS in the subthalamus nuclei has been shown to
improve bladder dysfunction anu “rinary symptoms, and this effect was related to the facilitated

processing of afferent bladder ‘~formation (Herzog et al., 2008).

6.3.2. Sexual dysfunction

Few treatment options have been examined for the therapy of erectile dysfunction in male
PD patients. Sildenafil is a potent inhibitor of phosphodiesterase type 5 (PDE-5) and has been
approved for sexual dysfunction treatment by the FDA. In 2002, it was demonstrated to be
effective for the treatment of erectile dysfunction in PD (Raffaele et al., 2002). Pergolide mesylate
is a dopamine agonist that has been shown to substantially improve sexual dysfunction in PD
patients (Pohanka et al., 2005). Because sildenafil usually meets the contraindications for PD
subjects, pergolide mesylate is thought to be a better choice for the treatment of erectile

dysfunction (Pohanka et al., 2005). Whether other therapeutic options, such as intracavernosal
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injection therapy, vacuum pump devices, and intraurethral prostaglandin suppositories, are also
effective for the treatment of erectile dysfunction in PD remains unknown (Bronner and Vodusek,
2011; Palma and Kaufmann, 2018). Therapeutics for sexual dysfunction in female patients are
also limited, and the use of vaginal lubrication, hormonal therapy, and psychotherapy may be

validated in future RCTs.

7. Conclusion

Autonomic dysfunction is a common non-motor symptom in °N. It significantly impairs the
quality of life of patients, exacerbates motor dysfunction, and in .rea.<s the economic burden of
PD patients. The pathophysiological mechanisms underlying aut. nomic dysfunction are largely
unknown and deserve to be explored in future studies. Th. objective evaluation of autonomic
dysfunction in PD is essential for disease evaluation, prec.'-tion, diagnosis, and management. As
an important prodromal marker of PD, the value of au*onomic dysfunction in PD prediction and
diagnosis deserves further investigation. Th~ nai.>eement of autonomic dysfunction in PD is very

challenging and limited, well-designed RCTs . ~ould be performed in future studies.

Conflict of interest

None of the authors have an cc ~flicts of interest to disclose.

Acknowledgements

This research was s.npced by grants from the National Key Research and Development
Program (2016YFC13Gus05); the National Natural Science Foundation of China (81873778;
81501097); Science and Technology Commission of Shanghai Municipality -Basic Key Project
(18JC1420300); and the Shanghai Clinical Collaboration Construction Project of Chinese and

Western Medicine [ZY (2018-2020) -FWTX-1104].

References
Adams-Carr, K.L., Bestwick, J.P.,, Shribman, S., Lees, A., Schrag, A., Noyce, A.J., 2016. Constipation
preceding Parkinson's disease: a systematic review and meta-analysis. Journal of neurology,

neurosurgery, and psychiatry 87, 710-716.

40



Albanese, A., Maria, G., Bentivoglio, A.R., Brisinda, G., Cassetta, E., Tonali, P., 1997. Severe
constipation in Parkinson's disease relieved by botulinum toxin. Movement disorders :
official journal of the Movement Disorder Society 12, 764-766.

Anderson, G., Noorian, A.R., Taylor, G., Anitha, M., Bernhard, D., Srinivasan, S., Greene, J.G., 2007.
Loss of enteric dopaminergic neurons and associated changes in colon motility in an MPTP
mouse model of Parkinson's disease. Experimental neurology 207, 4-12.

Anselmi, L., Toti, L., Bove, C., Hampton, J., Travagli, R.A., 2017. A Nigro-Vagal Pathway Controls
Gastric Motility and Is Affected in a Rat Model of Parkinsonism. Gastroenterology 153,
1581-1593.

Arai, E., Arai, M., Uchiyama, T., Higuchi, Y., Aoyagi, K., Yamanakz, V., "umamoto, T., Nagano, O.,
Shiina, A., Maruoka, D., Matsumura, T., Nakagawa, T., “atsuni0, T., Imazeki, F., Saeki, N.,
Kuwabara, S., Yokosuka, O., 2012. Subthalamic dec bra n stimulation canimprove gastric
emptying in Parkinson's disease. Brain :a jour~Z' of neurology 135, 1478-1485.

Arai, K., Kato, N., Kashiwado, K., Hattori, T., 200" Pure autonomic failure in association with
human alpha-synucleinopathy. Neurc <ie.ce letters 296, 171-173.

Arici Duz, O., Helvaci Yilmaz, N., 2019. i ~cturnal blood pressure changes in Parkinson's disease:
correlation with autonomic dysidr.ct un and vitamin D levels. Acta neurologica Belgica.

Asahina, M., Mathias, C.J., Katag..® A., Low, D.A., Vichayanrat, E., Fujinuma, Y., Yamanaka, Y.,
Kuwabara, S., 2014. Sudo. ~otur and cardiovascular dysfunction in patients with early
untreated Parkinsca's \'isease. Journal of Parkinson's disease 4, 385-393.

Ashraf, W., Pfeiffer, R.F., Park, F., Lof, J., Quigley, E.M., 1997. Constipation in Parkinson's disease:
objective assessment and response to psyllium. Movement disorders : official journal of the
Movement Disorder Society 12, 946-951.

Ashraf, W., Pfeiffer, R.F., Quigley, E.M., 1994. Anorectal manometry in the assessment of
anorectal function in Parkinson's disease: a comparison with chronic idiopathic constipation.
Movement disorders : official journal of the Movement Disorder Society 9, 655-663.

Ashraf, W., Wszolek, Z.K., Pfeiffer, R.F., Normand, M., Maurer, K., Srb, F., Edwards, L.L., Quigley,
E.M., 1995. Anorectal function in fluctuating (on-off) Parkinson's disease: evaluation by
combined anorectal manometry and electromyography. Movement disorders : official

journal of the Movement Disorder Society 10, 650-657.
41



Athukorala, R.P,, Jones, R.D., Sella, O., Huckabee, M.L., 2014. Skill training for swallowing
rehabilitation in patients with Parkinson's disease. Archives of physical medicine and
rehabilitation 95, 1374-1382.

Aviles-Olmos, 1., Dickson, J., Kefalopoulou, Z., Djamshidian, A., Ell, P., Soderlund, T., Whitton, P,,
Wyse, R., Isaacs, T., Lees, A., Limousin, P., Foltynie, T., 2013. Exenatide and the treatment of
patients with Parkinson's disease. The Journal of clinical investigation 123, 2730-2736.

Bae, H.J., Cheon, S.M., Kim, J.W., 2011. Orthostatic hypotension in drug-naive patients with
Parkinson's disease. Journal of movement disorders 4, 33-37.

Barichella, M., Severgnini, M., Cilia, R., Cassani, E., Bolliri, C., Caronni,€ Fe. -i,V., Cancello,R.,
Ceccarani, C., Faierman, S., Pinelli, G., De Bellis, G., Zecca, L., Z-"eu., E., Consolandi, C., Pezzoli, G.,
2019.Unraveling gut microbiota in Parkinson'sdiseasea~1atyuical parkinsonism. Movement
disorders : official journal of the Movement Disorder “ acie y34, 396-405.

Berg, D., Postuma, R.B., Adler, C.H., Bloem, B.R., Ch=~ ¥.,, Dubois, B., Gasser, T., Goetz, C.G.,
Halliday, G., Joseph, L., Lang, A.E., Liepelt-S-artone, I., Litvan, I., Marek, K., Obeso, J., Oertel,
W., Olanow, C.W., Poewe, W., Stern, i." .T euschl, G., 2015. MDS research criteria for
prodromal Parkinson's disease. M ‘ement disorders : official journal of the Movement
Disorder Society 30, 1600-1611.

Berganzo, K., Diez-Arrola, B., Tiie, ~ B., Somme, J., Lezcano, E., Llorens, V., Ugarriza, ., Ciordia, R.,
Gomez-Esteban, J.C., Zar ~nz, J.J., 2013. Nocturnal hypertension and dysautonomia in
patients with Parki 1so:.'s disease: are they related? Journal of neurology 260, 1752-1756.

Blaho, A., Sutovsky, S., v lkovic, P., Siarnik, P., Sykora, M., Turcani, P., 2017. Decreased baroreflex
sensitivity in Parkinson's disease is associated with orthostatic hypotension. Journal of the
neurological sciences 377,207-211.

Bloch, A., Probst, A., Bissig, H., Adams, H., Tolnay, M., 2006. Alpha-synuclein pathology of the
spinal and peripheral autonomic nervous system in neurologically unimpaired elderly
subjects. Neuropathology and applied neurobiology 32, 284-295.

Blumin, J.H., Pcolinsky, D.E., Atkins, J.P., 2004. Laryngeal findings in advanced Parkinson's disease.
The Annals of otology, rhinology, and laryngology 113, 253-258.

Bordet, R., Benhadjali, J., Destee, A., Hurtevent, J.F., Bourriez, J.L., Guieu, J.D., 1996. Sympathetic

skin response and R-R interval variability in multiple system atrophy and idiopathic
42



Parkinson's disease. Movement disorders : official journal of the Movement Disorder Society
11, 268-272.

Braak, H., Sastre, M., Bohl, J.R., de Vos, R.A., Del Tredici, K., 2007. Parkinson's disease: lesions in
dorsal horn layer |, involvement of parasympathetic and sympathetic pre- and postganglionic
neurons. Acta neuropathologica 113, 421-429.

Breen, D.P., Halliday, G.M., Lang, A.E., 2019. Gut-brain axis and the spread of alpha-synuclein
pathology: Vagal highway or dead end? Movement disorders : official journal of the Movement
Disorder Society 34, 307-316.

Brockmann, K., Srulijes, K., Hauser, A.K., Schulte, C., Csoti, I., Gasse~. T., J=rg, D., 2011.
GBA-associated PD presents with nonmotor characteristirz. Ne ... ology 77, 276-280.

Bronner, G., Vodusek, D.B.,2011. Management of sexual dy<funcuon in Parkinson's disease.
Therapeutic advances in neurological disorders 4, Z 75-3, 3.

Brusa, L., Petta, F., Farullo, G., lacovelli, V., Ponzo, V, '~ni, C., Stanzione, P., Agro, E.F., 2017.
Rotigotine Effects on Bladder Function in F-tienws with Parkinson's Disease. Movement
disorders clinical practice 4, 586-589.

Buchman, N.M., Leurgans, S.E., Shah, k.! . VanderHorst, V., Wilson, R.S., Bachner, Y.G., Tanne, D.,
Schneider, J.A., Bennett, D.A., Bucanan, A.S., 2017. Urinary Incontinence, Incident
Parkinsonism, and Parkinsni, - Disease Pathology in Older Adults. The journals of
gerontology. Series A, Bio.~giLal sciences and medical sciences 72, 1295-1301.

Campos-Sousa, R.N., Qi agu.to, E., da Silva, B.B., de Carvalho, R.M., Jr., Ribeiro, S.C., de Carvalho,
D.F., 2003. Urinary . vmptoms in Parkinson's disease: prevalence and associated factors.
Arquivos de neuro-psiquiatria 61, 359-363.

Carricarte Naranjo, C., Marras, C., Visanji, N.P., Cornforth, D.J., Sanchez-Rodriguez, L., Schule, B.,
Goldman, S.M., Estevez, M., Stein, PK., Lang, A.E., Jelinek, H.F., Machado, A., 2019. Increased
markers of cardiac vagal activity in leucine-rich repeat kinase 2-associated Parkinson's disease.
Clinicalautonomicresearch :official journal of the Clinical Autonomic Research Society.

Cassani, E., Privitera, G., Pezzoli, G., Pusani, C., Madio, C., lorio, L., Barichella, M., 2011. Use of
probiotics for the treatment of constipation in Parkinson's disease patients. Minerva
gastroenterologica e dietologica 57, 117-121.

Cersosimo, M.G., Raina, G.B., Pellene, L.A., Micheli, F.E., Calandra, C.R., Maiola, R., 2018. Weight
43



Loss in Parkinson's Disease: The Relationship with Motor Symptoms and Disease Progression.
BioMed research international 2018, 9642524.

Chen, Q.Q., Haikal, C., Li, W., Li, M.T., Wang, Z.Y., Li, J.Y., 2018. Age-dependent alpha-synuclein
accumulation and aggregationin the colon of a transgenic mouse model of Parkinson's
disease. Translational neurodegeneration 7, 13.

Chiu, C.M., Wang, C.P,, Sung, W.H., Huang, S.F., Chiang, S.C., Tsai, PY., 2009. Functional magnetic
stimulation in constipation associated with Parkinson's disease. Journal of rehabilitation
medicine 41, 1085-1089.

Christopher, L., Koshimori, Y., Lang, A.E., Criaud, M., Strafella, A.P., ?"14. 'Jncovering the role of
the insula in non-motor symptoms of Parkinson's disease. ~-au.. a journal of neurology 137,
2143-2154.

Chu, H., Khosravi, A., Kusumawardhani, |.P., Kwon, AH., *'ascc «celos, A.C., Cunha, L.D., Mayer, AE.,
Shen, Y., Wu, W.L.,, Kambal, A, Targan, S.R., Xavi_- R.J., Ernst, P.B., Green, D.R., McGovern, D.P,,
Virgin, HW., Mazmanian, S.K., 2016. Gene-m"“robiota interactions contribute to the pathogenesis
of inflammatory bowel disease.Scienc. R57.,1116-1120.

Colucci, M., Cervio, M., Faniglione, M., = Angelis, S., Pajoro, M., Levandis, G., Tassorelli, C.,
Blandini, F., Feletti, F., De Giorgiu, R., vellabianca, A., Tonini, S., Tonini, M., 2012. Intestinal
dysmotility and enteric ne*n« ~hemical changes in a Parkinson's disease rat model.
Autonomic neuroscience . hasic & clinical 169, 77-86.

Coon, E.A., Cutsforth-Grzago. v, J.K., Benarroch, E.E., 2018. Neuropathology of autonomic
dysfunction in synu.leinopathies. Movement disorders : official journal of the Movement
Disorder Society 33, 349-358.

De Pablo-Fernandez, E., Courtney, R., Holton, J.L., Warner, T.T., 2017. Hypothalamic
alpha-synuclein and its relation to weight loss and autonomic symptoms in Parkinson's
disease. Movement disorders : official journal of the Movement Disorder Society 32,
296-298.

Del Tredici, K., Braak, H., 2012. Spinal cord lesions in sporadic Parkinson's disease. Acta
neuropathologica 124, 643-664.

Derrey, S., Chastan, N., Maltete, D., Verin, E., Dechelotte, P, Lefaucheur, R., Proust, F., Freger, P,,

Leroi, A.M., Weber, J., Gourcerol, G., 2015. Impact of deep brain stimulation on
44



pharyngo-esophageal motility: a randomized cross-over study. Neurogastroenterology and
motility : the official journal of the European Gastrointestinal Motility Society 27,
1214-1222.

Doi, H., Sakakibara, R., Sato, M., Hirai, S., Masaka, T., Kishi, M., Tsuyusaki, Y., Tateno, A., Tateno, F.,
Takahashi, O., Ogata, T., 2014. Nizatidine ameliorates gastroparesis in Parkinson's disease: a
pilot study. Movement disorders : official journal of the Movement Disorder Society 29,
562-566.

Drolet, R.E., Cannon, J.R., Montero, L., Greenamyre, J.T., 2009. Chronic rotenone exposure
reproduces Parkinson's disease gastrointestinal neuropatholos** N« Irobiology of disease 36,
96-102.

Dutkiewicz, J., Szlufik, S., Nieciecki, M., Charzynska, I., Kroli~«i, L., smektala, P., Friedman, A., 2015.
Small intestine dysfunction in Parkinson's disease. ‘»urn. | of neural transmission 122,
1659-1661.

Edwards, L.L., Quigley, E.M., Harned, R.K., Hofrr.~ n, k., Pfeiffer, R.F., 1994. Characterization of
swallowing and defecation in Parkins. n's disease. The American journal of gastroenterology
89, 15-25.

Egevad, G., Petkova, V.Y, Vilholm, O..., 204. Sialorrhea in patients with Parkinson's disease:
safety and administration m “otulinum neurotoxin. Journal of Parkinson's disease 4,
321-326.

Elgebaly, A., Abdelazein, B., Mattar, O., Gadelkarim, M., Salah, R., Negida, A., 2016. Meta-analysis
of the safety and e.“icacy of droxidopa for neurogenic orthostatic hypotension. Clinical
autonomic research : official journal of the Clinical Autonomic Research Society 26, 171-180.

Ertekin, C., 2014. Electrophysiological evaluation of oropharyngeal Dysphagia in Parkinson's
disease. Journal of movement disorders 7, 31-56.

Evatt, M.L., Chaudhuri, K.R., Chou, K.L., Cubo, E., Hinson, V., Kompoliti, K., Yang, C., Poewe, W.,
Rascol, 0., Sampaio, C., Stebbins, G.T., Goetz, C.G., 2009. Dysautonomia rating scales in
Parkinson's disease: sialorrhea, dysphagia, and constipation--critique and recommendations
by movement disorders task force on rating scales for Parkinson's disease. Movement
disorders : official journal of the Movement Disorder Society 24, 635-646.

Fanciulli, A., Gobel, G., Ndayisaba, J.P., Granata, R., Duerr, S., Strano, S., Colosimo, C., Poewe, W.,
45



Pontieri, F.E., Wenning, G.K., 2016. Supine hypertension in Parkinson's disease and multiple
system atrophy. Clinical autonomic research : official journal of the Clinical Autonomic
Research Society 26, 97-105.

Fedorova, T.D., Seidelin, L.B., Knudsen, K., Schacht, A.C., Geday, J., Pavese, N., Brooks, D.J.,
Borghammer, P., 2017. Decreased intestinal acetylcholinesterase in early Parkinson disease:
An (11)C-donepezil PET study. Neurology 88, 775-781.

Fereshtehnejad, S.M., Yao, C., Pelletier, A., Montplaisir, J.Y., Gagnon, J.F., Postuma, R.B., 2019.
Evolution of prodromal Parkinson's disease and dementia with Lewy bodies: a prospective
study. Brain : a journal of neurology.

Fukuoka, T., Ono, T., Hori, K., Wada, Y., Uchiyama, Y., Kasama, S, Yos...kawa, H., Domen, K., 2019.
Tongue Pressure Measurement and Videofluoroscopic stuay of Swallowing in Patients with
Parkinson's Disease. Dysphagia 34, 80-88.

Gao, J., Guan, X., Cen, Z., Chen, Y., Ding, X., Lou, Y.,*""* S., Wang, B., Ouyang, Z., Xuan, M., Gu, Q.,
Xu, X., Huang, P., Zhang, M., Luo, W., 2019. Alteration of Brain Functional Connectivity in
Parkinson's Disease Patients with Dy ~hz sia. Dysphagia.

Gatto, E.M., Etcheverry, J.L., Sanguinety,, A., Cesarini, M., Fernandez Escobar, N., Drelichman, G.,
2016. Prodromal Clinical Marke. s >f ~arkinson disease in Gaucher Disease Individuals.
European neurology 76, 19-..

Gil, R.A., Hwynn, N., Fabian, 1., 'aseph, S., Fernandez, H.H., 2011. Botulinum toxin type A for the
treatment of gastr spa. ~sis in Parkinson's disease patients. Parkinsonism & related disorders
17, 285-287.

Giladi, N., Weitzman, N., Schreiber, S., Shabtai, H., Peretz, C., 2007. New onset heightened
interest or drive for gambling, shopping, eating or sexual activity in patients with Parkinson's
disease: the role of dopamine agonist treatment and age at motor symptoms onset. Journal
of psychopharmacology 21, 501-506.

Giza, E., Fotiou, D., Bostantjopoulou, S., Katsarou, Z., Karlovasitou, A., 2011. Pupil light reflex in
Parkinson's disease: evaluation with pupillometry. The International journal of neuroscience
121, 37-43.

Gjerloff, T., Fedorova, T., Knudsen, K., Munk, O.L., Nahimi, A., Jacobsen, S., Danielsen, E.H.,

Terkelsen, A.J., Hansen, J., Pavese, N., Brooks, D.J., Borghammer, P, 2015. Imaging
46



acetylcholinesterase density in peripheral organs in Parkinson's disease with 11C-donepezil
PET. Brain : a journal of neurology 138, 653-663.

Gold, A., Turkalp, Z.T., Munoz, D.G., 2013. Enteric alpha-synuclein expression is increased in
Parkinson's disease but not Alzheimer's disease. Movement disorders : official journal of the
Movement Disorder Society 28, 237-240.

Goldstein, D.S., Eldadah, B.A., Holmes, C., Pechnik, S., Moak, J., Saleem, A., Sharabi, Y., 2005.
Neurocirculatory abnormalities in Parkinson disease with orthostatic hypotension:
independence from levodopa treatment. Hypertension 46, 1333-1339.

Goldstein, D.S., Holmes, C., Lopez, G.J., Wu, T., Sharabi, Y., 2018. C~-iac. sympathetic denervation
predicts PD in at-risk individuals. Parkinsonism & related ~::~ru_,s 52, 90-93.

Goldstein, D.S., Holmes, C., Sato, T., Bernson, M., Mizrahi, M . Imu.ch, R., Carmona, G., Sharabi, Y.,
Vortmeyer, A.O., 2008. Central dopamine deficienc " in p ire autonomic failure. Clinical
autonomic research : official journal of the Clin:>1 Autonomic Research Society 18, 58-65.

Goldstein, D.S., Pechnik, S., Holmes, C., Eldadak., B., >narabi, Y., 2003. Association between supine
hypertension and orthostatic hypote. -io’. in autonomic failure. Hypertension 42, 136-142.

Greene, J.G., Noorian, A.R., Srinivasan, - 2009. Delayed gastricemptying and enteric nervous
system dysfunction in the rotenor e imodel of Parkinson's disease. Experimental neurology
218, 154-161.

Hague, K., Lento, P,, Morgello, Z . Laro, S., Kaufmann, H., 1997. The distribution of Lewy bodies in
pure autonomic fa'iure autopsy findings and review of the literature. Acta neuropathologica
94, 192-196.

Hahn, K., Ebersbach, G., 2005. Sonographic assessment of urinary retention in multiple system
atrophy and idiopathic Parkinson's disease. Movement disorders : official journal of the
Movement Disorder Society 20, 1499-1502.

Hallett, P.J., McLean, J.R., Kartunen, A., Langston, J.W., Isacson, O., 2012. alpha-Synuclein
overexpressing transgenic mice show internal organ pathology and autonomic deficits.
Neurobiology of disease 47, 258-267.

Hasuike, Y., Endo, T., Koroyasu, M., Matsui, M., Mori, C., Yamadera, M., Fujimura, H., Sakoda, S., 2019.
Bile acid abnormality induced by intestinal dysbiosis might explain lipid metabolism in

Parkinson'sdisease. Medical hypotheses 134,109436.
47



Hauser, R.A., Isaacson, S., Lisk, J.P., Hewitt, L.A., Rowse, G., 2015. Droxidopa for the short-term
treatment of symptomatic neurogenic orthostatic hypotension in Parkinson's disease
(nOH306B). Movement disorders : official journal of the Movement Disorder Society 30,
646-654.

Hawkes, C.H., Del Tredici, K., Braak, H., 2007. Parkinson's disease: a dual-hit hypothesis.
Neuropathology and applied neurobiology 33, 599-614.

Heetun, Z.S., Quigley, E.M., 2012. Gastroparesis and Parkinson's disease: a systematic review.
Parkinsonism & related disorders 18, 433-440.

Herzog, J., Weiss, P.H., Assmus, A., Wefer, B., Seif, C., Braun, PM., P~rzo_ H., Volkmann, J.,
Deuschl, G., Fink, G.R., 2006. Subthalamic stimulation mo~_'a... cortical control of urinary
bladder in Parkinson's disease. Brain : a journal of neu-nlogy 129, 3366-3375.

Herzog, J., Weiss, P.H., Assmus, A., Wefer, B., Seif, C., Br. 'in, F M., Pinsker, M.O., Herzog, H.,
Volkmann, J., Deuschl, G., Fink, G.R., 2008. Im~:~ved sensory gating of urinary bladder
afferents in Parkinson's disease following < bthaiamic stimulation. Brain : a journal of
neurology 131, 132-145.

Hirano, M., Isono, C., Sakamoto, H., Uei.~. S., Kusunoki, S., Nakamura, Y., 2015. Rotigotine
Transdermal Patch Improves Swal'owing in Dysphagic Patients with Parkinson's Disease.
Dysphagia 30, 452-456.

Holmqyist, S., Chutna, O., Bou."=t, L., Aldrin-Kirk, P., Li, W., Bjorklund, T., Wang, Z.Y., Roybon, L.,
Melki, R., Li, J.Y., 2C 14. Direct evidence of Parkinson pathology spread from the
gastrointestinal tra.t to the brain in rats. Acta neuropathologica 128, 805-820.

Hori, N., Takamori, M., Hirayama, M., Watanabe, H., Nakamura, T., Yamashita, F., Ito, H., Mabuchi,
N., Sobue, G., 2008. Pupillary supersensitivity and visual disturbance in Parkinson's disease.
Clinical autonomic research : official journal of the Clinical Autonomic Research Society 18,
20-27.

Howell, R.J., Webster, H., Kissela, E., Gustin, R., Kaval, F., Klaben, B., Khosla, S.,2019. Dysphagia in
Parkinson's Disease Improves with Vocal Augmentation. Dysphagia.

Hui, K\Y., Fernandez-Hernandez, H., Hu, J., Schaffner, A., Pankratz, N., Hsu, N.Y, Chuang, LS., Carmi, S,
Villaverde, N., Li, X., Rivas, M., Levine, A.P,, Bao, X., Labrias, P.R,, Haritunians, T,, Ruane, D., Gettler,

K., Chen, E., Li, D., Schiff, E.R., Pontikos, N., Barzilai, N., Brant, S.R., Bressman, S., Cheifetz, A.S.,
48



Clark, L.N., Daly, M.J., Desnick, R.J., Duerr, R.H., Katz, S., Lencz, T., Myers, R.H., Ostrer, H., Ozelius,
L, Payami, H., Peter, Y, Rioux, J.D., Segal, AW., Scott, WK., Silverberg, M.S., Vance, J.M.,
Ubarretxena-Belandia, I., Foroud, T., Atzmon, G., Pe'er, |., loannou, Y., McGovern, D.P.B., Yue, Z.,
Schadt, E.E., Cho, J.H., Peter, |., 2018. Functional variants in the LRRK2 gene confer shared effects

on riskfor Crohn's diseaseand Parkinson's disease. Sciencetranslational medicine 10.

Isonaka, R., Rosenberg, A.Z., Sullivan, P., Corrales, A., Holmes, C., Sharabi, Y., Goldstein, D.S., 2019.

Alpha-Synuclein Deposition Within Sympathetic Noradrenergic Neurons Is Associated With
Myocardial Noradrenergic Deficiency in Neurogenic Orthostatic Hypotension. Hypertension

73, 910-918.

lyer, S.S., Gensollen, T.,, Gandhi, A,, Oh, S.F., Neves, J.F., Collin, F .~vi.., R, Serra, C., Glickman, J., de

Silva, PS.A,, Sartor, R.B., Besra, G., Hauser, R.,, Maxwel' A., uebaria, A., Blumberg, R.S., 2018.
Dietary and Microbial Oxazoles Induce Intestinal Inf.- mme tion by Modulating Aryl Hydrocarbon

Receptor Responses.Cell 173,1123-1134e1111

Jain, S., Siegle, G.J., Gu, C., Moore, C.G., lvanco, * .S., scudenski, S., Greenamyre, J.T., Steinhauer,

S.R., 2011. Pupillary unrest correlate. ‘vit.1 arousal symptoms and motor signs in Parkinson
disease. Movement disorders : ofti.*al journal of the Movement Disorder Society 26,

1344-1347.

Joers, V., Dilley, K., Rahman, S., lo. =s, C., Shultz, J., Simmons, H., Emborg, M.E., 2014. Cardiac

sympathetic denervation » 6-OHDA-treated nonhuman primates. PloS one 9, e104850.

Johnson, ML.E., Stringer, A., . »brovskaya, L., 2018. Rotenone induces gastrointestinal pathology and

microbiota alteratic *s ina ratmodel of Parkinson's disease. Neurotoxicology 65,174-185.

Jordan, J., Fanciulli, A., Tank, J., Calandra-Buonaura, G., Cheshire, W.P,, Cortelli, P., Eschlboeck, S.,

Grassi, G., Hilz, M.J., Kaufmann, H., Lahrmann, H., Mancia, G., Mayer, G., Norcliffe-Kaufmann,
L., Pavy-Le Traon, A., Raj, S.R., Robertson, D., Rocha, I., Reuter, H., Struhal, W., Thijs, R.D.,
Tsioufis, K.P., Gert van Dijk, J., Wenning, G.K., Biaggioni, I., 2019. Management of supine
hypertension in patients with neurogenic orthostatic hypotension: scientific statement of
the American Autonomic Society, European Federation of Autonomic Societies, and the

European Society of Hypertension. Journal of hypertension.

Kalaitzakis, M.E., Graeber, M.B., Gentleman, S. M., Pearce, R.K., 2008. The dorsal motor nucleus of the

vagusis not an obligatory trigger site of Parkinson's disease: a critical analysis of alpha-synuclein
49



staging. Neuropathology and applied neurobiology 34,284-295.

Kalf, J.G., de Swart, B.J., Borm, G.F., Bloem, B.R., Munneke, M., 2009. Prevalence and definition of
drooling in Parkinson's disease: a systematic review. Journal of neurology 256, 1391-1396.

Kanai, K., Asahina, M., Arai, K., Tomiyama, H., Kuwabara, Y., Uchiyama, T., Sekiguchi, Y., Funayama,
M., Kuwabara, S., Hattori, N., Hattori, T., 2009. Preserved cardiac (123)I-MIBG uptake and
lack of severe autonomic dysfunction in a PARK9 patient. Movement disorders : official
journal of the Movement Disorder Society 24, 1403-1404.

Kashihara, K., Imamura, T., Shinya, T., 2010. Cardiac 123I-MIBG uptake is reduced more markedly
in patients with REM sleep behavior disorder than in those with ea 'y stage Parkinson's
disease. Parkinsonism & related disorders 16, 252-255.

Kashihara, K., Ohno, M., Kawada, S., Okumura, Y., 2006. Re~'iceu cardiac uptake and enhanced
washout of 1231-MIBG in pure autonomic failure ¢~ ~urs :onjointly with Parkinson's disease
and dementia with Lewy bodies. Journal of nuz!~ar medicine : official publication, Society of
Nuclear Medicine 47, 1099-1101.

Kass-lliyya, L., Javed, S., Gosal, D., Kobylec. C., Marshall, A., Petropoulos, I.N., Ponirakis, G.,
Tavakoli, M., Ferdousi, M., Chaudh.-i, K.R., Jeziorska, M., Malik, R.A., Silverdale, M.A., 2015.
Small fiber neuropathy in Parkir.sr.n's disease: A clinical, pathological and corneal confocal
microscopy study. Parkinsen..m & related disorders 21, 1454-1460.

Kaufmann, H., Norcliffe-Kaufn.onn, L., Palma, J.A., Biaggioni, I., Low, P.A., Singer, W., Goldstein,
D.S., Peltier, A.C., Siiba Y, C.A., Gibbons, C.H., Freeman, R., Robertson, D., Autonomic
Disorders, C.,201,. Natural history of pure autonomic failure: A United States prospective
cohort. Annals of neurology 81, 287-297.

Kaye, J., Gage, H., Kimber, A., Storey, L., Trend, P., 2006. Excess burden of constipation in
Parkinson's disease: a pilot study. Movement disorders : official journal of the Movement
Disorder Society 21, 1270-1273.

Khedr, E.M., Mohamed, K.O., Soliman, R.K., Hassan, A.M.M., Rothwell, J.C., 2019. The Effect of
High-Frequency Repetitive Transcranial Magnetic Stimulation on Advancing Parkinson's
Disease With Dysphagia: Double Blind Randomized Clinical Trial. Neurorehabilitation and
neural repair, 1545968319847968.

Killinger, B.A., Madaj, Z., Sikora, JW., Rey, N., Haas, AJ., Vepa, Y., Lindgvist, D., Chen, H., Thomas, P.M.,
50



Brundin, P, Brundin, L., Labrie, V., 2018. The vermiform appendix impacts the risk of developing
Parkinson's disease.Sciencetranslational medicine 10.

Kim, S., Kwon, S.H., Kam, T.I., Panicker, N., Karuppagounder, S.S., Lee, S., Lee, J.H., Kim, W.R., Kook,
M., Foss, C.A., Shen, C., Lee, H., Kulkarni, S., Pasricha, PJ., Lee, G., Pomper, M.G., Dawson,
V.L., Dawson, T.M., Ko, H.S., 2019. Transneuronal Propagation of Pathologic alpha-Synuclein
from the Gut to the Brain Models Parkinson's Disease. Neuron.

Kitta, T., Kakizaki, H., Furuno, T., Moriya, K., Tanaka, H., Shiga, T., Tamaki, N., Yabe, 1., Sasaki, H.,
Nonomura, K., 2006. Brain activation during detrusor overactivity in patients with
Parkinson's disease: a positron emission tomography study. Tk~ Jo.nal of urology 175,
994-998.

Knudsen, K., Fedorova, T.D., Bekker, A.C., Iversen, P., Osterg-ara, n., Krogh, K., Borghammer, P,,
2017a. Objective Colonic Dysfunction is Far more ™ aval nt than Subjective Constipation in
Parkinson's Disease: A Colon Transit and Volur-z Study. Journal of Parkinson's disease 7,
359-367.

Knudsen, K., Haase, A.M., Fedorova, T.D., Jek'er, A.C., Ostergaard, K., Krogh, K., Borghammer, P.,
2017b. Gastrointestinal Transit Tin.~ in Parkinson's Disease Using a Magnetic Tracking
System. Journal of Parkinson's ¢is :ace 7, 471-479.

Knudsen, K., Szwebs, M., Hansen, A.K., Borghammer, P., 2018. Gastric emptying in Parkinson's
disease - A mini-review. t.rkimsonism & related disorders 55, 18-25.

Krygowska-Wajs, A., Furzal.. A., Gorecka-Mazur, A., Pietraszko, W., Thor, P., Potasz-Kulikowska, K.,
Moskala, M., 2016. The effect of subthalamic deep brain stimulation on gastric motility in
Parkinson's disease. Parkinsonism & related disorders 26, 35-40.

Kulaksizoglu, H., Parman, Y., 2010. Use of botulinim toxin-A for the treatment of overactive
bladder symptoms in patients with Parkinsons's disease. Parkinsonism & related disorders
16, 531-534.

Kuo, Y.M., Li, Z., Jiao, Y., Gaborit, N., Pani, A.K., Orrison, B.M., Bruneau, B.G., Giasson, B.l., Smeyne,
R.J., Gershon, M.D., Nussbaum, R.L., 2010. Extensive enteric nervous system abnormalities
in mice transgenic for artificial chromosomes containing Parkinson disease-associated
alpha-synuclein gene mutations precede central nervous system changes. Human molecular

genetics 19, 1633-1650.
51



Kuzkina, A., Schulmeyer, L., Monoranu, C.M., Volkmann, J., Sommer, C., Doppler, K., 2019. The
aggregation state of alpha-synuclein deposits in dermal nerve fibers of patients with
Parkinson's disease resembles that in the brain. Parkinsonism & related disorders.

Lai, F., Jiang, R., Xie, W., Liu, X., Tang, Y., Xiao, H., Gao, J., Jia, Y., Bai, Q., 2018. Intestinal Pathology
and Gut Microbiota Alterations in a Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
Mouse Model of Parkinson's Disease. Neurochemical research 43, 1986-1999.

Lebouvier, T., Clairembault, T., Devos, D., Pallardy, A., Coron, E., Neunlist, M., Derkinderen, P.,
2014. Peripheral autonomic nervous system involvement in Gaucher-related parkinsonism.
Journal of Parkinson's disease 4, 29-32.

Lee, H.J., Jung, KW., Chung, S.J., Hong, S.M., Kim, J., Lee, J.H., P a1, 5.W., Ryu, H.S., Kim, M.J.,
Lee, H.S., Seo, M., Park, S.H., Yang, D.H., Ye, B.D.,Byec'\, J.5., choe, J., Jung, H.Y., Yang, S.K.,
Myung, S.J., 2018a. Relation of Entericalpha-Synuc'=in 1> Gastrointestinal Dysfunction in
Patients With Parkinson's Disease and in Neur~!~gically Intact Subjects. Journal of
neurogastroenterology and motility 24, 4€--475.

Lee, K.D., Koo, J.H., Song, S.H., Jo, K.D., Le. M.K.,Jang, W., 2015. Central cholinergic dysfunction
could be associated with orophary. ~eal dysphagia in early Parkinson's disease. Journal of
neural transmission 122, 1553-.551.

Lee, Y.H., Lee, J.E.,Ryu, D.W,, Oh, ‘S, Lee, K.S., Hong, S.H., Kim, J.S., 2018b. Urinary Dysfunctions
and Post-Void Residual L. ne n Typical and Atypical Parkinson Diseases. Journal of
Parkinson's disease 8, _45-152.

Levy, M., Thaiss, C.A, Ze. Vi, D., Dohnalova, L., Zilberman-Schapira, G., Mahdi, J.A., David, E., Savidor,
A, Korem, T,, Herzig, Y., Pevsner-Fischer, M., Shapiro, H., Christ, A., Harmelin, A., Halpern, Z,, Latz,
E., Flavell, R.A., Amit, |., Segal, E., Elinav, E., 2015. Microbiota-Modulated Metabolites Shape the
Intestinal Microenvironment by Regulating NLRP6 InflammasomeSignaling.Cell 163,1428-1443.

Li, C., Cui, L, Yang, Y., Miao, J., Zhao, X., Zhang, J., Cui, G., Zhang, Y, 2019. Gut Microbiota Differs
Between Parkinson's Disease Patients and Healthy Controls in Northeast China. Frontiers in
molecular neuroscience12,171.

Liu, B., Fang, F., Pedersen, N.L., Tillander, A., Ludvigsson, J.F., Ekbom, A., Svenningsson, P., Chen,
H., Wirdefeldt, K., 2017. Vagotomy and Parkinson disease: A Swedish register-based

matched-cohort study. Neurology 88, 1996-2002.
52



Liu, Z., Sakakibara, R., Odaka, T., Uchiyama, T., Uchiyama, T., Yamamoto, T., Ito, T., Asahina, M.,
Yamaguchi, K., Yamaguchi, T., Hattori, T., 2005. Mosapride citrate, a novel 5-HT4 agonist and
partial 5-HT3 antagonist, ameliorates constipation in parkinsonian patients. Movement
disorders : official journal of the Movement Disorder Society 20, 680-686.

Malek, N., Lawton, M.A., Grosset, K.A., Bajaj, N., Barker, R.A., Burn, D.J., Foltynie, T., Hardy, J.,
Morris, H.R., Williams, N.M., Ben-Shlomo, Y., Wood, N.W., Grosset, D.G., Consortium, P.R.C.,
2017. Autonomic Dysfunction in Early Parkinson's Disease: Results from the United Kingdom
Tracking Parkinson's Study. Movement disorders clinical practice 4, 509-516.

Manor, Y., Giladi, N., Cohen, A., Fliss, D.M., Cohen, J.T., 2007. Valida*'an ~f a swallowing
disturbance questionnaire for detecting dysphagia in patic.*s v...h Parkinson's disease.
Movement disorders : official journal of the Movemer* Disuider Society 22, 1917-1921.

Manor, Y., Mootanah, R., Freud, D., Giladi, N., Cohen, J.7 201 3. Video-assisted swallowing
therapy for patients with Parkinson's disease. ">vkinsonism & related disorders 19, 207-211.

Maraki, M.I., Yannakoulia, M., Stamelou, M., St_“anis, L., Xiromerisiou, G., Kosmidis, M.H.,
Dardiotis, E., Hadjigeorgiou, G.M., Sa.“a ¢, Anastasiou, C.A., Simopoulou, E.,Scarmeas, N.,
2019. Mediterranean diet adherer. = is related to reduced probability of prodromal
Parkinson's disease. Movement d’soiuers : official journal of the Movement Disorder Society
34, 48-57.

Marrinan, S., Emmanuel, A.V., 2urii, D.J., 2014. Delayed gastricemptying in Parkinson's disease.
Movement disorde s : . fficial journal of the Movement Disorder Society 29, 23-32.

Matheoud, D., Cannon, 1., Voisin, A., Penttinen, A.M., Ramet, L, Fahmy, A.M., Ducrot, C., Laplante, A,,
Bourque, M.J., Zhu, L., Cayrol, R., Le Campion, A., McBride, H.M., Gruenheid, S., Trudeau, L.E.,
Desjardins, M., 2019. Intestinal infection triggers Parkinson's disease-like symptoms in Pink1(-/-)
mice. Nature 571,565-569.

Mathers, S.E., Kempster, P.A., Law, PJ., Frankel, J.P., Bartram, C.1., Lees, A.J., Stern, G.M., Swash,
M., 1989. Anal sphincter dysfunction in Parkinson's disease. Archives of neurology 46,
1061-1064.

McDonald, C., Winge, K., Burn, D.J., 2017. Lower urinary tract symptoms in Parkinson's disease:
Prevalence, aetiology and management. Parkinsonism & related disorders 35, 8-16.

Meco, G., Rubino, A., Caravona, N., Valente, M., 2008. Sexual dysfunction in Parkinson's disease.
53



Parkinsonism & related disorders 14, 451-456.

Mendes, A., Goncalves, A, Vila-Cha, N., Moreira, |., Fernandes, J.,, Damasio, J., Teixeira-Pinto, A., Taipa,
R., Lima, A.B., Cavaco, S., 2015. Appendectomy may delay Parkinson's disease Onset. Movement
disorders :official journal of the Movement Disorder Society 30, 1404-1407.

Menezes, C., Melo, A., 2009. Does levodopa improve swallowing dysfunction in Parkinson's
disease patients? Journal of clinical pharmacy and therapeutics 34, 673-676.

Micieli, G., Tassorelli, C., Martignoni, E., Pacchetti, C., Bruggi, P., Magri, M., Nappi, G., 1991.
Disordered pupil reactivity in Parkinson's disease. Clinical autonomic research : official
journal of the Clinical Autonomic Research Society 1, 55-58.

Milazzo, V., Di Stefano, C., Vallelonga, F., Sobrero, G., Zibetti, M., Ru...agnolo, A., Merola, A., Milan,
A., Espay, A.J., Lopiano, L., Veglio, F., Maule, S., 2018. Pverse blood pressure dipping as
marker of dysautonomia in Parkinson disease. Par. nson sm & related disorders 56, 82-87.

Miyaue, N., Tada, S., Ando, R., Iwaki, H., Yabe, H., Niz-ikawa, N., Nagai, M., Takashima, H.,
Nomoto, M., 2017. DAT SPECT may have d:-gnostic value in prodromal SCA2 patients with
parkinsonism. Parkinsonism & relate.' dicorders 44, 137-141.

Moore, O., Gurevich, T., Korczyn, A.D., ~.~ca, M., Shabtai, H., Giladi, N., 2002. Quality of sexual life
in Parkinson's disease. Parkinsoiism & relateddisorders 8, 243-246.

Mu, L., Sobotka, S., Chen, J., Su . Sanders, |., Adler, C.H., Shill, H.A., Caviness, J.N., Samanta, J.E.,
Beach, T.G., Arizona Par.'nsun's Disease, C., 2013. Alpha-synuclein pathology and axonal
degeneration of tke p.ripheral motor nerves innervating pharyngeal muscles in Parkinson
disease.Journal of 1, 'uropathology and experimental neurology 72, 119-129.

Muntane, G., Dalfo, E., Martinez, A., Ferrer, |., 2008. Phosphorylation of tauand alpha-synuclein
in synaptic-enriched fractions of the frontal cortex in Alzheimer's disease, and in Parkinson's
disease and related alpha-synucleinopathies. Neuroscience 152, 913-923.

Nakamura, T., Hirayama, M., Hara, T., Mizutani, Y., Suzuki, J., Watanabe, H., Sobue, G., 2014. Role
of cardiac sympathetic nerves in preventing orthostatic hypotension in Parkinson's disease.
Parkinsonism & related disorders 20, 409-414.

Nicaretta, D.H.,de Rosso, A.L., Maliska, C., Costa, M.M., 2008. Scintigraphic analysis of the
parotid glands in patients with sialorrhea and Parkinson's disease. Parkinsonism & related

disorders 14, 338-341.
54



Niu, X.L., Liu, L., Song, Z.X., Li, Q., Wang, Z.H., Zhang, J.L., Li, H.H., 2016. Prevalence of small
intestinal bacterial overgrowth in Chinese patients with Parkinson's disease. Journal of
neural transmission 123, 1381-1386.

Noorian, AR., Rha, J., Annerino, D.M., Bernhard, D., Taylor, G.M., Greene, J.G., 2012. Alpha-synuclein
transgenic mice display age-related slowing of gastrointestinal motility associated with transgene
expressioninthe vagal system. Neurobiology of disease48,9-19.

Oinas, M., Paetau, A., Myllykangas, L., Notkola, I.L., Kalimo, H., Polvikoski, T., 2010.
alpha-Synuclein pathology in the spinal cord autonomic nuclei associates with
alpha-synuclein pathology in the brain: a population-based V~7~taa 5+ study. Acta
neuropathologica 119, 715-722.

Okun, M.S., Crucian, G.P, Fischer, L., Walter, B.L., Testa, C.M , Viek, J.L., DeLong, M.R., Hanfelt, J.,
Huang, X., 2004a. Testosterone deficiency in a Par! nson 5 disease clinic: results of a survey.
Journal of neurology, neurosurgery, and psychiz*ry 75, 165-166.

Okun, M.S., DeLong, M.R., Hanfelt, J., Gearing, ™ \., Levey, A., 2004b. Plasma testosterone levels in
Alzheimer and Parkinson diseases. N rc.ogy 62,411-413.

Ondo, W.G., Kenney, C., Sullivan, K., Dav'dson, A., Hunter, C., Jahan, I., McCombs, A., Miller, A.,
Zesiewicz, T.A., 2012. Placebo-cur crcned trial of lubiprostone for constipation associated
with Parkinson disease. Neu, ~logy 78, 1650-1654.

Orimo, S., Oka, T., Miura, H., 1. 'chwya, K., Mori, F., Wakabayashi, K., Nagao, T., Yokochi, M., 2002.
Sympathetic cardis c ac vervation in Parkinson's disease and pure autonomic failure but not
in multiple system . trophy. Journal of neurology, neurosurgery, and psychiatry 73, 776-777.

Orimo, S., Uchihara, T., Nakamura, A., Mori, F., Ikeuchi, T., Onodera, O., Nishizawa, M., Ishikawa,
A., Kakita, A., Wakabayashi, K., Takahashi, H., 2008a. Cardiac sympathetic denervation in
Parkinson's disease linked to SNCA duplication. Acta neuropathologica 116, 575-577.

Orimo, S., Uchihara, T., Nakamura, A., Mori, F., Kakita, A., Wakabayashi, K., Takahashi, H., 2008b.
Axonal alpha-synuclein aggregatesherald centripetal degeneration of cardiac sympathetic
nerve in Parkinson's disease. Brain: a journal of neurology 131, 642-650.

Owolabi, L.F., Samaila, A.A., Sunmonu, T., 2014. Gastrointestinal complications in newly
diagnosed Parkinson's disease: A case-control study. Tropical gastroenterology : official

journal of the Digestive Diseases Foundation 35, 227-231.
55



Palma, J.A., Kaufmann, H., 2018. Treatment of autonomic dysfunction in Parkinson disease and
other synucleinopathies. Movement disorders : official journal of the Movement Disorder
Society 33, 372-390.

Papapetropoulos, S., Mash, D.C., 2007. Insular pathology in Parkinson's disease patients with
orthostatic hypotension. Parkinsonism & related disorders 13, 308-311.

Park, J.S., Oh, D.H., Hwang, N.K., Lee, J.H., 2018. Effects of neuromuscular electrical stimulation in
patients with Parkinson's disease and dysphagia: A randomized, single-blind,
placebo-controlled trial. NeuroRehabilitation 42, 457-463.

Park, S., Kim, J., Chun, J.,, Han, K., Soh, H., Kang, E.A,, Lee, H.J,, Im, J ™ Ki.~, J.S., 2019. Patients with
Inflammatory Bowel Disease Are at an Increased Risk of P_-ki._un's Disease: A South Korean
Nationwide Population-Based Study. Journal of clinical m~diciie 8.

Pavelic, A., Krbot Skoric, M., Crnosija, L., Habek, M., 202"". Po: tprandial hypotension in
neurological disorders: systematic review and - ~ta-analysis. Clinical autonomic research :
official journal of the Clinical Autonomic R ~searcnSociety 27, 263-271.

Pavy-Le Traon, A., Amarenco, G., Duerr, S., “a' imann, H., Lahrmann, H., Shaftman, S.R., Tison, F.,
Wenning, G.K., Goetz, C.G., Poewe, \N., Sampaio, C., Schrag, A., Stebbins, G.T., Rascol, O.,
2011. The Movement Disorders t7 sk 1orce review of dysautonomia rating scales in
Parkinson's disease with reg. *dto symptoms of orthostatic hypotension. Movement
disorders : official journa: ~f 1ne Movement Disorder Society 26, 1985-1992.

Pavy-Le Traon, A., Cotte.ll, .'., Amarenco, G., Duerr, S., Kaufmann, H., Lahrmann, H., Tison, F.,
Wenning, G.K., Goc*z, C.G., Poewe, W., Sampaio, C., Schrag, A., Rascol, O., Martinez-Martin,
P., Stebbins, G.T., Members of the, M.D.S.C.0.R.S.D., 2018. Clinical Rating Scales for Urinary
Symptoms in Parkinson Disease: Critique and Recommendations. Movement disorders
clinical practice 5, 479-491.

Pelz, J.0., Belau, E., Fricke, C., Classen, J., Weise, D., 2018. Axonal Degeneration of the Vagus Nerve in
Parkinson's Disease-AHigh-Resolution Ultrasound Study. Frontiers in neurology 9, 951.

Peyronnet, B., Vurture, G., Palma, J.A., Malacarne, D.R., Feigin, A., Sussman, R.D., Biagioni, M.C.,
Palmerola, R., Gilbert, R., Rosenblum, N., Frucht, S., Kaufmann, H., Nitti, V.W., Brucker, B.M.,
2018. Mirabegron in patients with Parkinson disease and overactive bladder symptoms: A

retrospective cohort. Parkinsonism & relateddisorders 57, 22-26.
56



Phillips, R.J., Walter, G.C., Wilder, S.L., Baronowsky, E.A., Powley, T.L., 2008.
Alpha-synuclein-immunopositive myenteric neurons and vagal preganglionic terminals:
autonomic pathway implicated in Parkinson's disease? Neuroscience 153, 733-750.

Pietrucci, D., Cerroni, R., Unida, V., Farcomeni, A., Pierantozzi, M., Mercuri, N.B., Biocca, S., Stefani, A,
Desideri, A., 2019. Dysbiosis of gut microbiota in a selected population of Parkinson's patients.
Parkinsonism & related disorders 65,124-130.

Pitts, T., Bolser, D., Rosenbek, J., Troche, M., Okun, M.S., Sapienza, C., 2009. Impact of expiratory
muscle strength training on voluntary cough and swallow function in Parkinson disease.
Chest 135, 1301-1308.

Pohanka, M., Kanovsky, P., Bares, M., Pulkrabek, J., Rektor, I., 2075, l.e long-lasting improvement
of sexual dysfunction in patients with advanced, fluctu-ting ~arkinson's disease induced by
pergolide: evidence from the results of an open, p. ‘spective, one-year trial. Parkinsonism &
related disorders 11, 509-512.

Pont-Sunyer, C., Tolosa, E., Caspell-Garcia, C., Coff~v, C., Alcalay, R.N., Chan, P,, Duda, J.E., Facheris, M.,
Fernandez-Santiago, R., Marek, K., Lor..~n2, F.,, Marras, C., Mondragon, E., Saunders-Pullman, R,
Waro, B., Consortium, L.C., 2017. Th. nrodromal phase of leucine-rich repeat kinase 2-associated
Parkinson disease: Clinical and .magng Studies. Movement disorders : official journal of the
Movement Disorder Societvs. 726-738.

Postma, A.G., Heesters, M., va. lLaar, T., 2007. Radiotherapy to the salivary glands as treatment of
sialorrhea in patier.ts v. ‘th parkinsonism. Movement disorders : official journal of the
Movement Disorde - Society 22,2430-2435.

Postuma, R.B., Berg, D., Stern, M., Poewe, W., Olanow, C.W., Oertel, W., Obeso, J., Marek, K.,
Litvan, 1., Lang, A.E., Halliday, G., Goetz, C.G., Gasser, T., Dubois, B., Chan, P,, Bloem, B.R.,
Adler, C.H., Deuschl, G., 2015. MDS clinical diagnostic criteria for Parkinson's disease.
Movement disorders : official journal of the Movement Disorder Society 30, 1591-1601.

Postuma, R.B., Gagnon, J.F., Pelletier, A., Montplaisir, J., 2013. Prodromal autonomic symptoms
and signs in Parkinson's disease and dementia with Lewy bodies. Movement disorders :
official journal of the Movement Disorder Society 28, 597-604.

Postuma, R.B., Iranzo, A., Hu, M., Hogl, B., Boeve, B.F., Manni, R., Oertel, W.H., Arnulf, 1.,

Ferini-Strambi, L., Puligheddu, M., Antelmi, E., Cochen De Cock, V., Arnaldi, D., Mollenhauer,
57



B., Videnovic, A., Sonka, K., Jung, K.Y., Kunz, D., Dauvilliers, Y., Provini, F., Lewis, S.J., Buskova,
J., Pavlova, M., Heidbreder, A., Montplaisir, J.Y., Santamaria, J., Barber, T.R., Stefani, A., St
Louis, E.K., Terzaghi, M., Janzen, A., Leu-Semenescu, S., Plazzi, G., Nobili, F., Sixel-Doering, F.,
Dusek, P, Bes, F., Cortelli, P., Ehgoetz Martens, K., Gagnon, J.F., Gaig, C., Zucconi, M.,
Trenkwalder, C., Gan-Or, Z., Lo, C., Rolinski, M., Mahlknecht, P., Holzknecht, E., Boeve, A.R.,
Teigen, L.N., Toscano, G., Mayer, G., Morbelli, S., Dawson, B., Pelletier, A., 2019. Risk and
predictors of dementia and parkinsonism in idiopathic REM sleep behaviour disorder: a
multicentre study. Brain : a journal of neurology 142, 744-759.

Potulska, A., Friedman, A., Krolicki, L., Spychala, A., 2003. Swallowir~ ai_~rders in Parkinson's
disease. Parkinsonism & related disorders 9, 349-353.

Raffaele, R., Vecchio, I., Giammusso, B., Morgia, G., Brunett:\, M.u., Rampello, L., 2002. Efficacy
and safety of fixed-dose oral sildenafil in the treat. ent. f sexual dysfunction in depressed
patients with idiopathic Parkinson's disease. E-.:npean urology 41, 382-386.

Roy, H.A., Griffiths, D.J., Aziz, T.Z., Green, A.L., N*=nke, R.A.L., 2019. Investigation of urinary
storage symptoms in Parkinson's dise. se dtilizing structural MRI techniques. Neurourology
and urodynamics 38, 1168-1175.

Ruiz-Roca, J.A., Pons-Fuster, E., Lope.-'orhet, P, 2019. Effectiveness of the Botulinum Toxin for
Treating Sialorrhea in Patiern. - witn Parkinson's Disease: A Systematic Review. Journal of
clinical medicine 8.

Sakakibara, R., Panicker J., 1 nazzi-Agro, E., lacovelli, V., Bruschini, H., Parkinson's Disease
Subcomittee, T.N.r. ".i.T.I.C.S., 2016. A guideline for the management of bladder dysfunction
in Parkinson's disease and other gait disorders. Neurourology and urodynamics 35, 551-563.

Sakakibara, R., Tateno, F., Nagao, T., Yamamoto, T., Uchiyama, T., Yamanishi, T., Yano, M., Kishi, M.,
Tsuyusaki, Y., Aiba, Y., 2014. Bladder function of patients with Parkinson's disease.
International journal of urology : official journal of the Japanese Urological Association 21,
638-646.

Sampson, T.R., Debelius, J.W., Thron, T., Janssen, S., Shastri, G.G., Ilhan, Z.E., Challis, C., Schretter,
C.E.,Rocha, S., Gradinaru, V., Chesselet, M.F., Keshavarzian, A., Shannon, K.M.,
Krajmalnik-Brown, R., Wittung-Stafshede, P., Knight, R., Mazmanian, S.K., 2016. Gut

Microbiota Regulate Motor Deficits and Neuroinflammation in a Model of Parkinson's
58



Disease. Cell 167, 1469-1480 e1412.

Sariahmetoglu, H., Soysal, A., Sen, A., Yuksel, B., Celiker, S., Ciftci-Kavaklioglu, B., Arpaci, B., 2014.
Forehead sympathetic skin responses in determining autonomic involvement in Parkinson's
disease. Clinical neurophysiology : official journal of the International Federation of Clinical
Neurophysiology 125, 2436-2440.

Schapira, A.H.V., Chaudhuri, K.R., Jenner, P, 2017. Non-motor features of Parkinson disease.
Nature reviews. Neuroscience 18, 509.

Scheperjans, F., Aho, V., Pereira, P.A., Koskinen, K., Paulin, L., Pekkonen, E., Haapaniemi, E.,
Kaakkola, S., Eerola-Rautio, J., Pohja, M., Kinnunen, E., Murros, X.,, uvinen, P., 2015. Gut
microbiota arerelated to Parkinson's disease and clinical ! ~nc_ype. Movement disorders :
official journal of the Movement Disorder Society 30, 250->.48.

Schestatsky, P., Valls-Sole, J., Ehlers, J.A., Rieder, C.R., G. mes, ., 2006. Hyperhidrosis in
Parkinson's disease. Movement disorders : offiz'~| journal of the Movement Disorder Society
21, 1744-1748.

Schoffer, K.L., Henderson, R.D., O'Maley, i. C’sullivan, J.D., 2007. Nonpharmacological treatment,
fludrocortisone, and domperidone ‘ar orthostatic hypotension in Parkinson's disease.
Movement disorders : official journa  of the Movement Disorder Society 22, 1543-1549.

Schrag, A., Anastasiou, Z., Amble,, G., Noyce, A., Walters, K., 2019. Predicting diagnosis of
Parkinson's disease: A ris.. algorithm based on primary care presentations. Movement
disorders : official ‘our, 3l of the Movement Disorder Society 34, 480-486.

Schrag, A., Horsfall, L., v.alters, K., Noyce, A., Petersen, |.,2015. Prediagnostic presentations of
Parkinson's disease in primary care: a case-control study. The Lancet. Neurology 14, 57-64.

Schreglmann, S.R., Buchele, F., Sommerauer, M., Epprecht, L., Kagi, G., Hagele-Link, S., Gotze, O.,
Zimmerli, L., Waldvogel, D., Baumann, C.R., 2017. Pyridostigmine bromide versus
fludrocortisone inthe treatment of orthostatic hypotension in Parkinson's disease - a
randomized controlled trial. European journal of neurology 24, 545-551.

Shibata, M., Morita, Y., Shimizu, T., Takahashi, K., Suzuki, N., 2009. Cardiac parasympathetic
dysfunction concurrent with cardiac sympathetic denervation in Parkinson's disease. Journal
of the neurological sciences 276, 79-83.

Shindo, K., lida, H., Watanabe, H., Ohta, E., Nagasaka, T., Shiozawa, Z., 2008. Sympathetic
59



sudomotor and vasoconstrictive neural function in patients with Parkinson's disease.
Parkinsonism & related disorders 14, 548-552.

Shultz, J.M., Resnikoff, H., Bondarenko, V., Joers, V., Mejia, A., Simmons, H., Emborg, M.E., 2016.
Neurotoxin-Induced Catecholaminergic Loss in the Colonic Myenteric Plexus of Rhesus
Monkeys. Journal of Alzheimer's disease & Parkinsonism 6.

Singer, W., Berini, S.E., Sandroni, P., Fealey, R.D., Coon, E.A., Suarez, M.D., Benarroch, E.E., Low,
P.A., 2017. Pure autonomic failure: Predictors of conversion to clinical CNS involvement.
Neurology 88, 1129-1136.

Singleton, A., Gwinn-Hardy, K., Sharabi, Y., Li, S.T., Holmes, C., Dendi R., ‘ardy, J., Singleton, A.,
Crawley, A., Goldstein, D.S., 2004. Association between ce:'ac uenervation and
parkinsonism caused by alpha-synuclein gene triplicat’on. biain : a journal of neurology 127,
768-772.

Slade, A., Stanic, S., 2015. Managing excessive saliv= ‘*ich salivary gland irradiation in patients
with amyotrophic lateral sclerosis. Journal - f the neurological sciences 352, 34-36.

Sommer, S., Aral-Becher, B., Jost, W., 2011. Ncadipping in Parkinson's disease. Parkinson's disease
2011, 897586.

Soykan, I., Sarosiek, 1., Shifflett, J., Wuc cen, G.F., McCallum, R.W., 1997. Effect of chronic oral
domperidone therapy on Fa_*rointestinal symptoms and gastricemptying in patients with
Parkinson's disease. Movement disorders : official journal of the Movement Disorder Society
12, 952-957.

Sridharan, K., Sivaraman ishnan, G., 2018. Pharmacological interventions for treating sialorrhea
associated with neurological disorders: A mixed treatment network meta-analysis of
randomized controlled trials. Journal of clinical neuroscience : official journal of the
Neurosurgical Society of Australasia 51, 12-17.

Stocchi, F., Corazziari, E., Carbone, A., Vacca, L., De Pandis, M.F., Berardelli, A., Ruggieri, S.A., 1999.
Urinary and anorectal function evaluation in Parkinson's disease. Advances in neurology 80,
347-351.

Su, A., Gandhy, R., Barlow, C., Triadafilopoulos, G., 2016. Utility of high-resolution anorectal
manometry and wireless motility capsule in the evaluation of patients with Parkinson's

disease and chronic constipation. BMJ open gastroenterology 3, e000118.
60



Sung, H.Y., Park, J.W., Kim, J.S., 2014. The frequency and severity of gastrointestinal symptoms in
patients with early Parkinson's disease. Journal of movement disorders 7, 7-12.

Suntrup, S., Teismann, I., Bejer, J., Suttrup, I., Winkels, M., Mehler, D., Pantey, C., Dziewas, R.,
Warnecke, T., 2013. Evidence for adaptive cortical changes in swallowing in Parkinson's
disease. Brain : a journal of neurology 136, 726-738.

Svensson, E., Horvath-Puho, E., Thomsen, R.W., Djurhuus, J.C., Pedersen, L., Borghammer, P,,
Sorensen, H.T., 2015. Vagotomy and subsequent risk of Parkinson's disease. Annals of
neurology 78, 522-529.

Takahashi, O., Sakakibara, R., Tateno, F., Kishi, M., Tsuyusaki, Y., Aib~ Y., “ano, H., Sugiyama, M.,
Yamamoto, T., Yamanishi, T., Uchiyama, T., Shibata, C., Tor.z*u, 7., 2014. Overactive bladder
may precede motor disorder in Parkinson's disease: a *-roay.amic study. Parkinsonism &
related disorders 20, 1030-1032.

Takizawa, C., Gemmell, E., Kenworthy, J., Speyer, R.. 2716. A Systematic Review of the Prevalence
of Oropharyngeal Dysphagia in Stroke, Parinson s Disease, Alzheimer's Disease, Head Injury,
and Pneumonia. Dysphagia 31, 434-4"1.

Tamer, C., Melek, I.M., Duman, T., Oksu., H., 2005. Tear film tests in Parkinson's disease patients.
Ophthalmology 112, 1795.

Tan, A.H., Mahadeva, S., Marras, & Thalha, A.M., Kiew, C.K., Yeat, C.M., Ng, SW., Ang, S.P., Chow,
S.K., Loke, M.F., Vadivelu, 'S., Ibrahim, N., Yong, H.S., Tan, C.T., Fox, S.H., Lang, A.E., Lim,S.Y.,
2015. Helicobacter pyw "i infection is associated with worse severity of Parkinson's disease.
Parkinsonism & rei ted disorders 21, 221-225.

Tan, A.H., Mahadeva, S., Thalha, A.M., Gibson, P.R., Kiew, C.K., Yeat, C.M., Ng, S.W., Ang, S.P,,
Chow, S.K., Tan, C.T., Yong, H.S., Marras, C., Fox, S.H., Lim, S.Y., 2014. Small intestinal bacterial
overgrowth in Parkinson's disease. Parkinsonism & related disorders 20, 535-540.

Tateno, F., Sakakibara, R., Yokoi, Y., Kishi, M., Ogawa, E., Uchiyama, T., Yamamoto, T., Yamanishi, T.,
Takahashi, O., 2011. Levodopa ameliorated anorectal constipation in de novo Parkinson's
disease: The QL-GAT study. Parkinsonism & related disorders 17, 662-666.

Tessa, C., Toschi, N., Orsolini, S., Valenza, G., Lucetti, C., Barbieri, R., Diciotti, S., 2019. Central
modulation of parasympathetic outflow is impaired in de novo Parkinson's disease patients.

PloS one 14, e0210324.
61



Thomsen, T.R., Galpern, W.R., Asante, A., Arenovich, T., Fox, S.H., 2007. Ipratropium bromide
spray as treatment for sialorrhea in Parkinson's disease. Movement disorders : official
journal of the Movement Disorder Society 22, 2268-2273.

Tiigimae-Saar, J., Tamme, T., Rosenthal, M., Kadastik-Eerme, L., Taba, P., 2018. Saliva changes in
Parkinson's disease patients after injection of Botulinum neurotoxin type A. Neurological
sciences : official journal of the Italian Neurological Society and of the Italian Society of
Clinical Neurophysiology 39, 871-877.

Tijero, B., Gabilondo, 1., Lezcano, E., Teran-Villagra, N., Llorens, V., Ruiz-Martinez, J., Marti-Masso,
J.F.,, Carmona, M., Luquin, M.R., Berganzo, K., Fernandez, |., Fernai. ‘ez, M., Zarranz, J.J.,
Gomez-Esteban, J.C., 2015. Autonomic involvement in Par!:~su...an carriers of PARK2 gene
mutations. Parkinsonism & related disorders 21, 717-7'2.

Tijero, B., Gomez-Esteban, J.C., Lezcano, E., Fernandez-C nnza ez, C., Somme, J., Llorens, V.,
Martinez, A., Ruiz-Martinez, J., Foncea, N., Escz!~3, |., Berganzo, K., Aniel-Quiroga, M.A., Ruiz,
V., Teran, N., Kaufmann, H., Zarranz, J.J., 20 '3. Lardiac sympathetic denervation in
symptomatic and asymptomatic cart, >rs f the E46K mutation in the alpha synuclein gene.
Parkinsonism & related disorders .? 95-100.

Tijero, B., Gomez-Esteban, J.C., Llore.is V., Lezcano, E., Gonzalez-Fernandez, M.C., de Pancorbo,
M.M., Ruiz-Martinez, J., Cen.*ellin, J.C., Zarranz, J.J., 2010. Cardiac sympathetic denervation
precedes nigrostriatal los. in the E46K mutation of the alpha-synuclein gene (SNCA). Clinical
autonomic researc’s : ¢ ficial journal of the Clinical Autonomic Research Society 20, 267-269.

Tijero, B., Gomez Estebai,, 1.C.,, Somme, J., Llorens, V., Lezcano, E., Martinez, A., Rodriguez, T., Berganzo,
K., Zarranz, JJ., 2013b. Autonomic dysfunction in parkinsonian LRRK2 mutation carriers.
Parkinsonism & related disorders 19,906-909.

Tipre, D.N., Goldstein, D.S., 2005. Cardiac and extracardiac sympathetic denervation in
Parkinson's disease with orthostatic hypotension and in pure autonomic failure. Journal of
nuclear medicine : official publication, Society of Nuclear Medicine 46, 1775-1781.

Triadafilopoulos, G., Gandhy, R., Barlow, C., 2017. Pilot cohort study of endoscopic botulinum
neurotoxin injection in Parkinson's disease. Parkinsonism & related disorders 44, 33-37.

Trinh, J., Amouri, R, Duda, J.E., Morley, J.F., Read, M., Donald, A,, Vilarino-Guell, C., Thompson, C., Szu

Tu, C., Gustavsson, E.K., Ben Sassi, S., Hentati, E., Zouari, M., Farhat, E., Nabli, F., Hentati, F., Farrer,
62



M.J., 2014. Comparative study of Parkinson's disease and leucine-rich repeat kinase 2 p.G2019S
parkinsonism. Neurobiology ofaging 35, 1125-1131.

Tsukita, K., Taguchi, T., Sakamaki-Tsukita, H., Tanaka, K., Suenaga, T., 2018. The vagus nerve
becomes smaller in patients with Parkinson's disease: A preliminary cross-sectional study
using ultrasonography. Parkinsonism & related disorders 55, 148-149.

Uchiyama, T., Sakakibara, R., Yamamoto, T., Ito, T., Yamaguchi, C., Awa, Y., Yanagisawa, M., Higuchi,
Y., Sato, V., Ichikawa, T., Yamanishi, T., Hattori, T., Kuwabara, S., 2011. Urinary dysfunction in
early and untreated Parkinson's disease. Journal of neurology, neurosurgery, and psychiatry
82, 1382-1386.

Ueki, A., Otsuka, M., 2004. Life style risks of Parkinson's diseas~. ~ss..lation between decreased
waterintake and constipation. Journal of neurology 2F ! Suppl 7, vII18-23.

Uemura, N., Yagi, H., Uemura, M.T., Hatanaka, Y., Yamal.do, 1 1., Takahashi, R., 2018. Inoculation
of alpha-synuclein preformed fibrils into the n~Z 'se gastrointestinaltractinduces Lewy
body-like aggregatesin the brainstem via t' e vagus nerve. Molecular neurodegeneration 13,
21.

Ulusoy, A., Phillips, R.J., Helwig, M., Klinkenberg, M., Powley, TL, Di Monte, D.A, 2017.
Brain-to-stomach transfer of aloho-synuclein via vagal preganglionic projections. Acta
neuropathologica 133,381-3.72.

Ulusoy, A., Rusconi, R., Perez-i.~vuelta, B.I., Musgrove, R.E., Helwig, M., Winzen-Reichert, B., Di
Monte, D.A., 2013 cCaulo-rostral brain spreading of alpha-synuclein through vagal
connections. EMBC molecular medicine 5, 1119-1127.

Unger, M.M., Hattemer, K., Moller, J.C., Schmittinger, K., Mankel, K., Eggert, K., Strauch, K., Tebbe,
J.)., Keil, B., Oertel, W.H., Heverhagen, J.T., Knake, S., 2010. Real-time visualization of altered
gastric motility by magnetic resonance imaging in patients with Parkinson's disease.
Movement disorders : official journal of the Movement Disorder Society 25, 623-628.

Van Den Berge, N., Ferreira, N., Gram, H., Mikkelsen, TW., Alstrup, A.K.O., Casadei, N., Tsung-Pin, P,
Riess, O., Nyengaard, J.R.,, Tamguney, G., Jensen, P.H., Borghammer, P., 2019. Evidence for
bidirectional and trans-synaptic parasympathetic and sympathetic propagation ofalpha-synuclein
inrats. Acta neuropathologica 138,535-550.

van Wamelen, D.J.,, Leta, V., Podlewska, A.M., Wan, Y.M., Krbot, K., Jaakkola, E., Martinez-Martin,
63



P., Rizos, A., Parry, M., Metta, V., Ray Chaudhuri, K., 2019. Exploring hyperhidrosis and
related thermoregulatory symptoms as a possible clinical identifier for the dysautonomic
subtype of Parkinson's disease. Journal of neurology.

Velseboer, D.C., de Haan, R.J., Wieling, W., Goldstein, D.S., de Bie, R.M., 2011. Prevalence of
orthostatic hypotension in Parkinson's disease: a systematic review and meta-analysis.
Parkinsonism & related disorders 17, 724-729.

Villumsen, M., Aznar, S., Pakkenberg, B., Jess, T., Brudek, T., 2019. Inflammatory bowel disease
increases the risk of Parkinson's disease: a Danish nationwide cohort study 1977-2014. Gut 68,
18-24.

Visanji, N.P., Bhudhikanok, G.S., Mestre, T.A., Ghate, T., Udup-, K., .iiDakheel, A., Connolly, B.S.,

Gasca-Salas, C., Kern, D.S., Jain, J,, Slow, E.J., Faust-Soche* A., nim, S., Azhu Valappil, R., Kausar, F,,

Rogaeva, E., William Langston, J., Tanner, C.M., Schu. B., ang, A.E., Goldman, S.M., Marras, C.,

2017. Heart rate variability in leucine-rich r~.~at kinase 2-associated Parkinson's disease.
Movement disorders :official journal of the ! - overnent Disorder Society 32, 610-614.
Walter, U., Tsiberidou, P, Kersten, M., Sto, ~h, A., Lohle, M., 2018. Atrophy of the Vagus Nerve in
Parkinson's Disease Revealed by Hig,. Resolution Ultrasonography. Frontiers in neurology 9, 805.
Wang, S.J., Fuh, J.L., Shan, D.E., Liao, K K., rin, K.P., Tsai, C.P., Wu, Z.A., 1993. Sympathetic skin
response and R-R interval va.iation in Parkinson's disease. Movement disorders : official
journal of the Movemem Nisurder Society 8, 151-157.
Warnecke, T., Suttrup, | , Sc, -oder, J.B., Osada, N., Oelenberg, S., Hamacher, C., Suntrup, S.,
Dziewas, R., 2016. . =vodopa responsiveness of dysphagia in advanced Parkinson's disease
and reliability testing of the FEES-Levodopa-test. Parkinsonism & related disorders 28,
100-106.
Winge, K., Friberg, L., Werdelin, L., Nielsen, K.K., Stimpel, H., 2005. Relationship between
nigrostriatal dopaminergic degeneration, urinary symptoms, and bladder control in
Parkinson's disease. European journal of neurology 12, 842-850.
Winge, K., Nielsen, K.K., 2012. Bladder dysfunction in advanced Parkinson's disease.

Neurourology and urodynamics 31, 1279-1283.

Wong, Y.C., Krainc, D., 2017. alpha-synuclein toxicity in neurodegeneration: mechanism and

therapeutic strategies. Nature medicine 23, 1-13.

64



Yalcin, A., Atmis, V., Cengiz, O.K., Cinar, E., Aras, S., Varli, M., Atli, T., 2016. Evaluation of Cardiac
Autonomic Functions in Older Parkinson's Disease Patients: a Cross-Sectional Study. Aging
and disease 7, 28-35.

Zangaglia, R., Martignoni, E., Glorioso, M., Ossola, M., Riboldazzi, G., Calandrella, D., Brunetti, G.,
Pacchetti, C., 2007. Macrogol for the treatment of constipation in Parkinson's disease. A
randomized placebo-controlled study. Movement disorders : official journal of the
Movement Disorder Society 22, 1239-1244.

Zesiewicz, T.A., Evatt, M., Vaughan, C.P,, Jahan, |., Singer, C., Ordorica, R., Salemi, J.L., Shaw, J.D.,
Sullivan, K.L., Non-Motor Working Group of the Parkinson Stu~' . 2015. Randomized,
controlled pilot trial of solifenacin succinate for overactive 2'ac.er in Parkinson's disease.
Parkinsonism & related disorders 21, 514-520.

Zhang, X., Li, Y, Liu, C., Fan, R., Wang, P, Zheng, L., Hor. F., 1 eng, X.,Zhang, Y., L, L., Zhu, J., 2015.
Alteration of enteric monoamines with monoa--‘ne receptors and colonic dysmotility in
6-hydroxydopamine-induced Parkinson's c‘-ease rats. Translational research : the journal of
laboratory and clinical medicine 166, *52 -162.

Zhong, C., Qu, C., Wang, B., Liang, S., Ze.~g, B., 2017. Probiotics for Preventing and Treating Small
Intestinal Bacterial Overgrowth. £ Vieta-Analysis and Systematic Review of Current Evidence.
Journal of clinical gastroerte nlogy 51, 300-311.

Zhu, F., Li, C., Gong, J., Zhu, W., Au, L., Li, N., 2019. The risk of Parkinson's disease in inflammatory
bowel disease: A s\ stei . atic review and meta-analysis. Digestive and liver disease : official
journal of the Italia.” Society of Gastroenterology and the Italian Association for the Study of

the Liver 51, 38-42.

65


http://www.ncbi.nlm.nih.gov/pubmed/28267052
http://www.ncbi.nlm.nih.gov/pubmed/28267052
http://www.ncbi.nlm.nih.gov/pubmed/28267052
http://www.ncbi.nlm.nih.gov/pubmed/28267052

