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Parkinson’s disease (PD) has undergone significant advancements in diagnosis and treat-
ment over the past century, with apparent dopaminergic cell degeneration on dopamine 
transporter scans and a strong response to medication being key features. However, the eti-
ology remains complex, involving various pathogenic mechanisms beyond alpha-synuclein 
accumulation. The recent brain-first versus body-first hypothesis, emerging from advances 
in functional imaging and clinical symptom clustering, suggests distinct starting points of 
alpha-synuclein pathology-either in the brain or the body, with subsequent spread via neural 
connections. This theory, exemplified by the alpha-synuclein origin site and connectome (SOC) 
model, proposes that body-first PD may originate in the enteric nervous system and spread 
to the brain, while brain-first PD starts within the central nervous system, such as the olfac-
tory bulb or amygdala. While the SOC model offers valuable insights into the progression of 
PD, it raises several controversies. Critics argue that the model may oversimplify the disease’s 
complexity, failing to account for overlapping symptoms and the varying progression rates 
observed in different subtypes. Furthermore, there are concerns about the lack of longitudinal 
data and the potential for reclassification of PD subtypes over time. Despite these challenges, 
the ongoing development of imaging techniques that reflect in-vivo pathology holds prom-
ise for resolving these controversies and advancing the selection of patients for disease-modi-
fying therapies.
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INTRODUCTION

It’s been over 200 years since James Parkinson published a paper titled “Shaking Palsy.”1,2 
While the first 100 years leading up to the discovery of Lewy bodies were marked by little 
change, the next 100 years have seen remarkable progress.3 Various medications, includ-
ing levodopa, dopa agonists, Monoamine Oxidase B (MAO-B) inhibitors, Catechol-O-Meth-
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yltransferase (COMT) inhibitors, amantadine, anticholin-
ergics, etc., have been developed and used to treat the 
symptoms of the disease, and new techniques, such as deep 
brain stimulation and levodopa-carbidopa intestinal gel, 
for advanced cases, have been developed and used. There 
have also been remarkable advances in diagnosis, including 
the development of dopamine transporter (DAT) imaging 
and magnetic resonance imaging techniques that can re-
flect levodopa-responsive parkinsonism, a core feature of                                                                                                                        
Parkinson’s disease (PD).4-7

On the other hand, research into the cause of the disease 
has been slower to develop.3 Although the discovery of the 
SNCA gene and various experimental and clinical studies 
have shown that alpha-synuclein (AS) is essential in the 
pathogenesis of the disease, it is difficult to explain the cause 
easily because various other pathogenic mechanisms are 
involved.8 This is a major hurdle in discovering disease-mod-
ifying therapies (DMTs). This is because most drugs target 
only one or two problems in the pathogenesis, so tempo-
rarily blocking one is unlikely to stop the progression of the 
disease. Nonetheless, it is hoped that recent advances like 
seeding amplification assays in detecting AS in biofluids 
and tissues of PD patients and recent successes in treating 
Alzheimer’s disease will lead to therapies that address the 
disease progression itself.9-11

PD is known to have a long prodromal period.12 In particu-
lar, non-motor symptoms appear as early as a few years and 
as long as 15 to 20 years before motor symptoms become 
evident. This is also related to the pathologic location of 
AS, which is believed to cause the disease.13 For example, 
lesions of vagal nucleus in the medulla oblongata is known 
to be related to constipation in the prodromal phase. Also, 
lesions lower raphe nucleus and locus coeruleus in the 
pons could result in depression and rapid eye movement 
sleep behavior disorder (RBD), respectively. Based on these 
findings, efforts are being made to find earlier and earlier 
stages.12 This is necessary for the early application of DMTs, 
which are expected to be developed in the near future, even 
if there is no immediate method. This review will discuss re-
lated studies centered on the body-first and brain-first theo-
ry, which are based on recent studies regarding the starting 
point of pathological changes in PD.

PARKINSON’s DISEASE AND GUT

The gut is very important in PD. First of all, symptoms related 
to the gastrointestinal (GI) tract are common in PD. Drooling, 
although associated with decreased swallowing, has been 
reported in 10% to 81% of PD patients.14 More importantly, 
gastroparesis is reported to have a prevalence of 70-100% in 
the majority of PD patients. Constipation, a lower GI symp-
tom, is just as common as gastroparesis, occurring in 80-90%  
of PD patients. Although constipation is nonspecific, it is 
considered an essential prodromal non-motor symptom be-
cause it precedes motor symptoms.12

How do these GI symptoms affect PD patients? Basically, 
they limit their food intake. Indigestion is expected due to 
slow bowel movements. To make matters worse, antipar-
kinsonian medications with dopaminergic property make 
bowel movements slower.15 The converted dopamine 
from levodopa also stimulates the chemoreceptor trigger 
zone.16,17 Thus, vomiting is common with medications. In ad-
dition, slow bowel movement interferes with the absorption 
of levodopa, making it difficult to see its effectiveness.18 This 
is especially common in advanced PD, where the drug does 
not reach the jejunum quickly enough to be absorbed and 
is lost in the middle, causing delayed or partial ON state.19-21

In PD, the gut doesn’t just affect quality of life or motor 
fluctuations but also provides clues to the pathogenesis 
of the disease. The synucleinopathy in the GI tract of PD 
patients was reported in 1980s.22,23 Later, Braak et al.24 re-
ported again that synuclein pathologies were deposited in 
the submucosal plexus and myenteric plexus in PD patients, 
suggesting they may be transported to the central nervous 
system via the vagus nerve.

FROM GUT TO BRAIN

For the hypothesis that synucleinopathy originates in the 
gut and is transported to the brain to be proven,24 several 
supportive pieces of evidence are needed. First, synucleinop-
athy should be more evident in the GI tract of PD patients 
compared to non-Parkinson’s controls. Most studies since 
Braak et al.24 report have shown GI pathology in people with 
PD.25 In addition, the vagus nerve should be able to act as 
a conduit for AS delivery. This has already been shown in  
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animal studies.26,27 When AS preformed fibrils and pa-
tient-derived AS aggregates were injected into the GI tract 
and delivered to the brain via the vagus nerve. Finally, it 
should be demonstrated that cutting the vagus nerve does 
not transmit pathologic changes. Animal studies have 
shown that vagotomy after GI infusion of pathologic AS 
does not result in exogenous AS-induced pathologic chang-
es in the brain,28 and clinical studies that have followed vag-
otomy patients for years have shown a lower incidence of 
PD in the group that underwent truncal vagotomy.29,30

BRAIN-FIRST VERSUS BODY-FIRST

RBD is the prodromal symptom with the highest relative risk 
of developing PD among all prodromal symptoms.12 There-
fore, finding which body areas are involved in patients with 
RBD without clinical parkinsonism may help to understand 
the progression pattern of the disease. One study compared 
DAT scans and metaiodobenzylguanidine (MIBG) myocardial 
scintigraphy in patients with RBD and autonomic dysfunc-
tion.31 Of the 18 patients in the study, 56% (10 patients) had 
positive DAT scans, while 94% (17 patients) had positive 
MIBG myocardial scintigraphy. The anatomical location sug-
gests that the heart’s autonomic nerves were already affect-
ed before the dopamine cell’s death in the substantia nigra, 
which is responsible for motor symptoms, suggesting that 
the pathology may have started in the body and progressed 
to the brain.

What about PD patients without RBD? Given the spread-
ing property of AS pathologic changes, PD patients without 
RBD may have a different starting point of pathology than 
those with RBD. Some studies have performed MIBG myo-
cardial scans and donepezil positron emission tomography/
computed tomography (PET/CT) in idiopathic RBD subjects, 
PD patients with RBD, and PD patients without RBD to 
confirm this.32,33 As expected, MIBG myocardial scans were 
abnormal in most patients with RBD, regardless of PD status, 
and relatively normal in PD patients without RBD. Donepezil 
PET/CT, which reflects bowel autonomic function related to 
motility, showed a similar pattern to the MIBG myocardial 
scan results. Eventually, the presence of RBD is deeply cor-
related with the autonomic nervous system involvement of 
the body.

ALPHA-SYNUCLEIN ORIGIN SITE AND 
CONNECTOME (SOC) MODEL

The brain-first versus body-first proposal advances to the 
SOC model.32,34 The idea is that there is one location where 
AS pathology initially begins and that the pathological 
changes spread through the connectome to vulnerable 
parts of the nervous system. Thus, if the pathology originates 
in the brain, it would be a brain-first subtype (the olfactory 
bulb [OB] or amygdala would be the primary starting point 
within the brain) (Fig. 1). On the other hand, if the pathology 
originates in the body, it is thought that the most likely ori-
gin is the enteric nervous system and affects the heart and 
brainstem via the peripheral autonomic nervous system. The 

Fig. 1. The schematic concept of the brain-first versus body-first hy-
pothesis. In this hypothesis, if the pathology originates in the brain, it is 
a brain-first subtype (blue arrow). On the other hand, if the pathology 
originates in the body (most likely in the enteric nervous system) and 
affects the heart and brainstem via the peripheral autonomic nervous 
system, it is a body-first subtype (red arrow).
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latter case is the type that is well represented in Braak’s stag-
ing.35 

Since the authors assume that the pathological changes 
occur in a single location, they can think of brain-first PD as 
spreading along the ipsilateral connectome from a single 
location.34 This helps explain the asymmetry of symptoms 
and DAT scans in the brain-first type. In contrast, body-first 
PD starts in the enteric system, so by the time it affects the 
brainstem via the vagus nerve, it already has a symmetric 
distribution. Therefore, it is predictable that the DAT scan 
abnormalities and clinical symptoms will be more symmet-
ric. They also found that the two types showed different 
patterns in the distribution of pathology: the amygdala-pre-
dominant type almost always involved the OB, with less 
involvement of the medulla or pons.34-37 In contrast, the 
brainstem-predominant type had very little involvement in 
the OB.

Clinically, the SOC model can explain a lot. In body-first PD, 
non-motor symptoms such as RBD, depression, autonomic 
dysfunction, and constipation are common in the prodro-
mal phase, and the high symmetry of motor symptoms can 
be well explained. On the other hand, in the brain-first type, 
prodromal symptoms are rarely found, and the asymmetry 
of motor symptoms can be well understood.

CONTROVERSY ON THE SOC MODEL

However, not everything about this model is well accept-
able. Many clinical studies in PD have shown that RBD, 
autonomic dysfunction, hyposmia, rapid progression, faster 
cognitive impairment, and faster disease progression are 
linked.38-40 In the SOC model, RBD and early autonomic 
dysfunction are the main symptoms of body-first PD. So, the 
authors of the SOC model also grouped them together as 
symptoms of the body-first type.34 

However, this raises a few questions. First, in the body-first 
type of pathology, the OB is not often found to have pathol-
ogy, but rather, the degree of hyposmia is more severe.34 
The authors explain that hyposmia is a kind of sensation 
that patients feel, and what affects olfaction is not only the 
OB but also the olfactory cortex and memory that process 
it. They also speculate that hyposmia is less likely to occur in 
brain-first PD because OB involvement is more often unilat-

erally involved in this type. However, evidence is still lacking 
on this point. It should also be noted that hyposmia is a 
relatively early symptom,41 so it is difficult to imagine that 
cortical involvement would influence more body-first PD.  

The second issue is that cognitive decline is faster in the 
body-first type. This is also unexpected because it seems 
that a disease that starts in the brain should progress faster, 
but it does not.34 The authors explain that in the case of 
body-first PD, the overall AS burden has already accumu-
lated in the cortex as the disease progresses slowly over a 
long period. In other words, even if motor symptoms have 
appeared just before, different brain areas already have been 
involved to some extent in body-first PD. The brain-first type, 
on the other hand, starts in the amygdala or OB on one side 
of the brain and is predominantly symptomatic on that side, 
and the disease must be quite advanced before it moves to 
the other side. However, even in this case, there seems to be 
a disadvantage in that it is difficult to explain the lack of se-
vere dementia symptoms when the disease spreads heavily 
on one side and the reason for the slow progression to the 
contralateral side within the brain.42 

The third point is the tendency to dichotomize clinical 
symptoms overly. For instance, while asymmetry may ap-
pear more frequently in young-onset Parkinson’s disease, it 
is still present in 92.3% of older patients.43 Therefore, asym-
metry cannot be considered a hallmark feature of young-on-
set PD. As a result, linking asymmetry to other characteristics 
of young-onset PD, such as slower progression or genetic 
predisposition, presents significant challenges. Some studies 
showed that asymmetry is not associated with prognosis.44 
Further studies are necessary to support a clinical association 
between asymmetry and the other clinical features of the 
brain-first type. 

Also, exceptions have been observed in which patients 
with RBD do not exhibit evidence of body involvement on 
MIBG scans. These findings could stem from the limitations 
of current imaging techniques in detecting mild neurode-
generation by synucleinopathies. Moreover, cut-off values 
have not yet been established across diverse age ranges or 
ethnic groups due to the limited data available on MIBG or 
DAT imaging.

Fearon et al.45 expressed concerns that this model might 
artificially dichotomize the PD clinical type based on the 
phenomenon observed in the bidirectional extension of AS 
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in animal models. They pointed out that the assumption 
that the pathology originates from a single point and is 
propagated through neural connections could not reflect 
the heterogeneity of PD.34 For example, they noted that RBD 
is a symptom caused by the involvement of the pons, and it 
is difficult to explain this given the various studies showing 
that extensive parts of the brain and brainstem are already 
affected by that time. Additionally, they highlighted that the 
average age of onset in body-first PD is about 10 years older 
than in brain-first PD, suggesting that the comparison is un-
fair. Moreover, since there is no longitudinal data, they raised 
the possibility that classification might change over time, 
similar to how the tremor-dominant type might be reclassi-
fied as the akinetic-rigid type. The fact that most PD patients 
have copathologies also supports the notion that a single 
consistent pattern of AS transmission may not fully explain 
the disease.46,47 

CONCLUSION 

PD is a unique condition. This is because dopaminergic 
cell degeneration is clearly visible on a DAT scan, and this 
degeneration is closely associated with a pronounced re-
sponse to medication. However, aside from this, the other 
symptoms vary greatly from person to person. While many 
patients experience prodromal phase symptoms such as 
RBD, constipation, and depression, there are also many 
who do not. Neurologically, symptoms reflect localization, 
so the location of the lesion can be predicted based on the 
symptoms. However, it is difficult to determine when these 
changes began. Although there is some overlap between 
the initiation of pathological changes, functional problems, 
and cell death, these events do not necessarily coincide.

The intriguing proposal of brain-first versus body-first PD 
has emerged through the integration of previously known 
pathological findings, newly acquired knowledge from 
advances in functional imaging, and the clustering of clin-
ical symptoms.32-34 While this proposal warrants repeated 
studies including longitudinal observations and continued 
discussion, it must also be reviewed critically and objective-
ly. Hopefully, with the future development of more precise 
imaging and other biomarker techniques that reflect in-vivo 
pathology, this controversy can be resolved, leading to 

significant discoveries that will aid in selecting patients for 
DMTs.

Conflict of Interest
The author has declared no conflicts of interest.

Funding
None.

References

1.	 Lewis PA. James parkinson: the man behind the shaking palsy. J 

Parkinsons Dis 2012;2:181-187.

2.	 Chaudhuri KR, Jenner P. Two hundred years since James Par-

kinson’s essay on the shaking palsy-Have we made progress? 

Insights from the James Parkinson’s 200 years course held in 

London, March 2017. Mov Disord 2017;32:1311-1315.

3.	 Del Rey NL, Quiroga-Varela A, Garbayo E, Carballo-Carbajal I, 

Fernández-Santiago R, Monje MHG, et al. Advances in Parkinson’s 

disease: 200 years later. Front Neuroanat 2018;12:113.

4.	 Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, 

et al. MDS clinical diagnostic criteria for Parkinson’s disease. Mov 

Disord 2015;30:1591-1601.

5.	 de la Fuente-Fernández R. Role of DaTSCAN and clinical diagno-

sis in Parkinson disease. Neurology 2012;78:696-701.

6.	 Mahlknecht P, Krismer F, Poewe W, Seppi K. Meta-analysis of dor-

solateral nigral hyperintensity on magnetic resonance imaging 

as a marker for Parkinson’s disease. Mov Disord 2017;32:619-623.

7.	 Kim PH, Lee DH, Suh CH, Kim M, Shim WH, Kim SJ. Diagnostic 

performance of loss of nigral hyperintensity on susceptibili-

ty-weighted imaging in parkinsonism: an updated meta-analysis. 

Eur Radiol 2021;31:6342-6352.

8.	 Hasegawa T, Sugeno N, Kikuchi A, Baba T, Aoki M. Membrane 

trafficking illuminates a path to Parkinson’s disease. Tohoku J Exp 

Med 2017;242:63-76.

9.	 Espay AJ, Kepp KP, Herrup K. Lecanemab and donanemab as 

therapies for Alzheimer’s disease: an illustrated perspective on 

the data. eNeuro 2024;11:ENEURO.0319-23.2024.

10.	 Painous C, Fernández M, Pérez J, de Mena L, Cámara A, Compta 

Y. Fluid and tissue biomarkers in Parkinson’s disease: immunode-

tection or seed amplification? Central or peripheral? Parkinson-

ism Relat Disord 2024;121:105968.

11.	 Yoo D, Bang JI, Ahn C, Nyaga VN, Kim YE, Kang MJ, et al. Diagnos-



44 http://www.e-acn.org https://doi.org/10.14253/acn.24008

  Annals of Clinical Neurophysiology Volume 26, Number 2, October 2024

tic value of α-synuclein seeding amplification assays in α-synu-

cleinopathies: a systematic review and meta-analysis. Parkinson-

ism Relat Disord 2022;104:99-109.

12.	 Postuma RB, Berg D. Advances in markers of prodromal Parkin-

son disease. Nat Rev Neurol 2016;12:622-634.

13.	 Oliveira MAP, Balling R, Smidt MP, Fleming RMT. Embryonic devel-

opment of selectively vulnerable neurons in Parkinson’s disease. 

NPJ Parkinsons Dis 2017;3:21.

14.	 Fasano A, Visanji NP, Liu LW, Lang AE, Pfeiffer RF. Gastrointestinal 

dysfunction in Parkinson’s disease. Lancet Neurol 2015;14:625-

639.

15.	 Palma JA, Kaufmann H. Treatment of autonomic dysfunction 

in Parkinson disease and other synucleinopathies. Mov Disord 

2018;33:372-390.

16.	 Connolly BS, Lang AE. Pharmacological treatment of Parkinson 

disease: a review. JAMA 2014;311:1670-1683.

17.	 Morris JG. A review of some aspects of the pharmacology of 

levodopa. Clin Exp Neurol 1978;15:24-50.

18.	 Poewe W, Antonini A, Zijlmans JC, Burkhard PR, Vingerhoets F. 

Levodopa in the treatment of Parkinson’s disease: an old drug 

still going strong. Clin Interv Aging 2010;5:229-238.

19.	 Chou KL, Stacy M, Simuni T, Miyasaki J, Oertel WH, Sethi K, et 

al. The spectrum of “off” in Parkinson’s disease: what have we 

learned over 40 years? Parkinsonism Relat Disord 2018;51:9-16.

20.	 Adler CH. Relevance of motor complications in Parkinson’s dis-

ease. Neurology 2002;58:S51-S56.

21.	 Reimer J, Grabowski M, Lindvall O, Hagell P. Use and interpreta-

tion of on/off diaries in Parkinson’s disease. J Neurol Neurosurg 

Psychiatry 2004;75:396-400.

22.	 Qualman SJ, Haupt HM, Yang P, Hamilton SR. Esophageal Lewy 

bodies associated with ganglion cell loss in achalasia. Similarity 

to Parkinson’s disease. Gastroenterology 1984;87:848-856.

23.	 Wakabayashi K, Takahashi H, Ohama E, Ikuta F. Parkinson’s dis-

ease: an immunohistochemical study of Lewy body-contain-

ing neurons in the enteric nervous system. Acta Neuropathol 

1990;79:581-583.

24.	 Braak H, de Vos RA, Bohl J, Del Tredici K. Gastric alpha-synuclein 

immunoreactive inclusions in Meissner’s and Auerbach’s plexus-

es in cases staged for Parkinson’s disease-related brain patholo-

gy. Neurosci Lett 2006;396:67-72.

25.	 Chiang HL, Lin CH. Altered gut microbiome and intestinal pa-

thology in Parkinson’s disease. J Mov Disord 2019;12:67-83.

26.	 Arotcarena ML, Dovero S, Prigent A, Bourdenx M, Camus S, 

Porras G, et al. Bidirectional gut-to-brain and brain-to-gut 

propagation of synucleinopathy in non-human primates. Brain 

2020;143:1462-1475.

27.	 Uemura N, Yagi H, Uemura MT, Hatanaka Y, Yamakado H, Taka-

hashi R. Inoculation of α-synuclein preformed fibrils into the 

mouse gastrointestinal tract induces Lewy body-like aggre-

gates in the brainstem via the vagus nerve. Mol Neurodegener 

2018;13:21.

28.	 Kim S, Kwon SH, Kam TI, Panicker N, Karuppagounder SS, Lee 

S, et al. Transneuronal propagation of pathologic α-synuclein 

from the gut to the brain models Parkinson’s disease. Neuron 

2019;103:627-641.e7.

29.	 Liu B, Fang F, Pedersen NL, Tillander A, Ludvigsson JF, Ekbom A, 

et al. Vagotomy and Parkinson disease: a Swedish register-based 

matched-cohort study. Neurology 2017;88:1996-2002.

30.	 Svensson E, Horváth-Puhó E, Thomsen RW, Djurhuus JC, Ped-

ersen L, Borghammer P, et al. Vagotomy and subsequent risk of 

Parkinson’s disease. Ann Neurol 2015;78:522-529.

31.	 Sakakibara R, Tateno F, Kishi M, Tsuyusaki Y, Terada H, Inaoka T. 

MIBG myocardial scintigraphy in pre-motor Parkinson’s disease: a 

review. Parkinsonism Relat Disord 2014;20:267-273.

32.	 Borghammer P, Van Den Berge N. Brain-first versus gut-first Par-

kinson’s disease: a hypothesis. J Parkinsons Dis 2019;9:S281-S295.

33.	 Horsager J, Andersen KB, Knudsen K, Skjærbæk C, Fedorova TD, 

Okkels N, et al. Brain-first versus body-first Parkinson’s disease: a 

multimodal imaging case-control study. Brain 2020;143:3077-

3088.

34.	 Borghammer P. The α-synuclein origin and connectome model 

(SOC Model) of Parkinson’s disease: explaining motor asymme-

try, non-motor phenotypes, and cognitive decline. J Parkinsons 

Dis 2021;11:455-474.

35.	 Braak H, Del Tredici K, Rüb U, de Vos RA, Jansen Steur EN, Braak 

E. Staging of brain pathology related to sporadic Parkinson’s dis-

ease. Neurobiol Aging 2003;24:197-211.

36.	 Raunio A, Kaivola K, Tuimala J, Kero M, Oinas M, Polvikoski T, et al. 

Lewy-related pathology exhibits two anatomically and geneti-

cally distinct progression patterns: a population-based study of 

Finns aged 85. Acta Neuropathol 2019;138:771-782.

37.	 Tanei ZI, Saito Y, Ito S, Matsubara T, Motoda A, Yamazaki M, et al. 

Lewy pathology of the esophagus correlates with the progres-

sion of Lewy body disease: a Japanese cohort study of autopsy 

cases. Acta Neuropathol 2021;141:25-37.

38.	 Di Folco C, Couronné R, Arnulf I, Mangone G, Leu-Semenescu 

S, Dodet P, et al. Charting disease trajectories from Iiolated REM 

sleep behavior disorder to Parkinson’s disease. Mov Disord 



45http://www.e-acn.org https://doi.org/10.14253/acn.24008

Woong-Woo Lee. Brain-first and body-first hypothesis

2024;39:64-75.

39.	 Chen Y, Xu Q, Wu L, Zhou M, Lin Y, Jiang Y, et al. REM sleep be-

havior disorder correlates with constipation in de novo Chinese 

Parkinson’s disease patients. Neurol Sci 2023;44:191-197.

40.	 Cicero CE, Luca A, Mostile G, Donzuso G, Giuliano L, Zappia 

M, et al. Influence of RBD onset on the clinical characteristics 

of Parkinson’s disease patients: a retrospective study. J Neurol 

2023;270:3171-3178.

41.	 Bloem BR, Okun MS, Klein C. Parkinson’s disease. Lancet 2021; 

397:2284-2303.

42.	 Okuzumi A, Kurosawa M, Hatano T, Takanashi M, Nojiri S, Fukuha-

ra T, et al. Rapid dissemination of alpha-synuclein seeds through 

neural circuits in an in-vivo prion-like seeding experiment. Acta 

Neuropathol Commun 2018;6:96.

43.	 Pagano G, Ferrara N, Brooks DJ, Pavese N. Age at onset and Par-

kinson disease phenotype. Neurology 2016;86:1400-1407.

44.	 Cotogni M, Sacchi L, Sadikov A, Georgiev D. Asymmetry at dis-

ease onset is not a predictor of Parkinson’s disease progression. J 

Parkinsons Dis 2021;11:1689-1694.

45.	 Fearon C, Lang AE, Espay AJ. The logic and pitfalls of Parkinson’s 

disease as “brain-first” versus “body-first” subtypes. Mov Disord 

2021;36:594-598.

46.	 Buchman AS, Yu L, Wilson RS, Leurgans SE, Nag S, Shulman 

JM, et al. Progressive parkinsonism in older adults is related to 

the burden of mixed brain pathologies. Neurology 2019;92: 

e1821-e1830.

47.	 Robinson JL, Lee EB, Xie SX, Rennert L, Suh E, Bredenberg C, 

et al. Neurodegenerative disease concomitant proteinopa-

thies are prevalent, age-related and APOE4-associated. Brain 

2018;141:2181-2193.


