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Publication about non-motor symptoms of 
Parkinson’s disease (PD) began to expand 
around 20 years ago. While clinicians had 
always been aware of them, the increased level 
of interest helped to focus attention on some 
limitations of dopaminergic therapy, and 
on unmet needs in patient management. At 
about the same time, alpha-synuclein immu-
nohistochemistry became available, greatly 
increasing knowledge about the Lewy cellular 
pathology that causes PD. The idea that 
certain non-motor symptoms could anticipate 
the motor deficit of PD is closely connected 
with the research of Braak and colleagues on 
the pathological progression of PD. Postu-
lating that the alpha-synucleinopathy of PD 
represents a pathological continuum and 
that the laws which govern its progression 
can be determined,1 they conceived a hier-
archical, caudal to rostral six-stage scheme.2 
The earliest Braak stages involve the lower 
brainstem and anterior olfactory nucleus. 
The substantia nigra is not affected until 
Stage 3. Stage 6, with widespread neocor-
tical Lewy body degeneration, is the patho-
logical endpoint. The Braak model accords 
with observations that non-motor symptoms 
such as hyposmia, autonomic impairment 
and rapid eye movement sleep behaviour 
disorder (RBD) precede motor symptoms in 
some patients,3 and that cognitive decline is 
usually an advanced PD feature.4 5 There are 
exceptions to the Braak staging, and other 
researchers have proposed grading systems 
to increase the proportion of autopsy cases 
satisfactorily classified.6 But overall, the 
caudal–rostral model of progression of Lewy 
pathology in PD has held up well. The predic-
tive power of non-motor symptoms for devel-
opment of PD may turn out to be important 
in developing disease-modifying treatments 
by extending the time window for clinical 
trials.

The article by Flores-Torres and co-authors7 
draws on a large prospective study of Mexican 
male health professionals to identify subgroups 

with prodromal non-motor features of RBD, 
constipation and hyposmia. While much of 
the research was conducted remotely, partic-
ipants self-administered a test of olfaction, 
and a sleep questionnaire tool shown to be 
specific and sensitive for RBD was employed. 
Assessments of cognition, both subjective and 
objective, were then conducted by telephone 
interview. Participants with prodromal non-
motor features had worse cognitive function 
and more cognitive symptoms than those 
with none. The effects were generally greater 
when all three features were present. The 
influence of multiple prodromal features was 
particularly strong on subjective cognition. 
While the small group who had converted to 
clinical PD had greater cognitive deficits than 
those with maximum prodromal features 
only, this trend was actually reversed for 
objective memory scores. The paper broadly 
replicates other population-based studies.8–10 
Its relative strengths are the analysis of the 
influence of prodromal features, individu-
ally and in combination, and in the range of 
cognitive assessments employed.

The finding that the three non-motor 
prodromal features point to evidence for 
significant cerebral cortical pathology in 
the absence of parkinsonism seems at odds 
with a caudal–rostral scheme of progression 
of Lewy pathology. The clinicopathological 
correlations of cognition in PD are, however, 
more complicated. While neocortical Lewy 
pathology is present in PD dementia, so is 
Alzheimer’s pathology (amyloid-beta and tau 
proteins).11 The association of hyposmia with 
cognitive impairment is seen in PD, but also 
in early Alzheimer12 and diffuse Lewy body 
diseases.13 Diffuse Lewy body disease appears 
to result from a limbic-predominant pattern 
of Lewy pathology that initially bypasses the 
brainstem.14 RBD, which is less common than 
hyposmia, has more specific associations with 
neurodegeneration. Its clinical localisation 
is to brainstem centres that regulate sleep, 
and its strong pathological correspondence 
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is with alpha-synuclein deposition.15 Pathological studies 
in established PD provide some clarification. In the 
presence of RBD, parkinsonian patients have increased 
amounts of Lewy pathology in all areas, not just the brain-
stem.16 It is possible that identification of individuals with 
multiple prodromal non-motor features selects more 
for overall burden than for topography of underlying 
pathology. Another aspect of the Flores-Torres et al paper 
relates to the question of pathological burden—the age 
of the participants. The average age in this study was 
almost 80 years, so the assumption that many participants 
have prodromal PD implies an age of onset roughly two 
decades older than usual. Age rather than disease dura-
tion correlates best with cognitive decline, and older 
patients have a shorter interval of PD before dementia.17 
They tend to have higher degrees of both alpha-synuclein 
and Alzheimer’s pathologies.18 19

This research highlights the fact that there is more to 
be learnt about relationships between the prodromal and 
advanced clinical features of PD. While cognitive decline 
is usually associated with the later stages of the disorder, 
the authors argue that detection of early cognitive deficits 
may increase the predictive power of the other non-motor 
features for development of PD. This could facilitate 
the evaluation of putative neuroprotective agents in the 
premotor phase of PD. The findings of Flores-Torres et al 
also suggest that, to a greater degree than has been appre-
ciated, these ‘prodromal’ clinical features also have prog-
nostic significance for cognitive decline and progression 
to the advanced PD state. This impression needs further 
exploration in population-based studies across younger 
age groups.

Contributors  I am the sole author.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Commissioned; internally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

REFERENCES
	 1	 Braak H, Bohl JR, Müller CM, et al. Stanley Fahn Lecture 2005: 

the staging procedure for the inclusion body pathology associated 
with sporadic Parkinson's disease reconsidered. Mov Disord 
2006;21:2042–51.

	 2	 Braak H, Del Tredici K, Rüb U, et al. Staging of brain pathology 
related to sporadic Parkinson's disease. Neurobiol Aging 
2003;24:197–211.

	 3	 Berg D, Postuma RB, Adler CH, et al. MDS research criteria for 
prodromal Parkinson's disease. Mov Disord 2015;30:1600–11.

	 4	 Hely MA, Reid WGJ, Adena MA, et al. The Sydney multicenter study 
of Parkinson's disease: the inevitability of dementia at 20 years. Mov 
Disord 2008;23:837–44.

	 5	 Aarsland D, Andersen K, Larsen JP, et al. Prevalence and 
characteristics of dementia in Parkinson disease: an 8-year 
prospective study. Arch Neurol 2003;60:387–92.

	 6	 Coughlin DG, Petrovitch H, White LR, et al. Most cases with 
Lewy pathology in a population-based cohort adhere to the 
Braak progression pattern but 'failure to fit' is highly dependent 
on staging system applied. Parkinsonism Relat Disord 
2019;64:124–31.

	 7	 Flores-Torres MH, Hughes KC, Molsberry S. Cognitive function in 
men with non-motor features of Parkinson's disease. BMJ Neurol 
Open 2021. doi:10.113/bmjno-2020-000112

	 8	 Bougea A, Maraki MI, Yannakoulia M, et al. Higher probability 
of prodromal Parkinson disease is related to lower cognitive 
performance. Neurology 2019;92:e2261–72.

	 9	 Pausch C, Schomburg R, Wagenpfeil S, et al. Neuropsychological 
impairment in prodromal Parkinson's disease. J Neurol Sci 
2016;371:117–20.

	10	 Darweesh SKL, Verlinden VJA, Stricker BH, et al. Trajectories 
of prediagnostic functioning in Parkinson's disease. Brain 
2017;140:429–41.

	11	 Irwin DJ, Lee VM-Y, Trojanowski JQ. Parkinson's disease dementia: 
convergence of α-synuclein, tau and amyloid-β pathologies. Nat Rev 
Neurosci 2013;14:626–36.

	12	 Roberts RO, Christianson TJH, Kremers WK, et al. Association 
between olfactory dysfunction and amnestic mild cognitive 
impairment and Alzheimer disease dementia. JAMA Neurol 
2016;73:93–101.

	13	 McShane RH, Nagy Z, Esiri MM, et al. Anosmia in dementia is 
associated with Lewy bodies rather than Alzheimer's pathology. J 
Neurol Neurosurg Psychiatry 2001;70:739–43.

	14	 Beach TG, Adler CH, Lue L, et al. Unified staging system for 
Lewy body disorders: correlation with nigrostriatal degeneration, 
cognitive impairment and motor dysfunction. Acta Neuropathol 
2009;117:613–34.

	15	 Postuma RB, Gagnon J-F, Bertrand J-A, et al. Parkinson risk in 
idiopathic REM sleep behavior disorder. Neurology 2015;84:1104–13.

	16	 Postuma RB, Adler CH, Dugger BN, et al. REM sleep behavior 
disorder and neuropathology in Parkinson's disease. Mov Disord 
2015;30:1413–7.

	17	 Kempster PA, O'Sullivan SS, Holton JL, et al. Relationships 
between age and late progression of Parkinson's disease: a clinico-
pathological study. Brain 2010;133:1755–62.

	18	 Halliday G, Hely M, Reid W, et al. The progression of pathology 
in longitudinally followed patients with Parkinson's disease. Acta 
Neuropathol 2008;115:409–15.

	19	 Compta Y, Parkkinen L, O'Sullivan SS, et al. Lewy- and Alzheimer-
type pathologies in Parkinson's disease dementia: which is more 
important? Brain 2011;134:1493–505.

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://neurologyopen.bm

j.com
/

B
M

J N
eurol O

pen: first published as 10.1136/bm
jno-2021-000168 on 21 June 2021. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1002/mds.21065
http://dx.doi.org/10.1016/S0197-4580(02)00065-9
http://dx.doi.org/10.1002/mds.26431
http://dx.doi.org/10.1002/mds.21956
http://dx.doi.org/10.1002/mds.21956
http://dx.doi.org/10.1001/archneur.60.3.387
http://dx.doi.org/10.1016/j.parkreldis.2019.03.023
http://dx.doi.org/10.113/bmjno-2020-000112
http://dx.doi.org/10.113/bmjno-2020-000112
http://dx.doi.org/10.1212/WNL.0000000000007453
http://dx.doi.org/10.1016/j.jns.2016.10.007
http://dx.doi.org/10.1093/brain/aww291
http://dx.doi.org/10.1038/nrn3549
http://dx.doi.org/10.1038/nrn3549
http://dx.doi.org/10.1001/jamaneurol.2015.2952
http://dx.doi.org/10.1136/jnnp.70.6.739
http://dx.doi.org/10.1136/jnnp.70.6.739
http://dx.doi.org/10.1007/s00401-009-0538-8
http://dx.doi.org/10.1212/WNL.0000000000001364
http://dx.doi.org/10.1002/mds.26347
http://dx.doi.org/10.1093/brain/awq059
http://dx.doi.org/10.1007/s00401-008-0344-8
http://dx.doi.org/10.1007/s00401-008-0344-8
http://dx.doi.org/10.1093/brain/awr031
http://neurologyopen.bmj.com/

	Prodromal and advanced non-­motor features of Parkinson’s disease
	References


