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Abstract:

Background: Loss of smell commonly predates the diagnosis of Parkinson’s disease (PD).
However, smell loss has multiple causes, and the relationship between idiopathic anosmia (1A)
and PD remains incompletely understood.

Obijectives: To assess the presence of prodromal features of PD in individuals with 1A and to

examine the relationship between anosmia duration and prodromal features.

Methods: Within the PREDICT-PD study, patients with 1A investigated at specialist smell
clinics were compared with healthy controls at low risk of PD (HC) and patients with PD. In-
person assessments included MDS-UPDRS I-I11, functional motor tasks, cognitive tasks,
autonomic symptoms, orthostatic hypotension, pain, sleep and mood. We compared these
features and PD risk according to the PREDICT-PD algorithm between the groups and
examined the relationship between the duration of anosmia and severity of prodromal features

using linear regression models.

Results: We recruited 42 1A, 28 HC and 22 PD participants, matched for age and gender.
Overall motor scores were not different between 1A and HC. 1A had worse cognition, sleep,
pain, depressive and some symptoms of dysautonomia than HC, with trends towards worse
anxiety scores and higher PD risk scores. Shorter duration of anosmia was negatively correlated
with MDS-UPDRS 11 scores but no other prodromal feature.

Conclusions: Some individuals with 1A exhibit non-motor features suggestive of prodromal
PD. This supports the known association of olfactory dysfunction with subsequent PD but
suggests that, even after excluding secondary causes of anosmia, other conditions may underlie

anosmia or smell loss may be temporally remote from PD.
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Introduction

The link between olfactory dysfunction and Parkinson’s (PD) was established nearly 50 years
ago.! However, hyposmia is common in the general ageing population: 12.4% of older adults
in the US reported reduced smell and 22% had objective olfactory dysfunction.? Typically,
clinical history, examination and further investigations reveal the underlying cause of
hyposmia. Idiopathic anosmia (IA) is diagnosed when acquired smell loss has no clear
precipitant (like sinonasal infection or trauma) and is not linked to systemic disease.> In an
audit of diagnoses from a UK smell clinic with over 400 patients, chronic rhinosinusitis was
most commonly diagnosed (40%), with idiopathic and post-viral dysfunction also common
(30% and 17% respectively).®

Hyposmia is present in around 70% of PD patients at diagnosis, and up to 90% during the
disease course.”® In the Honolulu-Asia Ageing Study, 2,267 neurologically healthy elderly
men were smell tested at baseline and followed for 8 years. There was a five-fold increased
risk of PD conversion in the bottom olfaction quartile compared to normosmic participants in
the first 4 years, but this association was lost after that.® Three large population-based
prodromal PD studies have also used olfactory dysfunction as a risk marker: the Tibingen
Evaluation of Risk Factors for Early Detection of Neurodegeneration (TREND) study,®
Prospective Validation of Risk Factors for the Development of Parkinson Syndromes
(PRIPS)!! and Parkinson At Risk Study (PARS).'? The largest, PARS, used postal smell testing
to invite participants for clinical follow-up. Minimal ascertainment of the cause of smell loss
meant common causes were not rigorously excluded. Hyposmia is included as a risk marker in
the International Parkinson’s Disease and Movement Disorders Society (MDS) research
criteria for prodromal PD diagnosis,*** and forms part of the ‘prodromal’ recruitment drive

for the Parkinson’s Progression Markers Initiative (PPMI).%

Both PPMI and PARS identified associations between olfactory loss and a-Synuclein seed
aggregation assay (a-syn SAA) positivity.!>!® PARS reported o-syn SAA positivity in 48%
(34/71) of hyposmic participants, compared to 4% (1/25) of normosmic individuals, while
PPMI detected a-syn in 88% (16/18) of their hyposmic group. A subsequent clinic-based study
further demonstrated co-occurrence of SAA positivity with both IA and prodromal Lewy body
features.!” These associations suggest anosmia may not just be a clinical feature of PD, but the
result of early synuclein disease processes. The use of a-Synuclein as a biomarker supports the

biological definition of PD as a synucleinopathy and may aid disease-staging efforts.'® It may
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also aid IA patient stratification before motor symptoms occur, and account for the

heterogeneity seen in this group.

Based on an assumption that systemic, genetic, iatrogenic and other causes of anosmia are
unlikely to be PD related, we assessed the relationship between idiopathic anosmia and PD
risk. We recruited patients with total or functional anosmia, assessed in specialist ENT-led
smell clinics, to the PREDICT-PD study. This is a UK-based longitudinal study of older adults,
remotely assessing known risk and prodromal features with a validated algorithm to determine

individual PD.1%20

We hypothesised that individuals with 1A would have more motor impairment and an increased
frequency of non-motor features of prodromal PD than healthy controls (HC). We further
hypothesised that IA prodromal features would be inversely correlated with duration of smell
loss, suggesting developing neurodegeneration, rather than long-standing, gradual-onset, non-

neurodegenerative causes of anosmia.

Methods

All participants gave informed written consent, and the study received ethical approval from
the London Queen Square (13-LO-1457, 10/H0716/85) and London Bloomsbury (17-LO-
2021) Research Ethics Committees.

Setting

IA participants were recruited from three UK sub-specialist otorhinolaryngology smell and
taste clinics having had psychophysical smell testing, expert clinical assessment and relevant
investigations concluding negative/normal for other causes of hyposmia (including imaging
and endoscopy). PD participants were recruited through NHS movement disorders clinics in
South-East England. HC were recruited through the PREDICT-PD study, which is described
elsewhere.?®?° Through PREDICT-PD, all participants completed online lifestyle, medical

history and non-motor symptoms questionnaires.
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Participants
Inclusion criteria:

1. 1A - age >55 years, no identifiable aetiology on history or examination, negative nasal
endoscopy, no significant pathology seen on CT or MRI scan (other than reduced
olfactory bulb volume), absence of positive findings on blood screening for rare
metabolic causes.

2. PD - idiopathic PD diagnosis from a consultant neurologist using UK Brain Bank
criteria.?

3. HC - age >60 years, identified as being at low risk of PD (range of PREDICT-PD study
algorithm estimated odds of PD: 1:60 - 1:30218, with a median of 1:2243).

Exclusion criteria:
1. 1A - improvement of olfaction to oral corticosteroids, Sniffin’ Sticks TDI score of >31,
evidence of concomitant sinonasal pathology.
2. PD - other cause of Parkinsonism, other neurodegenerative disease.
3. HC - presence of neurodegenerative or sinonasal disease.

Data sources/measurement

Anosmia patients were assessed as being anosmic or functionally hyposmic in a specialist smell
clinic — using a combination of patient history and psychophysical testing. These tests were
performed according to clinical need and availability. All participants completed the
PREDICT-PD online questionnaires. This allowed the calculation of PD risk, expressed as an
odds, based on age and risk and protective factors with positive and negative likelihood ratios
derived from meta-analyses of the literature.?? Olfactory function was excluded from the
PREDICT-PD risk algorithm for the present study. Both participants and assessor were blinded
to their risk profile. This algorithm has been published elsewhere and tested in other

populations.%20

All participants were assessed with the MDS-Unified Parkinson’s Disease Rating Scales
(MDS-UPDRS) I-11I. Functional motor assessments included the timed 3m Up & Go test
(TUG), a test that changes with PD progression and discriminates between PD and healthy
older controls.?? Subthreshold parkinsonism was defined as MDS-UPDRS Il score >6, not
including postural or action tremor.'® To assess handwriting, as a test of fine motor control,

bradykinesia and higher cognitive functioning,?* participants copied the sentence: “Mary had
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a little lamb, its fleece was white as snow” three times. Each iteration was timed, starting with
the initial pen-stroke and finishing at the end of the final word. The sentences were measured
in cm (to the nearest 1mm), from the left-hand most mark to the right-hand most mark. Writing
speed was calculated as the average length (cm) + average time (s).

Cognitive tests included the Montreal Cognitive Assessment (MoCA), verbal fluency (letters
F, A and S) and semantic fluency (animals) (with raw scores converted to age- and education-
adjusted z-scores using published normative data), as well as the symbol digits modalities test
(SDMT).?>2" Due to a change in the protocol to include verbal and semantic fluency tests, and
the SDMT, in the HC group only 11, 11 and 24 (out of 28) completed these tests respectively,
with 18, 24, 24 (out of 42) IA, and 15, 18 and 21 (out of 22) in the PD group.

Autonomic tests included SCOPA-AUT?2° and measurement of supine and erect blood
pressure at 1 and 3 minutes after 2 minutes supine rest. Orthostatic hypotension was defined as
a drop of >20mmHg systolic or >10mmHg diastolic. Sleep was assessed with the Parkinson’s
Disease Sleep Scale (PDSS),*® with the REM Sleep Behaviour Disorder Questionnaire
(RBDSQ) forming part of the online battery.3! For pain, three questions from the King’s
Parkinson’s Pain Scale (KPPS) were chosen for their discriminatory value in the clinometric
analysis of the questionnaire.3? These were joint pain, pain turning in bed, and neuropathic or
radicular pain. Mood was assessed with the Hospital Anxiety and Depression Scale (HADS).*

Statistical methods

The 1A group was compared to the HC and PD groups using two-sided t-tests or Wilcoxon
rank sum tests for non-parametric variables. Shapiro-Wilk’s and Levene’s tests assessed
normality and homogeneity of variance. Significance was set at p<0.05 and, unless otherwise
stated, p-values were reported uncorrected. For tests of proportions, chi-square tests were used.
Associations between anosmia duration and prodromal features were assessed using univariate
linear regression and age- and sex-adjusted multivariate models. Data processing and analyses
were completed using R (version 3.6.2).2* This study is reported following STROBE guidelines

for observational studies.
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Results

Participants

The study included 92 participants: 42 1A, 28 HC, and 22 PD. A further 26 individuals were
contacted. Of these, one died after referral, three declined to be involved, 18 did not respond
and four visits were cancelled due to the COVID-19 pandemic. IA participants were assessed
in their own homes. All HC (n=28) and PD (n=22) were seen at the National Hospital for
Neurology and Neurosurgery. PD participants on dopamine replacement therapy were
examined in the ON medication state. Due to the timing of the data lock, 12 IA and 10 PD
participants did not have complete HADS data.

Descriptive data

The groups were well matched for age and gender (table 1). The 1A group had a lower mean
education level than the HC group (14.6 vs 17.5, p=0.009), although on average all groups had
completed secondary education. Duration of smell loss in the IA group ranged from a few
months to over 5 decades (median 7 years, IQR 8). In the PD group, the mean disease duration
ranged from 1 to 15 years (median 6, IQR 8). Further baseline characteristics are summarised
in table 1.

Main results

Comparison of the IA group to the HC and PD groups

The 1A group did not differ significantly from HC, with similar MDS-UPDRS IlI scores,
writing speed and the TUG. As expected, the PD group was significantly more impaired than
the other groups (figure 1, supplementary table 2). 10/42 (23.8%) IA had subthreshold
parkinsonism, which was not significantly different to controls (3/27 (11.1%), p=0.224).
MoCA scores were lower in the 1A group compared to HC (25.5 vs 27, p=0.019) but not
different to the PD group. There were no significant differences between IA and either HC or
PD in the extended phonemic fluency tests or the SDMT, although the IA group had worse
performance than PD but not controls on the expanded verbal fluency (-0.04 vs 0.83, p=0.012).

There were no differences in autonomic symptoms in the total SCOPA-AUT between HC and
IA, but there was a higher score in the PD group than 1A (13.2 vs 9.08, p=0.021)
(supplementary table 2). However, in the GI subdomain, IA had a small but significant
increased symptom burden than HC (1 vs 0, p=0.035, figure 1), and PD were higher than IA (4
vs 1, p<0.001). While no group showed orthostatic hypotension at 1 or 3 minutes, the IA group
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had a greater systolic drop than HC at 3 minutes (-3.0 vs 5.4, p=0.006, figure 1), and PD were
slightly more affected than IA at one minute (-11.9 vs -2.7, p=0.035) with no difference at 3

minutes.

PDSS scores revealed more sleep dysfunction in the 1A group, compared to the HC group
(124.1 vs 132.5, p=0.015), with a trend towards worse scores in the PD group (p=0.084) - lower
scores indicating worse sleep (figure 1). There were also higher 1A pain scores compared to
the HC group (8 vs 4, p=0.025), with no difference from the PD group.

Few participants had scores outside the normal range for anxiety or depression on HADS
(supplementary table 1). However, the IA participants had higher depression scores than HC
(3 vs 1, p=0.02, figure 1) with a trend towards higher scores in the PD group, and a trend
towards higher anxiety scores in the 1A group than the HC group with no difference to the PD

group (figure 1).

MDS-UPDRS I and Il scores did not differ between the 1A and HC groups, with higher scores
in the PD group than the 1A group (I: 11.71 vs 7.29, p=0.020, 1I: 13 vs 1, p<0.001). However,
the 1A group had significantly higher PREDICT-PD risk scores than the HC group (median
0dds 1:103 vs 1:2243, p<0.001) and the PD group had higher risk scores than IA (1:26 vs 1:103,
p=0.025).

Correlation of duration of anosmia with prodromal features and risk

Shorter duration of anosmia was associated with higher MDS-UPDRS 11 scores (R?=0.15, B=-
0.13, p=0.024), although there was a significant floor effect (figure 2). This correlation was
not affected by including age and gender in the model. Severity on other scales was not
associated with reported duration of anosmia.

Discussion

Key results and interpretation

Compared with neurologically healthy older adults, those with 1A showed small but
significant increases in some non-motor features of PD, including gastrointestinal autonomic
symptoms, blood pressure changes, cognition, pain, sleep and depressive symptoms. Trends

towards PD were observed across mood, sleep and PREDICT-PD risk scores, which were
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derived without olfaction data. There was no relationship between duration of anosmia and
motor or non-motor features of PD, but shorter duration of anosmia was associated with
increased experiences of motor dysfunction, assessed using the MDS-UPDRS II. There was a
greater proportion of 1A participants who had subthreshold parkinsonism, but this was not
statistically significant. Overall, these findings may support the association of 1A as a
predominantly non-motor prodrome of PD. This is strengthened by follow-up through
PREDICT-PD, where 4/42 1A participants have subsequently been diagnosed with PD. The
identified associations were relatively subtle, likely reflecting the fact that anosmia can have
other causes, even in those where known causes have been excluded. The association of
relatively recent anosmia onset with greater motor impairment may suggest that this could be

an at-risk group for PD motor symptom onset.

Cognition

Associations between olfactory dysfunction and cognition have been reported. In a longitudinal
study, anosmic PD patients were diagnosed with dementia sooner than hyposmic and
normosmic PD patients.® Recently, a cross-sectional analysis looking at olfactory dysfunction
and prodromal Lewy body symptoms reported lower median MoCA scores in their A group
than HCs (25 vs 27).17 Whilst the present study reported comparable results (IA 25.5 vs HC
27, p=0.019), we did not find that anosmic participants met established cut-offs for MCI or

dementia.

Sleep

The 1A group had worse sleep than the HC group. Further, there was no significant difference
between the 1A and PD patients, suggesting a possible overlap in the sleep dysfunction seen in
both groups. There is evidence of olfactory and sleep disturbance co-occurring in other
prodromal states of PD. In a prospectively characterised cohort of patients with REM sleep
behaviour disorder (RBD), comparing PD converters to non-converters, reduced (and
progressively deteriorating) olfaction was present up to a decade prior to conversion.® This
was modelled to separate 22 years prior to the diagnosis of PD. However, the neurobiology and
neuropathology of RBD likely represents a unique prodromal state, and is a prominent feature

of a more malignant phenotype of PD compared to non-RBD PD.%"%
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Autonomic

We did not find any relationship between duration of anosmia and global autonomic
dysfunction, nor did we find that 1A participants had overall more severe dysautonomia than
HC. However, within the gastrointestinal subdomain and the SBP change after 3 minutes, there
were clinically small but significant differences between IA and HC. Given that the control
group are well-matched for age, these GI symptoms may be part of a specific
neurodegenerative phenotype rather than ageing related. This subdomain of the SCOPA-AUT
includes 3 questions on the oro-pharyngeal aspects of swallowing and hypersalivation, one on
early satiety and two on constipation. In a post-hoc analysis of the constipation questions alone,
there were low scores overall (median (IQR) IA 0.5 (1), HC 0 (1), PD 1 (1)), with no statistical
differences between the groups. This could suggest that the minor differences seen may not be
due to Lewy-body pathology in the mesenteric plexus of the lower Gl tract but could be related
to the more proximal parts of the digestive system, where local spread could be responsible.
This requires dedicated clinical and neuropathological investigation in 1A and PD patients to
explore more thoroughly.

Motor

We found no differences between IA and HC across the three measures of motor function used
(UPDRS-III, writing speed and the TUG). Investigating early motor dysfunction in individuals
with RBD, prodromal participants exhibited slower and less rhythmic movements than HC
across a battery of motor tasks.*® The protocol incorporated two keyboard tapping tasks, the
BRAIN test and the Distal Finger Tapping test (DFT) (described elsewhere),**** which were
reported to be more sensitive to subtle motor dysfunction than the UPDRS-III. Although the
BRAIN test and DFT now form part of the PREDICT-PD battery, data were not available for
participants in the present cohort. Although writing speed measured fine motor control, our
motor measures may not have been sensitive enough to capture the earliest changes expected
in a prodromal cohort.*? Future work should incorporate both the BRAIN test and DFT,
alongside TUG, writing speed and UPDRS-I11, to capture potential subthreshold motor changes

in prodromal groups.

Pain
The IA group had nominally increased pain compared to HC, similar to the PD group. Pain is

a significant symptom in prodromal and early PD, unrelated to motor dysfunction.*** We
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found no other studies independently linking anosmia and pain, suggesting this observation

may be PD related.

Depression & Anxiety

No groups showed average scores suggestive of clinical depression or anxiety (i.e. HADS
scores >10). However, the 1A group had nominally higher depression scores than HC, with no
difference to PD participants. A systematic review identified a strong relationship between
olfactory dysfunction and depression.*® One of the studies reported the prevalence of
depression to be between 40% -76% in anosmics with chronic rhinosinusitis, allergic rhinitis
or post-viral olfactory loss — although this was a different population to our IA group. This
relationship may be multifaceted: loss of enjoyment of food with consequent reduction in
socialising around mealtimes, living with a chronic disease and lack of personal hygiene
awareness with resultant psychosocial consequences.*® Further reduced projections into the
limbic and reward pathways may alter higher processing of emotions.*” The small differences
seen between the 1A and HC groups in this study may not represent depression as a prodromal
PD symptom, rather a primary relationship between anosmia and depression.

Relationship with disease duration

We found a significant inverse relationship between motor aspects of activities of daily living
(MDS-UPDRS I1) and duration of anosmia (R=-0.39, p=0.020), in keeping with our hypothesis
that late onset hyposmia is more likely to be a PD prodrome. Whilst this did not survive
multiple comparison correction, the MDS-UPDRS |l may not detect changes in early PD,*?
which would likely be more noticeable in prodromal PD. Smell loss is reported to deteriorate
over time after PD diagnosis, in line with disease progression.*® These findings, alongside a
growing body of literature, suggest that smell loss is a progressive, not static,
phenomenon.®>4%%0 However, there are conflicting data, with several studies showing that
smell loss has minimal or no relationship with disease duration.”>2 An important critique of
the Sasaki paper®® is that patients in the ‘Early PD’ group contained those who “were not
aware...of their parkinsonism, ascribing their symptoms to... ageing... instead”. This arguably
describes prodromal PD. Given the smaller proportion of these patients with anosmia,
compared to those with more established disease, the findings support the hypothesis that

anosmia is a feature of the prodromal phase occurring proximate to PD diagnosis.**>3
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Strengths and limitations

A strength is that patients with smell loss had robust assessments excluding other causes of
anosmia, leaving a pure ‘idiopathic’ cohort. Whilst such assessments may not be feasible for
population-based screening, the results are similar to studies using short smell tests to screen
for loss of smell, like PARS.>* However, recruitment through subspecialist ENT clinics
potentially introduces a recruitment bias into this study e.g. towards those with high motivation
and severe symptoms. Masala and colleagues found a strong relationship between apathy and
olfactory loss in early PD.*® Despite stringent inclusion criteria we may have inadvertently
created a selection bias away from those with prodromal PD. We also used a clear definition
of 1A and controls were selected based on low probability of PD. Nevertheless, despite low
risk of PD, some of the HC group may have early neurodegeneration due to other conditions,
suggested by some cognitive scores within the MCI range. Another strength is the broad range
of assessments across multiple non-motor domains. Several studies examining patients with
anosmia have focused purely on motor dysfunction, with or without imaging
biomarkers.1°3%°5¢ Others have included multiple at-risk groups, with no differentiation of
syndromes, which potentially conflates prodromal states, with different constellations of

symptoms.

The weaknesses of this study include the lack of psychophysical smell testing in all
participants. This would have allowed comparison between IA with subthreshold parkinsonism
and PD patients with and without olfactory loss, as well as ensuring the control group were not
unknowingly anosmic. Quantitative olfactory assessment would have allowed correlation
between the degree of olfactory loss and motor and non-motor symptoms within 1A. Disease
duration of anosmia is prone to recall bias. This is hard to overcome with a cross-sectional
study, and the insidious nature of progressive olfactory loss, rather than a ‘time-stamped’ event
(such as trauma or infection) to anchor memory of onset. However, the between-group analyses
are unlikely to be confounded by this, and although the regression analysis may be affected,
the analyses are not likely to be affected by marginal differences, and the trends seen would
allow for more error (of some months) in those with longer disease duration who are more
prone to recall bias. Longitudinal follow-up would partially mitigate this, highlighting the
importance of long-term follow-up to assess conversion to PD. In the PREDICT-PD study,
4/42 of the 1A group have developed PD since this study ended, and follow-up of the rest of
the group is ongoing. Finally, ascertainment of a-syn SAA status was not possible for the
participants in this study. Therefore, it is feasible that there were a-Synuclein subgroups within
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our cohort that may have influenced the associations between prodromal variables and duration
of disease, or between groups. The increasing focus on a-synuclein may provide further
evidence for the temporal relationship between anosmia, prodromal PD and clinically
diagnosed PD, and support the use of disease progression staging frameworks.°

Conclusion
Participants with IA had small but significant differences in cognition, dysautonomic
symptoms, pain, depression and PD risk than HC, trended towards worse sleep scores and

more closely resembled patients with PD.

Numerically, more IA participants had subthreshold parkinsonism than HC, but total MDS-
UPDRS 111 and functional motor scores were not different. There was a negative relationship

between MDS-UPDRS Il scores and duration of anosmia.

Authors’ Roles

Design — RNR, AJN, AS

Execution — RNR, CS, CP, SG, LM

Analysis — RNR, SM, JB, AJN, AS

Writing — RNR, SM

Editing of final version of the manuscript — SM, RNR, CP, CS, JB, AJN, AS

13


https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

References
1. Ansari KA, Johnson A. Olfactory function in patients with Parkinson’s disease. J

Chronic Dis. 1975;28:493-497.

2. Adams DR, Wroblewski KE, Kern DW, et al. Factors Associated with Inaccurate
Self-Reporting of Olfactory Dysfunction in Older US Adults. Chem Senses. 2017;42:223-
231.

3. Boesveldt S, Postma EM, Boak D, et al. Anosmia-A Clinical Review. Chem Senses.
2017:;42:513-523.

4. Lalwani AK. Current Diagnosis & Treatment in Otolaryngology: Head & Neck
Surgery. McGraw-Hill Medical; 2012.

5. Flint PW, Cummings CW. Cummings Otolaryngology: Head and Neck Surgery.

Elsevier Saunders; 2015.

6. Philpott C. Smell and taste disorders in the UK: first experiences with a specialised
smell and taste outpatient clinic. Bull R Coll Surg Engl. 2015;96:156-159.

1. Haehner A, Boesveldt S, Berendse HW, et al. Prevalence of smell loss in Parkinson’s

disease — A multicenter study. Parkinsonism Relat Disord. 2009;15:490-494.

8. Haehner A, Hummel T, Hummel C, et al. Olfactory loss may be a first sign of
idiopathic Parkinson’s disease. Mov Disord. 2007;22:839-842.

9. Ross GW, Petrovitch H, Abbott RD, et al. Association of olfactory dysfunction with
risk for future Parkinson’s disease. Ann Neurol. 2008;63:167-173.

10. Gaenslen A, Wurster I, Brockmann K, et al. Prodromal features for Parkinson’s

disease--baseline data from the TREND study. Eur J Neurol. 2014;21:766-772.

11. Berg D, Godau J, Seppi K, et al. The PRIPS study: screening battery for subjects at
risk for Parkinson’s disease. Eur J Neurol. 2013;20:102-108.

14


https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

12.  Siderowf A, Jennings D, Eberly S, et al. Impaired olfaction and other prodromal
features in the Parkinson At-Risk Syndrome Study. Mov Disord. 2012;27:406-412.

13. Berg D, Postuma RB, Adler CH, et al. MDS research criteria for prodromal
Parkinson’s disease. Mov Disord. 2015;30:1600-1611.

14. Heinzel S, Berg D, Gasser T, et al. Update of the MDS research criteria for prodromal
Parkinson’s disease. Mov Disord. 2019;34:1464-1470.

15.  Siderowf A, Concha-Marambio L, Lafontant DE, et al. Assessment of heterogeneity
among participants in the Parkinson’s Progression Markers Initiative cohort using a-

synuclein seed amplification: a cross-sectional study. Lancet Neurol. 2023;22:407-417.

16. Marek K, Russell DS, Concha-Marambio L, et al. Evidence for alpha-synuclein
aggregation in older individuals with hyposmia: a cross-sectional study. eBioMedicine.
2025;112:105567. doi:10.1016/j.ebiom.2025.105567.

17. McWilliam OH, Bsoul R, Waldemar G, et al. Prodromal Lewy body symptoms and a-
synuclein seeding in idiopathic olfactory dysfunction. Mov Disord Clin Pract. 2025.
d0i:10.1002/mdc3.70333.

18. Simuni T, Chahine LM, Poston K, et al. A biological definition of neuronal a-
synuclein disease: towards an integrated staging system for research. Lancet Neurol.
2024;23(2):178-190. d0i:10.1016/51474-4422(23)00405-2.

19. Bestwick JP, Auger SD, Simonet C, et al. Improving estimation of Parkinson’s
disease risk—the enhanced PREDICT-PD algorithm. npj Parkinson's Disease. 2021;7(1):33.
doi:10.1038/s41531-021-00176-9.

20. Noyce AJ, Bestwick JP, Silveira-Moriyama L, et al. PREDICT-PD: identifying risk of
Parkinson's disease in the community: methods and baseline results. J Neurol Neurosurg
Psychiatry. 2014;85(1):31-7. doi:10.1136/jnnp-2013-305420.

15


https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

21. Hughes AJ, Daniel SE, Kilford L, et al. Accuracy of clinical diagnosis of idiopathic
Parkinson’s disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg
Psychiatry. 1992;55:181-184.

22. Noyce AJ, Bestwick JP, Silveira-Moriyama L, et al. Meta-analysis of early nonmotor
features and risk factors for Parkinson disease. Annals of Neurology. 2012;72(6):893-901.
doi:https://doi.org/10.1002/ana.23687.

23. Morris S, Morris ME, lansek R. Reliability of measurements obtained with the Timed
“Up & Go” test in people with Parkinson disease. Phys Ther. 2001;81:810-818.

24, Rosenblum S, Samuel M, Zlotnik S, et al. Handwriting as an objective tool for
Parkinson’s disease diagnosis. J Neurol. 2013;260:2357-2361.

25.  Smith A. Symbol Digit Modalities Test: Manual. Western Psychological Services.

26.  Dalrymple-Alford JC, MacAskill MR, Nakas CT, et al. The MoCA: well-suited

screen for cognitive impairment in Parkinson disease. Neurology. 2010;75:1717-1725.

27. Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53:695-
699.

28.  Visser M, Marinus J, Stiggelbout AM, et al. Assessment of autonomic dysfunction in
Parkinson’s disease: The SCOPA-AUT. Mov Disord. 2004;19:1306-1312.

29. Rodriguez-Blazquez C, Forjaz MJ, Frades-Payo B, et al. Independent validation of the
scales for outcomes in Parkinson’s disease-autonomic (SCOPA-AUT). Eur J Neurol.
2010;17:194-201.

30. Chaudhuri KR, Pal S, DiMarco A, et al. The Parkinson’s disease sleep scale: a new
instrument for assessing sleep and nocturnal disability in Parkinson’s disease. J Neurol

Neurosurg Psychiatry. 2002;73:629-635.

16


https://doi.org/10.1002/ana.23687
https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

31.  Stiasny-Kolster K, Mayer G, Schéfer S, Méller JC, Heinzel-Gutenbrunner M, Oertel
WH. The REM sleep behavior disorder screening questionnaire — a new diagnostic
instrument. Mov Disord. 2007;22(16):2386-2393. doi:10.1002/mds.21740.

32. Chaudhuri KR, Rizos A, Trenkwalder C, et al. King’s Parkinson’s disease pain scale,
the first scale for pain in PD: an international validation. Mov Disord. 2015;30:1623-1631.

33.  Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr
Scand. 1983;67(6):361-370. d0i:10.1111/j.1600-0447.1983.tb09716.x.

34.  R: A Language and Environment for Statistical Computing. R Foundation for

Statistical Computing; 2021. https://www.R-project.org/

35. Yoo HS, Chung SJ, Lee YH, et al. Association between Olfactory Deficit and Motor
and Cognitive Function in Parkinson’s Disease. J Mov Disord. 2020;13:133-141.

36. Fereshtehnejad SM, Yao C, Pelletier A, et al. Evolution of prodromal Parkinson’s
disease and dementia with Lewy bodies: a prospective study. Brain. 2019;142:2051-2067.

37. Swallow DMA, Lawton MA, Grosset KA, et al. Variation in Recent Onset
Parkinson’s Disease: Implications for Prodromal Detection. J Parkinsons Dis. 2016;6:289-
300.

38. Barber TR, Klein JC, Mackay CE, et al. Neuroimaging in pre-motor Parkinson’s
disease. Neuroimage Clin. 2017;15:215-227.

39.  Simonet C, Pérez-Carbonell L, Galmés-Ordinas MA, et al. The Motor Dysfunction
Seen in Isolated REM Sleep Behavior Disorder. Mov Disord. 2024;39(6):1054-1059.
doi:10.1002/mds.29779.

40. Noyce AJ, Nagy A, Acharya S, et al. Bradykinesia-akinesia incoordination test:
validating an online keyboard test of upper limb function. PLoS One. 2014;9(4):e96260.
doi:10.1371/journal.pone.0096260.

17


https://www.r-project.org/
https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

41.  Akram N, Li H, Ben-Joseph A, et al. Developing and assessing a new web-based
tapping test for measuring distal movement in Parkinson's disease: a Distal Finger Tapping
test. Sci Rep. 2022;12(1):386. d0i:10.1038/s41598-021-03563-7.

42. Regnault A, Boroojerdi B, Meunier J, et al. Does the MDS-UPDRS provide the
precision to assess progression in early Parkinson’s disease? Learnings from the Parkinson’s

progression marker initiative cohort. J Neurol. 2019;266:1927-1936.

43.  Lin CH, Wu RM, Chang HY, et al. Preceding pain symptoms and Parkinson’s
disease: a nationwide population-based cohort study. Eur J Neurol. 2013;20:1398-1404.

44, Schrag A, Horsfall L, Walters K, et al. Prediagnostic presentations of Parkinson’s

disease in primary care: a case-control study. Lancet Neurol. 2015;14:57-64.

45.  Kohli P, Soler ZM, Nguyen SA, et al. The Association Between Olfaction and
Depression: A Systematic Review. Chem Senses. 2016;41:479-486.

46.  Croy I, Nordin S, Hummel T. Olfactory disorders and quality of life--an updated
review. Chem Senses. 2014;39:185-194.

47. Rolls ET. Limbic systems for emotion and for memory, but no single limbic system.
Cortex. 2015;62:119-157.

48.  Sasaki S, Horie Y. Association Between Olfactory Impairment and Disease Severity
and Duration in Parkinson’s Disease. Mov Disord Clin Pract. 2020;7:820-826.

49.  Masala C, Solla P, Liscia A, et al. Correlation among olfactory function, motors’
symptoms, cognitive impairment, apathy, and fatigue in patients with Parkinson’s disease. J

Neurol. 2018;265:1764-1771.

50. He R, Zhao Y, He Y, et al. Olfactory Dysfunction Predicts Disease Progression in
Parkinson’s Disease: A Longitudinal Study. Front Neurosci. 2020;14:569777.

51. Herting B, Schulze S, Reichmann H, et al. A longitudinal study of olfactory function
in patients with idiopathic Parkinson’s disease. J Neurol. 2008;255:367-370.

18


https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

52.  Siderowf A, Newberg A, Chou KL, et al. [99mTc]TRODAT-1 SPECT imaging

correlates with odor identification in early Parkinson disease. Neurology. 2005;64:1716-1720.

53.  Ponsen MM, Stoffers D, Booij J, et al. Idiopathic hyposmia as a preclinical sign of
Parkinson’s disease. Ann Neurol. 2004:56:173-181.

54.  Jennings D, Siderowf A, Stern M, et al. Imaging prodromal Parkinson disease: the
Parkinson Associated Risk Syndrome Study. Neurology. 2014;83:1739-1746.

55. Moghaddam HS, Dolatshahi M, Salardini E, et al. Association of olfaction
dysfunction with brain microstructure in prodromal Parkinson disease. Neurol Sci.
2019;40:283-291.

56. Sommer U, Hummel T, Cormann K, et al. Detection of presymptomatic Parkinson’s
disease: combining smell tests, transcranial sonography, and SPECT. Mov Disord.
2004;19:1196-1202.

57.  Pilotto A, Heinzel S, Suenkel U, et al. Application of the movement disorder society

prodromal Parkinson’s disease research criteria in 2 independent prospective cohorts. Mov

Disord. 2017;32:1025-1034.

58. Mahlknecht P, Stockner H, Marini K, et al. Midbrain hyperechogenicity, hyposmia,
mild parkinsonian signs and risk for incident Parkinson’s disease over 10 years: A

prospective population-based study. Parkinsonism Relat Disord. 2020;70:51-54.

59.  Jennings D, Siderowf A, Stern M, et al. Conversion to Parkinson Disease in the PARS
Hyposmic and Dopamine Transporter-Deficit Prodromal Cohort. JAMA Neurol.
2017;74(8):933-940. doi:10.1001/jamaneurol.2017.0985.

60. Dam T, Pagano G, Brumm MC, et al. Neuronal alpha-Synuclein Disease integrated
staging system performance in PPMI, PASADENA and SPARK baseline cohorts. NPJ
Parkinsons Dis. 2024;10:178.

19


https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Tables and Figures

Table 1.
Group HC 1A PD p
n 28 42 22 .
Age (yrs)* 72.3 (5.6) 70.1 (5.4) 72.0(5.1) 0.280
Gender (male) 50% (14)  52.4% (22)  59.1% (13) 0.805
Education (yrs)* 175(4.0) 146(3.2)  16.1(4.2) 0.007
Disease Duration (yrs) - 7(8) 6 (8) -
LEDD (mg)* - - 503 (416) -

Table 1. Baseline characteristics of cohort. HC: healthy control, IA: idiopathic anosmia, PD: Parkinson’s
disease, LEDD: Levodopa equivalent daily dose. Data are mean (SD)*, median (IQR) 7 or percentage
(number). Two-sided t-tests were used for parametric data, Wilcoxon rank sum tests were used for non-

parametric data and chi-squared tests for tests of proportions.
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Figure 1. Median (IQRs), mean (SD) and natural log risk scores across groups. For variable-level group n, please see
supplementary material table 3. Statistically significant p-values (p<0.05 *, p<0.001 **) derived from Wilcoxon rank sum
tests.


https://doi.org/10.64898/2025.12.17.25342478
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2025.12.17.25342478; this version posted December 19, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Motor aspects of activities of daily living vs disease duration in idiopathic anosmics
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Figure 2. Relationship between idiopathic anosmia disease duration and MDS-UPDRS Il (motor aspects of
activities of daily living).

The data that support the findings of this study are available from the corresponding author upon
reasonable request.
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