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IIdentifying nonmotor biomarkers for 
Parkinson’s disease (PD) and dementia 
with Lewy body disease (DLB) presents an 
opportunity to detect the disease prior to 
widespread central nervous system (CNS) 
spread of Lewy type synucleinopathy (aSyn), 
with consequent severe dopaminergic 
neuronal loss in the substantia nigra 
and progression to motor and cognitive 
dysfunction. Some of these nonmotor 
biomarkers include olfactory dysfunction, 
visual changes, and constipation.1 Among 
patients with rapid eye movement (REM) 
sleep behavior disorder (RBD) who eventually 
developed PD, recent data demonstrated that 
olfactory dysfunction can present 20 years 
or more prior to motor dysfunction and PD 
diagnosis.2,3 Olfactory loss is associated with 

higher relative risk of PD in men, compared to 
women, and in White individuals, compared 
to Black individuals.4 Olfactory dysfunction 
correlates with neuropathological � ndings in 
autopsied PD and DLB brains demonstrating 
severe aSyn in the olfactory bulb5 and 
might help di� erentiate PD and DLB from 
nonsynucleinopathies, such as progressive 
supranuclear palsy.6–8 Detecting olfactory 
dysfunction early could be useful, as it can be 
easily and objectively measured using tests 
such as the University of Pennsylvania Smell 
Identi� cation Test (UPSIT).9

In addition to PD, olfactory dysfunction 
is observed in incidental Lewy body disease 
(ILBD).10 The presence of Lewy bodies in 
autopsied brains of individuals with no 
history of parkinsonism or dementia is 
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ABSTRACT

Objective: Measuring olfactory dysfunction shows 
promise as one of a number of nonmotor biomarkers 
that can be used to detect clinically manifest and 
prodromal Parkinson’s disease (PD) and dementia 
with Lewy bodies (DLB) and to di� erentiate these 
from nonsynucleinopathies. Using a larger sample 
size than in our previous study, we evaluated the 
relationship between olfactory dysfunction based on 
the University of Pennsylvania Smell Identi� cation 
Test (UPSIT) to the clinicopathological � ndings in 
patients with PD (n=41), patients with incidental 
Lewy body disease (ILBD) (n=47), and controls 
with no neurodegenerative disease (n=137). 
Design: This study was conducted through the 
Arizona Study of Aging and Neurodegenerative 
Disease (AZSAND). We selected individuals who had 
an UPSIT score completed antemortem and were 
clinicopathologically diagnosed with PD, ILBD, or 
control. Various measures included density of Lewy 
type synucleinopathy (aSyn) in the olfactory bulb 
and tract, as well as connected mesial temporal 
lobe structures. Cases and controls were analyzed 
using one-way analysis of variance (ANOVA) with 
pairwise contrasts. Results: Compared to controls 
(mean: 27.8, standard deviation [SD]: 6.0), the 
mean UPSIT scores were lower for PD (15.8, SD: 6.0, 
p<0.001) and ILBD (24.1, SD: 8.6, p<0.001). The 
sensitivity for detecting ILBD from controls, based 
on a cuto�  score of less than 23 (23/47), was 48.9 
percent. The speci� city for detecting a control was 
79.6 percent with a cuto�  greater than 23 (109/137). 
Conclusion: These � ndings replicate, with a larger 
sample size, our previously published � ndings that 
individuals with autopsy-con� rmed PD and ILBD 
have signi� cantly lower UPSIT scores compared to 
controls. These data add to the growing body of 
evidence supporting early olfactory dysfunction as 
a prodromal biomarker for the risk of developing PD 
and ILBD as a prodromal Lewy body disorder.  

KEYWORDS: Hyposmia, Parkinson’s disease, 
incidental Lewy body disease
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classi� ed as ILBD. ILBD cases also exhibit 
signi� cantly decreased striatal tyrosine 
hydroxylase, the principal enzyme for 
dopamine synthesis, compared to controls 
with no neurodegenerative disease.11–13 It is 
therefore thought that ILBD might represent 
prodromal PD or DLB. Discovering ways to 
detect ILBD presents an opportunity to detect 
synucleinopathies before progression toward 
motor dysfunction or dementia. 

Our group previously studied olfactory 
dysfunction in putatively prodromal 
synucleinopathies by comparing UPSIT scores 
between patients with clinicopathologically 
diagnosed PD, those with ILBD, and controls 
with no neurodegenerative disease.14 We 
identi� ed signi� cantly lower UPSIT scores 
among PD and ILBD cases, compared to 
controls, suggesting that olfactory testing 
could be useful for identifying prodromal PD.14

The objective of this study was to reevaluate 
and con� rm these � ndings with a larger 
cohort. 

METHODS
Patients. This study was performed 

as part of the Arizona Study of Aging and 
Neurodegenerative Disorders (AZSAND) 
through the Arizona Parkinson Disease 
Consortium/Banner Sun Health Research 
Institute Brain and Body Donation Program 
(BBDP). All participants signed an informed 
consent form to undergo yearly standardized 
medical, movement, and cognitive 
assessments while alive and donation of their 
body and brain to the program.15,16 The study 
was approved by Banner Sun Health Research 
Institute’s designated Institutional Review 
Board (IRB). 

Diagnosis of PD and ILBD. Cases with 
PD or ILBD were included in the analysis. 
These cases were diagnosed based on 
clinical-pathological correlation after 
autopsy, as previously described;15,16 ILBD 
cases were de� ned as having aSyn but not 
parkinsonism or dementia. Controls were 
cases without a neurodegenerative disease. 
The following clinical-pathological diagnoses 
were excluded: Alzheimer’s disease, vascular 
dementia, dementia not otherwise speci� ed 
(NOS), dementia with Lewy bodies, PD with 
dementia, other forms of parkinsonism, 
progressive supranuclear palsy, multiple 
system atrophy, cerebellar degeneration, 

amyotrophic lateral sclerosis, meningioma, 
multiple sclerosis, glioblastoma, radiation 
necrosis, and brain cancer. Individuals with 
a � nal cognitive diagnosis of mild cognitive 
impairment or any form of cognitive 
impairment without dementia were not 
excluded from any group.

UPSIT. The UPSIT is an olfactory test 
where the participant identi� es 40 odorants 
microencapsulated on “scratch and sni� ” 
labels.9 The user identi� es the correct scent 
through multiple choice questions. The UPSIT 
is administered by trained technicians and 
scored using standard procedures (score 
0–40), with a higher score indicating stronger 
olfaction. This test can be done in 10 to 15 
minutes, making it a time- and cost-e�  cient 
self-report tool. The raw score was calculated 
as the number of correctly identi� ed odors.9

The last UPSIT score recorded during life was 
used for analysis. 

aSyn densities. For all subjects, aSyn 
densities were recorded from 10 separate brain 
regions, including the olfactory bulb and tract, 
as well as closely connected mesial temporal 
lobe brain regions (amygdala, transentorhinal 
area), and cases were classi� ed by the Uni� ed 
Staging System for Lewy Body Disorders 
(USSLB).17 Densities were graded with a 

� ve-point semiquantitative scale using 
formalin-� xed, para�  n-embedded 5μm 
sections immunohistochemically stained using 
an antibody against phosphorylated alpha-
synuclein peptide (1:10,000; rabbit polyclonal 
antihuman phosphoserine 129).18

Statistical analysis. Analysis of variance 
(ANOVA) test, Wilcoxon rank sum test, or 
Chi-squared test were used as appropriate 
to compare the di� erences in demographics 
and clinical characteristics among the three 
groups. Further ANOVA tests and linear 
models adjusting for confounding variables 
(sex, smoking history, and age) were used to 
investigate if there were di� erences in UPSIT 
scores among the three groups. Additionally, 
pairwise comparisons were implemented 
where warranted. The Bonferroni method 
was used to adjust for multiple comparisons.  
Receiver-operating characteristics (ROC) 
analysis was implemented together with 
Youden index to choose an optimum UPSIT 
cut-o�  point to di� erentiate ILBD from control 
patients. Sensitivity, speci� city, accuracy, and 
area under the ROC curve were calculated. SAS 
software (SAS Institute, 2012, v9.3) was used 
for analysis and statistical signi� cance was 
de� ned at p less than 0.05. 

FIGURE 1. Participant � ow chart
*Other diagnosis included amyotrophic lateral sclerosis, cognitive dysfunction due to meningioma, multiple sclerosis, 
radiation necrosis, brain cancer, brain cancer and radiation necrosis, cerebellar degeneration, bran cancer–gioblastoma, 
chronic traumatic encephalopathy, Pick’s disease, and neuro-� brillary tangles.
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RESULTS
Of the 902 cases in the BBDP, 332 met 

study criteria, of whom 225 in the targeted 
diagnostic groups had completed at least one 
UPSIT test (PD: n=41, ILBD: n=47, controls: 
n=137). (Figure 1). 

Table 1 displays the demographic and 
clinical characteristics among the cases and 
controls. On average, PD cases were younger 
at the time of death (83.2 years) compared 
to ILBD (89.4 years) and controls (87.9 years) 
(p≤0.001). The mean age when the smell test 
was administered was highest for patients 
with ILBD (86.4 years), followed by controls 
(84.8 years) and patients with PD (80.2 years) 
(p≤0.001). The mean interval between the last 
UPSIT test and death among all the subjects 
was 2.6 years, with no statistically signi� cant 
di� erence between each group. There was no 
signi� cant di� erence in sex or smoking history 
between the groups. 

When comparing the UPSIT scores among 
the groups, PD cases had the lowest scores 
(mean: 15.8, standard deviation [SD]: 6.0), 
followed by ILBD (mean: 24.1, SD: 8.6) and 
controls (mean: 27.8, SD: 6.0). The di� erences 
between these groups were statistically 
signi� cant, even with pairwise comparisons 
using the Bonferroni method to adjust for 
multiple comparisons. Multivariable linear 
regression was used to adjust for age at 
smell test, sex, and smoking history (Table 
2). After adjusting, the observed overall 
and pairwise di� erences among the groups 
remained signi� cant. Figure 2 shows the score 
di� erences between the three groups. 

When comparing the aSyn densities across 
the brain regions investigated here (0–4), PD 
cases had the highest densities in the olfactory 
bulb and tract (mean: 3.5, SD: 0.8), followed 
by ILBD (mean: 2.5, SD: 1.5) and controls 
(mean: 0.0, SD: 0.0; p≤0.001). This order was 
also found for aSyn scores in the amygdala and 
transentorhinal cortex (Table 1). Among the 
ILBD cases, � ve (10.6%) were USSLB Stage I, 
24 (51.1%) were Stage IIa, four (8.5%) were 
Stage IIb, 13 (27.7%) were Stage III, and 
one (2.1%) was Stage IV. In contrast, among 
the PD cases, zero were Stage I, four (9.8%) 
were Stage IIa, one (2.4%) was Stage IIb, 19 
(46.3%) were Stage III, and 17 (41.5%) were 
Stage IV (Table 1). 

ROC analysis was performed using the 
Youden index to choose an optimal UPSIT cut-

o�  point for di� erentiating between controls 
and ILBD cases. An UPSIT score of 23 was 
chosen as the optimal cut-o� , with a sensitivity 
of 48.9 percent, speci� city of 79.6 percent, and 
accuracy 71.7 percent (Table 3). The positive 
likelihood ratio of hyposmia in ILBD was 2.4, 
while the negative likelihood ratio was 0.6. 

DISCUSSION
Clinicopathologically diagnosed ILBD and 

PD cases had signi� cantly lower UPSIT scores, 
compared to controls, both in the unadjusted 
and adjusted models. Our � ndings from this 
study, with larger group sizes, con� rm our 
previous � ndings.14 Our current study included 
225 subjects (41 with PD, 47 with ILBD, 137 
controls), whereas our previous study included 

92 subjects (10 with PD, 13 with ILBD, 69 
controls). 

If ILBD is indeed a precursor to PD, this 
would explain why the UPSIT scores for 
patients with ILBD were signi� cantly lower 
than the scores of the controls, but higher 
than those of patients with PD. Our � ndings 
agree with other studies that demonstrated 
aSyn in the olfactory bulb is sensitive and 
speci� c for Lewy body disorders,4 and olfactory 
dysfunction is associated with PD, DLB, and 
ILBD.1,6–8,10,19 Our � ndings also correlate with 
other studies, indicating that patients with 
hyposmia have a higher likelihood ratio of 
having PD than those without hyposmia.20

Together with previously reported studies 
showing decreased striatal tyrosine 

TABLE 1. Demographics and clinical characteristics by groups
CHARACTERISTICS PD (N=41) ILBD (N=47) CONTROL (N=137) P-VALUE
Female, n (%) 0.0561

Yes 14 (34.1%) 21 (44.7%) 75 (54.7%) N/A
Ever smoked, n (%) 0.1401

Yes 12 (29.3%) 22 (46.8%) 63 (46.0%) N/A
UPSIT interval (from UPSIT to expiration; years) 0.9462

Mean (SD) 2.6 (2.5) 2.5 (1.5) 2.6 (2.4) N/A
Range 0.3, 10.0 0.1, 7.0 0.1, 15.9 N/A

Age at smell test (years) <0.0012

Mean (SD) 80.2 (7.4) 86.4 (6.3) 84.8 (7.1) N/A
Age at death (years) <0.0012

Mean (SD) 83.2 (7.7) 89.4 (6.8) 87.9 (7.0) N/A
Olfactory bulb and tract aSyn density <0.0013

N (Missing) 39 (2) 47 (0) 137 (0) N/A
Mean (SD) 3.5 (0.8) 2.5 (1.5) 0.0 (0.0) N/A

Amygdala aSyn density <0.0013

N (Missing) 41 (0) 47 (0) 137 (0) N/A
Mean (SD) 3.6 (0.7) 1.5 (1.6) 0.0 (0.0) N/A

Transentorhinal aSyn density <0.0013

N (Missing) 40 (1) 47 (0) 137 (0) N/A
Mean (SD) 2.8 (1.0) 0.5 (1.1) 0.0 (0.0) N/A

Uni� ed Lewy body stage, n (%) <0.0011

0 0 (0.0%) 0 (0.0%) 137 (100.0%) N/A

I 0 (0.0%) 5 (10.6%) 0 (0.0%) N/A

IIa 4 (9.8%) 24 (51.1%) 0 (0.0%) N/A
IIb 1 (2.4%) 4 (8.5%) 0 (0.0%) N/A
III 19 (46.3%) 13 (27.7%) 0 (0.0%) N/A
IV 17 (41.5%) 1 (2.1%) 0 (0.0%) N/A

1Chi-squared p-value
2ANOVA F-test p-value
3Kruskal-Wallis p-value
PD: Parkinson’s disease; ILBD: incidental Lewy body disease; N/A: not applicable; UPSIT: University of Pennsylvania Smell 
Identi� cation Test; SD: standard deviation; aSyn: Lewy type synucleinopathy
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hydroxylase in ILBD, these � ndings support 
the hypothesis that ILBD represents prodromal 
Lewy body disease.11,12

Identi� cation of reliable markers requires 
prospective studies. Studies in high-risk 
populations are susceptible to selection bias 
and limited generalizability. Self-reported 
olfactory loss is also sensitive but not speci� c 
for PD because it can confound with cognitive 
impairment and depression.21 Our study 
accounted for these issues by recording serial 
UPSIT scores prior to diagnosis, which was 
based on clinical-pathological correlation 

after autopsy. In this postmortem pathology-
anchored study, we also accounted for 
comorbid pathologies using multivariable 
statistics. 

The discovery of biomarkers for PD is crucial 
since there is an upward of 60-percent loss 
of dopaminergic neurons in the nigrostriatal 
pathway prior to motor onset.1 Studies 
describing the staging of Lewy body disorders 
demonstrate that Lewy bodies can be present 
in other areas of the brain, such as the medulla 
and olfactory bulb, without a� ecting the 
substantia nigra.9,22 Lewy bodies have also 

been found in the spinal cord, vagus nerve, 
submandibular gland, and lower esophagus, 
which could explain other nonmotor symptoms 
associated with PD.23 These � ndings highlight 
the potential usefulness of nonmotor PD 
symptoms for identifying prodromal or 
premotor PD. Performing smell tests to detect 
olfactory impairment in at-risk individuals 
(e.g., RBD; genetic predisposition; relatives 
of PD patients hyposmia; individuals with 
other nonmotor prodromal symptoms, such as 
orthostatic hypotension, erectile dysfunction, 
etc.) would be helpful since nearly 70 percent 
of patients with PD might be unaware of their 
impairment.24,25 Since olfactory dysfunction 
can present years prior to the onset of motor 
symptoms in PD, this would provide physicians 
a window of opportunity to intervene with a 
potential disease-modifying therapy.

LIMITATIONS AND CONCLUSION
As the largest cohort of ILBD cases to date, 

our study con� rmed that ILBD is associated 
with hyposmia. The speci� city of the � nding 
is close to 80 percent, meaning that false 
positives might be as low as 20 percent. 
However, the sensitivity is less useful, at only 
about 50 percent. When screening otherwise 
normal subjects for prodromal Lewy body 
disease, olfactory testing might best be 
combined with other biomarkers.
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IRB and Mayo Clinic IRB approved this study. 

TABLE 2. Comparison of the UPSIT scores in the three groups using linear models
UPSIT SCORE PD (N=41) ILBD (N=47) CONTROL (N=137) P-VALUE
UPSIT score, mean (SD) 15.8 (6.0) 24.1 (8.6) 27.8 (6.0) <0.001

P (pairwise comparison) <0.001 0.003 Reference  N/A
P (pairwise comparison) <0.001 Reference 0.003  N/A 

Adjusted UPSIT score least square means (SE)* 15.0 (1.1) 24.7 (0.9) 27.8 (0.5) <0.001
P (pairwise comparison) <0.001 0.011 Reference  N/A
P (pairwise comparison) <0.001 Reference 0.011  N/A 

*Adjusted for age at smell test, sex, and smoking history
UPSIT: University of Pennsylvania Smell Identi� cation Test; PD: Parkinson’s disease; ILBD: incidental Lewy body disease; N/A: not applicable; SD: standard deviation; SE: standard error

TABLE 3. Sensitivity, speci� city, and accuracy of the UPSIT score to di� erentiate ILBD and control
UPSIT SCORES ILBD (N=47) CONTROL (N=137) SENSITIVITY SPECIFICITY ACCURACY AUC

Predicted ILBD (UPSIT <23) 23 28
48.9% 79.6% 71.7% 62.2%

Predicted control (UPSIT >23) 24 109
ROC analysis was used together with Youden index to choose the optimal cut-o�  point for UPSIT to di� erentiate ILBD from controls. Maximal sensitivity and speci� city was achieved with 
UPSIT <23 for ILBD versus controls.  
UPSIT: University of Pennsylvania Smell Identi� cation Test; ILBD: incidental Lewy body disease; AUC: area under the curve; ROC: receiver-operating characteristics

FIGURE 2. Box plots for UPSIT scores in the three groups
UPSIT: University of Pennsylvania Smell Identi� cation Test; PD: Parkinson’s disease; ILBD: incidental Lewy body disease
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All subjects signed informed consent and 
were enrolled in the AZSAND, an ongoing 
longitudinal clinicopathologic study in the 
Banner Sun Health Research Institute BBDP.
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