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Abstract

There is wide variability in reported prevalence rates of abnormal smell in Parkinson disease (PD).
This study assessed the prevalence of abnormal smell, using the University of Pennsylvania Smell
Identification Test (UPSIT), in 183 patients with PD with confirmed PET imaging evidence of
nigrostriatal denervation. Impaired olfaction in this sample was nearly universal (97.8%). Wide-
ranging prior olfactory impairment estimates may reflect not only uncertainty regarding diagnostic
classification, but also the use of inaccurate normative data and differences in olfactory tests used.
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Introduction

Impaired odor identification is common and often severe in Parkinson disease (PD).
However, there is inconsistency in the literature regarding the prevalence of hyposmia, with
estimates ranging from slightly below 50% to roughly 97% (Haehner et al. 2009; Lee et al.
2015). Factors affecting hyposmia frequency estimates in PD may include the type of
olfactory test, normative data to which patients were compared, age distribution and
duration of disease (Haehner et al. 2009). For example, the recent study by Lee et al.
showing a low hyposmia rate included PD patients with disease duration of 3 years or less
(Lee et al. 2015) Another factor that may explain the significantly lower hyposmia rate in
the Lee et al. study is the use of normative cut-off values that are in part derived from
unscreened elderly subjects. An additional factor is the uncertainty of a PD diagnosis in
patients with clinical symptoms without confirmed nigrostriatal denervation.
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The University of Pennsylvania Smell Identification Test (UPSIT) is a well-validated
assessment instrument of olfactory identification function that uses age-independent cutoff
values to define abnormal smell (Doty et al. 1984). The use of formal olfactory testing is
necessary, as patients often do not recognize their olfactory impairment (Muller et al. 2002).
The goal of this study was to test the hypothesis that abnormal smell is a frequent symptom
in PD patients with confirmed positron emission tomography (PET) imaging evidence of
nigrostriatal dopaminergic denervation and using a well-validated, sensitive odor
identification test.

This cross-sectional study involved 183 patients with PD (139 males/44 females; mean age
67.0+8.3, range 50-86 years), mean duration of motor disease (6.4+4.3, range 0.5-22 years),
and mean Hoehn and Yabhr stage (2.5+0.6, range 1-5). All subjects met the UK Parkinson’s
Disease Society Brain Bank clinical diagnostic criteria for PD (Hughes et al. 1992) and
additional evidence of nigrostriatal dopaminergic denervation on [11C]dihydrotetrabenazine
vesicular monoamine type 2 (VMAT?2) PET as previously described (Bohnen et al. 2010).
The patient population was predominantly non-demented with only 4 PD patients meeting
criteria for (mild) dementia following neuropsychological testing (Shah et al. 2016). None of
the subjects had MR imaging evidence of obstructed nasal airways or other significant
sinunasal disorders.

Subjects on dopaminergic drugs were imaged the morning after withholding dopaminergic
drugs overnight. Patients underwent olfactory testing using the 40-odor UPSIT (Sensonics,
Inc. Haddon Heights, NJ, USA), which has age-independent cut-off values to distinguish
normal smell (thresholds of >34 for females and >33 for males) from abnormal smell (Doty
et al. 1984).

The study was approved by the Institutional Review Board of the University of Michigan for
studies involving human subjects and was in compliance with the 1964 Helsinki declaration
and its later amendments. Written informed consent was obtained from all subjects.

The mean UPSIT score was 16.0+8.1 (range 0-36). There were a total of 3 out of 139 males
with UPSIT scores above the gender cut-off value of 33, resulting in a anosmia/hyposmia
rate of 97.8% in males with PD. There was a single woman (out of 44) with an UPSIT score
above the gender cut-off of 34, which resulted in a rate of 97.7% for abnormal smell in
women with PD. The combined gender impaired olfaction rate in this sample was 97.8%.
The distribution of functional anosmia (UPSIT score of 10 or less), hyposmia and
normosmia were 24.6%, 73.2% and 2.2%, respectively.

The four subjects classified as normosmic had scores ranging from 34 to 36. There were no
subjects with the maximum score (40) on this test. The age of the normosmic patients were
54 (female), 63, 63 and 67, which was below or at the average of the study population (67
years). The duration of their motor disease were 2, 2.5, 4 and 5 years, respectively and were
below the average duration in this population (6.4 years). Retrospective review of the
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clinical characteristics of these subjects did not yield atypical features. Furthermore,
inspection of the flow delivery images of the dynamic PET images did not show flow
abnormalities to indicate the presence of atypical parkinsonism.

A post hoc analysis limited the subjects to a disease duration of 3 years or less, showed that
only a single subject (female) out of 56 subjects (40 males, 16 females) had a score in the
normosmic range yielding a hyposmia rate of 98.2% in this sub-group of early PD.

Discussion

PD tends to be over-diagnosed when only using clinical symptoms and not confirming the
presence of nigrostriatal denervation (Hughes et al. 1992). This study was unique in the use
of PET scans to confirm the presence of nigrostriatal nerve terminal losses in all patients,
whereas previous studies have only partially used dopamine transporter scans to improve the
accuracy of the diagnosis of PD (Haehner et al. 2009; Berendse et al. 2011). Our findings
show a high rate of impaired olfaction, 97.8%, in PD subjects based on age-independent
normative cutoff values. However, none of the patients in the normosmic range had an
UPSIT score >36. This figure is supported by previous literature, including Haehner et al.
whose multicenter study found only 3.3% of PD patients presented with normosmia when
compared to “Sniffin’ sticks” age-independent normative data (Haehner et al. 2009). The
comparable normosmia rates between our and the Haehner et al. studies suggest that both
the UPSIT and the olfactory assessment used by Haehner et al. (i.e. “Sniffin” Sticks”) have
similar reliability for diagnosis of impaired olfaction in PD when using age-independent cut-
off criteria.

A recent study by Lee et al. however, found a prevalence of only 46.1% of abnormal smell
in PD despite PET imaging confirmation of nigrostriatal denervation in the patients (Lee et
al. 2015). A plausible explanation for this significant discrepancy in prevalence is that Lee et
al. used an abbreviated odor identification test of only 12 odors. The use of an abbreviated
olfactory test is expected to lower its sensitivity in identifying hyposmia. Another reason
may be that the study by Lee et al. included subjects with disease duration of 3 years or less
only. However, our post hoc analysis showed a rate of 98.2% of abnormal smell in this early
PD sub-group. Another factor that may explain the significantly lower olfactory impairment
rate in the Lee et al. study is the use of arbitrary cut-off values that were in part derived from
unscreened elderly subjects, whereas this study used an age-independent and well-validated
cutoff value to distinguish normal from abnormal smell (Doty et al. 1984). It should be
noted that current age-stratified normative data are generally derived from older subjects
unscreened for prodromal neurodegenerative diseases. This may represent a significant
confounding factor as the prevalence of incidental prodromal Alzheimer and Lewy body
neurodegenerative pathology in cognitively normal elderly has been reported as high as 44%
and 20%, respectively. Such presence of prodromal neurodegenerative pathology, frequently
found in otherwise normal elderly subjects, may negatively affect olfaction (Adler et al.
2010; Jansen et al. 2015). Consequently, inclusion of non-screened elderly subjects with
prodromal neurodegeneration in normative databases may artificially lower age-dependent
hyposmia cutoffs.
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The use of normative data derived from age-matched elderly in PD olfactory diagnostic
studies also explains lower olfactory scores to distinguish PD from non-PD control subjects.
For example, we previously used an area under receiver operating curve to find the best
discrimination between PD and age-matched normal control subjects yielding an UPSIT cut-
off score of 29 (Bohnen et al. 2008). This lower value indicates the (expected) presence of
hyposmia in a subset of non-PD control subjects. As olfactory testing in elderly subjects
may be abnormal in those with prodromal neurodegenerations, in particular Alzheimer
disease (Jansen et al. 2015), its diagnostic performance will be limited because of this non-
specificity. Our data show that olfactory diagnostic testing may be very useful for screening
purposes to detect PD because of high sensitivity but will require a multi-tiered approach
with combination with other diagnostic tests to increase its diagnostic specificity.

The term functional anosmia refers to a significantly reduced or absent ability to smell,
although some smell sensations can be present. These do however not give patients a normal
ability to smell, which would be meaningful in daily life. Hyposmia refers to a reduced
ability to smell (Hummel et al. 2011). The majority of our patients (73.2%) had evidence of
hyposmia. Therefore, odor impairment should always be measured with formal testing as it
cannot be reliably assessed based on patients' history alone (Muller et al. 2002).

Atypical parkinsonism is generally not associated with impaired olfactory function
(Wenning et al. 1995). Therefore, a limitation of our study was the cross-sectional design
without longitudinal assessment to determine whether some of the 4 normosmic patients
may ultimately prove to have atypical parkinsonism and not Lewy body parkinsonism.
However, inspection of the flow delivery images of the dynamic PET images did not show
abnormalities to indicate the presence of atypical parkinsonism.
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