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Abstract:

Objective The characteristics of olfactory impairment in Parkinson’s disease (PD), multiple system atrophy
(MSA) and progressive supranuclear palsy (PSP) have not been determined in detail. We assessed the olfac-
tory function among PD, MSA and PSP patients.

Methods A card-type odor identification test, Open Essence (OE, Wako, Japan), which consists of 12 dif-
ferent odorants familiar to Japanese subjects, was administered to 98 PD patients, 32 MSA patients, 17 PSP
patients and 96 control subjects >50 years of age.

Results The PD patients had significantly lower OE scores than the other groups. The OE scores of the
MSA and PSP patients fell between those of the PD patients and the control subjects. A cut-off OE score of
6 was beneficial for differentiating PD patients from controls with 84.7% sensitivity and 85.4% specificity. A
cut-off OE score of 4 had 60.2% sensitivity and 77.6% specificity for differentiating PD patients from MSA
and PSP patients. The correct answer rates for the curry, Japanese orange and perfume odorants in the PD
patients were lower than those in the MSA and PSP patients and controls. The PD patients also had the high-
est ratio of “not detected” choices across the 12 odors.

Conclusion Marked olfactory impairment was a feature of the patients with PD, while mild olfactory im-
pairment was observed in those with MSA or PSP. The answer patterns and the specific odorants may also
be useful in differentiating PD from related disorders.
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of severe olfactory impairment at baseline predicted the

Introduction

Olfactory impairment is an early non-motor symptom of
Parkinson’ disease (PD) and is present in a large proportion
of PD patients. A number of studies have reported impaired
odor detection, identification and discrimination in patients
with PD (1, 2). During the premotor phase, alpha-synuclein
pathology occurs in the olfactory bulb and anterior olfactory
nucleus (3). In a three-year-longitudinal study, the presence

emergence of dementia and focal changes in brain structures
such as the amygdala and other limbic structures (4). In
contrast to the marked olfactory impairment that occurs in
PD, olfactory impairment has been reported to be mild in
atypical parkinsonian syndromes (APSs), such as multiple
system atrophy (MSA) and progressive supranuclear palsy
(PSP) (1, 5). Therefore, a detailed assessment of the olfac-
tory function may be useful in differentiating PD from
APSs, such as MSA and PSP, as well as for predicting a
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specific clinical phenotype of PD.

Although the odor stick identification test (OSIT) has
consistently revealed significant olfactory impairment in pa-
tients with PD compared with those with APSs (6), the
characteristics of olfactory impairment in PD and APSs have
not been determined in detail. The OSIT for Japanese
(OSIT-)) is a useful and widely used tool for olfactory as-
sessment. However, its routine use for clinical practice is
sometimes difficult, as it should be refrigerated and requires
application, rubbing and handling steps. In contrast, the re-
cently developed Open Essence (OE, Wako, Japan), a self-
administered card-type odor identification test, is quick and
easy to perform and can be stored at room tempera-
ture (7, 8).

In this study, we compared olfactory impairment among
patients with PD-related disorders, including PD, MSA and
PSP, using OE.

Materials and Methods

This cross-sectional, case-controlled study was performed
at the Department of Neurology, Dokkyo Medical University
between January 2012 and May 2016. It was performed in
accordance with the Declaration of Helsinki and was ap-
proved by the institutional review board of Dokkyo Medical
University. Written informed consent was obtained from all
subjects who participated in the study.

Subjects

A total of 147 patients with PD-related disorders (98 PD
patients, 32 MSA patients and 17 PSP patients) and 96 con-
trols subjects 250 years of age were included in this study.
Control subjects were recruited from among a population of
stable patients without neurological disorders (dementia dis-
orders, PD-related disorders, multiple sclerosis, myasthenia
gravis, polyneuropathies or stroke) who visited our outpa-
tient clinic and from medical staff in our hospital. A diagno-
sis of PD was made based on the UK PD Society Brain
Bank clinical diagnostic criteria (9). MSA and PSP were di-
agnosed according to established criteria (10, 11). Patients
with secondary parkinsonism due to medication, vascular le-
sions or trauma were excluded. Patients with Mini-Mental
State Examination (MMSE) scores <20 and those with anos-
mia due to nasal sinus disease, trauma or other causes were
excluded based on their history. Among the patients with
MSA, 22 had MSA with predominant cerebellar ataxia
(MSA-C), and 10 had MSA with predominant parkinsonism
(MSA-P). Among the patients with PSP, 15 had Richard-
son’s syndrome, and 2 had PSP-parkinsonism. The disease
severity was evaluated based on the Hoehn and Yahr (HY)
stage. The cognitive function was evaluated using the
MMSE. The levodopa equivalent dose (LED) was calculated
in accordance with previously described methods (12).

Olfactory function test

The card-type odor identification test OE (Wako) was

used to assess the olfactory function. OE was developed in
Japan to assess olfactory identification and includes 12 dif-
ferent odors familiar to Japanese people: India ink, wood,
perfume, menthol, Japanese orange, curry, gas for household
use, rose, hinoki cypress, sweaty socks, condensed milk, and
roasted garlic. When the subject opens the twice-folded
card, the microcapsule breaks, and the odor is released. The
subject is asked to choose one of six possible answers: cor-
rect odor; odor closest to the correct one; odor close to the
correct one; odor very different from the correct one; detect-
able but not recognizable (unknown); and no smell detected
(not detected) (7, 8). The OE test does not require a forced
choice from the subjects. The OE test also consists of odor-
ants compatible with the OSIT for Japanese and can be per-
formed more easily and faster than the OSIT-J because it
skips the application, rubbing and handling steps required
for that test (7, 8).

The reliability of the OE test has been confirmed by its
significant and strong correlation with the average detection
and recognition thresholds of Jet Stream Olfactometry,
symptom scores, and duration scores for the intravenous ol-
factory test (7). A previous study determined that an OE
score <7 was abnormal and that this cut-off was useful in
differentiating subjects with olfactory dysfunction (mean age
57 years) from healthy volunteers (mean age 35 years) (7);
however, because appropriate OE score cut-off values for
differentiating among PD-related disorders have not been
evaluated, we determined the optimum OE cut-off scores as
well as the number of “not determined” choices for OE sub-
items for each participant to discriminate PD from MSA and
PSP based on a receiver operating characteristic (ROC)
curve analysis. The OE total and sub-scores in each group
were calculated and correlated with clinical factors.

Statistical analyses

A one-way analysis of variance followed by Bonferroni
test was used to compare continuous variables among the
groups. A general linear model was applied to compare the
OE total score among the groups, controlling for age and
sex. The chi-squared or Fisher’s exact test was used to com-
pare categorical variables. The ROC curve was utilized to
determine optimum OE score cut-off points to differentiate
PD from APS or controls. Spearman’s rank correlation coef-
ficients were used for correlation analyses. Statistical signifi-
cance was defined as a two-tailed p<0.05. The GraphPad
Prism for Windows software program (Version 5.01; Graph-
Pad Software, San Diego, USA) was used to generate fig-
ures, and the IBM SPSS Statics 22.0 software program
(IBM SPSS, Tokyo, Japan) was used for the statistical
analysis.

Results

The clinical characteristics of the patients with PD, MSA
and PSP and of the controls are shown in Table 1. The PD
patients had a longer disease duration and higher LED than
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Table 1. Clinical Characteristics of the Patients with PD, MSA, and PSP as Well as the Controls.
PD (n=98) MSA (n=32) PSP (n=17) Controls (n=96)  p value

Male/female 46/52 15/17 7/10 43/53 0.97
Age (years) 68.9+8.0 (51-88)  67.2+7.8 (51-82)  71.6+£7.9 (50-82)  66.3x7.7 (50-82) 0.069
Smoking status 0.077

Never, n (%) 80 (81.6) 23 (71.9) 14 (82.4) 61 (63.5)

Past, n (%) 15 (15.3) 6 (18.8) 1(5.9) 26 (27.1)

Current, n (%) 3.1 309.4) 2(11.8) 9(9.4)
MMSE 27.1+2.8 26.0+2.8 26.1+2.8 - 0.10
Disease duration (years) 4.4+4.6 2.6+2.0 2.2+1.5 - 0.019
HY stage 2.7+0.9 3.1+1.0 3.0+£0.6 - 0.083
Drug naive patients, n (%) 56 (57.1) 25(78.1) 11 (64.7) - 0.098
LED (mg/day) 304.7+404.9 64.5+145.0 144.5+£216.2 - 0.0028

PD: Parkinson’s disease, MSA: multiple system atrophy, PSP: progressive supranuclear palsy, HY: Hoehn and Yahr, LED: levodopa

equivalent dose
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Figure 1. Comparison of the OE total scores among the pa-
tients with PD, MSA and PSP and controls. *p<0.05, **p<0.01,
**%¥p<0.001, ****p<0.0001. PD: Parkinson’s disease, MSA:
multiple system atrophy, PSP: progressive supranuclear palsy,
Ctrl: controls, OE: Open Essence

the MSA and PSP patients. The OE scores of the controls
(8.6+2.0) were significantly higher than those of the PD (3.8
+2.3), MSA (6.6%2.5) and PSP patients (5.7+1.8) (p<0.0001,
Fig. 1). This difference remained significant after adjusting
for sex and age (PD, 3.8+2.2; MSA, 6.6+2.2; PSP, 5.8+2.2;
controls, 8.5+2.1; p<0.0001). Among the patients with
parkinsonism, the PD patients had significantly lower OE
scores than the MSA and PSP patients. The OE scores of
the MSA and PSP patients fell between those of the PD pa-
tients and control subjects. There was no significant differ-
ence in the OE scores between MSA-C (6.5+2.5) and MSA-
P patients (7.0+2.6) (p=0.58).

According to ROC curve analysis, OE score cut-offs of 4,
5 and 6 had 60.2% sensitivity and 77.6% specificity, 75.5%
sensitivity and 61.2% specificity and 84.7% sensitivity and
53.1% specificity, respectively, for differentiating PD from

APS (area under the curve, 0.77; p<0.0001) (Fig. 2). An OE
score cut-off of 7 had high sensitivity (95.9%) but low
specificity (30.6%) in differentiating PD from APS. In con-
trast, in differentiating PD from controls, OE cut-offs of 5, 6
and 7 yielded 75.5% sensitivity and 91.7% specificity,
84.7% sensitivity and 85.4% specificity and 95.9% sensitiv-
ity and 71.9% specificity, respectively (area under the curve,
0.94; p<0.0001) (Fig. 2).

When an OE score cut-off of 4 was used to define olfac-
tory impairment, the percentage of individuals with olfactory
impairment among the patients with PD-related disorders
and the controls was as follows: PD, 60.2%; MSA, 18.8%;
PSP, 29.4% and controls, 3.1%. The PD patients with olfac-
tory impairment (OE score <4) had a lower MMSE score
than those without olfactory impairment (OE score >4) (Ta-
ble 2). The MSA patients with olfactory impairment had
lower MMSE scores and LEDs than those without. One
(10.0%) patient with MSA-P and 5 (22.7%) patients with
MSA-C showed an OE score <4 (p=0.64). The PSP patients
with olfactory impairment were older than those without ol-
factory impairment. Among the PD-related disorders, olfac-
tory impairment was not related to disease duration, HY
stage or smoking status.

The OE scores correlated negatively with age in the pa-
tients with PD and PSP as well as in the controls. A positive
correlation between MMSE and OE scores was found in the
PD and MSA patients, and this correlation was stronger in
the MSA patients (r=0.49) than in the PD patients (r=0.32)
(Fig. 3A and B). We therefore analyzed the correlation of
MMSE sub-items, such as orientation for time and place,
registration/recall and calculation/attention (serial seven sub-
traction), with OE scores among PD, MSA and PSP pa-
tients. In PD and PSP patients, there was no significant cor-
relation of OE with MMSE sub-items. In contrast, in MSA
patients, although there was no significant correlation of OE
scores with registration/recall or orientation, a positive corre-
lation was found between calculation/attention and OE
scores (r=0.64, p<0.01).

With regard to the OE sub-items, the PD patients had sig-
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ROC curve of Open Essence. The ROC curves of Open Essence for differentiating PD

from controls and PD from APS are shown. PD: Parkinson’s disease, APS: atypical parkinsonian

syndrome

Table 2. Clinical Characteristics of the Patients with and without Olfactory Impairment.

PD (n=98) MSA (n=32) PSP (n=17)
OE<4 OE>4 OE<4 OE>4 OE<4 OE>4

N 59 39 6 26 5 12
Male/female 32/27 14/25 5/1 10/16 1/4 6/6
Age (years) 69.8+8.3 67.6+7.5 72.7+8.7 66.0+7.2 77.4+3.6 * 69.2+7.9
Smoking status

Never, n (%) 47 (79.7) 33 (84.6) 5(83.3) 18 (69.2) 5 (100.0) 9 (75.0)

Past, n (%) 9(15.3) 6 (15.4) 1(16.7) 5(19.2) 0(0.0) 1(8.3)

Current, n (%) 3.1 0(0.0) 0(0.0) 3(11.5) 0(0.0) 2 (16.7)
MMSE 26.2+2.9 28.5+2.2 23.5+1 4% 26.6+2.6 25.2+2.3 26.5+3.0
Disease duration (years) 4.3+4.0 4.6+5.4 2.3x2.0 2.6x2.0 2.8+1.5 2.0x1.5
HY stage 2.8+0.8 2.5+£0.9 3.5+1.0 3.0£0.9 2.7+0.4 3.1+0.7
Drug-naive patients, n (%) 31 (52.5) 25 (64.1) 5(83.3) 20 (76.9) 3 (60.0) 8 (66.7)
LED (mg/day) 324.4+389.5  275.5+430.1 0.0+0.0 * 80.0+158.1  162.5+261.3  136.4+206.3

OE < 4 vs. OE>4, *p<0.05, **p<0.01, ***p<0.001

PD: Parkinson’s disease, MSA: multiple system atrophy, PSP: progressive supranuclear palsy, HY: Hoehn and Yahr, LED: levodopa

equivalent dose, OE: Open Essence

nificantly lower correct answer rates for all 12 odors than
the controls. The correct answer rates for perfume, Japanese
orange and curry were significantly lower in PD patients
than in PD, MSA and PSP patients and controls (Fig. 4, Ta-
ble 3). Compared with the MSA patients, the PD patients
had lower correct answer rates for perfume, Japanese or-
ange, curry, condensed milk, sweaty-smelling socks, India
ink and Japanese hinoki cypress. Furthermore, the answer
patterns for the 12 odorants differed between the patients
with PD-related disorders and the controls (Fig. 4). The
combined percentage of responses of “unknown” and ‘“not
detected” across all of the odors was lowest in the controls,
while the percentage of “not detected” responses for all 12
odors was highest in the PD patients. In differentiating PD
from MSA and PSP, 2 or more responses of “not detected”
or “unknown” for the OE sub-items, irrespective of the type
of odor, yielded 61.2% sensitivity and 61.2% specificity,
whereas 3 or more responses of “not detected” or “un-
known” for the OE sub-items had 43.9% sensitivity and

73.5% specificity (area under the curve, 0.63; p=0.0085).

Discussion

In this study, we found that PD patients had significantly
lower total scores of OE than PSP and MSA patients and
control subjects. Because olfaction is influenced by
age (13), we included the patients and controls 250 years of
age. This finding is in agreement with the marked olfactory
impairment that has been reported in PD patients across
studies despite the use of different methodologies to assess
odor threshold, identification and discrimination (1). Fur-
thermore, by using OE, our study confirmed the previously
reported usefulness of olfactory testing in differentiating PD
from MSA and PSP patients (14-16). An ROC curve analy-
sis showed that an OE score cut-off of 4 was useful for dif-
ferentiating PD from MSA and PSP (60.2% sensitivity and
77.6% specificity), whereas a cut-off score of 6 was benefi-
cial for differentiating PD patients from controls with 84.7%
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Figure 3. Correlation between the OE and MMSE score in PD and MSA patients. (A) PD patients,
(B) MSA patients. rs: Spearman’s rank correlation coefficient, PD: Parkinson’s disease, MSA: mul-
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Figure 4. A comparison of the answers for the OE sub-items among the patients with PD, MSA and
PSP and controls. PD: Parkinson’s disease, MSA: multiple system atrophy, PSP: progressive supra-

nuclear palsy, OE: Open Essence

sensitivity and 85.4% specificity.

Our study did not reveal a significant correlation between
OE score and disease duration in PD patients. Olfactory im-
pairment occurs early and may even appear before the motor
symptoms of PD, but several studies have failed to show a
correlation of olfactory impairment with disease duration or
dopaminergic treatment (1, 17, 18). Although we did not
correlate the OE scores with the cardiac sympathetic func-
tion in this study, olfactory impairment correlates with car-
diac sympathetic denervation (19-21). Furthermore, olfactory
dysfunction may be an indicator of Lewy body pathology
rather than striatal dopamine deficiency (18, 22, 23).

The answer patterns (correct answer, wrong answer, un-

known and not detected) in Fig. 4 revealed that for all of the
odors, the rate of response of “not detected”, which corre-
sponds to anosmia, was highest in the PD patients compared
with the other groups. A further analysis demonstrated that,
regardless of odor type, 3 or more “not detected” or “un-
known” answers had 43.9% sensitivity and 73.5% specificity
in discriminating PD from MSA and PSP. Our findings sup-
port the hypothesis that bilateral and robust olfactory impair-
ment is a feature of PD (1).

Selective olfactory impairment has also been described in
PD patients. Bohnen et al. (24) reported that the impaired
identification of 3 specific odors (banana, licorice and dill
pickle) had an accuracy of >75% for the diagnosis of PD.
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Table 3. Correct Answer Rates for OE Subitems among the Patients with PD, MSA, and PSP as Well as the Controls.

PD vs. PDvs. MSAvs. PDuvs. MSA PSP vs.
PD MSA PSP Cul g0 PSP PSP cul  vs.Cul  Cul
(%) (%) (%) (%) p value
Perfume 200 563 647 667 <0.001 <0.001 076  <0.001 030 1.0
Rose 173 313 118 479 0.3 0.73 0.17  <0.001 0.5  0.0067
Sweet odor
Japanese orange 224 500 588 729 0.0064 0.0060 076  <0.001  0.029 0.26
Condense milk 265 531 353 719 0.0088  0.56 037  <0.001 0081  0.0052
Soi Curry 612 969 941 99.0 <0.001 0010 >099  <0.001  0.15 0.28
1CeS
P Roasted garlic 194 375 353 469 0055 020 099  <0.001 041 0.44
Rotten,  Sweaty smelling 505 56 471 750 00071 043 024  <0.001 036  0.039
excreta socks
Gas, smoke  Cooking gas 265 438 294 708 0080  0.77 037  <0.001 0.0099  0.0018
India ink 265 531 471 781 00047  0.15 077  <0.001 0012  0.015
Wood Wood 306 438 235 677 020 0.77 022  <0.001 0021  <0.001
ood,
grass, herb f}?ﬁgﬁf” CYPTESS 439 688 588 750  0.024 030 054  <0.001 050 0.24
Menthol 449 594 647 906 022 0.19 077  <0.001 <0.001  0.011

Significant differences are highlighted in bold.

Hawkes et al. (25) reported that among the 40 odors of the
University of Pennsylvania Smell Identification test, failure
to identify both pizza and wintergreen was best able to dis-
criminate PD patients from controls. Homma et al. (26) used
the OE test to study the olfactory function of Japanese pa-
tients with PD and other neurological diseases and healthy
controls and showed that the identification rate for con-
densed milk and roasted garlic was significantly reduced in
PD patients compared with other groups, whereas the identi-
fication rates for menthol, cypress wood and wood were
similar among the groups. In our study, the identification of
condensed milk and roasted garlic was significantly im-
paired in the PD, MSA and PSP patients compared with the
controls, but this distinction could not be used to differenti-
ate the patients with PD-related disorders from the healthy
controls. However, we did find that the correct answer rates
for three odors (perfume, Japanese orange and curry) were
lower in the PD group than in the MSA and PSP groups.
Curry odor is intense and familiar to Japanese subjects, but
it also stimulates the chemosensory system through the
trigeminal nerve (27). This additional activation may explain
why the correct answer rate for this odor was higher than
that for other odors among the participants in our study.
Nevertheless, 39% of the PD patients were unable to iden-
tify the curry odor correctly, indicating the involvement of
the central olfactory tract or the chemosensory system in
PD.

Our study showed that the correct answer rates for the
curry, Japanese orange and perfume odorants in the PD pa-
tients were lower than those in the patients with MSA and
PSP as well as in the controls. However, in a study of 243
healthy Japanese subjects, 100% and 99% correctly identi-
fied curry and menthol, respectively, using the OE test. In
addition, the combination of scores for cypress wood and
India ink odorants was useful for detecting olfactory impair-
ment (OE score <7) (28). This study suggested that intense

odorants, such as curry and menthol, were not useful for de-
tecting mild olfactory impairment in subjects without neuro-
logical disorders, but we showed that the assessment of
curry, Japanese orange and perfume odorants was useful for
distinguishing PD patients from MSA and PSP patients as
well as controls.

In PD, the olfactory bulb and anterior olfactory nucleus,
along with the dorsal motor nucleus of the vagus, are the
site of induction of Lewy pathology (3); this fact may ex-
plain the early occurrence of olfactory impairment in PD. In
pathology-based studies, the neuronal loss of the anterior ol-
factory nucleus correlated with disease duration (5). Tau pa-
thology was detected in the olfactory bulb of cases of pa-
thologically diagnosed Lewy body disease (5, 29). In addi-
tion, the considerable alpha-synuclein pathology observed in
the amygdala (30), piriform cortex (1) and hippocam-
pus (17) in patients with PD may be involved in the olfac-
tory impairment. Damage to largely nondopaminergic neuro-
transmitter systems (the serotoninergic raphe nucleus, norad-
renergic locus ceruleus and cholinergic nucleus basalis of
Meynert) may also contribute to olfactory impairment in
PD (1). Mrochen et al. (31) demonstrated impairment of the
hedonic olfactory range in patients with PD, suggesting the
potential involvement of the limbic system. In contrast to
the degeneration of the mesocortical
dopaminergic systems, an increase in dopaminergic neurons
in the olfactory bulb has been reported in PD (32). This in-
crease may be a compensatory response to substantia nigra
degeneration  and the  levodopa-
unresponsiveness of the olfactory deficit found in PD (5).

In our study, the PSP and MSA patients exhibited OE
scores between those of the PD patients and control sub-
jects, indicating mild hyposmia. Patients with MSA have
been reported to show mild impairment of the olfactory
function (15, 33). In MSA, the appearance of glial cytoplas-
matic inclusions in the olfactory bulb, neuronal loss in the

and mesolimbic

may  explain
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anterior olfactory nucleus (34) and cerebellar atrophy, which
may influence cerebellar involvement in olfactory process-
ing (33), may contribute to mild olfactory impairment. We
observed a stronger correlation between olfactory impair-
ment and cognitive impairment in the MSA patients than in
the PD patients. Cognitive impairment, particularly frontal
executive dysfunction, is now considered an integral part of
MSA (35). We also detected a positive correlation between
the MMSE sub-items of serial seven subtraction (calcula-
tion/attention) in MSA patients only, suggesting that im-
paired attentional set shifting in MSA (35) may contribute
to the impaired olfaction in these patients. Furthermore,
while severe olfactory impairment predicts the future devel-
opment of dementia in PD patients (4), this link has yet to
be tested in MSA patients. Whether or not olfactory impair-
ment can predict cognitive impairment as a characteristic of
a clinical subtype of MSA requires further study.

In contrast to the findings in PD and MSA patients, PSP
patients showed a normal or minimally impaired olfactory
function (5, 14-16); however, olfactory impairment can pro-
gress in parallel with the disease (36). Tau pathology was
observed in the olfactory bulb in patients with hyposmia and
synucleinopathies, such as PD and dementia with Lewy bod-
ies, but interestingly, in patients with tauopathies, such as
PSP or corticobasal degeneration, the olfactory bulb did not
show tau pathology (29, 36). Therefore, the mild olfactory
impairment that was observed in the PSP patients in our
study may have been due to the involvement of more central
olfactory-related brain structures, such as the orbitofrontal
cortex, which is known to be involved in PSP.

One of the limitations of this study is that although we
excluded cases of anosmia due to nasal sinus disease from
the study, an otorhinolaryngologic examination was not per-
formed at the time of the study. Genetic factors such as the
significant loss of smell that occurs after 65 years age more
often in men more than women, exposure to smoking and
urban living conditions can influence the results of an olfac-
tory assessment (5), and these factors may have influenced
the results of our study. The correct answer rates for several
odorants, such as perfume (27), rose and roasted garlic (28),
were not high in the controls, a result that may be related to
the sensitivity of the test. Furthermore, some subjects with
hyposmia as a premotor sign of PD may have been included
in the controls. Apathy in PD patients has been associated
with poor smell identification (37); however, in our study,
psychiatric symptoms such as apathy or depression were not
assessed. The OE total scores in our controls were lower
than those in Japanese healthy controls in previous stud-
ies (7, 26). This is probably due to differences in inclusion
criteria and sample sizes among studies; for controls in our
study (n=96), we excluded those with anosmia due to
known conditions but might have inadvertently included
those with mild hyposmia, the studies by
Homma (26) and Fujio et al. (7) used healthy controls (n=
10 and 50, respectively) without any signs of olfactory dis-
turbance or any complaints of olfactory impairment. Never-

whereas

theless, given that up to one third of elderly subjects can
have olfactory impairment due to various reasons, applying
a cut-off value of 6 would still be useful for discriminating
PD patients from subjects with non-neurological disorders
who may have mild olfactory impairment in a clinical set-
ting. Finally, it could be argued that olfactory identification
tests assess selective olfactory impairment because odorants
activate multiple receptors and are composed of many
chemicals; therefore, olfactory impairment may not be re-
lated to specific odorants (1).

In conclusion, we found that marked olfactory impairment
was a more prominent feature of patients with PD than of
those with MSA or PSP, who showed mild olfactory impair-
ment. An evaluation based not only on the OE total score
but also on the choices for OE sub-items may be useful for
differentiating PD from APSs such as MSA and PSP.
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