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Objective: Hyposmia is one of the earliest non-motor features of Parkinson’s disease (PD)
and can precede the onset of motor symptoms by years. Most of the current olfactory detec-
tion tests are targeted at Western populations. The exact relationship between hyposmia and
cognitive impairment is unknown. The purpose of the study was to find bromines that can
effectively identify olfactory dysfunction and investigate the relationship between hyposmia
and cognitive function in early, non-demented, drug-naive patients with PD in the People’s
Republic of China.

Methods: Sixty-three early, non-demented, drug-naive patients with PD and 55 healthy controls
were enrolled in the study. The T&T olfactometer and a Chinese version of Montreal Cognitive
Assessment (MoCA) were applied to assess subjects’ olfactory and cognitive functions. Patients
with PD also completed the Modified Unified Parkinson’s disease-rating scale (UPDRS) and
Hoehn and Yahr (H&Y) scale.

Results: Patients with PD had lower scores of visuospatial and executive function (p=0.000),
attention (p=0.03), and delayed recall (»p=0.001) than controls. B-phenylethyl alcohol (floral
smell, smell of rose petals) and isovaleric acid (smell of sweat, stuffy socks) were more sensi-
tive for identifying hyposmia in patients with PD than three other odors. Multivariate logistic
regression analysis showed that impaired visuospatial and executive function was associated
with hyposmia (p=0.013), but was independent of other PD-associated variables.
Conclusion: Hyposmia was common in early, non-demented, drug-naive PD patients.
B-Phenylethyl alcohol and isovaleric acid were more superior for identifying hyposmia in early
non-demented Chinese patients with PD. Hyposmia was associated with impaired visuospatial
and executive function in patients with PD. Further prospective studies that apply a series of
neuropsychological tests and functional magnetic resonance imaging methods in large samples
in multicenter studies are needed to confirm our findings and to investigate the relationship
between hyposmia and cognitive function with disease progression in patients with PD.
Keywords: Parkinson’s disease, hyposmia, cognitive dysfunction

Introduction

Hyposmia is a term that describes a reduced ability to smell and to detect odors.
Hyposmia is one of the earliest non-motor features of Parkinson’s disease (PD). It
can precede the onset of motor symptoms by years.! Previous studies reported that
approximately 80%-90% of patients with PD suffer from hyposmia.>* Hyposmia
can be used as a biomarker for differentiating Alzheimer’s disease (AD) and PD
from progressive nuclear paralysis (PSP) and cortical basal ganglia degeneration
(CBD) among neurodegenerative diseases.*> Hyposmia was reported to be cor-
related with cognitive impairment in some diseases, such as AD, PD, multiple
sclerosis, and type 2 diabetes mellitus.*® Some studies revealed that hippocampal
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dopaminergic denervation, more than amygdala or striatal
dopaminergic denervation, was correlated with impaired
odor identification in early PD.!° Limbic cholinergic dener-
vation may also contribute to hyposmia in PD.!" Progres-
sive hyposmia may be used as a biomarker of cognitive
decline and cholinergic denervation in patients with PD.!?
But, the exact relationship between hyposmia and cognitive
impairment in PD has not been elucidated. Patients with
hyposmia were reported to have lower quality of life and
higher mortality rates.'>!

There are several methods of olfactory testing, including
the University of Pennsylvania Smell Identification Test
(UPSIT), the Barcelona Smell test-24 (BAST-24) for Spain,
“Screening 12 Test”, and “Sniffin” Sticks’16 (SS-16) for
olfactory testing. But not all odor-identification tests are
applicable in different countries because of cultural differ-
ences. Most of the current olfactory tests are targeted toward
Western populations. Only the Odor Stick Identification
Test for Japanese (OSIT-J) was developed for Japanese
populations.’

There are two aims of this study. First, to identify bro-
mines that can effectively identify olfactory dysfunction in
Eastern populations, especially in patients with early PD
in the People’s Republic of China. Second, to explore the
relationship between hyposmia and cognitive function in
early non-demented patients with PD. Both of these aims
are critical to improving early intervention and treatment
strategies for patients with PD.

Materials and methods
Subjects

A total of 63 eligible patients were selected from a cohort
of consecutive Chinese patients diagnosed with PD in our
movement disorder center from May 2014 to October 2015
whose Hoehn and Yahr (H&Y) stage was 2.0 or lower.'® All of
the PD subjects satisfied the UK Parkinson’s Disease Society
Brain Bank clinical diagnostic criteria.'” The Mini-Mental
State Examination (MMSE) was applied as a screening tool
for dementia in patients with PD and in controls. Subjects
45-80 years old with MMSE score =24 (or =20 if the
patient had <6 years of education) who speak fluent Chinese
and have no difficulty in communicating were enrolled in
the study.'® Subjects were excluded if they had a secondary
parkinsonism syndrome, atypical parkinsonian syndrome,
malignant neoplasm, epilepsy, severe cardiopulmonary
disease, a history of nasal or sinus or surgery, obstructive
pulmonary disease, or had a cold in the 3 weeks preceding this
study enrolment. Patients with MMSE score <24 (or <20 if

the patient had <6 years of education) were excluded because
odor-identification deficits are due, in large or small part, to
impairment in verbal-semantic processing and how we learn
about odors and their names. Prominent cognitive impair-
ment could increase a perceptual basis of odor-identification
failure.>'*2° Fifty-five sex- and age-matched subjects were
enrolled as controls.

Procedures

Demographics and motor function evaluation
Demographic information, including age, sex, years of educa-
tion, disease duration, concurrent diseases, cigarette smoking,
and detailed medical history, was collected. All subjects
were carefully evaluated by a movement disorder specialist.
The Modified Unified Parkinson’s Disease Rating Scale
(UPDRS) and Hoehn and Yahr (H&Y) scale were applied
to all subjects with PD.?*!

Cognitive assessment

A Chinese version of the Montreal Cognitive Assessment
(MoCA; Beijing version), based on the final English lan-
guage version was used in this study (Beijing version and
English version of MoCA are available at http://www.
mocatest.org with no permission requirements as declared).
MoCA is a 30-point test covering seven cognitive subdo-
mains: 1) visuospatial and executive; 2) naming; 3) memory;
4) attention; 5) language; 6) abstraction; and 7) delayed
recall and orientation. A bonus point is given to individuals
with <12 years of education. MoCA <26 is considered to be
indicative of MCI; otherwise, it indicates normal cognition
function, which was reported with a sensitivity of 90% and
specificity of 87%.%

Olfactory testing

The T&T Olfactometer (First Pharmaceutical Co., Ltd.) test,
developed in Japan, has odor items that are easily recogniz-
able to many Eastern people.? The feature of this olfactory
test with the T&T Olfactometer is that the test simulates the
action of sniffing in everyday among Asians. Therefore, this
olfactory test should be useful in testing olfactory function
in subjects with MMSE score =24 (or =20 if the patient
has <6 years of education) who speak fluent Chinese and
have no difficulty in communicating. The T&T Olfactometer
consists of five different types of odors, labeled A, B, C,
D, and E, that have different chemical compositions of
B-phenylethyl alcohol (floral smell, smell of rose petals),
methyl cyclopentenolone (sweet burning smell, pudding),
isovaleric acid (smell of sweat, stuffy socks), y-undecalactone
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(smell of ripe fruit, canned peaches), 3-methylindole (musty
smell, smell of feces). Each odor has five different concentra-
tions. The sequential dilutions of each odor are as follows:
A (10—3.0, 10—3,5’ 10—4.0’ 10—4,5’ and 10—5.0); B (10—3.5, 10—4.0’ 10—4,5’
109, and 1075%); C (102, 103, 10759, 10>, and 107%?);
D (10733, 109, 1073, 107, and 107), and E (1079, 1077,
10739, 10753, and 1076?), respectively. The standard concen-
tration for identification threshold of each odor are as
follows: A (3.92x1079); B (4.38x1074°); C (4.92x107>9);
D (4.35x107*9), and E (4.97x1075?), respectively. The con-
centration “3” represents the standard odor solutions. The
weakest level is 1, and the strongest is 5. If the subject cannot
detect or recognize the odor at the highest concentration, the
result is labeled as 6. For each of the five different odors,
the subject must state when the odor is first detected. That
concentration is taken as the detection threshold value for
that particular odor. The subject then continues to smell the
five odors at increasing concentrations until the types of smell
can actually be recognized. This is the subjects’ identifica-
tion threshold value for that particular odor. Subjects who
are considered to have normal olfaction in the sensory test
of standard odors have olfactory acuity values that are at
least 1.5 standard deviations (SDs) under the mean. [https://
wWww.env.go.jp/en/air/odor/olfactory mm/0lmethod 2-1.

pdf]. The odor-identification threshold is the main observa-
tional indicator in this study. Subjects who recognized any
of the five odors with a concentration higher than “3” were
considered to have hyposmia.

The test was carried out in all patients with PD and con-
trols in an odorless room. The examiner dips a test paper into
the standard odor liquid to a depth of approximately 1 cm
and passes it to the subject. To smell the strip, the subject
should hold the tip of the paper approximately 1 cm away
from the nose.

This study was approved by the ethics committee of the
Second Affiliated Hospital of Soochow University. Each
subject provided written informed consent before study
participation.

Statistics

Continuous variables were expressed as mean £ SD or
median [interquartile range (IQR)], and were compared
using Student’s #-test or Wilcoxon rank-sum test between
patients with PD and controls. Categorical variables were
expressed as frequency (%) and were compared using the
chi-square or Fisher exact test. Multivariate non-conditional
logistic regression models were used to assess the associa-
tion of hyposmia with cognitive function and other variables

in patients with PD. Odds ratios (ORs) and 95% confi-
dence intervals (95% Cls) were used to evaluate the risk
of hyposmia after adjusting for important confounders such
as age and cigarette smoking. In addition, a receiver operat-
ing characteristic (ROC) analysis was conducted to assess
the sensitivity and specificity of each odor for differentiating
hyposmia. The area under the ROC curve (AUC) served
as one primary index of accuracy. All p-values were two-
tailed, and a significance level of 0.05 was used. Statistical
analysis was conducted using SPSS version 21 (IBM SPSS,
Chicago, IL, USA).

Results

Sixty-three patients were included in this study. The baseline
characteristics are presented in Table 1. The control group
comprised 55 age- and sex-matched subjects. The mean
age of PD patients was 62.717.4 years. The median disease
duration and H-Y stage were 2.0 years (IQR 1.0-7.0 years)
and 1.5 (IQR 1.0-2.0), respectively. The mean score of
UPDRS III was 19.249.0. Compared to controls, patients
with PD had lower scores of MMSE (»p<<0.001) and MoCA
(»<<0.001). In terms of cognitive subdomains, patients with
PD have lower scores of visuospatial and executive function
(»<<0.001) and attention (p=0.03), as well as delayed recall
(»p=0.001), than controls.

Table | Baseline characteristics of patients with Parkinson’s
disease and controls

Characteristic PD patients Controls p-value
(n=63) (n=55)
Age, years 62.7+7.4 62.9+7.0 0.894
Male sex 40 34 0.851
Education, years 9.0 (8.0-12.0) 12.0 (9.0-12.0) 0.121
Cigarette smoking 22 16 0.499
Disease duration, years 2.0 (1.0-7.0) -
Hoehn-Yahr stage 1.5 (1.0-2.0) -
UPDRS Il 19.249.0 -
MMSE 28.0 (27.0-29.0) 29.0 (29.0-30.0) <0.001
MoCA 24.0 (22.0-26.0) 26.0 (24-27.0)  <0.001
Visuospatial and executive 3.0 (3.0-5.0) 5.0 (4.0-5.0) <0.001
Naming 3.0 (3.0-3.0) 3.0 (3.0-3.0) 0.153
Attention 6.0 (5.0-6.0) 6.0 (6.0-6.0) 0.030
Language 2.0 (2.0-3.0) 2.0 (2.0-3.0) 0.883
Abstraction 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.582
Delayed recall 2.0 (1.0-3.0) 3.0 (2.0-3.0) 0.001
Orientation 6.0 (6.0-6.0) 6.0 (6.0-6.0) 0.115

Notes: Continuous variables are expressed as mean + standard deviation or as
median (interquartile range). Categorical variables are expressed as frequency
(percent).

Abbreviations: PD, Parkinson’s disease; UPDRS |ll, score of third part of Unified
Parkinson Disease Rating Scale; MMSE, Mini-Mental state examination; MoCA, The
Beijing version of the Montreal Cognitive Assessment.
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Table 2 Detection threshold and identification threshold of
five different types of odors between patients with Parkinson’s
disease and controls

Odor solutions PD patients Controls p-value
(n=63) (n=55)

Odor detection threshold
[3-phenylethyl alcohol 5.0 (3.0-6.0) 2.0 (1.0-3.0) <0.00I
Methyl cyclopentenolone 3.0 (3.0-5.0) 2.0 (1.0-3.0) <o0.001
Isovaleric acid 3.0 (2.0-5.0) 2.0 (2.0-4.0) <o0.001
Y-undecalactone 4.0 (3.0-6.0) 3.0 (2.04.0) 0.001
Skatole (3-methylindole) 4.0 (2.0-6.0) 2.0 (1.0-3.0) <0.00I

Odor identification threshold
[3-phenylethyl alcohol 6.0 (5.0-6.0) 3.0 (2.0-5.5) <o0.001
Methyl cyclopentenolone 5.0 (4.0-6.0) 2.0 (2.0-3.0) <0.001
Isovaleric acid 4.0 (3.0-5.5) 3.0 (204.0) <o0.00!
Y-undecalactone 5.0 (4.0-6.0) 4.0 (3.04.0) <0.001
Skatole (3-methylindole) 5.0 (4.0-6.0) 2.0 (1.0-3.0) <0.00I

Note: Continuous variables are expressed as median (interquartile range).
Abbreviation: PD, Parkinson’s disease.

The incidence of hyposmia measured by each kind of odor
in patients with PD was statistically higher than in controls
(Tables 2 and 3).

ROC analysis revealed that B-phenylethyl alcohol (with a
sensitivity of 87.3% and specificity of 87.5%) and isovaleric
acid (with a sensitivity of 83.3% and specificity of 93.7%)
were more superior for recognizing odor-identification
impairment in early non-demented drug-naive patients with
PD than three other odors. The AUC of B-phenylethyl alcohol
and isovaleric acid were 91.9% and 90.4%, respectively
(Figure 1).

Multivariate logistic regression analysis showed that
hyposmia was associated with impaired visuospatial and
executive function (p=0.013), was but independent of
other PD variables, such as disease duration and score of
UPDRS III after adjusting for age, sex, and cigarette smoking
(Table 4).

Discussion
Our study demonstrated that odors of B-phenylethyl alcohol
(floral smell, smell of rose petals) and isovaleric acid (smell

Table 3 Abnormal identification threshold distribution between
patients with Parkinson’s disease and controls

Odor solutions PD patients Controls p-value
(n=63) (n=55)
B-phenylethyl alcohol, n (%) 56 (88.8) 20 (36.4)  <0.001
Methyl cyclopentenolone, n (%) 51 (81.0) 10 (18.2)  <0.001
Isovaleric acid, n (%) 43 (68.3) 24 (43.6)  0.007
Y-undecalactone, n (%) 52 (82.5) 28 (50.9)  <o0.001
Skatole (3-methylindole), n (%) 49 (77.8) 8 (14.5) <0.001

Abbreviation: PD, Parkinson’s disease.
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Figure | Receiver operating characteristic (ROC) analysis of each odor for
diagnosing hyposmia in patients with Parkinson’s disease.

Notes: All p-value <0.001. Area under the ROC curves of each odor are as follows:
A 91.9%, 95% CI (0.869-0.969), sensitivity 87.3%, specificity 87.5%; B 86.5%, 95% Cl
(0.796-0.933), sensitivity 81.4%, specificity 81.2%; C 90.4%, 95% Cl (0.849-0.959),
sensitivity 83.3%, specificity 93.7%; D 88.9%, 95% Cl (0.826-0.952), sensitivity
77.5%, specificity 93.7%; and E 77.1%, 95% Cl (0.678-0.863), sensitivity 54.9%,
specificity 93.7%.

Abbreviations: A, 3-phenylethyl alcohol; B, methyl cyclopentenolone; C, isovaleric
acid; D, y-undecalactone; E, skatole (3-methylindole).

of sweat, stuffy socks) were more superior for identifying
hyposmia in early non-dementia drug-naive patients with
PD. Hyposmia was associated with impaired visuospatial
and executive function, but independently of other PD-
associated variables, even after adjusting for age, sex, and
cigarette smoking.

Table 4 Multivariate logistic regression analysis of predictors for
hyposmia in patients with Parkinson’s disease

Variables Odds ratio (95% p-value
confidence interval)
Sex 1.899 (0.344-10.488) 0.462
Age 1.052 (0.937-1.181) 0.393
Disease duration 0.901 (0.642—1.264) 0.546
Cigarette smoking 0.673 (0.131-3.448) 0.634
UPDRS Il 0.966 (0.891-1.047) 0.403
Visuospatial and executive 0.527 (0.318-0.874) 0.013
Naming 0.616 (0.125-3.041) 0.552
Attention 0.556 (0.125-2.467) 0.440
Language 0.801 (0.288-2.229) 0.671
Abstraction 1.016 (0.323-3.195) 0.979
Delayed recall 0.772 (0.475-1.253) 0.295
Orientation 0.748 (0.097-5.744) 0.780

Note: Adjusted for sex, age, disease duration, cigarette smoking, score of UPDRS Il
score of visuospatial and executive, naming, attention, language, abstraction, delayed
recall, and orientation.

Abbreviation: UPDRS |ll, score of third part of Unified Parkinson Disease
Rating Scale.
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Hyposmia is one of the most commonly seen premotor
symptoms in patients with PD.? Mechanisms of hyposmia
are currently unknown. PD is a multisystem disorder which
involves multiple neurotransmitter pathways within the brain
and the autonomic nervous system.?* Aside from the dop-
aminergic system, deficits in the cholinergic, noradrenergic,
and serotonergic systems may contribute to olfactory loss.
Such deficits, manifesting as decreasing numbers of neurons
in the locus coeruleus, raphe nuclei, or nucleus basalis of
Meynert, have been correlated with numerous PD-related
non-motor symptoms such as autonomic dysfunction as well
as hyposmia.’ The locus coeruleus, which is also the brain
region implicated as being associated with pain and soma-
tosensory disturbances, sends noradrenergic projections to
the olfactory bulb and contains a number of olfaction-related
forebrain connections.?* Activation of 5-hydroxytryptamine
fibers originating in the raphe nuclei can alter the output of
activity from mitral cells, which are the main projection
neurons of the olfactory bulb.?> The nucleus basalis of
Meynert is the main source of acetylcholine in the forebrain.
Evidence suggested that strong correlations between olfac-
tory dysfunction and central cholinergic processes in PD.*
Therefore, hyposmia in PD may have multiple components,
including olfactory bulb and primary olfactory cortex
components, and indicate limbic dysfunction secondary to
dopaminergic, cholinergic, and other denervations.

Hyposmia in patients with PD can present as impairments
in odor detection, odor identification, odor discrimination,
and odor-recognition memory. The odor-detection threshold
is the concentration at which subjects can identify an odor
(air, water, and fat). While the odor-identification threshold
indicates the level at which a stimulus can not only be
detected, but also recognized. Odor-identification testing pro-
vides excellent diagnostic accuracy in distinguishing patients
with PD from controls.?” In this study, the odor-identification
threshold was used as the main indicator. Impaired odor iden-
tification was the best predictor for future PD.? Ross et al*’
carried out a longitudinal Honolulu—Asia Aging Study; 2,267
men, from 1991 to 1996, aged 71 to 95 years who were free
of clinical PD and dementia completed the olfaction testing.
During a 4-year follow-up period, 35 participants were
diagnosed with clinical PD. After adjusting for confounders,
compared with those in the two highest quartiles, those with
olfactory test scores in the lowest quartile had an OR of 5.2
for developing clinical PD. But, this relation was not found
beyond 4 years of follow-up. Hyposmia was correlated with
impaired cardiovascular sympathetic function in the early
stages of PD and was independent of striatal dopaminergic
denervation, disease duration, and clinical ratings of motor

function.’® Some factors including low protein, folate, mag-
nesium, and phosphorus density of the diet; psychosis; and
cognitive function were also shown to be correlated with
olfactory dysfunction in patients with PD.?!

The MoCA is one of the most widely adopted screening
tools for cognitive impairment and is available in 55 lan-
guages. It is a useful screening tool for PD global cognitive
and executive functions, and is also highly sensitive for
detecting visuospatial and memory impairment in patients
with PD.** Mild cognitive impairment (MCI) is a term used
to represent a slight cognitive decline which does not fulfil
the criteria for dementia.’* MCI in patients with PD covers a
wide spectrum of clinical deficits and severity with impair-
ment in language, working memory, attention, executive
function, visuospatial abilities, and memory domains — alone
or in combination.*® Compared to controls, patients with
PD exhibited significant deficits in olfactory function and
working memory, executive function, speed of information
processing, visuospatial skills, and phonological verbal
fluency tests.’® Loss of awareness of hyposmia was closely
associated with MCI in patients with PD.*’

Recently, several methods of olfactory testing are
available in patients with PD including the University of
Pennsylvania Smell Identification Test (UPSIT), Barcelona
Smell test-24 (BAST-24) for Spain, “Screening 12 Test”,
and “Sniffin” Sticks’16 (SS-16). The Odor Stick Identifica-
tion Test for Japanese (OSIT-J) is the only olfactory test
designed for the Eastern population among the methods
developed in Japan."® Considering that olfactory identifica-
tion patterns in patients with PD differed among different
countries, research on olfactory function in Eastern patients
with PD using familiar odors is required.*® Few studies
have investigated hyposmia in Eastern patients with PD
using familiar odors. Our study showed that hyposmia is
common in these early, non-demented, drug-naive patients
with PD. The incidence of hyposmia is significantly higher
in patients with PD than in controls. -phenylethyl alcohol
(floral smell, smell of rose petals) and isovaleric acid (smell
of sweat, stuffy socks) were more sensitive for identifying
hyposmia in patients with PD than three other odors. The
T&T Olfactometer was also used in another Japanese PD
cohort to investigate olfactory dysfunction. Results revealed
that methyl cyclopentenolone or skatole had benefits for
olfactory evaluation in patients with PD.* Some factors
may explain the discrepancy. Firstly, nearly 60% of their
patients were at H&Y stages I1I-1V significantly higher than
ours. Secondly, there were only 20 controls in their study.
Thirdly, the MMSE cut-off value for dementia was defined
as 22, which is lower than the cut-off in this study. In our
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study, patients with PD also had lower scores of visuospatial
and executive (p<<0.001), attention (p=0.03), and delayed
recall (p=0.001) than controls. Multivariate logistic regres-
sion analysis showed that hyposmia was associated with
impaired visuospatial and executive function (p=0.013),
but independent of other PD-associated variables, such as
disease duration and score of UPDRS III after adjusting for
age, sex, and cigarette smoking. Visuospatial and executive
deficits occur in nearly half of early non-demented patients
with PD.* Basal ganglia and limbic structure defects have
a determining role in visuospatial impairments in patients
with PD.* Basal forebrain cholinergic system degeneration
appears to be associated with executive impairment in early
PD.* Almost all patients with PD-MCI will eventually fulfil
criteria for dementia.* Progressive hyposmia may be a bio-
marker of cognitive decline and cholinergic denervation in
patients with PD."> However, the exact pathological basis
between cognitive impairment and hyposmia is unclear.
In humans, olfactory information is transmitted from the
olfactory bulb to the primary olfactory cortex, including the
piriform cortex, amygdala, and entorhinal cortex. In olfactory
processes, other cortical areas such as the orbitofrontal and
prefrontal areas and the insular, striatum, precuneus, or cer-
ebellum may also be invloved.* Impaired olfactory function
is associated with decreased dopaminergic and cholinergic
innervation into the temporolimbic areas, and with decreased
cerebral metabolism in the piriform cortex and amygdala in
PD.'"** Cholinergic denervation of the limbic archicortex is
a stronger determinant of hyposmia than nigrostriatal dop-
aminergic denervation in moderate patients with PD.? The
temporolimbic areas together with the orbitofrontal cortex
may link olfaction and cognitive function in PD.* Neurode-
generation in dopaminergic, noradrenergic, serotonergic, and
especially cholinergic systems in these area appears to play
an important role in the correlation between hyposmia and
impaired cognitive function in patients with early PD.

In summary, we have demonstrated that olfactory impair-
ment is common in patients with early PD. Compared to
three other odors, B-phenylethyl alcohol and isovaleric acid
are relatively more effective in verifying hyposmia in early,
non-demented, drug-naive Chinese patients with PD. Hypos-
mia was associated with impaired visuospatial and executive
function even after adjusting for confounders.

Limitations

Our study has several limitations. First, as our study is obser-
vational in nature, we cannot establish a causal relationship
between hyposmia and cognitive dysfunction. Second, the

generalizability of our study findings may be limited by the
relatively small population from a single center. Moreover,
cognitive function of subjects was assessed only by the
MoCA rather than a series of neuropsychological tests, such
as the Wisconsin Card Sorting Test (CST), Tower of London
test-Drexel version, Stroop Test, and Verbal fluency test
for executive function testing; Visual Reproduction I and II
subtests from the Wechsler Memory Scale, Corsi Learning
Suvra-Span, Benton’s Judgment of Line Orientation, Hooper
Visual Organization Test, and Clock copying for visuospatial
function testing.
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