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Abstract Several studies have reported that olfactory
dysfunction is an early neuropathological manifestation of
Parkinson’s disease (PD). Reduced cardiac meta-iodoben-
zylguanidine ('*’I-MIBG) uptake may be one of the
earliest signs of PD. We studied the relation of olfactory
dysfunction to cardiovascular dysautonomia in patients
with PD. The study group comprised 66 patients with PD
(70.5 years) and 26 controls (70.3 years) for olfactory
assessment, 21 controls (72.1 years) for cardiac 123 _MIBG
scintigraphy and heart rate variability (HRV), assessed
using the coefficient of variation for RR intervals (HRV),
and 23 controls (69.2 years) for orthostatic blood pressure
response. Olfactory function was assessed by the odor stick
identification test Japan (OSIT-J), and cardiovascular
autonomic function was evaluated by '**I-MIBG scinti-
graphy of the heart, the fall in orthostatic blood pressure, and
HRV. Patients with PD had a significantly lower OSIT-J
score than did the controls (4.1 £ 3.0 vs. 99 £+ 1.7,
p = 0.001). The OSIT-J score was unrelated to variables
other than gender, including age, disease duration, motor
score on the unified Parkinson’s disease rating scale, score
on the mini-mental state examination, motor phenotype,
visual hallucinations, and dopaminergic medication on
multiple regression and logistic regression analyses. The
OSIT-J score was related to the heart/mediastinum ratio of
cardiac '**I-MIBG uptake, the fall in orthostatic blood
pressure, and HRV, after adjustment for other clinical vari-
ables. Olfactory dysfunction in PD was, thus, significantly
related to both cardiac sympathetic and parasympathetic
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dysfunction, as well as vascular sympathetic dysfunction.
As non-motor symptoms of PD, olfactory dysfunction
and autonomic network failure appear to be closely related
in PD.
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Introduction

Parkinson’s disease (PD) presents not only with motor
disturbances, such as resting tremor, rigidity, bradykinesia,
or gait disturbance, but also with cognitive impairment,
autonomic dysfunction, depression, nighttime sleep prob-
lems, daytime sleepiness, and psychiatric complications
[4]. Olfactory dysfunction is also an important non-motor
feature of PD. Olfactory dysfunction may occur at an early
stage of the disease [56] and may even precede motor
symptoms [21]. Previous studies reported that olfactory
function was unrelated to cognitive function, motor ability,
general motor tremor, and oral motor function [10].
Olfactory test scores were considered to be independent of
all other measures in PD.

Clinically significant autonomic dysfunction, including
constipation, orthostatic hypotension, postprandial hypo-
tension, impaired baroreceptor reflex, and sweating dis-
turbance, can also occur in PD [39, 40, 46]. Cardiac
autonomic dysfunction may develop in early PD, because
123]_meta-iodobenzylguanidine (‘**I-MIBG) uptake by the
heart is reduced even in patients with very early PD
according to the Hoehn-Yahr staging system, without
clinically significant signs or symptoms of autonomic
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dysfunction [42, 44]. Spiegel et al. [52] demonstrated
degeneration of cardiac sympathetic neurons even in very
early PD. These findings suggest that reduced cardiac
MIBG uptake may be one of the earliest signs of PD.

Pathologic neurodegenerative changes in PD may start
in the lower brainstem, including the dorsal vagal nucleo-
lus, locus coeruleus, raphe nucleus, and olfactory bulb, and
extend gradually to the rostral brainstem and cerebral
cortex [3]. In the autonomic system, peripheral lesions
associated with reduced cardiac '**I-MIBG uptake may
also develop in association with impairment of the central
autonomic nerve network.

We studied the relation of olfactory function to cardio-
vascular function as evaluated by cardiac '**I-MIBG
uptake of the heart, orthostatic hypotension, heart rate
variability (HRV) assessed by coefficient of variation of
RR intervals, and other clinical variables.

Methods
Subjects

Actotal of 91 patients who met the diagnostic criteria of the UK
Parkinson’s Disease Society Brain Bank [27] were entered
into a research database at The Jikei University School of
Medicine. Sixty-six of these patients were recruited into this
study, after excluding patients in whom olfactory function,
orthostatic tolerance, and HRV could not be evaluated
because of motor impairment, cardiac disorders, or other
reasons (Table 1). No patient had abnormal findings on
magnetic resonance imaging (MRI), such as brainstem or
cerebellar atrophy. All patients received levodopa or a dopa-
mine agonist and had good responses. No patient had signs or

Table 1 Clinical characteristics of patients with PD

Number of patients 66

Age (range) (years) 70.5 £+ 9.3 (48-87)
Female/male 34/32

Disease duration (range) (years) 5.5 £ 4.5 (1-25)
Hoehn-Yahr scale 234+08

UPDRS motor score 224 £ 123

Motor subtype (PIGD/TDT or INT) 40/26

Patients with VH 20
MMSE (range) 27.9 + 2.1 (24-30)

Mean dose of levodopa 313 £ 154
Mean LED 204 £+ 140
Mean dose of selegiline 37+ 1.6

UPDRS unified Parkinson’s disease rating scale, PIGD posture and
gait instability phenotype, TDT tremor phenotype, INT indeterminate
phenotype, VH visual hallucinations, MMSE mini-mental state
examination, LED daily levodopa-equivalent-unit dose

@ Springer

symptoms of cardiac disease or any abnormalities on chest
radiography, electrocardiography, or cardiac echography.
Patients who smoked were excluded.

Levodopa was given to 49 patients, ergot dopamine
agonists to 11, non-ergot dopamine agonists to 19, and
selegiline hydrochloride to 15. Treatment was continued
during the study. Daily levodopa-equivalent-unit doses
(LED) were calculated on the basis of the theoretical
equivalence to levodopa, i.e., the doses of ergot dopamine
agonists in milligrams were multiplied by the following
factors: bromocriptine x10, cabergoline x67, pergolide
x 100, pramipexole x 100, and ropinirole x67 [7, 20, 25].
The severity of PD was assessed using the motor subsec-
tion of the unified Parkinson’s disease rating scale (UPDRS
motor score). Subjects were determined to have tremor
phenotype (TDT), posture and gait instability phenotype
(PIGD), or indeterminate phenotype (INT) by calculating
the ratio of the global tremor score to the global posture
and gait score, derived from the motor subsection of the
UPDRS score [13]. Subjects with a ratio of less than 1.0
were considered to have a PIGD phenotype, and those with
a ratio of 1.0 or more were considered to have a TDT/INT
phenotype.

A mini-mental state examination (MMSE) [14] was
performed in all patients. Descriptions of visual halluci-
nations (VH) were derived from clinical interviews with
the patients and their caregivers [26]. Patients with VH had
to have experienced VH at least several times previously,
irrespective of the relation of VH to medication.

We excluded patients who had an MMSE score of less
than 24, because it was unlikely that they could adequately
comprehend and respond to the odor or VH questions [38].

As controls for olfactory assessment, 26 healthy
subjects (15 women, 11 men, age 70.3 & 9.8 years, range
46-84 years) who were not smokers were studied. As
controls for cardiac '**I-MIBG scintigraphy and HRV, 21
subjects (11 women, 10 men, age 72.1 &+ 6.3 years, range
57-79 years) with no autonomic disorders were studied. As
controls for orthostatic blood pressure response on stand-
ing, 23 subjects (17 women, 6 men, age 69.2 + 7.9 years,
range 50-80 years) with no autonomic disorders were
studied. We excluded smokers from our study since
smoking has a mild, but significant detrimental effect on
olfactory function [15].

The study was approved by the Ethics Committee of
Jikei University School of Medicine, and all subjects gave
informed consent.

Olfactory assessment
Olfactory function was assessed by the odor stick identi-

fication test Japan (OSIT-J) (Daiichi Yakuhin Sangyo Co.
Ltd., Tokyo, Japan), which includes the following 12
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different odorants familiar to the Japanese population: India
ink, wood, perfume, menthol, Japanese orange, curry, gas for
cooking, rose, Japanese cypress (hinoki), condensed milk,
socks smelling of sweat, and roasted garlic [28, 37]. These
odorants were packed in microcapsules and were mixed with
paste. The examiners painted the paste in a 2 cm circle on a
5.25 em x 10.50 cm strip of thin paraffin paper. They folded
this paper in half and rubbed it to grind the microcapsules and
then passed it to a patient. The patient next opened and sniffed
the paper. The patient was then given six alternatives: four
odor names (including one correct name in principle), ‘not
detected’ and ‘unknown’. First, we asked patients to choose
the correct response among the four odor names. We sug-
gested that patients select ‘unknown’ or ‘no odor detected’, if
it was difficult to decide on one of the four odor names.
‘Unknown’ indicates that the presented odorant was detected,
but not recognized [23]. This procedure was repeated for each
odorant. The total number of correct answers for the 12
odorants was defined as the OSIT-J score.

Cardiac '*I-MIBG scintigraphy

The subjects were given an intravenous injection of
111 MBq '®I-MIBG (FUJIFILM RI Pharma Co., Ltd.
Tokyo, Japan). Relative organ uptake of '**I-MIBG was
determined by region-of-interest (ROI) analysis in the
anterior view. The ratio of the average pixel count in the
heart (H) to that in the mediastinum (M) was calculated
(H/M ratio) after 3 h, because delayed images more
accurately reflect cardiac sympathetic nerve activity [55].

Orthostatic blood pressure response

All patients underwent active standing testing to evaluate
orthostatic blood pressure response in a room maintained at
an ambient temperature of 22-24°C. Systolic blood pres-
sure (SBP, mmHg) was measured after 5 min of rest in the
supine position. The change in SBP was evaluated imme-
diately after standing and at 1-min intervals, while the
subject remained in an active standing position for 3 min.
The difference between the SBP at rest and the maximum
decrease in SBP after standing was measured as the change
in orthostatic blood pressure. Orthostatic hypotension (OH)
defined as a fall in SBP by 20 mmHg or greater [31].

Heart rate variability (HRV)

After 5 min of rest, RR intervals were measured on elec-
trocardiograms (ECG), recorded with the use of an ECG
recorder with an automated analyzer (FCP-4731, FX-7192,
Fukuda-Denshi Co., Ltd., Tokyo, Japan). A total of RR
intervals during 1 min or 100 RR intervals were measured
in supine position at rest with normal breathing, and HRV

was analyzed. HRV was automatically calculated as a
percentage of the standard deviation of the RR intervals
divided by their mean. HRV at rest while the subject
breathed normally was considered an index of parasym-
pathetic activity [50, 54, 59]. For the autonomic tests, most
subjects were studied in the morning in a fasting state or at
least 3 h after a light meal to exclude the possibility of
postprandial hypotension.

Statistical analysis

Statistical analyses were performed using a statistical data
analysis system (Esumi Co., Ltd., Tokyo, Japan). Differ-
ences between groups were compared with the use of
Wilcoxon rank-sum test for continuous variables. Pairwise
comparisons, such as the presence or absence of OH, were
made using 7> tests for binary variables. Correlations
between the OSIT-J score and clinical characteristics were
evaluated by multiple regression analysis. Relations
between the OSIT-J score and motor phenotypes, or VH
were evaluated by multiple logistic-regression analysis,
adjusted by risk factors such as age, gender, disease dura-
tion, MMSE, UPDRS motor score, and dopaminergic
medication. Correlations of the OSIT-J score with the
results of cardiac '**I-MIBG scintigraphy, the change in
orthostatic blood pressure, and HRV were also evaluated by
multiple regression analysis, adjusted by risk factors such as
age, gender, disease duration, MMSE, UPDRS motor score,
and dopaminergic medication. Correlations of the OSIT-J
score with the results of cardiac '*I-MIBG scintigraphy,
the change in orthostatic blood pressure, and HRV were
assessed with the use of Spearman’s rank correlation test.

Results
OSIT-J score in PD and controls

The OSIT-J score was significantly lower in patients with PD
than in the control subjects (4.1 3.0 vs. 9.9 + 1.7,
p = 0.001). In PD, the number of incorrect responses on the
OSIT-J was 3.4 £ 2.4, the number of ‘unknown’ responses
was 2.7 &+ 3.0, and that of ‘not detected’ responses was
1.9 £ 3.3.

Cardiac '*I-MIBG scintigraphy, HRV, and the change
in orthostatic blood pressure in PD and controls

Cardiac '*’I-MIBG uptake and HRV were significantly
lower in patients with PD than in the control subjects
(1.37 £ 0.28 vs. 2.35 + 0.35, p = 0.001, 1.68 £ 0.95 vs.
247 £ 1.65, p = 0.008). The change in orthostatic blood
pressure was significantly greater in patients with PD than
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in the control subjects (—11.6 £ 19.5, range, 26 to
—64 mmHg, vs. —4.3 £+ 10.2, range, 7 to —37 mmHg,
p = 0.0002). OH, defined as a fall in SBP of 20 mmHg or
greater, was present in 24 patients with PD, but absent in
42. In controls, OH was absent in 21 subjects, but was
present in 2 subjects (OH: PD vs. controls, p = 0.025).

Multiple regression analyses of the OSIT-J score
and clinical characteristics

On multiple regression analyses, the OSIT-J score was
significantly associated with only gender and was not
associated with age, disease duration, UPDRS motor score,
MMSE, or dopaminergic medication (levodopa, LED, or
selegiline) (Table 2).

Multiple logistic-regression analyses of OSIT-J score
and motor phenotype or VH

The OSIT-J score did not differ significantly between patients
with PIGD phenotype and those with TDT/INT phenotype,
although patients with PIGD phenotype had a higher UPDRS
motor score than did patients with TDT/INT phenotype
(odds ratio: 1.073, 95% confidence interval: 1.006-1.145,
p = 0.033) on multiple logistic-regression analyses. There
was also no significant difference in the OSIT-J score between
patients with and those without VH, after adjustment for age,
gender, disease duration, motor subsection of the UPDRS,
MMSE, and dopaminergic medication (levodopa, LED, or
selegiline) on multiple logistic-regression analyses.

Multiple regression analyses of OSIT score and cardiac
123_MIBG scintigraphy, the change in orthostatic blood
pressure, or HRV

The OSIT-J score was associated with a reduced H/M ratio
of cardiac '*’I-MIBG uptake, the change in orthostatic

Table 2 Multiple regression analysis of the correlation between
OSIT-J score and clinical characteristics

OSIT-J score Parameter estimate Standard error p Value

Age —0.066 —0.205 0.142
Gender —1.738 —-0.290 0.029
Disease duration —0.026 —0.039 0.801
MMSE 0.338 0.231 0.074
UPDRS motor score 0.003 0.012 0.932
Levodopa —0.001 —0.072 0.617
LED 0.002 0.074 0.578
Selegiline —0.192 —0.109 0.407

OSIT-J odor stick identification test Japan, MMSE mini-mental state
examination, UPDRS unified Parkinson’s disease rating scale, LED
daily levodopa-equivalent-unit dose
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Table 3 Multiple regression analysis of the correlation between
OSIT-J score and H/M ratio of cardiac '*’I-MIBG scintigraphy

OSIT-J score Parameter Standard p Value
estimate error
H/M ratio of '*I-MIBG ~ 3.835 0.355 0.005
Age —0.065 —0.202 0.124
Gender —1.023 —0.170 0.190
Disease duration 0.004 0.006 0.966
MMSE 0.230 0.157 0.203
UPDRS motor score 0.001 0.004 0.977
Levodopa —0.001 —0.031 0.820
LED 0.002 0.092 0.464
Selegiline —0.178 —0.101 0.412

OSIT-J odor stick identification test Japan, MMSE mini-mental state
examination, UPDRS unified Parkinson’s disease rating scale, LED
daily levodopa-equivalent-unit dose

Table 4 Multiple regression analyses of the OSIT-J score and the
change in orthostatic blood pressure

OSIT-J score Parameter Standard p Value

estimate  error

Change in orthostatic blood pressure  0.062 0.399  0.002
Age —0.043 —0.133  0.311
Gender —0.641 —0.107 0.426
Disease duration —0.032 —0.047 0.746
MMSE 0.264 0.180 0.134
UPDRS motor score 0.011 0.044 0.742
Levodopa —0.002 —0.117 0.381
LED 0.001 0.064  0.604
Selegiline —0.013 —0.008 0.952

OSIT-J odor stick identification test Japan, MMSE mini-mental state
examination, UPDRS unified Parkinson’s disease rating scale, LED
daily levodopa-equivalent-unit dose

blood pressure, and HRV (Tables 3, 4) after adjustment for
age, gender, disease duration, MMSE, motor subsection of
the UPDRS, and dopaminergic medication on multiple
regression analyses.

The OSIT-J score was associated with HRV after
adjustment for age, gender, disease duration, MMSE,
motor subsection of the UPDRS, and dopaminergic medi-
cation on multiple regression analyses; the OSIT-J score
was also associated with MMSE (Table 5).

Correlation between OSIT score and cardiac '*’I-MIBG
scintigraphy, the change in orthostatic blood pressure,
or HRV

The OSIT-J score correlated significantly with the cardiac
231_MIBG uptake, the change in orthostatic blood pres-
sure, and HRYV as assessed with the use of Spearman’s rank
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Table 5 Multiple regression analyses of the OSIT-J score and HRV 12 1 b

° r=0.475
OSIT-J score Parameter estimate Standard error p Value 10 4 p<0.01
HRV 1.208 0.381 0.002 °
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LED daily levodopa-equivalent-unit dose
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Fig. 1 Correlations between the OSIT-J score and cardiac 123_.MIBG
scintigraphy. The OSIT-J score began to decrease in association with
the reduction in H/M ratio of cardiac '**I-MIBG uptake. OSIT-J odor
stick identification test Japan. H/M ratio the ratio of the average pixel
count in the heart (H) to that in the mediastinum (M)
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Fig. 2 Correlations between the OSIT-J score and the change in
orthostatic blood pressure. The OSIT-J score significantly correlated
with the change in orthostatic blood pressure. OSIT-J odor stick
identification test Japan

HRV %

Fig. 3 Correlations between the OSIT-J score and HRV. Significant
correlation between the OSIT-J score and HRV was found. OSIT-J
odor stick identification test Japan. HRV heart rate variability as
assessed by the coefficient of variation for RR intervals

correlation test (cardiac 123 MIBG uptake, r = 0.385,
p < 0.01; change in orthostatic blood pressure, r = —0.483,
p < 0.01; and HRV r = 0475, p < 0.01) (Figs. 1-3).

Discussion

In this study, olfactory dysfunction was significantly
associated with cardiac '*I-MIBG uptake, the change in
orthostatic blood pressure, and HRV, adjusted by age,
gender, disease duration, UPDRS motor section, MMSE,
dopaminergic medication, motor phenotype, and VH.

Doty et al. used the University of Pennsylvania smell
identification test (UPSIT) and cross-cultural, smell iden-
tification test (CC-SIT) to evaluate olfactory function in
PD. The 12-odorant Sniffin’ sticks test, the standard tool
used by the German Otological Society, is used for smell
identification testing in Europe [33]. Since some odors
included in these tests are unfamiliar to Japanese and
consequently the olfactory ability of Japanese subjects may
not be measured correctly by these tests, OSIT-J was
developed as a new type of smell identification test
designed for Japanese subjects [48]. The rate of correct
odor identification on OSIT-J has been shown to signifi-
cantly correlate with that on CC-SIT [23]. OSIT-J is con-
sidered a valid procedure for evaluating olfactory function
in Japanese patients with PD.

Relations between olfactory function and clinical
characteristics have been studied in PD. Females possess
higher olfactory sensitivity than males [57]. Impairments
of the olfactory bulb and nuclei of cranial nerves IX and
X in PD may represent accelerated normal aging or a
disease-specific process [24]. Olfaction declines with age,
particularly after 60 years in healthy subjects [9]. The
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OSIT-J score was associated with gender, although there
was no significant correlation between olfactory dys-
function and age in this study on multiple regression
analysis.

Some studies have reported that the olfactory disorder is
independent of cognitive deficits [11] and disease stage and
duration in parkinsonism [10], whereas others have pro-
posed that olfactory impairment is a predictor of cognitive
decline in patients with either mild or no cognitive
impairment [60]. In our study, OSIT-J was found to be
slightly but significantly related to cognitive dysfunction
when the correlation between OSIT-J and HRV was ana-
lyzed. Olfactory function has been reported to be impaired
in tremor-dominant PD as compared with akinetic PD [53].
In our study, the OSIT-J score did not differ significantly
between patients with PIGD phenotype and those with
TDT/INT phenotype.

In our study, selegiline hydrochloride was given to 15
patients. Metabolites of selegiline hydrochloride are
methamphetamine and amphetamine [16]. These metabo-
lites can reduce cardiac MIBG uptake in heart [51] and
cause orthostatic hypotension [6]. Therefore, we evaluated
the correlations between the OSIT-J score and the results of
cardiac '*I-MIBG scintigraphy, HRV, or orthostatic blood
pressure response after adjustment for selegiline hydro-
chloride as well as other risk factors.

The effects of levodopa on blood pressure and MIBG
uptake remain unclear. Goldstein et al. [17] have suggested
that levodopa treatment is unrelated to orthostatic hypo-
tension in PD. However, others have reported that ortho-
static hypotension in patients with PD is related to the use
of higher doses of levodopa [49]. Regulation of blood
pressure may be related to dopamine, because dopami-
nergic receptors are widely distributed not only in the
central nervous system, but also in the peripheral auto-
nomic nervous system [12]. Dopamine medication may
induce vasodilatation by stimulating peripheral dopamine
receptors or by directly affecting the control center of the
central autonomic nervous system. However, interactions
between MIBG and levodopa are poorly understood.
Experimental studies have shown that uptake of MIBG is
inhibited by epinephrine, dopamine, and dopa [35]. Dopa
may competitively inhibit norepinephrine-transporter-
mediated MIBG uptake. These reports suggested that
orthostatic blood pressure response or cardiac scintigraphy
with MIBG might be affected by treatment with levodopa
or dopamine agonists. We therefore evaluated the influence
of dopamine medication on the significant correlation
between OSIT-J and orthostatic blood pressure response or
MIBG uptake. OSIT-J was found to significantly correlate
with the fall in orthostatic blood pressure, reduced MIBG
uptake, as well as HRV, after adjustment for dopaminergic
medication.
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Lee et al. [34] reported a significant positive correlation
between cardiac MIBG uptake and smell identification in
patients with PD, independent of disease duration and
clinical rating of motor status. Goldstein et al. [19] also
reported that olfactory function positively correlated with
cardiac 6-['*F]fluorodopamine-derived radioactivity. They,
therefore, proposed that olfactory dysfunction is related to
Lewy body pathology and cardiac sympathetic denerva-
tion, independently of parkinsonism or striatal dopamine
deficiency in synucleinopathies. These reports suggested
that functional losses of the olfactory and cardiac sympa-
thetic systems are closely coupled in PD. However, our
study demonstrated that olfactory dysfunction in PD was
associated with cardiac parasympathetic dysfunction and
vascular sympathetic dysfunction such as the fall in
orthostatic blood pressure, in addition to reduced cardiac
23_MIBG uptake.

Braak et al. found that Lewy body pathology is initially
confined to the medulla oblongata and olfactory nucleus.
Lesions develop within the lower raphe nuclei and in
magnocellular portions of the reticular formation. Lewy
neurites or Lewy bodies also occur in the coeruleus/sub-
coeruleus complex. With disease progression, the focus of
pathological changes shifts to the temporal mesocortex,
which sends bidirectional projections to the hippocampal
formation and the amygdala. In the end stage of disease,
the mature neocortex is affected [3]. Orimo et al. demon-
strated that degeneration of the cardiac sympathetic nerve
is profound in the presence of Lewy bodies in diseases such
as PD and dementia with Lewy bodies [42, 43]. Moreover,
degeneration begins in early PD, accounting for the
reduced cardiac MIBG uptake even in the early stages of
Lewy body disease [44, 45]. Not only olfactory, but also
autonomic systems including peripheral postganglionic
lesions may be initially affected in early PD.

We also found that olfactory dysfunction correlated with
HRYV. HRV during normal breathing is considered a reli-
able index of cardiac parasympathetic activity [54, 59]. It is
unclear whether cardiac parasympathetic dysfunction
occurs in the early stage of PD, with no apparent motor
symptoms, although no HRV dysfunction was detected in
patients with very mild, untreated PD [8]. Benarroch et al.
[1, 2] reported that PD did not involve the ventrolateral
portion of the nucleus ambiguus, a main location of cardiac
preganglionic vagal neurons [5], although multiple system
atrophy is associated with a clinically significant reduction
in neurons in the ventrolateral region of the nucleus
ambiguus. Therefore, HRV is unlikely to be impaired in the
early stage of PD. However, Lewy bodies and Lewy neu-
ritis were present in the cardiac plexus in a series of
patients with incidental Lewy body disease, which is a
presymptomatic phase of PD [29]. Okada et al. [41]
reported that Lewy bodies were frequently found in
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extracranial organs, especially in the sinoatrial nodal gan-
glion, in patients with Lewy body disease and proposed
that neuronal changes involving Lewy bodies in the sin-
oatrial nodal ganglion may cause arrhythmias and ischemic
heart disease as a result of vasoconstriction.

These findings suggest that PD affects parasympathetic
fibers as well as sympathetic nerves in the heart in asso-
ciation with olfactory dysfunction. Our results suggest that
olfactory dysfunction is impaired parallel to cardiac sym-
pathetic and parasympathetic dysfunction in PD.

Olfactory dysfunction was also associated with the fall
in orthostatic blood pressure response in addition to
reduced MIBG uptake and HRV in our study. Cardiac
sympathetic denervation in itself is not thought to cause
OH [47]. Goldstein et al. reported that cardiac sympathetic
denervation probably does not contribute to OH in patients
with PD, because OH resolves in patients with cardiac
transplants [18, 22]. The cardiovascular system is also
thought to be regulated by centers responsible for auto-
nomic nervous control, such as the locus coeruleus,
amygdala, hippocampal or paraventricular region, and
frontobasal cortex [36]. The locus coeruleus is believed to
have an important role in the central regulation of cardio-
vascular function [58]. A previous study indicated that the
noradrenergic neurons in the locus coeruleus project into
the cardiovascular regulatory area of the ventrolateral
medulla, dorsal vagal complex, nucleus ambiguous, and
nucleus tractus solitarius [30, 32].

The fall in orthostatic blood pressure response is,
therefore, apparently caused by the central autonomic
network, including the coeruleus/subcoeruleus complex or
limbic system, as well as by cardiovascular sympathetic
dysfunction, as indicated by reduced cardiac MIBG uptake
and peripheral vascular resistance. Olfactory dysfunction
may be impaired parallel to central and peripheral sym-
pathetic autonomic dysfunction in some patients.

Our findings suggest that olfactory dysfunction in PD is
associated with both cardiac sympathetic and parasympathetic
dysfunction as well as with vascular sympathetic dysfunction,
as reflected in OH, after adjustment for age, disease dura-
tion, motor impairment, and dopaminergic medication. As
non-motor symptoms, olfactory dysfunction and autonomic
network failure appear to be closely related in PD.
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