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Hospital, and informed consent to participate in the clinical investigation 
was obtained from all the patients or their caregivers.

Patients and control individuals

Ambulatory outpatients whose cognitive decline had been recognized 
by themselves or their caregivers were examined using the Mini-Mental 
State Examination (MMSE), Clinical Dementia Rating (CDR) Scale, and 
the criteria of the National Institute on Aging–Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease (NIA–AA 
criteria) [7,8]. One hundred and thirty-four patients with mild cognitive 
reduction (MMSE ≥ 20) were consecutively investigated by MRI (Figure 
1A and Figure 1B) and 123I-N-isopropyl-p-iodoamphetamine (123I-IMP) 
single photon emission tomography (SPECT) (three-dimensional 
stereotactic surface projection: 3D-SSP) (Figure 2). MRI (1.5 Tesla) 
was performed to rule out cognitive impairment and parkinsonian 
signs due to cerebral organic changes such as cerebral infarction, small 
vascular diseases (leukoaraiosis, amyloid angiopathy, lacunar infarcts 
and microbleeds), brain tumor, corticobasal syndrome, or progressive 
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Introduction
Olfactory dysfunction is one of the earliest clinical features or 

preclinical symptoms commonly observed in neurodegenerative 
diseases, such as Mild Cognitive Impairment (MCI) [1], Alzheimer’s 
Disease (AD) [2,3], and Parkinson’s Disease (PD) [4]. It is widely 
accepted that the smell identification test is a sensitive method of 
detecting odor identification ability at the preclinical stage of AD [5] 
and PD [6]. However, the possible synergistic effects of the coexistence 
of AD and PD on the progression of olfactory impairment remain to 
be elucidated. In the present study, the author examined whether 
the coexistence of parkinsonism in patients with MCI or mild AD is 
synergistically involved in the exacerbation of olfactory impairment.

Subjects and Methods
This study was approved by the ethics committee of Agano City 
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Objective: To examine whether the coexistence of parkinsonism in patients with Mild Cognitive Impairment 
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Results: MCI or mild AD with parkinsonism group had a significantly lower percentage of correct answers than 
did MCI or mild AD without parkinsonism group (p: 0.0045) or parkinsonism group (p: 0.0015). The frequency of 
anosmia was significantly higher in MCI or mild AD with parkinsonism group than that in parkinsonism group (p: 
0.0039). There were no significant differences in the number of responses of indistinguishable among the three 
patient groups (p>0.05). All the olfactory categories on the OSIT-J in the three patient groups showed significantly 
worse scores than did the age-matched controls (p<0.01).
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Figure 1A: Original axial T1-weighted MRI reveals medial temporal atrophy including the hippocampus and amygdala with left side predominance.

 
Figure 1B: MRI (VSRAD) shows high Z-score map in bilateral medial temporal areas with left side predominance, indicating significant atrophy (Z-score: 3.35). The 
color-scaled Z-score indicates the severity of atrophy for the target volume of interest (VOI).

 
Figure 2: 123I-IMP SPECT (3D-SSP) images show a significant reduction of cerebral blood flow in the posterior cingulate gyrus and precuneus. Z-score means the 
range of cerebral blood flow reduction compared with age-matched normal controls. The colored bar shows the Z-score.

Figures 1-3: Results of a representative case (a 79-year-old woman with MCI and parkinsonism, MMSE:27, UPDRS:5)
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supranuclear palsy (Figure 1A). Brain MRI images were also analyzed 
to evaluate the degree of atrophy of medial temporal structures 
involving the entire region of the entorhinal cortex, hippocampus, 
and amygdala, determined as a target Volume of Interest (VOI), using 
Voxel-based Specific Regional Analysis system for Alzheimer’s Disease 
(VSRAD) software (Figure 1B), which is useful for diagnosing very 
mild AD [9]. The degree of medial temporal atrophy was obtained from 
the averaged VSRAD Z-score on the target VOI, with higher scores 
indicating more severe medial temporal atrophy (0~1: no atrophy; 1~2: 
mild; 2~3: moderate; 3~: severe). 123I-IMP SPECT (3D-SSP) was carried 
out to detect a possible reduction in cerebral blood flow, particularly 
in the posterior cingulate gyrus and precuneus. Exclusion criteria for 
the present study included: evidence of neurodegenerative diseases 
other than AD, such as frontotemporal dementia, argyrophilic grain 
disease and dementia with Lewy bodies; metabolic disturbances such 
as hepatic, renal, pulmonary and endocrine dysfunctions; vitamin 
deficiency; epilepsy; and psychiatric disease. Patients were eligible only 
if they had a history of cognitive decline that was gradual at the onset 
of the disease and then became progressive over a period of at least 12 
months. Thus, a sample of Japanese outpatients meeting MMSE, CDR, 
NIA–AA criteria, MRI and 123I-IMP SPECT (3D-SSP) for amnestic 
MCI or mild AD were selected as pertinent subjects in a routine clinical 
setting. 

A neurological examination to detect parkinsonism was performed 
with special emphasis on resting tremor and rigidity at the first visit, 
followed by monthly check-ups for at least one year to confirm the 
presence of parkinsonism. The diagnosis of PD was based on three 
specific symptoms: rigidity, bradykinesia, and resting tremor. Each 
patient was assessed according to the Criteria of the United Kingdom 
Brain Bank [10] and of a subscale of the motor examination (part III) 
of the Unified Parkinson Disease Rating Scale (UPDRS) [11]. In this 

study, parkinsonism was clinically defined as present if rigidity and 
resting tremor were concurrently present and the total score of UPDRS 
part III was ≥3. 

Thus, patients with MCI or mild AD (n: 64), patients with 
parkinsonism free of cognitive impairment (n: 62), and patients with 
MCI or mild AD with parkinsonism (n: 70) were enrolled. Due to 
their generally mild parkinsonism, none of them were treated with 
antiparkinsonian medication. Out of 70 patients with MCI or mild 
AD with parkinsonism, 61 (87.1%) underwent 123Iodine-labelled 
N-(3-fluoropropyl)-2β-carbomethoxy-3β-(4-iodophenyl) nortropane 
(123I-FP-CIT) dopamine transporter (DaTSCAN) SPECT (Figure 
3), as did 51 (82.3%) out of 62 patients with parkinsonism. As age-
matched controls, 112 healthy individuals, 68 to 92 years of age, served. 
Co-morbid medical conditions, such as chronic rhinitis, use of nasal 
vasoconstrictors, severe head injury, intracranial surgery, surgery in the 
nasal cavity, seasonal allergies, or other current respiratory infection, as 
well as heavy smoking served as exclusion criteria. 

Assessment of olfactory function

Deficits in olfactory function are detected by various smell tests. 
The most widely used are psychophysical identification tests such as 
the University of Pennsylvania Smell Identification Test (UPSIT) 
[12]. However, odor identification is strongly influenced by social 
and cultural factors, and many odors are not universally recognized. 
Therefore, the odorants used in a smell identification test should be 
familiar to the test population. The Odor-Stick Identification Test for 
Japanese (OSIT-J) (Daiichi Yakuhin Sangyo, Tokyo), whose odor items 
are selected because they are familiar to Japanese people, can be an 
effective tool to detect olfactory dysfunction in Japanese subjects [13]. 
The average estimated odorant familiarity score was significantly higher 
for the OSIT-J than the CC-SIT [13], while a significant correlation 
between the OSIT-J identification rate and the Cross-Cultural Smell 
Identification Test (CC-SIT) has been reported [14]. Thus, in this study, 
the OSIT-J was used for the evaluation of olfaction. 

The OSIT-J includes 12 daily odorants familiar to Japanese 
individuals: Japanese cypress (hinoki), India ink, rose, perfume, cooking 
gas, menthol, sweaty socks, curry, Japanese orange, condensed milk, 
roasted garlic, and timber (wood). Each subject sniffed all 12 odorants 
applied to paraffin paper one by one, and then selected 1 of 6 choices for 
each odorant. Three of the choices were different smells that were not 
the actual smell of the odorant, 1 choice was the smell of the odorant, 
and the other 2 choices were “indistinguishable” (i.e., detectable but 
not recognized) and “odorless” (i.e., anosmia). The OSIT-J score was 
calculated in three categories as the number of correct answers, the 
number of responses of indistinguishable, and the number of responses 
of odorless. 

Statistical analysis

The data were expressed as means (Standard Deviation: SD). 
Because the test for sample variance was equal in MMSE score and 
years of schooling, the data obtained were subjected to the unpaired 
Student’s t-test. The data related to age and sex was assessed by ANOVA 
and χ2 test, respectively. The data of non-parametric samples in UPDRS 
part III scores in two patient groups (parkinsonism, MCI or mild AD 
with parkinsonism) were analyzed by the Wilcoxon rank sum test. The 
data of non-parametric samples in VSRAD Z-scores and smell test 
scores in three patient groups (MCI or mild AD without parkinsonism, 
parkinsonism, and MCI or mild AD with parkinsonism) were assessed 
by the Kruskal-Wallis test, and when differences were significant, 

 

Figure 3: 123I-FP-CIT (DaTSCAN) SPECT.. Uptake of DaTSCAN SPECT is 
almost absent in both putamina, showing an “egg shape”.
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statistical evaluation was performed by the Wilcoxon rank sum test 
with Bonferroni correction. The data were analyzed using SAS 9.4 (SAS 
Institute, Cary, NC). Differences were considered significant if P<0.05.

Results
Age-matched control individuals

The mean (SD) age of cognitively normal age-matched controls 
was 78.4 (7.0) (range 68-92, n: 112), and 72 (64.3%) were female 
(Table 1). The mean (SD) numbers of correct answers, responses of 
indistinguishable and responses of odorless on the OSIT-J were 6.9 (1.7), 
0.7 (1.2), and 0.2 (0.5), respectively (Table 2). 

Patients with MCI or mild AD without parkinsonism

The clinical details of the 64 patients consisting of 35 patients with 
MCI (MMSE ≥ 24, CDR 0.5) and 29 patients with mild AD (MMSE 
20-23) are shown in Table 1. The mean (SD) age of the enrolled patients 
was 79.5 (7.7) (range 63-97, n: 64), and 59.4% (n: 38) were female. The 
mean (SD) MMSE score was 24.3 (3.6). The mean (SD) educational 
attainment was 9.8 (2.2) years (range 6-13). The averaged (SD) VSRAD 
Z-score on the target VOI was 1.70 (0.85) (n: 64), consisting of 1.52 
(0.82) (n: 35) for the patients with MCI and 1.92 (0.84) (n: 29) for those 
with mild AD (p>0.05). 

The mean (SD) numbers of correct answers, responses of 
indistinguishable, and responses of odorless were 4.3 (2.9), 1.7 (2.2), and 
1.9 (3.1), respectively (Table 2).

Patients with parkinsonism

A total of 62 patients with parkinsonism free of cognitive 

impairment were enrolled. The mean UPDRS part III score was 5.5 (2.0) 
(range 3-11) (Table 1). All the patients showed the early stage of PD at 
a Hoehn and Yahr stage of 1 or 2. The clinical profiles and examination 
results of these patients are shown in Table 1. The mean (SD) age was 
78.2 (7.6) (range 60-92), and 58.1% (n: 36) were female. The averaged 
(SD) VSRAD Z-score was 1.08 (0.61) (n: 57), significantly lower than 
that in the patients with MCI or mild AD without parkinsonism (1.70 
[0.85], n: 64) (p<0.001). Fifty-one out of 62 patients (82.3%) underwent 
DaTSCAN imaging and showed pre-synaptic dopamine transporter 
reduction in the bilateral posterior putamen compatible with early 
stage PD. The mean (SD) numbers of correct answers, responses of 
indistinguishable, and responses of odorless were 4.2 (2.0), 1.5 (1.6), 0.9 
(1.7), respectively, and none of these were significantly different from 
the corresponding values in the patients with MCI or mild AD without 
parkinsonism (p>0.05) (Table 2). 

Patients with MCI or mild AD with parkinsonism

Seventy patients were investigated. The mean (SD) UPDRS part 
III score was 6.0 (2.6) (range 3-12, n: 70) (Hoehn and Yahr stage: 1 or 
2), which was not significantly different from that in the patients with 
parkinsonism (p>0.05) (Table 1). The clinical profiles and examination 
results of these 70 patients are shown in Table 1. The mean [SD] age 
was 80.2 [5.7] (range 67-91), which was not significantly different from 
that of their counterparts without parkinsonism or that of the patients 
with parkinsonism, and 67.1% (n: 47) were female. The mean (SD) 
MMSE score was 24.4 (3.3) (n: 70), which was not significantly different 
from that of the patients with MCI or mild AD without parkinsonism 
(p>0.05). The mean educational attainment was 9.1 (2.1) years (range 
6-12), showing no significant difference from that of the patients with 
MCI or mild AD without parkinsonism (p>0.05). The averaged (SD) 

Baseline features Age-matched controls 
(n=112)

MCI or mid AD without 
parkinsonism (N=64) Parkinsonism (n=62) MCI or mild AD with 

parkinsonism (n=70) P -value

Age (years), range 78.4 ± 7.0 (68-92) 79.5 ± 7.7 (64-97) 78.2 ± 7.6 (60-92) 80.2 ± 5.7 (67-91) NS
Sex, female (%) 72 (64.3%) 38 (59.4%) 36 (58.1%) 47 (67.1%) NS
Mean MMSE score  24.3 ± 3.6  24.4 ± 3.3 NS
Mean years of schooling  9.8 ± 2.2  9.1 ± 2.1 NS
Mean UPDRS part III score   5.5 ± 2.0 6.0 ± 2.6 NS
VSRAD z-score normal range: 0~1 1.70 ± 0.85 1.08 ± 0.61 (n=57) 1.82 ± 1.20 p<0.01*

Data shown are mean  ±  standard deviation.
p values were assessed by ANOVA, χ2 test, Student's t-test, or Wilcoxon rank sum test.
*Significant difference detected by Wilcoxon rank sum test with Bonferroni correction
MCI or mild AD without parkinsonism> parkinsonism (p<0.001),
MCI or mild AD with parkinsonism> parkinsonism (p=0.0003)
MMSE: Mini-Mental State Examination; UPDRS: Unified Parkinson Disease Rating Scale; VSRAD: Voxel-based Specific Regional Analysis system for Alzheimer’s Disease; 
MCI: Mild Cognitive Impairment; AD: Alzheimer's Disease; NS: not significant.
Table 1: The clinical and examination data on controls, MCI or mild AD without parkinsonism, parkinsonism, and MCI or mild AD with parkinsonism.

OSIT-J score Age-matchded 
controls (n=112)

Patient Groups

P-value
MCI or mild AD without 
parkinsonism (N=64) Parkinsonism (n=62) MCI or mild AD with parkinsonism 

(n=70) 
mean  ±  

SD
median [25th, 

75th percentile]
mean  ±  

SD
median [25th, 

75th percentile] mean  ±  SD median [25th, 
75th percentile]

correct answers  6.9 ± 1.7 4.3 ± 2.9 4 [2-7] 4.2 ± 2.0 4 [3-5] 2.8 ± 2.7 3 [0-4] p<0.01a

responses of indistinguishable  0.7 ± 1.2 1.7 ± 2.2 1 [0-3] 1.5 ± 1.6 1 [0-3] 1.9 ± 2.2 1 [0-3] NS
responses of odorless  0.2 ± 0.5 1.9 ± 3.1 1 [0-2] 0.9 ± 1.7 0 [0-1] 3.6 ± 4.7 1 [0-7] p<0.01b

Data shown are mean  ±  standard deviation and median [25th, 75th percentile (interquantile range)]
*Significant difference detected by Wilcoxon rank sum test with Bonferroni correction
aMCI or mild AD with parkinsonism<MCI or mild AD without parkinsonism(p=0.0045),  MCI or mild AD with parkinsonism<parkinsonism (p=0.0015)
bMCI or mild AD with parkinsonism> parkinsonism (p=0.0039)
All three olfactory categories were significantly impaired in the patient groups as compared with the age-matched controls (p<0.01). 
OSIT-J: The odor-stick identification test for Japanese; MCI:  Mild Cognitive Impairment; SD: Standard Deviation
Table 2: Comparison of the smell test data between controls and the patient groups
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VSRAD Z-score was 1.82 (1.20) (n: 70), which was not significantly 
different from that in the patients with MCI or mild AD without 
parkinsonism (1.70 [0.85]) (p>0.05) but significantly higher than that 
in the patients with parkinsonism (1.08 [0.61], n: 57) (p: 0.0003). Fifty-
four patients with parkinsonism who underwent DaTSCAN imaging 
showed pre-synaptic dopamine transporter reduction in the posterior 
putamen, with egg-shaped degeneration patterns [15] (Figure 3), while 
7 patients exhibited dopamine transporter reduction predominantly in 
the caudate nucleus.

The mean (SD) number of correct answers on the OSIT-J was 2.8 
(2.7), significantly lower than that in the patients with MCI or mild AD 
without parkinsonism (4.3 [2.9]) (p: 0.0045) or that in the patients with 
parkinsonism (4.2 [2.0]) (p: 0.0015) (Table 2). The mean (SD) number 
of responses of indistinguishable was 1.9 (2.2), and this value was not 
significantly different from that in the patients with MCI or mild 
AD without parkinsonism or that in the patients with parkinsonism 
(p>0.05) (Table 2). The mean (SD) number of responses of odorless was 
3.6 (4.7), which was significantly higher than that in the patients with 
parkinsonism (0.9 [1.7]) (p: 0.0039), while no significant difference 
in this value was recognized between the MCI or mild AD with 
parkinsonism group and the MCI or mild AD without parkinsonism 
group, or between the MCI or mild AD without parkinsonism group 
and the parkinsonism group (p>0.05) (Table 2). 

The olfactory functions for all three olfactory categories (correct 
answers, responses of indistinguishable, and responses of odorless) in 
the three patient groups were significantly impaired as compared with 
those in the age-matched controls (p<0.01) (Table 2). 

Differences in smell-test results between men and women

In the age-matched controls, no significant sexual differences were 
recognized in the mean (SD) numbers of correct answers, responses 
of indistinguishable or responses of odorless (p>0.05). The mean (SD) 
number of responses of indistinguishable was significantly higher in men 
(2.9 [2.8], n: 23) than in women (1.5 [1.6], n: 47) in patients with MCI 
or mild AD with parkinsonism (p<0.05), but there was no significant 
difference by sex in the mean (SD) numbers of correct answers or 
responses of odorless among the three patient groups (p>0.05).

Discussion
In this study, the patients with MCI or mild AD accompanied by 

parkinsonism showed more severe olfactory impairment than was 
observed in those with MCI or mild AD without parkinsonism, or 
those with parkinsonism free of cognitive impairment. These findings 
suggest that synergistic effects of MCI or mild AD and parkinsonism 
can exacerbate olfactory impairment through a synergistic interaction 
between α-synuclein and AD pathology, providing new clinical insight 
into the interaction between AD and PD. A higher-than-expected 
degree of olfactory deficits in patients with MCI or mild AD in an 
outpatient setting may suggest the coexistence of parkinsonism. 

Olfactory impairment is associated with the pathogenesis of the 
neurodegenerative diseases of MCI [1], AD [1-3], and PD [4]. Moreover, 
olfactory dysfunction predicts incident amnestic MCI and progression 
from MCI to AD [1,3,16]. In AD, olfactory identification impairment 
has been related to severity of illness; both reduced hippocampal 
volume and decreased AD signature cortical thickness by MRI [17,18]; 
and reduced Blood Oxygen Level-Dependent (BOLD) signals in the 
primary olfactory cortex, hippocampus, and insula regions by functional 
MRI [18]. Regarding odor identification deficits in AD, neurofibrillary 

tangles are found in the olfactory bulb, anterior olfactory nucleus, 
olfactory tract, entorhinal cortex, amygdala and CA1/subiculum area 
of the hippocampus [19,20], whereas the β-amyloid burden is not 
directly associated with the AD-related olfactory identification deficits, 
as measured by the Pittsburgh Compound B (PiB) PET study [21]. The 
observation of impaired olfaction in MCI or mild AD in this study 
agrees with the previous reports that impaired olfaction is one of the 
earliest symptoms of AD [1-3]. Moreover, the observation of a reduced 
volume of medial temporal structures by VSRAD in the present study 
is consistent with the previous reports showing reduced hippocampal 
volume by MRI [17,18].

PD is associated with a similarly high prevalence rate of olfactory 
dysfunction, ranging from 45% to 90% of patients, and involves all 
olfactory domains [4,22]; these results are also congruent with the 
present study. Regarding the pathogenesis of olfactory impairment in 
PD, PD-related pathology begins in the olfactory bulb, anterior olfactory 
nucleus, and the dorsal motor nucleus of the glossopharyngeal and vagal 
nerves, where Lewy bodies first develop [23]. Olfactory impairment 
seems to be primarily due to Lewy body pathology, including increased 
phosphorylated-α-synuclein immunoreactivity in the olfactory bulb, 
particularly in the anterior olfactory nucleus [23,24]. Correlations are 
also observed between Brief Smell Identification Test scores and Lewy 
body pathology within the limbic and neocortical brain regions [25], 
which is partly compatible with the present study in that the volume of 
the medial temporal structures was slightly reduced in the patients with 
parkinsonism by MRI (VSRAD). 

In previous reports, anosmia has been detected in approximately 
40% of patients with PD, 20% to 40% of those with AD, and 65% of 
those with the Lewy body variant of AD, and the incidence of anosmia 
in PD patients and AD patients increased with an increase in cognitive 
dysfunction [26,27]. While the early changes associated with olfactory 
system processing have been reported to include decrements in the 
volume of the hippocampus, piriform cortex, anterior olfactory nucleus, 
and frontal poles of the brain [28,29], in voxel-based morphometry 
in MRI, anosmia is associated with a significant decrease in gray 
matter volume in areas of the limbic system such as the hippocampus, 
parahippocampus, nucleus accumbens, and piriform cortex, which 
are correlated with olfaction-related structures [30]. In this study, the 
prevalence rate of anosmia was significantly higher in the patients with 
MCI or mild AD accompanied by parkinsonism than in the patients 
with parkinsonism. Also in the present study, the volume of medial 
temporal structures involving the entire region of the entorhinal cortex, 
hippocampus, and amygdala was decreased in all the 3 patient groups, 
as measured by MRI (VSRAD), which is in line with the previous 
reports [9,17,26]. 

Many clinicopathological reports have noted that AD and PD share 
a common pathogenesis. Moreover, nigral degeneration with Lewy 
body formation suggesting the coexistence of PD has been reported in 
18-85% of autopsy-confirmed cases of AD patients with parkinsonism 
[31,32]. In addition, up to half of carefully research-diagnosed patients 
with AD may have unsuspected Lewy-related pathology at autopsy 
[33]. The present author has recently reported a high prevalence of 
parkinsonism in patients with MCI or mild AD [34]. Conversely, in PD 
patients with dementia, in addition to cortical Lewy body pathology, 
AD pathology has been associated with cognitive impairment [35]. Up 
to 50% of PD patients with dementia will meet the pathological criteria 
for a secondary diagnosis of AD [36], which may act synergistically 
with Lewy body pathology. In early PD, worse baseline olfaction was 
associated with a lower Aβ42 and a higher tau/Aβ42 ratio in cerebrospinal 
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fluid, as well as long-term cognitive decline [37]. Data from animal 
studies suggest that synergistic interactions between tau, α-synuclein, 
and Aβ promote their mutual aggregation and accumulation, thereby 
accelerating cognitive dysfunction [38], and that the severity of 
α-synuclein pathology is influenced by AD pathology [39]. 

Further studies are warranted to elucidate whether the coexistence 
of MCI or mild AD and parkinsonism may synergistically exacerbate 
olfactory impairment. 
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