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Abstract Patients with Alzheimer’s disease (AD) develop
olfactory and gustatory disorders. However, the order of fail-
ure and relevance of the pathophysiology are unclear. We
compared olfactory identification and whole mouth gustation
in patients with AD to those with mild cognitive impairment
(MCI) and to healthy controls (HC) and assessed correlations
with pathophysiology. Patients with AD (n = 40), MCI
(n = 34), and HC (n = 40) were recruited. We performed the
Odor Stick Identification Test for Japanese (OSIT-J), gustato-
ry test by the intraoral dropping method using taste solutions,
Mini-Mental State Examination (MMSE), Alzheimer’s
Disease Assessment Scale-cognitive subscale Japanese ver-
sion (ADAS-J cog), Touch Panel-type Dementia Assessment
Scale (TDAS), and measurement of amyloid β (Aβ) 42 and
phosphorylated tau (p-tau) 181 levels in cerebrospinal fluid
(CSF). Patients with AD and MCI had lower OSIT-J scores
than did the HC. The OSIT-J score was correlated with the
MMSE, ADAS-J cog, TDAS, and Aβ42 results. There were
no significant differences in the gustatory test scores among
the three groups. The gustatory test score was only correlated
with the MMSE, ADAS-J cog, and TDAS results. Olfactory
function decreased in AD and MCI patients and was associ-
ated with CSF biomarker levels and cognitive disorders. The
results suggest that olfactory function is impaired in early
stage of AD. Gustatory function was not correlated with
CSF biomarkers, which suggests that it may not be impaired
in early stage of AD.
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Introduction

In Alzheimer’s disease (AD), the two main pathologies are
senile plaques, which are formed by extracellular accumula-
tion of amyloid β (Aβ) protein, and neurofibrillary tangles,
which are formed intracellularly by deposition of phosphory-
lated tau (p-tau) [1]. Although the main clinical symptom in
AD is memory disturbance, Aβ and p-tau have been found to
accumulate in olfactory-related areas before they accumulate
in the hippocampus, which is involved in memory. Thal et al.
[2] reported that Aβ accumulates in the entorhinal cortex at
the early stage. Further, Braak et al. [3, 4] reported on staging
of neurofibrillary tangles and found that p-tau occurs in the
transentorhinal cortex at the earliest stage and spreads to the
entorhinal cortex and hippocampus CA1 regions. It has also
been confirmed that AD and mild cognitive impairment
(MCI) in a pre-dementia state decrease the capability for iden-
tification of smells [5–7]. Furthermore, a previous study
showed that olfactory impairment predicts incident amnestic
MCI and progression from amnestic MCI to AD [8].

Gustatory disorder has been shown to occur in AD [9, 10].
Taste information in the human travels from cranial nerves
VII, IX, and X in the periphery to the nucleus of the solitary
tract, then to the ventral posterior medial nucleus of the thal-
amus, and then to primary gustatory cortex, the insula/frontal
operculum [11]. AD is characterized progressive global and
regional volume reductions in gray matter and white matte
[12]. It was reported that decreased taste function in AD pa-
tients implies a defect that is more central than peripheral taste
system [10]. However, there are only a few reports regarding
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the gustatory function of patients with AD, and the results of
these reports are inconsistent.

To date, there have been several reports on olfaction and
gustation in AD [5–7, 9, 10, 13]. However, few studies have
examined both functions concurrently, and no study has in-
vestigated associations with the pathological changes of AD,
such as in Aβ and p-tau in cerebrospinal fluid (CSF).
Therefore, the relationship between pathological changes
and the order of development of olfactory and gustatory dis-
orders in AD are unclear. The aim of this study was to com-
pare patients with olfactory dysfunction function and gustato-
ry disorders in AD with MCI and healthy controls (HC), and
to determine correlations with pathophysiology.

Methods

Patients

This study included patients with AD (n = 40), MCI (n = 34),
and HC (n = 40). AD diagnosis was performed according to
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition [14], the National Institute of Neurological
and Communicative Disorders and Stroke, and the
Alzheimer’s Disease and Related Disorders Association
[15]. MCI diagnosis was performed according to Petersen’s
criteria [16, 17]. All patients with MCI in this study had
amnestic MCI. HC have no evidence of cognitive impairment
or psychiatric disorder at the time of clinical and neuropsy-
chological assessment. Patients who had previously been di-
agnosed as having smell- and taste-related disease and/or who
had taken anti-dementia drugs for AD and MCI and/or who
cannot be performed olfactory and gustatory tests due to se-
vere cognitive dysfunction were excluded.

The following clinical and demographic characteristics
were assessed: age, sex, smoking, drinking habits, medica-
tions, and the presence of hypertension, hyperlipidemia, and
diabetes mellitus.

The study design was approved by the ethics committee of
Tottori University. The research protocol was explained to the
patients and/or relatives, and informed consent for their par-
ticipation was obtained.

Olfactory test

We performed the Odor Stick Identification Test for Japanese
(OSIT-J) as an olfactory test [18]. The experimenter applied an
odorous semisolid cream from an odor stick to a 2-cm circle
on a thin paraffin paper, folded the paper in half, rubbed it to
grind the microcapsules, and passed it to the patient. The pa-
tient then opened and sniffed the paper and chose one of six
possible answers: four items plus Bdetectable but not
recognized^ and Bno smell detected.^ There were 12 kinds

of smells familiar to Japanese (India ink, wood, perfume,men-
thol, Japanese orange, curry, cooking gas, rose, Japanese cy-
press, fermented beans/sweaty socks, condensed milk, and
roasted garlic). A score of 12 points indicated that the patient
answered all questions correctly and a score of 0 point indi-
cated that the patient’s answers were all incorrect. Finally, the
subjects were asked if odorless sticks had a smell. If the sub-
ject answered that they detected a smell, the subject was
excluded.

Gustatory test

We performed a gustatory test by the intraoral dropping meth-
od using taste solutions. There were four kinds of taste solu-
tions: sweet (0.003, 0.025, 0.1, 0.2, and 0.8 g/ml sucrose),
salty (0.003, 0.0125, 0.05, 0.1, and 0.2 g/ml sodium chloride),
sour (0.0002, 0.002, 0.02, 0.04, and 0.08 g/ml tartaric acid),
and bitter (0.00001, 0.0002, 0.001, 0.005, and 0.04 g/ml qui-
nine hydrochloride). The experimenter placed a drop of solu-
tion into the oral cavity at the lowest concentration. The pa-
tient chose one of six possible answers: sweet, salty, sour,
bitter, unidentifiable taste, and no taste. If the patient answered
correctly, the concentration was taken as the recognition
threshold. If the choice was incorrect, the concentration was
increased at the next trial. If the patient recognized the lowest
concentration, they received 1 point. If the patient recognized
the highest concentration, they received 5 points. If the patient
did not recognize the highest concentration, they received 6
points.

Neuropsychological tests

To assess global cognitive function, we used the Mini-Mental
State Examination (MMSE) [19], Alzheimer’s Disease
Assessment Scale-cognitive subscale Japanese version
(ADAS-J cog) [20], and Touch Panel-type Dementia
Assessment Scale (TDAS) [21]. The MMSE and ADAS-J
cog are face-to-face neuropsychological tests. The TDAS is
a modified part of the ADAS and answers are entered into a
touch panel-type computer. In the MMSE, which is a screen-
ing test, a maximum score of 30 points is possible if the sub-
ject answers all questions correctly. In the ADAS-J cog and
TDAS, which are used to evaluate the degree of AD progres-
sion, a score of 0 point indicates that all answers were correct.

CSF tests

CSF samples were collected by lumbar puncture and placed
into a polypropylene container. Ethylenediaminetetraacetic
acid was added to CSF samples for p-tau181 to prevent de-
phosphorylation. The collected CSF samples were stored im-
mediately at − 80 °C until use. Collection of CSF samples
could not be performed for difficult cases of lumbar puncture
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and patients who refused the examination. The Aβ42 and p-
tau181 levels in CSF were measured by performing a sand-
wich enzyme-linked immunosorbent assay (Human Amyloid
β 1-42 Assay kit; Immuno-Biological, Gunma, Japan, and
INNOTEST PHOSPHO-TAU (181p); Innogenetics, Ghent,
Belgium, respectively).

Questionnaire

We administered a questionnaire about the subjective olfactory
function or subjective gustatory function. These functions were
self-rated on a scale of 1 (worst = subjective symptoms were
present) to 5 points (best = no subjective symptoms).

Statistical analysis

Statistical analyses were performed by using IBM SPSS
Statistics 23 (IBM Japan, Tokyo, Japan) and GraphPad Prism7
(MDF Inc., Tokyo, Japan). To compare the age, medications,
subjective symptoms, MMSE, ADAS-J cog, TDAS, Aβ42, p-
tau181, and p-tau181/Aβ42 ratio results between the AD and
MCI patients and the HC, one-way analysis of variance was
used, and the Tukey method was used for multiple comparisons.
The chi-square test was used to compare differences in the dis-
tribution of demographics. Olfactory test and gustatory test
scores were compared among three groups by analysis of covari-
ance, with sex and age as covariates. A receiver operating char-
acteristic (ROC) analysis was performed to estimate the capabil-
ity of the olfactory and gustatory tests. The area under the curve
(AUC), sensitivity, and specificity were calculated to assess the
discriminative capability of those tests. To evaluate correlations
between the olfactory and gustatory tests and other continuous
tests, Pearson’s correlation coefficient was used.

Results

Characteristics of subjects

The subject characteristics are summarized in Table 1. There
were no significant differences in the distribution of age, sex,
smoking, drinking habits, medications, and the presence of
hypertension, hyperlipidemia, and diabetes mellitus between
AD, MCI, and HC subjects. Neuropsychological test results
(MMSE, ADAS-J cog, and TDAS) were significantly worse
with progression to MCI and AD. Of the CSF biomarkers, p-
tau181 levels were increased in AD patients relative to the
levels in HC, and Aβ42 levels were decreased in AD and
MCI patients relative to the levels in the HC, and p-tau181/
Aβ42 levels were increased in AD patients relative to the
levels in MCI and HC. There were no significant differences
in the subjective olfactory function and subjective gustatory
function between AD, MCI, and HC subjects.

Olfactory test

The olfactory test results are shown Fig. 1a and Table 2. The
total OSIT-J scores were significantly lower in AD and MCI
patients than in the HC (p < 0.0001, p = 0.026, respectively).
Although there was no significant difference in the total OSIT-
J score between AD and MCI patients, a downward trend was
observed in those suffering from AD (p = 0.060). The various
OSIT-J smell categories [18], i.e., good odors (perfume,
Japanese orange, rose, and condensed milk), plant odors
(India ink, wood, menthol, and Japanese cypress), spice odors
(curry and roasted garlic), and offensive odors (cooking gas
and fermented beans/sweaty socks), were compared. The
scores for good odors, plant odors, spice odors, and offensive
odors were significantly lower in AD patients than in HC
(p = 0.003, p < 0.0001, p < 0.0001, p = 0.002, respectively).
Furthermore, the scores of plant odors were significantly low-
er in AD than in MCI patients (p = 0.044).

In the ROC analysis of the total OSIT-J scores (Fig. 2a), the
sensitivity and specificity in distinguishing AD subjects from
HC with a cutoff point of 6.5 were 82.5 and 67.5%
(AUC = 0.809), respectively. Similarly, in the comparison
between MCI and HC subjects, the sensitivity and specificity
with a cutoff point of 7.5 were 76.5 and 62.5%
(AUC = 0.711), respectively, and, in the comparison between
AD and MCI subjects, the sensitivity and specificity with a
cutoff point of 5.5 were 75.0 and 50.0% (AUC = 0.645),
respectively.

Gustatory test

The results of the gustatory test are shown Fig. 1b and Table 2.
There were no significant differences in the total gustatory test
scores between AD, MCI, and HC subjects. Similarly, the
gustatory test sub-items, which are four basic tastes of sweet,
salty, sour, and bitter, did not change among the three groups.
However, the mean gustatory test score in AD was the worst.

In the ROC analysis of the total gustatory test score
(Fig. 2b), the sensitivity and specificity for distinguishing
AD subjects from HC with a cutoff point of 9.5 were 60.0
and 70.0% (AUC = 0.656), respectively. Similarly, in the
comparison between MCI patients and HC, the sensitivity
and specificity with a cutoff point of 7.5 were 73.5 and
27.5% (AUC = 0.534), respectively, and in the compari-
son between the AD and MCI subjects, the sensitivity and
specificity with a cutoff point of 8.5 were 75.0 and 35.3%
(AUC = 0.633), respectively.

Comparison of test results

Comparisons of results for the olfactory test, gustatory test,
CSF biomarkers, and neuropsychological test are shown in
Table 3. There was a significant correlation between the
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OSIT-J total score and the MMSE, ADAS-J cog, TDAS,
Aβ42, and p-tau181/Aβ42 results. In the comparison of the
smell categories, the MMSE, ADAS-J cog, and TDAS results

correlated with all odor category scores, and Aβ42 and p-
tau181/Aβ42 levels correlated with plant odor and spice odor
scores. There was a significant correlation between the total

Table 1 Characteristics of subjects

AD MCI HC AD vs HC MCI vs HC AD vs MCI
p value (95% CI) p value (95% CI) p value (95% CI)

Demographics

Number (n) 40 34 40

Age (years) 79.5 ± 1.5 79.2 ± 0.8 76.0 ± 1.1 0.104 (− 0.53 to 7.38) 0.159 (− 0.91 to 7.34) 0.992 (− 3.91 to 4.34)

Sex (M:F) 12:28 10:24 10:30 0.865a

Smoking (%) 10.3 8.8 7.9 0.936a

Drinking habits (%) 5.1 8.8 13.2 0.469a

Number of medications 3.3 ± 0.6 3.1 ± 0.6 3.2 ± 0.5 0.975 (− 1.95 to 1.63) 0.943 (− 2.11 to 1.60) 0.992 (− 1.75 to 1.94)

Hypertension (%) 48.7 50.0 44.7 0.895a

Hyperlipidemia (%) 23.1 20.6 21.1 0.962a

Diabetes mellitus (%) 15.4 11.8 10.5 0.801a

Neuropsychological tests

MMSE 20.4 ± 0.6 25.2 ± 0.5 28.2 ± 0.4 < 0.0001 (− 9.55 to − 6.15) < 0.0001 (− 4.77 to − 1.31) < 0.0001 (− 6.55 to
− 3.07)

ADAS-J cog 16.3 ± 1.0 8.9 ± 0.4 4.6 ± 0.4 < 0.0001 (9.27 to 14.11) < 0.0001 (1.75 to 6.72) < 0.0001 (5.02 to 9.89)

TDAS 19.6 ± 1.7 7.3 ± 1.0 2.8 ± 0.5 < 0.0001 (12.74 to 20.86) 0.035 (0.25 to 8.73) < 0.0001 (8.10 to
16.53)

CSF biomarkers (n = 31) (n = 18) (n = 22)

p-tau181 (pg/ml) 96.2±19.2 73.9
± 10.2

65.6 ± 4.9 0.036 (1.65 to 59.38) 0.819 (− 24.63 to 41.18) 0.199 (− 8.44 to 52.92)

Aβ42 (pg/ml) 419.3
± 30.2

533.7
± 63.9

939.1
± 93.1

< 0.0001 (− 728.68 to
− 310.95)

< 0.0001 (− 643.59 to
− 167.35)

0.437 (− 336.36 to
107.68)

p-ta181/Aβ42 0.26
± 0.03

0.16
± 0.02

0.09
± 0.01

< 0.0001 (0.09 to 0.25) 0.161 (− 0.02 to 0.17) 0.024 (0.01 to 0.19)

Subjective symptoms

Subjective olfactory
function

4.0 ± 0.2 3.9 ± 0.3 3.9 ± 0.2 0.945 (− 0.64 to 0.84) 0.999 (− 0.80 to 0.76) 0.934 (− 0.66 to 0.90)

Subjective gustatory
function

4.6 ± 0.1 4.6 ± 0.2 4.6 ± 0.2 0.965 (− 0.42 to 0.52) 0.909 (− 0.41 to 0.58) 0.983 (− 0.53 to 0.46)

Data presented as the mean ± standard error of the mean

ADAlzheimer’s disease,MCImild cognitive impairment,HC healthy controls,MMSEMini-Mental State Examination, ADAS-cogAlzheimer’s Disease
Assessment Scale-cognitive subscale, TDAS Touch Panel-type Dementia Assessment Scale, p-tau phosphorylated tau, Aβ amyloid β
a Chi-square test was performed

Fig. 1 Results of olfactory test
(a) and gustatory test (b) in
patients with Alzheimer’s disease
(AD), mild cognitive impairment
(MCI), and healthy controls (HC).
Olfactory test total score of AD
and MCI exhibited a significant
decrease compared with HC
(p < 0.0001, p = 0.026,
respectively). Gustatory test total
score was not significant among
three groups. Error bars represent
standard error of the mean (SEM)
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gustatory test score and the MMSE, ADAS-J cog, and TDAS
results. In the comparisons with the four gustatory test sub-
items, the MMSE, ADAS-J cog, TDAS, p-tau181, Aβ42, and
p-tau181/Aβ42 results correlated with the scores for salty
taste, and TDAS correlated with the score for sour and bitter
taste. In addition, there was a significant correlation between
the total OSIT-J score and the gustatory test results
(r = − 0.290, p = 0.002).

Discussion

In this study, we found that olfactory function was related to
CSF biomarkers and cognitive disorders. The results sug-
gested that olfactory function is likely to be impaired in the
early stage of AD. It is known that AD andMCI develop from
a preclinical AD state in which there are no subjective symp-
toms but Aβ and p-tau accumulate in the brain [22, 23]. The
Dominantly Inherited Alzheimer Network (DIAN) study

showed that Aβ42 in the CSF appeared to decrease approxi-
mately 15 to 20 years before expected symptoms onset [24].
Therefore, it has been suggested that evaluation of olfactory
function may be useful for detection of preclinical AD and
MCI [25]. In addition, the total OSIT-J score of patients with
AD andMCI significantly decreased relative to that of the HC.
However, there was no significant difference in the total
OSIT-J score between AD andMCI patients. Therefore, olfac-
tory function may decline from the early stage of AD and
continue to decline slowly until the late stage of AD. In a
previous study, it was reported that patients with AD showed
decreased recognition of India ink, wood, rose, Japanese cy-
press, and roasted garlic [5]. Our study showed similar de-
creases in recognition of plant odors in patients with AD than
in MCI and HC. Therefore, the ability to identify plant odors
was thought to be relatively closely in AD pathology. In ad-
dition, the ability to identify good or offensive odors was not
correlated with CSF biomarkers, which suggests that it may
not be affected byAD pathophysiology. However, because the

Table 2 Olfactory and gustatory test results

AD MCI HC AD vs HC MCI vs HC AD vs MCI
p value (95% CI) p value (95% CI) p value (95% CI)

Olfactory test

Good odors 1.2 ± 0.2 1.5 ± 0.2 2.4 ± 0.2 0.003 (− 1.58 to − 0.26) 0.061 (− 1.35 to 0.02) 1.000 (− 0.93 to 0.42)

Plant odors 1.0 ± 0.2 1.7 ± 0.2 2.5 ± 0.2 < 0.0001 (− 1.83 to − 0.57) 0.136 (− 1.20 to 0.11) 0.044 (− 1.30 to − 0.01)

Spice odors 0.6 ± 0.1 1.0 ± 0.1 1.6 ± 0.1 < 0.0001 (− 1.18 to − 0.37) 0.094 (− 0.80 to 0.04) 0.069 (− 0.81 to 0.02)

Offensive odors 0.6 ± 0.1 0.9 ± 0.1 1.3 ± 0.1 0.002 (− 0.99 to − 0.19) 0.333 (− 0.64 to 0.12) 0.203 (− 0.72 to 0.10)

Gustatory test

Sweet 2.2 ± 0.1 2.1 ± 0.1 2.2 ± 0.1 1.000 (− 0.47 to 0.38) 1.000 (− 0.52 to 0.37) 1.000 (− 0.40 to 0.47)

Salty 2.7 ± 0.2 2.4 ± 0.2 2.2 ± 0.1 0.325 (− 0.20 to 0.99) 1.000 (− 0.51 to 0.72) 0.740 (− 0.32 to 0.90)

Sour 3.0 ± 0.2 2.5 ± 0.1 2.5 ± 0.1 0.108 (− 0.07 to 1.02) 1.000 (− 0.54 to 0.59) 0.157 (− 0.12 to 1.01)

Bitter 2.3 ± 0.2 2.1 ± 0.2 2.1 ± 0.1 1.000 (− 0.34 to 0.67) 1.000 (− 0.56 to 0.49) 1.000 (− 0.31 to 0.72)

Data are presented as the mean ± standard error of the mean

AD Alzheimer’s disease, MCI mild cognitive impairment, HC healthy controls

Fig. 2 A receiver operating
characteristic (ROC) analysis for
olfactory test (a) and gustatory
test (b) in patients with
Alzheimer’s disease (AD), mild
cognitive impairment (MCI), and
healthy controls (HC). The area
under the ROC curve of the ol-
factory test was 0.809 for AD
versus HC group, 0.711 for MCI
versus HC group, and 0.645 for
AD versus MCI group, whereas
that for the gustatory test was
0.656, 0.534, and 0.633,
respectively
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stimulus of an offensive odor may be too strong, it may stim-
ulate the trigeminal nerve rather than the olfactory nerve [26].
It may be difficult to accurately evaluate olfactory function.

In a previous study, it was reported that olfactory function
was significantly lower in AD than in MCI individuals [27],
but there was no significant difference in the total OSIT-J
score between AD and MCI patients in this study. That study
used Sniffin’ sticks, which can evaluate identification and dis-
crimination abilities, as well as smell threshold levels [28].We
used the OSIT-J because it was easy to use in this study, so the
discrepancies in the results were thought to occur because of
differences in the olfactometric ability. We did not use the
Sniffin’ sticks because we wanted to use smells that were
familiar in Japanese environment and culture. However, we
found that the results of the OSIT-J, which is a simple
olfactometric test, correlated with CSF biomarker and neuro-
psychological test results. Therefore, if a new high-
performance olfactory test that includes smells familiar to
Japanese is developed, we may be able to distinguish among
AD, MCI, and HC more accurately.

The total gustatory test score was associated with cognitive
function but did not correlate with CSF biomarker levels.
Furthermore, there were no significant differences among
AD and MCI patients and HC. In a previous study, it was
reported that AD and MCI patients had taste disorders [9,
10]. For reasons that did not affect our study, there were dif-
ferences in the density of the taste solutions and gustometric
techniques. We evaluated taste function by using the intraoral
falling drop method because the filter paper disk method,
which involves placing a filter paper on the tongue and oral
cavity, has a risk of accidental ingestion, whereas the intraoral
falling drop method can be performed quickly. Therefore,

because there is a larger amount of substances that can be
tasted in the solution placed in the oral cavity than in the filter
paper disk method, our method may not have been able to
detect fine differences. Furthermore, the concentrations of
taste solutions did not match the concentrations used in the
other study, which may have also caused discrepancies in the
results between the studies. However, because the taste is felt
throughout the oral cavity, we thought that the intraoral falling
dropmethod is suitable for evaluating the taste of daily life. As
a limitation of the intraoral falling drop method, individual
cranial nerves cannot be evaluated. However, since we found
that gustatory function correlated with cognitive function, our
results agreed with those of a previous study [9], which
showed that gustatory function decreased with progression
to clinical AD. We think that gustatory function did not
change earlier because we found no association with CSF
biomarker levels.

A previous study showed that older people had significant-
ly lower recognition thresholds for salty, sour, and bitter tastes
than did young adults [29]. The salt and sour receptors per-
ceive these tastes through ion channels, whereas sweet and
bitter taste compounds interact with G-protein coupled recep-
tors [30]. However, whether this difference in transmission
format is associated with a failure caused by disease is un-
known. Our study showed a correlation between CSF bio-
markers and salty taste, as well as between cognitive function
and salty, sour, and bitter tastes. Specifically, because the abil-
ity to detect salty tastes decreases with progression of AD, this
may affect how much seasoning is used in a person’s food and
thus, their salt intake may increase. In a previous study, 81.4%
of patients with AD showed some eating disturbance such as
changes in appetite and eating habits [31], which may have

Table 3 Correlations among olfactory and gustatory test results and cerebrospinal fluid biomarker levels and neuropsychological test results

MMSE ADAS-J cog TDAS p-tau181 Aβ42 p-tau181/Aβ42
r r r r r r

Olfactory test

Good odors 0.248* − 0.266** − 0.360** − 0.011 0.210 − 0.054

Plants odors 0.423** − 0.368** − 0.494** − 0.097 0.440** − 0.276*

Spice odors 0.319** − 0.318** − 0.437** − 0.130 0.333** − 0.309**

Offensive odors 0.279** − 0.294** − 0.398** − 0.146 0.148 − 0.227

Total score 0.386** − 0.375** − 0.503** − 0.093 0.355** − 0.244*

Gustatory test

Sweet 0.044 0.091 − 0.040 0.039 0.085 − 0.100

Salty − 0.251** 0.220* 0.290** 0.304** − 0.236** 0.334**

Sour − 0.151 0.165 0.244** − 0.013 − 0.176 0.060

Bitter − 0.063 0.113 0.332** 0.025 − 0.114 0.042

Total score − 0.213* 0.268** 0.366** 0.184 − 0.230 0.199

MMSE Mini-Mental State Examination, ADAS-cog Alzheimer’s Disease Assessment Scale-cognitive subscale, TDAS Touch Panel-type Dementia
Assessment Scale, p-tau phosphorylated tau, Aβ amyloid β, r correlation coefficient

*p < 0.05; **p < 0.01
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been caused by taste disturbances. However, because aging is
related to cognitive dysfunction [32], it may be that gustatory
test score was similar to change due to age [29].

Our results suggest that olfactory and taste functions dete-
riorate with progression of AD pathology. Olfactory function
was related to CSF biomarkers, but gustatory function was
unrelated. Therefore, we thought that olfactory function likely
to be impaired in the early stage of pathology, but gustatory
function may not impaired in the early stage of disease.
Especially for olfaction, stimulating the sense of smell can
enhance generated granule cells in the olfactory bulb [33]
and possibly lead to improvement in cognitive function [34].
Regarding gustation, it has been reported that the forebrain
region including limbic system in rats responded to intra-
gastric administration of glucose, L-glutamate, and NaCl
[35] and supplementation with monosodium glutamate im-
proved behaviors of hospitalized elderly [36]. Therefore, it is
important to find the olfactory and gustatory decline in the
early stage and to intervene. However, several limitations of
this study should be considered. First, the olfactory and gus-
tatory tests used were insufficient as diagnostic auxiliary tools
because they are not specialized for dementia. Second, only a
subset of subjects underwent lumbar puncture; therefore, cor-
relation with pathology is partially undermined by the small
sample size. Third, HC tended to be higher age and number of
female than AD and MCI. It is known that olfactory and taste
dysfunctions are both associated with gender and with normal
aging [29, 37]. In the future, further development of sensitive
olfactory and gustatory tests and large-scale study should con-
tribute to early diagnosis and understanding of the conditions
present in AD.
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