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Abstract

Background: Patients with Alzheimer’s disease dementia (ADD) are thought to exhibit taste disorders; however,
this has not been extensively studied. We investigated gustatory functions and factors affecting taste in patients
with ADD or mild cognitive impairment (MCI) and in non-demented controls (NDCs) and evaluated associations
between cognitive impairment and gustatory functions.

Methods: We recruited 29 patients with ADD, 43 with MCI, and 14 with NDCs. We obtained medical and
medication history, measured salivary secretion volumes, and performed cognitive function tests, blood tests,
whole-mouth gustatory tests, and dietary and gustatory questionnaires.

Results: Patients with ADD showed significantly higher recognition threshold values than NDCs (p < 0.05). Many
individuals did not recognize umami at the maximum concentration, and this happened more frequently in
patients with ADD or MCI than in NDCs. Evaluation items other than cognitive function tests did not show
significant differences among the groups, but many individuals had decreased salivation, low serum zinc levels, and
were on multiple medications. We found a significant correlation between recognition threshold and age (r = 0.229,
p < 0.05) and cognitive function test score (r = 0.268, p < 0.05).

Conclusions: Patients with ADD showed impairment of gustatory function. Gustatory impairment in patients with
MCI could not be confirmed. However, many individuals with MCI did not recognize umami, either. Our results
suggest that taste disorders in elderly people with cognitive decline occur independently of factors affecting taste
such as salivation, zinc levels, or prescription drugs.

Trial registration: The study was registered in the UMIN Clinical Trials Registry on February 10, 2017, with reference
number UMIN000026087.
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Background
Olfactory function declines in patients with Alzheimer’s
disease dementia (ADD) [1–4], and hearing loss is a risk
factor for dementia onset [5–7], indicating that there are
associations between sensory disorders and dementia. In
terms of the sense of taste, gustatory function has been
shown to be decreased in patients with ADD [8–10], and
81.4% of patients with ADD show some eating disturb-
ance, such as changes in appetite and eating habits [11].
Gustatory tests include the filter-paper disc method [12],
the taste-strip test [13, 14], electrogustometry [12, 15],
and the whole-mouth gustatory test [16, 17]. The filter-
paper disc method, the taste-strip test, and the whole-
mouth gustatory test are used to evaluate the identity of
taste (taste quality), whereas electrogustometry can evalu-
ate taste thresholds. A study based on the filter-paper disc
method and electrogustometry has suggested that patients
with ADD may exhibit taste disorder concomitantly with
brain atrophy and neurodegeneration [8]. Also, another
study using taste strips reported reduced taste function in
patients with mild cognitive impairment (MCI), which is a
pre-dementia state [9]. However, other reports using
filter-paper discs have found no deterioration of the taste
function in patients with ADD [18], and there was no de-
tection threshold disorders for sweet and sour tastes in
whole-mouth gustatory tests [19]. Some diverging results
may be explained by the use of different evaluation
methods. For example, when patients with ADD were
evaluated by filter-paper discs and then by whole-mouth
gustatory tests, the whole-mouth gustatory test indicated
taste deterioration, but the filter-paper discs did not [20].
In addition, comparing studies is difficult due to different
taste solution concentrations and results varying between
evaluations regarding detection or recognition thresholds.
Moreover, many studies have evaluated only four basic
tastes (sweet, salty, sour, and bitter) and have not evalu-
ated the fifth basic taste, umami. Inability to sense umami
is thought to lead to loss of appetite [21], and umami
evaluation is important to assess appetite in people with
dementia. In addition, other factors affecting taste func-
tion like prescription drugs, saliva secretion, and serum
zinc levels need to be considered in the interpretation of
taste function tests [22–26]. Also, few studies have exam-
ined taste in patients with MCI, and, thus, it is unclear
whether taste function is impaired in these patients.
The aim of this study was to conduct a detailed inves-

tigation into the detection and recognition of the five
basic tastes in the taste function of patients with ADD
and MCI, which has not been sufficiently investigated in
previous studies. In this research, we adopted whole-
mouth gustatory tests that evaluate the taste function in
the whole oral cavity, and tested patients with ADD or
MCI, and non-demented controls (NDCs) using diluted
solutions of the five basic tastes. In addition, we

investigated several factors related to gustatory function
to consider the association of gustatory function with
cognitive decline.

Methods
Patients
Between May 2017 and December 2018, we recruited
patients with ADD (n = 29) or MCI (n = 43), and NDCs
(n = 14), from the outpatient clinic of Shinsei Hospital
(Kurayoshi, Japan). All patients underwent general
physical and neurological examinations, neuropsycho-
logical assessments, such as the Geriatric Depression
Scale 15-item version, the Mini-Mental State Examin-
ation (MMSE), and/or the Alzheimer’s Disease Assess-
ment Scale-Cognitive Subscale (ADAS-Cog), laboratory
tests, and brain imaging studies, such as brain computed
tomography (CT), magnetic resonance imaging, and sin-
gle photon emission CT, to exclude other potential
causes of dementia. We included patients with ADD that
met the diagnostic criteria of the Diagnostic and Statis-
tical Manual of Mental Disorders, fifth edition [27] and
patients with MCI that met the following diagnostic
criteria [28]: (i) memory complaint, preferably corrobo-
rated by an informant, (ii) objective memory impairment
for age, (iii) relatively preserved general cognition for
age, (iv) essentially intact activities of daily living, and (v)
not demented, or NDCs without evidence of cognitive
impairment or psychiatric disorders at the time of clin-
ical and neuropsychological assessments. We excluded
patients who had already been diagnosed as having taste
disorders.
The ethics committee of Tottori University (Yonago,

Japan) and Ajinomoto (Tokyo, Japan) approved the de-
sign of this study (approval number: 1701B073), which
was conducted by following the tenets of the Declaration
of Helsinki. We registered the study in the UMIN Clin-
ical Trials Registry (UMIN000026087). We explained the
research protocol to the patients and guardians, who
provided written informed consent before participation.

Procedures
We performed gustatory and cognitive function tests on
the subjects, measured salivary flow, height, weight,
blood pressure, performed blood tests, and asked partici-
pants to answer dietary and gustatory questionnaires
within 1 month after obtaining the participants’ con-
sents. If blood samples were collected during routine
medical examination 1 month before or after the gusta-
tory test, blood tests were performed using that sample.
We determined the number of prescribed medications
taken by the participants and their medical history
(hypertension, dyslipidemia, and diabetes mellitus) from
medical record data.
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Gustatory test
We used the whole-mouth method by 13 stepwise
two-fold dilution series of five basic tastes prepared
according to previous studies: sweet (40–0.0098% su-
crose), salty (20–0.00488% sodium chloride), umami
(2.0–0.00049% monosodium L-glutamate [MSG]), sour
(1.6–0.00039% tartaric acid), and bitter (0.1–0.00002%
quinine hydrochloride) [16, 29]. Gustatory tests were
performed according to the procedure in a previous
study [16]. The patients first rinsed their mouths with
water, and then we applied 1 mL of a taste solution
at the lowest concentration onto their tongue, and
asked the patients to spread it around in their entire
mouth before spitting it out. For each solution tested,
the participants chose one of the following seven pos-
sible answers: sweet, salty, umami, sour, bitter, un-
identifiable taste, or no taste. If the patient could not
correctly identify the taste, in the next trial, we used
the solution in the same taste category with the next
higher concentration. If the patient answered cor-
rectly, we tested a different taste solution. Before test-
ing another solution, the patients rinsed their mouths
thoroughly until the previous taste disappeared. We
applied the taste solutions in the following order;
sweet, salty, umami, sour, and bitter. We did this to
ensure that the bitter taste, which tends to remain in
the oral cavity for a long time, was applied last. With
increase in the concentration of the taste solution,
the detection and recognition thresholds were re-
corded. We defined the detection threshold as the
concentration at which the taste could be detected,
and the recognition threshold as the concentration at
which the taste could be recognized. To determine
the detection threshold, we adopted the lowest con-
centration at which the participant answered other
than “no taste.” Even if participants answered that
they tasted something, if they answered “no taste”
when the concentration was increased after that, the
previous answers were cancelled. Patients who de-
tected the lowest concentration received 1 point.
Patients who detected the highest concentration re-
ceived 13 points. Patients failing to detect the highest
concentration received 14 points. For the recognition
threshold, we adopted the lower concentration at
which the participant answered correctly twice in a
row. The scoring method for the recognition thresh-
old was set from 1 to 14 as well as with the detection
threshold.

Cognitive function test
To assess cognitive function, we used the Touch
Panel-type Dementia Assessment Scale (TDAS) (Ni-
hon Kohden Corporation, Tokyo, Japan) [30]. TDAS
is a modified version of the ADAS-Cog [31] in

which subjects enter their answers directly into a
touch-panel computer following instructions. The
nine examination items included “word recognition,”
“following simple commands,” “visual–spatial percep-
tion,” “accuracy of the order of a process,” “naming
fingers,” “orientation,” “money calculation,” “object
recognition,” and “clock time recognition.” The val-
idity of the TDAS has previously been tested and
the results showed a significant association between
TDAS and ADAS-cog [30]. Scores ranged from 0 (all
correct answers) to 101 points (all incorrect an-
swers). A previous study showed that the average
TDAS score was approximately 20 points for pa-
tients with mild to moderate ADD patients with an
average MMSE score of 20 points, approximately 7
points for patients with MCI, and approximately 3
points for patients without cognitive impairment [2].
In contrast, the average TDAS score was shown to
be approximately 50 points in individuals with mod-
erate to severe dementia residing in a hospital or
nursing home [32].

Dietary and gustatory questionnaire
We designed a dietary and taste questionnaire. We fo-
cused on four items (enjoyment of the meal, delicious-
ness of the meal, strength of the flavor, and subjective
gustatory function) to inquire about palatability of the
foods and gustatory function. Each item was self-rated
by the participants on a five-point scale (from 0 to 4
points, with 0 indicating the worst and 4 indicating the
best).

Measurement of salivary flow
We measured the saliva secretion volume at rest accord-
ing to a published protocol [33]. We asked each partici-
pant to sit in a quiet room and not to swallow but to
continually spit into a receiving tube over a period of 5
min. We then collected the (resting) whole saliva sam-
ple. We estimated the volume of saliva by weighing the
tubes before and after collection. Different studies have
provided different results in terms of the cutoff value for
salivary gland hypofunction [33–35]. We used a cutoff
value of < 0.2 mL/min considering the boundary area.

Blood tests
Collected blood samples were centrifuged to obtain
serum, and the serum samples were immediately stored
in polypropylene containers at − 80 °C until analysis. The
levels of total protein (reference: 6.7–8.3 g/dL), albumin
(reference: 3.8–5.2 g/dL), and zinc (reference: 64–
111 μg/dL) in the serum were measured by LSI Medi-
ence Corporation (Tokyo, Japan).
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Statistical analysis
We performed all statistical analyses using the SPSS stat-
istical software (version 25; IBM Japan, Tokyo, Japan).
We performed Shapiro–Wilk tests to assess data
distributions. We assessed differences in the baseline
demographics and background characteristics of the par-
ticipants using one-way analysis of variance (ANOVA),
the Kruskal–Wallis test, or the chi-squared test as ap-
propriate. For multiple comparisons, we used the Tukey
method or Bonferroni correction. We compared gusta-
tory test scores among the three groups by one-way
ANOVA or the Kruskal–Wallis test. The Tukey method
or Bonferroni correction was used for multiple compari-
sons of the degree of change in each group. Further-
more, if the data were normally distributed, the
gustatory test scores were compared among the three
groups by an analysis of covariance (ANCOVA), with
significantly different background characteristics among
the three groups as covariates. Consequently, only age
was used as a covariate. For multiple comparisons, we
used the Bonferroni correction. We applied Pearson’s
correlation coefficient or Spearman’s correlation coeffi-
cient to assess correlations between the gustatory test
scores and the results of the other tests. All statistical
significance tests were two-sided, and we considered
alpha-levels of 0.05 as indicative of statistical
significance.

Results
Clinical characteristics
Table 1 summarizes the characteristics of the partici-
pants. Patients in the ADD group were significantly
older than those in the MCI and NDC groups (both
p < 0.05). The TDAS scores were significantly higher
in patients with ADD than in those with MCI or
NDCs (both p < 0.05). The scores were also signifi-
cantly higher in MCI compared with those in NDCs
(p < 0.05). Patients with ADD demonstrated a median
TDAS score (interquartile range) of 18 (11–23)
points, which suggests mild to moderate ADD. For
the other items, we found no significant differences
between the three groups.
We found that in each group, participants took a me-

dian of 4 to 5 prescription drugs, and participants
tended to have polypharmacy. As for body mass index
(BMI), the median values were about 22 kg/m2 in each
group, and we found no tendencies for thinness or obes-
ity. We found that the salivary secretion volumes tended
to be low in all groups (< 0.2 mL/min). The total protein,
albumin, and zinc in the serum showed a tendency to be
low in all groups compared with the reference values.
The questionnaire survey showed that most of the par-
ticipants did not complain about declines in gustatory
function and were satisfied with their diet.

Gustatory test
Figure 1 shows results of gustatory tests (detection
and recognition thresholds, and difference between
the two). Patients with ADD showed significantly
higher detection and recognition thresholds than
NDCs according to an ANOVA and the Kruskal–
Wallis test (both p < 0.05). Furthermore, we per-
formed an analysis with the age of the subjects,
which significantly differed among the three groups,
as a covariate. In fact, all data should be performed
with an age-adjusted analysis, but due to the com-
plexity of dealing with non-normally distributed vari-
ables, we conducted an ANCOVA only for detection
threshold, which was the normally distributed vari-
able. The age-adjusted ANCOVA showed a tendency
toward significance between patients with ADD and
NDCs (p = 0.088). On the other hand, the difference
between the recognition threshold and the detection
threshold was not significantly different among the
three groups. Table 2 shows the results for each
taste. At the detection threshold of sweet, we found
a significant increase in the ADD and MCI groups
compared with the NDC group (both p < 0.05). In
addition, at the recognition threshold of umami, we
found a significant increase in the ADD group com-
pared with the NDC group (p < 0.05). Figure 2 shows
the cumulative curves of detection and recognition
thresholds for each taste in each group. The
detection and the recognition threshold curves of
each taste tended to shift to the right in patients
with MCI and ADD (curves at a higher concentra-
tion) compared with those in NDCs. However, the
curves of umami were different from those of the
other tastes (compared to other tastes, a higher
concentration of umami was needed, in all groups).
Table 3 shows data on the rate of failure to detect
or recognize the highest concentration of a taste
solution. In all groups, the percentage of
“unrecognizable” responses for umami was the high-
est compared with other tastes.

Correlations between gustatory test results and other
outcomes
Table 4 shows the results of the correlation analyses
between the gustatory test results and age, the num-
ber of medications, BMI, the salivary secretion vol-
ume, blood test results, and the TDAS score. We
found a significant correlation between the detection
threshold and BMI (r = − 0.248, p < 0.05) and between
the recognition threshold and age (r = 0.229, p < 0.05)
and TDAS (r = 0.268, p < 0.05) in all patients. We also
found a significant correlation between age and TDAS
(r = 0.324, p = 0.002). In the analysis results for each
diagnostic group, there was only a correlation
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between the detection threshold and zinc in the ADD
group (r = − 0.390, p < 0.05).

Discussion
In this study, we comprehensively evaluated taste func-
tion in patients with ADD or MCI and in NDCs and
showed that the taste recognition thresholds were higher
in patients with ADD than in the NDCs. This finding is
consistent with the results of other studies [8–10]. In
terms of the detection threshold, a study investigating
the sweet and sour tastes using a whole-mouth gustatory
test [19] reported absence of gustatory alterations in pa-
tients with ADD. In contrast, the detection threshold

was shown to be increased in patients with ADD in a
study on the four basic tastes surveyed by the filter-
paper disc method [8, 36]. In this study, we used five
basic tastes in 13 different concentrations and found that
the overall detection thresholds for various taste solu-
tions showed an increasing trend when we adjusted by
age in ADD patients. Therefore, taste detection in the
whole oral cavity was considered slightly reduced in
ADD patients. In addition, we found no significant dif-
ferences between the three groups in the comparison of
the degree of deviation between the detection and the
recognition thresholds, so that the concentration re-
quired from detection to recognition did not change,

Table 1 Characteristics of patients

ADD MCI NDC P value

Demographics

Number, n 29 43 14 -

Gender (M:F), n 9:20 15:28 3:11 0.641

Age (years), median (IQR) 83.0 (80–87) 79.0 (75–84) 74.0 (72–78) 0.002 a

Hypertension, % 51.7 41.9 35.7 0.557

Dyslipidemia, % 24.1 30.2 28.6 0.851

Diabetes mellitus, % 10.3 7.0 14.3 0.696

Number of medications, median (IQR) 5.0 (1–6) 4.0 (0–7) 5.0 (3–7) 0.490

Smoking, % 0 0 7.1 0.074

Drinking, % 24.1 11.6 14.3 0.361

Physical examinations, median (IQR)

Height (cm) 150.1 (146–160) 151.0 (147–161) 151.5 (148–157) 0.809

Weight (kg) 50.6 (45–60) 49.5 (45–58) 55.2 (50–58) 0.195

Body mass index (kg/m2) 22.4 (20–25) 21.5 (20–23) 22.1 (21–25) 0.150

Systolic blood pressure (mmHg) 134.0 (126–140) 130.0 (128–140) 134.0 (126–141) 0.913

Diastolic blood pressure (mmHg) 74.0 (72–80) 74.0 (71–80) 77.5 (73–86) 0.195

Salivary secretion volume (mL/5 min) 0.8 (0.4–1.4) 0.7 (0.4–1.1) 0.9 (0.2–1.4) 0.819

Blood tests, median (IQR)

Total protein (g/dL), ref: 6.7–8.3 7.0 (6.6–7.4) 6.9 (6.6–7.2) 6.8 (6.6–7.3) 0.698

Albumin (g/dL), ref: 3.8–5.2 4.0 (3.8–4.2) 4.0 (3.8–4.2) 4.1 (4.0–4.3) 0.426

Zinc (μg/dL), ref: 64–111 65.0 (57–72) 62.0 (55–72) 63.0 (59–75) 0.620

Cognitive test, median (IQR)

TDAS score 18.0 (11–23) 7.0 (5–12) 1.0 (1–4) <0.001 b

Questionnaires, median (IQR)

Subjective gustatory function 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 0.891

Enjoyment of the meal 4.0 (4–4) 4.0 (3–4) 4.0 (4–4) 0.080

Deliciousness of the meal 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 0.254

Strength of flavor 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 0.443

Gender, hypertension, dyslipidemia, diabetes mellitus, smoking, and drinking ration were analyzed using the chi-squared test. Age, height, diastolic blood
pressure, total protein, and zinc were compared by a one-way analysis of variance followed by the Tukey test. Items other than the above were compared by the
Kruskal–Wallis test followed by the Bonferroni correction
ADD Alzheimer’s disease dementia, MCI mild cognitive impairment, NDC non-demented control, IQR interquartile range, TDAS Touch Panel-type Dementia
Assessment Scale, ref reference values
aSignificant difference between ADD and both MCI (p < 0.05) and NDC (p < 0.05)
bSignificant difference between NDC and MCI (p < 0.05), between NDC and AD (p < 0.05), and between ADD and MCI (p < 0.05)
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and it seemed that the participants responded to tastes
appropriately even in the presence of cognitive function
decline. On the other hand, we found no significant taste
function disorders in patients with MCI, but another
study reported a decrease in taste function in these pa-
tients [9]. The authors evaluated each region in the oral
cavity, but we evaluated the taste perception in the
whole oral cavity, so it is possible that taste perceived in
the whole oral cavity (as during a meal) is not decreased
with MCI.
In our study, many participants could not recognize

umami. The recognition threshold of umami was signifi-
cantly increased in patients with ADD compared with
NDCs. Moreover, 69.0 and 44.2% of patients with ADD
and MCI, respectively, could not recognize even the
highest concentration of umami solution. This finding
suggested the possibility that recognition of umami was
the worst in patients with ADD among the three groups.
It also suggested that some patients with MCI may have
poor recognition of umami. The inability to sense
umami is thought to lead to loss of appetite [21], which
furthermore leads to a decrease in interest in diet. The
amount of overall salivary flow increases with umami
taste stimulation by MSG [22], and improving saliva
secretion may improve taste perception. In addition,
continuous ingestion of MSG has been reported to im-
prove the quality of life and nutritional status of hospi-
talized elderly patients [37], and to provide benefits to

the cognitive function of residents in facilities [32].
Therefore, intervention with MSG for elderly people and
patients with dementia is gradually attracting attention.
Alternatively, in this study, 21.4% of the participants in
the NDC group were not able to recognize even the
highest concentration of umami. A previous study re-
ported that at various concentrations of umami, the cor-
rect answer rate regarding its perception in the oral
cavity was different between young adults and older in-
dividuals [38]. However, another report showed that the
results of the evaluation of the umami recognition
threshold on each region of the tongue did not differ be-
tween young adults and older individuals [39]. There is a
disagreement regarding the decline in umami recogni-
tion with age; nevertheless, the results of our study sug-
gest that umami recognition worsens with age. However,
the detection threshold for umami has also been shown
to be increased in individuals with dementias other than
ADD [40]. Future studies are needed to determine
whether this is a specific change in AD, considering its

Fig. 1 Results of gustatory tests in patients with Alzheimer’s disease
dementia (ADD), mild cognitive impairment (MCI), and non-
demented controls (NDCs). The recognition threshold (RT) of
patients with ADD exhibited a significant increase compared with
those in NDCs. However, detection threshold (DT) and RT minus DT
(RT − DT) was not significant among three groups. The DT was
compared by an analysis of covariance with age as a covariate
followed by the Bonferroni correction. The RT and RT − DT were
compared by the Kruskal–Wallis test followed by the Bonferroni
correction. All data are indicated by box-and-whisker plots following
the Tukey method (*p < 0.05)

Table 2 Results of gustatory test for each taste solution

ADD MCI NDC P
valueMedian IQR Median IQR Median IQR

Sweet

DT 5 4–7 6 4–7 3 2–4.8 0.026 a

RT 8 7–10 7 6–9 7.5 6–8 0.481

RT - DT 3 0–4 1 1–4 3 2–6 0.123

Salty

DT 4 2–5 3 2–5 2 1–3 0.075

RT 7 6–9 7 5.5–8 6 6–7 0.234

RT - DT 4 1–6 3 2–5 4 3–5 0.620

Umami

DT 9 6–11 6 2–9.5 4 1–7.8 0.038 b

RT 14 12–14 13 10–14 10.5 9.3–12 0.008 c

RT - DT 4 2–7 6 2–9 6 3.5–7.8 0.623

Sour

DT 4 2–6 3 1.5–5 1.5 1–4 0.064

RT 7 6–10 7 6–9.5 6 5.3–7.8 0.273

RT - DT 4 2–5 5 2–6 3.5 2.3–5.8 0.495

Bitter

DT 5 3–8 5 3–7 3.5 1.3–5 0.325

RT 8 6–10 7 5–8.5 6 5–7.8 0.055

RT - DT 4 0–5 1 1–3 2 1–4 0.258

All data were compared via the Kruskal–Wallis test followed by the
Bonferroni correction
ADD Alzheimer’s disease dementia, MCI mild cognitive impairment, NDC non-
demented control, IQR interquartile range, DT detection threshold, RT
recognition threshold
a Significant difference between NDC and both MCI (p < 0.05) and
ADD (p < 0.05)
b No significant difference by multiple comparisons
c Significant difference between NDC and ADD (p < 0.05)
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association with pathological changes. For tastes other
than umami, the non-recognition percentages for sweet
and bitter (even at the maximum concentration) were
high in ADD. Overall, more participants did not
recognize the taste via G-protein coupled receptors than
via ion channels. However, whether this difference in
transmission format is associated with a failure caused
by disease is unknown and needs future study.
In the dietary and gustatory questionnaires, we

found few complaints about the decline in the

subjective gustatory function in any group, and many
participants answered that they were able to feel the
taste of their meals well. Large-scale questionnaires
have reported fewer complaints of age-related gusta-
tory dysfunction than of age-related visual, auditory,
and olfactory dysfunctions [41], and complete ageusia
is rare in subjects with age-related taste function de-
clines [42, 43]. This may be explained by the fact that
taste function is unlikely to be impaired because three
different cranial nerves (the facial, glossopharyngeal,
and vagus nerves) provide sensory coverage for the
tongue and mouth. Furthermore, because the decline
in taste function due to dementia seems to be slowly
progressive, gradually decreasing function may go un-
noticed by individuals. In addition, although the clin-
ical examination tested each taste separately, an
actual meal consists of several simultaneous tastes.
Therefore, discrepancies between the examination and
the subjective gustatory function may exist. No sig-
nificant differences in the results of the dietary and
gustatory questionnaire were considered to exist
among the three groups for the above reasons. Fur-
thermore, the absence of any dietary problems in the
questionnaire suggests that the ADD group, which ex-
perienced decreased taste function, did not experience
a decrease in BMI due to weight loss. This study was
a cross-sectional study, so it is necessary to conduct a
longitudinal study. However, even in the absence of
subjective symptoms, the test scores may be low in
patients with MCI or ADD; thus, accurate assess-
ments are important.

Fig. 2 Cumulative detection threshold (DT) and recognition threshold (RT) curves in patients with Alzheimer’s disease dementia (ADD) or mild
cognitive impairment (MCI), and that in non-demented controls (NDCs). If the participants could not detect and recognize a taste, even at the
highest concentration, those results are indicated as “burst (B)”

Table 3 The rate of failure (i.e., burst) to detect or recognize the
highest concentration of taste solution

ADD MCI NDC

n % n % n %

Burst of DT

Sweet 0 0 0 0 0 0

Salty 0 0 0 0 0 0

Umami 3 10.3 2 4.7 1 7.1

Sour 0 0 0 0 0 0

Bitter 1 3.4 1 2.3 0 0

Burst of RT

Sweet 5 17.2 1 2.3 2 14.3

Salty 0 0 2 4.7 0 0

Umami 20 69.0 19 44.2 3 21.4

Sour 3 10.3 3 7.0 0 0

Bitter 4 13.8 2 4.7 1 7.1

ADD Alzheimer’s disease dementia, MCI mild cognitive impairment, NDC non-
demented control, DT detection threshold, RT recognition threshold
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We found a correlation between taste detection and
BMI, suggesting that slender individuals may have diffi-
culty perceiving tastes in this study. An association be-
tween taste disorders and malnutrition has been
reported in the elderly [44], and nutritional bias is
thought to lead to zinc deficiency [45] and eventually
affect taste. However, there was a large difference in the
correlation coefficient between taste detection and BMI
among the three groups; MCI and NDCs, had particu-
larly large correlation coefficients. Another factor may
be involved in patients with ADD. It is necessary to in-
crease the number of cases to make further conclusions.
On the other hand, taste recognition is thought to be as-
sociated with age and cognitive function, and cognitive
function was not associated with the detection threshold
but rather with the recognition threshold. Similar to a
previous study [8], the cause of the decline in taste func-
tion in dementia is not thought to be due to impaired
transmission from peripheral receptors but to a decrease
in the taste perception cognitive ability that accompanies
brain atrophy and neurodegeneration. However, patients
with ADD showed a significant increase in the detection
threshold compared with NDCs, so we think that taste
detection may be affected by brain disorders. In fact, the
insular cortex/frontal operculum has been shown to be
activated by water stimulation [46], and some areas of
the brain may be involved in taste detection. In addition,
a study examining the taste function in patients with se-
mantic dementia, which damages the insular cortex,
showed that there is an increase in taste detection

thresholds [36]. Moreover, the density of insular neuro-
fibrillary tangles has been significantly positively corre-
lated with the duration of clinical dementia [47].
Many of the participants in this study had decreased

salivary secretion as well as low serum zinc levels. The
average number of prescription medications in geriatric
outpatients at five university hospitals has been esti-
mated to be between 3 and 5 [48]. In this study, the re-
sults were roughly similar, and the median of the
number of prescription medications was 4–5 in each
group of participants. Many individuals were on multiple
medications. The decrease in taste function in the eld-
erly is thought to be the result of many factors, including
decreased salivary secretion, decreased serum zinc levels,
effects of comorbidities, and multidrug use [22, 24, 49].
In this study, we found no significant differences in
terms of those variables among the three groups. There-
fore, we think the decline in taste function due to AD
was caused by factors inherent to the disease and not to
age.
Finally, we are aware of the limitations of our study.

The first is related to our scoring. Because many partici-
pants did not recognize even the maximum concentra-
tion of umami, the score reached its peak prematurely,
and we cannot rule out that a higher peak may have
shown differences between the groups. However, the
clinical significance of using a much higher concentra-
tion of taste solutions must be carefully considered. The
second limitation of our study concerns the age of the
participants. Compared with NDCs and patients with

Table 4 Correlation between gustatory test results and other test results

Age Medications BMI Salivation Total protein Albumin Zinc TDAS

All patients

DT 0.186 −0.082 −0.248* 0.096 0.076 −0.168 −0.118 0.179

RT 0.229* 0.078 −0.067 0.177 0.132 −0.112 −0.065 0.268*

ADD

DT 0.061 − 0.217 − 0.041 0.146 0.004 −0.322 − 0.390* − 0.008

RT 0.173 − 0.018 0.126 0.353 0.153 −0.065 −0.125 0.014

MCI

DT 0.203 −0.021 −0.209 0.034 0.188 −0.196 −0.103 0.083

RT −0.002 0.099 −0.039 0.188 0.243 −0.150 −0.084 0.087

NDC

DT −0.141 0.332 −0.463 0.139 −0.204 0.201 0.194 0.096

RT 0.119 0.449 −0.128 − 0.281 −0.412 0.090 −0.085 0.133

In all patients, correlations between DT and age and total protein were analyzed using Pearson’s correlation coefficient, and other correlation analyses were
conducted using Spearman’s correlation coefficient. In patients with ADD, correlations between DT or RT, and age, BMI, total protein, zinc, and TDAS score were
analyzed using Pearson’s correlation coefficient, and other correlation analyses were conducted using Spearman’s correlation coefficient. In patients with MCI,
correlations between DT or RT and age, total protein, albumin, and zinc were analyzed using Pearson’s correlation coefficient, and other correlation analyses were
conducted using Spearman’s correlation coefficient. In NDCs, correlations between DT and age, medications, salivation, total protein, albumin, and zinc were
analyzed using Pearson’s correlation coefficient, and other correlation analyses were conducted using Spearman’s correlation coefficient
ADD Alzheimer’s disease dementia, MCI mild cognitive impairment, NDC non-demented control, DT detection threshold, RT recognition threshold, BMI body mass
index, TDAS Touch Panel-type Dementia Assessment Scale
Data are presented correlation coefficient (r). *p < 0.05
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MCI, patients with ADD were significantly older. The
detection threshold did not significantly differ when we
adjusted by age. Gustatory function has been shown to
decline with age [38, 42, 50–52], but progression of gus-
tatory hypofunction in elderly (especially after 75 years
of age) still remains unclear. We found a correlation be-
tween age and taste recognition threshold, but age was
also correlated with the cognitive function, and older pa-
tients had more severe cognitive disorders. Because older
patients have cognitive disorders, it was thought that the
gustatory function decreased because of brain disorders
that caused cognitive impairment. In addition, there was
no significant correlation between age and gustatory test
scores in each group, which suggests that aging may be
an intermediate factor that promotes factors affecting
taste function, such as brain disorders, decreased salivary
secretion, decreased serum zinc levels, effects of comor-
bidities, and multidrug use. All results were to be ana-
lyzed by ANCOVA with age as a covariate, but
ANCOVA was rarely able to be performed because
many results were not normally distributed. The third
limitation is that worse gustatory test scores might also
be a consequence of cognitive disorders rather than
gustatory dysfunction. The presence of multimodal se-
mantic impairment in ADD is well known. Semantic
deficits have been reported to potentially reduce olfac-
tory test scores in patients with ADD [3]. In addition,
the taste-to-picture matching task score for patients with
semantic dementia has been shown to be significantly
lower than that of patients with ADD or control patients
[36]. Therefore, it is possible that semantic impairment
reduced the gustatory test score. However, it was re-
ported that a taste test, in which choices by letter were
selected (similar to the method used in this study),
showed no significant difference in the scores between
patients with semantic dementia and patients with ADD
[36], and it is possible that the impact of semantic im-
pairment may be smaller in this study. We believe that,
in the future, it will be necessary to verify whether dete-
riorations in the gustatory test score are due to brain de-
generation or cognitive decline. Finally, the number of
participants was relatively low. The NDCs were targeted
outpatients in the hospital diagnosed as not having
dementia, so recruitment was difficult. However, we
selected participants according to the exact doctor’s
diagnostic criteria, and we believe that the reliability of
the results is high.

Conclusions
In this study, the gustatory function of patients with
ADD and MCI, and that of NDCs for five basic tastes
was evaluated by the whole-mouth gustatory test. We
confirmed taste function declines in patients with ADD,
but not in MCI, suggesting the dysfunction of taste is

not seen in the early stage of the disease. Salivary secre-
tion, serum zinc levels, and multidrug intake were not
correlated with gustatory decline, suggesting that these
factors are unlikely to explain our results. However,
many patients with ADD or MCI were not able to
recognize umami, which decreased their interest in
meals, and this variable should be longitudinally studied.
Taste function is an indispensable sensory function for
adjustment of intake of nutrients necessary for the body
and to successfully reject foreign substances. We believe
that detecting and interfering with impaired gustatory
function at an early stage of recognition impairment
may improve dietary interest and quality of life.
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