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Subjective Gustatory Dysfunction Is Correlated
With Subjective Olfactory Dysfunction in Geriatric
Patients Regardless of Cognitive Function
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Background and Objectives Fewer studies are available on geriatric patients’ gustatory
dysfunction than on their olfactory dysfunction. Here we aimed to evaluate the relationship be-
tween subjective gustatory dysfunction and subjective or objective olfactory dysfunction ac-
cording to cognitive function in geriatric patients.

Subjects and Method We prospectively enrolled patients who underwent both cognitive
function test and olfactory function test between August 2018 and May 2019. The correlation
between subjective gustatory dysfunction and subjective olfactory dysfunction or convention-
al olfactory function scores was evaluated for geriatric patients with or withhout cognitive
dysfunction. Participants with a threshold-discrimination-identification (TDI) score (<21) on
the YSK olfactory function test were diagnosed with olfactory dysfunction. Subjective gusta-
tory function and olfactory function were evaluated using the visual analog scale. The Korean
version of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet
and Mini-Mental State Examination were administered to all participants. Overall, 120 pa-
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tients (27 male, 93 female; mean age, 73.00+7.50 years) were enrolled.
Results We found that the subjective gustatory function score did not correlate with the
threshold, discrimination, identification, or the summation of TDI scores of the olfactory func-
tion test but was significantly associated with the subjective olfactory function score (p<0.001).
Further, there was no significant correlation between the subjective gustatory function score
and cognitive function.
Conclusion The subjective olfactory function score was the only factor significantly corre-
lated with the subjective gustatory function score. Based on these results, we suggest evaluat-
ing gustatory function in geriatric patients with olfactory dysfunction.
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Introduction

Olfactory dysfunction is known to be an early symptom of
Alzheimer’s disease (AD) and Parkinson’s disease; however,
gustatory dysfunction is not a commonly raised issue in the
geriatric field. Previous studies suggested that head injury,
sinusitis/upper respiratory infection, increase in medication
use among geriatrics are common etiologies in taste dysfunc-
tion.” Similar to olfactory dysfunction, gustatory dysfunction
has been suggested to be associated with neurogenerative dis-
ease such as AD.” The self-reported olfactory dysfunction
rate was reported to be 10.6%, and the gustatory dysfunction
rate was 5.3%.” As self-reports underestimate the actual prev-
alence, the exact prevalence of gustatory dysfunction in the
geriatric population may be much higher.”

The relationship between gustatory and olfactory dysfunc-
tion is of immense interest. Based on interaction between the
sense of taste and smell in production of flavor perception, it
is suggested that olfactory dysfunction is closely correlated
with gustatory dysfunction. Some studies have reported that
patients with gustatory dysfunction are more likely to have
underlying olfactory dysfunction.” However, other study has
reported that olfactory dysfunction has no influence on gus-
tatory dysfunction when the effects of sex, age, and etiology
are adjusted for.”

Cognitive effect also should be regarded in inter-relationship
between gustatory and olfactory function because condition-
ing is important in perception of olfaction and taste. For exam-
ple, odors such as caramel come to be described as having a
“sweet” quality as a result of associations with sugar present
in the media in which they are commonly encountered.”

Therefore, the relationship between gustatory and olfacto-
ry dysfunction, and gustatory and cognitive function need to
be evaluated. In the current study, we sought to evaluate the
relationship between subjective gustatory dysfunction and
olfactory dysfunction and also tried to evaluate the impact of
cognitive function on subjective gustatory dysfunction in ge-
riatrics.

Subjects and Methods

Participants

All experimental protocols were approved by the Institu-
tional Review Board of the Chung-Ang University Hospital
(1811-001-309), and written informed consent was obtained
from each participant and their caregiver (e.g., spouse or
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adult child). This prospective study enrolled individuals who
agreed to participate in this study between August 2018 and
May 2019. All enrolled individuals were aged >65 years and
underwent the cognitive and olfactory function tests described
below. The exclusion criteria were as follows:® 1) past or
current diagnosis of brain tumor, epilepsy, Parkinson’s dis-
ease, major depressive disorder, bipolar disorder, and schizo-
phrenia; 2) past or current diagnosis of neurocognitive disor-
der due to other conditions except Alzheimer’s and vascular
diseases; 3) presence of head trauma or stroke history; and 4)
presence of acute rhinitis or sinusitis, active asthma, or a his-

tory of obstructive nasal disease or nasal sinus surgery.

Olfactory function testing

Olfactory function was tested using the YSK olfactory func-
tion test (RHICO Medical Co., Seoul, Korea), which contained
three subsets: threshold, discrimination, and identification.
The tests were performed according to the manufacturer’s pro-
tocol.” The sum of the three test scores was calculated as the
threshold-discrimination-identification (TDI) score. The score
of the threshold test ranged from 1 to 12, while those of the
discrimination and identification tests ranged from 0 to 12;
the combined TDI score ranged from 1 to 36. Participants
with a TDI score lower than 21 were diagnosed with olfactory
dysfunction. Subjective gustatory and olfactory dysfunction

were evaluated using the visual analog scale.

Neurocognitive testing

The Korean version of the Consortium to Establish a Regis-
try for Alzheimer’s Disease Assessment Packet (CERAD-K)®
and the Korean version of the Mini-Mental State Examina-
tion (MMSE-K)” were administered to all participants by two
trained psychiatrists.

Based on the Structured Clinical Interview for DSM-5 Dis-
orders, patients were divided into three groups based on cog-

nitive function: normal, borderline, and impaired.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 19.0 (IBM Corp., Armonk, NY, USA). Descriptive data
were presented as mean=+standard deviation. Pearson corre-
lation was used to evaluate the association between two vari-
ables of interest. Inter-group differences were evaluated using
one-way analysis of variance. A p-value<0.05 was considered

to be statistically significant.
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Results

Characteristics of enrolled subjects

We enrolled 120 geriatric patients: 22.50% were male (27/120)
and 77.50% (93/120) were female; the mean age was 73.00+
7.50 years, and most (98.30%) patients were non-smokers.
The mean MMSE-K and CERAD-K scores were 21.56+6.70
and 57.63122.74, respectively. Of the 120 participants, 31.67%
(n=38) and 5.00% (n=6) were diagnosed with neurocognitive
disorder due to AD and vascular disease. Based on the re-
sults of the olfactory function test (YSK_TDI), 27.50% (n=33)
had normosmia, while 72.50% (n=87) had olfactory dysfunc-
tion. The subjective gustatory and olfactory function scores
were 7.70+1.90 and 6.70+2.30, respectively (Table 1).

Relationship between subjective gustatory function
and olfactory function according to cognitive
function

We evaluated the correlation between the subjective gus-
tatory function score and both objective and subjective olfac-
tory function. The subjective gustatory function score did not

Table 1. Characteristics of the enrolled patients (n=120)

Variables Value

Sex (male:female) 27:93
Age (yr)

Mean=+SD 73.00+7.50

Range 65—92
Smoking

Non-smoker 118 (98.33)

Smoker 2(1.67)
Patients with NCD due to AD 38 (31.67)
Patients with NCD due to vascular disease 6 (5.00)
MMSE-K 21.56+6.70
CERAD-K 57.63+22.74
YSK_threshold 2.38£1.81
YSK_discrimination 5.95+2.05
YSK_identification 8.58+3.30
YSK_TDI 16.93+5.58
Olfactory function

Normal 33 (27.50)

Decreased 87 (72.50)
VAS score for gustatory function 7.70£1.90
VAS score for olfactory function 6.70+2.30

Data are presented as mean + standard deviation or n (%).
NCD, neurocognitive disorder; AD, Alzheimer's disease; MMSE-
K, Korean version of the Mini-Mental State Examination; CERAD-
K, Korean version of the Consortium to Establish a Registry for
Alzheimer's Disease Assessment Packet; TDI, threshold-discrimi-
nation-identification; VAS, visual analog scale
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correlate with the threshold, discrimination, identification,
and summation of TDI scores of the olfactory function test
(Fig. 1A-D). Instead, the subjective gustatory function score
was significantly associated with the subjective olfactory func-
tion score (r=0.584, p<0.001) (Fig. 1E).

We then divided the participants into three groups accord-
ing to their CERAD-K results and compared the correspond-
ing subjective gustatory function scores. There was no signifi-
cant correlation between the subjective gustatory function
score and cognitive function (Fig. 1F).

When we performed univariate and multivariate linear re-
gression analyses, the subjective olfactory function score was
the only factor significantly correlated with the subjective gus-
tatory function score (Table 2).

Discussion

Despite the importance of gustatory function in the quality
of life, studies about gustatory dysfunction in geriatrics are lim-
ited when compared to olfactory dysfunction and the preva-
lence of gustatory dysfunction is thought to be underestimated.

This is the first study to evaluate the correlation between
olfactory and gustatory dysfunction in geriatric patients us-
ing the YSK olfactory function test. We found that subjective
gustatory function was correlated with subjective olfactory
function in the elderly. Thus, our results add another evidence
that geriatrics need to performed olfactory function test with
gustatory function test together despite gustatory dysfunction
not being the first presenting symptom.

When we evaluated whether subjective gustatory dysfunc-
tion was related to cognitive function, we found that the pres-
ence of AD or an impairment in cognitive function were not
associated with subjective gustatory dysfunction. Because pa-
tients with neurodegenerative diseases often exhibit eating ab-
normalities, olfactory and gustatory dysfunctions have been
suggested to be involved in these abnormalities. Gustatory
function is reported to be adversely affected in the early stages

10]
) and taste scores are

of neurocognitive disorder due to AD,
significantly reduced among patients with mild cognitive im-
pairment and neurocognitive disorder due to AD." However,
we found that the presence of neurocognitive disorder due to
AD or cognitive function impairment was not associated with
subjective gustatory function.

Theoretically, gustatory perception signals travel via the
cranial nerves into the primary gustatory cortex and the in-

sula/frontal perculum. Pathological changes in these areas,
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Fig. 1. Relationship between subjective gustatory dysfunction and olfactory dysfunction. Correlation between the subjective gustatory
dysfunction score and YSK olfactory function scores for threshold (A), discrimination (B), and identification (C), as well as with the sum-
mation of TDI score (D), and subjective olfactory function score (E). The subjective gustatory dysfunction score was compared with the
results of CERAD-K (F). CERAD-K1: normal range; CERAD-K2: significant decline but not dementia level; and CERAD-K3: impaired
performance comparable to dementia. TDI, threshold-discrimination-identification; VAS, visual analog scale; CERAD-K, Korean version
of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet.

Table 2. Univariate and multivariate logistic regression analyses of clinical characteristics associated with subjective gustatory dysfunction

Univariate analysis

Multivariate analysis

Variables
B (95% Cl) p-value B (95% ClI) p-value
Age -0.010 (-0.063-0.044) 0.721 -0.015 (-0.063-0.032) 0.521
Sex 0.224 (-0.629—-1.077) 0.604 0.285 (-0.423-0.993) 0.427
Smoking status -0.125 (-0.2.865-2.615) 0.928
Subjective olfactory function 0.490 (0.361-0.620) <0.001 0.486 (0.351-0.621) <0.001
YSK_threshold 0.128 (-0.072-0.328) 0.209
YSK_discrimination 0.107 (-0.069-0.284) 0.229
YSK_identification 0.040 (-0.069-0.150) 0.466
YSK_TDI 0.042 (-0.023-0.106) 0.201
Olfactory dysfunction 0.766 (-0.019—1.550) 0.070 0.158 (-0.569—-0.884) 0.668
MMSE-K 0.043 (-0.010-0.097) 0.113
CERAD-K 0.006 (-0.010-0.022) 0.454
NCD due to AD 0.002 (-0.005-0.010) 0.571

Cl, confidence interval; TDI, threshold-discrimination-identification; MMSE-K, Korean version of the Mini-Mental State Examination;
CERAD-K, Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet; NCD, neurocogni-

five disorder; AD, Alzheimer’s disease

such as those observed in semantic dementia, may induce def-
icits in gustatory function. However, research by Kouzuki,

et al.”?

has shown that there is no significant difference in
subjective gustatory function and total gustatory test scores
between patients with AD, mild cognitive impairment, and
healthy controls. Therefore, the relationship between gustato-
ry dysfunction and cognitive function is not conclusive and

should be further evaluated.

Interestingly, although subjective olfactory dysfunction was
significantly correlated with subjective gustatory dysfunction,
there was no correlation found for the TDI score of the YSK
olfactory function test. Subjective perception of dysfunction
is not always associated with objective test results. Further-
more, olfaction and gustation are closely connected because
they share central processing areas, such as the insula and or-
bitofrontal cortex. Similar to our findings, research has shown
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that in patients with olfactory dysfunction but not gustatory
dysfunction, electric threshold for taste detection, which rep-
resents the objective gustatory function, was increased.” As it
is not easy for patients to clearly distinguish between olfactory
and gustatory dysfunction based on subjective symptoms, we
suggest the evaluation of both olfactory and gustatory func-
tions in patients presenting with either olfactory or gustatory
dysfunction, but not both.

Our study has some limitations. First, we did not perform
an objective gustatory function test. In contrast to olfactory
function tests, tests that evaluate objective gustatory dysfunc-
tion have not been actively developed yet. However, threshold
detection regarding sweet, sour, salty, bitter, and umami or
electrogustometric taste sensitivity are widely used methods.
Further studies with an objective gustatory function test are
needed to overcome this limitation. Second, we did not con-
sider parageusia or phantogeusia. It has been suggested that
neurological disorders such as Alzheimer’s and Parkinson’s
syndrome, which usually present in the elderly, are correlated
with olfactory and gustatory hallucinations.” We evaluated
the subjective recognition of the patient’s taste and olfactory
sensitivities. Therefore, considering parageusia or phantogeu-
sia could induce other findings. Finally, we did not consider
other factors that can affect the gustatory and olfactory func-
tion such as digestive function, gastric emptying and endocrine
disorders.” We cannot rule out the possibility that these fac-
tors have influenced on the relationship between gustatory
and olfactory function.

In conclusion, there is a significant relationship between
subjective gustatory dysfunction and subjective olfactory dys-
function. As taste perception is important in oral food intake,
it is crucial to detect gustatory dysfunction at an early stage
and provide an intervention, especially in geriatrics.” We sug-
gest that in geriatric patients who present with subjective ol-
factory dysfunction, gustatory function should be carefully
assessed, and an evaluation for the underlying gustatory dys-
function should be actively considered.
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