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SUMMARY Due to the rapid rise of aged populations

throughout the world, it is essential to elucidate

the cause of taste dysfunction, because it may

reduce appetite, leading to inadequate dietary

intake. We aimed to compare taste detection

ability between dependently and independently

living geriatric individuals of nearly the same age

with oral status. Forty-three elderly individuals

considered to be cognitively eligible and residing

in nursing homes in Japan were enrolled (n = 43,

82�3 � 8�5 years) and were compared with an

independently living elderly group (n = 949,

79�9 � 0�8 years), aiming to compare taste

detection ability between dependently and

independently living elders of nearly the same age.

Information regarding comorbidity and medication

was obtained as general health status, and oral

status including number of present teeth, denture

usage and maximal occlusal force was also noted.

In the dependently living group, 69�4%, 14�3%,

16�3% and 8�2% of participants could detect sweet,

sour, salty and bitter tastes, respectively, which

was significantly lower than the independently

living group for each taste (97�9%, 70�8%, 89�6%
and 43�8% for sweet, sour, salty and bitter tastes,

respectively). The multivariate logistic regression

analysis revealed that residing in nursing homes

was associated with reduced sensitivity for four

different tastes. The diseases and the situation of

dependent elders were more likely the cause of

the decreased taste sensitivity.
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Introduction

The sense of taste is important, as it allows assessment

of nutritional value, safety and quality of foods. In

addition, humans are able to detect various tastes by

stimulation of receptors in taste buds. Several factors

have been implicated in decreased taste sense, includ-

ing ageing, polypharmacy, malnutrition, salivary dys-

function, metabolic and endocrine diseases and

cognitive impairment (1–3). Wearing removable den-

tures have also been reported to affect taste (4, 5).

Due to the rapid rise of aged populations throughout

the world, it is essential to elucidate the cause of taste

dysfunction, because it may reduce appetite, leading

to inadequate dietary intake.

In mastication process, crushing of food is thought

to be important not only for digestion and nutrition,

but for tasting. Reduced masticatory function has

been recognised as responsible for the elders consum-

ing predominantly soft, easy to chew foods, which

can induce poor dietary practices and marginal nutri-

tional intakes (6). However, oral status was not con-

sidered in the evaluation of taste sensitivity up to

date. In this study, we compared taste detection abil-

ity between dependently and independently living

geriatric individuals of nearly the same age with oral
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status using the cross-sectional study model and eval-

uated the factors associated with the taste sensitivity.

Materials and methods

Study population and procedures

A total of 43 elderly individuals (mean age

82�3 � 8�5 years) considered to be cognitively eligible

and residing in two different nursing homes in Osaka

Prefecture, Japan, were enrolled. In addition, data

obtained from 949 independently living elderly indi-

viduals (mean age 79�9 � 0�8 years) in the SONIC

study conducted by our research group (7) were used

to compare with the dependently living group. In

addition, 48 subjects were selected from the group of

independent living individuals who participated in the

SONIC study and showed nearly the same number of

teeth (7–14) and maximal occlusal force (lower than

100 N) as the participants residing in nursing homes.

The study protocol was approved by the Institutional

Review Board of Osaka University Graduate School of

Dentistry (approval number H22-E9). All subjects

were given written informed consent to participate.

Assessment of general and oral status

Information regarding comorbidity and medication

was obtained from medical records and personal inter-

views. Hypertension was determined when mean

diastolic/systolic blood pressure was ≥140/90 mmHg

in two separate measurements and met the diagnostic

criteria (ICD-10, code I11). We defined type 2 dia-

betes (ICD-10, code E11) as follows: (i) self-reported

diagnosis, (ii) administration of insulin or other oral

hypoglycaemic medications, (iii) random plasma glu-

cose ≥200 mg dL�1, and (iv) Haemoglobin bA1c

(HbA1c, NGSP) ≥6�5%. Dementia was determined

according to the criteria of Diagnostic and Statistical

Manual of Mental Disorders. Oral examinations were

performed by trained and registered dentists. Maximal

occlusal force was measured as previously described

(8). Briefly, maximal occlusal force was measured

with pressure-sensitive sheets (Dental Prescale, Type-

R 50H*) and analysed by the use of an image scanner

(Occluzer, FPD-707*). Usage of removable dentures

(maxilla and/or mandible) was also noted. Types of

diet (normal, mechanically soft and pureed) were

obtained from dietary records conducted by registered

dietitian.

Determination of taste sensitivity

Taste sensitivity was determined according to a proce-

dure as previously described (1) with minor modifica-

tions. Briefly, four different tastants, prototypical

elicitors of sweet (sucrose at 40 g L�1), sour (citric

acid at 250 mg L�1), salty (sodium at 5�0 g L�1) and

bitter (quinine sulphate at 5�0 mg L�1), were adminis-

tered, respectively. Tested solutions were diluted

1 day prior to the examination from each stock solu-

tion with 10 times concentration. All the solutions

were stored at 4 °C and released to room temperature

over 3 h before the examination. The subjects had

refrained from all food, drink, smoking and use of

toothpaste for 2 h prior to testing. One millilitre solu-

tions were offered in 1-mL polypropylene syringes in

the order corresponding to sweet, sour, salty and bit-

ter. The subjects were asked to hold the solution for

3 s in their whole mouth and classify its taste and

then swallowed the solution. Each trial performed

once per 1 taste solution, and there was no rinse

between different administrations of tastant.

Statistical analysis

Data analysis was conducted using SPSS version 19.0

for Windows software†. A chi-squared test was used

to evaluate the associations of categorical variables,

such as gender, removable denture usage and taste

detection rate, between the dependently and indepen-

dently living elderly groups. Mann–Whitney U-test

was used to evaluate the differences in continuous

variables including remaining teeth and maximal

occlusal force. Subsequently, data were analysed with

a multivariate model using stepwise logistic regression

analyses. The contribution of each variable to the

model was evaluated to assess the influence of vari-

ables such as age, gender and removable denture

usage. Risk ratios were calculated with 95% confi-

dence intervals. Statistical significance was considered

for P values <0�05.

*Fuji Film, Tokyo, Japan †SPSS Inc., Chicago, IL, USA
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Results

The ratio of females was significantly higher in the

dependently living group, as shown in Table 1. In

addition, the comorbidity rate of dementia, the num-

bers of medications, the number of teeth and maximal

occlusal force were significantly higher in the depen-

dently living group. On the other hand, rate of den-

ture wearers, the comorbidity rate of hypertension,

diabetes and cardiovascular diseases did not show a

significant difference between dependent and inde-

pendent group. The independent group consisted of

949 participants considered to be cognitively eligible

in spite of their elderly status (ages ranging from 79

to 81 years of age), utilised as in a part of a cohort

study of health and longevity, a multidisciplinary

research project focused on the health and longevity

of randomly drawn Japanese elderly individuals. In

the dependent group, 69�4%, 14�3%, 16�3% and

8�2% of the subjects were able to accurately detect

the sweet, sour, salty and bitter tastes, respectively,

which was significantly lower than the independently

living group for each, as well as selected participants

from independently living group who showed nearly

the same number of teeth and maximal occlusal force

to dependent living group (Fig. 1, Table 2).

Then, we analysed the association of occlusal force

and the diet in institutionalised participants. As the

result, 28 participants had normal diet, and 15 had

mechanically softened diet. There was no participant

with pureed diet. However, there was no significant

difference in occlusal force between participants with

normal diet and mechanically softened diet (data not

shown).

Within the four tested tastants, sweet taste sensitiv-

ity was most likely to be conserved in the depen-

dently living subjects, while bitter taste sense was the

first to be lost in both groups.

Then, the multivariate analysis using logistic regres-

sion model revealed that residing in nursing homes

had the association with four each taste sensitivity

decrease, when adjusted by considerable explanation

variables including sex, age, number of teeth, bite

force, usage of denture, hypertension, diabetes, car-

diovascular disease, dementia and number of medica-

tion as shown in Table 3. Females showed higher

rates of detection for bitter (odds ratio = 1�61,
P = 0�001) and sour (odds ratio = 2�53, P < 0�001)
tastes, while gender did not have an association with

sweet or salty taste detection. Furthermore, age,
Table 1. Characteristics of subjects

Variables

Residing in

nursing home

Living

independently P

Number of

participants

43 949

Males/females 12/31 449/500 0�02*
Age (mean � SD) 82�3 � 8�5 79�9 � 0�8 <0�01†
Denture usage (%) 69�8 66�2 0�17*
Number of medication 5�6 � 3�1 3�9 � 3�0 <0�01†
Hypertension 21 (48�8%) 273 (28�8%) 0�24*
Diabetes 5 (11�6%) 46 (4�85%) 0�56*
Cardiovascular

diseases

6 (14�0%) 67 (7�06%) 0�34*

Dementia 13 (30�2%) 3 (0�32%) <0�01*
Number of teeth 0�01†
25 percentile 0�8 6�0
50 percentile 10�5 18�0
75 percentile 21�0 24�0

Maximal occlusal

force (N)

<0�01†

25 percentile 11�5 138�4
50 percentile 54�6 278�0
75 percentile 186�9 454�0

*Chi-squared test.
†Mann–Whitney U-test.

Fig. 1. Per cent of subjects able to distinguish between four dif-

ferent tastants. In the dependently living group (white bars),

69�4%, 14�3%, 16�3% and 8�2% were able to detect the sweet

(sucrose at 40 g L�1), sour (citric acid at 250 mg L�1), salty

(sodium at 5�0 g L�1) and bitter (quinine sulphate at

5�0 mg L�1) tastes, respectively, each of which were significantly

lower than the independently living group (grey bars).

*P < 0�05, chi-squared test.
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hypertension, diabetes, cardiovascular disease, demen-

tia and oral status (number of teeth and maximal

occlusal force) showed no association with taste sensi-

tivity in the analysis model. The evaluation of all the

subjects by hypertension, diabetes, cardiovascular dis-

eases and dementia is shown in Table 4. In those dis-

eases, subjects with dementia had major taste

differences and sensitivity.

Discussion

Taste dysfunction has been suggested to be induced by

multiple causes including general and oral conditions.

Toffanello et al. found that hospitalised subjects were

significantly less able to recognise sour taste among

four types of tastants (3). In the present study, we

noted with the decrease in taste sensitivity for the four

tastants in our elderly subjects, which may be related

to factors such as age, general health status, medica-

tion, race and cultural background. In the dependent

group, taste sensitivity was significantly lower than the

independently living group for four tastants (Fig. 1). In

the current cross-sectional study, the comparative anal-

ysis between dependent and independent groups

revealed that the ratio of females, the comorbidity rate

of dementia, the number of medications, the number

of teeth and maximal occlusal force were significantly

higher in the dependently living group (Table 1). Fur-

thermore, the multivariate analysis using logistic

regression model revealed that residing in nursing

homes had the association (not cause and effect) with

four each taste sensitivity decrease, when adjusted by

considerable explanation variables including sex, age,

number of teeth, bite force, usage of denture, hyper-

tension, diabetes, cardiovascular disease, dementia and

number of medication (Table 3). Nursing home resi-

dents generally receive a well-controlled diet, although

they are relatively less active than independently living

individuals because of physical and/or cognitive

impairment. Further study will be needed to clarify the

confounding factors included in residing in nursing

homes; however, the type of patients that are placed in

institutions seems to play a pivotal role for taste sensi-

tivity decrease according to the present findings.

Recently, Leong et al. utilised a global cohort design

in their study and suggested that grip strength is a

prognostic factor for mortality and cardiovascular dis-

ease (9). Although the mechanism remains unknown,

the relationship between muscular strength and car-

diovascular mortality is likely robust. In the present

study, taste sensitivity was lower in the dependently

living group even when compared with the limited

individuals who showed nearly the same number of

teeth and maximal occlusal force, implying that taste

dysfunction is also related to a general decline in

health status in a similar manner, with an underlying

background in common with the relationship

Table 2. Comparison with selected independent living partici-

pants who showed nearly the same number of teeth and maxi-

mal occlusal force

Variables

Residing in

nursing home

Living independently

(limited group*)

Number of participants 43 48

Males/females 12/31 17/31

Age in years

(mean � SD)

82�3 � 8�5 79�9 � 0�8

Denture usage (%) 69�8 91�7
Number of teeth

25th percentile 0�8 8�0
50th percentile 10�5 9�0
75th percentile 21�0 11�0

Maximal occlusal force (N)

25th percentile 11�5 28�7
50th percentile 54�6 57�3
75th percentile 186�9 84�6

*This group was selected from participants living independently

who showed nearly the same number of teeth (7–14) and maxi-

mal occlusal force (lower than 100 N) as participants in the

dependent living group.

Table 3. Results of logistic regression analysis using stepwise

selection on significant independent variables associated with

reduced sensitivity of four different tastants

Tastant

Type of living (living independently = 0,

dependently = 1)

Odds ratio 95% CI P

Sweet 9�6 4�3–20�8 <0�001
Sour 25�4 10�5–61�3 <0�001
Salty 52�8 20�2–137�4 <0�001
Bitter 7�4 2�6–21�1 <0�001

CI, confidence interval.

Taste test (success = 0, false = 1).

Explanation variables: sex (female = 0, male = 1), age (continu-

ous variable), number of teeth (continuous variable), bite force

(continuous variable), usage of denture (no = 0, yes = 1),

hypertension (no = 0, yes = 1), diabetes (no = 0, yes = 1), car-

diovascular disease (no = 0, yes = 1) and number of medication

(continuous variable).

© 2016 John Wiley & Sons Ltd

T . O G AWA et al.508



between muscular strength and cardiovascular mortal-

ity. According to the study of Ikebe et al. (10), self-

rating of general and oral health, number of residual

teeth and occlusal force were associated with oral

health indexes (Geriatric Oral Health Assessment

Index; GOHAI and Oral Health Impact Profile; OHIP-

14 scores). In addition, bite force was shown to be

strongly correlated with grip strength in our unpub-

lished data. Based on these findings, it may possible

to conclude that the number of teeth and bite force

indicate general and/or oral health.

From the early stages of life, humans develop sen-

sory systems that can detect and also prefer once rare

calorie- and mineral-rich foods that taste sweet or

salty, while also rejecting potentially toxic substances

that taste bitter from early-life stage (11). In addition,

the preference for sweet taste is known to be remark-

ably well conserved in primates (12). To compensate

for loss of taste and smell, elderly individuals are

often given flavour-enhanced foods to improve

palatability and/or intake, increase salivary flow and

immunity and reduce chemosensory complaints (13).

Our findings correspond to previous reports of elderly

populations. Taste dysfunction is also said to occur in

relation with various types of diseases, such as upper

respiratory and oral infections, autoimmune diseases,

cancer, Alzheimer’s disease and others (14).

Oral rinsing with water during taste testing is an

important issue. In this study, the subjects did not per-

form rinsing between tastant administrations, which

was based on the report by Brosvic and MacLaughlin

(15), who showed that rinsing had no significant effect

on taste threshold detection. In addition, several studies

have reported that the measured threshold was higher

when the mouth was not rinsed before each trial of a

salty taste solution (16–19). Currently, there are no

standardised procedures for the use of water rinses, and

rinsing the mouth prior to the administration of a taste

solution or tastant seems only to be an issue of concern

with salty taste (1). On the other hand, oral rinsing

should be utilised when determining taste threshold.

The present findings are limited by the small sample

size of participants residing in nursing homes. Addi-

tionally, we recognise that the small number is inade-

quate to directly compare to the group of independent

participants, which is 20-fold greater in size. Neverthe-

less, we consider that they are helpful for understand-

ing taste sensitivity in geriatric populations and will

contribute to effective strategies for the promotion of

adequate dietary intake by institutionalised individuals.

Table 4. Evaluation of all the subjects (43 dependent and 949 independent subjects) by hypertension, diabetes, cardiovascular

diseases and dementia

Variables

Hypertension Diabetes CVD Dementia

No Yes No Yes No Yes No Yes

Number of

participants

456 536 884 108 830 162 969 23

Males/females 213/243 247/289 408/476 57/51 384/446 89/73 455/514 7/16

Age (mean � SD) 79�9 � 0�8 79�9 � 0�8 79�9 � 0�8 79�9 � 0�8 79�9 � 0�8 79�9 � 0�8 79�9 � 0�8 82�3 � 7�5
Denture usage (%) 65�9 67�2 66�1 70�4 65�0 72�8 66�5 69�6
Number of

medication

2�8 � 2�8 4�8 � 3�1 3�7 � 3�0 5�3 � 3�6 3�5 � 3�0 5�6 � 3�0 3�9 � 3�1 5�0 � 3�4

Dependent/

independent

434/22 515/21 846/38 103/5 793/37 156/6 939/30 10/13

Number of teeth

Median 6 6 6 4 6 5 6 4

25–75 percentile 18–24 18–25 18–24 16–23 18–24 17–24 18–24 8–24

Maximal occlusal force (N)

Median 108 142 124 102 123 141 127 24

25–75 percentile 245–434 269–456 262–446 246–404 260–450 297–445 264–448 157–290

Taste detection (%)

Sweet 95�2 95�7 95�4 95�4 95�6 93�8 96�0 77�3
Sour 76�2 79�6 78�3 75�0 77�7 79�6 79�4 31�8
Salty 82�8 84�1 84�1 81�5 84�3 83�3 84�7 36�4
Bitter 41�9 38�1 39�9 43�5 38�9 43�2 40�7 13�6
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Conclusions

Sensitivity for four basic tastes (sweet, sour, salty and

bitter) was lower in institutionalised participants as

compared to independently living elders. The multi-

variate logistic regression analysis revealed that resid-

ing in nursing homes was associated with reduced

sensitivity for four tastants. From the present findings,

we consider that the diseases and the situation of

dependent elders were more likely the cause of the

decreased taste sensitivity, and they are helpful for

understanding taste sensitivity in geriatric populations

and will contribute to effective strategies for the pro-

motion of adequate dietary intake by institutionalised

individuals.
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