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PRACTICE AND HEALTH

Age and sex differences in the taste sensitivity of young
adult, young-old and old~old Japanese

Masaki Yoshinaka,! Kazunori Ikebe,' Masahiro Uota,' Taiji Ogawa,' Tadashi Okada,! Chisato Inomata,’
Hajime Takeshita,’ Yusuke Mihara,' Yasuyuki Gondo,? Yukie Masui,® Kei Kamide,* Yasumichi Arai,’
Ryutaro Takahashi® and Yoshinobu Maeda'

"Department of Prosthodontics, Gerodontology and Oral Rehabilitation, Osaka University Graduate School of Dentistry, Department of
Clinical Thanatology and Geriatric Behavioral Science, Osaka University Graduate School of Human Sciences, *Tokyo Metropolitan
Geriatric Hospital and Institute of Gerontology, *School of Medicine, Keio University, Tokyo, and *School of Allied Health Sciences, Osaka
University Graduate School of Medicine, Osaka, Japan

Aim: The present study examined sex and age differences in taste sensitivity among young adult, young-old and
old-old Japanese.

Methods: Participants were divided into three groups comprising 477 men and 519 women in the young-old group
(aged 69-71 years), 449 men and 500 women in the old-old group (aged 79-81 years), and 35 men and 35 women in
the young adult group (aged 24-32 years). Recognition thresholds for the four basic tastes were measured using the
1-mL whole mouth gustatory test, in which taste solutions of the four basic tastes were tested in five concentrations.

Results: Young adults showed significantly lower recognition thresholds than the young-old group, and the
young-old group showed significantly lower recognition thresholds than the old-old group. Among the young-old
and old-old groups, women showed significantly lower recognition thresholds than males for sour, salty and bitter
tastes, but there was no sex difference in the sweet taste threshold between the two groups.

Conclusions: The present study confirmed that there are age and sex differences in taste sensitivity for the four
basic tastes among young adult, young-old, and old-old Japanese, and that the sensitivity of sweet taste is more robust
than the other tastes. Geriatr Gerontol Int 2015; ee; se—se,

Keywords: aging, gender difference, taste sensitivity, whole mouth gustatory test.

Introduction of appetite.? Nagai eral reported that there could
be a relationship between taste sensation and food
Taste sensitivity is an important factor not only for consumption.®
_maintaining life, but also for enjoying food and enhanc- The influence of aging on taste sensitivity has been
ing the quality of life.! The sense of taste is important for investigated in many studies. The decrease in taste sen-
identifying healthy nutrients and avoiding unhealthy sitivity can vary depending on taste quality. Some inves-
compounds, such as spoiled or poisonous food. Sweet tigators found that sweet taste sensitivity decreased with
and salty tastes stimulate our appetite, whereas bitter age.”*$ Others found no significant difference in sweet
and sour tastes might be aversive. Chemosensory loss, taste sensitivity between the young and the elderly.®"*
specifically a decrement in the senses of taste and smell, Some investigators have reported a decrease in sour
can lead to inadequate dietary intake, resulting in  sensitivity with aging,>**'*'" whereas others reported
increased risk of malnutrition as a result of the loss no difference between the young and the elderly.'*'

Similarly, many reports suggest a decline in salt
sensitivity#*'®'417""% and bitter sensitivity**'*14161719 with
Accepted for publication 9 August 2015. age.

In 1959, Cohen and Gitman investigated sensitivity
to the four basic tastes and suggested that men made

Correspondence: Dr Kazunori Ikebe DDS PhD, Department of
Prosthodontics, Gerodontology and Oral Rehabilitation, Osaka

University Graduate School of Dentistry, 1-8 Yamadaoka, Suita, more errors in recognition thresholds than women in
Osaka 565-0871, Japan. Email: ikebe@dent.osaka-u.ac.jp general.”® Wardwell et al. reported that sweet and bitter
© 2015 Japan Geriatrics Society doi: 10.1111/ggi. 12638 | 1
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recognition thresholds were affected by sex in an older
group, but not in a younger group, whereas sour and
salt recognition thresholds were affected by sex in both
young and old.”” Heft and Robinson reported no sex
difference in salty taste sensitivity, but noted a higher
sour threshold in men than women." Yamauchi ez al.
showed a significant difference in detection thresholds
for bitter tastes between young men and women, but no
sex difference in them for sweet, salty or sour tastes, or
in recognition thresholds of all four basic tastes.™

Thus, the majority of previous studies report a decline
in taste sensitivity with age, as well as sex differences.
However, most of the sample sizes were small, especially
for the old-old population. In developed countries, most
people aged in their early 70s are still fit, active and able
to care for theimselves. However, after the age of 75
years, they will become increasingly frail, a condition
marked by serious mental and physical debilitation.”
Therefore, rather than grouping together all people who
have been defined as old, some gerontologists have rec-
ognized the diversity of old age by defining subgroups;
for example, young-old (65-74 years), old-old (75-84
years) and oldest-old (=85 years).

It is arguable whether the sensitivity of all four tastes
decreases homogeneously or not, and whether there are
sex threshold differences for all tastes. Therefore, the
purpose of the present study was to examine the sex and
age differences in taste sensitivity among young-old,
old-old and young adult people in a large-sample cross-
sectional study.

Methods

Participants

The present study was approved by the institutional
review board of the Osaka University Graduate School
of Dentistry (approval number H22-E9). All partici-
pants were cognitively eligible and gave written
informed consent to participate. Because all participants
came to the research venue voluntarily by referring to
the map, they were considered cognitively eligible. As
a result, persons with dementia were automatically
excluded from this study. Additionally, those who could

Table 1 Concentration of taste solutions

not understand or follow our instructions were
excluded for the analysis.

For the elderly groups, data for this study were col-
lected during the baseline assessment for a prospective
study of health and longevity called Septuagenarians,
Octogenarians, Nonagenarians Investigation with Cen-
tenarians (SONIC). Our sample of study participants
lived in Itami and Asago cities in Hyogo, Japan, and
in Itabashi Ward and Nishitama County, in Tokyo,
Japan. Persons aged 69-71 years and 79-81 years were
recruited from a complete enumeration of the district.
In the present study, the former and the latter were
named as “young-old group” and “old-old group”,
respectively. The sample comprised 477 men and 519
women in the young-old group, and 449 men and 500
women in the old-old group.

The young adults group consisted of 70 students and
dental staff (35 men and 35 women, age range 24-32
years), with a mean age of 26.6 +3.1 years, who had
clinically normal dentition and no taste disorders. All
participants were told to avoid intake of food and bever-
ages except for water 1 h before the measuring session.

Stimuli

The 1-mL whole mouth gustatory test was used in the
present study.”” Stimuli representing the four basic
tastes (sweet, sour, salty and bitter) were included.
Samples were prepared for assessment of sweet (saccha-
rose), salty (sodium chloride), sour (tartaric acid) and
bitter (quinine hydrochloride) tastes with double dilu-
tions between successive stimuli concentrations
(Table 1). The solution of the highest concentration
of each taste was numbered C5 and the lowest was
numbered C1 (Table 1). Successive stimuli concentra-
tions were based on previous reports and a preliminary
experiment.®” Each compound was diluted with dis-
tilled water. Prepared solutions were stored in glass
bottles at 4°C until the measuring session, at which time
they were brought to normal temperature (approxi-
mately 27°C). Because of the light sensitivity of quinine
hydrochloride, sample bottles were protected from light.

The recognition threshold, or the lowest concentra-
tion at which participants could recognize the taste

Concentration Sweet, saccharose Salty, sodium Sour, Tartaric Bitter, quinine
number (g/%) chloride (g/%) acid (g/%) hydrochloride (g/%)
Cs5 4.0 0.5 0.05 0.001

C4 40x271 0.5x 21 0.05x 27! 0.001 x 21

C3 4.0x2? 0.5 x 27 0.05 x 22 0.001 x 22

C2 40x2°3 0.5x2° 0.05x 273 0.001 x 28

C1 4.0x2* 0.5 x2™* 0.05 x 2+ 0.001 x 2

2 | © 2015 Japan Geriatrics Society
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quality correctly, was recorded. The gustatory test pro-
cedure was carried out as follows. Solutions were drawn
into a syringe without a needle and sprayed into the oral
cavity. Starting with 1 mL of the lowest concentration
(C1), participants were instructed to hold the liquid in
their mouth for 10 s at the most and then describe the
sample as one of the four taste qualities, an unidentified
taste or no taste. If the participant answered correctly,
the concentration was taken as the recognition thresh-
old. If the participant could not identify the taste cor-
rectly, even in the highest concentration, it was
evaluated as “burst.” Three taste qualities (sweet, sour
and salty) were randomized so that the participants
could not anticipate the next taste quality. Because the
bitter taste remains longer than the other tastes, it was
tested last. Dentures, if present, were not removed
during the examination. The time required for comple-
tion of the test was less than 5§ min for each person. For
the young adult group, we examined gustatory response
using C1 to CS5. However, for the older (young-old and
old-old) groups, there were few participants who recog-
nized taste quality with C1, except for bitter taste. To
avoid a waste of time and fatigue of old participants, we
examined using from C2 to C4.

Statistical analysis

Statistical analysis was carried out using SPSS version
20.0 for Windows (SPSS, Chicago, IL, USA). The
Kruskal-Wallis test, Bonferroni correction for multiple
comparisons, and the Mann-Whitney U-test were
applied to investigate the effects of age and sex for
the four basic tastes. P-values <0.05 were considered
significant.

The total sample size was estimated as approximately
304 for each group by G* power when the defined effect
size was 0.3, o error was 0.05, power = 1-B error was
0.95; therefore, the number of study participants was
sufficient for our study.

Results

Table 2 shows systemic diseases, medications, and
dental status of the young-old and old-old groups.
There were significant differences in all these factors
between the both groups. All young adult participants
were classified in Eichner’s A group, and did not use a
removable denture, and did not have any medication
and systemic disease. «

All young adult participants detected the four basic
tastes correctly with the highest concentration (CS5).
However, the rate of “burst” when older participants
could not identify the taste correctly was 1.3 % for sweet,
6.3% for sour, 6.7% for salty and 29.2% for bitter in the
young-old group, and 3.5% for sweet, 18.8% for sour,
13.2% for salty and 37.9% for bitter in the old-old group.

Figure 1 shows the cumulative threshold curves for
each taste in each age group. Overall, young adults
showed significantly lower recognition thresholds than
the young-old group, and the young-old group showed
significantly lower recognition thresholds than the old-
old group (P < 0.01 after Bonferroni correction), except
for sweet taste sensitivity between young adults and the
young-old group (Supporting Tables S1 and 2).

Figure 2 shows that among the young-old and
old-old groups, women showed significantly lower
recognition thresholds than men for sour, salty and

Table 2 Oral and systemic status of young-old and old-old groups

Variables Young-old Old-old P
(n=996) (n = 949)
No. teeth Median (25-75th quartile) 23 (16-27) 18 (6-24) <0.001
Eichner’s classification A (%) 50.1 13.6 <0.001
B (%) 23.7 50.7
C (%) 17.3 35.7
Denture use
Upper (%) 33.8 56.4 <0.001
Lower (%) 29.2 55.5 <0.001
Medication intake (%) 75.8 91.1 <0.001
Systemic diseases (%) 73.5 86.6 0.035
Smoking
Male (%) 67.8 72.5 0.077
Female (%) 8.4 5.2 0.033
Drinking
Male (%) 52.6 42.3 0.002
Female (%) 9.2 4.5 0.003
Xerostomia (%) 37.0 41.0 0.041

© 2015 Japan Geriatrics Society
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bitter tastes (P <0.01; Supporting Tables S3 and 4).
However, there was no sex difference in the sweet taste
threshold in both the age groups. There was no signifi-
cant difference in the sensitivity of all taste qualities
between the young men and women.

As shown in Table 3, smoking habit showed a signifi-
cant relationship to sour, salty and bitter taste sensitivity
in the young-old group, and was related to sour and
bitter taste sensitivity in the old-old group. Further-
more, drinking habit had relationship to sweet, sour and
bitter taste sensitivity in the young-old group, and was
related to sour, salty and bitter taste sensitivity in the
old~-old group. However, denture use, xerostomia at the
time of awakening and medication had no relationship
to all the taste sensitivity.

Discussion

The present study investigated age and sex differences
in taste sensitivity for the four basic tastes among young
adult, young-old and old-old Japanese. It also con-
firmed the robustness of sweet taste sensitivity when
compared with other taste qualities.

4 |
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Figure 1 Cumulative taste threshold
curves in different age groups.

The 1-mL whole mouth method™" is easier to carry
out than taste strip tests” or electrogustometry,” and
requires less than 10 min per participant. Murphy et al.
also found a poor correlation between electrical gusta-
tory thresholds and taste thresholds for sour and salty
tastes.” The filter paper disc method is useful for sepa-
rately examining three gustatory nerves, the chorda
tympani, the glossopharyngeal and the greater petrosal;
however, it requires approximately 30 min per
subject.?** Because the elderly group consisted of a
large number of participants, the whole-mouth method
was appropriate in the present study.

In our study, there was no difference between the
young-old and young adult groups for sweetness acuity.
This result is in accordance with several reports. 11418
Receptor cells for the four basic tastes are known to be
different, so their decline might be non-homogeneous.
The receptors for salt and sour perceive taste through
ion channels, whereas sweet and bitter taste receptors
respond to proteinaceous components.?® Murphy and
Gilmore suggested that the differential effects of aging
on different taste quality sensitivity could be due to the
distinct cellular mechanisms of taste transduction.”
McBride and Mistretta suggested that responses to the

© 20135 Japan Geriatrics Society
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Figure 2 Cumulative taste threshold
curves by sex among septuagenarians
and octogenarians.

sweet stimulus (sucrose) are relatively well preserved
with age in comparison with responses to the salt stimu-
lus (sodium chloride) in rats.”® Thus, the taste receptor
for sweet might be more resistant to the effects of aging.
However, we found that the sweet threshold was higher
in the old-old group than the young-old group, which
suggests that sweetness acuity also declines in a similar
manner to the other taste qualities during the late 70s.

Unlike sweetness acuity, sensitivities to the other
three tastes had already decreased among the young-old
group in the present study. Among the taste qualities,
the difference between the young adult and the young-
old groups was greatest for bitterness acuity. Liking
sweet and disliking bitter are characteristics of humans
that are present from infanthood. The tastes of bitter-
ness and sourness are generally rejected by infants
and children. Naturally-occurring anti-oxidants and
anti-inflammatory compounds are generally bitter, yet
people are encouraged to ingest them. Through expe-
rience, individuals learn to appreciate some bitter foods
that facilitate health. Habitual ingestion of bitter foods

© 2015 Japan Geriatrics Society
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leads to a consequent decline in bitterness acuity. In
addition, drinking and smoking habits are likely to
reduce acuity of sourness and bitterness. Although the
mechanism is unclear, the taste-decreasing effect by
smoking and drinking is serious in young-old and old-
old groups. This could be linked to the great difference
in the thresholds for sour and bitter tastes between
young and older people.

Weiffenbach et al. reported that human senses, except
for pressure, decline with age.!” Taste in particular is
a very complex modality related to the influence of
numerous internal and external factors. Naturally, there
are great differences in mental and physical debilitation
between older individuals. Many patients with various
diseases develop taste disorders, including taste loss and
taste distortion.” Furthermore, decreased taste sensitiv-
ity or total loss of taste sensitivity is described as an
adverse effect of various medications.’® Indeed, most of
the older participants in our study took medicine —
75.8% of the young-old group and 91.1% of the old-old
group, respectively. The rate of “burst” was 2.7% for
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Table 3 Relationship between taste sensitivity and oral and systemic status in young-old and old-old groups

Sweet Sour Salty Bitter
Median (25-75%) P Median 25-75%) P Median (25-75%) P Median (25-75%) p
Young-old group Smoking

No 3 (2-4) 3 (2-4) 3 (2-4) S (3-B)

Yes 3 (2-4) 0.668 4 (3-4) 0.001 4 (3-4) 0.003 S (3-B) 0.021

Drinking

No 3 (2-3) 3 (34 4 (2-4) 5 (3-B)

Yes 3 (2-3) 0.045 4 (3-5) 0.001 4 (3-5) 0.147 5 (3-B) 0.023

Upper denture usage

No 3 (2-3) 3 (34 3 (3-4) 5 (3-B)

Yes 3 (2-3) 0.174 3 (3-4) 0.554 4 (3-5) 0.050 5 (3-B) 0.314

Lower denture usage '

No 3 (2-3) 3 (3-4) 4 (3-4) 5 (3-B)

Yes 3 (2-3) 0.902 3 (3-4) 0.886 4 (3-4) 0.323 5 (3-B) 0.552°

Xerostomia

No 3 (2-3) 3 (3-4) 4 (3-4) 5 (3-B)

Yes 3 (2-3) 0.606 3 (3-4) 0.913 3 (2-5) 0.664 S (3-B) 0.994
Sweet Sour Salty Bitter

No. medications rs P rs P rs P rs P
0.044 0.181 -0.032 0.315 -0.054 0.091 0.054 0.099
Sweet Sour Salty Bitter
Median (25-75%) P Median (25-75%) P Median (25-75%) P Median (25-75%) P

Old-old group Smoking

No 3 (2-4) 4 (3-5) 4 (3-5) B (4-B)

Yes 3 (2-4) 0.080 5 (4-5) 0.001 4 (3-5) 0.090 B (4-B) 0.011

Drinking

No 3 (2-4) 4 (3-5) 4 (3-5) B (4-B)

Yes 3 (2-4) 0.131 S (4-B) 0.001 4 (3-5) 0.049 B (4-B) 0.005

Upper denture usage

No 3 (2-4) 4 (4-5) 4 (3-5) B (4-B)

Yes 3 (2-4) 0.445 4 (4-5) 0.233 4 (3-5) 0.816 B (4-B) 0.872

Lower denture usage '

No 3 (2-4) 4 (4-5) 4 (3-5) B (4-B)

Yes 3 (2-4) 0.054 4 (4-5) 0.945 4 (3-5) 0.165 B (4-B) 0.703

Xerostomia

No 3 (2-4) 4 (4-5) 4 (3-5) B (4-B)

Yes 3 (2-4) 0.126 4 (3-5) 0.876 4 (3-5) 0.257 B (4-B) 0.351
Sweet Sour Salty Bitter

No. medications rs P ts P rs P Is P
0.086 0.008 -0.082 0.012 -0.057 0.081 -0.037 0.250
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Age and sex differences in taste sense

sweet, 6.4% for sour, 5.1% for salty and 37.3% for
bitter in the young-old group taking no medicine, and
3.6% for sweet, 28.6% for sour, 17.9% for salty and
71.4% for bitter in the old-old group taking no medi-
cine. Deterioration of the dentition in older people
could also influence sensory perception. Wayler et al.
found that covering the palate with a prosthesis affected
taste acuity.”’ In the present study, however, there was
no significant difference in any taste sensitivity between
upper complete denture wearers and the participants
without denture use. Thus, in addition to physiological
aging, the old-old group has more risk of developing
taste disorders as a result of systemic diseases, medica-
tions and dental status than the young-old group. In
these participants, 37% of young-old group and 41%
of the old-old group complained of xerostomia on
awakening. Although, xerostomia might be considered
a risk factor of taste decline, it had no significant
association with sensitivity of any taste in the present
study by Mann-Whitney U-test. Associations between
the possible factors should be determined in the next
investigation.

The results of our study are mostly in accordance
with the previous studies in relation to sex differences,
that taste sensitivity is more prone to deteriorate in men
than in women, both among the young-old group and
the old-old group, except for the sweet taste threshold.
The reasons for the sex difference might be due not only
to genetic factors, but also to factors such as lifestyle-
related diseases, medications for the diseases, and
smoking and drinking habits. In the older Japanese gen-
eration, men are more likely to smoke, drink and suffer
from cardiovascular diseases than women.* Although
there was no significant sex difference in medication
intakes, smoking and drinking habits had significant sex
differences by a y*-test both in the young-old and old-
old groups. These factors might have some effects on
the results, as more than two-thirds of the men, while
less than 10% of the women, had current and past
smoking habits. Similarly, almost a half of the men,
while less than 10% of the women, had a drinking habit.
It is also possible that among the older population,
the biological age of women is lower than men at the
same chronological age when the difference in their life
expectancy is taken into account.

A possible scenario is as follows: there is no signifi-
cant sex difference in taste acuity at the stage of youth.
Decline in taste sensitivity occurs during aging, so the
thresholds for sour, salty and bitter taste increase even
in the young-old stage, especially in men. This means
the deterioration in the ability to avoid poisons and
rotten food, and the possibility of excessive salt intake.
Sweetness acuity is comparatively stable, finally declin-
ing in the late 70s. The sense of sweet taste, in particu-
lar, remains robust into old age. Because old people are
seldom aware of taste disorders, appetite and nutrition

© 2015 Japan Geriatrics Society

intake might be affected without their knowledge. This
is an important point to be remembered when designing
and preparing food for older people.

One strength of the present study was that the sample
size of old-old participants was larger than those of
previous studies. However, several limitations should be
mentioned. The present study population came from a
narrow range, and included only non-institutionalized,
community-dwelling and age-homogeneous Japanese
people in limited areas, most of whom were physically
and cognitively healthy despite the sample being drawn
from a complete enumeration of residents. Additionally,
the young group was small in number and was limited
to dental staff and students.

Age and sex differences in taste sensitivity in elderly
people clearly exist, although various factors influence
taste sensitivity ability. Further studies are required
to interpret individual variations in taste sensitivity.
Definitive elucidation of changes in taste sensitivity in
later life would require a prospective cohort study.

Within the limitations outlined, the present study
clarified age and sex differences in taste sensitivity for
the four basic tastes among young adult, young-old
and old-old Japanese. It also confirmed the robustness
of sweet sensitivity above the other tastes. It was clini-
cally implied that taste alteration, leading to reduced
appetite, should be one of the factors to be considered
for prevention of inadequate dietary intake in older
people.
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Lower Protein Intake Mediates Association Between Lower
Occlusal Force and Slower Walking Speed: From the
Septuagenarians, Octogenarians, Nonagenarians Investigation

with Centenarians Study
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OBJECTIVES: To investigate the association between
lower extremity motor function and occlusion in older
adults and to examine the possibility of dietary intake of
protein mediating the association.

DESIGN: Cross-sectional, population-based study.
SETTING: Urban and rural area in Japan.

PARTICIPANTS: Community-dwelling
(N = 655) and octogenarians (N = 629).
MEASUREMENTS: Information was collected on occlu-
sal force, protein intake, grip strength, walking speed,
sociodemographic characteristics, and medical history.
Multivariable logistic regression analysis was used to
investigate the association between walking speed, occlusal
force, and protein intake, and structural equation model-
ing analysis and mediation analysis were performed to
investigate the validity of the hypothesized model and
identify the indirect effect of protein intake in occlusal
force and walking speed.

RESULTS: The proportion of participants whose walking
speed was 0.8 m/s or slower (slow walking speed) was

septuagenarians
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27.7%. Logistic regression analyses showed that slower
walking speed was associated with occlusal force (odds
ratio = 1.57, P = .001) after adjusting for medical history,
body mass index, grip strength, and protein intake. The fit
of the hypothesized model that walking speed was associ-
ated with occlusal force through protein intake was good,
and the indirect effect was significant.

CONCLUSION: Slower walking speed was associated
with lower occlusal force. Lower protein intake mediated
the association between walking speed and occlusal force.
Maintaining occlusal force might prevent insufficient nutri-

tion intake and further deterioration of motor function in
older people. ] Am Geriatr Soc 63:2382-2387, 2015.

Key words: occlusal force; protein intake; walking
speed; elderly people

n association between occlusion and motor function

has recently been reported. Motor function of the
lower extremities has been found to be associated with the
Eichner index, which is based on existing natural tooth
contacts between the maxilla and mandible in the bilateral
premolar and molar regions,’* and the Timed Up and Go
Test (one of the indices of lower extremity performance)
was found to be positively associated with occlusal force?
and the Eichner index.* The proposed mechanism for the
association was that nutrition intake may mediate between
occlusion and motor function, although this has not been
demonstrated. :

The association between occlusion and nutrition
intake is well known, with reports that loss of teeth is
responsible for older people consuming predominantly soft

JAGS 63:2382-2387, 2015
© 2015, Copyright the Authors
Journal compilation © 2015, The American Geriatrics Society
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and easy-to-chew foods,>” leading to poor dietary prac-
tices and marginal nutrition intake.® Moreover, older peo-
ple with fewer opposing tooth pairs tend to avoid stringy
foods such as meat,” and an association between number
of teeth and protein intake has been reported, with intake
of many nutrients (including protein) lower in people with
fewer teeth.’® Thus, it is likely that occlusion influences
intake of essential nutrients such as protein.

Where nutrition intake and motor function are con-
cerned, inadequate protein intake appears to influence
muscle tissue mainly by reducing its synthesis rather than
by increasing the degradation of muscle protein.'’'? Suffi-
cient protein intake plays an important role in preventing
loss of skeletal muscle in older people.®

Accordingly, it was hypothesized that compromised
masticatory ability (represented by lower occlusal force)
would lead to insufficient protein intake, which (in turn)
would result in deterioration in skeletal muscle mass and
function, represented by lower extremity walking speed.
Previous research has not investigated these together.
Therefore, the purpose of this study was to investigate
these associations in older Japanese people.

METHODS

Study Sample

This cross-sectional study was conducted as a baseline
assessment in the Septuagenarians, Octogenarians, Nona-
genarians Investigation with Centenarians (SONIC) study,
a prospective study investigating health and longevity. The
research data were collected from two main regions of
eastern and western Japan (Tokyo metropolitan area,
Hyogo prefecture, respectively). In addition, an urban area
and a rural area are included in each region (Itami City,
Hyogo (western urban); Asago City, Hyogo (western
rural); Itabashi ward, Tokyo (eastern urban); Nishitama
County, Tokyo (eastern rural)). All study participants were
cognitively capable enough to reach the research venue by
referring to a map. Persons with dementia and those who
could not walk {e.g., in a wheelchair) or understand or fol-
low instructions were excluded from the analysis. Data
collection was conducted during 1 day in 2010 and 2011
at each community center.

The institutional review board of Osaka University
Graduate School of Dentistry approved the study protocol
{(approval H22-E9). All participants provided written
informed consent to participate.

Occlusal Force

Bilateral maximal occlusal force was measured using 97-
pm-thick pressure-sensitive sheets (Dental Prescale, Type-
R; Fuji Film Co., Tokyo, Japan). Participants were
instructed to bite the sheets in the intercuspal position as
strongly as they could. Those who had removable dentures
wore them during measurement. The pressure-sensitive
sheet consists of a film enclosing colorless dye that breaks
down as a result of occlusal pressure and becomes colored
in proportion to the pressure exerted. Occlusal force is
then determined from color development in the pressure-
sensitive sheet using special analytical equipment (Occluzer
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FDP703; Fuji Film Co.). The uses, limitations, validity,
and reliability of this method have been discussed and
reported previously.

Protein Intake

Recall information on dietary habits during the preceding
month was collected using a validated, self-administered
brief diet history questionnaire (BDHQ), a structured
four-page, fixed-portion questionnaire that asks about
consumption frequency of selected foods, but not about
portion size, to estimate the dietary intake of 58 food and
beverage items. The BDHQ was sent ahead of time, and
participants were instructed to answer all questions by the
data collection day. This was then checked on the day of
the assessment. Participants did not record their daily diet.
The methods used to calculate dietary intake and the
validity of the BDHQ have been detailed elsewhere.!®!”
Intake of energy and selected nutrients was estimated using
an ad hoc computer algorithm for the BDHQ, which was
based on the Standard Tables of Food Composition in
Japan and developed and validated in earlier research.®!”
Protein intake was energy-adjusted using the density
method (percentage of energy) to minimize the influence of
dietary misreporting.

Walking Speed

To measure skeletal muscle function, the time taken to
walk 8 feet at normal speed was measured twice, and the
two measurements were averaged to give the usual walk-
ing speed. In this study, participants were defined as hav-
ing low walking speed if their usual walking speed was
0.8 m/s or slower.

Grip Strength

Isometric grip strength was measured using a Smedley
handgrip dynamometer (Model YD-100; Yagami Ltd,
Tokyo, Japan), which consists of a gripping handle with a
strain gauge and an analog reading scale (kg). The test
was performed two times on the dominant hand with the
participant in a sitting position with the arm held against
the body, and the average was calculated. Participants
were instructed to hold the metal handles of the
dynamometer and, after adjusting the handle under the
second phalanx of the fingers when gripped (or to the sec-
ond metatarsal), to keep their arm at a 90° angle and
squeeze as hard as they could.

Sociodemographic Characteristics

Assessments of sociodemographic characteristics were
based on responses to a separate questionnaire. Partici-
pants were divided into the groups based on years of edu-
cation (<10, 10-12, >12) and subjective financial status
(dissatisfied, moderately satisfied, satisfied).

Anthropometry and Self-Reported Medical History

Height and weight were measured, and body mass index
(BMI) was calculated as weight (kg) divided by the square
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of height (m?). Relevant medical history was determined
by asking whether they had had cardiovascular disease, a
stroke, or a malignant tumor.

Statistical Analysis

After computation of summary statistics, differences
between means were tested for statistical significance using
analysis of variance {or appropriate nonparametric tests
when continuous data were not normally distributed); chi-
square tests were used for differences between proportions.
Multivariable logistic regression analysis was used to
examine the association between occlusal force or protein
intake and walking speed. The dichotomized dependent
variable was walking speed of 0.8 m/s or slower (1) or fas-
ter than 0.8 m/s (0). Protein intake was divided into four
groups according to percentile (<25th (reference), 25-50th,
50-75th, > 75th). Occlusal force and grip strength were
divided into two groups according to percentile (<25,
>25th (reference). Percentile cutoffs for protein intake,
occlusal force, and grip strength were defined separately
according to sex and age. Sociodemographic characteris-
tics, medical history, region, and BMI were controlled for
in the model. These statistical analyses were conducted
using SPSS version 20.0 (IBM Japan, Tokyo, Japan). Sig-
nificance was set at .05.

Structural equation modeling (SEM) analysis (AMOS
20, IBM) was used to examine the indirect effect of pro-

tein intake on occlusal force and walking speed and to
examine the hypothesized model fit. Chi-square statistics,
root mean square error of approximation (RMSEA), and
the goodness-of-fit index (GFI) were used as fit indices.
Greater chi-square values and lower P-values indicate
poorer fit of the model. P < .05 for the chi-square in the
model indicates poor fit. The RMSEA is a popular index
based on the error of approximation. Generally, a
RMSEA® less than 0.05 indicates close fit, between 0.05
and 0.08 indicates reasonable fit, and more than 0.1 indi-
cates poor fit. The GFI' is an absolute fit index that esti-
mates the proportion of variability in the sample
covariance matrix that the model explains. A GFI of 1.0
indicates a perfect model fit, and greater than 0.95 may
indicate good fit. Mediation analysis with bootstrapping
methods was performed to examine the indirect effect of
occlusal force on walking speed through protein intake.
The 95% bias-corrected accelerated confidence intervals
were calculated based on 1,000 bootstrap samples.

RESULTS

All community-dwelling individuals aged 69 to 71 (septua-
genarians; 2,071 male, 2,196 female) and 79 to 81 (octo-
genarians; 2,241 male, 3,137 female) in each area were
identified from the local residential registration and con-
tacted by mail. The total number of possible participants
was 9,645. Of those, 1,000 septuagenarians (477 male,

Table 1. Participant Characteristics According to Walking Speed

Characteristic

n (%)

<0.8 m/s, n = 356 >0.8 m/s, n = 928 P-Value

Dissatisfie

i Moderately:
Satisfied

“No S 126 (87.7) 273 727 300

Yes 35 (2.7) 486 514

lig
No | 1,142 (88.9) 276 72.4 750

Body mass index, kg/mz, median (IQR)

229 (21.1-24.9) 22.2 (20.4-24.1) <.001P

<.001°

303.8 (142.6-534.6)

398.8 (214.6-662.1)

# Chi-square test.
>Mann-Whitney U test.
IQR = interquartile range.
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523 female) and 973 octogenarians (457 male, 516 female)
took part in the SONIC Study (20.4% of the original
number). Individuals with extremely low or high reported
energy intake (<600 or >4,000 kcal/d), currently receiving
dietary counseling from a doctor or dietitian, or with
intentional dietary change during the preceding year were
excluded (n =382, 4.0%). A further 307 participants
(3.2%) who could not complete each research item were
excluded when the analyses were conducted, leaving 1,284
participants (13.3%) for analysis (n = 655 septuagenarians
(313 male, 342 female); 629 octogenarians (310 male, 319
female)).

The average number of teeth was 20.7 + 8.4 for sep-
tuagenarians and 15.3 & 10.1 for octogenarians. Median
walking speed {m/s) was 0.92 (interquartile range 0.78-
1.08); 356 participants (27.7%) had slow walking speed
(<0.8 m/s). Table 1 presents participant characteristics
according to walking speed. Septuagenarians and partici-
pants who were satisfied economically; had not had a
stroke; and had more education, faster walking speed,
higher BMI, greater grip strength, greater occlusal force,
and greater protein intake had faster walking speed.

In the logistic regression analysis for slower walking
speed (Table 2), less-educated people and those who had
had a stroke (odds ratio (OR) =2.67) or had a higher
BMI (OR = 1.08) or weaker grip strength (OR = 1.51) or
occlusal force (OR = 1.57) had greater odds of slower
walking speed. There was a gradient according to protein
intake, whereby those with higher protein intake had
lower odds of having slower walking speed (25-50th,
OR = 0.75; 50-75th, OR = 0.66; >75th, OR=0.63). The
Nagelkerke coefficient of determination (0.09) and the
Hosmer-Lemeshow test (P = .39) suggested a good fit.

Table 2. Logistic Regression Model for Slower Walk-
ing Speed

Odds Ratio (95% P-

Independent Variable Confidence Interval) Value

Body mass index, kg/m? 1.08 (1.04-1.13) <001

{continuous)

Occlusal force <25th

1.57 (1.19-2.07) .001
percentile, N? '

>75th 0.63 (0.44-0.90)

Walking speed: >0.8 m/s = 0, <0.8 m/s = 1.

Nagelkerke coefficient of determination = 0.09.
Hosmer-Lemeshow test P = .39.

2 Cutoff values were defined separately according to age and sex.
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The SEM analysis (Figure 1) confirmed the hypothesis
that walking speed is associated with occlusal force
directly and also indirectly, through protein intake. In the
SEM outcome, walking speed was associated with occlusal
force (standardized direct effect = 0.11, P < .001) and pro-
tein intake (standardized direct effect = 0.09, P < .001),
and protein intake was associated with occlusal force
(standardized direct effect = 0.10, P = .001). The hypothe-
sized model also showed an acceptable good fit, and medi-
ation analysis showed that the indirect effect of occlusal
force on walking speed through protein intake was signifi-
cant (P = .001).

- DISCUSSION

This study was designed to determine the association
between occlusal force and walking speed mediated by
protein intake using conventional and SEM analysis in
community-dwelling septuagenarians and octogenarians.
Slower walking speed was associated with lower occlusal
force and insufficient protein intake, and insufficient pro-
tein intake was found to be one of the mechanisms
through which slower walking speed was associated with
lower occlusal force in older people.

Before considering the findings, it is appropriate to
consider the weaknesses and strengths of this study. One
weakness was that the participation rate (20.4%) was
slightly lower than that seen in similar studies (21.0%,%°
25.0%2%), although grip strength and walking speed were
similar to observations from a previous study on older
community-dwelling Japanese adults.”* In addition, the
average number of teeth in septuagenarians (20.7) and
octogenarians (15.3) was similar to the estimates of num-
ber of teeth for the same age groups (19.5 and 13.0,
respectively) from the 2011 Survey of Dental Diseases by
the Japanese Ministry of Health, Labour, and Welfare.
Another limitation is that this study used a cross-sectional

0.11
p<.001
Occlusal force Walking speed
0.10 0.09
p=.001 P<.00

Root mean square error

. of approximation=0.009

Protein intake | Goqness of Fit Index=0.999

Figure 1. Outcome of structural equation modeling analysis.
The values in this figure show standardized direct effects,
P-values, and fit indices. Goodness of fit of the model was
evaluated using the chi-square test. Larger P -values indicate
better fit, and P = .359 implies good fit. Occlusal force and
walking speed were adjusted for grip strength; occlusal force,
walking speed, and grip strength were adjusted for sex, age,
economic status, and educational status; walking speed was
adjusted for body mass index and medical history; and pro-
tein intake was adjusted for sex, age, economic status, and
educational status. The mediation effect of occlusal force on
walking speed through protein intake was significant
(P =.001).
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design, which cannot establish a cause-and-effect relation-
ship. Although the data were modeled based on the causal
ordering hypothesized from previous evidence, no causality
can be assumed, because all variables were measured at
the same time. Definitive elucidation of the complex rela-
tionship between occlusal force and walking speed would
require a prospective cohort study. Among the study’s
strengths were that the sample came from a range of areas
and that specialists in dentistry, medicine, nutrition, and
human science designed the data collection for their own
research areas, which enabled coverage of a number of
important confounding factors (e.g., medical history,
sociodemographic characteristics, BMI).

The study findings suggest that insufficient protein
intake is one of the mechanisms through which slower
walking speed is associated with lower occlusal force. The
independent associations between occlusal force and walk-
ing speed and between protein intake and walking speed
in the logistic regression analysis were confirmed in the
SEM analysis, in which occlusal force was associated (not
only indirectly, but also directly) with walking speed.
Other mechanisms should also be considered. For exam-
ple, insufficient energy or vitamin D intake may lead to
deterioration in motor function.>>2% Moreover, decline in
occlusal force might indicate other genetic or environmen-
tal risk factors that also affect motor function.

The standardized direct effects in the SEM analysis
were low. Others have reported weak associations in such
analyses.” A 3-year cohort study found that protein intake
at baseline predicted muscle mass at follow-up,?” which
supports the current study finding. The observed associa-
tion between occlusion and protein intake is consistent
with previous findings that insufficient protein intake was
associated with fewer teeth.’® Thus, the weak but detect-
able associations between occlusal force, protein intake,
and walking speed in the current study have biological
plausibility. Replication of these findings in other popula-
tions would further clarify the relationships.

The authors believe that this is the first study to
explore how motor function is associated with occlu-
sion. Several studies have found an association between
oral health and motor function, but no study has indi-
cated the possible mechanism for the association. The
current study findings indicate that slower walking speed
is associated with lower occlusal force and that lower
protein intake mediates this association between walking
speed and occlusal force. Although older people tend to
have fewer teeth and lower occlusal force, the dual
strategy of preventing ongoing tooth loss and providing
adequate prosthodontic treatment should maintain occlu-
sal force, helping them to maintain sufficient protein
intake, which should help to ensure the maintenance of
motor function.
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Impact on Dietary Intake of Removable Partial Dentures
Replacing a Small Number of Teeth

Chisato [nomata, DDS, PhD*/Kazunori Ikebe, DDS, PhDY/Tadashi Okada, DDS, PhD?/
Hajime Takeshita, DDS, PhD?/Yoshinobu Maeda, DDS, PhD®

n Japan, patients usually request removable partiat

dentures (RPDs) for missing molars. Many reports
have suggested that treatment with RPDs is not sig-
nificantly effective in recovering oral function for
shortened dental arches (SDAs),! and patients with
SDAs require more time to chew test food particles
to a suitable size before swallowing than patients with
complete dental arches.? This study aimed to clarify
the impact on dietary intake of wearing RPDs in pa-
tients who have lost a small number of teeth.

Materials and Methods

The SONIC Study® included 1,970 participants aged
69 to 71 and 79 to 81 years. Participants were cho-
sen who had at least 20 teeth and were classified as
Eichner B1 or B2. The final analysis sample comprised
244 participants divided into two groups according to
whether or not they wore RPDs (Table 1).
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The aim of this study was to clarify the impact of wearing removable partial
dentures (RPDs) replacing a small number of testh on dietary intake. Participants
had at least 20 teeth and were classified as Eichner B1 or B2. The participants
underwent dental and oral examinations, and their dietary intake was assessed.
Analysis of covariance showed that RPD wearers consumed more vegetables,
n-3 fatty acids, calcium, vitamin A, and dietary fiber than nonwearers after
adjusting for possible confounding factors. It is concluded that RPDs are
effective for improving dietary intake even in participants who have lost a small
number of teeth. Int J Prosthodont 2015,28:583-585. doi: 10.11607/jjp.4306

Age, sex, and socioeconomic status (SES: self-rated
financial status, education level, and living area) were
established via interview (Table 1). To evaluate oral
function, bilateral maximal occlusal force (OF)® and
stimulated salivary flow rate (SSFR) were measured
while the participant chewed paraffin wax, and oc-
clusal units (OUs), defined as pairs of occluding teeth
in the posterior region, were assessed. A pair of pre-
molar teeth was labelled as 10U, a pair of molar teeth
was labeled as 20U, and the sum of OU was defined
as OUs (0 = OUs = 12). Periodontitis was evaluated
by measuring the mean of the pocket probing depth
(PPD). Diet during the preceding month was assessed
with a brief-type self-administered diet history ques-
tionnaire (BDHQ).* Values of nutrients and food intake
were energy-adjusted using the density method.

Age, sex, SES, BMI, oral function, PPD, number of
teeth, and energy intake were compared between
RPD wearers and nonwearers. Next, analysis of co-
variance (ANCOVA) was conducted to compare food
and nutrition intake adjusted for age, sex, SES, oral
function, and PPD. P < .05 was considered significant.

The study protocol was approved by the Institutional
Review Board (IRB) of Osaka University Graduate
School of Dentistry (approval number H22-E9).

Results

The proportion of RPD wearers was significantly high-
er in 80-year-old participants than in 70-year-old par-
ticipants (Table 1). PPD was significantly larger in RPD
wearers than in nonwearers. No significant differences
were found in sex, SES, BMI, oral function, number of
teeth, or energy intake between the two groups.
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» . that future studies should Include a longer-term observation period and also provide more details about pre-existing conditions like
* Vitamin E (mg/1,000 keal) ) 43 4l 4.5 45 4.3-4.7 0.135 44 periodontal status, chewing pettens, and bruxisrn,
Dietary fiber (g/1,000 keal) 73 6.8-7.8 79 7.5-83 0.042 76

Yoshino K, Ito K, Kuroda M, M: T. IntJ Oral il Impl 2014;29:937-941, References: 17. Reprints: Dr Koichi Yoshino,
Department of Epidemiclogy and Public Health, Tokyo Dental College, 1-2-2 Masago, Mihama-ku, Chiba 261-8502, Japan. Fax: +81-43-270-3748,
Email: ko-yoshl@d8.dion.ne.jp—Debble P.M Hong, Singapore

Analyses of covariance were conducted controlling for age, sex, SES, OF, OUs, SSFR, and PPD between
RPD wearers and nonwearars.
*Mean for (RPD wearers - nonwearers) / RPD wearers x 100 (%)
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