Tohoku J. Exp. Med., 2009, 219, 263-267

Poor Chewing Ability Is Associated with Lower Mucosal Moisture
in Elderly Individuals
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Oral dryness is common among aging individuals and its objective evaluation is an important issue for
improving their oral health. In the present study, we measured the objective mucosal moisture in elderly
individuals with a moisture checker and evaluated its relation with laboratory findings and subjective oral
status. The subjects were 502 adults (244 men and 258 women), with a mean age of 72.3 & 6.7 years,
who participated in a regular medical screening program in Nagasaki Prefecture, Japan. We evaluated the
moisture of the oral mucosa by measuring the weight percentage of water content in the oral epithelium,
subjective oral dryness, self-assessed chewing ability [“good” (“able to chew all foods”) or “poor” (“able to
chew soft foods only” and “unable to chew any foods”)], and laboratory findings. The values obtained with
a moisture checker, which represent objective oral mucosal moisture, were significantly lower in women
with poor chewing ability than those with good chewing ability (28.2 &= 2.4% vs. 29.2 £ 2.0%, p = 0.004)
and in all subjects (28.4 &= 2.4% vs. 29.1 == 2.0%, p = 0.004), but not in men (28.6 = 2.5% vs. 29.0 = 2.0%,
p =0.27). When multiple logistic regression analysis was performed on confounding factors, older age (OR:
1.24, p = 0.015), women (OR: 1.70, p = 0.016), and anemia (OR: 1.96, p = 0.030) were significantly
associated with self-assessed chewing ability. Our current study indicates that poor chewing ability is

associated with lower mucosal moisture in elderly individuals.
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Oral dryness (dry mouth) is common in aging popula-
tions. It is often due to the side effects of various medica-
tions, irradiation of the head and neck, stress, and systemic
diseases such as Sjogren syndrome (Fox et al. 1985; Fox
and Saito 1994; Fox 1997). In community-dwelling elderly
individuals, the prevalence of oral dryness was reported to
be from 13 to 39% (Billings et al. 1996; Ikebe et al. 2002;
Hida et al. 2008). Because saliva plays an important role in
the preservation and maintenance of oral health and func-
tion, objective evaluation of the flow rate of saliva as well
as subjective evaluation of dry mouth is an important issue
for improving the oral health status of elderly individuals.
It is important to develop effective and convenient devices
for screening the flow rate of saliva, because present exami-
nation methods are relatively tedious (Longman et al. 2000).

Recently, Yamada et al. (2005) evaluated objective oral
mucosal moisture and confirmed that a normal salivation
group showed significantly higher values than those of a
hyposalivation group. Also, Sugiura et al. (2008) screened
patients undergoing hematopoietic cell transplantation and
found that throughout the examination period, patient group

showed significantly lower mucosal moisture compared to
normal controls. Although these results evaluated lower
mucosal moisture in certain pathological conditions, objec-
tive evaluation of in general elderly population has not been
reported.

Thus, we screened mucosal moisture in elderly indi-
viduals and evaluated with laboratory findings and subjec-
tive oral status, in order to clarify the factors which associ-
ated with mucosal moisture.

Methods

Subjects

Before this study began, ethical approval was obtained from the
ethics committee of Nagasaki University (project registration number:
08122516). The study was conducted during a regular medical
screening program for individuals more than 64 years old residing in
Nagayo Town, Nagasaki Prefecture, Japan. Elderly individuals with
swallowing difficulty and a past history of severe cerebrovascular dis-
eases were excluded from the study. After obtaining informed con-
sent, we enrolled 523 Japanese participants in the study. Because
insufficient data were obtained from 21 subjects, we analyzed data
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from 502 participants (244 men and 258 women, age 72.3 + 6.7
years).

Evaluation of subjective oral status

Participants were asked about their self-assessed chewing ability
and were instructed to select one of the three following responses:
“able to chew all foods”, “able to chew soft foods only,” and “unable
to chew any foods”. Chewing ability was classified as good (“able to
chew all foods”) or poor (“able to chew soft foods only” and “unable
to chew any foods”). Similarly, swallowing ability was classified as
good (“able to swallow all foods”) or poor (“able to swallow soft
foods only” and “unable to swallow any foods”) and oral dryness was
classified as good (“never feel oral dryness”) or poor (“occasionally
feel oral dryness” or “always feel oral dryness”).

Data collection and laboratory measurement

Blood samples were collected from each participant after fasting
overnight. Intake of water was also prohibited. Hemoglobin (Hb;
normal range, 13.5-17.6 g/dL in men and 11.3-15.2 g/dL in women),
hematocrit (Ht; normal range, 39.8-51.8% in men and 33.4-44.9% in
women), high-density lipoprotein-cholesterol (HDL-C; normal range,
40-86 g/L in men and 40-96 g/L in women), and hemoglobin A,
(HbA,; normal range, 4.3-5.8%) were measured by standard labora-
tory procedures. Anti-nuclear antibody was measured by the fluores-
cent antibody method. For multiple logistic regression analysis, ane-
mia was defined as Hb < 13.6 g/dL in men and < 11.2 g/dL in women.

Assessment of moisture of oral mucosa

The moisture of the oral mucosa was measured using a Moisture
Checker for Mucus (MCM). The device was modified from a
Moisture Checker of the skin (MC; Scalar Co., Ltd., Tokyo, Japan) to
be applied to the oral mucosa (Yamada et al. 2005). Modification was
only made to the external form; the piece from the neck to the sensor
was lengthened to be able to insert it into the mouth. This device was
designed to measure the weight percentage of water content in the
mucosa with a measurement depth of 30 zm by touching the sensor to
the oral mucosa for a few seconds (Sugiura et al. 2008). The MCM
values were obtained after mouth rinsing, which was conducted sev-
eral times with 100 ml of mineral water. Because MCM measures not
only water content of the mucosa, but also surface water on the muco-
sa, in order to measure the real content of mucosa, water on the sur-
face of the mucosa should be completely removed first (Yamada et al.
2005). Therefore, we chose rinsing to create the same measurement

conditions.

The MCM values were measured at the right buccal mucosa
three times for each participant with a pressure about 200 g/cm’ and
the median value was used for the following analysis. Sensor covers
were used in all cases so that the device did not directly contact par-
ticipants’ buccal mucosa.

Two nurses (T.S. and K.H.) measured the degree of moisture
with MCM. Before the measurement, they confirmed a pressure of
200 g/cm’ by a scale. Intra-observer variation of MCM value (T.S., n
=382) was 0.65 (p <0.01) and inter-observer variation (K.H. vs. T.S.,
n=16) was 0.65 (p <0.01). According to a previous study (Yamada
et al. 2005), we defined the cut-off point of the dry mouth as 28.3%
of the MCM value.

Statistical analysis

Results are expressed as mean + standard deviation, and differ-
ences between men and women were evaluated using the 7-test.
Subjective oral status reports between men and women were com-
pared by the lz—tesL The relationship between MCM values and sub-
jective oral status and that between subjective oral status and labora-
tory examinations were evaluated by the 7-test and analysis of
covariance for adjustment by age. Multiple logistic regression analy-
sis was performed to assess the effects of each variable on subjective
chewing ability and odds ratio (OR) and its 95% confidence interval
(95% CI) were calculated. All statistical analyses were performed
using SPSS software, v. 17.0 for Windows (SPSS Japan, Tokyo,
Japan).

Results

Characteristics of the study participants are shown in
Table 1. The mean age of the women (73.0 + 7.1 years) was
significantly older than that of the men (71.8 + 5.9 years,
p = 0.041). Hemoglobin and hematocrit were significantly
higher in men than in women (14.4 + 1.3 g/dL vs. 13.0 £ 1.2
g/dL, p <0.001 and 44.2 + 3.4% vs. 40.8 + 3.3%, p < 0.001,
respectively). Also, the percentage with poor self-assessed
chewing ability was higher in women (30.6%) than in men
(22.5%, p = 0.041). On the other hand, there was no differ-
ence in BMI between men and women (24.0 = 2.8 vs. 23.9
+ 3.4, p = 0.62). Also, there was no difference in MCM
values between men and women (28.9 + 2.2% vs. 28.9 +
2.2%, p = 0.98).

Table 1. Basic characteristics of study participants.

Variable Men (n = 244) Women (n = 258) All (n =502) p Value
Age (years) 71.8+59 73.0+7.1 724 +6.5 0.041
BMI (kg/m?) 240+2.8 239+34 239+3.1 0.62
Hb (g/dL) 144+13 13.0+1.2 13714 <0.001
Ht (%) 442 +34 40.8 +3.3 424 +3.7 <0.001
HDL-C (g/L) 53.6 +13.6 59.1+15.2 56.5 +14.7 <0.001
HbA (%) 55+0.7 54+0.6 54+0.7 0.31
MCM value (%) 289 +2.2 289 +2.2 289 %22 0.98
Self-assessed chewing ability, poor (%) 55 (22.5%) 79 (30.6%) 134 (26.7%) 0.041
Self-assessed swallowing ability, poor (%) 13 (5.3%) 18 (7.0%) 31 (6.2%) 0.66
Oral dryness, poor (%) 135 (55.3%) 146 (56.6%) 281 (56.0%) 0.86
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Table 2. MCM values and subjective oral conditions.

MCM values (%)

Variable Poor Good P P, age adjusted
Chewing ability
Men 28.6+2.5 29.0+2.0 0.27 0.20
Women 282+24 29.2+20 0.004 0.005
All 284+24 29.1+£2.0 0.004 0.002
Swallowing ability
Men 294+29 28.8+2.1 0.48 0.40
Women 294 +22 289 %22 0.37 0.17
All 294+25 28.8 +2.1 0.25 0.11
Oral dryness
Men 2890+22 28.8+2.0 0.83 0.75
Women 29.0+£2.1 28.7+2.2 0.32 0.41
All 2890+22 28.8+2.1 0.38 0.45
Table 3. Relationship between chewing ability and other variables.
Variable Good Poor p Value
Age (years) 71.8+64 74.1 £6.7 0.001
Sex (men/women) 189/179 55/79 0.040
RBC (juL) 446.1 +42.9 4353 +43.4 0.014
Hb (g/dL) 13.8+14 134+14 0.013
Ht (%) 42.7+3.7 41.8+£3.8 0.021
HDL-C (g/L) 56.2 +14.9 57.1 £ 14.1 0.54
HbA, (%) 54+0.6 55+0.7 0.15
ANA (%) 65/368 (17.7) 33/134 (24.6) 0.098

ANA, anti-nuclear antibody.

When we divide all participants into quartiles accord-
ing to their MCM values, no differences in Hb, Ht, HDL-C,
and HbA,. were observed between each quartile (data not
shown). Also, no significant differences were seen in the
frequencies of chewing ability (p = 0.13), swallowing abili-
ty (p = 0.10), and oral dryness (p = 0.39). On the other
hand, MCM values with subjective poor chewing ability
were significantly lower than MCM values with good chew-
ing ability in women (28.2 + 2.4% vs. 29.2 + 2.0%, p =
0.004) and in all subjects (28.4 +2.4% vs. 29.1 +2.0%, p =
0.004), but not in men (28.6 = 2.5% vs. 29.0 + 2.0%, p =
0.27) (Table 2). These significances still remained after the
adjustment by age. No significant difference in MCM val-
ues was observed in other subjective oral conditions, i.e.,
swallowing ability and oral dryness.

Because we identified that subjective chewing ability
is a key factor for the determination of moisture in oral
mucosa, we evaluated the relationships between chewing
ability and other variables (Table 3). In subjects with poor
chewing ability, the ratio of women was significantly higher
compared to that in subjects with good chewing ability
(59.0% vs. 48.6%, p = 0.001). Also, Hb (13.8 + 1.4 g/dL
vs. 13.4 £ 1.4 g/dL., p=0.013) and Ht (41.8 £ 3.8% vs. 42.7

+ 3.7%, p = 0.021) were significantly lower in subjects with
poor chewing ability than in those with good chewing abili-
ty. Frequency of positive anti-nuclear antibody was not sig-
nificantly higher in subjects with poor chewing ability com-
pared to subjects with good chewing ability (24.6% vs.
17.7%, p = 0.098). When multiple logistic regression anal-
ysis was performed with confounding factors, older age (OR:
1.24, p = 0.015), women (OR: 1.70, p = 0.016), and anemia
(OR: 1.96, p = 0.030) were significantly associated with
subjective chewing ability (Table 4).

Discussion

In this cross-sectional study, we screened objective
mucosal moisture in elderly adults and found that subjective
chewing ability, another objective variable, is a key factor
for the determination of mucosal moisture. On the other
hand, age and laboratory findings such as glucose metabo-
lism and dyslipidemia were not associated with mucosal
moisture. Furthermore, we identified that age, sex, and ane-
mia are independently associated with subjective chewing
ability. These results suggest that mucosal moisture is
closely associated with subjective chewing ability in elderly
individuals.
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Table 4. Odds ratio (OR) 95% confidence interval (CI) for chewing ability, as assessed using multiple

logistic regression analysis.

Variable Unit OR 95% CI p Value
Age (years) +5 1.24 1.04 - 1.48 0.015
Sex Women/Men 1.70 1.10 - 2.61 0.016
Anemia Yes/No 1.96 1.07 - 3.60 0.030
Anti-nuclear antibody Positive/Negative 0.96 0.64 - 1.46 0.86

The subjective measure of mucosal moisture has usu-
ally been based on unstimulated salivary flow rate (Sreebny
and Valdini 1988; Navazesh et al. 1992) or stimulated sali-
vary flow rate (Narhi et al. 1999; Osterberg et al. 1984).
Previous methods for the measurement of unstimulated sali-
vary flow rate needed a longer time for collection of saliva
because of low flow rates (Ikebe et al. 2002). In addition,
because resting salivary flow rates are dependent on the
time of day (Dawes 1972) and the physical and mental con-
dition of the subject (Bergdahl and Bergdahl 2001) and take
longer to collect because of low flow rates, stimulated saliva
flow rather than unstimulated saliva flow has been used in
studies of a large population. In this study, we used MCM,
a novel device for the measurement of unstimulated oral
moisture that is available to obtain results within a few sec-
onds. Furthermore, we measured MCM values three times
in each subject and confirmed relatively high correlations
between the first and second measurements (r = 0.64, p <
0.001), second and third measurements (r = 0.68, p < 0.001),
and first and third measurements (r = 0.60, p < 0.001).
These results suggest that MCM is available for the screen-
ing of unstimulated mucosal moisture in the general popula-
tion.

Also, we showed that oral mucosal moisture with sub-
jective poor chewing ability was significantly lower than
those of patients with good chewing ability. Foerster et al.
(1998) indicated a significant relationship between reports
of dry mouth and self-assessed chewing difficulty. Ikebe et
al. (2001) examined the prevalence of perceived dry mouth
among a group of independently-living elderly persons in
Japan and found that self-assessed chewing ability was
associated with subjective dry mouth during eating.
Furthermore, Yeh et al. (2000) and Ikebe et al. (2007)
recently showed that poor chewing ability is associated with
a decline in stimulated whole salivary flow rate independent
of sex and medication in healthy elderly individuals. In this
study, we showed that unstimulated mucosal moisture is
also associated with self-assessed chewing ability. Although
we could not show cause-effect relationships due to the
cross-sectional design, it is difficult to assume that mucosal
moisture influences chewing ability (Ikebe et al. 2007).
Conversely, it appears more plausible that reduced chewing
ability influences mucosal moisture. Further longitudinal
studies are needed to clarify the effect of poor chewing abil-
ity on mucosal moisture.

Interestingly, we showed that poor chewing ability is

independently associated with anemia, as well as aging and
women. Peek et al. (2002) performed a longitudinal study
to evaluate the relationship between subjective chewing
ability and demographic measures and found that elderly
individuals, women, African Americans, and individuals
living in rural areas were more likely to develop chewing
difficulty. Furthermore, it was reported that elderly individ-
uals having a compromised dentition or wearing complete
dentures consumed lower levels of proteins and fiber, as
well as nutrients such as iron and folic acid, which are
essentially needed for the formation of erythrocytes (Ranta
et al. 1988; Budtz-Jgrgensen et al. 2001). Our current
results suggest that the lower intake of nutrients in elderly
individuals with poor chewing ability may cause the pro-
gression of anemia.

There are several limitations in this study. We could
not evaluate the dental status of the study participants.
Because a significant association between the perception of
dry mouth among a group of denture wearers with oral
symptoms and oral function was previously reported (Feine
and Lund 2006), further investigations that include the
screening of dental status are needed to establish the strate-
gy for the evaluation of objective mucosal moisture for
screening. Also, we could not collect information on the
number of medications of the study participants. Because
one of the most common side effects of many drugs, such as
antidepressants, antihistamines, and diuretics, is dry mouth
(Dodds et al. 2005), the effects of drugs on mucosal mois-
ture should be carefully considered. In addition, we could
not evaluate other measurements of hydration, such as urine
specific gravity, and could not fully validate self-assessable
indices, such as chewing ability and swallowing ability.

In conclusion, we screened mucosal moisture in elderly
individuals and found that poor chewing ability is closely
related with lower mucosal moisture. Further studies are
needed to develop a comprehensive strategy for screening
mucosal moisture in elderly individuals.

Acknowledgments

This work was supported by the Ministry of Education,
Culture, Sports, Science, and Technology of Japan through the
Nagasaki University Global Center of Excellence (COE) pro-
gram. We would also like to thank Miho Yoshida, Asami Ohto,
Kyoko Hagane, and Aiko Ienaga for their technical assistance.



Chewing Ability and Mucosal Moisture in Elderly Individuals

References

Bergdahl, J. & Bergdahl, M. (2001) Environmental illness: evalua-
tion of salivary flow, symptoms, diseases, medications, and
psychological factors. Acta Odontol. Scand., 59, 104-110.

Billings, R.J., Proskin, H.M. & Moss, M.E. (1996) Xerostomia and
associated factors in a community-dwelling adult population.
Community Dent. Oral Epidemiol., 24, 312-316.

Budtz-Jgrgensen, E., Chung, J.P. & Rapin, C.H. (2001) Nutrition
and oral health. Best Pract. Res. Clin. Gastroenterol., 15,
885-896.

Dawes, C. (1972) Circadian rhythms in human salivary flow rate
and composition. J. Physiol., 220, 529-545.

Dodds, M.W., Johnson, D.A. & Yeh, C.K. (2005) Health benefits
of saliva: a review. J. Dent., 33, 223-233.

Feine, J.S. & Lund, J.P. (2006) Measuring chewing ability in ran-
domized controlled trials with edentulous populations wearing
implant prostheses. J. Oral Rehabil., 33, 301-308.

Foerster, U., Gilbert, G.H. & Duncan, R.P. (1998) Oral functional
limitation among dentate adults. J. Public Health Dent., 58,
202-209.

Fox, P.C. (1997) Management of dry mouth. Dent. Clin. North
Am., 41, 863-875.

Fox, R.I. & Saito, I. (1994) Criteria for diagnosis of Sjogren’s syn-
drome. Rheum. Dis. Clin. North Am., 20, 391-407.

Fox, P.C., van der Ven, P.F.,, Sonies, B.C., Weiffenbach, ].M. &
Baum, B.J. (1985) Xerostomia: evaluation of a symptom with
increasing significance. J. Am. Dent. Assoc., 110, 519-525.

Hida, A., Akahoshi, M., Takagi, Y., Ashizawa, K., Imaizumi, M.,
Soda, M., Maeda, R., Nakashima, E., Ida, H., Kawakami, A.,
Nakamura, T. & Eguchi, K. (2008) Prevalence of Sjogren
syndrome among Nagasaki atomic bomb survivors. Ann.
Rheum. Dis., 67, 689-695.

Ikebe, K., Matsuda, K.I., Morii, K., Hazeyama, T., Kagawa, R.,
Ogawa, T. & Nokubi, T. (2007) Relationship between bite
force and salivary flow in older adults. Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. Endod., 104, 510-515.

Ikebe, K., Nokubi, T., Sajima, H., Kobayashi, S., Hata, K., Ono, T.
& Ettinger, R.L. (2001) Perception of dry mouth in a sample
of community-dwelling older adults in Japan. Spec. Care
Dentist., 21, 52-59.

Ikebe, K., Sajima, H., Kobayashi, S., Hata, K., Morii, K., Nokubi, T.
& Ettinger, R.L. (2002) Association of salivary flow rate with
oral function in a sample of community-dwelling older adults
in Japan. Oral Surg. Oral Med. Oral Pathol. Oral Radiol.
Endod., 94, 184-190.

Longman, L.P., McCracken, C.F., Higham, S.M. & Field, E.A.
(2000) The clinical assessment of oral dryness is a significant
predictor of salivary gland hypofunction. Oral Dis., 6, 366-
370.

Narhi, T.O., Kurki, N. & Ainamo, A. (1999) Saliva, salivary micro-
organisms, and oral health in the home-dwelling old elderly —
a five-year longitudinal study. J. Dent. Res., 78, 1640-1646.

Navazesh, M., Christensen, C. & Brightman, V. (1992) Clinical
criteria for the diagnosis of salivary gland hypofunction. J.
Dent. Res., 71, 1363-1369.

Osterberg, T., Landahl, S. & Hedegard, B. (1984) Salivary flow,
saliva, pH, and buffering capacity in 70-year-old men and
women. Correlation to dental health, dryness in the mouth,
disease, and drug treatment. J. Oral Rehabil., 11, 157-170.

Peek, C.W., Gilbert, G.H. & Duncan, R.P. (2002) Predictors of
chewing difficulty onset among dentate adults: 24-month inci-
dence. J. Public Health Dent., 62, 214-221.

Ranta, K., Tuominen, R., Paunio, I. & Seppanen, R. (1988) Dental
status and intake of food items among an adult Finnish popula-
tion. Gerodontics, 4, 32-35.

Sreebny, L.M. & Valdini, A. (1988) Xerostomia. Part I: Relation-
ship to other oral symptoms and salivary gland hypofunction.
Oral Surg. Oral Med. Oral Pathol., 66, 451-458.

Sugiura, Y., Soga, Y., Nishide, S., Kono, K., Takahashi, K., Fujii, N.,
Ishimaru, F., Tanimoto, M., Nishimura, F. & Takashiba, S.
(2008) Evaluation of xerostomia in hematopoietic cell trans-
plantation by a simple capacitance method device. Support.
Care Cancer, 16, 1197-1200.

Yamada, H., Nakagawa, Y., Nomura, Y., Yamamoto, K., Suzuki, M.,
Watanabe, N.Y., Saito, I. & Seto, K. (2005) Preliminary
results of moisture checker for mucus in diagnosing dry
mouth. Oral Dis., 11, 405-407.

Yeh, C.K., Johnson, D.A., Dodds, M.W., Sakai, S., Rugh, J.D. &
Hatch, J.P. (2000) Association of salivary flow rates with
maximal bite force. J. Dent. Res., 79, 1560-1565.

267



