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lifestyle-related discases”, bringing it special attention within
secondary osteoporosis. A vigorous assessment for osteopo-
rosis is recommended in patients with these diseases.
Osteoporosis secondary to lifestyle-related diseases is main-
ly associated with deterioration in bone quality, whereas BMD
is relatively well-preserved in most cases. Therefore, therapeu-
tic intervention in patients with diabetes mellitus or CKD
should be started as soon as “decreased bone mass” is identi-
fied, in accordance with the diagnostic criteria of osteoporosis.
The main cause of deterioration in bone quality in these
patients is thought to be altered cross-links among the col-
lagen molecules in bone tissue (nonphysiological collagen
cross-links, i.e., advanced glycation endproducts) due to an
increase in oxidative stress and acceleration of glycation.
While the therapeutic modality has not been established
yet, the benefit of alendronate, risedronate, raloxifene, and
parathyroid hormone derivatives has been reported in large
clinical trials. Pentosidine is likely to be a marker for bone
quality and is expected to be an index of the fracture risk.

Treatment-related osteoporosis

Glucocorticoid agents and sex hormone lowering therapy
are important causes of treatment-related osteoporosis.

Systemically administrated glucocorticoid decreases bone
mass and increases fracture risk, thus 50 % of patients under
long-term treatment with glucocorticoids suffer from osteopo-
rosis. In general, patients taking glucocorticoids at doses of
5 mg (prednisolone equivalent) or more per day for 3 months
or more should be assessed for bone mass and the need for
osteoporosis treatment. Moreover, it is recommended to start
treatment at higher BMD values than those used in the criteria
for treatment of primary osteoporosis. In Japan, a revision of
the 2004 “Guidelines on the management and treatment of
corticosteroid-induced osteoporosis” is being developed.

Even though guidelines currently recommend bisphosph-
onates for the treatment of glucocorticoid-induced osteopo-
rosis, gencrally they are not recommended for women
intending to become pregnant. Although teriparatide is
expected to increase bone mass, it is indicated only for
“osteoporosis with a high risk of fractures”.

Endocrine therapy (sex hormone lowering therapy) for
breast cancer and prostate cancer decreases BMD, Bisphosph-
onates can improve BMD in these patients, but there is no
evidence yet about its ability to reduce fracture risk.
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Interrelationship of oral health
status, swallowing function,
nutritional status, and cognitive
ability with activities of daily
living in Japanese elderly
people receiving home care
services due to physical
disabilities

Furuta M, Komiya-Nonaka M, Akifusa S, Shimazaki Y, Adachi M, Kinoshita T,
Kikutani T, Yamashita Y. Interrelationship of oral health status, swallowing
function, nutritional status, and cognitive ability with activities of daily
living in Japanese elderly people receiving home care services due to
physical disabilities. Community Dent Oral Epidemiol 2012. © 2012 John
Wiley & Sons A/S

Abstract — Objectives: Malnutrition and cognitive impairment lead to
declines in activities of daily living (ADL). Nutritional status and
cognitive ability have been shown to correlate with oral health status
and swallowing function. However, the complex relationship among the
factors that affect decline in ADL is not understood. We examined
direct and indirect relationships among oral health status, swallowing
function, nutritional status, cognitive ability, and ADL in Japanese
elderly people living at home and receiving home care services because
of physical disabilities. Methods: Participants were 286 subjects aged 60 years
and older (mean age, 84.5 + 7.9 years) living at home and receiving home care
services. Oral health status (the number of teeth and wearing dentures) was
assessed, and swallowing function was examined using cervical auscultation.
Additionally, ADL, cognitive ability, and nutritional status were assessed using
the Barthel Index, the Clinical Dementia Rating Scale, and the Mini Nutritional
Assessment-Short Form, respectively. Path analysis was used to test pathways
from these factors to ADL. Results: The mean number of teeth present in the
participants was 8.6 + 9.9 (edentates, 40.6%). Dysphagia, malnutrition, and
severe cognitive impairment were found in 31.1%, 14.0%, and 21.3% of the
participants, respectively. Path analysis indicated that poor oral health status
and cognitive impairment had a direct effect on denture wearing, and the
consequent dysphagia, in addition to cognitive impairment, was positively
associated with malnutrition. Malnutrition as well as dysphagia and cognitive
impairment directly limited ADL. Conclusions: A lower number of teeth are
positively related to swallowing dysfunction, whereas denture wearing
contributes to recovery of swallowing function. Dysphagia, cognitive
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impairment, and malnutrition directly and indirectly decreased ADL in elderly
people living at home and receiving home nursing care. The findings suggest
that preventing tooth loss and encouraging denture wearing when teeth are lost
may indirectly coniribute to maintaining or improving ADL, mediated by

recovery of swallowing function and nutritional status.

In almost every country, the proportion of older peo-
ple is increasing relative to younger age groups (1).
Especially in Japan, the population is aging rapidly
because of dramatic reductions in early mortality
and declines in fertility. Indeed, the population aged
65 years old and older in Japan accounts for 23% of
the total population in 2011 (2), and this percentage
is the highest in the world. As the number of elderly
people increases, so does the number of those
requiring long-term nursing care, such as those who
are bedridden and suffering from dementia (3).

Since 2000, nursing services supporting the daily
lives of elderly individuals who require long-term
care because of physical disability have been pro-
vided through the social insurance system enacted
in Long-term Care Insurance Act in Japan (4). In
this system, applicants for services are classified
into five grades according to the severity of their
physical disability, and the amount of nursing care
service provided is determined by grade (5). The
number of elderly receiving long-term care based
on this act was about 4 million in 2010 according to
a report by Japanese Ministry of Health, Labour
and Welfare (6). Another report showed that 29%
of elderly Japanese requiring long-term care deteri-
orated as measured by the grade of care service
needed, and 23% of them died within 2 years (7).
For elderly people receiving nursing care, further
deterioration in their ability to conduct activities of
daily living (ADL) such as bathing, dressing, and
walking is an important concern.

Previous studies have suggested that malnutrition
and cognitive impairment can lead to deterioration
in ADL (8, 9), and malnutrition has been associated
with cognitive impairment in elderly people (8).
Moreover, nutrition and cognitive function have also
been shown to correlate with oral health status (10,
11) and swallowing function (12, 13). However,
these studies focused on direct relationships
between bivariates. We need to also take into
account that decline in ADL is affected by complex
direct and indirect interactions among multiple
factors. That is, it is not enough to analyze an
association incorporating multiple factors as
independent variables to show comprehensively
how these risk factors affect deterioration in ADL.

2

Furthermore, most studies about the effects of
oral condition on malnutrition and decline in ADL
have been limited to elderly people in nursing
homes and hospitals (11-13); few studies have
examined these associations in elderly people liv-
ing at home. In Japan, about 3 million people
received home care services, and about 1 million
people received facility services, such as at a nurs-
ing home, via long-term care insurance in 2010 (5,
14). In the United States, because of social trends
toward reduced nursing home use, the number of
disabled elderly people needing home care support
has increased (15). Considering the growing num-
ber of aged people and the inevitable subsequent
increase in the number who will require long-term
nursing care in most developed countries, an
increase in the number of elderly people requiring
home care is expected to be a major issue in mod-
ern societies worldwide. Therefore, it is useful to
investigate the many factors leading to a decline in
ADL among elderly people living at home.

In the present study, we examined the direct and
indirect effects of oral health status, including
number of teeth and denture wearing, swallowing
function, nutritional status, and cognitive ability,
on ADL in Japanese elderly people living at home
and receiving home care services because of physi-
cal disabilities. We hypothesized the following: (i)
cognitive impairment leads to eating difficulties (e.
g., difficulty chewing food, difficulty swallowing
food), and these difficulties impair nutritional sta-
tus (16); (ii) oral health status affects eating difficul-
ties (17); (ili) cognitive impairment affects oral
health status (18), or, conversely, oral health status
affects cognitive impairment (19); (iv) cognitive
impairment and malnutrition lead to a decline in
ADL (9) (Fig. 1). The conceptual model was
proposed, based on empirical evidence.

Materials and methods
Study setting and study population

This cross-sectional study was undertaken in two
midsized municipalities in Fukuoka prefecture
(western Japan) between November 2010 and
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Fig. 1. The conceptual model. Dotted lines indicate paths explored the direction in this study.

February 2011. The study population comprised
337 participants aged 60 years or older who were
living at home and using an in-home long-term
care support center that coordinates home care
services such as home nursing care, visiting
rehabilitation, visiting bathing service, day service,
and day care (rehabilitation) by service providers.
Of these, 51 participants with missing data were
excluded. Finally, 286 participants (75 men, 211
women) were included.

The study was approved by Kyushu University
Institutional Review Board for Clinical Research.
We obtained participants’ or their family members’
consent, as required for approval by the review
board.

Assessment  of oral health status and
swallowing function

Oral health status and swallowing function were
assessed by qualified dental hygienists. Oral health
status was assessed by recording the number of
teeth and denture wearing.

Swallowing function was examined by cervical
auscultation, a non-invasive method of listening
with a stethoscope to the sounds of swallowing 3 ml
of water during the pharyngeal phase, following the
method of Zenner et al. (20) with minor modifica-
tions. When breath sounds after swallowing material
were clear, we evaluated swallowing function as
normal. When stridor, coughing, or throat clearing
was heard after swallowing material or when
swallowing was repeated, we evaluated this as
impaired swallowing function (i.e., dysphagia).

Measurement of ADL, cognitive ability, and
nutritional status

Participant’'s ADL, cognitive ability, and nutritional
status were recorded by a nurse or a care worker at
the in-home long-term care support center. ADL
was assessed using the Barthel Index, which covers
all aspects of self-care independence in daily living
activities such as transfer, walking stairs, toilet use,
dressing, feeding, and bathing (21). A total score of
100 points indicates complete self-sufficiency,
whereas a score of zero indicates that the person is
completely dependent (21).

Cognitive ability was assessed using the Clinical
Dementia Rating (CDR). CDR status was assigned
according to the presence or absence of dementia
and, if present, its severity (none, questionable or
very mild, mild, moderate, or severe cognitive
impairment), as described previously (22).

Nutritional status was evaluated using the Mini
Nutritional Assessment-Short Form (MNA-SF)
(23). The MNA-SF has the option of using calf cir-
cumference when body mass index is not available
because of a bedridden and immobile state. Nutri-
tional status was defined in three classifications by
the MNA-SF: 0-7 points = malnourished; 8-11
points = at risk of malnutrition, and 12-14
points = well nourished.

Comorbid conditions

We assessed comorbidity with the Charlson com-
orbidity index (24, 25), which provides a weighted
score for a participant’s comorbidities taking into
account how many of 19 predefined comorbid con-
ditions an individual has, because elderly people
generally live with multiple diseases, and the pres-
ence of comorbidities has a negative effect on both
physical and cognitive function (26).

Statistical analysis

Bivariate associations between oral health status
and swallowing function, nutritional status, cogni-
tive ability, ADL, or confounding variables such as
age, gender, and comorbid conditions were tested
with the chi-square or aNova test. Oral health sta-
tus was categorized as 20 or more teeth with den-
tures; 20 or more teeth without dentures; 10 to 19
teeth with dentures; 10 to 19 teeth without den-
tures; 0 to 9 teeth with dentures; or 0 to 9 teeth
without dentures. A P value < 0.05 was considered
to indicate statistical significance. The spss software
(ver. 19.0 for Windows; IBM SPSS Japan, Tokyo,
Japan) was used for data analyses.

To test the hypothesis, we conducted path analy-
sis using the M-plus statistical package (27). Path
analysis can be used instead of several separate
regressions to examine mediating effects within a
single model (28). Additionally, path analysis
allows testing of causal relationships among a set

3
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of observed variables (29). We tested the hypothe-
sized model using path analysis (Fig. 2). The
model examined the interactive effects of nine
constructs. We hypothesized that cognitive ability
and nutrition status directly affect ADL. We also
hypothesized that the number of teeth, denture
wearing, and cognitive ability precede swallowing
function. Additionally, the number of teeth,
denture wearing, and swallowing function precede
nutrition status. Considering the association
between cognitive ability and oral health status, it
is possible that cognitive impairment affects oral
health status (18) or, conversely, that oral health
status affects cognitive impairment (19). We tested
alternative path models each with different
directionalities among the number of teeth,
denture wearing, and cognitive ability. We
adjusted for age, gender, and comorbid condition.
Data used in this study included both continuous
and dichotomous variables. Thus, the path model
was analyzed using weighted least-squares mean
and variance adjustment estimation (WLSMV).
WLSMV uses a diagonal weight matrix with robust
standard errors and mean- and variance-adjusted
chi-square test statistics (27). We used a significance
level of P < 0.05 for the regression coefficients. The
degree of correspondence between the hypothesized
models and the actual data was assessed with a
goodness-of-fit test. Criteria for the goodness-of-fit
test include a comparative fit index (CFI), a Tucker-
Lewis index (TLI), a root-mean-square error of
approximation (RMSEA), and the weighted root-
mean-square residual (WRMR). Values of >0.95 for
the CFI, >0.95 for the TLI, <0.06 for the RMSEA, and

<0.90 for the WRMR are considered to indicate a
good fit of the data to the model (27) (30).

Statistical power was considered for this analy-
sis. In path analysis, sample sizes of around 150
to 200 are more desirable (31). With an alpha
level of 0.05 and 286 subjects, it is estimated
that the statistical power for this study reached
0.95.

Results

The participants were 75 men and 211 women. The
age of the study population ranged from 61 to 104,
and the mean age +SD was 84.5 + 7.9 years
(79.1 £7.9 years for men and 86.4 + 6.9 years for
women). The mean number of teeth present was
8.6 £ 9.9, and 40.6% of participants were edentu-
lous, while the mean number of teeth present was
14.4 £ 8.9 in 170 dentate subjects. The proportion
of participants who did not visit a dental clinic was
75.9%.

Activities of daily living, cognitive ability, and
nutritional status according to different categories
of oral health status (including number of teeth,
denture wearing), and swallowing function are
presented in Tables 1 and 2. Subjects having 0 to
19 teeth and no dentures showed lower levels of
ADL, cognitive function, and nutritional status
than did those who had more than 20 teeth or
who wore dentures. Subjects with dysphagia had
lower ADL, more severe cognitive impairment,
and more malnutrition than those with normal
swallowing (Table 3).

I Age, Gender, Comorbid condition l

Cognitive Teeth Denture Swallowing Nutrition ADL

ability

Oral health

ognitive
abilit

Swallowing

Fig. 2. The hypothesized model. The model consists of nine observed variables including confounding variables such as
age, gender and comorbid conditions. Dotted lines indicate paths explored the direction in this study.
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Table 1. Functional ability, cognitive function, and nutritional status according to the number of teeth [ (%)]

0-9 teeth 11-19 teeth > 20 teeth

Variable (n=179) (n = 48) (n =59) Total P value

Age, mean * SD 86.4 £ 7.1 828 +72 80.0 + 85 845+79 <0.001

Female 144 (80.4) 33 (68.8) 34 (57.6) 211 (71.3) 0.002

Dysphagia 57 (31.8) 16 (33.3) 16 (27.1) 89 (31.1) 0.743

Functional ability (Barthel Index), 57.2 £26.7 59.8 + 28.4 62.1 + 30.2 58.6 £ 27.7 0.467

mean + SD

Nutritional status (MNA-SF), mean + SD 102 £ 2.1 97 +£2.4 103 £ 26 101 £ 2.2 0.361

Nutrition status category 0.311
Normal (12-14) 52 (29.1) 13 (27.1) 23 (39.0) 88 (30.8)

Risk of malnutrition (8-11) 105 (58.7) 25 (52.1) 28 (47.5) 158 (55.2)
Malnutrition (0-7) 22 (12.3) 10 (20.8) 8 (13.6) 40 (14.0)

Cognitive function (CDR) 0.262
None/Questionable 48 (26.8) 11 (22.9) 23 (39.0) 82 (28.6)
Mild/Moderate 90 (50.3) 25 (52.1) 28 (47.5) 143 (50.0)

Severe 41 (22.9) 12 (25.0) 8 (13.6) 61 (21.3)
Comorbid condition (Charlson 13+1.1 1.5+1.2 1.7 £ 1.3 14+£12 0.100
Comorbidity Index), mean + SD
SD, standard deviation.
Table 2. Functional ability, cognitive function, and nutritional status according to oral health status [1 (%)]
> 20 teeth
0-9 teeth, no 0-9 teeth with 10-19 teeth, no 10-19 teeth > 20 teeth, with
denture denture denture with denture no denture denture

Variable (n = 26) (n =153) (n=18) (n = 30) (n = 49) (n =10) P value

Age, mean + SD 88.5 + 6.6 86.1 +72 81.8+75 833 +7.1 784 +£82 876 +54 <0.001

Female 19 (73.1) 125 (81.7) 12 (66.7) 21 (70.0) 26 (53.1) 8 (80.0) 0.005

Dysphagia 15 (57.7) 42 (27.5) 7 (38.9) 9 (30.0) 13 (26.5) 2 (20.0) 0.061

Functional ability 38.1+29.6 604 +248 53.9 £ 28.6 633 £282 59.8 +30.3 73.5 £ 28.0 0.001

(Barthel Index),
mean + SD
Nutritional status 92+ 21 104 £20 93 +24 10.0+£24 101 +£28 114+12 0.041
(MNA-SF),
mean = SD

Nutritional status category 0313
Normal (12-14) 4(15.4) 48 (31.4) 4(22.2) 9 (30.0) 18 (36.7) 5(50.0)

Risk of malnutrition 16 (61.5) 89 (58.2) 10 (55.6) 15 (50.0) 23(46.9) 5(50.0)
(8-11)
Malnutrition (0-7) 6 (23.1) 16 (10.5) 4(22.2) 6 (20.0) 8 (16.3) 0(0.0)

Cognitive function (CDR) 0.038
None/Questionable 4(15.4) 44 (28.8) 3(16.7) 8(26.7) 17 (34.7) 6 (60.0)
Mild/Moderate 10 (38.5) 80 (52.3) 9 (50.0) 16 (53.3) 25 (51.0) 3 (30.0)

Severe 12 (46.2) 29 (19.0) 6 (33.3) 6 (20.0) 7 (14.3) 1(10.0)

Comorbid condition 1.3 +£09 1.3+£1.2 1.1+£05 1.7 £14 17+14 16+13 0.151

(Charlson Comorbidity

Index), mean + SD

SD, standard deviation.

Path analysis

First, we estimated an initial model with all
hypothesized pathways corresponding to the esti-
mated variables directly or indirectly affecting
ADL. Then, some insignificant paths were elimi-
nated, and others who showed significant bivariate
correlations were added while confirming the

model-fit indices. A final model was then esti-
mated with only statistically significant paths
retained. The final model was a fairly good fit [y?
(14) = 19.805; P = 0.136; CFI = 0.972; TLI = 0.945;
WRWR = 0.571; RMSEA = 0.038 (0.001 to 0.074)].
Figure 3 shows parameter estimates for the final
path model. The model showed the following

5
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Table 3. Activities of daily living, cognitive ability, and
nutrition status with or without dysphagia [# (%)]

Dysphagia Normal

Variable (n =89) (n=197) Pvalue
Age, mean + SD 84586 84575 0991
Female 55 (61.8) 156 (79.2) 0.002
ADL (Barthel Index), 42.8 +£28.3 65.8 £24.3 <0.001
mean + SD
Nutritional status 93 +23 105+ 21 <0.001
(MNA-SF),
mean = SD
Nutritional status <0.001
category
Normal (12-14) 16 (18.0) 72 (36.5)
Risk of 52 (58.4) 106 (53.8)
malnutrition (8-11)
Malnutrition (0-7) 21 (23.6) 19 9.6)
Cognitive <0.001
impairment (CDR)
None/Questionable 32 (36.0) 60 (30.5)
Mild /Moderate 35 (39.3) 108 (54.8)
Severe 22 (24.7) 29 (14.7)
Comorbid condition 14 +1.1 14+12 0.976
(Charlson
Comorbidity Index),
mean + SD

SD, standard deviation.

significant direct paths: (i) ones from ‘Age’ and
‘Gender’” to ‘Teeth’; that is, increasing age
decreased the number of remaining teeth [B

0.40***

0.81*
y

abili

Swallowing

0.25**

L 22

(standardized coefficient) = —0.36] and females
had fewer teeth than males (f = —0.14); (ii) one
from ‘Teeth’ to ‘Denture’; fewer teeth led to wear-
ing denture (B = —0.79); (iii) one from ‘Teeth’ and
‘Denture’ to ‘Swallowing’; having many teeth and
wearing dentures promoted normal swallowing
function (B = 0.78, 0.81, respectively); (iv) one from
‘Gender’ to ‘Swallowing’; female tended to have
normal swallowing function (f =0.22); (v) one
from ‘Cognitive Ability’ to ‘Denture’ and ‘Nutri-
tion’; a high level of cognitive ability led directly to
wearing dentures and better nutritional status
(B=0.23 and 0.34, respectively); (vi) one from
‘Swallowing’” to ‘Nutrition’; normal swallowing
function promoted normal nutritional status
(B = 0.25); (vii) ones from ‘Swallowing’, ‘Cognitive
Ability’, and ‘Nutrition” to “ADL’; normal swallow-
ing function, a high level of cognitive ability, and
normal nutritional status resulted in a higher level
of ADL (B = 0.33, .26, and 0.35, respectively); (viii)
one from ‘Comorbid Condition’ to ‘ADL’; severer
comorbid condition caused a lower level of ADL
(B = —0.10); and (ix) double-headed arrows among
‘Age’, ‘Gender’, ‘Comorbid Condition’, and ‘Cog-
nitive Ability’; age was correlated with cognitive
ability, gender, and comorbid conditions. On the
other hand, the number of teeth and denture wear-
ing were not directly associated with either nutri-
tional status or ADL.

0.35"*

0.26™

Fig. 3. The final model. Double-headed arrows indicate covariance. All significant values (*P < 0.05, **P < 0.01,
%P < 0.001) indicate standardized coefficients. Continuous variables are ‘Age’, ‘Comorbid Conditions’ (Charlson Com-
orbidity Index), ‘Nutrition” (MNA-SF), ‘Teeth’, and “ADL’ (Barthel Index). Categorical or ordered variables are ‘Gender’
(1 = male, 2 = female), ‘Dentures’ (0 = not wearing, 1 = wearing), ‘Swallowing’ (0 = dysphagia, 1 = normal swallowing
function) and ‘Cognitive Ability’ (1 =severe cognitive impairment, 2 = moderate, 3 = mild, 4 = questionable,

5 = none).
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Discussion

This study showed the complex pathway from
cognitive ability and oral health status via swallow-
ing function and nutritional status to ADL in aged
Japanese people living at home and receiving home
care, using path analysis. To the best of the authors’
knowledge, this is first study to show the interaction
between multiple factors leading to a decline in
ADL. Path analysis is an analytical technique that
allows the testing of causal models using cross-sec-
tional data. Possible pathways leading to ADL
decline, based on our findings and those of previous
studies, are as follows. Having fewer teeth leads to
wearing dentures, but severe cognitive impairment
disrupts denture wearing because of problems in
accessing dental care; chewing difficulties resulting
from having fewer teeth and no dentures can lead
to dysphagia; dysphagia impairs the ability of
elderly people to consume adequate amounts of
food to meet their nutritional needs, leading to mal-
nutrition (16); cognitive impairment, in turn, causes
potential problems related to the inability to eat or
to lack of access to food (32), hence leading to mal-
nutrition. Swallowing function, cognitive ability,
and nutritional status had direct effects on ADL.
This finding agrees with previous studies in elderly
people (9, 13). Malnutrition and cognitive impair-
ment are associated with poor muscle strength and
reduced physical performance (33), leading to dis-
ability, which reduces the ability to perform the
basic activities of daily living. Although the effect of
oral health status on ADL was indirect in this study,
we cannot ignore it because of the moderate associa-
tion between oral health status and swallowing
function. Understanding various factors related to
deterioration in ADL among these subjects would
contribute to considering a multilateral approach
for maintaining ADL in elderly people who are liv-
ing at home.

The results of the present study suggested that
oral health status, as measured by indicators such
as the number of teeth and denture wearing, had a
direct effect on swallowing function. A previous
study reported that laryngeal penetration, usually
because of neuromuscular disorder, occurs with
much greater frequency in edentulous elderly peo-
ple who are not wearing dentures than in those who
dentulous (34). In our study, when the effect of den-
ture wearing on swallowing function in edentulous
persons was examined, 10 of 15 edentates (66.7%)
without dentures showed dysphagia, whereas 29 of
101 edentates (28.7%) wearing dentures did.

Oral health status and general health

Tamura et al. described that wearing dentures and
keeping the appropriate mandible position and
proper occlusion were important for smooth swal-
lowing in elderly individuals (35). Additionally,
loss of occlusal support and loss of mandibular
stopping by occlusion may disturb the coordination
of swallowing function (34).

In this study, we did not find a statistically sig-
nificant association between oral health status and
nutritional status in the path analysis. This finding
conflicts with those of previous studies (11, 12).
There may be at least two reasons that oral health
status was not associated with nutritional status in
the present study. First, our path model included
some factors related to nutritional status, such as
oral health status, swallowing function, cognitive
ability, and ADL. However, previous studies (11,
12) that demonstrated an association between oral
health status and nutritional status failed to incor-
porate these factors into their analyses. Probably,
because factors other than oral health status more
strongly affect nutritional status, the relationship
would be less obvious in our study. Second, even
when elderly people do not have enough teeth, do
not wear dentures, and do not chew satisfactorily,
food preparation by a caregiver may make food
easy to chew and thereby prevent nutritional dete-
rioration. Nutritional status was related to swal-
lowing function, but not to oral health status, in
this study, suggesting that swallowing function
may have a greater direct effect than chewing
ability on malnutrition. However, there was an
association between swallowing function and oral
health status in our study, and oral health status
may still indirectly influence nutritional status.

Our results suggest that maintaining or improv-
ing oral health status and swallowing function
indirectly or directly contribute to preventing a
decline in ADL in elderly people who require
home care. Yoneyama et al. (36) reported that oral
care reduced febrile days and the risk of pneumo-
nia in older patients receiving nursing care. These
findings indicate that dental interventions, such as
provision of dentures, treatment for dental caries
or periodontal disease, professional oral care, swal-
lowing training, and oral care training for caregiv-
ers, have a beneficial indirect effect on general
health in those requiring long-term nursing care.
However, our results also showed that 75.9% of
participants had not received dental treatment;
many elderly people requiring home care have dif-
ficulty in gaining access to professional dental care.
Further efforts are needed to develop a long-term
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care system or community system that provides
ready access to dental services.

Our study had some limitations. Using path anal-
ysis, our study made causal inferences about the
relationships among various factors related to ADL;
however, the cross-sectional design means that
we cannot rule out reverse causation. Further
longitudinal study is needed to examine a temporal
relationship. Second, we did not incorporate socio-
logical factors, such as socioeconomic status and
education level, into this study. Several studies
have reported a relationship between sociological
factors and oral health status, ADL, cognitive abil-
ity, and nutritional status (9, 37-39). ADLs are asso-
ciated with psychosocial factors (9). Because
sociological factors and psychosocial factors were
considered to have more indirect effects on ADL
than oral health status, cognitive ability, and nutri-
tional status, we did not gather this information in
this survey. Third, we did not assess the prevalence
of specific oral diseases such as dental caries and
periodontal disease. Finally, we recruited the sub-
jects using an in-home long-term care support cen-
ter in two midsized municipalities in Japan. Our
sample may limit the ability to extrapolate our find-
ings to all Japanese elderly people. Caution is war-
ranted in generalizing our findings to the rest of the
Japanese population.

In conclusion, based on the present study, we
propose a potential causal pathway by which oral
health status directly affects swallowing function,
and dysphagia, cognitive impairment, and malnu-
trition directly or indirectly affect ADL in elderly
people living at home and receiving home nursing
care. These findings suggest that maintaining the
number of teeth from a younger age and wearing
dentures when teeth are lost may indirectly reduce
malnutrition and subsequent ADL decline in these
people.
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Relationship between nutrition status and dental occlusion
in community~dwelling frail elderly people

Takeshi Kikutani,' Mitsuyoshi Yoshida,* Hiromi Enoki,® Yoshihisa Yamashita,® Sumio Akifusa,’
Yoshihiro Shimazaki,® Hirohiko Hirano? and Fumio Tamura?®

"Division of Oral Rehabilitation, the Nippon Dental University Graduate School of Life Dentistry, *Research Team for Promoting
Independence of the Elderly, Tokyo Metropolitan Institute of Gerontology, *Rehabilitation. Clinic for Speech and Swallowing Disorders,
The Nippon Dental University School of Life Dentistry at Tokyo, Dental Hospital, Tokyo, *Dental Department, Hiroshima City
General Rehabilitation Center, Hiroshima, *Department of Health and Medical science, Aichi Shukutoku University, Aichi, $Section of
Preventive and Public Health Dentistry, Division of Oral Health, Growth and Development, Kyushu University Faculty of Dental
Science, and "Department of Health Management, School of Oral Health Sciences, Kyushu Dental College, Fukuoka, Japan

Aim: This study aimed to determine the risk of malnutrition in some communities where the frail elderly receive
public long-term care insurance. We also clarified the dental problems in those at risk of malnutrition.

Methods: A total of 716 frail elderly who lived in eight cities in Japan (240 males and 476 females with a mean age of
83.2 £ 8.6 years) were divided into three groups according to Mini Nutritional Assessment short form results: well
nourished, at risk of malnutrition and malnourished. They were also divided into three groups in terms of remaining
teeth occlusion and denture occlusion: group A, natural dentition with adequate function; group B, partially or fully
edentulous, but maintaining functional occlusion with dentures in either or both jaws; and group C, functionally
inadequate occlusion with no dentures. The relationship between nutrition status and dental occlusion was evaluated
using logistic regression analysis with sex, age, activities of daily living and cognitive function as covariates.

Results: The number of participants in each of the groups was as follows: 251 well nourished, 370 at risk of
malnutrition and 95 malnourished. When they were divided into just two groups, (i) well nourished and (ii) at risk of
malnutrition plus malnourished, in order to study malnutrition risk factors, there were significant relationships
between their nutritious status and sex, Barthel index, and occlusion.

Conclusion: This large-scale cross-sectional survey showed that loss of natural teeth occlusion was a risk factor for
malnutrition among community-dwelling frail elderly. Geriatr Gerontol Int 2013; 13: 50-54.

Keywords: frail elderly people, Mini Nutritional Assessment short form, nutrition, occlusion.

Introduction Several screening methods are available for determin-
ing malnutrition, but the use of a questionnaire is a
The intake of nutrients from daily meals is the founda- simpler and more convenient method for a large-scale
tion of life. Low nutrition decreases the immunological survey.* Especially, The Mini Nutritional Assessment
defenses, reduces physical functions, and can be a direct short form (MNA-SF) has been highly utilized world-
or indirect cause of morbidity and mortality among the wide, and its sensitivity and specificity have already been
elderly."? It has been reported that 1-15% of outpatients shown.**
and 15-60% of the institutionalized elderly suffer from The present study evaluated the malnutrition risk for
protein-energy malnutrition (PEM),’ suggesting that the community-dwelling frail elderly receiving public long-
condition of elderly at risk of malnutrition should be term homecare insurance in Japan using the MNA-SF
investigated and improved without delay. to determine whether dental occlusion might influence

the risk of malnutrition.
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83.2 £ 8.6 years) in eight prefectures in Japan (Tokyo,
Fukushima, Kanagawa, Yamanashi, Shizuoka, Niigata,
Fukuoka and Okinawa). Their malnutrition risk was
evaluated using the MNA-SF, and also age, sex and
underlying medical problems using the Charlson index’
were determined. In addition, activities of daily living
(ADL) and cognitive function were evaluated using the
Barthel index* and the Clinical Dementia Rating,’
respectively, based on information from caregivers or
care managers. This evaluation also determined one of
the living environment factors, whether or not living
alone.

The participants received oral examinations by a
dentist or dental hygienist at home or at the day care
facility they usually used, and molar occlusion was clas-~
sified into the following three groups according to eden-
tulous condition and denture-wearing status:
¢ Group A, natural dentition with adequate function
e Group B, partially or fully edentulous, but maintain-

ing functional occlusion with dentures in either or

both jaws
e Group C, functionally inadequate occlusion with no
dentures

Swallowing function was evaluated using a stetho-
scope to determine whether cervical auscultation of
swallowing sounds was normal or abnormal.' Before
the examination, the dentist and dental hygienist in
charge were instructed about the cervical auscultation
method.

The participants were divided into three groups
according to the result of the MNA-SF: (i) well-
nourished; (ii) at risk of malnutrition; and (iii) malnour-
ished. The relationship between participants’ general
condition and oral status was analyzed using the y*-test
and one-way ANOVA. In addition, participants were also
divided into two groups: (i) well-nourished; and (ii) at
risk of malnutrition or malnourished. Logistic regres-
sion analysis was carried out to study the significant risk
factors influencing malnutrition. Participants were also
divided into two groups according to whether they were:

(i) well-nourished plus those at risk of malnutrition; and
(i) malnourished. Logistic regression analysis was
carried out to clarify the characteristics of malnourished
subjects. PASW Statistics 18 (IBM, Tokyo, Japan) was
used for statistical analysis with the significance level set
at 95%.

Results

The MNA-SF showed the following: 251 individuals
(94 males and 157 females) were well nourished, 370
(120 males and 250 females) were at risk of malnutrition
and 95 (26 males and 69 females) were malnourished.
Table 1 shows the general condition of participants,
number of missing teeth and number of remaining teeth
roots among those without occlusion according to
nutrition group. The number of participants who lived
alone by nutrition group was 30 in the well-nourished
group (17.9%), 29 in the at risk of malnutrition group
(14.0%) and 16 in the malnourished group (28.6%;
P <0.05).

The number of participants by occlusal relationship
was 174 in group A (80 males and 94 females with a mean
age of 78.7 £ 9.0 years), 421 in group B (120 males and
301 females with a mean age of 84.6 + 8.0 years) and 121
in group C (40 males and 81 females with a mean age of
84.9 + 7.7 years), which indicated that there was a sig-
nificant correlation between occlusal relationship and
nutrition status (P < 0.05; Fig. 1).

Cervical auscultation showed that the 516 partici-
pants exhibited normal swallowing sounds (151
males and 365 females with a mean age of
82.8 £ 8.4 years) and 200 had abnormal swallowing
sounds (89 males and 111 females with a mean age of
84.0 + 9.0 years). There was a significant relationship
between normal swallowing sounds and nutrition status
(P <0.05, Fig. 2).

The results of the logistic regression analysis showed
a significant relationship between malnutrition risk and
sex, Barthel index, and occlusal relationship (Table 2).

Table 1 General condition and the number of missing teeth by nutrition group

Well nourished At risk of malnutrition Malnourished
Age 81.9+8.6 83.9 £ 8.3* 83.8£9.3
Charlson index 14+1.5 1.6+1.4 1.8 £ 1.4%*
Barthel index 77.1+£20.8 57.2+27.8*% 34.3 £ 28 G¥*wER
Clinical dementia rating 0.8+£0.9 1.2 £1.0% 1.4 +1.1%*
No. missing teeth 20.2+10.6 22.4 % 9.8% 21.24£9.6
No. remaining teeth root 0.9+22 1.7 £3.3% 2.3 £4.0%*
No. occlusal group (group A/B/C) 80/145/26 66/232/72 28/44/23%
No. swallowing sounds (normal/abnormal) 208/43 262/108 46/49t

One-way ANOVA and Games-Howell pairwise comparison test were used for parametric variables. *P < 0.05, well-nourished
versus at risk of malnutrition; *¥P < 0.05, well nourished versus malnourished; ***P < 0.05, at risk of malnutrition versus
malnourished. TThe y’-test was used for non-parametric variables (<0.05).
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Figure 1 Relationship between nutrition and occlusion
(x*-test, P < 0.05). Group A: natural dentition with adequate
function. Group B: partially or fully edentulous, but
maintaining functional occlusion with dentures in either or
both jaws. Group C: functionally inadequate occlusion with
no dentures.

100% -
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Well-nourished Atrisk of  Malnourished

malnutrition

Figure 2 Relationship between nutrition and abnormal
swallowing sounds detected by cervical auscultation (x>-test,
P <0.05).

A significant relationship was also observed between
malnutrition and Barthel index, abnormal swallowing
sounds by cervical auscultation, and living alone
(Table 3).

Discussion

The results of the present study showed that the
number of frail elderly with malnutrition was 13.3%
(95), which is nearly in agreement with the results of a
previous study carried out in Japan."' Furthermore, the
number of the participants at risk of malnutrition,
including those in the at risk of malnutrition and
malnourished groups was 64.9% (465), which surpri-
singly exceeded 50% of the participants. This result
shows that improvement in the nutrition status of frail
elderly living in home care needs to be urgently
addressed.

The Barthel index was the significant factor docu-
menting both malnutrition risk and malnourishment in
the present study. Many researchers agree that there is a

52 |

relationship between physical function and nutrition
status.'” It might be concluded that individuals whose
daily activity is limited tend to avoid shopping for food
items, resulting in nutritional disturbance.

In addition to the Barthel index, sex was found to be
a significant factor influencing malnutrition risk. The
present study showed that older females had a 1.845-
fold greater malnutrition risk than older males (95% CI
1.121-3.036), which agreed with the results of a previ-
ous study that showed that older females were more
likely to develop nutritional disturbance, both obesity
and malnutrition."

Furthermore, occlusal status was significantly related
to malnutrition risk. The group C individuals (function-
ally inadequate occlusion with no dentures) had a
3.189-fold greater malnutrition risk than group A
(natural dentition with adequate function; 95% CI
1.437-7.080). Chewing efficiency, for example, the rate
of breakdown of food during mastication, is clearly cor-
related with features of the dentition, such as number of
posterior teeth and occlusal relationships.' The most
pronounced difference in intake involves hard-to-chew
foods, such as vegetables and some fruits, therefore
tooth loss affects elements of nutritional intake, such as
dietary fiber and vitamins.'® These micronutrients are
the key element in maintaining good nutrition, which
suggests that lack of such food might result in greater
malnutrition risk.

In addition, group B (partially or fully edentulous,
but maintaining functional occlusion with dentures in
either or both jaws) had a 1.704-fold greater malnu-
trition risk than group A (95% CI 1.013-2.864). Pre-
vious studies have shown that individuals who have
lost natural molar contacts consume lesser amounts of
hard-to-chew foods, such as vegetables and fruits,
even though they use their dentures during food
intake.'* Our findings in the present study support the
view that denture use is not sufficient to compensate
for natural teeth. Recently, Bradbury et al. showed that
food instruction encourages an increase in the con-
sumption of vitamins and minerals among new
denture wearers.” In general, denture treatment has
not usually included in such dietary intervention.
Future studies will be required to identify the effect of
dietary intervention on the prevention of malnutrition
in denture users.

In contrast, there was no significant relationship
between malnourishment and occlusion in frail elderly
participants. There were significant relationships
between malnutrition and Barthel index, abnormal
swallowing sounds detected by cervical auscultation,
and living alone. These results suggest that malnour-
ished elderly have already developed dysphagia resulting
in dietary modification;'® therefore, their malnutrition
might be less influenced by a proper occlusal relation~
ship. A vicious cycle, in which decreased ability to

© 2012 Japan Geriatrics Society
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Table 2 Items significantly involved in malnutrition risk

B Standard Wald P-value  Exp (B) 95% Confidence
deviation interval
Sex 0.612  0.254 5.803  0.016 1.845 1.121 3.036
Age -0.001 0.015 0.006  0.939 0.999 0.971 1.028
Charlson index 0.089  0.082 1.168  0.280 1.093 0.930 1.284
Barthel index -0.036  0.005 43.381 0.000 0.965 0.955 0.975
Clinical Dementia Rating 0.156  0.140 1.251  0.263 1.169 0.889 1.537
Swallowing sounds 0482  0.297 2.627  0.105 1.619 0.904 2.900
Occlusal relationship (a) group A vs 0.533  0.265 4.039  0.044 1.704 1.013 2.864
group B
Occlusal relationship (b) group A vs 1.160 0.407 8.125 0.004 3.189 1.437 7.080
group C
Living alone 0.353  0.301 1.380  0.240 1.424 0.790 2.567
Constant 1.701 1.265 1.807  0.179 5.479

The participants were divided into two groups according to their nutrition status: (i) a well-nourished group; and (ii) a group
that included those at risk of malnutrition and malnourished. Group A, natural dentition with adequate function; group B,
partially or fully edentulous, but maintaining functional occlusion with dentures in either or both jaws; group C, functionally

inadequate occlusion with no dentures.

Table 3 Items significantly involved in malnutrition

B Standard ~ Wald P-value  Exp (B) 95% Confidence
deviation interval
Sex 0.613  0.388 2,501 0.114 1.846 0.864 3.947
Age -0.002  0.021 0.007  0.933 0.998 0.958 1.040
Charlson Index 0.014  0.104 0.019  0.891 1.014 0.827 1.244
Barthel Index -0.035  0.007 27.940  0.000 0.966 0.953 0.978
Clinical Dementia Rating ~0.072 0.178 0.165 0.685 0.930 0.657 1.318
Swallowing sounds 1.060  0.340 9.684  0.002 2.885 1.480 5.623
Occlusal relationship (a) group Avs  -0.453  0.391 1.343  0.246 0.636 0.295 1.368
group B
Occlusal relationship (b) group Avs  -0.485  0.520 0.871  0.351 0.616 0.222 1.705
group C
Living alone 1.461  0.403 13.143  0.000 4.312 1.957 9.502
Constant -0.746  1.777 0.176  0.674 0.474

Participants were divided into two groups according to their nutritious status: (i) a group of well-nourished individuals and
those at risk of malnutrition; and (ii) a group of malnourished individuals. Group A, natural dentition with adequate function;
group B, partially or fully edentulous, but maintaining functional occlusion with dentures in either or both jaws; group C,

functionally inadequate occlusion with no dentures.

swallow food could accelerate malnutrition, was also
considered. Elderly people who live alone are less likely
to follow through with dietary modification,' and it
might lead to malnutrition regardless of occlusal
status.

In conclusion, the present study, as well as previous
studies, has shown that retaining the natural teeth plays
an important role in the prevention of nutritional dis-
turbance, and that early dental treatment in the elderly
is important to protect their teeth and occlusion. Dieti-
cians, as well as other care staff, should monitor oral

© 2012 Japan Geriatrics Society

conditions, such as remaining teeth and occlusion, in
the elderly in order to prevent malnutrition. We also
suggest that all dentists enhance their skills and knowl-
edge in the fields of swallowing function and nutritional
guidance.
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Background: Periodontitis has been shown to be closely
related to diabetes, which was recently found to be associated
with lower serum creatinine. Conversely, several studies
have suggested a positive relationship between periodontitis
and abnormally high concentrations of serum creatinine as-
sociated with renal dysfunction, seemingly contradicting the
above. This study evaluates periodontal status and serum
levels of creatinine within the normal range to resolve this ap-
parent contradiction.

Methods: A comprehensive health examination of 907 Jap-
anese males, 49 to 59 years old, was performed from 2000
to 2002. A blood sample was collected from the antecubital
vein after an overnight fast. The periodontal parameters
were periodontal probing depth (PD) and clinical attachment
loss (AL). We examined the association between serum cre-
atinine concentration within the normal range and peri-
odontal parameters.

Results: Serum creatinine concentration within the nor-
mal range was inversely correlated with mean PD and
mean AL. In multivariate linear regression analyses, every
0.1-mg/dL increment in serum creatinine concentration
was associated with a 0.064-mm decrease in both mean
PD and mean AL (P <0.05) after adjusting for confounding
variables.

Conclusion: This study finds a significant inverse associ-
ation between normal serum creatinine concentration and
periodontal disease. J Periodontol 2013;84:94-99.

KEY WORDS

Creatinine; epidemiology; periodontal diseases;
periodontitis.
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eriodontal disease is a highly

prevalent chronic inflammatory

disease. Many studies have sug-
gested that periodontal disease is
closely related to several systemic dis-
eases, such as cardiovascular disease
and diabetes.!”> Among systemic dis-
eases, diabetes has been manifestly
confirmed as a major risk factor for
periodontitis.**® Chronic subclinical in-
flammation plays an important role in
the pathogenesis of type 2 diabetes, al-
though the disease is influenced by
multiple lifestyle-related factors. Re-
cently, several studies have shown that
lower serum creatinine levels may be
a new risk factor for type 2 diabetes in
non-diabetic Japanese males’ and white
morbidly obese patients.® Considering
the above facts, periodontal disease may
be associated with lower levels of serum
creatinine.

In contrast, the serum creatinine con-
centrations of patients with renal dysfunc-
tion increase as a result of a reduction
in creatinine clearance. High serum cre-
atinine concentrations and glomerular
filtration rates (GFRs) are often used as
indicators of renal function in clinical
practice.? Some studies have demon-
strated a relationship between peri-
odontal disease and renal dysfunction,
as evaluated by GFR and serum crea-
tinine concentration in surveys in the
United States.!9-12 Kshirsagar et al.l?

doi: 10.1902/jop.2012.110528
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showed that patients with periodontal disease were
more likely to have lower GFRs and subsequently
elevated serum creatinine concentrations compared
with those of individuals with healthy gingiva or gin-
givitis. These findings are inconsistent with the fact
that lower serum creatinine level could be a new risk
factor for type 2 diabetes and closely linked to peri-
odontal disease. Therefore, in this study, we evaluate
periodontal status and serum creatinine levels within
the normal range among Japanese middle-aged
males in an attempt to resolve this apparent contra-
diction. To our knowledge, no published study to
date has examined the relationship between normal
serum creatinine concentration and periodontal status.

MATERIALS AND METHODS

Study Population

More than 95% of the males enlisted in the Japan Self-
Defense Force in Fukuoka, Japan, received a com-
prehensive health examination <5 years before re-
tirement that included 5 days of admission to Japan
Self-Defense Force Fukuoka Hospital. The exami-
nation was conducted as part of preretirement health
care. A total of 1,123 males, 49 to 59 years old, were
examined from January 2000 to March 2002. Of
these, 182 participants who had <20 teeth or who were
not able to provide sufficient data were excluded be-
cause of difficulties in properly assessing their peri-
odontal health. Because the purpose of this study is to
examine the relationship between serum creatinine
concentration within the normal range and peri-
odontal status in individuals without renal dysfunc-
tion, we excluded 34 individuals with serum creatinine
concentrations > 1.2 mg/dL or estimated GFR <60 mL/
min/1.73 m?, as calculated from serum creatinine
values using the revised equations for Japanese in-
dividuals.!3 Thus, the final study sample consisted of
907 individuals. The individuals provided verbal
consent to participate in this study. This study was
conducted in accordance with the Helsinki Declara-
tion, and the design and procedures were approved
by the Japan Self-Defense Force Fukuoka Hospital
and the Ground Staff Office.

Measurements

Oral examinations were performed by one dentist
(MM) trained to perform a clinical examination of oral
health status using a normal dental chair. Mesio-
buccal and mid-buccal periodontal probing depth
(PD) and clinical attachment loss (AL.) were measured
using a periodontal probe in all remaining teeth ex-
cept third molars, following the method described in
the Third National Health and Nutrition Examination
Survey.!4 Examiner reliability was verified by intra-
examiner calibration with a sample of volunteers; PD
values showed 91.0% to 100%, and AL values showed

89.0% to 100% agreement (£1 mm). « values were
0.86 to 1.00 for PD and 0.84 to 1.00 for AL.

Each participant completed a self-administered
questionnaire that assessed smoking history and
toothbrushing habits, and an examiner (MM) veri-
fied the answers orally. Smoking history was quanti-
fied as pack-years by multiplying the number of
cigarettes smoked per day by the number of years during
which the participants had smoked. The frequency of
toothbrushing was divided into three categories: 1) <1
times per day; 2) twice a day; and 3) 23 times per day.

A blood sample was collected from the antecubital
vein after an overnight fast to determine lipid, glucose,
and creatinine levels. The body mass index (BMI) was
defined as weight (in kilograms) divided by the square
of height (in meters).

Statistical Analyses

The mean PD and mean AL were used as dependent
variables to reflect periodontal health status. Spear-
man correlation coefficient among each periodontal
parameter and other variables were calculated. Sim-
ple and multivariate linear regression analyses were
used to examine the relationship between serum
creatinine concentration and each periodontal pa-
rameter. Variables for which the correlation coefficient
was significant were entered into the multivariate
models. Age and BM! were entered into the multi-
variate models unconditionally to control for the in-
fluence of physical constitution on the relationship
between serum creatinine concentration and peri-
odontal parameters. A value of P <0.05 indicated
statistical significance. Statistical analyses were per-
formed using a software program.¥

RESULTS

Table 1 shows the Spearman correlation coefficients
for the study variables. The number of teeth, smoking
history, high-density lipoprotein cholesterol, and
serum creatinine concentration were significantly
correlated with both periodontal parameters, and
toothbrushing frequency was significantly associ-
ated with mean PD.

A simple linear regression analysis identified
a significant relationship between serum creatinine
concentration and each periodontal parameter (Table
2). Table 3 shows the results of the multivariate linear
regression analysis of each independent variable in re-
lation to the periodontal parameters. Serum creatinine
concentration was significantly inversely correlated
with both periodontal parameters. Every 0.1-mg/dL
increment in serum creatinine concentration was
associated with a 0.064-mm decrease in both mean

T PCP-UNC 15, Hu-Friedy, Chicago, IL.
$ SPSS v.17.0, SPSS Japan, Tokyo, Japan.
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Table 1.
Characteristics

of Variables and Spearman Correlation Coefficients

Spéafman Correiatioh Coéﬁ‘lci‘ent

Median (quartile, third quartsle)  MeanPD - k Mean AL

Age (yea'rs) 52 (52 53) , : , “—0029 - -0007
:‘:Mean PD (mm) | 24 (20,28) Ui ‘ __ 0"77:*‘ \
‘MeanAL(mm) | 28 (2;3;;3,5): ’ ey — -
)'}‘Number of teeth 27 (24.28) ~022* . 035%
Smoking hlstory (pack years) 2475 (75 33) 024* ; i 030* =
Toothbrushlng frequency (t[mes/day) ; 2 ([ 2) o —012* : -00 !9
BMI (gm?) 9y (220,257) 0058 . "}6.029**
Trighyceride (mg/dl_) | 119 @83, 173) 0057 o 0048
; ngh—dehslty lipoprotein cholesteroyl"(mg/dL); e 56 (46, 67) -—‘0.0901*‘ ; k—O4 |2’f ‘
;iiFas‘cing pfésma glucose (mg/dL) . | 98 (92, 106) OO4| ; 004‘ \
 Systolic bloéd pressure (mmH) 128 (120, 138) 0029 57:0;00‘3’7 ‘:
“leastollc blood pressure (mmHg) | 82 (76, 88) OOZI _0050
:Serum creatinine concentration (mg/d[_) 08 (08, 0.9) —O l’ I* —OIZ*

= not applicable.
* P<0.01.
Table 2.
Parameter Estimates From Simple Linear Regression Models Evaluating Serum
Creatinine Concentration in Relation to Periodontal Parameters

"’Dep'endent'Variablé. ,
: Mean PD (mm) L k o Mean AL (mm) '

‘Independehtkvariable : Coefﬁoent - OSE P Value ‘C:cjkefﬁci'ent; SE- - PValue

 Serum creatimne concentraﬁon (o mg/dL) —0.095 002 _;_t<ooo| o -o;z  7 ;0§<:5355[ <0001‘

lntercept |  £3;3~2? o 022 <o 001  }4.085[;, o <0001

Mean PD R® = 0.014; meanALR2 0.010.

PD and mean AL (P <0.05), after adjusting for other
confounding variables.

DISCUSSION

In this study, we analyze the correlations between
serum creatinine concentration within the normal
range and periodontal parameters in Japanese mid-
dle-aged males. The results showed that serum cre-
atinine concentration was significantly inversely
related to both mean PD and mean AL.

Most serum creatinine is derived from skeletal
muscle as a metabolite of creatine. Thus, normal se-
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rum creatinine concentrations are proportional to
muscle mass, which is an important target organ of
insulin.!3 One cohort study in non-diabetic Japanese
males examining the relationship between serum
creatinine concentrations within the normal range and
the subsequent incidence of type 2 diabetes found
that lower serum creatinine levels increased the risk
for type 2 diabetes.” This relationship remained when
the analysis was stratified according to BMI. The au-
thors thus suggested that low serum creatinine con-
centrations, suggestive of low lean body mass, may be
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Table 3.

Parameter Estimates From Multivariate Linear Regression Models Evaluating Each
Independent Variable in Relation to Periodontal Parameters

Dependent Variable -
Mean PD (mm) ! ‘

Mean AL (mm)

Coefficient - Coefficient: P ;\/alku'e

Independent Variables SE P Value SE

Age (years) ~0.0002 0028 099 003 003 034
Nimiber of testh 0056 0009 0000 =002 o00ll <000l
Sroking history (pack-years) 10007 0,001 <0001 00 2 0002 <0001
Toothbrushing frequency (tmes/day) 0069 0032 0030 . L
BMI (kg/m?) - | , 0014 0010 0.17 '—O}Olé',"“ k‘,‘o.orz‘ o9
High-density lipoprotein cholesterol (mg/dL) —0.00| 0.002 nes. | ,—Q.ooj oo ols
Serumn creatinine concentration (0. | rﬁg/dL) 0064 0.026 0012 -0064 oo 0046
Intercept ‘ ; 436 151 0.004 530 190 0005

Mean PD R® = 0.107; mean AL R? = 0.200.

associated with the incidence of type 2 diabetes
independently of BMI as a result of the reduction in
this target organ of insulin. Also, other studies have
confirmed that individuals with diabetes had lower
levels of serum creatinine than did individuals who
did not have diabetes.8:16 In the present study, serum
creatinine concentrations were inversely associated
with periodontal parameters after adjusting for other
confounding variables. Therefore, low serum creati-
nine levels may also affect periodontal health status.

A study of elite athletes found a positive correlation
between serum creatinine concentration and BMI.17
Many studies have examined the relationship be-
tween BMI, which is an index of obesity, and peri-
odontal disease.1823 One study found that BMI was
associated with periodontal disease only in a younger
age group,'® and another demonstrated this re-
lationship in adult, non-smoking females but not in
adult males or smoking females.?! In contrast, an-
other study showed a significant inverse relationship
between BMI and AL in adult males.?3 Thus, previous
research has produced inconsistent findings regard-
ing the relationship between BMI and periodontal
disease, and the mechanism of the relationship be-
tween these two factors remains unclear. Although
high BMI is associated with obesity, increased BMl is
also found in well-muscled individuals with a large
amount of lean body mass. In the present study, there
is no significant correlation between BMI and peri-
odontal parameters. Because our study population
consisted of physically well-trained members of the
Self-Defense Force, we assume that most of them
were physically fit and did not represent the general

population. Thus, the analysis of the relationship be-
tween obesity and periodontal disease using BMI
might be improved by considering sex differences and
using other indicators, such as body-fat mass.
Exercise training has a beneficial effect on the
management of body weight and is also related to
the development of lean body mass.?* Some studies
have demonstrated a significant relationship between
exercise and periodontal disease.?>?®8 One study
examining the relationship of obesity and physical
fitness to periodontal disease showed that indivi-
duals with high physical fithess had a significantly
lower risk for periodontal disease.?’ In an animal
model, sedentary rats eating a high-fat diet had greater
body weight, more body fat, and gingival oxidative
stress compared with sedentary rats eating a regular
diet; exercise-trained rats eating a high-fat diet had
equivalent body weight, less body fat, and the same
level of gingival oxidative stress as control rats.?®
It has been shown that individuals who walk for
230 minutes =5 days/week had lower circulating
interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a), and C-reactive protein levels compared with
individuals who engaged in less walking activity.2°
Although adipose tissue produces proinflammatory
cytokines, such as TNF-a, it was suggested that IL-6,
which is produced and released by contracting skel-
etal muscle fibers as a myokine, may be involved in
mediating the anti-inflammatory effect of exercise.3°
Although the mechanisms linking serum creati-
nine concentration to periodontal status have not
been clarified, the anti-inflammatory effect of ex-
ercise may contribute to prevention of periodontal
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inflammation. Additional research is needed to
clarify the mechanisms underlying the relationship
between serum creatinine level and periodontal
health status.

In this study, some participants had high serum
creatinine levels (>1.2 mg/dL) or low GFRs (<60 mL/
min/1.73 m?), which would lead to the suspicion
of impaired renal function; therefore, they were
excluded from the analyses of the relationship be-
tween normal serum creatinine concentration and
periodontal status. However, they had lower PD and
lower AL compared with individuals with normal
creatinine concentrations in the present study, and
the significance of the negative regression coefficient
did not change when they were included in the anal-
yses (data not shown). Because individuals were
members of the Self-Defense Force, the high serum
creatinine concentrations may be attributable to their
muscular build and not to renal dysfunction. One re-
cent interventional study3! examined the effect of
periodontal treatment on indices of kidney function in
patients with kidney dysfunction and showed that
serum cystatin C levels improved after periodontal
treatment. However, serum creatinine levels and
modification of diet in renal disease, as calculated by
serum creatinine, urea, and albumin concentrations,
did not change after periodontal treatment.3! Serum
cystatin C may have a higher discriminatory capabi-
lity for renal dysfunction than do serum creatinine
and urinary creatinine, especially in individuals with
high muscle mass.32 The present study demonstrates
that serum creatinine concentration is inversely as-
sociated with periodontal health status, suggesting
that serum creatinine concentration may confound
the analyses of the relationship between periodontal
disease and renal dysfunction as assessed by serum
creatinine. Thus, it may be preferable to use other
indices, such as creatinine clearance and cystatin C,
when assessing the relationship between renal func-
tion and periodontal disease.

There are some limitations of this study. Because
the study was cross-sectional, we could not determine
the causality or mechanism of the relationship
between serum creatinine concentration and peri-
odontal disease. Because we conducted partial peri-
odontal examinations, we may have underestimated
the proportion of individuals with periodontal dis-
ease;33 this underestimation may have affected our
findings regarding the relationship between serum
creatinine concentration and periodontal disease. We
could not obtain information regarding the use of
interdental brushes and regular dental checkups, al-
though these are important elements that affect
periodontal health status. We should consider these
variables in the future. Because the study participants
in a previous cohort study examining the relationship
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between lower serum creatinine levels and incidence
of type 2 diabetes were Japanese males,’” we selected
male members of the Japan Self-Defense Force as
the study participants. In fact, although most of
the members were males, they were physically well-
trained members of the Self-Defense Force. There-
fore, characteristics of them would not represent
those of the general population of the same age.
So, our data may differ from those in individuals
selected from the general population. Indeed, sex
differences may also affect this relationship. In fact,
one case-control study of adult females provided
preliminary evidence that serum creatinine levels
were higher in periodontitis patients than in control
individuals.34 Additional studies in the general
population should seek to clarify the relationship
between serum creatinine concentration and peri-
odontal disease.

CONCLUSIONS

The present study suggests a significant inverse as-
socjation between normal serum creatinine concen-
trations and periodontal disease. Although periodic
health examinations are widely conducted for the
maintenance of adult health, oral health examinations
that include the assessment of periodontal status are
much less commonly performed. Attention should be
paid to the periodontal health status of adult males
who do not undergo periodic oral health examinations
or maintenance therapy and have low serum creati-
nine concentrations.
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