Renal Function and Periodontal Disease

in patients with chronic renal failure, including hypo-
salivation and xerostomia, impaired immunity and
wound healing, alveolar bone destruction caused by
renal osteodystrophy, bleeding diathesis, diabetes
mellitus, malnutrition, and a state of general disability
that leads to impaired oral hygiene.!812 However,
most researchers who have looked into chronic renal
failure-periodontal disease relationships in humans
used case-control studies or focused on end-stage re-
nal disease, dialysis, and renal transplant patients and
looked at the association of local inflammatory

_markers with renal impairment. Few studies have
been community-based studies,2® which might pro-
vide more reliable information than case-control stud-
ies. Thus, it is important to explore the link between
periodontal disease and chronic renal failure in com-
munity-based studies.

To further clarify associations between renal failure
and periodontal disease, we studied the mechanisms
underlying the association between chronic renal fail-
ure and periodontal disease and between bone metab-
olism and periodontal disease after controlling for
confounding factors in a community-dwelling popula-
tion. This study investigated whether a link exists be-
tween periodontal disease and chronic renal function,
as assessed by urinary and serum markers, in com-
munity-dwelling older adults (adults >75 years).

MATERIALS AND METHODS

Study Population and Clinical Assessments
The population for this study was drawn from the Niigata
study. Briefly, the Niigata study was a prospective com-
munity-based study that was initiated to evaluate the re-
lationship between an individual's general health status
and his/her history of dental diseases in 1998. Initially,
questionnaires were sent to all inhabitants (N = 4,542)
70 years of age based on a registry of residents in Niigata
city in Japan,; all recipients were informed of the purpose
of this survey. Among those who were randomly se-
lected to participate in the Niigata study (N = 600),
398 subjects who tumed 70 in 1998 and were 77 years
of age in 2005 underwent annual dental examinations.
We selected 145 of the 398 subjects (76 men and 69
women) for participation in this study because they
had one or more teeth and did not take medicine for
bone metabolism. All subjects were Japanese, in good
general health, and did not require special care for their
daily activities. The subjects selected for the study were
homogeneous in terms of race, and we restricted age to
77 years, thereby excluding the influence of both race
and age variations on results. The examination protocol
that was used in the examination was reviewed and
approved by the Ethics Committee of the Faculty of
Dentistry, Niigata University.

The periodontal examination included the assess-
ment of probing depth (PD) and clinical attachment
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level (CAL) at six sites around each tooth. Probing
was performed using a pressure constant probet at
a probing force of 20 g and rounded to the nearest
whole millimeter. The periodontal examination was
carried out by four trained dentists under sufficient il-
lumination using artificial light. Calibration of the ex-
aminers was carried out in volunteer patients at the
Faculty Hospital. As determined by replicate exami-
nations in 10 patients, the percent agreement (within
+1 mm) ranged from 87.5% to 100% for PD and from
83.3% to 100% for CAL. The «k ranged from 0.81 to
1.00 for PD and from 0.74 to 1.00 for CAL. We also
conducted personal interviews to obtain information
regarding smoking habits, educational level, dental
treatment during the past year, and use of interdental
brushes or dental floss.

Urine was collected over 24 hours (7:00 amto 7:00
am the day after the dental examination). During the
day that urine was collected, usual food and fluid in-
take were encouraged. The subject’s blood was taken
in the morning of the dental examination. The volume
of creatinine in urine per 24 hours (g/day; Cre_U) and
volume of urine per 24 hours (ml/day) were used as
urinary markers of kidney function; serum creatinine
levels (g/l; Cre_S) were used as a blood marker of kid-
ney function. Creatinine clearance per 24 hours was
calculated as Cre_{/Cre_S. In addition, biochemical
parameters of bone turnover were measured, includ-
ing urinary deoxypyridinoline (nM/nM x Cr; U-DPD)
as a bone resorption marker and serum osteocalcin
(ng/ml; S-OC) as a bone formation marker. All labo-
ratory tests were done at a commercial laboratory.§

Statistical Analysis

Means and SD were used to characterize continuous
variables. We categorized subjects by tertiles according
to the percentage of sites with 26-mm CAL. One-third
and two-thirds percentiles were computed. Creatinine
clearance per 24 hours, volume of urine analysis,
S-OC, U-DPD, and educational level were evaluated
by analysis of variance (ANOVA) and the Scheffe
multiple comparison test for the first tertile as post
hoc procedures. In addition, smoking habits, dental
treatment during the past year, and use of interdental
brushes or dental floss were evaluated by the x test.
Correlations among renal function and bone metabo-
lissm markers for periodontal disease, including the
number of remaining teeth and smoking habits, were
evaluated using Pearson correlation coefficients.

To evaluate the relationship between periodontal
disease and renal function markers (volume of urine
per 24 hours [ml/day] and creatinine clearance per
24 hours [l/day]) or bone metabolism markers
(U-DPD [nM/nM x Cr] and S-OC [ng/ml}), multiple

# Vivacare TPS Probe, Schaan, Liechtenstein.
§ BML, Tokyo, Japan.
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Table |I.
Selected Characteristics of Study Subjects
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regression analysis was performed. For the final
model, the confounding independent variables that
had P <0.05, according to the statistical association
with the percentage of sites with 26-mm CAL by Pear-
son correlation coefficients, ANOVA, or ¥ test, were
selected.

All calculations and statistical analyses were per-
formed using the statistical software.! P <0.05 was
considered statistically significant.

RESULTS

Characteristics of subjects are shown in Table 1. The
percentage of subjects with at least one site with
26-mm CAL was 88.2% for men and 69.6% for
women. This difference was statistically significant
(P =0.006). In addition, the mean CAL (P = 0.005),
percentage of smokers (P <0.001), and educational
levels (P = 0.009) were significantly higher in men
than women. Correlations among renal function,
bone metabolism markers, and periodontal disease
markers, including the number of remaining teeth
and smoking habits, are shown in Table 2. The per-
centage of sites with 26-mm CAL per person had a
significant positive association with creatinine clear-
ance per 24 hours (r=0.30; P<0.001) and a negative
association with volume of urine per 24 hours, S-OC,
U-DPD, number of remaining teeth, and smoking
habits (r = -0.23, -0.29, -0.22, -0.46, and -0.22
and P=0.006, 0.001, 0.011, <0.001, and <0.001, re-
spectively). In addition, smoking habits were signifi-
cantly associated with S-OC (r = 0.27; P = 0.002)
and U-DPD (r = 0.47; P <0.001). In contrast, there
was no significant relationship between smoking
habits and creatinine clearance or volume of urine
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per 24 hours. Table 3 shows the differences in the dis-
tribution of renal function, bone metabolism, oral
health markers, and social markers according to the
percentage of sites with >6-mm CAL per person. Cre-
atinine clearance per 24 hours and percentage of
smokers were significantly higher in the third tertile
than in the first or second tertiles (P=0.017, ANOVA
for creatinine clearance; P<0.001, x2 test, for smok-
ing). In contrast, subjects in the third tertile had a lower
volume of urine per 24 hours than subjects in the first
or second tertile, although differences were not statis-
tically significant (P=0.053, ANOVA). S-OC, U-DPD,
and the percentage of subjects using interdental
brushes or dental floss were significantly lower in
the third tertile than in the first or second tertiles
(P = 0.008, ANOVA for S-OC; P = 0.016, ANOVA
for U-DPD; P = 0.011, X2 test for use of interdental
brushes or dental floss, respectively). The values of
S-OC and U-DPD at the third tertile were significant
by Scheffe multiple comparison test with the first ter-
tile as the post hoc procedure (P = 0.010 for S-OC;
P=0.016 for U-DPD). -

To evaluate the relationship between the percent-
age of sites with 26-mm CAL and renal function
markers such as volume of urine and creatinine clear-
ance or between the percentage of sites with 26-mm
CAL and bone metabolism markers such as U-DPD
and S-OC, multiple regression analysis was performed.
According to the results of the Pearson correlation
coefficients (Table 2), ANOVA, or x2 test (Table 3)
among renal function, bone metabolism, periodontal
disease and social markers, we selected the number

|| STATA software package, STATA, College Station, TX.
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Statistical Correlation Coefficients and P Values Among Renal Function, Bone Metabolism
Markers, Smoking Habits, and Periodontal Disease Markers

e

* Creatinine (g/day) in urine per 24 hours/creatinine (g/l) in serum.

of remaining teeth, smoking habits (0: no; 1: current
or past), use of interdental brushes or dental floss
(0: no; 1: yes), and gender (0: male; 1: female) as con-
founding independent factors in the final models.

Results of multiple regression analysis between the
percentage of sites with 26-mm CAL and renal func-
tion markers after controlling for confounding factors
are shown in Table 4. Creatine clearance for 24 hours
was positively associated with the percentage of sites
with 26-mm CAL (standardized coefficient = 0.26;
P =0.015). Furthermore, S-OC was a negatively in-
dependent variable for the percentage of sites with
26-mm CAL, followed by the confounding factors
by multiple regression analysis (standardized coeffi-
cient =-0.27; P=0.006; Table 5).

DISCUSSION

We confirmed a weak but clear relationship between
chronic renal failure in elderly Japanese subjects
and periodontal disease. Although adjustment for de-
mographic variables attenuated the strength of the as-
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sociation, the percentage of sites with >6-mm CAL
remained significantly associated with renal function
and bone metabolism markers.

S-OC or U-DPD can be measured in blood or urine,
and they indicate the condition of bone turnover. Low
bone mass and architectural deterioration of bone tis-
sue are caused by an imbalance of skeletal turnover
maintained by the two opposite but normally bal-
anced processes of bone formation and resorption.2!
Chronic renal failure is associated with marked distur-
bances of bone structure and metabolism. A signifi-
cant decrease in bone mineral density after kidney
transplantation is a serious finding.?? In addition,
the validity of serum and urinary biochemical markers
of bone turnover shows clinical use in relation to other
important risk factors for the development of osteopo-
rosis and chronic renal failure.23 Osteoporosis can
develop in patients with chronic kidney disease.?4:2>
Furthermore, we recognized a significant relationship
between bone mineral density and periodontal disease
progression.2 There is a growing body of evidence
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Table 3.

Renal Function, Bone Metabolism, Oral Health Markers, and Social Markers of Subjects
by Tertiles of Attachment Level

* The one-third and two-thirds percentiles were computed. We categorized the subjects by three tertiles according to the percentage of sites with >6-mm
CAL; mean (SD).

1 Creatinine (g/day) in urine per 24 hours/creatinine (g/1) in serum.

$# ANOVA.

§ P=0.010 by Scheffé multiple comparison test for first tertile as the post hoc procedure.

I P2= 0.016 by Scheffé multiple comparison test for first tertile as the post hoc procedure.

9 x° test.

Table 4.

Relationship Between Percentage of Sites With 26-mm CAL and Renal Function Markers
Controlling for Confounding Factors by Multiple Regression Analysis

R? = 0.321; P <0.001.
* Creatinine (g/day) in urine per 24 hours/creatinine (g/l) in serum.

indicating that chronic kidney disease is associated  in the prevention and amelioration of renal bone dis-
with disrupted regulation of the vitamin D—parathyroid ~ orders in patients with mild to moderate renal insuffi-
hormone axis, which contributes to hyperparathy-  ciency.?’ These findings show the probability that
roidism and the high rate of bone disease in chronic  periodontal disease is influenced by chronic renal fail-
kidney disease.2® Vitamin D has proven successful  ure because of insufficient bone metabolism.

1245
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Table 5.
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Relationship Between Percentage of Sites With >6-mm CAL and Bone Metabolism
Markers Controlling for Confounding Factors by Multiple Regression Analysis

SR i

R? = 0.316; P<0.001.

On the other hand, creatinine clearance showed
higher levels in subjects with a higher percentage of
sites with 26-mm CAL in our study. Diabetes mellitus
is a major reason for chronic renal failure, and creat-
inine clearance increases in the early phase of renal
involvement in patients with diabetes mellitus.28 At
a glomerular level, it is thought that hyperfiltration is
caused by increases in the glomerular capillary
plasma flow rate and mean glomerular capillary hy-
draulic pressure, which in turn are caused by changes
in systemic arterial pressure and/or changes in effer-
ent and afferent arteriolar resistances.?’ The attention
has focused on evidence that infections of the oral
cavity might be associated with diabetes mellitus
and atherothrombosis, including heart infection, stroke,
and peripheral vascular disease.303! In addition,
some studies3233 have been conducted to evaluate
the relationship between lipopolysaccharides, such
as cholesterol and triglycerides, and periodontal dis-
ease. However, it was impossible to show concrete
connections based on the findings of our study. Be-
cause of our study limitations and the potential for re-
sidual confounding, these preliminary findings must
be interpreted with caution.

Comparisons to the literature are difficult. We know
of few published studies examining an association be-
tween chronic infections, such as periodontal disease,
with kidney function. Overall, all published studies are
case-control studies and are limited to other markers
or causes of inflammation and kidney disease. Only
one large-scale study?® was conducted. Initial and
severe periodontal disease were associated with esti-
mated glomerular filtration rate. More studies, includ-
ing prospective trials, are necessary tounderstand the
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exact nature of the relationship of periodontal disease
and kidney disease.

One limitation of our study is that we could not con-
firm a clear cause—effect relationship between renatl
functional markers and periodontal conditions in the
elderly because of our cross-sectional design. Fur-
thermore, 83% of men smoked, and one-half of the
subjects (49% to 54%) used interdental devices. We
did not have detailed information on the percentage
of male smokers or the percentage of use of interden-
tal brushes or floss, and thus we could not determine
whether these factors were common in the older gen-
eral population of Japan. However, according to The
Citizen Health Care Medical Treatment Welfare Con- -
sciousness Survey in Niigata City,3 the percentage
of subjects who use interdental brushes or floss was
47.5% for those 40 to 49 years of age and 41.8% for
those 50 to 59 years of age.

Progressive bone loss consistently complicates re-
nal transplantation in patients with immunosuppres-
sion.353% |n terms of the immune system, chronic
renal failure is known to be associated with poly-
morphonuclear leukocyte impairment and is often
complicated by multiple infections.37-38 A chronic
inflammatory response may lead to the development
of conditions known to cause and predispose patients
to periodontal disease.31.39:40

CONCLUSIONS

The present study suggests that there is a significant
relationship between renal functional and bone me-
tabolism markers, as well as periodontal disease.
Consequently, the increasing incidence of chronic renal
failure that occurs with age increases the probability
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of severe periodontal disease in the community-
dwelling older Japanese population. :
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Serum markers of chronic dehydration are associated with

saliva spinability

A. YOSHIHARA*, T. HIROTOMI*, N. TAKANO*, T. KONDO*, N. HANADAT &
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SUMMARY Findings of a relationship between saliva
and dehydration have been observed, but the pre-
cise nature of these relationships is unclear and
no evidence of a direct link has been found. In
" particular, no study reports a relationship between
chronic dehydration and saliva conditions in
community-dwelling older adults. This study aimed
to identify whether salivary conditions are sensitive
to body hydration markers in an elderly population.
A total of 403 subjects aged 76 years participated in
the study. Stimulated saliva flow rate and spinabil-
ity of saliva were measured. In addition, determi-
nations of serum levels of uric acid, blood urea
nitrogen (BUN), creatinine, sodium and potassium
were made. Dehydration was defined as uric acid
>7mgdL™" according to the standard value. The
salivary spinability were significantly associated
with the concentration of uric acid (OR = 2-06,

P =0044) according to multiple logistic regression
analysis. In addition, after adjusting for gender, the
uric acid concentration and the salivéry spinability
was significantly associated with BUN, potassium
and creatinine levels. The subjects with high uric
acid levels (=7 mg dL™") had the most elastic saliva.
Both BUN and serum creatinine are the most com-
monly used indicators of renal function. Therefore,
our findings might demonstrate that older adults
who are dehydrated showed highly elastic saliva,
which was associated with renal function. In con-
clusion, this study suggests that there is a significant
relationship between chronic dehydration status
and salivary spinability level.

KEYWORDS: chronic dehydration, elderly, saliva spin-
ability

Accepted for publication 7 January 2007

Introduction

Dehydration in older adults has been shown to be a
reliable predictor of increasing frailty, progressive
deterioration in cognitive function, and an overall
reduction in quality of life (1). Teach etal. and
Popowski et al. have reported that increases in concen-
trations of plasma protein, serum uric acid and some
minerals are related to dehydration in their previous
studies (2, 3).

Uric acdid is the final oxidation product of purine
metabolism in the human body (4). It is produced
either by accelerated generation of uric acid through
purine metabolism or by impaired excretion in the

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd

kidney (5). Gout in humans is associated with abnor-
mal levels of elevated uric acid in the body. Unlike
urea and ammonia, uric acid can be excreted as a dry
solid (2). It is therefore commonly found in the
excretions of animals that live in dry environments
(6). In addition, serum uric acid level is considered
to be one criterion for the diagnosis of dehydration
(7, 8).

Saliva is essential for the maintenance of oral
health. The primary constituent of saliva is water and,
traditionally, decreased body water homeostasis has
been linked to salivary dysfunction. Dry mouth is
common in the elderly population, and makes
eating more difficult and increases the cariogenic

doi: 10.1111/.1365-2842.2007.01732.x
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potential of food (9). Salivary diminution is a known
major risk factor for caries among people of any age
(10).

Acute dehydration induced by a 24-h period with-
out food and water was shown to reduce parotid saliva
flow rate. This evidence suggests that there is a
relationship between whole body hydration status
and saliva flow rate (11). Findings of a relationship
between saliva and dehydration have been observed,
but the precise nature of these relationships is unclear
and no evidence of a direct link has been found (12).
In particular, no study reports a relationship between
chronic dehydration and saliva conditions in commu-
nity-dwelling older adults.

Accordingly, this study was carried out to identify
whether saliva flow rate and salivary spinability meas-
urements are sensitive to body hydration markers in a
community-dwelling elderly population.

Materials and methods
Subjecs
A total of 422 subjects, aged 76 years, participated in
this study, out of a screened cohort of 600, who turned
70 in 1998 and since then have received annual
examinations. All subjects were Japanese, in good
general health, and did not require special care for
their daily activities. All the subjects (7 = 422) under-
went medical and dental examination.

The examination protdcol that was used in the
examination for all subjects was reviewed and approved

by the Ethics Committee of the Faculty of Dentistry,
Niigata University.

Blood hydration markers

Determinations of serum concentrations of uric acid
were used as a marker of dehydration. Dehydration was
defined as uric add 27 mg dL™' according. to the
standard value (13). In addition, serum concentrations
of blood urea nitrogen, creatinine, sodium and potas-
stum as markers of kidnéy function were measured at a
commercial laboratory.* The blood was taken at same
time as saliva collection. During the day that the
examination was conducted, usual food, fluid intake
and smoking were encouraged.

*BML, Inc., Tokyo, Japan.

Saliva collection and measurement

Stimulated whole saliva was collected at the same time
as other examinations. The mean times of day that the
saliva was collected were 11:48 + 2:03 for the subjects
with >7 mg dL™! uric acid and 11:49 + 2:00 for the
subjects with <7 mg dL™" uric acid. There was statisti-
cally no significant difference in the time (P = 0-916,
t-test). The subjects chewed a 1-g piece of paraffin wax,
and they expectorated secreted saliva into a test tube.
Collection time was 3 min and flow rate per minute
was calculated from one occasion of saliva collection.
During the day that the saliva collection was conducted,
usual food, fluid intake and smoking were encouraged.

After stimulated whole saliva was collected, salivary
spinability was immediately measured using the Neva
Meter.T The Neva Meter has been shown to be able to
measure spinability of saliva objectively with acceptable
reproducibility (14). The meter is based on the principle
that electrical resistance reaches infinity at the breaking
point of the spinability. After a saliva sample is
introduced to the bottom reservoir of the device, it is
automatically stretched at a constant rate of 5 mm s™.
Next, application of an electrical current (5 V) to the
liquid induces a microcurrent, which stops at
the moment the thread breaks. The device detects the
point at which the current stops and then measures the
maximum length (in mm) of the thread, that is,
the spinability. Measurements were taken five times
consecutively and spinability was calculated by avera-
ging three of five values, exduding the highest and
lowest readings.

We also counted the number of remaining teeth. A
personal interview was performed to obtain the bulk of
information regarding sensation of dry mouth (no,
sometimes and always) and smoking habits (no, past or
current).

Data interpretation

A total of 403 subjects was included in our analysis after
19 subjects who did not complete the interview were
excluded. Using analysis of variance, we compared
smoking habits, the number of remaining teeth, stimu-
lated salivary flow rate per minute (mL min"!), and
salivary spinability (mm) according to the sensation of
dry mouth (no, sometimes and always). We compared

*IMI-001 Ishikawa Ironworks Co. Ltd, Kitakyusyu, Japan.
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Table 1. Smoking habit, the number of remaining teeth and saliva characteristics of subjects according to sensation of dry mouth

Sensation of dry mouth

No (n = 211) Sometimes (n = 152) Always (n = 40) P-value
Male/female 117/94 77175 22/18 0619
Smoking habit (current or experience) (%) 36-2 37-2 379 0-875
Number of remaining teeth 15-33 (SD = 0-22) 16-82 (SD = 9-02) 17-55 (SD = 9-25) 0221
Stimulated salivary flow rate (mL min™*) 1-51 (SD = 0-86) - 139 (SD = 0-77) 1-27 (SD = 0-90) 0040
Salivary spinability (mm) 194 (SD = 0-44) 1-88 (SD = 031) 197 (SD = 0-42) 0300

the salivary spinability and stimulated salivary flow rate
among those with high (27 mgdL™') and low
(<7 mg dL™!) uric acid concentrations using the stu-
dent’s t-test with two-sided P-values. We used multiple
logistic regression analysis to evaluate the relationship
between serum uric acdd concentration and saliva
condition. The concentration of serum uric acid (0,
<7mgdL™}; 1, >7mgdL™) was selected as the
dependent variable. Five variables {gender (1, male; 2,
female), the number of remaining teeth, smoking habit
(0, no; 1, past or current), salivary spinability, and
stimulated salivary flow rate] were used as independent
variables in the model. Finally, multiple linear regres-
sion analysis was performed to evaluate the relation-
ship between the salivary or dehydration markers
(stimulated saliva flow rate, salivary spinability and
serum uric acid concentration) and kidney function
markers (serum concentrations of blood urea nitrogen,
sodium, potassium and creatinine). Each salivary or
dehydration marker was used as a dependent variable.
The kidney function markers as well as gender were
used as independent variables. All calculation and
statistical analyses were performed using the STATA®
software package.t A P-value <0-05 was considered.
statistically significant.

Results

Table 1 shows the relationship between gender, smo-
king habits, the number of remaining teeth and saliva
characteristics of subjects according to the sensation of
dry mouth. There was a significant difference by
apalysis of variance in stimulated saliva flow rates
between the subject groups with the three different
reported sensations of dry mouth. The values were
lowest in subjects who reported they always had the

*StataCorp, College Station, TX, USA.

sensation of a dry mouth. However, there was no
significant relationship between sensation of dry mouth
and other variables such as gender, smoking habit,
number of remaining teeth and salivary spinability.

In addition, we evaluated the difference in the
salivary spinability or stimulated salivary flow rate
between those with high (27 mgdL™') and low
(<7 mg dL™') uric add concentrations. The salivary
spinability was significantly lower for those with uric
acid levels <7 mg dL™ [1-90 (SD = 0-37) mm] com-
pared with those with uric acid levels >7 mg dL ™! [2-11
(SD = 0-62) mm; P = 0-004, Fig. 1. On the other
hand, we could not find a significant relationship
between uric acid levels and stimulated .salivary flow
rate (Fig. 1).

The results of multiple logistic regression analysis are
presented in Table 2. Gender [odds ratio (OR) = 0-03;
P =0002] and salivary spinability (OR = 2-06;
P = 0-044) were significantly associated with the con-
centration of serum wuric acid (Pseudo R =019;
P < 0-001). The findings demonstrate that the males
with higher salivary spinability showed higher serum
uric acid levels. Especially, the change in salivary
spinability per a unit (1 mm) was 2-06 times more
likely to exhibit debydration status (serum uric acid
level >7 mg dL™).

As shown in Table 3, after adjusting for gender the
salivary spinability was significantly associated with
serum concentrations of blood urea nitrogen (standard
coefficient = 0-15, P = 0-002), potassium (standard
coefficient = 0-12, P = 0-012), and creatinine (stand-
ard coefficient = 0-29, P < 0-001). In addition, the
serum uric acid concentration was significantly
assodated with serum concentrations of blood urea
pitrogen  (standard coefficient = 0-26, P < 0-001),
sodium (standard coefficient = 0-11, P = 0-015), potas-
sium (standard coefficient = 0-20, P < 0-001), and
creatinine (standard coefficient = 0-29, P < 0-001).

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd
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Dependent variable Serum uric acid

concentration (0, <7 mg dL™’;

1, 27 mg dL™Y)

Independent variables Odds SE P-value 95% CI
Gender (1, male; 2, female) 0-03 0-04 0-002 0-00, 0-29
Number of remaining teeth 1-04 0-02 0-063 1-00, 1-08
Smoking habit (0, never; 1, current or experience) 0-93 0-49 0-885 0-32, 2-64
Salivary spinability (mm) 206 074 0044 102, 416
Stimulated salivary flow rate (mL min~") 099 0-07 0-843 0-86, 113
Pseudo R = 019, P < 0-001.

Stimulated salivary

flow rate Salivary spinability Uric acid

Standard Standard Standard
Independent variable coefficient* P-value coefficient*  P-value coefficient* P-value
Blood urea nitrogen -0-08 0-095 015 0-002 0-26 <0-001
Sodium -0-05 0334 -004 0-425 011 0015
Potassium 0-03 0516 012 0-012 020 <0-001
Creatinine -0-08 0-099 029 <0-001 0-29 <0-001

*Standardized coefficient adjusted by gender.

Discussion

In this study, serum uric acid concentrations, used as a
marker of dehydration, were significantly associated
with salivary spinability. Subjects with high uric acid
concentrations showed highly elastic saliva. In addition,
both the serum uric acid concentration and salivary
spinability were significantly associated with serum
blood urea nitrogen, serum potassium and serum

creatinine concentrations.

Fig. 1. Salivary spinability and sti-
mulated salivary flow rate according
to serum uric acid concentration.

Table 2. Odds ratio of saliva condi-
tions for serum uric acid concentra-
tion

Table 3. The'relaﬁonship beiween

stimulated salivary flow rate, salivary
spinability, uric acid and kidney
function markers

Serum blood urea nitrogen and serum creatinine
concentrations are the most commonly used indicators
of renal function. A rise in blood creatinine levels is
observed with marked damage to functioning nephrons
(15). Furthermore, the most common cause of an
elevated blood urea nitrogen concentration is due to a
condition such as dehydration or malnutrition (16, 17).
Therefore, our findings might demonstrate that older
adults who are dehydrated showed highly elastic saliva,
which was associated with renal function.

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Lid
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Spinability is the thread-forming capacity of mucus
under the influence of large-amplitude elastic defor-
mation and it gives information about the internal
cohesion forces of the mucus (18). Factors that control
mucus spinability are the concentration of mucous
glycoproteins, the degree of intermolecular and intra-
molecular cross-linkings, and the hydration of mucus
(19, 20). To establish the reproducibility of the analysis
of spinability using the Neva Meter, Gohara et al. (14)
used polyvinyl alcohol in water, which is a well-known
viscoelastic, solution that displays unique properties
(21). There was a significant correlation (r = 0-55-0-59,
P = 0-05) between spinability and viscosity.

According to our findings, salivary spinabilities were
190 (SD = 0-37) mm for ‘the subjects with uric acid
levels <7 mg dL™* and 2:11 (SD = 0-62) mm for those
with uric acid levels >7 mg dL™'. Even if the difference
in uric add levels between the subjects with uric acid
levels <7 mg dL™' and those with uric acid levels
>7 mg dL™! was small, this difference was meaningful
because the salivary spinability was classified as either
>2:00 mm (high) or £2:00 mm (normal) according to
previous report (22). In the report, the subjects with
salivary spinability >2-00 mm showed significantly
higher periodontal attachment level than those with
<2-:00 mm.

In terms of the relationship between serum uric acid
concentration and salivary spinability, an increase in
saliva total protein concentration and osmolality during
dehydration has been seen to occur (23). The changes
in saliva total protein concentration that are related to
salivary spinability appear to be more sensitive to
changes in whole body hydration status (23). However,
we could not obtain more information from the present
study on whether chronic renal failure influenced the
concentration of mucous glycoproteins. Further studies
are needed to confirm this possibility.

On the other hand, there was no significant relation-
ship between serum uric acid concentration and
stimulated salivary flow rate. However, subjects with
the subjective sensaton of dry mouth showed a
significantly lower salivary flow rate than subjects
without this sensation. Even if the evidence suggests
that there is a relationship between whole body
hydration status and saliva flow rate (11), there might
be po relationship between chronic dehydration and
saliva flow rate in this study. This shows that a low
salivary flow rate was the cause for dry mouth.
However, the subjects with dry mouth were not always

in a state of chronic dehydration. In our study, only one
subject out of 40 in the always dry mouth group had a
high serum uric acid level (>7 mg dL™}).

One limitation of this study was that we investigated
stimulated saliva as opposed to unstimulated saliva.
Unstimulated salivary flow is a measure of the amount
of saliva that is constantly secreted in the oral cavity,
whereas stimulated salivary flow is a measure of the
functional capacity of the gland (24). Selecting the
stimulated saliva could be the reason for the lack of an
association between uric acid levels and salivary flow
rate. Resting salivary flow rate also should be measured
in addressing the research question.

In conclusion, this study suggests that there is a
significant relationship between chronic dehydration
status and salivary spinability level.
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ABSTRACT

Serum albumin levels are a practical marker of
general health status in the elderly and have been
. used to determine the severity of an underlying
. disease and the risk for death. This longitudinal
study evaluated the relationship between serum
albumin levels and root caries. A total of 266
persons with at least 1 tooth at baseline underwent
a baseline examination and then annual
investigations for 6 years. Multiple linear
regression analysis was used to assess the
relationship between changes in serum albumin
levels and the number of root caries lesions over 6
years, after adjustment for confounding factors.
Change in the number of root caries lesions was
significantly associated with change in serum
albumin concentrations. The standardized
coefficient was -0.148 (p = 0.024). We can
confirm that serum albumin concentration
correlates with root caries events. From these data,
we conclude that persons with hypoalbuminemia
are at high risk for root caries.

KEY WORDS: root caries, geriatric dentistry,
serum albumin.
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Longitudinal Relationship
between Root Caries
and Serum Albumin

INTRODUCTION

Serum albumin levels are a practical marker of general health status in the
elderly and have been used to determine the severity of an underlying
disease and the risk for death (Phillips et al., 1989; Shibata et al., 1991).
Many conditions, such as inflammatory states, liver diseases, and renal
diseases, lead to decreased serum albumin levels (Herrmann et al., 1992;
Rigaud et al., 2000; Walrand et al., 2000). Moreover, malnutrition can be
monitored by the examination of serum albumin levels (Magagnotti ef al.,
2000; Giordano et al., 2001; Don and Kaysen, 2004). Recently, studies have
shown that serum albumin levels are associated with general health status
among the elderly (Corti et al., 1994; Baumgartner ef al., 1996).
Hypoalbuminemia occurs in a variety of diseases, and is associated with an
increased rate of complications during hospitalization. In addition, serum
albumin is a possible index of intrinsic aging (Shibata et al., 1991).

In contrast, aging is known to lead to an increase in some oral
conditions, such as gingival recession and root caries. Several risk factors
for the development of root caries have been identified, including past
caries, periodontal status, and salivary levels of cariogenic bacteria
(Scheinin et al., 1994; Lawrence et al., 1995; Locker et al., 1996; Powell et
al., 1998). Furthermore, some reports indicate a link between general health
and dental caries. For example, the composite dental index, which combines
caries, periodontitis, and edentulousness, has been linked to ischemic events
in persons with coronary heart disease (Mattila et al., 1995). Furthermore, it
has been shown that increased dental caries may be associated with an
increased immune response (Tenovuo ef al., 1990).

Previously, we showed an association between serum albumin levels
and root caries in a cross-sectional study of elderly persons (Yoshihara et
al., 2003). However, because of the cross-sectional design, we could not
confirm a clear relationship between serum albumin concentrations and root
caries. This longitudinal study evaluated the relationship between serum
albumin concentrations and root caries in elderly persons, after adjustment
for confounding factors.

MATERIALS & METHODS

Participants
A longitudinal study was conducted in older adults residing in Niigata City,
Japan. Initially, questionnaires were sent to all 4542 residents aged 70 years
(born in 1927). Of these, 600 people were randomly selected, to provide
approximately the same number of each gender for the baseline survey.
Participants were asked to sign consent forms regarding the protocol, which was
approved by the Ethics Committee of Niigata University School of Dentistry.
Participants were assessed according to the TMIG-Index of Competence
subscale questionnaires. The TMIG-Index of Competence is used to assess
functional capacity in older persons. The ability to perform a given function is
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indicated by "Yes' or "No'. The highest score on the TMIG-Index
subscales is 13 (Koyano et al., 1991). The mean score of the
TMIG-Index subscales of participants in this study was 11.9 + 1.4.
The results of this assessment pointed to a high level of
competence among participants in this study.

Dental examinations were carried out at baseline and once a
year for 6 yrs (1998-2004), that is, 7 times in 6 yrs.

Measurements

Root Caries Events

Four trained and experienced dentists assessed dental caries, .

including root caries. The examinations were conducted with the
use of mirrors and ball-point periodontal probes under artificial
light, without bite-wing radiographs. Root caries was diagnosed
based on the criteria of the World Health Organization (1997).
First, it was determined whether a given surface was exposed or
not. An exposed root surface was defined as having at least | mm
of visible root surface between the gingival crest and the cemento-
enamel junction or the restoration margin. All exposed root
surfaces were examined and recorded. Root decay was defined as

a lesion detected on an exposed root surface that felt soft or

leathery when probed. For a single instance of decay affecting
both the crown and the root, the likely site of origin of the lesion
was recorded as "decayed”. When it was not possible to judge the
site of origin, both the crown and the root were recorded as
"decayed".

We tracked root caries incidence only on surfaces that were
neither decayed nor filled at baseline examination. Whenever root
decay was detected on a root surface that had previously been
sound or non-exposed, it was counted as a disease event. Disease
events were counted each year. Surfaces where disease events
occurred once were excluded from additional-year evaluations.
Finally, the number of surfaces on which a disease event occurred
over the 6 yrs was converted into the number of teeth on which a
disease event occurred in a given participant. :

Interexaminer reliability for surfaces was assessed for the four
examiners using 18 volunteer patients in the University Hospital
before and during the survey. We calculated a kappa score using 5
codes (Sound, Filled, Decayed, Filled [with decay], and Bridge
abutment: Special crown or Veneer/implant). The kappa values
between each pair of examiners were 0.84-0.97.

Periodontal Disease Events

The periodontal examination included the assessment of
attachment level at 6 sites around each tooth. Probing was
performed with the use of a pressure-constant probe (Vivacare TPS
Probe®, Schaan, Liechtenstein) and a probing force of 20 g. The
periodontal examination was carried out by four trained dentists
under sufficient illumination using artificial light. At first, the
difference between attachment level at baseline and at follow-up
for each site was calculated with site-level data. If the difference
was 2 3 mm, it was counted as a periodontal disease event.
Surfaces where disease events occurred once were excluded from
additional-year assessments. Data were rounded off from site-level
to tooth-level. Finally, the number of teeth with an event per
person was calculated. . e

Interexaminer reliability for attachment was assessed for the
four examiners using 18 volunteer patients in the University
Hospital before and during the survey. As determined by replicate
examinations of attachment level, the percent agreement (+ 1 mm)
ranged from 70.0% to 100%. The kappa (+ 1 mm) ranged from
0.62 to 1.00.

Yoshihara et al.
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Composition and Blood Measurements

Anthropometric evaluation included measurements of weight and
height for the calculation of body mass index (BMI). BMI is
defined as the individual's body weight divided by the square of
his/her height. In addition, serum albumin and immunoglobulin G
(IgG) concentrations were measured at a commercial laboratory
(BML, Inc., Tokyo, Japan). Serum albumin concentration < 4.0
g/dL was defined as low according to a previous report (Phillips et
al., 1989).
Statistical Analysis
For descriptive data (BMI, serum IgG levels, and the number of
periodontal disease events), statistical differences between the
number of root caries events were evaluated by analysis of
variance (ANOVA) and Scheffé's multiple comparison test for the
individuals with instances with zero root caries. Means and
standard deviations were used to characterize continuous variables.
In addition, we compared the number of root caries events over 6
yrs between persons with serum albumin concentrations < 4.0 g/dL
at baseline and those of persons with serum albumin
concentrations > 4.0 g/dL at baseline, using the paired Student's ¢
test. Subsequently, we selected persons with serum albumin
concentrations > 4.0 g/dL at baseline and divided them into two
groups: those with serum albumin concentrations < 4.0 g/dL after 6
yrs and those with serum albumin concentrations > 4.0 g/dL after 6
yrs. We then compared the number of root caries events between
these two groups. _
Finally, we performed multiple linear regression analysis to
assess the relationship between changes in serum albumin
concentrations and the number of root caries events over 6 yrs,
after controlling for periodontal disease events over 6 yrs, changes
in BMI over 6 yrs, changes in serum IgG concentrations over 6 yrs,
gender, the remaining number of teeth at baseline, the number of
sites with > 4 mm attachment level at baseline, and the number of
decayed and filled surfaces at baseline. The level of significance
was set at p < 0.05 for these tests. All calculations and statistical
analyses were performed with the STATA™ software package
(Stata Corp., College Station, TX, USA).

RESULTS

In this study, 334 people dropped out during the study. Serum
albumin concentrations at baseline were 4.3 £ 0.2 g/dL for
study participants and 4.3 £ 0.3 g/dL for the group who
dropped out during the study. There was no significant
difference between the two groups (p = 0.168; Student's ¢ test).
In addition, 36 people died during the study. Serum albumin
concentrations at baseline for these persons were 4.1 + 0.3
g/dL. The difference in serum albumin concentrations at
baseline between study participants and those who died during
the study was statistically significant (p < 0.001; Student's ¢
test).

Of 600 participants, 266 persons who had at least 1 tooth at
baseline and participated in all annual investigations (7 times in
total), from baseline to 6 yrs, were included in the analysis.
Baseline characteristics of the participants were: serum albumin
levels, 4.3 £ 0.2 g/dL; serum IgG levels, 1483.9 + 288.2
mg/dL; BMI, 22.4 + 2.9 kg/m?; the number of remaining teeth,
19.4 + 8.2; the number of untreated and treated surfaces, 2.3 +
3.2; and the number of sites with > 4 mm attachment levels,
29.1 £ 25.7. Root caries developed in 52.3% of the participants
over the six-year study. Serum IgG concentrations and
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periodontal disease events showed
significantly high values, with an

Root Caries and Serum Albumin

1117

Table 1. Distribution of Root Caries Events and Association with- Changes in BMI, IgG, and
Periodontol Disease Events over 6 yrs (1998-2004)

increase in root caries events assessed
by ANOVA (p = 0.013 for serum IgG;

Changes from 1998-2004 [mean (SD}]

p = 0.007 for periodontal disease  Root Caries Event® n % BMHM IgG Periodontal Disease Evenr
events). However, these differences '
were not significant according to the O 127 477 0.4(1.4) -209.3 (134.3) 8.6 (6.4)
Scheffé multiple comparison test for 1-2 96 36.1 0.1 (1.4)NS=  -196.6 (130.5) NS¢ 10.7 {6.6) NS¢
the participants with instances with 3-4 27 102 04(1.1)NS  -146.3 (184.4) NS 10.7 {6.2) NS
zero root caries (Table 1). .5-6 1n 4.1 0.1 (0.9)NS - 28.7 (201.1) NS 13.9 (7.0) NS

In addition, persons with lower >7 5 1.9 0.6(1.1)NS - 24.5(104.86) NS 13.2(6.8) NS
serum albumin concentrations (< 4.0 p=05200  p=0.007" p=0.013"

g/dL) at baseline had a significantly
higher number of root caries events
over 6 yrs compared with persons with
high serum albumin concentrations (>
4.0 g/dL) at baseline (1.8 +22vs. 1.1 d
+ 1.6, respectively; p = 0.031,
Student's 1 test) (Fig. 1). We divided
persons with serum albumin
concentrations > 4.0 g/dL at baseline

into two groups: those with serum albumin concentrations < 4.0
g/dL after 6 yrs and those with serum albumin concentrations >
4.0 g/dL after 6 yrs. The mean number of root caries events for
6 yrs was 1.6 + 2.1 for the persons with serum albumin
concentrations < 4.0 g/dL after 6 yrs, compared with 1.0 + 1.4
for those with serum albumin concentrations > 4.0 g/dL after 6
yrs (p = 0.009, Student's ¢ test) (Fig. 2).

According to the results of multiple regression analysis, the
number of root caries events, the change in BMI, serum IgG
concentrations over 6 yrs, gender, and the number of sites with
2 4 mm attachment level at baseline were significantly
associated with the change in serum albumin concentrations
over 6 yrs (Table 2).

n

DISCUSSION

There was no significant difference in serum albumin
concentrations at baseline between the study participants and
those who dropped out. Therefore, we thought that the
participants in this study were representative of the community.
In addition, serum albumin concentrations < 4.0 g/dL were
defined as low according to Phillips' report (Phillips et al.,

4 L

p=0.031 —
—

w

[—y

Number of
root caries events
N

<4 g/dl (n=34) >4 g/dl (n=232)

Figure 1. Number of root caries events based on serum albumin
concentratfions at baseline.

@ A root caries or periodontal disease event was defined as the number of teeth on which a
disease event occurred in a given person during the follow-up period. :

p values by ANOVA,

Scheffé's multiple comparison test for the participants with instances with zero root caries.
BM! is defined as the individual's body weight fmu

ded by the square of his/her height.

1989). In the latter report, serum albumin concentrations were
divided into 6 categories (< 4.0, 4.0-, 4.2-, 4.4-, 4.6-, 4.8-).
There was a gradual increase in mortality rate with decreasing
serum albumin concentrations. Persons with serum albumin
levels < 4.0 g/dL had a crude all-cause mortality rate 6 times
that of persons with a serum albumin concentration of 4.8 g/dL
or higher. Therefore, we designated serum albumin
concentrations as low (< 4.0 g/dL) and high (> 4.0 g/dL) in this
study. :
To our knowledge, this is the first longitudinal study to
clarify the relationship between root caries and serum albumin
levels in elderly persons. In this study, the number of root
caries events over 6 yrs was significantly associated with the

=0.009
al — » —
23
- 3
° 3
28 2
E 3
Z§1
=

=]

<4 g/dl >4 g/dl
(n=52)" (n=180)"

Figure 2. Number of root caries events based on serum albumin
concentrations after 6 yrs. Subjects with serum albumin concentrations >
4.0 g/dL at baseline and with serum albumin concentrations < 4.0 g/dL
dfter 6 yrs: n = 52. Subjects with serum albumin concentrations > 4.0
g/dL at baseline and with serum albumin concentrations > 4.0 g/di
after 6 yrs: n = 180. Subjects with serum albumin concentrations < 4.0
g/dL at baseline and with serum albumin concentrations < 4.0 g/dL
dfter 6 yrs: n = 20. Subjects with serum albumin concentrations < 4.0
g/dL ot baseline and with serum albumin concentrations > 4.0 g/dL
after 6 yrs: n = 14.
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Table 2. Relationship between the Number of Root Caries Events and Change in Serum Albumin Concentration

over 6 yrs by Multiple Regression Analysis®

Yoshihara et dl.

J Dent Res 86(11) 2007

risk marker for root caries
. (Lawrence et al., 1995; Mack

et al., 2004). Most lesions

Dependent Variable occurred on exposed root
Change in Serum Albumin Concentrations over 6 yrs surfaces.

Independent Variables Coeff. Std. Em. pValue ~ [95% CFl]  Std. Coeff.o In this study, BMI was a
significant factor associated

Number of root caries events -0.024 0.011 0.024 -0.045--0003 -0.148 with serum albumin levels
Number of pericdontal disease events 0.003 0.003 0372 -0.003- 0.009 0.068 (standardized coefficient,
Change in BMIE over 6 yrs 0034 0012 0004 0011-0058 0.177 0.177; p = 0.004) by multiple
Change in serum IgG levels over 6 yrs  2.980x 104 1.132x 104 0.009 <0.001- 0.001 0.143 regression analysis, though
Gender 0.096 0.036 0.008 0.025- 0.148 0.178 there was no significant
Number of remaining feeth at baseline 0.002 0.002 0394 -0.003- 0007 0.064 relation between root caries
Number of sites with = 4 mm LA® ot baseline  0.002 0.001 0.002 0.001- 0.004 0.219 events and changes in BMIL
Number of surfaces with DFd ot baseline  -0.006 0.005 0.280 -0.016- 0005 -0.070 According to a previous
Constant -0.337 0.078 <0.001 -0.490--0.184 report, even if BMI or
Ré 2013 50,001 albumin levels were lower in

o Standardized coefficients. =Yl p<b the edentulous than in the
b BMIis defined as the individual's body weight divided by the square of his/her height. dentate group, caries was not
< Attachment level. ' related to malnutrition (Mojon
4 The number of untreated and treated surfaces. ‘ et al., 1999). Our results
¢ The relationship was evaluated after adjustment for number of root caries events, number of periodontal

disease events, change in BMI over 6 yrs, change in serum Iﬁsle‘evels ovgr é ybr:, g?ndtrefz numb;r Sf
ine, and number ot surfaces with DF

remaining feeth at baseline, number of sites with > 4 mm LA at
at baseline. '

change in serum albumin concentrations over this period, after
adjustment for confounding factors by multiple regression
analysis. The standardized coefficient of the number of root
caries events was -0.148 (p = 0.024). We can confirm that
serum albumin concentration correlates with root caries events.
Accordingly, these longitudinal findings support the results of a
previous cross-sectional study indicating an association
between oral health status and serum albumin levels (Yoshihara
et al., 2003). ’ '

Serum albumin levels provide an index of the severity of an
underlying disease. Many conditions, such as malnutrition,
inflammatory disorders, liver disease, and renal diseases,
reduce serum albumin levels. In these cases, persons with
hypoalbuminemia and malnutrition are likely to have decreased
immunocompetence, with an increased risk of infection
(Goubran Botros et al., 1996).

In our study, the root caries events showed a direct
relationship with increasing levels of IgG. In addition, a
statistically significant association was found between IgG and
serum albumin. Serum albumin concentrations fall as a result
of a variety of infections. According to previous reports, serum
IgG levels increase with the presence of dental caries (Parkash
et al., 1994; de Soet et al., 2003). The nature of the human
immune response to dental caries suggests that Streptococcus
mutans and serum antibodies may play a major role in the
pathogenesis of dental caries (Chia et al., 2000). Furthermore,
there was a significant relationship between serum albumin and
serum IgG levels (Goubran Botros et al., 1996). _

Individuals with high root caries experience (> 7) had more
periodontal disease events in our study than those with zero
root caries, even if it was not significant by Scheffé's multiple
comparison test. According to our previous study, having 1 or
more instances of root caries was significantly associated with
a mean loss of attachment (Takano et al., 2003). Gingival
recession or pocket depth was reported as a risk predictor or

support this previous finding.
We conclude that persons
with hypoalbuminemia are at
high risk for root caries.
Furthermore, it is possible
that root caries may influence the immune response in the
elderly. :
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RELATIONSHIP BETWEEN DAILY STEPS AND PHYSICAL
FITNESS IN COMMUNITY-DWELLING ELDERY

HIROSHI NAGAYAMA, YASUO KIMURA, MIEKO SHIMADA,
NAOKI NAKAGAWA, MAMORU NISHIMUTA, MASAHARU OHASH]I,
HIDEO MIYAZAK], TAKAFUMI» HAMAOKA and YUTAKA YOSHITAKE

Abstract

The pﬁrpose of this study was to examine the association between the pedometer-
determined steps per day and physical fitness in order to evaluate the usefulness of the pedo-
meter-determined physical activity to help individuals meet the recommended exercise target
level of the Ministry of Health, Labour and Welfare (MHLW). The subjects consisted of 222
men and 172women aged 71 years in community-dwelling elderly. The subjects wore a
pedometer for 7 consecutive days to measure daily steps. The functional capacity was assessed
based on the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) and
self-reported performance of tasks (stair-climbing and chair-rising). Physical fitness tests
included handgrip strength, knee extensor strength, leg extensor power, stepping, one-leg
standing time with eyes open and maximal walking speed at 10 m. The men and women took on
average 6,561 +2,907 and 6,329 £ 2,451 steps/day, respectively. Our subjects seemed to be
highly functioning elderly, because the total scores of TMIG-IC (maximum : 13 scores) were on
average 12 for men and women. The average of steps/day was significantly correlated with
stair-climbing, chair-rising and knee extensor strength in men and women, and with body
weight, body mass index (BMI), percent body fat (%Fat) and leg extensor power in women.
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The BMI and %Fat levels were significantly lower while the handgrip strength and knee extensor
strength were significantly higher in women who attained to the level of the pedometer-
determined physical activity as recommended by the MHLW.

The present study suggests that both men and women who take a lot of steps on a daily basis
tend to demonstrate excellent leg strength and thus have a good ability to perform the tasks of
daily living. In addition, the degree of obesity tends to be lower in women who regularly take a
lot of steps. In addition, the number of daily steps taken has been recognized to be linked to gen-
der, and such a link has also been suggested to be stronger in women than in men.

f (Jpn. J. Phys. Fitness Sports Med. 2008, 57 : 151~162)
key word : pedometer, daily steps, leg strength, functional performance, body composition
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