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Background and Objective: Qbesity has been implicated as a risk factor for
several chronic health conditions. Recent studies have reported a relationship
between obesity and periodontitis, but few studies have investigated this rela-
tionship in adolescents. The purpose of the present study was to investigate the
relationship between body composition (i.e. body mass index and body fat) and
periodontitis in university students in Japan.

Material and methods: Medical and oral health data were collected in a cross-
sectional examination conducted by the Health and Environment Center of
Okayama University. Students aged 18-24 years (n = 618), who were interested
in receiving an oral health examination, were included in the analysis. The com-
munity periodontal index was used to assess periodontal status. Subjects with a
community periodontal index score of 0-2 were considered as controls and those
with a community periodontal index score of > 2 were considered to have
periodontitis. Logistic regression analysis was used to estimate the association
between body mass index and periodontitis.

Results: The body mass index of all subjects was < 30 kg/m> Age and body mass
index were significantly associated with the community periodontal index. Logistic
regression analysis revealed a 16% increased risk for periodontitis per 1-kg/m>
increase in body mass index (adjusted odds ratio, 1.16; 95% confidence interval,
1.03-1.31; p < 0.05).

Conclusion: Body mass index could be a potential risk factor for periodontitis
among healthy young individuals (i.e. those with a body mass index of < 30
kg/m?). It may be useful to include an evaluation of body mass index on a regular
basis in university general and oral health examinations.
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Obesity is a major risk factor for
chronic conditions, including type 2
diabetes, hyperlipemia, cardiovascular
disease, hypertension and cholelithiasis
(1-4). The proportion of obese indi-
viduals is showing a gradual increase in

both developed and developing coun-
tries, and this is a well-recognized
public health concern worldwide
(3,5,6). In Japan, reports using data
from the National Nutrition Surveys of
Japan have shown evidence of

increasing numbers of overweight or
obese adults (7-9).

Epidemiological studies have shown
that obesity, as determined by body
mass index, waist-to-hip circumference
ratio, body fat, or maximum oxygen
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consumption, is significantly associated
with periodontitis (10-18). Obesity has
been found to contribute significantly
to periodontitis severity in experimen-
tal animals (19). These findings suggest
that periodontal disease may be exac-
erbated by conditions associated with
obesity and that obesity may be a risk
factor for periodontitis (14,20).

Periodontitis severity increases with
age (21,22), and in younger populations
it is important to prevent periodontitis
by controlling risk factors. To our
knowledge, few studies have investi-
gated body composition as a risk factor
for periodontitis in adolescents. The
purpose of the present study was to
investigate whether or not there is an
association between body composition,
as determined by body mass index
measurement and body fat assessment,
and periodontitis in healthy Japanese
university students.

Material and methods

Data source and study samples

The data analyzed were obtained from
general and oral examinations per-
formed between 2003 and 2007 at the
Health and Medical Center of Okay-
ama University. Of 38,107 students
aged 18-24 years (consultation rate:
74%) who had undergone a general
health examination, 618 (296 men and
322 women) also volunteered to receive
an oral examination.

Assessment of obesity

Body mass index and body fat were
assessed as indicators of overall adi-
posity. Body mass index was computed
as weight in kilograms divided by
square height in meters. Body fat was
measured using the bio-impedance
method and a Body Fat Analyzer
(TBF-202; Tanita Co., Tokyo, Japan).

Oral examination

Two experienced dentists performed
the oral examinations. The total num-
ber of teeth and of decayed, missing
and filled teeth was determined. To
assess periodontal condition, the
World Health Organization commu-

nity periodontal index was used.
Groups were defined according to
periodontal status; individuals in the
control group had a community perio-
dontal index of 0-2, whereas those in
the periodontitis group had a commu-
nity periodontal index of 3-4 (23).

Statistical analysis

Because the data were skewed, the
Mann—Whitney U and chi-squared
tests were used to determine if there
were any significant  differences
(p < 0.05) between groups. Any pos-
sible association of body mass index
with periodontitis was examined in a
series of logistic regression models, and
the odds ratio and 95% confidence
interval were calculated. The logistic
regression models were reviewed for
goodness-of-fit and validated using
the Hosmer-Lemeshow statistic (12).
The presence of periodontitis was
used as the dependent variable, and
age and gender were added as the

Table 1. Characteristics of subjects (Japa-
nese university students, n = 618)

Characteristics No. of subjects (%)

Periodontal status

CPI 0 118 (19)
CPI 1 59 (10)
CPI 2 392 (63)
CPI 3 49 (8)
CPI 4 0 (0)
Body mass index (kg/mz)
< 18.5 69 (11)
18.5-24.9 517 (84)
25.0-29.9 32 (5)
>30.0 0 (0)

CPI, community periodontal index.

independent variables in the multivar-
iate analysis (21). The Statistical
Package for the Social Sciences (15.0 J
for Windows; SPSS Japan, Tokyo,
Japan) was used for the statistical
analyses.

Results

Mean subject characteristics were as
follows: age, 21.6 years (standard
deviation 1.6); decayed, missing and
filled teeth, 4.6 (standard deviation
4.2); number of teeth present, 27.8
(standard deviation 0.9); body mass
index, 21.0 kg/m? (standard deviation
2.3); and body fat, 21.3% (standard
deviation 5.8). Body mass index and
community periodontal index scores
are shown in Table 1. Subjects with a
body mass index of = 30 kg/m” and a
community periodontal index of 4 were
not identified in this study.

Characteristics of the study popula-
tion and the prevalence of periodontitis
are shown in Table 2. Of 618 subjects
examined, 49 were classified as having
periodontitis. There were significant
differences in age and body mass index
between the control (community
periodontal index 0-2) and the perio-
dontitis (community periodontal index
3) groups. No significant differences in
gender, decayed, missing and filled
teeth, number of teeth present and
body fat were observed between the
two groups.

In logistic regression analyses, sub-
jects with periodontitis had an increased
risk of periodontitis of 16% for each
1-kg/m> body mass index increase
(adjusted odds ratio, 1.16; 95% confi-
dence interval, 1.03-1.31; Table 3).

Table 2. Characteristics of subjects by periodontal status

Control CPI 0-2

Periodontitis CPI 3

(n = 569) (n = 49) p
Age (years) 21.1 + 1.6% 21.8 £ 1.4% 0.002"
DMFT 47 + 4.2% 40 + 3.8* 0.25
Number of teeth present 27.8 + 0.9% 27.8 £ 0.9* 0.32°
Body mass index (kg/m?) 20.9 + 2.6% 21.8 + 2.4% 0.009"
Body fat (%) 213 + 5.7% 213 + 6.1% 0.99°
Proportion of male students (%) 47 53 0.45%

*Data are given as mean = SD.
"Mann—Whitney U-test.
*Chi-squared test.

CPI, community periodontal index; DMFT, decayed, missing and filled teeth.



Table 3. Crude and multivariate odds ratios and 95% confidence interval (CI) of body mass
index (BMI), age and gender in the study population

Crude odds ratio

Multivariate odds ratio

Variables (95% CI) P (95% CI) 4
BMI 1.17 (1.04-1.31) 0.010 1.16 (1.03-1.31) 0.018
Age 1.36 (1.12-1.65) 0.002 1.34 (1.10-1.63) 0.004
Gender (male) 0.80 (0.45-1.43) 0.45 1.07 (0.58-1.98) 0.82

Discussion

It has been reported that the preva-
lence of periodontal disease is 76%
higher among young obese (body mass
index > 30 kg/m?) individuals aged
18-34 years than in normal-weight
individuals (13) and that weight is
associated with increased risk of perio-
dontitis among those aged 17-21 years
(24). In the present study of Japanese
university students aged 18-24 years, a
higher body mass index was associated
with increased risk of periodontitis. An
increase in body mass index may
therefore be a potential risk factor for
periodontitis, even among young indi-
viduals (i.e. in those with a body mass
index of < 30 kg/m?).

Body mass index has been widely
used to assess general body composi-
tion. It increases with age (25-27), and
children aged 7-15 years with normal
body mass index may become over-
weight or obese adults (body mass
index > 25) (28). In young subjects
with a normal body mass index, pro-
spective morbidity is dependent on
body mass index as well as on age (27),
and maintenance of body mass index
at the level at which it is present during
adolescence is an important factor in
preventing future disease. The World
Health Organization recommends that
national public health programs
should incorporate oral health pro-
motion and disease prevention based
on the common risk factors approach
(29,30). The evaluation of body mass
index on a regular basis should be
included at health and oral examina-
tions in universities.

While body mass index showed an
association with periodontitis severity
in the present study, body fat (foot-to-
foot bio-impedance) did not. However,
in another study, of 40-79-year-old
Japanese women, body fat was signifi-
cantly associated with deep perio-

dontal pockets (> 1.9 mm) (17). This
discrepancy between study findings
may be because of differences in the
age of subjects or in the cut-off point
for probing pocket depth. Moreover,
body mass index is more predictive of a
diagnosis of metabolic syndrome than
bio-impedance (31), and the bio-
impedance method is not an accurate
measurement compared with dual-
energy X-ray absorptiometry (31,32).
A variety of potential mechanisms
could explain an association between
obesity and periodontitis. Overweight
young subjects may have unhealthy
dietary patterns with insufficient
micronutrients and excess sugar and
fat content, and such dietary patterns
may increase the risk for periodontal
disease (13). Changes in host immunity
and/or increased stress levels, which
are often associated with gain of excess
fat early in life, may also play a role
(24). The underlying biological mech-
anisms for the association of obesity
with periodontitis are not well estab-
lished. However, adipose-tissue-
derived cytokines and hormones may
play a role (33). Fat tissue is not only a
passive triglyceride reservoir, but also
produces high levels of cytokines and
hormones, collectively called adipo-
kines or adipocytokines (34), which
may in turn affect the periodontal tis-
sues. Pro-inflammatory cytokines, such
as tumor necrosis factor-o. and inter-
leukin-6, may form a multidirectional
link among periodontitis, obesity and
other chronic diseases (35-38). Several
studies have demonstrated a close
involvement of adipokines (such as
leptin, adiponectin and resistin) in
inflammatory processes (39-43). Obes-
ity may also influence periodontal dis-
ease status by increasing lipid and
glucose blood levels (44—48), which
may in turn have deleterious conse-
quences for the host response by
altering T cells and monocyte/macro-
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phage function, as well as increasing
cytokine production (46,49-51).

This study had some limitations. As
the design of this study limited the
interpretation of causal relationships,
prospective cohort studies may provide
information beyond what we present
here. The roles of genetics, oral health
behaviors, or other factors (e.g. dental
plaque, calculus, smoking, nutrition,
stress levels, alcohol consumption,
etc.), which have been shown to affect
the prevalence of periodontitis, were
not considered in our study. However,
in a previous study, the proportion of
university students who were found to
be smokers was relatively small (male
students, 10.8%; female students,
2.2%) (52). In addition, the young age
of the subjects in the present study
meant that the length of time that they
had been smokers and number of
cigarettes were relatively small. There-
fore, in the group of subjects in the
present study, the effects of smoking on
periodontal conditions may not be as
high as found in middle-aged and
elderly individuals. As the prevalence
of cigarette smoking is also inversely
associated with body mass index
(53,54), smoking may not act as a
confounding factor in this study.
Finally, the number of subjects in the
study was small and was limited by the
available general and oral health data.
While the prevalence of periodontitis
was only 8% (n = 49), this value is
close to that reported in the World
Health Organization Global Oral
Health Data Bank for 15-19-year-old
individuals (around 10%) (30). Addi-
tional studies are needed to clarify the
causality between abdominal adiposity
and periodontitis.

In conclusion, a higher body mass
index could be a potential risk factor
for periodontitis among a healthy
young population (body  mass
index < 30 kg/m?). Thus, it may be
useful for body mass index evaluations
to be included on a regular basis dur-
ing general and oral health examina-
tions at universities.
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