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)

'lndependént Variables P:Value

Coefficient SE Coefficient SE P Value
Age (years) —~0.0002 0028 099 0034 0036 034
Number of festh. - ~0.056 0009 <0.00] 012 0011 <000l
Smoking history (pa;1<-yeafs) | 0,007 0,001 <0.00| 002 002 <0001
Toothbrushitjg freque‘n:cy,(times/d‘ay), -0.069 0032 0.030 . - - ’
BMI (kg/m?) , 0014 0010 0.17 —0016 0012 0.19
High-density lipoprotein chotesterql‘(mg/dL) 000l 0002 069 0003 - 0002 0I5
Serum creatinine concentration (0.1 mg/dL) : -0.064 0.026 - 0012 ~0.064 10032 0;046
Intercept 436 151 0004 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.® 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.'823 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.23 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.?®>28 One study
examining the relationship of obesity and physical
fitness to periodontal disease showed that indivi-
duals with high physical fitness 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.2®
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-q, 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?2), 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.3? 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;>3 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

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.3* 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-
sociation 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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Nao Fukui,” Yoshihiro Shimazaki,” Takashi Shinagawa,’ and Yoshihisa Yamashita"

Background: Metabolic syndrome (MetS) increases the risk
of various lifestyle-related diseases. Although some studies
have reported a significant relationship between periodontal
status and MetS, little information exists about the nature of
the relationship between periodontal health status and MetS.

Methods: Comprehensive health examinations of 6,421
Japanese individuals (aged 34 to 77 years) were performed.
Five components (obesity, high blood pressure, low high-den-
sity lipoprotein cholesterol, hypertriglyceridemia, and high
plasma glucose) of MetS were evaluated, and individuals
with =3 positive components were defined as having MetS.
The periodontal parameters were periodontal probing depth
(PD) and clinical attachment level (CAL), and each parameter
was divided into three categories (none/mild: £3 mm; moder-
ate: 4 to 5 mm; and severe: 26 mm).

Results: When PD and CAL were analyzed separately in
multivariate models, both parameters were significantly asso-
ciated with MetS. In a multivariate logistic regression analysis
using a combination of PD and CAL as an independent vari-
able, individuals with severe PD and severe CAL or with mod-
erate PD and moderate CAL had significantly higher odds
ratios for MetS, but severe CAL without severe PD was not sig-
nificantly associated with MetS.

Conclusion: The results of this study suggest that periodontal
status, particularly in individuals suspected to have untreated
periodontal infection indicated by 24 mm PD, is significantly as-
sociated with MetS. J Periodontol 2012;83:1363-1371.

KEY WORDS
Epidemiology; metabolic syndrome X; periodontal disease.
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etabolic syndrome (MetS) is
Ma combination of several meta-
bolic risk factors, such as ab-
dominal obesity, high blood pressure,
lipid abnormality, and hyperglycemia,
and increases the risk of various lifestyle-
related diseases, such as cardiovascular
conditions. -2
In 2007, one cross-sectional study
showed that individuals exhibiting more
components of MetS had a higher odds
ratio (OR) for a greater periodontal
probing depth (PD) and clinical attach-
ment level (CAL).3 Also, other cross-
sectional studies demonstrated that
individuals with MetS had a higher risk
for poor periodontal status*® and that
individuals with poor periodontal status

had a higher risk for MetS.10-13 Also, in

some case-control studies, individuals
with MetS had poor periodontal status
compared with individuals without
MetS.14:15 Only one cohort study re-
ported that individuals with 24 mm
PD at baseline had a significantly in-
creased risk of MetS 4 years later.10

In studies examining the relationship
between periodontal status and MetS,
many used PD to evaluate periodontal
status using the Community Periodontal
Index and other criteria based on a partial
or full mouth periodontal examina-
tion, panoramic radiographs, or a self-
reported questionnaire.3-1® Some studies
evaluated PD and CAL separately,>!4
and others used the criteria of the Centers
for Disease Control and Prevention and
the American Academy of Periodontol-
ogy!” using PD and CAL.510

doi: 10.1902/jop.2012.110605
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Although PD and CAL are intimately related peri-
odontal parameters, the relative importance of the
two periodontal parameters to MetS is unclear. Thus,
examining this relationship may assist in elucidating
the relationship between periodontal disease and
MetS. In the present study, the relationships of PD
and CAL to MetS, using cross-sectional data from
periodic comprehensive health examinations, at a
company in Japan, were separately and simulta-
neously examined.

MATERIALS AND METHODS

Study Population

From April 2003 to March 2004, 14,998 employees
(11,633 males and 3,365 females; 19 to 93 years of
age) underwent periodic comprehensive health ex-
aminations at a company in Japan. Of these, 6,829
employees received a workplace oral health ex-
amination. The present study included 6,421 in-
dividuals (4,944 males and 1,477 females, aged 34
to 77 years old) with 220 teeth and sufficient data
for analysis.

Written informed consent was obtained from all in-
dividuals, and the ethics committee of the Kyushu
University Faculty of Dental Science, Fukuoka, Japan,
approved the study design, data collection methods,
and procedure for obtaining informed consent.

Measurements

Each individual received an oral health examination
that evaluated tooth and periodontal conditions while
in a supine position, under sufficient artificial light, in
a normal dental chair. Periodontal condition, based
on the method of the Third National Health and Nu-
trition Examination Survey!® was examined. Dentists
(Hiromasa Tsuda, Nao Suzuki, Haruka Fukamachi,
Miki Kawada, Masahiro Negishi; affiliation at the
time, Kyushu University Faculty of Dental Science,
Fukuoka, Japan: Eriko Kurihara, Mami Shinyashiki,
Kenjiro Gohara, Akiyoshi Sakai, Koji Mise; affiliation
at the time, Kyushu Dental College, Kitakyushu,
Japan) trained to perform oral health status in-
spections conducted each periodontal examination
using a periodontal probef and evaluated PD and
CAL on mesio-buccal and mid-buccal sites of all
retained teeth, with the exception of the third molars.
In this report, only mesio-buccal sites are used to
evaluate periodontal health status attributable to
mid-buccal CAL potentially being caused by tooth-
brushing, not periodontitis. The interexaminer reliability
of the periodontal examination on mesio-buccal sites
was verified before conducting the oral health exami-
nations. When allowing for measurement rounding by
considering +1 mm as agreement, the k values for
PD and CAL ranged from 0.76 to 1.00 mm, which in-
dicated substantial agreement.

1364

Each individual completed a self-administered
questionnaire in advance that included their lifestyle
habits and systemic disease treatment status. Two
smoking parameters were examined: smoking status
(never, former, or current) and amount smoked. For
current smokers, the amount smoked was quantified
as pack-years by multiplying the number of ciga-
rettes each individual smoked per day by the number
of years during which the individual had smoked.
Smoking habit, as a categorical variable was used in
statistical analyses: 1) never smoker; 2) former
smoker; 3) current light smoker (<20 pack-years);
and 4) current heavy smoker (220 pack-years). In-
dividuals answered items concerning their frequen-
cy of alcohol intake and the types and amounts of
alcoholic beverages consumed. The alcohol intake of
each alcoholic beverage was converted into the
weight of 100% ethanol in grams. The estimated al-
cohol contents were 21.5 g for a glass of Japanese
sake (180 mL), 22.6 g for a bottle of beer (633 mL),
35.7 g for a glass of distilled spirits (180 mL), and
31.8 g for a glass of whiskey (100 mL). The daily
amount of drinking was estimated by multiplying the
weekly frequency of consuming each alcoholic
beverage by the weight of ethanol in each alcoholic
beverage and dividing the sum by seven (grams per
day). The daily alcohol consumption was divided into
four categories based on the standard drink (14 g of
pure alcohol) in the United States: 1) non-drinker
(0 g/day); 2) light drinker (0.1 to 14.0 g/day); 3)
moderate drinker (14.1 to 28.0 g/day); and 4) heavy
drinker (>28.0 g/day). The frequency of tooth-
brushing was divided into three categories: 1) <1 time
daily; 2) 2 times daily; and 3) 23 times daily.

The following five components were used to define
MetS based on the modified National Cholesterol
Education Program Adult Treatment Panel lll (NCEP
ATPII1)!° criteria, excluding the assessment of waist
circumference: 1) obesity (body mass index [BMI]
>25 kg/m?); 2) high blood pressure (systolic blood
pressure 2130 mmHg or diastolic blood pressure
>85 mmHg); 3) low serum high-density lipoprotein
(HDL) cholesterol (<40 mg/dL for males and
<50 mg/dL for females); 4) hypertriglyceridemia
(triglycerides 2150 mg/dL); and 5) high plasma
glucose (fasting plasma glucose 2100 mg/dL). In-
dividuals being treated for hypertension were counted
as positive for high blood pressure, and those being
treated for diabetes were counted as positive for high
plasma glucose. Individuals with 23 positive compo-
nents were defined as having MetS.

Statistical Analyses
Individuals were divided into two groups: 1) those
with MetS (n=958; 14.9%) and 2) those without MetS

F PCP-11, Hu-Friedy, Chicago, IL.

- 243 -



] Periodontol * November 2012

Table I.
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Characteristics of Individuals According to Presence or Absence of MetS

Absence of MetS (n = 5463)

. Presence of MetS (h= 958)‘; T

': "\/ariabléf, - ‘

. PValue

Med|an (Quartfle Third Quartile) V
Age @ea@« 43 (38 54) o 46 (39, 55) ; " ‘~ <‘@001~7=7;‘ .
Numperofteeth oo 807,29 o
Alcohol consumpt!on (g/day) 6l (15, 184) 125 (26,358) <0001
B (gm?) '22"3 '(205 240) 263 (250,28.1) . oot
ﬁ‘Sys-tonc blood pressure (mmHg) 116 (|o7 127) 134127, 14D) - <0001%
i ,Dsastolxc blood pressure (mmHg) : 72 (66, 80) : 84 (78, 90) - ; <0001 .
" Fastlng plasma giucose (mg/dL) ~ 94 (89 99) 104099, 113) . <o001*
HDL cholesterol (mg/dL) 593 (499, 71. 5 | 458(388,538)  <0001*
 THelyeeride (mg/dL) . 88 ©2 I23) 180 (141, 246)  <0001*
CRP (mg/dL)' o 004 (002 007) 0.08 (0.04, 0.15) . <0001*
Sex[n (%9)] o -
- Female , ,1,405:(25.7);, L T72(75) o <0001T
Male 4058 (743) 886 (92.5) -
:Toothbrushmg (tlmes/day) [n (/)] e : . o . ‘ : ,
.. e - 406 (424) -~ <000It
o . g 445 (465) |
23 e DI OnRY 107 (112)
 Smoking habit [n (%)] e . o
 Never 3791 (694) 580 (60.5) <0001t
. Former : e 344 (63) o 91.(95) ' i
. Current light (<20 pack years) 85 (157) o 15406
Current heavy (>20 pack years) 472 (8 6) L 133 (139)
Periodontal PD (mm) L - ' ~
~ None/mild (<3) 4136 (757) : 645 (67.3) <0001
- Moderate (4 to 5) e 994 (182) 0 223033) '
Severe (z6) | ERa o0 |
::CAL (mm) . i ' ';’ S L i <OOOIT
None/mild (€3) . ;3 194 (58.5) 1513 S
: :j Moderate (4 t0'5) 1566 (287) 29831
 Severe (26) 703 (129) 169 (17.6)

* Mann-Whitney U test
t Mantel-Haenszel X° test.

(n=>5,463; 85.1%). PD and CAL were each divided
into three categories using the interproximal values
of the periodontal examination: 1) none/mild PD (<3
mm; n = 4,781); 2) moderate PD (4 to 5 mm; n =
1,217); and 3) severe PD (26 mm; n=423); 4) none/
mild CAL (£3 mm; n=3,685); 5) moderate CAL (4 to
5 mm; n = 1,864); and 6) severe CAL (26 mm; n =
872). Differences in continuous variables between
the two groups were evaluated using the Mann-
Whitney U test. Differences in proportions were evalu-
ated usingthe Mantel-Haenszel X? test. Univariate and

multivariate logistic regression analyses were per-
formed to determine the effects of PD and CAL
categories and other variables on MetS by calcu-
lating the ORs and 95% confidence intervals (Cls).
Because the correlation between PD and CAL cat-
egories was very strong, these categories were
separately analyzed first in multivariate models. A
categorical variable was then generated that com-
bined PD and CAL categories, and this variable
was entered into the multivariate model. Variables
found to be significantly related to MetS in univariate

1365
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Table 2.
Characteristics of Individuals According to Periodontal Status

Lo ER G . CAL
None/Mild Moderate/Severe None/Mild Moderate/Severe
(n=4781) (n = 1,640) (n = 3,685) (h=2736)

Variable Median (Quartile, Third Quartile) P Value Median (Quartile; Third Quartile) P-Value

Age (years) 4 (37, 52) 51(40,58)  <0001* 41 (37,5]) 48(40,57)  <0001*

Number of teeth 28 (27, 29) 28 (26, 29) <0001*  281(27,29) 28 (26, 29) <0,001*

Alcohol consumption @day) 6‘.| (|.8, 188)  77(1.8306) <0001* 61(18179) 77 (18 255) <0001 *

CRP (mg/dL) 004 (002,008) 005 (0.03,0.10) <0001* 004 (0.02,008) 005 (003 009 <000I*

Fernale [n (%)] 1151 (24.1) 1326 (199) <0001 875 (237) 602 (220) 0105

Toothbrushing (times/day) [n (%)] ,
<l 1,315 (27.5) 568 (34.6) <0.001T 1,040 (282) 843 (30.8) <0.057
2 2,508 (52.5) 802 (48.9) 1910 (51.8) 1,400 (512)
>3 958 (20.0) 270 (16.5) 735 (19.9) 493 (18.0)

Smoking habit [n (%)] , - o o ; ‘
Never 3376 (70.6) 995 (60.7) <0001T 2601 (706) 1,770 (647) <00017
Former ‘ 297 (62) 138 (84) ~ . 228(62) 207 (7.6)

Current light (<20 pack-years) 765 (16.0) . 245 (14.9) - 622.(169) 388 (14.2)
Current heavy (220 pack-years) 343 (7.2) 262 (160) 234 (64) 371 (136)

BMI 225 kg/m? 1073 (224) 425 (259) <0017 829 (225) 669 (24.5)

Blood pressure (mmHg) o , ' nn : .
Systolic 85 or diastolic 2130 1,339 (28.0) 568 (34.6) <0011 1,028 (279) 879 (32.1) <00011

Fasting plasma glucose 2100 mg/dL 1,307 (27.3) 576 (35.1) <0001T 990 (269) 893 (32.6) <0001 T

HDL cholesterol (mg/dL) e : , , : ,
<40 for males; <50 for fernales 418 (87) 194 (11.8) <0001T 312 (85) 300 (11.0) <0001 T

Triglyceride 2150 mg/dL 1016 (213) 403 (24.6) <001t 778 211 641 (234) <0051

MetS presence 645 (13.5) S313.(19.D) <0001T 491 (13.3) 467 (17.1) <0001 7

* Mann-Whitney { test.
1 Mantel-Haenszel X2 test.

analyses were used in the multivariate analyses.
P values <0.05 were deemed to indicate statistical
significance. The statistical analyses were performed
using a software program.$

RESULTS

Table 1 shows the characteristics of individuals with
and without MetS. Individuals with MetS were older;
had higher alcohol consumption, BMI, systolic and
diastolic blood pressure, fasting plasma glucose, tri-
glyceride, and C-reactive protein (CRP) levels; and
had lower HDL. cholesterol than individuals without
MetS (Table 1). Proportions of males, smokers, in-
dividuals who brushed their teeth infrequently, and
individuals who had poor periodontal status were
higher in individuals with MetS than in individuals
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without (Table 1). Table 2 shows the characteristics of
individuals according to periodontal status. Peri-
odontal status was significantly associated with age,
sex, number of teeth, alcohol consumption, CRP level,
toothbrushing frequency, smoking habit, each com-
ponent of MetS, and MetS itself (Table 2).

Table 3 shows the influence of each independent
variable, including periodontal parameters, on MetS in
univariate and multivariate analyses. Age, sex, alco-
hol consumption, frequency of toothbrushing, CRP,
and each periodontal parameter were significantly
associated with MetS in separate multivariate analy-
ses of PD (model 1) and CAL (model 2) (Table 3). We
analyzed the combined influence of PD and CAL on

§ SPSS version 17.0, IBM, Tokyo, Japan.
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Table 3.

Association of Demographic Variables and Periodontal Parameters With MetS in Logistic

Regression Models (n = 6,421)
: Depénd’enthariable: :MetSk" ‘
(Pbsence =0, Presehcé = )
. Adjusted OR (9SA> Cl)
Absence Presence = e
i  ofMetS  ofMetS  Crude OR . Model | , Model2
 Independent Variable - (n=5463)  (n=958) (95% QI ~ (including PD) ' (lncludlng CAL)
Age ‘ 102(101 0 103)T 102 (101 0 10D s.oz(l;.m}%cﬂ 1ot
~ Females 1405 vol o 0 10
~ Males 4058 886 426 (333 10 546)t 346 (264 0 4551 346 (2 54 10 455)5f
 Smoking habit L ~ e e e
- Never . 3791 580 o B0 1.00- E o 1,00
Former 344 9] 173 (13510220F 117 (09110 151) 119 (09210 153)‘;[
Current light (<20 pack years) ; - 856 154 118097 1o 143) 094 (07710 1.16) = 095 (077 1o L.I7)
Current heavy (220 pack-years) 472 133 184 (149 to 2.28)?‘ [.03 (0.82.t0 1:29) 1.04 (0.83 to 1.30)
Alcohol "c:onsumpt,ion (g/day) L o o L . . ﬁ
0 . . Iiles 145 100 : 1000 e oD
0.1 to 140 55 383 125(102t0 153)* 093 (075t0 115) 093 (07510 116)
4.1 t0 280 - 694 136 161 (12510207)F 100 (077t0 131) 101 (07710 131y
>280 1,066 W4 226(18210280)F 129 (102 to_l,.@)‘*"v |.29,(i|¢.02 to;~|.63)*
'k Toothbrushmg (times/day) ~ g ; L . ;
<t S 14T 406 ) : 100 L
v el 2,865 445 057 (049 t0 066)F 067 (0.57 to 078)* 066 (057 10 077)F
>3 s A 107 035 (028 to 044" 050 (040 to 064 050 (039 tooe3)*{
CRP (mg/dL) e 12Ut 15T 126 (10610 150)T 127 (10710 150)"
‘Number of teeth 097 (0.94 10 |.00)* 098 (09510 101) 098 (095 to 101)
Periodontal PD (mm) L it
None/mild (£3) 4136 645 !oo e
Moderate (4 to 5) 994 223 144 (122 to | 70)* 125 (105 to 149)*
Severe (26) 333 90 173 (135102220 132 (101 0 1.7D)*
~CAL (mm)'_ , S i o
None/mild (£3) 3,194 491 100 G 00
Moderate (4 to 5) 1,566 298 124 (10610 145)T LI (095 to 13|)
 Severe (26) 703 69 156 (1.29 to 190)t 128 (104 t0 1.57)*
* P<0.05.
1 P<0.01.
F P<0.001.

MetS. Individuals with severe PD and severe CAL and
individuals with moderate PD and moderate CAL had
significantly higher ORs for MetS (Table 4). However,
ORs for MetS in individuals with severe CAL but
without severe PD were not significant (Table 4).

DISCUSSION

The present study shows that having severe PD and
severe CAL or having moderate PD and CAL were

significantly related to MetS, but severe CAL without
severe PD was not. The presence of deep PD implies
the existence of current local inflammation in peri-
odontal tissue. In contrast, the presence of CAL
suggests the accumulation of periodontal tissue
destruction attributable to periodontitis but does
not necessarily correspond to current periodontal in-
flammation. Because existing PD at the same level as
CAL is suspected to represent untreated periodontal
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Table 4.

Risk of MetS by Various Combinations of Periodontal PD and CAL* (N = 6,414)

CAL

PD ; None/Mild : Mdderafe Severe
None/mild -y o o

n 5 0 L 3663 . 869 (s eioh

MetS , 485 (13.2%) 119 (13.7%) 41 (165%)

OR (95% ClI) 1.00 (reference) 098 (0.79 to | .2'3)‘ .24 (0.86 to 1.78)
Moderate

n ' 20 990 207

MetS 6 (30.0%) |79 (18.19%) 38 (18.4%)

OR (95% CI) 2.23.(0.84 to 5.93) 125 (1.03 to 1.52)T 1.22 (0.84 to 1.79)
Severe [ L : : S i :

n . 2t 5t - A4le

MetS Lo - S : 90 (21:6%)

OR (95% Cl)

135 (103 to 1771

* Adjusted for age, sex, smoking habit, alcohol consumption, toothbrushing, CRP, and number of teeth.

1 P <0.05.

# The individuals were omitted from analysis because the numbers were too low to include in analysis.

inflammation, one may reasonably assume that poor
periodontal status accompanied by deep PD affects
MetS or that MetS develops in parallel with peri-
odontitis. Lipopolysaccharide derived from periodon-
tal pathogens, such as Porphyromonas gingivalis
existing in deep PD, increases circulating tumor
necrosis factor-a (TNF-a),2° which induces insulin-
resistant and atheromatous change.?!-?? This may be
a possible reason for the relationship between poor
periodontal status and MetS.

Elevated serum CRP level suggesting systemic
inflammatory status enhances the risk of cardiovas-
cular disease?325 and is associated with MetS.%% In
contrast, although periodontal disease is characterized
by the local inflammation of periodontal tissue, some
studies have reported that serum CRP level was posi-
tively associated with the degree of periodontitis,?”-2°
and one study of Japanese patients with type 2
diabetes showed that CRP is well correlated with
periodontal infection among individuals with BMI
<27 kg/m?.30 The present study also shows a sig-
nificantly positive relationship between CRP and
MetS, and multivariate analysis demonstrated that
periodontal status was significantly associated with
MetS independent of CRP. These data suggest that
not only systemic inflammatory status but also local
periodontal inflammation influences MetS. In the
present study, the number of individuals with severe
PD without severe CAL is extremely small. In con-
trast, many individuals had severe CAL without se-
vere PD, and they could have received some kind of
periodontal treatment. Periodontal treatment has
been reported to be effective in reducing TNF-a
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and CRP levels.31-34 Therefore, the provision of ade-
quate periodontal treatment and maintenance ther-
apy to patients with periodontitis may minimize
the effect of the periodontal health on MetS. Al-
though the data led to the formulation of these
hypotheses, they could not be tested in this cross-
sectional study.

This study shows that individuals who frequently
brushed their teeth had a significantly lower risk of
MetS. Because the main purpose of toothbrushing
is the disturbance of the biofilm and bacterial colonies
as well as removal of dental plaque to prevent caries
and periodontal disease, toothbrushing frequency is
associated with periodontal disease.3%3® One cohort
study based on the Scottish Health Survey reported
that low toothbrushing frequency was significantly
associated with cardiovascular disease events and
low-grade systemic inflammation evaluated by CRP
and fibrinogen levels.3” However, that study did not
examine periodontal health status. Although the
present study has a cross-sectional design, multi-
variate analysis indicated that individuals who fre-
quently brushed their teeth had a significantly lower
risk of MetS independent of periodontal status. Tooth-
brushing is a daily lifestyle habit, and individuals who
brush their teeth frequently have been reported
to generally have healthier lifestyles.3®3% Thus, in-
dividuals who brush their teeth frequently may have
a lower risk of MetS because of heightened interest
in their general health.

Some studies have reported a significant relation-
ship between smoking and MetS.4%4! In contrast,
results regarding the relationship between alcohol
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intake and MetS are inconsistent.04243 In this
study, both smoking habit and alcohol consumption
are significantly associated with MetS in univari-
ate analyses, but the significance of smoking habit
disappeared after adjustment for other factors, in-
cluding periodontal status. Although smoking is

a well-known risk factor for periodontal disease, 443

the multivariate model in the present study shows
no significant relationship between smoking habit
and MetS after the removal of periodontal parameters
from the independent variables (data not shown).
Therefore, the lack of association between smoking
habit and MetS was not likely to be attributable to the
confounding influence of periodontal parameters.

The modified NCEP ATP Ill definition of MetS was
used because abdominal obesity is not a required
factor for MetS,!° compared to the definition of the
International Diabetes Federation, which places em-
phasis on abdominal obesity as a required factor.®
Although the need for modified criteria of waist circum-
ference for Asian people, including Japanese, was
considered in previous statements and studies,6-48
the present study uses BMI as a substitute for waist
circumference. Therefore, if we evaluate waist cir-
cumference as abdominal obesity, some influences
on the relationship between periodontal health and
MetS may exist.

This study has several limitations. First, the cross-
sectional study design prevented us from confirming
causality or identifying the mechanisms underlying
the relationship between periodontal health and
MetS. Many confounding and disease-related fac-
tors to MetS are believed to exist, and one recent
cross-sectional study reported that MetS was only
weakly associated with periodontal disease as a re-
sult of the significant effects of confounding factors.®
Because we were unable to adjust for all possible
confounding factors, other unexamined factors might
have affected the study results. Because the as-
sessment of periodontal status was based on a partial
periodontal examination, a resulting underestimation
of periodontal disease might have affected the
evaluation of the relationship between periodontal
status and MetS.49

CONCLUSIONS

The data of this study suggest that periodontal status,
particularly in individuals suspected to have un-
treated periodontitis accompanied by 24 mm PD, is
significantly associated with MetS. However, addi-
tional longitudinal studies are required to clarify
the relationship between periodontal health status
and MetS. Also, interventional studies accompanied
by periodontal treatment in patients with advanced
periodontitis would likely increase our understanding
of the effect of periodontal status on MetS.

i, Shinagawa, Yamashita
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