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Abstract

Although periodontal disease may be associated with increased risk for atherosclerosis, the mechanism by which the disease causes
atherosclerosis is still unknown. The candidates contributing to atherosclerosis in periodontal disease include low-grade inflammation such as
C-reactive protein (CRP) and insulin resistance. A previous study demonstrated that periodontal therapy leads to an improvement in CRP as
well as insulin resistance, indicating the relationship between periodontal disease and low-grade inflammation or insulin resistance. On the
other hand, we previously demonstrated that serum triglyceride (TG) per se is independently associated with CRP or insulin resistance in
Japanese populations with a body mass index (BMI) of 21.5 to 27.0 (midrange BMI). To the best of our knowledge, however, the relationship
between periodontal disease and serum TG is not fully clarified. The first aim of the present study is to investigate whether periodontal
disease is associated with serum TG in Japanese subjects with midrange BMI. If so, another aim of the study is to determine which
mechanism is responsible for the association between periodontal disease and serum TG in these subjects. We have performed a periodontal
examination in the Ogaki metabolic syndrome medical examination. One hundred sixty-two participants from 40 to 74 years old (56 men and
106 women; mean age, 66.43 ± 6.25 years) were enrolled in the study. Besides medical examination, oral panoramic radiograph was taken
for all participants. Average bone score was also calculated. Periodontal bone destruction increased according to the age of the participants
(r = 0.227, P b .004, Spearman correlation coefficient). Periodontal bone destruction was also associated with serum TG levels (r = 0.299,
P = .000). This association was more evident in subjects with midrange BMI (r = 0.332, P b .001). In subjects with midrange BMI, TG was
not correlated with BMI or waste circumstances. Furthermore, TG was not associated with age itself in the midrange BMI group. We then
investigated the lipolytic activity of endotoxin in cocultures of adipocytes and macrophages. Low-dose lipopolysaccharide dose-dependently
increased lipolytic activity in cocultures, and this activity was neutralized by anti–tumor necrosis factor α neutralizing antibodies. These
results suggest that periodontal infection, especially bacterial endotoxinemia, is associated with enhanced lipolysis and subsequent up-
regulation of circulating TG in Japanese with midrange BMI.
© 2011 Elsevier Inc. All rights reserved.
It has been suggested that chronic low-grade infectious
disease such as Chlamydia infection and/or periodontal
disease is associated with enhanced risk for atherosclerosis
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and subsequent myocardial infarction [1,2]. It is well known
that these diseases are associated with elevated levels of
circulating C-reactive proteins as measured by highly
sensitive assay (hsCRP) [3,4]. High-sensitivity CRP eleva-
tion has been documented as a sensitive marker for
predicting future development of myocardial infarction
[5,6]. Whereas several lines of literature have shown a direct
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able 1
linical characteristics of the participants

ge (y) 66.43 ± 6.25 (40-74)
ale-female 56:106
G (mg/dL) 111.26 ± 75.41 (29-718)
DL cholesterol (mg/dL) 129.22 ± 37.18 (17-384)
DL cholesterol (mg/dL) 62.46 ± 15.50 (29-130)
MI (kg/m2) 23.43 ± 4.08 (16.3-56)
aste circumstances (cm) 84.18 ± 8.77 (60-111)
bA1c (%) 5.34 ± 0.85 (2-10.9)
ystolic blood pressure (mm Hg) 132.60 ± 16.36 (86-195)
iastolic blood pressure (mm Hg) 74.99 ± 10.98 (45-118)
reatinine (mg/dL) 0.74 ± 0.20 (0.4-1.7)
ST (IU/L) 24.80 ± 12.42 (13-136)
LT (IU/L) 21.42 ± 14.88 (6-132)
-GTP (IU/L) 38.07 ± 46.32 (7-315)

DL indicates low-density lipoprotein; HDL, high-density lipoprotein;
bA1c, hemoglobin A1c; AST, aspartate aminotransferase; ALT, alanine
minotransferase; γ-GTP; γ-glutamyltranspeptidase.
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potential involvement with CRP molecules in accelerating
atherosclerotic changes, it remains to be clarified whether
elevated CRP is a sensitive marker for future development of
myocardial infarction or CRP molecule itself plays critical
roles in promoting atherosclerosis [7]. Furthermore, a
mechanistic association between low-grade infectious dis-
ease and enhanced risk for atherosclerosis is largely
unknown. We recently performed metabolic syndrome
medical examination in a suburban area of Gifu Prefecture
(Ogaki City). At the same time, we also performed dental
checkup under the support of the Ogaki City administration.
We were able to take oral panoramic radiograph for all
participants to check the status of periodontal tissue
destruction. The first purpose of this study was to compare
cumulative periodontal bone destruction as measured by oral
panoramic radiograph with medical parameters to see
potential association between periodontal disease and
parameters associated with atherosclerosis. The second aim
was to reveal the potential underlying mechanisms by in
vitro approach if any association was observed.
1. Subjects and methods

One hundred sixty-two Japanese subjects residing in
Ogaki City, suburban area of Gifu Prefecture, aged from 40
to 74 years (56 men and 106 women; mean age, 66.43 ± 6.25
years old) were enrolled in the study. Participants are
attendants of a metabolic syndrome medical examination
conducted by the health administration of the city. In the year
2009, the city administration also included dental examina-
tion to assess the potential association between periodontitis
and medical parameters. Therefore, the city offered the cost
for taking oral panoramic radiograph for all participants.
Age, sex, waste circumstances, and body mass index (BMI)
were recorded for all participants; and systolic and diastolic
blood pressure was measured. Body mass index was
calculated based on the weight (in kilograms) and height
(in meters) measured by the nurses. Glycated hemoglobin,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglyceride (TG), creatinine, and parameters
indicating liver function such as aspartate aminotransferase,
alanine aminotransferase, γ-glutamyltranspeptidase were
measured from blood sample. Baseline data of these
participants are demonstrated in Table 1.

To assess the cumulative periodontal bone loss, we
calculated simplified Schei bone score [8] suggested by the
Japan Diabetes Complication and its Prevention (JDCP)
prospective study. Briefly, we traced panoramic radiograph
and calculated the ratio of alveolar bone resorption rate by
measuring the bone loss in cemento-enamel junction to root
end on both mesial and distal sides in each tooth. The data on
each tooth were expressed by 4 simplified scores (score 1 [no
or mild bone loss]: bone resorption rate as 0%-25% of entire
root length; score 2 [medium bone loss]: 25%-50%; score 3
[severe bone loss]: 50%-75%; score 4 [extremely severe
T
C

A
M
T
L
H
B
W
H
S
D
C
A
A
γ

L
H
a

bone loss]: 75%-100%, respectively), and bone score was
expressed by mean resorption score per tooth (JDCP score).

All statistical analyses were performed by using SPSS
(Chicago, IL) software, and intercorrelation between each
parameter was evaluated by Spearman correlation coefficient.

1.1. In vitro study

To evaluate lipolytic activity by bacterial endotoxin, we
used coculture system between mouse 3T3-L1 adipocytes
and mouse macrophage cell line RAW 264. Cocultures were
performed by using the Transwell system as described in our
previous study [9]. Lipolysis was evaluated by measuring
glycerol levels released into culture supernatants following
24 hours after indicated concentration of Escherichia coli
lipopolysaccharide (LPS) (Sigma, St Louis, MO) stimula-
tion. Serum glycerol levels were measured by lipolysis assay
kit provided by R & D Systems (LIP-1-NCL1, Minneapolis,
MN), and the assay protocol followed the instruction
suggested by the manufacturers. To see the possible
involvement of tumor necrosis factor α (TNF-α) in enhanced
lipolysis in cocultures, we used anti–TNF-α neutralizing
antibody (goat polyclonal anti-mouse TNF-α neutralizing
antibody, R & D Systems) and performed the same
experiments in the presence of neutralizing antibodies or
the same concentration of nonspecific control goat immu-
noglobulin G (IgG) (R & D). Significance of the difference
of glycerol release among each culture condition was
determined by Student t test.
2. Results

We compared the associations between alveolar bone
score with other medical parameters. First, bone score
significantly associated with donor age (r = 0.169, P b
.032, Spearman correlation coefficient). Bone score also
associated with TG levels (r = 0.299, P = .000) (Fig. 1A).
This association became more evident when we narrowed the



Fig. 1. Association between serum TG level and bone score in all subjects (A) and in subjects with midrange BMI (21.5-27.0). A positive correlation between
bone score and TG levels (A) (r = 0.299, P = .000; Spearman correlation coefficient) was observed. This association became more evident when we narrowed the
range of BMI to midrange (B) (21.5-27.0 kg/m2) (r = 0.332, P b .001).
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range of BMI to midrange (21.5-27.0 kg/m2) (n = 99; 43 men
and 56 women aged 44-74 years; mean age, 67.41 ± 4.93
years; r = 0.332; P b .001) (Fig. 1B). Triglyceride levels were
associated with waste circumstances and BMI when the
analysis was done for all participants (r = 0.244, P b .02 for
waste circumstances; r = 0.176, P b .025 for BMI)
(Fig. 2A, B). However, in subjects with midrange BMI, no
significant association was observed (r = 0.069, P = .384 for
Fig. 2. Association between serum TG level and waste circumstances (A) and
circumstances (C) and BMI (D) in subjects with midrange BMI. The TG levels wer
for all participants (r = 0.244, P b .02 for waste circumstances [A]; r = 0.176, P b
association was observed (r = 0.069, P = .384 for waste circumstances [C]; r = −
waste circumstances; r = −0.120, P = .238 for BMI)
(Fig. 2C, D). Although there was a trend between TG level
and age, the association was not statistically significant (r =
0.154, P = .050). Furthermore, in midrange BMI group, the
association betweenTG levels and age completely disappeared
(r = 0.145, P = .153). We then saw the association between
alveolar bone score and waste circumstances as well as BMI.
However, no associations were found in these parameters (r =
BMI (B) in all subjects and the association between TG level and waste
e associated with waste circumstances and BMI when the analysis was done
.025 for BMI [B]). However, in subjects with midrange BMI, no significant
0.120, P = .238 for BMI [D]).

image of Fig. 2
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0.134, P = .090 between waste circumstances and bone score;
r = 0.087,P = .272 between bone score and BMI) (Fig. 3A, B).
Similarly, no associations were found in these parameters in
midrange BMI group as well (r = 0.026, P = .795 between
waste circumstances and bone score; r = −0.020, P = .846
between bone score and BMI) (Fig. 3C, D). In addition,
original association between bone score and age also
disappeared in midrange BMI group (r = 0.152, P = .133).
InmidrangeBMI group, therefore, the association between TG
levels and bone score was only left as statistically significant.
Thus, it appeared that periodontal disease associated with
serum TG levels independent of the degree of obesity and age.
Besides TG, none of the other serum parameters statistically
associated with bone score as far as examined.

We then performed an in vitro study to see the effects of
bacterial endotoxin on lipolytic activity. The results are
shown is Fig. 4. As demonstrated, low-dose LPS dose-
dependently enhanced lipolysis in cocultures of adipocytes
and macrophages 24 hours following LPS stimulation
(Fig. 4A). Because it has been suggested that TNF-α was a
potent inducer of lipolysis in adipocytes, we speculated that
macrophage-derived TNF-α could be a direct effector
molecule for LPS-induced enhanced lipolysis. Therefore,
we performed inhibition assay. As expected, neutralizing
TNF-α action by specific antibodies suppressed enhanced
lipolysis in cocultures compared with the cells treated with
control IgG with LPS stimulation (Fig. 4B).
Fig. 3. Association between periodontal bone score and waste circumstances (A) a
circumstances (C) and BMI (D) in subjects with midrange BMI. Although a trend
statistically significant associations were found between waste circumstances and b
0.087, P = .272).Moreover, when we narrowed the population to those with midrang
0.026, P = .795 between waste circumstances and bone score [C]; r = −0.020, P =
3. Discussion

In this study, we first confirmed an association between
cumulative periodontal bone destruction and serum TG
levels in Japanese subjects, especially with midrange BMI
(21.5-27.0). As periodontal disease indices, we measured
bone score by oral panoramic radiograph. The reasons why
we chose panoramic radiograph are as follows: first, it is
simpler and is a relatively sensitive method to assess the
cumulative periodontal tissue destruction; and second, the
recent Editors' Consensus position paper by the American
Journal of Cardiology and the Journal of Periodontology
suggested that one of the reasons for the large discrepancies
seen in the previous results of the association between
periodontitis and atherosclerosis might be due to differing
measures and definitions of periodontitis, with some studies
based only on clinical measures (ie, pocket depth, bleeding
on probing, tooth attachment levels) and others, in which
the relation appeared stronger, based on nonclinical
measures such as systemic antibody response or radio-
graphic evidence of alveolar bone loss [10]. Of course,
there are also several limitations in assessing periodontal
bone loss by oral panoramic radiograph as suggested by
others before [11-13]. Original Shei measurement was
described with intraoral periapical radiograph, but not with
panoramic radiograph. However, 2 previous articles sug-
gested that panoramic assessment may substitute for full-
nd BMI (B) in all subjects and the association between bone score and waste
between the degree of obesity and periodontal bone score was observed, no
one score (A) (r = 0.134, P = .090) or between BMI and bone score (B) (r =
e BMI, absolutely no associations were found in these parameters as well (r =
.846 between bone score and BMI [D]).

image of Fig. 3


Fig. 4. The effects of bacterial endotoxin on lipolysis in cocultures of adipocytes and macrophages (A) and its inhibition by anti–TNF-α neutralizing antibodies
(B). Lipolysis was evaluated by the amount of released glycerol after LPS stimulation as described in the “Subjects and methods” section. Lipopolysaccharide
dose-dependently up-regulated lipolytic activity in cocultures (A). Black box: LPS (−); open box: LPS (1 ng/mL); gray box: LPS (10 ng/mL). Enhanced lipolytic
activity was inhibited by the addition of anti–TNF-α neutralizing antibodies in to cultures (B). Data are expressed as percentage inhibition of glycerol release
treated by control IgG.
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mouth periapical radiographic evaluation, although the
sensitivity might be slightly decreased [11,12]. In this
study, we used simplified the JDCP method, which is much
easier to calculate. Therefore, we speculated that the
agreement rate would further increase by the use of
simplified method rather than conventional Schei score
calculated from oral panoramic radiograph. Another study
pointed out that panoramic radiograph might be unsuitable
around the mandibular anterior teeth because of superim-
position of radio-opaque structures, reduced image detail
compared with intraoral views, and uneven magnification
[13]. To avoid this problem, we selected simplified JDCP
methods, as we expected to overcome the problems of less
sharp image around the anterior region. Although even the
simplified method may not be enough to completely
overcome this problem, we wished to include anterior
regions for the analyses because it is well known that this
area is very susceptible to periodontal tissue destruction and
there is no other currently available simple way to assess
the degree of bone loss in a large population.

Of particular note is that, although TG level was
associated with waste circumstances as well as BMI, no
association was observed between periodontal bone score
and waste circumstances, or BMI in our Japanese subjects.
This trend was more evident in subjects with midrange
BMI. This is a surprising finding because it is believed that
obesity itself was strongly associated with developing
periodontal disease [14,15]. The reason why we could not
find any association between periodontal bone score and the
degree of overweight is not known at present. One reason is
the different clinical characteristics studied. Our subjects
were Japanese, and most of them had midrange BMI. Our
team has previously shown that although the degree of
overweight affects insulin resistance, the factors underlying
insulin resistance differ in Japanese subjects with midrange
BMI [16]. In midrange BMI groups, serum TG level but not
BMI was mostly associated with insulin resistance. It may
be argued that visceral fat area per se affects periodontal
disease in these subjects because serum TG was reported to
be associated with visceral fat area in humans [16].
However, we did not measure visceral fat area in the
present study. An association of serum TG with visceral fat
area was reported in Japanese subjects with BMI less than
26.5 kg/m2 [17]. We previously demonstrated that serum
TG was associated with visceral fat area but not with
subcutaneous fat area in Japanese type 2 diabetes mellitus
patients with midrange BMI (21.5 b BMI b 27.0) [16]. The
prevalence of periodontal disease is known to be higher in
type 2 diabetes mellitus patients. Furthermore, TG is
synthesized in the liver following lipolysis in visceral fat
[16]. Free fatty acids, by-products of lipolysis, have been
suggested to enter the liver via portal vein to be used to
synthesize TG. In fact, in our current study, most of the
subjects were in midrange BMI. The number of the subjects
with BMI greater than 30 kg/m2 was only 5, and it
corresponded to 3% of all participants. This ratio was also
the same frequency of extremely obese subjects (BMI N30
kg/m2) seen in entire Japan. Therefore, we speculate that the
effects of periodontal disease on high TG levels will be
diminished in a high-BMI population, as TG synthesis
becomes more dependent on the degree of obesity than low-
grade infectious disease such as periodontal disease as BMI
increases. In fact, the association between TG and bone
score was stronger in subjects with midrange BMI.

image of Fig. 4
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Interestingly, in these subjects, TG did not correlate with
waste circumstances or BMI. As described, previous studies
including ours had suggested the mild elevation of hsCRP
in association with periodontal infection or inflammation
[4]. This association was also more evident in midrange
BMI population or less obese US population [4,18].
Especially in Japanese type 2 diabetes mellitus subjects
whose BMI was greater than 27 kg/m2, the association
between hsCRP and periodontal infection as assessed by
systemic antibody responses appeared to be completely
masked by the influences of obesity [4]. Statistically
significant association was only seen in subjects whose
BMI was less than 27 kg/m2. C-reactive protein is believed
to be synthesized in the liver in response to an inflammatory
cytokine, interleukin-6 (IL-6) [19]. In this context, we
previously reported that IL-6 production was markedly
enhanced when adipocytes were cocultured with macro-
phages in the presence of endotoxin, and suggested that this
might be an underlying important mechanism up-regulating
CRP production in association with periodontal disease [9].
We also demonstrated that macrophage-derived TNF-α
played an important role in enhanced IL-6 production, as
neutralizing TNF-α activity by specific antibody suppressed
enhanced IL-6 production [9]. We further suggested that
periodontal inflammation suppressed insulin action in type
2 diabetes mellitus subjects possibly because of the
enhanced TNF-α production in adipose tissues or in the
liver [20]. In fact, in Japanese type 2 diabetes mellitus
subjects, CRP has been suggested to well correlate with the
degree of insulin resistance, suggesting that IL-6 and
upstream TNF-α play important roles in enhanced CRP
production [21]. Therefore, we hypothesized that such
conditions act to provide an environment leading to
enhanced TG synthesis as well based on the current clinical
observations. For this reason, we used adipocyte-macro-
phage coculture system and stimulated the cocultures with
bacterial endotoxin because macrophages that have infil-
trated into adipose tissues have been suggested to play
important roles in inducing inflammatory changes of
adipose tissues [22,23] and because toll-like receptor 4, a
receptor for bacterial endotoxin, has been suggested to play
a crucial role in amplifying inflammatory responses in
adipose tissues infiltrated with macrophages [24]. The result
indicated that low-dose LPS up-regulated TG synthesis and
that TNF-α derived from macrophages appeared to play an
important role in enhanced TG synthesis in cocultures, as
neutralizing TNF-α action by specific antibodies suppressed
lipolysis. In fact, TNF-α has previously been suggested to
enhance lipolysis in single culture of adipocytes [25]. All
these phenomenon well account for the observed adverse
effects of periodontitis on metabolic disorders such as
enhanced CRP production, increased insulin resistance, and
hypertriglyceridemia as demonstrated in our current study.
In fact, periodontal disease has previously been suggested
to be associated with increased lipid deposition on the
surface of aorta in rabbit model [26].
In conclusion, we believe that increased TG in association
with enhanced lipolysis by infection might be one of the
mechanisms by which periodontal disease promotes athero-
sclerotic changes; and we suggest that visceral adipose
tissues, even in nonobese subjects, play a crucial role in
mediating this adverse effect.
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