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Abstract

Background: Recent cross-sectional studies indicate that obesity is a risk factor for periodontal disease. Exercise
training in high fat mice or rats can inhibit gingival inflammation effectively. The objective of this human intervention
study was to investigate whether short-term weight control could affect periodontal indexes and serum and gingival
crevicular fluid (GCF) biomarkers in young Koreans.

Methods: Forty-one obese volunteers (body mass index (BMI) > 25.0) and 12 normal weight subjects (18.5 < BMI < 23.0)
participated in a four-week weight control program to analyze the changes in anthropometric criteria, the
concentrations of C-reactive protein (CRP), low-density lipoprotein (LDL), high-density lipoprotein (HDL), and
triglycerides in serum, gingival index, bleeding on probing, periodontal biomarkers in GCF, and dental plaque
index at the first and the 27th days.

Results: The means of obesity measures decreased significantly more in the obese group (BMI 2.53 + 0.96, waist-to-hip
ratio (WHR) 4.88 + 1.58 %, LDL 35.85 + 21.74 mgdL™") than in the normal weight group (BMI 0.78 + 0.72, WHR 2.00 +
0.95 %, LDL 15.58 + 1807 mgdL™"). While the obese group showed significant decreases in the biomarkers in
GCF (IL-1B 5838+ 65.55 pgmL~', MMP-8 419+ 561 ngmL™', MMP-9 3.36 +6.30 ngmL™"), the mean changes
for the normal weight group (IL-13 10.07 +21.08 pgmL~', MMP-8 149+ 461 ngmL™', MMP-9 -1.52 +9.71
ngmL~") were not statistically significant. Anthropometric measures and the amounts of GCF biomarkers had weak
positive correlations (0.242 <r < 0.340), and LDL in serum correlated with MMP-8 (r=0.332) and IL-18 (r=0.342) in the
obese group. Stepwise multiple linear regression analysis in the obese group showed that the relationship between
the amount of IL-1B3 in GCF and predictor variables including LDL and BMI was highly significant and accounted for
19.1 % of the variance in IL-18 in GCF.

Conclusions: In periodontally healthy subjects, weight control could reduce the amounts of MMP-8, MMP-9, and IL-1(3
in GCF of the obese subjects. Further studies with periodontally unhealthy and obese people are needed to identify
the mechanism of decreases in inflammation biomarkers in GCF through weight control.
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Background

Preventive programs for periodontal disease have fo-
cused on dental plaque control since dental plaque has
been regarded as the main cause of periodontal disease
based on Loe’s experimental gingivitis model [37]. Some
dental professionals have taken active interest in the re-
lationship between periodontal disease and metabolic
syndrome or obesity, after diabetes appeared to be corre-
lated with the onset of periodontal disease [3, 8, 15, 21,
34, 39]. Recent cross sectional studies have indicated an
association between obesity and periodontal disease.
Body mass index (BMI), waist-hip ratio (WHC), or waist
circumference (WC) were significantly associated with
periodontal disease or the number of remaining teeth
[11, 13, 29, 33, 35, 43, 50, 52, 58, 59]. Although positive
correlations between periodontal disease and obesity have
been shown across diverse populations in cross-sectional
studies [10], the causal relationship in human studies has
been unclear in a few systematic reviews [36, 57] and pro-
spective studies [14, 25, 41, 54].

However, the diet-induced obese mouse model best
serves research studies relevant to the cause-and-effect
relation between periodontal health and obesity [3].
Obese rat studies have shown that obesity could contrib-
ute to the severity of periodontal disease [46], alveolar
bone loss [12] and spontaneous periodontal disease [9].
Exercise training in high-fat diet mice and rats could ef-
fectively suppress oxidative stress in gingival tissue [4]
and markedly inhibit tumor necrosis factor (TNF)-a in
adipose tissue [27]. Caloric restriction had a significant
decrease effect on inflammatory mediators in gingival
crevicular fluid (GCF) [17].

Clinical periodontal indexes, including periodontal
probing depth, gingival index, and plaque index, have rela-
tively low reproducibility and reliability. In place of these
clinical indicators, some enzymes and pro-inflammatory
cytokines in GCF have been used as indicators of peri-
odontal inflammation in studies to identify small changes
related to periodontal health. Matrix metalloproteinase
(MMP)-8 and MMP-9 were considered as the most com-
petent collagenase and gelatinase to initiate type I collagen
and extracellular matrix degradation in periodontal tissue
[20, 23, 38, 56]. Pro-inflammatory cytokines, such as Inter-
leukin (IL)-1f, inhibit collagen synthesis and contribute to
collagen degradation [6, 48].

This human study tested whether weight-control inter-
vention including caloric restriction and exercise training
in the obese could change the periodontal biomarkers
within 4 weeks as a pilot study.

Methods

Study design and subjects

This study was designed as a pre-post study on the ef-
fects of a 4-week weight control program on a few
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biomarkers in GCF. The study was approved by the Eth-
ical Committee of Konyang University Hospital.

The concentration of MMP-8 in GCF was selected as
the main outcome variable to confirm changes in peri-
odontal health on the basis of previous studies [48, 55, 56]
that suggested MMP-8 was a key mediators of gingival tis-
sue destruction. We fixed 6.3 ng/ml of MMP-8 as a clin-
ical allowable error on the basis of preliminary research,
with a significance level of p=0.05 and 80 % level of
power; forty-eight subjects were determined as the sample
size for a paired 7-test.

Forty-nine obese individuals in their twenties with
BMI of >25 kgm > (Asia-Pacific obesity criteria) and 13
camp trainers of the same age with 18.5<BMI <23
kgm™ participated in the 4-week weight-control pro-
gram at Konyang University in Korea in 2011. Individ-
uals were excluded if they presented any of following-:
(1) systemic disease exclusive of obesity, (2) use of ster-
oidal or non-steroidal anti-inflammatory drugs or anti-
biotics in the last three months or during the program,
(3) use of mouthwash in the last three months or dur-
ing the program, (4) need of dental or medical treat-
ment during the program, (5) fewer than twenty-four
teeth, (6) sites with probing periodontal pocket depth
(PD) > 3.5 mm (due to the ethical problem of prohib-
ition of periodontal treatment during the camp), and
(7) self-directed dropout during the course of the
weight-control program. Eight obese subjects and one
normal-weight subject dropped out of the camp by
their own choice.

All subjects provided signed informed consent as re-
quired by Konyang University Hospital Institutional Re-
view Board. As shown in Fig. 1 and Table 1, they stayed
in the camp under surveillance for two hours of aerobic
exercise, three hours of weight training, and a low salt-
low fat diet (<1300 kcal/day). They were not allowed to
have any private foods or drinks except water. We ex-
amined the dental plaque index at the baseline and final
state to serve as a proxy for the maintenance of the
subjects’ habitual oral health behavior. We made no at-
tempt to change the subjects’ toothbrushing method or
frequency so as not to affect gingival inflammation dur-
ing the program. Smoking was not prohibited to main-
tain the other conditions as confounding factors except
weight control.

The mean ages of the subjects were 22.79 +2.37
(year) in the obese group, and 22.23 + 2.42 (year) in the
normal weight group. Female subjects compromised
65.9 % (27 subjects) of the obese group and 50.0 % (6
subjects) of the normal weight group. The mean BMI at
the base line was 28.44 + 2.61 in the obese group, and
2220+ 0.75 in the control group. There were 35 non-
smokers (85.4 %) in the obese group and 8 (66.7 %) in
the control group.
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Fig. 1 Flow of 4-week weight controlled intervention
A

27th day

Medical examination
Dental examination
Blood collection

GCF collection

Clinical examinations and sample collections

Anthropometric data, oral examination data, GCF, and
whole blood samples were collected from 9 A.M. to 11
A.M. at the baseline and at the 27th day (Fig. 1). Weight,
BMI, body fat mass, percent body fat, WHR and WC
were measured using the body composition analyzer
with direct segmental multi-frequency - bioelectric im-
pedance analysis (InBody, InBody Co., Seoul, Korea).
Oral examination consisted of dental plaque index (Sum
of Turesky modification of the Quingley-Hein index)
after ordinary toothbrushing, gingival index (Sum of
Loe-Silness gingival index), sites of bleeding on probing
(BOP), and PD with WHO periodontal probe by one
dentist who was calibrated by the Korean National Oral
Health Survey. Each sum of clinical indicators was

chosen instead of the mean to show the slight differ-
ences of plaque index and gingival index in four weeks;
all subjects had the same numbers of teeth and com-
paratively healthy condition of periodontium.

Blood samples were collected before breakfast after
the subjects had fasted for more than 8 h, and the sam-
ples were immediately transferred to the department of
laboratory medicine, Konyang University Hospital at 4 °
C. On the same day, concentration of C-reactive protein
(CRP) as a systemic inflammation indicator, concentra-
tions of low-density lipoprotein cholesterol (LDL),
triglycerides, and high-density lipoprotein cholesterol
(HDL) as obesity indicators in the blood samples were
measured. GCF samples were collected at the 5 inter-
proximal areas of maxillary anterior teeth with #25

Table 1 Partial examples of dietary tables in the weight control camp

The 1st day The 2nd day The 3rd day
Food Weight(g) Kcal Food Weight(g) Kcal Food Weight(g) Kcal
Breakfast  Boiled potato 130 109  Breads with mixed grain 49 130  Curried rice with chicken 200 301
Banana 100 100  Boiled chicken breasts 100 165  Cucumber 200 38
Low-fat milk 200 102 Tomatoes 100 12
Yoplait 85 75
Lunch Brown rice 105 160  Rice with beans 150 177 Rice with beans 105 177
Bean paste soup with tofu 175 50  Soup with egg 200 45 Boiled pork 50 192
Grilled mackerel 50 106 Smoked duck 100 154 Lettuce 15 3
Bean sprouts 35 25 Roasted mushroom 100 40  White radish 100 40
Cucumber 100 19  Boiled egg 50 725 Watermelon 300 93
Boiled egg 50 725 Boiled egg 50 725
Dinner Rice with beans 105 177 Rice with beans 105 177 Steamed sweet pumpkin 200 58
Sea mustard soup 250 90  Soup with bean sprouts 170 25  Almond 100 45
Roasted tofu 50 60  Roasted tofu 50 60  Boiled chicken breasts 40 50
Spinach 50 40  Mung bean jelly 80 100  Tomato 100 12
Lettuce 50 70 Banana 100 93 Banana 100 93
Banana 100 93
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sterilized paper points using the intracrevicular method
“superficial” [19] for 1 min after removing dental plaque.
The GCF samples of each subject were stored in a sterile
1 ml Eppendorf tube and frozen at -70 °C until processing.

The GCF samples were eluted into 1 mL phosphated
buffered saline for 60 min at the room temperature.
Enzyme-linked immunosorbent assay (ELISA) was used
to measure the amounts of IL-1, MMP-8, MMP-9 in
GCF using the Human IL-1p ELISA Kit (Promokine,
Heidelberg, Germany), Quantikine human MMP-8
(R&D systems, Minneapolis, USA) and Quantikine hu-
man MMP-9 (R&D systems, Minneapolis, USA). The
representative values of data in the blood and GCF sam-
ples were calculated as means in triplicate.

Statistical analysis

The null hypothesis was that there would be no signifi-
cant clinical and biochemical changes of periodontal in-
dicators during the 4-week weight control program.
Parametric statistics of the data were distributed nor-
mally except the gingival index for the normal weight
group. A paired ¢-test was utilized to determine whether
there were significant differences between the pre- and
post-program values. The t-test was used to identify dif-
ferences between the data of obese and normal weight
subjects. Correlation analysis using Pearson’s coefficients
among periodontal indicators and obesity indicators was
applied to all data at the baseline and the 27" day. Step-
wise multiple linear regression analysis of the obese
group’s data was used to examine the relationships be-
tween the amounts of IL-1p in GCF and obesity indica-
tors (LDL and BMI) because IL-1B showed slightly
stronger positive correlations with obesity indicators
than MMP-8. The level of statistical significance was set
at o =0.05. All statistical analyses were performed with
the IBM SPSS 20.0 (IBM Co., Armonk, NY, USA).
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Results
All 41 obese subjects succeeded in losing weight during
the 4-week weight control program. Tables 2 and 3
summarize the differences between the obese and nor-
mal weight groups in terms of obesity indicators and
periodontal indicators. Obesity measures of BMI, WHR,
WC and concentrations of LDL in serum decreased sig-
nificantly, although the concentration of HDL changed
insignificantly, and triglycerides in serum increased
contrary to expectations. The concentration of CRP in
serum was measured to confirm systemic inflammation,
and it did not show a significant change during the
program. The macroscopic data regarding periodontal
health, including gingival index (Sum of Lo&e-Silness
gingival index) and sites of BOP, did not show significant
decrease for the large standard deviation. Nevertheless,
the amounts of IL-13, MMP-8 and MMP-9 in the GCF
of the obese group as gingival inflammatory markers de-
clined 60.2, 58.6, and 35.8 % respectively. The normal
weight group showed insignificant decreases in the
amounts of periodontal biomarkers in GCF during the
weight control program. The obese group showed
greater differences in WC, WHR, BMI, LDL, IL-1f, and
MMP-9 in comparison with the normal weight group.
Tables 4 and 5 demonstrate the correlations between
obesity and gingival health indicators in the obese group
and the normal weight group, respectively. The concen-
trations of IL-1B (r=0.342) and MMP-8 (r=0.332) in
GCF showed weak positive correlations with LDL values
in serum in the obese group. IL-13 in GCF indicators
showed weak positive correlations with BMI (r = 0.340)
and WHR (r=0.270) among the anthropometric data.
MMP-8 in GCF indicators showed weak positive correl-
ation with WC (r=0.254), WHR (r=0.242) and BMI
(r=0.234). The numbers of sites of BOP showed weak
positive correlations with IL-1f (r=0.220), MMP-8
(r=0.293), and LDL (r=0.233), but they showed no

Table 2 Comparison of pre-post differences in obesity indicators between the obese group and normal weight group

Obese® (n=41) Normal weight* (n=12)

Baseline 27th day Difference Baseline 27th day Difference P* pr*
Obesity index
WC(cm) 97.62+17.17 86.65 + 6.34 1091 + 1441 <0.001  84.58£3.92 8326+3.26 133£1.30 0.005 <0.001
WHR(%) 90.15+4.22 8529+362  488+158 <0001 8217+262 8017+217  200+0.95 <0001 0027
BMI(kgmfz) 2844 +261 2590+ 221 253+0.96 <0.001  2220+£0.75 2142 +061 0.78 £0.72 0.003 <0.001
Cholesterol and inflammatory indicators in serum
CRP(mgdL™) 0231023 033+£137 -0.10+ 138 0652  013£021 0.06+0.08 0.06+0.20 0299 0691
LDL(mgqu) 12320+2457 8735+1780 3585+21.74 <0.001 9875+£21.69 8217+1526 1558+18.07 0.009 0.007
Triglycerides(mgdL’w) 5743 +13.88 7223+1316 —1380+£1356 <0001 4370£1121 6091£1667 —1721+1384 0.001 0451
HDL(mgdL™") 5350+9.14 53.57+1007 -007+9.17 0964  5996+10.17 61271148 —-131+816 0590 0675

* paired T-test between the data of baseline and that of 27th day in each group
** T-test between the difference of the obese and that of the normal weight
®Mean +s.d.
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Table 3 Comparison of pre-post differences in periodontal health indicators between the obese group and normal weight group

Obese® (n=41)

Normal weight® (n=12)

Baseline 27th day Difference Baseline 27th day Difference p* px*
Dental index
Dental plaque index  51.68+17.85 7461+3303 —-2293+3371 <0001 4233+2732 5817+3277 —-1583+2199 0030 049
Gingival index 2295+5520  1939+£2985 356+4371 .0.605 43759571 30586259 13.17+3872 0.264 049
Sites of BOP 10.12+2764 585%1294 427 +£2263 0.234 1950+4848 11.08+3220 841+17.89 0.131 0563
Periodontal inflammatory indicators in gingival crevicular fluid
IL-1B(pgmL™") 96.89+6253  3851+£37.72 58386555 <0001 6661+£5846 56.54+50.16 10.07+21.08 0642 0033
MMP-8(ngmL™") 7.24+6.02 305+346 419+561 <0001  5.16+4.07 366+ 260 149+461 0286 0.134
MMP-9(ngmL™") 946 +£4.95 6.11+5.17 336+6.30 0.002 767 +553 9.20 +8.04 -1.52+971 0.597  0.043
* paired T-test between the data of baseline and that of 27th day in each group
** T-test between the difference of the obese and that of the normal weight
Dental plaque index: Sum of Turesky modification of the Quingley-Hein index
Gingival index: Sum of Loe-Silness gingival index
“Mean £ s.d.
correlations with anthropometric data. Moderate to  Discussion

strong positive correlations were seen in the interre-
lations among GCF biomarkers (0.568 <r<0.772)
and anthropometric data (0.640 <r<0.924), respect-
ively. Table 5 shows that the normal weight group
showed weaker correlations between obesity and gin-
gival health indicators in comparison with Table 4.
However, moderate positive correlations were seen in
the relationships of IL-1B and WC (r = 0.474), MMP-8
and WHR (r=0.438), the numbers of sites of BOP
and IL-1f (r=0.421), the numbers of sites of BOP
and LDL (r=0.455), and the numbers of sites of BOP
and HDL (r =-0.621).

Stepwise multiple linear regression analysis in the
obese group was used to examine the relationship be-
tween the outcome variable, the amount of IL-1f in
GCEF, and predictor variables, including LDL and BMI
(Table 6). This model was highly significant (p <0.001)
and accounted for 19.1 % of the variance in IL-1f in
GCF (r* = 0.191, adjusted r* = 0.170).

Obesity might be both an indirect risk factor because it
affects glycemic control, and a direct risk factor because
the secretion of pro-inflammatory agents by adipose tis-
sue modifies periodontal reactions to the plaque biofilm
[7, 15, 28, 30, 34, 39, 42]. In addition, obesity could
interfere with the ability of the immune system to appro-
priately respond to Porphyromonas gingivalis infection
in mice with diet-induced obesity through altered func-
tion of macrophages [2, 60]. Adipose tissue secretes sev-
eral cytokines and hormones that are involved in
inflammatory processes, suggesting that obesity and peri-
odontitis might share the same pathophysiologic pathway
[15, 47].

Previous research regarding caloric restriction and ex-
ercise showed improvement of gingival condition as well
as systemic condition. Some animal studies have shown
that obesity prevention by exercise training might sig-
nificantly suppress gingival inflammation [4, 17]. Moder-
ate daily exercise with dietary control could restore the

Table 4 Pearson coefficients for obesity and gingival health indicators in the obese group at the 1st day and 27th day of weight

control
WC WHR BMI LDL Triglycerides HDL BOP IL-18 MMP-8
WHR 0.640**
BMI 0.664** 0.924**
LDL 0217 0.264* 0214
Triglycerides 0.006 0.064 0.059 -0.147
HDL —0.173 -0.263* —0.240* 0.078 -0.179
BOP -0.103 -0.173 -0.114 0.233* -0.020 0.119
IL-13 0.200 0.270* 0.340** 0.342** -0.274* 0.073 0.220*
MMP-8 0.254* 0.242* 0.234* 0.332*%* —0.061 0114 0.293** 0.596**
MMP-9 0.159 0.144 0.137 0.206 -0.118 0.013 0.181 0.568** 0.772%*

* p<0.05, **: p<0.01
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Table 5 Pearson coefficients for obesity and gingival health indicators in the normal weight group at the 1st day and 27th day of

weight control

WC WHR BMI LDL Triglycerides HDL BOP IL-1B8 MMP-8
WHR 0.833**
BMI 0.575% 0.789%*
LDL 0.019 0.076 0.284
Triglycerides —-0.108 -0.271 —-0.258 0.089
HDL -0.114 -0.293 -0.154 -0.154 -0.194
BOP 0396 0337 0.185 0455% 0377 —0.621**
IL-13 0474* 0404 0.156 -0.115 0.076 —0.355 0421*
MMP-8 0.350 0438* 0212 -0277 -0.282 -0308 0.036 0.707**
MMP-9 0271 0.236 —-0.005 —0422% —-0.153 0.037 -0.008 0.668** 0.713%

* p<0.05, **: p<0.01

impaired cytokine responses in diet-induced obese mice
and improve the resolution of Porphyromonas gingivalis-
induced periodontitis [61]. Also, a low physical activity
level and a poor diet in human were significantly associ-
ated with increased odds of periodontal disease [5].

We hypothesized that weight control intervention in
obese subjects could decrease the concentrations of peri-
odontal biomarkers through a decrease of systemic in-
flammation. We chose CRP [22, 24, 45, 51] in serum as
a representative systemic inflammation marker, MMP-8,
MMP-9 [16, 21, 31] in GCF as those of gingival tissue
destruction markers, and IL-1PB [26, 31] in GCF as that
of proinflammatory cytokines in gingival tissue. This
study showed that exercise and diet control led to a de-
cline in the concentrations of MMP-8, MMP-9, and IL-
1B in GCF in the obese group, notwithstanding the
45.2 % increase in dental plaque burden and no signifi-
cant change in clinical periodontal parameters (Table 3).
On the other hand, Kondo et al. [32] showed that a
high-fiber, low-fat diet improved the clinical periodontal
disease markers of PD, clinical attachment and BOP.

Buduneli et al. [8] found that obesity did not seem to
have a significant effect on clinical periodontal parame-
ters but that it had many correlations with systemic cir-
culating inflammatory molecules. On the other hand,
Morel et al. [40] showed that the short-term adoption of
a very low-calorie diet in obese females made the total
cholesterol, HDL, LDL, and triglycerides decrease, but
changes in TNF-alpha and, IL-6 levels did not reach
statistical significance. We could not find a direct link

between systemic inflammation and periodontal bio-
markers in GCF periodontal health because the sys-
temic inflammation marker, CRP in serum, did not
change (Table 2) and had no correlation with other
variables (data not shown). In addition, it is not cer-
tain whether changes in periodontal biomarkers in
GCF resulted from a decrease in systemic inflamma-
tion or local inflammation because the same inflamma-
tion markers in GCF and serum were not analyzed, and
GCEF is a transudate from healthy gingival tissue or an ex-
udate from inflammatory gingival tissue including blood
filtrate.

In the study of relationship between cholesterol and
periodontal health, a significant association was seen be-
tween LDL, triglyceride, and cholesterol and the severity
of periodontitis [44]. Obese subjects with a high serum
triglyceride or LDL level and/or a low HDL-cholesterol
level could be at higher risk of periodontal infection [22,
53]. Inversely, our study showed that triglycerides had
weak negative correlation with IL-1B in GCE, although
LDL had weak positive correlations with IL-1B and
MMP-8 in the GCF of obese subjects (Table 4). A low-
fat, high-carbohydrate diet can increase triglycerides in
serum, yet Table 1 shows that the portion of carbohy-
drates in the daily diet was less than 50 %. The peculiar
increase in the concentrations of triglycerides in serum
after this low salt-low fat diet supported that the findings
of a previous study that showed that sodium reduction
resulted in a 2.5 % increase in cholesterol and a 7 %
increase in triglyceride [18].

Table 6 Multiple linear regression analysis as predictors of the amount of IL-13 in GCF in the obese group

Un-standardized coefficient SE Standardized coefficient p
intercept -157.792 61.089 0.012
LDL 0.593 0219 0.283 0.008
BMI 6.026 2260 0278 0.009

r*=0.191, adjusted r* =0.170. Overall p-value < 0.001
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There were several limitations to our study to prove
whether exercise and diet modification as a treatment
for obesity could improve periodontal condition. The
sex ratios and smoker ratios of the obese group and the
normal weight group were different, although the GCF
of the female subjects could be influenced by periodic
variation of sex hormone levels [1] and smoking was a
significant factor in the development and progression of
periodontal disease [49]. We tried to use more objective
variables, such as IL-1B, MMP-8, and MMP-9 in GCF,
rather than clinical indicators. However, fixed sites in
the upper anterior teeth were chosen for collection of
GCEF irrespective of the periodontal condition of each
site, and the amounts of GCF at each site could not be
measured. Besides, our obese subjects in their twenties
had relatively healthy periodontium condition and had
no problems in CRP, LDL, triglycerides, and HDL except
anthropometric data. An obese group with periodontal
pockets and abnormal concentrations of cholesterol
might show different results.

Nonetheless, this study was meaningful as a human
pilot study to show that obesity control by exercise and
diet control could reduce gingival inflammatory bio-
markers without periodontal intervention. Not only clin-
ical indexes, but also biomarkers in blood and GCF were
analyzed. We found that obesity and periodontal indica-
tors showed weak positive correlations, and LDL and
BMI accounted for 19.1 % of the variance in IL-1f in the
GCF of obese subjects (Table 6). We suggest that a
weight control study with an obese group with periodon-
tal inflammation could provide substantial evidence that
weight control can improve periodontal condition.

Conclusion

Within its limits, this study demonstrated that weight
control including exercise and diet restriction for 4 weeks
could reduce the amounts of periodontal biomarkers in
GCEF as well as obesity, without periodontal intervention.
BMI, WC, and WHR showed weak positive correlations
with IL-1 and MMP-8 in GCE, and LDL in serum and
BMI accounted for 19.1 % of the variance in IL-1f in
GCF.

Abbreviations

BMI: Body mass index; BOP: Bleeding on probing; CRP: C-reactive protein;
ELISA: Enzyme-linked immunosorbent assay; GCF: Gingival crevicular fluid;
Gl: Gingival index (Sum of Loe-Silness gingival index); HDL: High-density
lipoprotein; IL: Interleukin; LDL: Low-density lipoprotein; MMP: Matrix
metalloproteinase; PD: Probing periodontal pocket depth; SE: Standard error;
WC: Waist circumference; WHR: Waist-to-hip ratio.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

HSP and HSN conceived of the study, and participated in its design and
helped to draft the manuscript. HSS carried out the weight control program.
SJH carried out the assay of periodontal biomarker and oral examination,

Page 7 of 8

and performed statistical analysis. All authors participated in the writing
process, read and approved the final manuscript.

Authors’ information

HSP: PhD candidate, Chungnam National University, SouthKorea. HSN:
Professor, Chungnam National University, SouthKorea. HSS: Professor,
Konyang University, South Korea. SJH: Professor, Konyang University, South
Korea

Availability of data and materials
Not applicable.

Acknowledgements
The authors would like to thank Dr. Joanne. B. Clovis in Dalhousie University
for her valuable comments on this paper.

Funding

This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Science, ICT & Future Planning (2011-003775).

Author details

'Department of Preventive Medicine and Public Health, School of Medicine,
Chungnam National University, Daejeon, South Korea. “Department of Sports
Medicine, College of Culture, Science & Technology, Konyang University,
Nonsan, Chungcheongnamdo, South Korea. *Graduate School of Medical
Science and Engineering, Korea Advanced Institute of Science and
Technology (KAIST), Daejeon, South Korea. “Department of Dental Hygiene,
College of Medical Science, Konyang University, Daejeon, South Korea.

Received: 30 December 2014 Accepted: 9 September 2015
Published online: 18 September 2015

References

1. Amar S, Chung KM. Influence of hormonal variation on the periodontium in
women. Periodontol 2000. 1994;6:79-87.

2. Amar S, Zhou Q, Shaik-Dasthagirisaheb Y, Leeman S. Diet-induced obesity in
mice causes changes in immune responses and bone loss manifested by
bacterial challenge. Proc Natl Acad Sci U S A. 2007;104:20466-71.

3. Amar S, Leeman S. Periodontal innate immune mechanisms relevant to
obesity. Mol Oral Microbiol. 2013;28:331-41.

4. Azuma T, Tomofuji T, Endo Y, Tamaki N, Ekuni D, Irie K, et al. Effects of
exercise training on gingival oxidative stress in obese rats. Arch Oral Biol.
2011,56:768-74.

5. Bawadi HA, Khader YS, Haroun TF, Al-Omari M, Tayyem RF. The association
between periodontal disease, physical activity and healthy diet among
adults in Jordan. J Periodontal Res. 2011;46:74-81.

6. Baek KJ, Choi Y, Ji S. Gingival fibroblasts from periodontitis patients exhibit
inflammatory characteristics in vitro. Arch Oral Biol. 2013;58:1282-92.

7. Boesing F, Patifo JS, da Silva VR, Moreira EA. The interface between obesity
and periodontitis with emphasis on oxidative stress and inflammatory
response. Obes Rev. 2009;10:290-7.

8. Buduneli N, Biyikoglu B, ligenli T, Buduneli E, Nalbantsoy A, Sarag F, et al. Is
obesity a possible modifier of periodontal disease as a chronic inflammatory
process? A case-control study. J Periodontal Res. 2014;49:465-71.

9. Cavagni J, Wagner TP, Gaio EJ, Régo RO, Torres IL, Résing CK. Obesity may
increase the occurrence of spontaneous periodontal disease in Wistar rats.
Arch Oral Biol. 2013;58:1034-9.

10. Chaffee BW, Weston SJ. Association between chronic periodontal disease
and obesity: a systematic review and meta-analysis. J Periodontol.
2010,81:1708-24.

11.  Dalla Vecchia CF, Susin C, Rosing CK, Oppermann RV, Albandar JM.
Overweight and obesity as risk indicators for periodontitis in adults. J
Periodontol. 2005;76:1721-8.

12.  do Nascimento CM, Cassol T, da Silva FS, Bonfleur ML, Nassar CA, Nassar PO.
Radiographic evaluation of the effect of obesity on alveolar bone in rats
with ligature-induced periodontal disease. Diabetes Metab Syndr Obes.
2013,6:365-70.

13. Ekuni D, Yamamoto T, Koyama R, Tsuneishi M, Naito K, Tobe K. Relationship
between body mass index and periodontitis in young Japanese adults. J
Periodontal Res. 2008;43:417-21.



Park et al. BMC Oral Health (2015) 15:109

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

Ekuni D, Mizutani S, Kojima A, Tomofuji T, Irie K, Azuma T, et al. Relationship
between increases in BMI and changes in periodontal status: a prospective
cohort study. J Clin Periodontol. 2014;41:772-8.

Genco RJ, Grossi SG, Ho A, Nishimura F, Murayama Y. A proposed model
linking inflammation to obesity, diabetes, and periodontal infections. J
Periodontol. 2005;76:2075-84.

Gongalves PF, Huang H, McAninley S, Alfant B, Harrison P, Aukhil |, et al.
Periodontal treatment reduces matrix metalloproteinase levels in localized
aggressive periodontitis. J Periodontol. 2013;84:1801-8.

Gonzélez O, Tobia C, Ebersole J, Novak MJ. Caloric restriction and chronic
inflammatory diseases. Oral Dis. 2012;18:16-31.

Graudal NA, Hubeck-Graudal T, Jirgens G. Effects of low-sodium diet vs. high-
sodium diet on blood pressure, renin, aldosterone, catecholamines, cholesterol,
and triglyceride (Cochrane Review). Am J Hypertens. 2012;25:1-15.

Griggiths GS. Formation, collection and significance of gingival crevice fluid.
Periodontol 2000. 2003;31:32-42.

Gursoy UK, Konoénen E, Huumonen S, Tervahartiala T, Pussinen PJ, Suominen
AL, et al. Salivary type | collagen degradation end-products and related
matrix metalloproteinases in periodontitis. J Clin Periodontol. 2013;40:18-25.
Han DH, Shin HS, Paek D, Kim HD. Gingival crevicular fluid levels of
matrix metalloproteinases cross-sectionally related to periodontitis and
metabolic syndrome in community Koreans. J Clin Periodontol.
2012;39:1125-31.

Haro A, Saxlin T, Suominen AL, Yl6stalo P, Leiviskd J, Tervonen T, et al.
Serum lipids modify periodontal infection - C-reactive protein association. J
Clin Periodontol. 2012;39:817-23.

Ingman T, Tervahartiala T, Ding Y, Tschesche H, Haerian A, Kinane DF,
et al. Matrix metalloproteinases and their inhibitors in gingival crevicular
fluid and saliva of periodontitis patients. J Clin Periodontol.
1996;23:1127-32.

Janket S, Jones JA, Meurman JH, Baird AE, Van Dyke TE. Oral infection,
hyperglycemia, and endothelial dysfunction. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2008;105:73-179.

Jimenez M, Hu FB, Marino M, Li Y, Joshipura KJ. Prospective associations
between measures of adiposity and periodontal disease. Obesity (Silver
Spring). 2012;20:1718-25.

Kaur M, Geisinger ML, Geurs NC, Griffin R, Vassilopoulos PJ, Vermeulen L, et
al. Effect of intensive oral hygiene regimen during pregnancy on
periodontal health, cytokine levels, and pregnancy outcomes: a pilot study.
J Periodontol. 2014;85:1684-92.

Kawanishi N, Yano H, Yokogawa Y, Suzuki K. Exercise training inhibits
inflammation in adipose tissue via both suppression of macrophage
infiltration and acceleration of phenotypic switching from M1 to M2
macrophages in high-fat-diet-induced obese mice. Exerc Immunol Rev.
2010;16:105-18.

Khosravi R, Ka K, Huang T, Khalili S, Nguyen BH, Nicolau B, et al. Tumor
necrosis factor- a and interleukin-6: potential interorgan inflammatory
mediators contributing to destructive periodontal disease in obesity or
metabolic syndrome. Mediators Inflamm. 2013;2013:728987.

Kim EJ, Jim BH, Bae KH. Periodontitis and obesity: a study of the Fourth
Korean National Health and Nutrition Examination Survey. J Periodontol.
2011,82:533-42.

Kim MS, Choi MS, Han SN. High fat diet-induced obesity leads to
proinflammatory response associated with higher expression of NOD2
protein. Nutr Res Pract. 2011;5:219-23.

Kinney JS, Morelli T, Oh M, Braun TM, Ramseier CA, Sugai JV, et al. Crevicular
fluid biomarkers and periodontal disease progression. J Clin Periodontol.
2014;41:113-20.

Kondo K, Ishikado A, Morino K, Nishio Y, Ugi S, Kajiwara S, et al. A high-fiber,
low-fat diet improves periodontal disease markers in high-risk subjects: a
pilot study. Nutr Res. 2014;34:491-8.

Lee HJ, Jun JK, Lee SM, Ha JE, Paik DI, Bae KH. Association between obesity
and periodontitis in pregnant females. J Periodontol. 2014;85:e224-31.
Levine RS. Obesity, diabetes and periodontitis—a triangular relationship? Br
Dent J. 2013;215:35-9.

Linden G, Patterson C, Evans A, Kee F. Obesity and periodontitis in 60-70-
year-old men. J Clin Periodontol. 2007;34:461-6.

Linden GJ, Lyons A, Scannapieco FA. Periodontal systemic associations:
review of the evidence. J Clin Periodontol. 2013:40:58-19.

L6e H, Theilade E, Jensen SB. Experimental gingivitis in man. J Periodontol.
1965;36:177-87.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Page 8 of 8

Mékeld M, Salo T, Uitto VJ, Larjava H. Matrix metalloproteinases(MMP-2 and
MMP-9) of the oral cavity: cellular origin and relationship to periodontal
status. J Dent Res. 1994;73:1397-406.

Marchetti E, Monaco A, Procaccini L, Mummolo S, Gatto R, Teté S, et al.
Periodontal disease: the influence of metabolic syndrome. Nutr Metab.
2012,9:88.

Morel O, Luca F, Grunebaum L, Jesel L, Meyer N, Desprez D, et al. Short-
term very low-calorie diet in obese females improves the haemostatic
balance through the reduction of leptin levels, PAI-1 concentrations and a
diminished release of platelet and leukocyte-derived microparticles. Int J
Obes. 2011;35:1479-86.

Morita I, Okamoto Y, Yoshii S, Nakagaki H, Mizuno K, Sheiham A, et al. Five-
year incidence of periodontal disease is related to body mass index. J Dent
Res. 2011,90:199-202.

Nokhbehsaim M, Keser S, Nogueira AV, Jdger A, Jepsen S, Cirelli JA, et al.
Leptin effects on the regenerative capacity of human periodontal cells. Int J
Endocrinol. 2014;2014:180304.

Ostberg AL, Bengtsson C, Lissner L, Hakeberg M. Oral health and obesity
indicators. BMC Oral Health. 2012,20:50.

Palle AR, Reddy CM, Shankar BS, Gelli V, Sudhakar J, Reddy KK. Association
between obesity and chronic periodontitis: a cross-sectional study. J
Contemp Dent Pract. 2013;14:168-73.

Paraskevas S, Huizinga JD, Loos BG. A systematic review and meta-
analyses on C-reactive protein in relation to periodontitis. J Periodontol.
2008;35:277-90.

Perlstein MI, Bissada NF. Influence of obesity and hypertension on the
severity of periodontitis in rats. Oral Surg Oral Med Oral Pathol.
1977;43:707-19.

Pischon N, Heng N, Bernimoulin JP, Kleber BM, Willich SN, Pischon T.
Obesity, inflammation, and periodontal disease. J Dent Res. 2007;86:400-9.
Rathnayake N, Akerman S, Klinge B, Lundegren N, Jansson H, Tryselius Y, et
al. Salivary biomarkers of oral health: a cross-sectional study. J Clin
Periodontol. 2013;40:140-7.

Rivera-Hidalgo F. Smoking and periodontal disease. Periodontol 2000.
2003;32:50-8.

Saito T, Shimazaki Y, Sakamoto M. Obesity and periodontitis. N Engl J Med.
1998;339:482-3.

Saito T, Murakami M, Shimazaki Y, Oobayashi K, Matsumoto S, Koga T.
Association between alveolar bone loss and elevated serum C-reactive
protein in Japanese men. J Periodontol. 2003;74:1741-6.

Saito T, Shimazaki Y, Kiyohara Y, Kato |, Kubo M, lida M, et al. Relationship
between obesity, glucose tolerance, and periodontal disease in Japanese
women: the Hisayama study. J Periodontal Res. 2005;40:346-53.

Saxlin T, Suominen-Taipale L, Kattainen A, Marniemi J, Knuuttila M, Ylostalo
P. Association between serum lipid levels and periodontal infection. J Clin
Periodontol. 2008;35:1040-7.

Saxlin T, Ylostalo P, Suominen-Taipale L, Aromaa A, Knuuttila M. Overweight
and obesity weakly predict the development of periodontal infection. J Clin
Periodontol. 2010;37:1059-67.

Sorsa T, Herndndez M, Leppilahti J, Munjal S, Netuschil L, Mantylé P.
Detection of gingival crevicular fluid MMP-8 levels with different laboratory
and chair-side methods. Oral Dis. 2010;16:39-45.

Sorsa T, Tervahartiala T, Leppilahti J, Hernandez M, Gamonal J, Tuomainen
AM, et al. Collagenase-2 (MMP-8) as a point-of-care biomarker in
periodontitis and cardiovascular diseases. Therapeutic response to non-
antimicrobial properties of tetracyclines. Pharmacol Res. 2011,63:108-13.
Suvan J, D'Aiuto F, Moles D, Petrie A, Donos N. Association between
overweight obesity and periodontitis in adults. A systematic review. Obes
Rev. 2011;12:2381-404.

Taguchi A, Tsuda M, Ohtsuka M, Nakamoto T, Inagaki K, Noguchi T, et al.
Interaction of obesity and skeletal bone mineral density in tooth retention
in Japanese postmenopausal women. Menopause. 2007;14:500-4.

Ylostalo P, Suominen-Taipale L, Reunanen A, Knuuttila M. Association
between body weight and periodontal infection. J Clin Periodontol.
2008,35:297-304.

Zhou Q, Leeman SE, Amar S. Signaling mechanisms involved in altered
function of macrophages from diet-induced obese mice affect immune
responses. Proc Natl Acad Sci U S A. 2009;106:10740-5.

Zhou Q, Leeman SE, Amar S. Signaling mechanisms in the restoration of
impaired immune function due to diet-induced obesity. Proc Natl Acad Sci
US A 2011;108:2867-72.



	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design and subjects
	Clinical examinations and sample collections
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Availability of data and materials
	Funding
	Author details
	References



