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Aim: This study aimed to compare periodontal condition in four years of Japanese
elderly between high and low serum resistin levels.

Materials and methods: One hundred and thirty-two dentate community-dwelling
participants enrolled in this cohort study. At baseline, blood sample were drawn for
serum resistin and other adipokines/cytokines measurements. The participants were
then divided into 2 groups; low resistin (LR, resistin < 5.3 ng/mL) group (n = 84) and
high resistin (HR, resistin > 5.3 ng/mL) group (n = 48). At baseline and after four years,
all participants were subjected to periodontal examination (assessment pocket depth;
PD and bleeding on probing; BOP). Annual general/oral health questionnaires were
also performed. Intergroup comparisons of periodontal parameters and categorical
variables were accomplished by t-test and Chi-square test, respectively. Association
between baseline serum resistin level and periodontal condition alteration after four
years in each group were analyzed by a multiple linear regression analysis.

Results: At baseline, HR group had more sites with PD > 4 mm concomitant BOP than
those of LR group (5.849.0 vs. 2.8+4.8 sites). High serum resistin concentration and
number of tooth loss markedly associated with reduction of sites with PD > 4 mm and
PD =4 mm concomitant BOP.

Conclusion: High serum resistin level might negatively be associated to periodontal
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1. Introduction

Adipose tissue, in currentview, is notonly aninertorgan
for energy storage, but it is able to mediate signals
to play important roles in a number of physiological
responses, for instance activation of secretory process
from endocrine and reproductive system, modulation
of bone metabolism and controlling inflammatory
processes [1]. It is well established knowledge in
recent years that increase in metabolic overload relates
to more frequent obesity and is closely associated
with higher systemic inflammations [1]. Adipocytes
produce a number of adipokine such as adiponectin,
resistin and leptin as well as cytokine including tumor
necrosis factor alpha (TNF-a) and interleukin-6 (IL-
6). These factors play a pivotal role in inflammation
and immune reaction [1,2]. TNF-a and IL-6, two major
inflammatory cytokines, were shown to overexpress in
adipose tissue of obese mice and human, which clearly
showed the link between obesity, diabetes and chronic
inflammation [3-5]. Additionally, soluble molecules
from adipocytes played a complex interaction with the
immune cells [6]. Adiponectin, one of a well-studied
adipokines, acts as an anti-inflammatory factor due
to it inhibited TNF-a-induced adhesion molecule
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expression [7] and induced anti-inflammatory cytokine
IL-10and ILTR in human leukocytes [8]. Furthermore, its
level is slightly decreased in periodontitis [9].

Resistin is an 144-amino-acid adipokine which was
previously said to be predominantly expressed
in adipocytes [10-11]. However, recent evidence
demonstrated that resistin expressed mainly from
macrophages and bone marrow cells and is linked to
the inflammatory cascade [12] as well as an immune
response [1]. It was found that lipopolysaccharides from
pathogenic bacteria in human volunteers stimulated
secretion of circulating serum resistin levels [13]. On the
contrary, the NF-kB inhibitor could counteract the pro-
inflammatory properties of resistin, thus demonstrating
the interplay of the NF-kB in the resistin-induced
modulation of the inflammatory cascades [14]. Previous
reports found that resistin was positively correlated with
obesity and insulin resistance and glucose-lowering
therapies reduced resistin gene expression [15].
Periodontitis, a multifactor chronic inflammatory
disease caused mainly by intraoral pathogens, is
strongly linked to the immune system [16,17]. Obesity
has also been suggested to be linked to periodontitis
in the way that periodontitis was exacerbated by some
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conditions associated with obesity e.g. insulin resistance
[18]. It was suggested that increased serum resistin levels
were correlated with developed periodontitis in elderly
Japanese [9]. Furthermore, non-surgical periodontal
treatment slightly decreased circulating resistin level
[19]. Bleeding on probing is generally known parameter
that directly reflects inflammatory condition and
is considered as a predictor of periodontal disease
progression in elderly [20]. We hypothesized that serum
resistin level but not adiponectin might relate to the
progression of periodontitis by the changing of bleeding
on probing sites. However, this hypothesis has never
been proved yet.

Even several lines of evidence support the higher level
of serum resistin in periodontitis patients, but recent
reports concluded that there were almost no differences
of serum resistin levels between normal VS periodontitis
patients [21-22]. Whether they influence the alteration of
periodontal conditions in a long-term period still has not
yet been reported. The aim of the present study was to
investigate whether serum resistin levels associate to the
long term periodontal condition alteration.

2. Materials and Methods

2.1. Study design and participants

The present cohort, parallel design study was
performed as part of the Niigata elderly study. A total
of 161 Japanese elderly residing in Niigata, Japan and
aged 76 at baseline participated during the entire
period of the present study. Our inclusion criteria
were healthy individuals and the exclusion criteria
included any severe systemic disease(s) or disability
condition(s). Ethical approval was obtained from the
Niigata University Review Board (21-R13-09-08) and all
procedures were undergone in the Niigata University
Hospital. After the participants signed the informed
consent, they were asked to answer the general/oral
health questionnaires. The diagnosis of periodontitis
was based on the criteria as designed by the American
Academy of Periodontology in 1999 [23].

2.2. Periodontal Examination

Four trained dentists were involved in this study and
were calibrated for periodontal examination until
the kappa value for probing pocket depth >0.8 was
reached. All remaining teeth were subjected to 6 sites/
tooth examination. The measurements of the probing
pocket depth (PD) were based on nearest millimeter
intervals and all sites with bleeding on probing (BOP)
were also recorded. Periodontal examinations were
conducted at baseline and at the 4th-year follow-up
examinations. Analyses were performed by another
dentist who was not involved in the patient clinical
outcome measurements.

2.3. Biological measurement

Blood samples were taken and kept at -70°C until
subsequent measurements of HbATc, adiponectin,
resistin, IL-6 and TNF-a by KHP0041, KHP005 1, KHC0064
and KHC3014 ELISA kits (Biosource International Inc.,
CA, USA), respectively. Before measurements, the
validation of the method was performed by fabrication
of standard curve following the instruction from
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I Table 1. Basic characteristics, HbA1c and periodontal characteristics of
the study participants at baseline

Resistin
Characteristics Overall LR(<53ng/ HR (5.3 ng/
mL)N=384 mL) N=48
General characteristics
Male/female 64/68 40/44 24/24
Numberof ) 34587 2036+567 2083+6.21
present teeth
Alcoohol
drinking (%) 64.12 64.29 63.83
Smocking (%) 44.70 46.43 41.67
HbA1c (%) 522+0.70 527 £0.81 5.13+0.46
BMI (kg/m?) 22.69 £2.62 22.75+£2.69 2259 +2.51
Serological parameters
Adiponectin 1, 05 482 11.17+480 1097488
(ng/mL)
TNF-a (pg/mL) 0.97 £1.59 0.94+1.80 1.03+£1.14
IL-6 (pg/mL) 0.75+1.89 0.75+1.97 0.76 +1.75

Data expressed as mean + standard deviation

BMI =body mass index, HbA1c = glycated hemoglobin, HR = high serum resistin,
IL-6 = interleukin-6. LR = low serum resitin, TNF-a = tumor necrosis factor alpha

the manufacturer. All serological parameters were
measured once at the baseline period.

2.4. Health Status Interview

At baseline and at 4th-year, the participants were asked
to participate in an annual health examination which
includes a general health check-up and the oral health
questionnaires. We included the questions about
receiving dental (including periodontal) treatment and
recent tooth loss in the questionnaires as well in order to
evaluate the oral health maintenance manner of subjects.

2.5. Statistical Analysis

For continuous variables, the t-test was used for
intergroup  comparisons.  Categorical  variables
comparisons between groups were conducted using
Chi-square test. For association between baseline
serum resistin level and periodontal condition after 4
years, multiple linear regression models were used to
predict changes of sites with PD>4 mm and sites with
PD=4 mm concomitant BOP by the influence of serum
resistin, adiponectin, IL-6, TNF-a level and number
of tooth loss. The P-value<0.05 was determined as
statistically significant. All statistical analyses were
conducted using the STATA software package (Stata
Corp., www.stata.com).

3.Results

A total of 132 participants (64 male and 68 female) were
included in the present study because 29 participants
were totally edentulous individuals. Almost all participants
were non-diabetic because the average HbAlc at
baseline was 5.22 + 0.70%. Only 5 participants (3.8%) had
HbA1c level more than 6.7% (a cut-off point of increased
risk of hypoglycemia according to the Japanese Diabetes
Diagnostic Criteria (1999) [24]. Of these, 84 participants
were classified into a low resistin group (LR), (with an
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individual having a serum resistin level <5.3 ng/mL, and
48 participants were in a high resistin group (HR), or who
had serum resistin from 5.3 ng/mL. This categorization
was according to a previous study [9].

Table 1 shows the characteristic of the participants
at baseline. Based on general data, 44.7 % (59 out of
132) of participants were smokers. With respect to
the drinking habit, one participant who was in the
HR group refused to answer the questionnaire so we
excluded this participant in the analysis of the drinking
habit and we found that 64.1 % (84 out of 131) of
participants drank alcohol. There was no difference
regarding the number of drinkers or smokers between
the groups. The distribution of serum resistin ranged
from 1.2 to 17.9 ng/mL with an average of 5.38 + 3.24
ng/mL. The average BMI of participants in the present
study were in the normal weight range based on the
WHO classification for Asians [25]. Six participants (5 in
LR and 1 in HR group, data not shown) were classified
as obese (BMI = 27.5). With respect to the adipokine/
cytokines data at baseline, there were no differences
between the groups in all these parameters (Table 1).
Intergroup comparisons of periodontal parameters are
shown in Table 2. At baseline, the HR group had sites
with PD=4 mm, and sites with PD>4 mm concomitant
BOP 1.58. This was 2 times higher than those of the LR
group, respectively.

There were statistically significant differences at p =
0.026 and 0.016, respectively. Interestingly, after 4 years
all these parameters were improved in all participants.
Alteration of above parameters were markedly detected
in the HR group for both sites with PD > 4 mm and sites
with PD =4 mm concomitant BOP which were reduced
by 54.2% and 92.5% after 4 years, respectively while in
the LR group, these parameters decreased only by 28.3%
and 87.2%, respectively from baseline. No significant
difference was found between groups regarding PD >
6 mm, and PD = 6 mm concomitant BOP. The average
number of tooth loss was only 1.1 teeth (5.0% loss from
baseline) in the LR group, and 1.62 teeth (7.8% loss from
baseline) in the HR group.

Multiple linear regression analyses (Table 3 and 4) were
performed using alteration in the number of sites with
PD=4 mm, and these sites concomitant BOP during
4 years as a dependent variable, and all adipokines/
cytokines level at baseline as well as the number
of tooth loss in 4 years as independent variables. It
was found that serum resistin levels had a significant
contribution effect on the improvement of sites with PD
>4 mm (correlation coefficient =-0.49; p = 0.080), and
also inflammation shown by the reduction of sites with
PD > 4 mm concomitant BOP (correlation coefficient
=-0.41, p = 0.009). The other cytokines and adipokine,
however, appeared to have no such relationship.
Additionally, the number of teeth lost during the 4-year
period also had a significantly positive effect on the
reduction of sites with PD > 4 mm and sites with PD >
4 mm concomitant BOP (correlation coefficient =-2.48;
p = 0.000 and correlation coefficient =-0.78; p = 0.001,
respectively).

Most of participants received periodontal treatment
during the study period. Table 5 shows the numbers
of participants who received scaling and scaling with
root planning which were 109 (82.6%) and 56 (42.4%)
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I Table 2. Comparison of periodontal conditions between low (LR) and
high (HR) serum resistin

Resistin
Characteristics LR(<53ng/ HR(25.3ng/ p value
mL)N=84 mL)N=48
Periodontal conditions (Baseline)
SiteswithPD> g 51 4 1108 1562417.02 0.026
4 mm
Siteswith P> 65, 391 2754517 0.144
6 mm
Sites with PD > 4
mm concomitant 2.82+4.84 5.75+8.97 0.016
BOP
Sites with PD > 6
mm concomitant 0.60 + 1.69 1.02 £ 2.07 0.216
BOP
Numberof ., 30 4567  2083+625 0.664
present teeth
Periodontal conditions (4 years follow-up)
Siteswith PD> 11 1508 7164810 0.980
4 mm
StteswithPD = 49,030 0.87+1.23 0.969
6 mm
Sites with PD > 4
mm concomitant 0.36+0.48 0.43 +£0.50 0.442
BOP
Sites with PD > 6
mm concomitant 0.21+£0.85 0.22 £ 0.55 0.913
BOP
Numberof g 05 L 656 19.02+6.68 0.950
present teeth
Periodontal conditions (alteration)
Siteswith PD> 5 26 1102 -845+1244 0.000
4 mm
Siteswith P> 25, 406 1872472 0.170
6 mm
Sites with PD > 4
mm concomitant -1.15+4.98 -4.27 +7.34 0.004
BOP
Sites with PD > 6
mm concomitant -0.39+1.86 -0.79+1.97 0.250
BOP
Numberof ) 15,517 1622260 0.224
present teeth

Data expressed as mean + standard deviation

HbA1c = glycated hemoglobin, PD = probing pocket depth, BOP = bleeding on
probing

ttest was used to analysed

individuals, respectively. When we compared the
groups, there were no statistically significant differences
between groups in participants who received scaling
or those who received scaling with root planning (p =
0.862 and p = 0.894, respectively).

4. Discussion

To our knowledge, this is the first longitudinal
observational study to compare the potential of low
and high serum resistin level at baseline to predict
the periodontal condition alteration of community-
dwelling elderly in a 4-year period. The primary
outcome variable was the association between
the baseline serum resistin level and the alteration

http://www.stomaeduj.com
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I Table 3. Multiple linear regression analysis and associated p-value using
change in sites with PD = 4 mm as a dependent variable

Dependent variable: changes in sites with PD = 4

Independent mm
variables
Coefficient S.E. t 95%Cl  p-value
Resisitin
049 028 -176 -105-006  0.080
(ng/mL)
Adiponectin 001 019 -004 -038-036 0967
(ug/mL)
TNF-a (pg/ 039 056 070 -072-152 0487
mL)
IL-6 (pg/mL) 005 048 011 -090-1.00 0915
Number of 248 039 623 -327-169  0.000
tooth loss
Constant 070 293 024 -509-6.51 0.240

R-square =0.281, PD = probing pocket depth, S.E. = standard error, t =t test statistic,
Cl = confidence interval, TNF-a = tumor necrosis factor alpha, IL-6 = interleukin-6

I Table 4. Multiple linear regression analysis and associated p-value using
change in sites with PD =4 mm concomitant BOP as a dependent
variable

Dependent variable: changes in sites with PD > 4

Independent mm, concomitant BOP
variables
Coefficient S.E. t 95%Cl  p-value
Resisitin
041 015 -266 -072-010  0.009
(ng/mL)
Adiponectin 002 010 028 -023-017 0777
(ng/mL)
TNF-a (pg/ 031 031 099 -030-093 0323
mL)
IL-6 (pg/mL) 001 026 -007 -054-050 0945
Number of 078 021 -355 -121--034  0.001
tooth loss
Constant 100 161 062 -219-420 0536

R-square =0.281, PD = probing pocket depth, S.E. = standard error, t =t test statistic,
Cl = confidence interval, TNF-a = tumor necrosis factor alpha, IL-6 = interleukin-6

I Table 5. Comparison of number and percentages of participants who
received periodontal treatment between low and high serum resistin
group during study period

Type of Resistin
periodontal I
treatment LR(<5.3ng/ HR(25.3ng/ pvalue
received mL) N =284 mL)N=48
Scaling only (%) 69 (82.14) 40(83.33) 0.862
scalingandroot 55 4y g6y 50 (41.67) 0.894

planing (%)

The p-values were calculated by Chi-square test

of inflammatory-related periodontal parameters. We
demonstrated that the high serum resistin levels seemed
more sensitive to contribute to the other factors-mediated
improved periodontal condition more than those in the
low resistin counterpart. The association between the other
serological parameters at baseline as well as the number of
teeth lost in 4 years, and the alteration of the periodontal
condition were the secondary outcome variables.

The participants in the present study were in a
relatively good periodontal condition (at baseline
average sites with PD>4 mm, and those concomitant
BOP were 11.99 sites and 3.88 sites, respectively).
Basically, periodontal disease activity can be measured
by many parameters such as probing pocket depth,
clinical attachment level, radiographic bone level,
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and bleeding on probing. Among these parameters,
bleeding on probing is a reliable indicator that can
be used to monitor periodontal disease activity in
clinical situation [26], especially when focusing on
inflammation as a primary outcome. This is the reason
why we emphasized the analysis of the sites with
periodontal pocket depth = 4mm concomitant BOP
in our study. Our results indicated that the periodontal
disease activity in our participants were much lower
than in the previous report [20].

Two meta-analyses [27,28] have demonstrated that
individuals who were obese or had high body mass
index (BMI) seemed susceptible to periodontitis
more than normal weight individuals. And the high
resistin levels were observed in obese individuals with
periodontitis. The participants in the precedent study
had normal BMI, but in individuals with relatively
high BMI or the obese ones we did not observe this
tendency suggesting that obesity modulates resistin
independent of periodontitis.

A previous cross-sectional study by Furugen et al. [9]
indicated that serum resistin levels were significantly
correlated with BOP, and leukocyte counts, but weakly
correlated with average PD. The present study also
similarly found a significant correlation of sites with
PD=4 mm as well as sites with PD>4 mm concomitant
BOP at baseline with serum resistin level. These results
support the previous report that resistin play an
importantroleininflammation[12].Butsinceall previous
studies were cross-sectional studies; causality-effect
relationship could not be obtained. It is noteworthy
that for long term association of serum resistin level
and periodontal parameters, high serum resistin level
at baseline appeared to influence more profoundly
the effect of the periodontal condition alteration. The
possible explanation of these findings is based on the
fact that all participants were aware of their periodontal
condition mainly because they were subjected to
periodontal examination and oral hygiene instruction.
These led most of the participants to receive extensive
periodontal treatment by themselves elsewhere
over the period of the present study. However, the
percentages of participants who received periodontal
treatment in both groups are almost the same (Table
5). Nonetheless, the periodontal conditions of the high
resistin group remained more improved than the low
resistin group. These results were probably due to
resistin significantly correlated only to severe systemic
inflammation condition such as in angina patient [29],
but in case of mild or localized inflammation such as
stable angina and mild periodontitis, which is not
severe enough to sense signaling to activate resistin,
resulting in almost no positive relationship between
the serum resistin level and the periodontal condition
[14,19,30]. Our results were somehow different from
these studies because we demonstrated the inverse
association between serum resistin level and long-term
periodontitis progression in a fashion that the higher
the serum resistin levels the better the sensitivity to
periodontal treatment effectiveness. Moreover, resistin
plays a role not only in the peripheral area, but it also
functions in a central nervous system. It was found
that resistin inhibits dopamine and norepinerphrine
in rat hypothalamus [31]. Furthermore, an increase in
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serum resistin levels is related to the inhibition of the
parasympathetic nervous system [32]. To date, there is
still a lack of promising data in humans. This is because
there is a striking difference in terms of biological
responses between humans and rodents. Hence,
we postulated that high serum resistin at baseline in
our subjects might be a signaling factor to activate
the central nervous system regulating an extensive
amelioration of the local inflammation. In contrast, a
low serum resistin level might not provide an adequate
signal to stimulate the reduction of the peripheral
inflammation. The exact mechanism to explain this
finding, however, has not yet been fully elucidate.
Furthermore, resistin  may respond differently
depending on the age of the patients because it was
found that resistin levels in children had no correlation
with metabolic parameters. However, they correlated
only with the onset of pubertal development [33].
Thus, resistin in the elderly probably exerts different
effects than in the adults. Additionally, the serum resistin
level is also affected by many other factors such as
lipopolysaccharides form oral pathogens [13], insulin
level [10,34], cardiovascular disease condition [35], and
chronic kidney disease [36]. All these factors might
exert an effect on serum resistin levels more than local
inflammation occurring in mild/moderate periodontitis.
Conversely to the effect of serum resistin on the
alteration of the periodontal condition, serum IL-6
and adiponectin level were hardly associated with the
change of the periodontal condition (data not shown).
For IL-6, the results are somewhat supported by the
previous reports [37-39] in which these molecules were
produced mainly only during the early inflammation
event and were probably synthesized only in low levelin
elderly. Therefore, in the long-term observation and with
a relatively low level of localized inflaimmation such as in
the present study, we could not observe any effect of IL-6
on the periodontal condition changes. For adiponectin,
previous studies suggested that periodontal treatment
had minimally influenced the serum adiponectin level
[9,39-42]. The present study added up this relationship,
in which serum adiponectin level was relatively
minimally influenced by the alteration of the periodontal
condition. Indeed, adiponectin is said to be an anti-
inflammatory molecule that can be impaired by resistin
[43]. Regarding TNF-0, we demonstrated that the TNF-a
level at baseline slightly positively affected periodontal
disease progression (regression coefficient of 0.39 and
0.31 for change of sites with PD > 4 mm, and sites with
PD = 4 mm concomitant BOP, respectively). TNF-a is a
well-recognized cytokine related to the inflammatory
process, and this molecule could be secreted by
adipocytes [44], and immune cells [45]. Some studies
have shown the positive association between serum
TNF-a and periodontitis [46,47]. Our studly is in line with
these studies and contributes to the establishment of
the role of the TNF-a in inflammatory enhancement.
Regarding the number of tooth loss which had a strong
association with the reduction of the sites with PD > 4
mm in 4 years, it is a common phenomenon that teeth
which had been diagnosed on the basis of periodontal
etiology/criteria, as having a poor prognosis in the elderly,
on the basis of periodontal etiology/criteria, were the
main sources of multiple, and relatively deep periodontal
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pockets. Based on theoretical and clinical knowledge such
teeth would be extracted. The data of the present study
showed that approximately 5.1 — 7.8% of teeth were lost
during the 4 years in LR and HR group, respectively. This
was considered an important factor that dramatically
reduced the sites with PD > 4 mm and these sites PO >
4 concomitant BOP, which collectively improved the
periodontal condition as shown in the study population.
Additionally, it is useful to include other age groups, the
leukocyte related parameters e.g. leukocyte count, and
genetic information to clarify the general resistin function.
Especially from a genetic point of view, although there
is no clear association, some Finnish [48] and Japanese
[49] study subjects suggested that single nucleotides
polymorphism (SNP) in the promoter region of the
resistin gene (RETN -420C>G, rs1862513) associated with
obesity and diabetes, which may be a link to the increase
of the inflammatory reaction. Based on the fact that all
participants were non-diabetic and almost classified
into normal BMI individuals, the majority of our subjects
probably might not have this SNP locus.

The present study has some limitations that should be
carefully taken into consideration when interpreting
the results. First, because of the observational nature
of our study, we could not discourage individuals
from receiving periodontal treatment, thus improving
of individual periodontal condition. This might have
in part contributed to the observed effect of the
periodontal treatment they received. Furthermore, as
aforementioned almost all participants were relatively
in a good periodontal condition from the beginning of
the study, therefore detecting the association between
severe periodontitis and the serum resistin level could
not be achieved. Finally, we had no data on the serum
resistin level as well as the other serological parameters
at the follow-up period to re-evaluate the relationship
of serum resistin level and other adipokines/cytokines,
and periodontal condition in a low inflammatory state.
Monitoring the level of adipokines/cytokines at the
end of study should be included in the future studies.

5. Conclusion

The present results provide evidence that high
serum resistin levels are associated with a dramatic
improvement in the long-term periodontal condition
especially when considering bleeding on probing
in the Japanese elderly. There was also a finding that
resistin plays an important role in inflammation.
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1. What is the major inflammatory cytokine shown to overexpress in adipose
tissue?

Qa. Adiponectine;
Qb. Resistin;
dc. TNF-alpha;

Qd. Leptin.

2. Individuals with impaired fasting glucose and diabetes mellitus,
Qa. often have degrees of periodontal inflammation;

ab. often have degrees of oral carcinoma;

Qc. often have degrees of root caries;

Qd. often have degrees of dysphagia.

3. Periodontal disease could be described as,

Qa. non-multifactor chronic inflammatory disease;
ab. integrated to immune system;

Qc. caused only by intraoral pathogen;

Qd. caused mainly by undernutrition.

4, Level of adipokine could be influenced by,

Qa. fluoride gel application;
Qb. intake of Vitamin supplement;
dc. professional mechanical tooth cleaning;

Qd. smoking habit.
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