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Abstract

Relationship between circulating adiponectin levels and gingival health in women with high BMI

Chronic periodontal disease is an inflammatory condition characterized by a shift in the microbial ecology of subgingival plague biofims and the progressive host-mediat-
ed destruction of tooth-supporting structures. There has been considerable interest in drawing connections between periodontal inflammation and other chronic conditions.
Although anti-inflammatory mediators, antagonize the pro-inflammatory activities, the balance between pro- and anti-inflammatory mediators is shifted towards inflamma-
tion. Recent data point out that inflammation is associated with lower levels of adiponectin. Adiponectin is adipocytokine secreted by the fat tissue that is involved in the
energy homeostasis and the regulation of the metabolism of fat and carbohydrates and exhibits anti-inflammatory effect. The levels of circulating adiponectin are inverse-
ly related with body mass index and tend to be lower in obese subjects. The aim of our study was to determine connection between serum levels of adiponectin and gin-
gival inflammation in obese women. Materials and methods: The study included 45 women, aged 21- 60 years with BMI range 25.8 - 50.2 kg/m?. The study group was
selected from the participants in the project MONODIET run at the Institute of Pathophysiology and Nuclear Medicine, at the Medical faculty in Skopje. The presence of
endocrinologic disorders, pregnancy, lactation, hormonal or antilipidemic drugs were exclusion criteria. Adiponectin levels were determined by competitive radioimmunoassay
and gingival inflammation was estimated clinically using the criteria proposed by Sillness Loe. The statistical analysis of the data was performed with Pearson’s correlation and
two sample unpaired t-test. The probability level <0.05 was considered statistically significant. Results: The adiponectin levels ranged from 3.3 ng/ml to 28.07 ng/ml. The mean
value was 10.58+/- 4.7 ng/ml. The adiponectin levels showed negative correlation (r -0.7643, p<0.02, r-0,7776, p<0.002).) with gingival inflammation and bleeding as well.The
results from our study showed inverse correlation between adiponectin and gingival inflammation and bleeding. In accordance with the obtained results we concluded that the
lower levels of adiponectin lead to stronger clinical expression of gingival inflammation and bleeding. Keywords: Adiponectin, serum, BMI, gingiva, inflammation.

AncTtpakt

XpoHuyHaTa napofoHTanHa bonect e BocnanuTenHa cocTojba koja ce kapakTepuavpa co MpoMeHa BO MUKpoGHaTa exonorvja Ha BrodunMoBuTE Ha CyBrMHIMBanHVOT
nnak 1 NPOrPECUBHO YHULLTYBaHE Ha CTPYKTYpUTE LUTO rO NOTNOpyBaaT 3aboT O NOCpeacTBO Ha [OMaKMHOT. TocTon 3HauMTEneH UHTEPEC 3a NoBpayBarbe nomery
napofoHTanHata WHnamauvja W APy XPOHWYHM COCTOjoW. Mako aHTUMH(bnamaTopHuTe MeaujaTopu M aHTaroHuavpaaT MpOMH(IaMaTopHUTE aKTWUBHOCTH,
pamHoTexata nomery npo- 1 aHTMH(NaMaTopHUTE MeAnjaTopy € Haco4eHa KoH BocnaneHve. HeogamHelLHUTE NoaaToLM NokaxyBaaT Aeka BocnaneHueTo e noBp3aHo
CO MOHMCKY HWBOA Ha ANMOHEKTUH.AQUNOHEKTUHOT € aguNOLMTOKVH LUTO Ce Mayu O MacHOTO TKUBO, KOj € BKIy4eH BO EHepreTckaTa XoMeocTasa 1 perynupareto Ha
MeTabonMamoT Ha MacTuTe W jarmexvppatute W MoKaxyBa aHTUMH(IaMaTopHO fejcTBO. HBOaTa Ha LMpKYNMpadkv afunoHeKTVH e 0BpaTHO MpOMopLMOHanHu co
MHOEKCOT Ha TenecHa Maca W UMaaT TeHpeHumja aa buaat noHmcky kaj 0be3Hm nuua. LienTa Ha Halwata cTyavja Gelue a ce yTBpAW Bpckata noMery CepyMcKiTe HUBOA
Ha auUnoHEKTVH U TMHIMBanHata Hdnamauvja kaj aebenw xern. Matepujanu u meton: CtyaujaTa ondatin 45 ncnutaHuLy O XeHCkVoT non Ha Boapact of 21- 60
ToAMHY co BpeaHocT Ha BMI on 25.8 o 50.2 kg/m?. MauueHTkUTe CO eHROKPUHM, METaBonHN nopemeTyBaba , BPEMEHOCT, NakTaLluja kako 1 xunepnunuaemma bea
ucknyyeHu o ctyavjata. Kaj cute naumeHTky bewe ogpeneH BMW, cepymekoTo HYBO Ha aANMOHEKTUH 1 KNHUYKY Belue 0apeaeH MHAEKCOT Ha FMHIMBanHa uHdnamavmja
no Sillness Loe. AaunoHekTvHOT belle ogpeayBaH Ha VIHCTUTYTOT 3a natoduanonorja 1 HykneapHa MeauLyvHa co MoMOLL Ha KOMMETUTUBHA PagvouMyHOECe] METoaa
3a cratuctiykata aHanusa Gelue kopucteH Pearson-0B1OT TecT 3a kopenaumuu u CTyaeHToB t-TecT 3a HesaBucHU mpumepouy. CTeneHoT Ha BepojaTHoeT <0.05 ce
CMeTalLLe 33 CTaTUCTUYKV CUTHUcuKkaHTeH. PesynTati: CepymckuTe BPEAHOCTV HA aBUNOHEKTIH Ce ABIKea BO pacnoH of 3.3 ng/ml fo 28.07ng/ml. CpepHata BpefHoCT
un3Hecysalue 10.58+/- 4.7 ng/ml. Pearson-0BuoT TeCT 3a kopenavuv nokaxa CTaTUCTYKY 3HaYajHa HeraTveHa Kopenalyja Co MHAEKCOT Ha rMHMMBanHa WHpnamavmja 1
TWHMMBaNHo kpeagetse (r-0.7643, p<0.02, r-0,7776 p<0.002). [lobueHuTe pesynTaTtin H1 403BOMYBaAT 2 3aKNy4uMe Aeka HamarneHuTe HUBOAa Ha aaynoHEKTVH Kaj naLveHTuTe
YHECTBYBAAT BO KMMHMYKOTO MOTEHLMPa-E Ha TMHMVBaNHaTa MHniamaLvja v kpeasetse. Kny4hu 36opoBu: apvnoHekTiH, cepym, BMI, HmvBa, nHdnamaupja.
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Introduction

Periodontal disease is a multifactorial condition charac-
terized by the destruction of periodontal tissues due to an
inflammatory response to bacterial plaque accumulation.
Its pathogenesis involves the activation of the host immune
responses, which leads to the release of pro-inflammatory
cytokines such as interleukin-1p (IL-1p), interleukin-6 (IL-
6), and tumor necrosis factor-alpha (TNF-a). These media-
tors contribute to tissue degradation and alveolar bone
loss'. Chronic inflammation in periodontal disease has also
been associated with systemic conditions such as diabetes,
cardiovascular disease, and obesity>.

Recent research has highlighted the role of adipokines-
bioactive molecules secreted by adipose tissue-in modulat-
ing inflammatory responses within periodontal tissues.
Among these, adiponectin has garnered significant atten-
tion due to its anti-inflammatory properties and potential
influence on periodontal health’.

Adiponectin is a 30 kDa protein composed of 244 amino
acids, structurally characterized by a collagen-like domain
and a globular domain. It circulates in the blood in three
forms: low-molecular-weight (LMW), medium-molecular-
weight (MMW), and high-molecular-weight (HMW)
oligomers. The HMW form is considered the most biologi-
cally active and is closely associated with insulin sensitivi-
ty and anti-inflammatory effects’. Adiponectin exerts its
effects through two primary receptors, AdipoR1 and
AdipoR2, which are widely expressed in various tissues,
including the liver, skeletal muscle, and immune cells’.

Adiponectin has been shown to inhibit the production of
pro-inflammatory cytokines such as TNF-a and IL-6, which
are elevated in periodontal disease while promoting the
secretion of anti-inflammatory cytokines like IL-10, thus
modulating the overall inflammatory response. Additiona-
lly, Adiponectin influences the activity of osteoblast and
osteoclast activity, contributing to bone remodeling. Studies
suggest that adiponectin can inhibit osteoclasts genesis and
reduce bone resorption, which is beneficial in preventing
alveolar bone loss in periodontal disease’.

Adiponectin plays an important role in improving
insulin sensitivity, which is particularly relevant given the
bidirectional relationship between diabetes and periodontal
disease. Improved glycemic control may reduce the sever-
ity of periodontal inflammation and vice versa®.

Emerging evidence also indicates a significant associa-
tion between adiponectin levels and periodontal disease.
Studies have shown that adiponectin exerts anti-inflamma-
tory effects by inhibiting the expression of pro-inflamma-
tory cytokines such as tumor necrosis factor-alpha (TNF-a)
and interleukins (IL-1p, IL-6, IL-8) in periodontal ligament
cells. In addition, adiponectin has been shown to counter-
act the stimulatory effects of periodontal pathogens like

Porphyromonas gingivalis, thereby reducing the produc-
tion of matrix metalloproteinases (MMP-1 and MMP-3)
involved in tissue degradation’.

Therefore, the aim of our study was to investigate the
correlation between serum levels of adiponectin and gingi-
val bleeding and gingival inflammation in women with
high BMI

Material and methods

The study included 47 women, aged 21- 60 years with
BMI values ranging from 25.8 t050.2 kg/m2. The study
group was selected from the participants in the MONODI-
ET project conducted at the Institute of Pathophysiology
and Nuclear Medicine, at the Faculty of Medicine in
Skopje. The presence of endocrinologic disorder, pregnan-
cy, lactation, hormonal or antilipidemic drugs were exclu-
sion criterium.

In all patients, BMI, serum adiponectin levels, and the
gingival inflammation and gingival bleeding index were
clinically assessed according to theSilness and Loe index.

All participants met criteria to have plaque index not
higher than1 according to Green-Vermilion index.

Adiponectin levels were measured at the Institute of
Pathophysiology and Nuclear Medicine using a competi-
tive radioimmunoassay method. RIA is based on the com-
petitive binding of a radiolabeled antigen (tracer) and an
unlabeled antigen (from the sample) to a limited number of
specific antibodies. The amount of radiolabeled antigen
bound to the antibody is inversely proportional to the con-
centration of the unlabeled antigen in the sample.

For statistical analysis, Pearson’s correlation test and
Student’s t-test for independentsampleswere used. A p-
value<0.05 was considered statistically significant.

Results

The adiponectin levels among participants ranged from
3.3 ng/ml to 28.07 ng/ml. The mean value was 10.58+/- 4.7
ng/ml.

Table 1. Statistical comparation between levels of gingi-
val inflammation and circulating levels of adiponectin

Inflammation t p
Index1 20,3 ng/ml.

Index2 14,7 ng/ml.| 2,39 0,0413
Index3 8,6 ng/ml. | 3,48 [ 0,0245
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The results obtained from our study are presented in the
following tables and graphics

Table 1 presents inflammation-related indices and their
corresponding values of circulating adiponectin values.
The columns include measured values (in ng/ml) and sta-
tistical data.

* Index 1: The measured value is 20.3 ng/ml.

* Index 2: The measured value is 14.7 ng/ml, with a
t-value of 2.39 and a p-value of 0.0413. The p-value
suggests a statistically significant difference at the
0,05 significance level.

» Index 3: The measured value is 8.6 ng/ml, with a t-
value of 3.48 and a p-value of 0.0245. The lower p-
value indicates a stronger statistical significance
compared to Index 2.

Table 2. Statistical difference between levels of gingival
bleeding on probing and circulating levels of adiponectin

G bleeding t p
Index 1 18,6 ng/ml.

Index 2 12,3 ng/ml.| 1,58 0,0493
Index 3 9,5ng/ml. | 2,89 0,059

The statistical values (t and p) represent the results of a
comparison, between different conditions or groups com-
pared to the first group. A p-value below 0.05 generally
indicates statistical significance, meaning the observed dif-
ferences are unlikely due to random variation.

The table 2 presents data related to G bleeding and
includes measured values of adiponectin serum levels,
along with statistical parameters (t-value and p-value).

* Indexl: The concentration is 18.6 ng/ml.

* Index2: The concentration is 12.3 ng/ml, with a t-
value of 1.58 and a p-value of 0.0493. The p-value
is close to the 0.05 threshold, indicating a statisti-
cally significant difference.

* Index3: The concentration is 9.5 ng/ml, with a t-
value of 2.89 and a p-value of 0.059. The p-value is
slightly above 0.05, suggesting that the difference is
not statistically significant at the conventional level
but may still indicate a trend toward significance.

Graphl illustrates the relationship between adiponectin
(VAR2) and gingival bleeding (VAR3) based on a regres-
sion analyses Correlation (r =-0.7643): The negative corre-
lation coefficient (-0.7643) indicates a strong inverse rela-
tionship between adiponectin and gingival bleeding.

The graph 2 shows the relationship between
adiponectin and gingival inflammation based on a regres-
sion analyses. This indicates that as adiponectin levels
increase, gingival inflammation decreases. Correlation (r =
-0.7726) The negative correlation coefficient (-0.7726)

VAR2 vs. VAR3

VAR3 = 3,4350 - 1328 * VAR2

Correlation: r= - 7643

WAR3Z

“.. Regression

0 4 8 12 16
VAR2

20 24 28 32 95% confid.

Graph 1. Correlation between gingival bleeding and adiponectin
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VARZ2 vs. VARS (Casewise MD deletion)
VARS = 3,6306 - 1400 " VAR2

Correlation: r=-7726

VARS

CORED i,

0 4 8 12 16
VAR2

“0.. Regression

20 24 28 32 95% confid.

Graph 2. Correlation between gingival inflammation and adiponectin

suggests a strong inverse relationship between adiponectin
and gingival inflammation.

Discussion

Periodontal disease arises from the interactions
between periopathogenic bacteria and the host defense sys-
tem. Bacterial products such as LPS, antigen, penetrate the
gingival tissue triggering the inflammatory response. As a
result of this interaction, inflammatory mediators such as
cytokines, chemokines, adipokines, and arachidonic acid
metabolites are released, which play an important role in
disease progression and tissue destruction'®?.

Adipokines are biologically active molecules produced
by the adipose tissue. Adipokines such as adiponectin play
an important role in periodontal inflammation.

Adiponectin possesses anti-inflammatory properties
that may protect against periodontal inflammation by coun-
teracting the effects of periodontal pathogens and their
associated inflammatory responses''".

The aim of our study was to assess the effect of
adiponectin on gingival inflammation. Regarding gingival
inflammation, our findings demonstrated that lower serum
levels of adiponectin were associated with severe inflam-
mation, while higher levels of adiponectin correlated with
reduced inflammation (Table 1).

The negative correlation coefficient (-0.7726) indicates
a strong inverse relationship between adiponectin and gin-
gival inflammation. Higher adiponectin levels were associ-

ated with lower levels of gingival inflammation. Given
adiponectin is an anti-inflammatory protein, this graph sup-
ports the hypothesis that higher adiponectin levels might
help reduce gingival inflammation. The strong inverse cor-
relation suggests that adiponectin could play a protective
role in periodontal health (Graph 2.)

Adiponectin mediates its protective effects through
several mechanisms, including:

Inhibition of Pro-inflammatory Cytokines: By suppre-
ssing the production of TNF-o and interleukins, adiponectin
reduces the inflammatory response within periodontal tis-
sues. Studies demonstrate that adiponectin is synthesized by
oral epithelial cells and can modulate inflammatory respons-
es induced by P.gingivalis lipopolysac charide. Adiponectin
was found to downregulate pro-inflammatory cytokines such
as IL-1p, IL-6, and IL-8, while upregulating anti-inflamma-
tory mediators like IL-10°.

Similar results were observed for gingival bleeding
(Table 2, Graph 1). Higher adiponectin levels are associat-
ed with lower levels of gingival bleeding. Adiponectin,
known for its anti-inflammatory properties, appears to have
a protective role in reducing gingival bleeding. The strong
inverse correlation suggests that higher adiponectin levels
may contribute to better periodontal health by reducing
bleeding in the gums.

Our findings align with previous research. For exam-
ple, studies by Yamaguchi et al® also reported an inverse
correlation between adiponectin levels and inflammatory
markers in periodontal disease, reinforcing its protective
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role in periodontal health. Similar results were observed by
Fairlin P et al”., who demonstrated that higher adiponectin
concentrations in gingival fluid were linked to reduced gin-
gival inflammation and improved periodontal outcomes.

The same results were obtained for gingival bleeding
(Table 2, Graph 1). Higher adiponectin levels are associated
with lower levels of gingival bleeding. Adiponectin, known
for its anti-inflammatory properties, appears to have a pro-
tective role in reducing gingival bleeding. The strong nega-
tive correlation suggests that higher adiponectin levels may
contribute to better periodontal health by reducing bleeding
in the gums. A study by Duzagac et al." found that patients
with chronic periodontitis had significantly lower serum
adiponectin levels compared to healthy controls, suggesting
a protective role of adiponectin in periodontal health.

Conversely, another study by Furugen et al."” reported
elevated adiponectin levels in gingival crevicular fluid
(GCF) of patients with periodontitis, indicating a localized
anti-inflammatory response.

These findings highlight the complex role of adipo-
nectin in periodontal disease, which may vary depending
on the site of measurement (systemic vs. local) and the
stage of the disease.

Thus, our study, together with previous research, sup-
ports the hypothesis that adiponectin is a significant modu-
lator of gingival inflammation and bleeding, highlighting
its potential as a biomarker for periodontal health.

Conclusion

Adiponectin plays a pivotal role in modulating
inflammation and bone metabolism within periodontal
tissues. Its anti-inflammatory and bone-protective prop-
erties make it a promising target for therapeutic inter-
ventions in periodontal disease. Future studies should
focus on understanding the precise mechanisms of
adiponectin action and exploring its potential in clinical
applications for periodontal therapy.
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