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Abstract:
Background:
Obesity represents one of the main health problems worldwide and is considered a risk factor for several diseases, including periodontitis, which is
a microbially-associated inflammatory disease affecting the tooth-supporting structures.
Objective:
The aim of this review was to report the current direct and indirect evidence concerning the possible association between obesity and periodontitis
and their putative molecular links.
Methods:
A literature search was conducted between January 1999 and September 2019, in PubMed/MEDLINE and Science Direct databases, using
pertinent keyword combined by Boolean operators. Through a multi-step screening process (literature search; articles title and abstract evaluation
and full-text reading), studies fitting inclusion/exclusion criteria were considered for the review.
Results:
35 studies were included in the present review (17 observational studies; 7 systematic reviews; 11 systematic reviews with meta-analysis), focusing
on the direct and indirect evidence of the possible association between obesity and periodontitis and their potential etiopathogenic molecular links
Conclusion:
Although the majority of the studies reported a positive association between obesity and periodontitis, the heterogeneity of the classification
criteria and of the clinical parameters employed in the studies for both obesity and periodontitis evaluation, complicated the comparison of the
results, thus considered inconclusive. Although several putative molecular pathogenic links between obesity and periodontitis have been
highlighted, further studies, with longer follow-ups and with homogeneous clinical criteria, are needed to better understand the putative relation
between obesity and periodontal disease.
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1. INTRODUCTION
Obesity represents one of the main health problems
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worldwide, with a prevalence triplicated in the last 40 years
[1, 2] and estimated between 2015 and 2016, of 13.9% for US
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children (2-5 years old), 18.4% in school-aged children (6-11
years old), 20.6% in adolescents (12-19 years old), and 39.8%
in adults [3].
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pertinent keywords, combining databases, using the following
them with the three Boolean operators AND, OR, NOT, for
each search in the above-mentioned databases:

Obesity is defined as an excessive body fat accumulation,
due to the imbalance between the food eaten and the calories
spent [4], and is evaluated through Waist Circumference (WC)
[5] and Body Mass Index (BMI) [6] assessment.

1. Periodontitis

Waist circumference measurement is applied for cardiovascular diseases risk prediction, indicating: a moderate risk,
with values ≥ 94 cm in men and ≥ 80 cm in women; a severe
risk, with values ≥ 102 cm in men and ≥ 88 cm in women; an
extremely high risk, with values ≥ 120 cm in men and ≥ 110
cm for women [7].

4. Periodontal inflammation

BMI calculation, obtained by dividing a person’s weight
2
by height square (Kg / m ), identifies overweight with values
between 25 and 29.9, while, values ranging from 30 to 34.9,
from 35 to 39.9, and over 40, indicate a Slight or First Degree
of obesity, a Moderate or Second degree of obesity, and a
Severe or Third degree of obesity, respectively [6]. BMI, is the
most common measure for obesity screening, even though it is
not able to differentiate lipids distribution neither in somatic
and visceral fat or in relation to age, sex and race [8].
Obesity is the result of many disorders arising from a
number of different causes, including complex interactions
among genetic, biochemical, neural and psychological factors,
on one side, and environmental, social and economic factors,
on the other side [9]. Moreover, obesity is considered itself a
risk factor for several diseases, such as type 2 diabetes mellitus,
cardiovascular disease, tumors and, potentially, for periodontal
disease [1].
Periodontitis is an inflammatory microbially-associated
disease, leading to the destruction of the tooth-supporting
structures [10, 11]. It is likely associated with diabetes,
cardiovascular disease, cancer, respiratory infections,
metabolic syndrome and, according to recent evidence, to
obesity too [12, 13].
Since the first report suggesting in a rat model the
existence of a possible relation between obesity and
periodontal disease in 1977 [14], only 21 years later, Saito
et al. conducted the first human study on the Japanese
population, revealing that obese subjects showed a probability
of suffering from periodontitis 8.6 times greater than non-obese
ones [15].
The present review aims to report current higher-level
evidences relating obesity to periodontal disease and the
putative molecular pathogenic links.

2. Periodontal diseases
3. Gingivitis

5. 1 OR 2 OR 3 OR 4
6. Obesity
7. Overweight
8. 6 OR 7
9. CAL (acronym of Clinical Attachment Level) AND 8
10. PPD (acronym of Periodontal Probing Depth) AND 8
11. BoP (acronym of Bleeding on Pobing) AND 8
12. 9 OR 10 OR 11
13. BMI (acronym of Body Mass Index) AND 5
14. Waist to Hip ratio AND 5
15. Periodontal treatment AND 8 OR 12 OR 13
16. Bariatric Surgery AND 5 OR 12
17. Weight Loss AND 5 OR 12
18. 15 OR 16 OR 17
19. CRP (acronym of c-Reactive Protein) AND 5 OR 8 OR
12 OR 18
20. Oxidative stress AND 5 OR 8 OR 12 OR 18
21. IL-1b AND 5 OR 8 OR 12 OR 18
22. TNF-a AND 5 OR 8 OR 12 OR 18
23. IL-6 AND 5 OR 8 OR 12 OR 18
24. IL-8 AND 5 OR 8 OR 12 OR 18
25. Inhibitor of the plasminogen activator AND 5 OR 8
OR 12 OR 18
2.2. Inclusion and Exclusion Criteria
Cross-sectional and longitudinal studies, systematic reviews and meta-analysis, in the English language, in press or
published in scientific journals, between January 1999 and
September 2019, were included in the present study.

2.1. Search Methods

Literature reviews, case reports and case series studies,
together with conference papers and oral communications,
edited books and book chapters, were excluded from the
present study, together with cross-sectional and longitudinal
studies, systematic reviews and meta-analysis not published in
English language or published before January 1999.

A literature search was independently conducted by two
reviewers through PubMed / MEDLINE and Science Direct

3. RESULTS

2. METHODS

* Address correspondence to this author at the Department of Medicine, Surgery
and Dentistry “Schola Medica Salernitana”, School of Dentistry, University of
Salerno, Via S. Allende; 84081 Baronissi (Salerno), Italy; Tel: +39 333 2604350;
Fax: +39 089 968811; E-mail: dispiritof@yahoo.it

3.1. Studies Screening Process
From literature research, 554 articles were identified; out
of these, subsequently to articles title and abstract evaluation,
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119 were considered eligible for the present review; after the
full-text evaluation, 35 articles, fitting the above-mentioned
inclusion and exclusion criteria, were included in the present
study, as shown in Fig. (1).
3.2. Studies Included in the Present Review
Among the 35 articles considered in the present study: 17
reported observational studies (6 cross-sectional, 13 casecontrol and 8 pro-/retro-spective studies, respectively); 7 were
systematic reviews; 11 were systematic reviews with metaanalysis. Included studies type is reported in (Table 1).
3.3. Studies Features
Two systematic reviews with meta-analysis, together with
2 longitudinal and 1 cross-sectional studies, analyzed the direct
evidence of the possible association between obesity and
periodontitis; in addition, 3 systematic reviews and 1 systematic review with meta-analysis evaluated the possible influence
on such a relationship of age and gender, and 2 systematic
reviews and 1 systematic review with meta-analysis of the
smoking habit.
The indirect evidence of the possible association between
obesity and periodontal disease derived from 2 systematic
reviews with meta-analysis, investigating the impact of bariatric surgery and weight loss on periodontal status, on the one
side, and 2 systematic reviews and 1 systematic review with
meta-analysis, reporting the effect of the periodontal treatment
on body weight and obesity, on the other side.
Twenty-five observational studies (5 cross-sectional, 14
case-control and 6 pro-/retrospective studies, respectively), 3
systematic reviews and 7 systematic reviews with metaanalysis focused on the potential etiopathogenic and molecular
links between obesity and periodontitis, evaluating also the role
of: CRP, oxidative stress, IL-1b, TNF-a, IL-6, IL-8, and the
inhibitor of plasminogen activator. Included studies features
are shown in Table 1.
3.4. Summary of the Results
The direct evidence of the possible association between
obesity and periodontal disease, also in relation to gender, and
smoking habit, was not conclusive, except for Chaffee et al.
who reported a stronger association between obesity and
periodontitis in women when compared to men. Studies
evaluating the effect of bariatric surgery on periodontal status,
as well as the influence of overweight/obesity on periodontitis
development, also reported contrasting results, weakening the
indirect evidence of the possible relationship between obesity
and periodontitis.
Conversely, Keller et al. and Suvan et al hypothesized that
overweight and obesity may affect periodontitis onset and
worsening and several studies highlighted the bi-directional
role of several inflammatory response markers (C-Reactive
Protein, Nitric Oxide, Myeloperoxidase), pro-inflammatory
cytokines and adipokines (Interleukin-1b; Tumour Necrosis
Factor alpha; Interleukin-6; Interleukin-8; Plasminogen-1
activator inhibitor) in such a possible association.
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4. DISCUSSION
4.1. Direct Evidence of the Possible Association between
Obesity and Periodontal Disease
Kongstad et al. reported, in a cross-sectional study, that
obese subjects had lower Clinical Attachment Level (CAL)
values, measured in mm as the distance between the
cementoenamel junction and the periodontal pocket bottom
[16], but an higher predisposition for bleeding, when compared
to normal-weight subjects, neither if smokers or non-smokers
[17].
Saxlin et al. concluded, in a longitudinal study, that BMI
and WC values appeared to be associated with the number of
teeth showing Probing Pocket Depth (PPD) values, measured
in mm as the distance between the free gingival margin and the
periodontal pocket bottom [16], ≥ 4 mm; such results could not
be considered conclusive due to the study limits, such as
randomness, restriction in enrolled patients age range (45-64
years old) and lack of anamnestic records (e.g. smoking habit;
systemic conditions; etc.) [18].
Similarly, Chaffee et al. reported a slight positive
association between obesity and periodontal disease, since both
higher CAL values were registered in obese compared to
normal-weight subjects and higher BMI values were observed
in subjects affected by periodontal disease compared to
subjects with healthy periodontal conditions [19]; the relation
between overweight or obesity and tooth loss was not
confirmed in the studies reviewed by the authors, in contrast
with Nascimento et al. findings, who subsequently found a
positive association between tooth loss and obesity in all metaanalyses included in their systematic review [20].
De Castilhos et al. observed, in a cohort study, an
association between BMI and WC with PPD, CAL, Bleeding
on Probing (BOP) and Plaque Index (Pl) [21, 22].
4.1.1. Age and Gender Influence
A positive association between obesity and periodontal
disease in adults as well as in adolescent subjects was reported
in a review by Khan [23].
Gender influence on the association between overweight or
obesity and the development of periodontal disease is still controversial. Martinez-Herrera et al. [24] and Keller et al. [25]
could not achieve conclusive results, while Chaffee et al.
reported a stronger association between obesity and periodontal
disease in women when compared to men [19].
4.1.2. Smoking Habit Effect
Chaffee et al. in their systematic review reported a stronger
association between obesity and periodontal disease in nonsmokers subjects compared to the general adult population
[19].
Conversely, AlJehani et al. in a review and Keller et al. in
a systematic review stated that, in the putative relation between
obesity and periodontal disease, smoking habit has not been
widely investigated, and may be a possible confounder because
of both the negative effect exerted on the periodontal health
and the positive effect on the body weight [25, 26].

Obesity and Periodontal Disease
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Fig. (1). Multi-step articles screening process.

Table 1. Included studies: authors, year of publication, full title, type and topic(s) of the article.
Year

Title

Type of the Article

Topic(s)

Kongstad et al.

Authors

2009

The relationship between body mass index and
periodontitis in the Copenhagen city hearth study

Cross-sectional

Direct evidences of the possible
association between obesity and
periodontitis

Saxlin et al.

2010

Overweight and obesity weakly predict the
development of periodontal infection

Longitudinal

Direct evidences of the possible
association between obesity and
periodontitis

Chaffee et al.

2010

Association between chronic periodontal disease and
obesity: A systematic review and meta-analysis

Systematic review +
meta-analysis

Direct evidences of the possible
association between obesity and
periodontitis
+
Age and Gender influence (etc.)

Nascimento et al.

2016

Is there a relationship between obesity and tooth loss Systematic review +
and edentulism? A systematic review and meta-analysis
meta-analysis

Direct evidences of the possible
association between obesity and
periodontitis

De Castilhos et al. 2012 Association between obesity and periodontal disease in
young adults: A population-based birth cohort

Longitudinal

Direct evidences of the possible
association between obesity and
periodontitis

Khan et al.

2018 Is overweight/obesity a risk factor for periodontitis in
young adults and adolescents?: A systematic review

Systematic review

Age and Gender influence on the possible
association between obesity and
periodontitis

Martinez-Herrera
et al.

2017 Association between obesity and periodontal disease. A
systematic review of epidemiological studies and
controlled clinical trials

Systematic review

Age and Gender influence on the possible
association between obesity and
periodontitis

Keller et al.

2015

Systematic review

Age and Gender (etc.)
+
Smoking habit influence on the possible
association between obesity and
periodontitis
+
Overweight/obesity effect on periodontitis
onset and worsening

Association between periodontal disease and
overweight and obesity: A systematic review
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(Table 1) contd.....

Type of the Article

Topic(s)

Fontanille et al.

Authors

Year

2018 Bariatric surgery and periodontal status: A systematic
review with meta-analysis

Title

Systematic review +
meta-analysis

Indirect evidences of the possible
association between obesity and
periodontitis

De Souza et al.

2018 Relationship between bariatric surgery and periodontal Systematic review +
status: A systematic review and meta-analysis
meta-analysis

Indirect evidences of the possible
association between obesity and
periodontitis

Papageorgiou et al. 2015 Effect of overweight/obesity on response to periodontal Systematic review +
treatment: systematic review and a meta-analysis
meta-analysis

Indirect evidences of the possible
association between obesity and
periodontitis

Suvan et al.

2000

Periodontal complications with obesity

Systematic review

Indirect evidences of the possible
association between obesity and
periodontitis
+
Overweight/obesity effect on periodontitis
onset and worsening

Gerber et al.

2016

Influence of obesity on the outcome of non-surgical
periodontal therapy - A systematic review

Systematic review

Indirect evidences of the possible
association between obesity and
periodontitis

Moura-Grec et al. 2014 Obesity and periodontitis: systematic review and meta- Systematic review + Overweight/obesity effect on periodontitis
analysis
meta-analysis
onset and worsening
Suvan et al.

2011

Association between overweight/obesity and
periodontitis in adults. A systematic review

Systematic review

Overweight/obesity effect on periodontitis
onset and worsening

Furugen et al.

2008

The relationship between periodontal condition and
serum levels of resistin and adiponectin in elderly
Japanese

Cross-sectional

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Inhibitor of the plasminogen activator
+
Adiponectin
+
Leptin

Genco et al.

2005

A proposed model linking inflammation to obesity,
diabetes and periodontal infections

Cross-sectional

Potential etiopathogenic and molecular
links between obesity and periodontitis

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis

Vivekannada et al. 2019 Impact of Weight Reduction on Adiponectin and TNFα Levels in the Gingival Crevicular Fluids of Obese
Patients with and without Periodontal Disease
Dos Santos et al.

2019

Clinical periodontal conditions in individuals after
bariatric surgery: A systematic review and metaanalysis

Systematic review +
meta-analysis

Potential etiopathogenic and molecular
links between obesity and periodontitis

Nascimento et al.

2015

Is weight gain associated with the incidence of
periodontitis? A systematic review and meta-analysis

Systematic review +
meta-analysis

Potential etiopathogenic and molecular
links between obesity and periodontitis

Wilkins et al.

2017

Influence of Obesity on Periodontitis Progression Is
Conditional on Interleukin-1 Inflammatory Genetic
Variation

Longitudinal

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
IL-1

Kopp et al.

2003

Impact of weight loss on inflammatory proteins and
their association with the insulin resistance syndrome in
morbidly obese patients

Cross-sectional +
Longitudinal

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
CRP

Visser et al.

1999

Elevated C-reactive protein levels in overweight and
obese adults

Longitudinal

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
CRP

Cairo et al.

2008 Severe periodontitis in young adults is associated with
sub-clinical atherosclerosis

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis

Higashi et al.

2008

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis

Paraskevas et al.

2008 A systematic review and meta-analyses on C-reactive
protein in relation to periodontitis

Systematic review +
meta-analysis

Potential etiopathogenic and molecular
links between obesity and periodontitis

Nam et al.

2018

Cross-sectional

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
CRP

Periodontal infection is asso- ciated with endothelial
dysfunction in healthy subjects and hypertensive
patients

Salivary biomarkers of inflammation and oxidative
stress in healthy adults

Obesity and Periodontal Disease

The Open Dentistry Journal, 2019, Volume 13 531

(Table 1) contd.....

Authors

Year

Title

Type of the Article

Topic(s)

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
CRP

Cross-sectional

Potential etiopathogenic and molecular
links between obesity and periodontitis

2005 A comparative oxidative stress study – obesity with and
without diabetes mellitus

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis

Uzun et al.

2004

Changes in leptin, plasminogen activator factor and
oxidative stress in morbidly obese patients following
open and laparoscopic Swedish adjustable gastric
banding

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Oxidative stress

Cherian et al.

2019

Malondialdehyde as a Marker of Oxidative Stress in
Periodontitis Patients

Longitudinal

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Oxidative stress

Saita et al.

2016

Novel antioxidative nanotherapeutics in a rat
periodontitis model: Reactive oxygen species
scavenging by redox injectable gel suppresses alveolar
bone resorption

Longitudinal

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Oxidative stress

Takane et al.

2002 New biomarker evidence of oxidative DNA damage in
whole saliva from clinically healthy and periodontally
diseased individuals

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Oxidative stress

da Silva et al.

2017

Genetic Factors and the Risk of Periodontitis
Development: Findings from a Systematic Review
Composed of 13 Studies of Meta-Analysis with 71,531
Participants

Systematic review

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
IL-1

Stadler et al.

2016

Gingival crevicular fluid levels of
cytokines/chemokines in chronic periodontitis: A metaanalysis

Systematic review

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
IL-1
+
IL-8

Joshi et al.

2014

Association between obesity-related adipokines and
colorectal cancer: A case-control study and metaanalysis

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
TNF-a and IL-6
+
Adiponectin
+
Resistin

Joshi et al.

2014

Obesity related adipokines and colorectal cancer: A
review and meta-analysis

Systematic review +
meta-analysis

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
TNF-a and IL-6
+
+
Resistin

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
TNF-a and IL-6

Dezayee et al.

2016 Saliva C-reactive protein as a biomarker of metabolic
syndrome in diabetic patients

Keaney et al.

2003

Virgolici et al.

Obesity and systemic oxidative stress: clinical
correlates of oxidative stress in the Framingham Study

Zimmermann et al. 2013 Local and circulating levels of adipocytokines in obese
and normal weight individuals with chronic
periodontitis
Akram et al.

2017 Cytokine Profile in Chronic Periodontitis Patients with Systematic review +
and without Obesity: A Systematic Review and Metameta-analysis
Analysis

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
IL-8

Akram et al.

2016

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
IL-8
+
Resistin

Resistin as potential biomarker for chronic
periodontitis: A systematic review and meta-analysis.

Systematic review +
meta-analysis
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(Table 1) contd.....

Authors

Type of the Article

Topic(s)

Cross-sectional

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Adiponectin

Karthikeyan et al. 2007 Leptin levels in gingival crevicular fluid in periodontal
health and disease

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Leptin

Karthikeyan et al. 2007

Gingival crevicular fluid and serum leptin: their
relationship to periodontal health and disease

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Leptin

Yamaguchi et al.

Year

Title

2007 Adiponectin inhibits osteoclast formation stimulated by
lipopolysaccharide from Actinobacillus
actinomycetemcomitans

Gonullu et al.

2010

Association between adiponectin, resistin, insulin
resistance, and colorectal tumors

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Resistin

Suresh et al.

2018

Effect of nonsurgical periodontal therapy on plasmareactive oxygen metabolite and gingival crevicular
fluid resistin and serum resistin levels in obese and
normal weight individuals with chronic periodontitis

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Resistin

Salman et al.

2019

Study of changes of obesity-related inflammatory
cytokines after laparoscopic sleeve gastrectomy

Longitudinal

Potential etiopathogenic and molecular
links between obesity and periodontitis

Patel et al.

2014 Gingival crevicular fluid and serum levels of resistin in
obese and non-obese subjects with and without
periodontitis and association with single nucleotide
polymorphism at -420

Case-control

Potential etiopathogenic and molecular
links between obesity and periodontitis
+
Resistin

Similar results were later reported by Reibel et al. (2003)
and Bergstrom et al. (2004), showing that smokers had a higher
prevalence of periodontal disease and worse PPD values and
furcation defects compared to non-smokers [3, 27].
Martinez-Herrera et al. [24] in a recent review, concluded
that smoking habit predisposes to periodontal disease and that
smoking habit and obesity are independent risk factors for
periodontal disease.
4.2. Indirect Evidence of the Possible Association between
Obesity and Periodontal Disease
The indirect evidence of the possible association between
obesity and periodontal disease derived totally from 4
systematic reviews with meta-analysis and 1 systematic review
with meta-analysis, is discussed below.
4.2.1. Impact of Bariatric Surgery and Weight Loss on
Periodontal Health Conditions
Fontanille et al. reported in their systematic review and
meta-analysis a periodontal health status worsening 6 months
after bariatric surgery, therefore recommending periodontal
screening procedures even before bariatric surgery to avoid a
postoperative worsening [28].
Conversely, de Souza et al. [29] concluded that bariatric
surgery may improve the periodontal health status, and mainly
the plaque index, in obese patients probably promoting
behavioral changes, metabolic control of glycemic level, and
reducing inflammatory mediators.
4.2.2. Impact of Periodontal Treatment on Obesity
In the systematic review results of Papageorgiou et al.,
after the periodontal treatment, no statistically significant

differences were found between obese and normal-weight in
relation to most of the periodontal parameters [30]
Suvan et al. reported in a systematic review inconsistent
evidence of different clinical responses to non-surgical
periodontal therapy in obese subjects compared to nonobese
ones [30, 31].
Conversely, Gerber et al. concluded in their systematic
review that obesity may be associated with poorer periodontal
health and might also decrease the therapeutic response to nonsurgical periodontal treatment [32].
4.3. Potential Etiopathogenic and Molecular Links between
Obesity and Periodontitis
A strong relation between obesity and periodontal disease
was reported by a systematic review, stating that obese subjects
were significantly more prone to develop periodontal disease
compared to non obese ones [33].
Moreover, Keller et al. in their systematic review,
including many longitudinal studies, some of them with a 20
years follow-up, suggested that overweight, obesity, weight
gain, and increased WC may be considered as risk factors for
periodontal disease development and for periodontal
parameters worsening [25].
Suvan et al. in a systematic review reported a positive
relation between obesity and periodontitis [31], confirmed in a
very recent review, showing that obese subjects were more
prone to periodontal disease onset compared to normal-weight
subjects, regardless of age and gender [34]
The potential mechanism underlying the putative mutual
relationship between obesity and periodontitis may be related
to low-grade inflammation.
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The periodontal disease itself determines an increase in the
circulating levels of pro-inflammatory cytokines, that contribute to the worsening of chronic systemic disorders [35], on
one side, and the higher levels of cytokines secreted by the
adipose tissue in overweight and obese subjects may affect
local and systemic inflammation caused by periodontal disease,
on the other side.
This bi-directional mechanism may be responsible for the
increased levels of the inflammatory response markers, such as
C-Reactive Protein (CRP), Nitric Oxide (No) and Myeloperoxidase (MPO), as well as of the pro-inflammatory cytokines
secreted by the adipose tissue, such as Interleukin-1b (IL-1b);
Tumour Necrosis Factor alpha (TNF-a); Interleukin-6 (IL-6);
Interleukin-8 (IL-8); and Plasminogen-1 activator inhibitor [33,
36]. In addition, adipose tissue secretes also hormone-like
proteins, called adipokines, such as Leptin, Adiponectin and
Resistin; It is noteworthy that some of these play an important
role in periodontal disease too [36 - 40].
4.3.1. C-Reactive Protein
C-Reactive Protein is considered one of the main
inflammatory markers [41].
Its serum concentration resulted higher in obese people
compared to normal weight ones [31, 42]. Kopp et al.,
similarly to Visser et al., reported that increased serum levels
of C-Reactive Protein were associated with serum IL-6 ones,
released by the adipose tissue in larger amounts in obese
compared to non obese subjects [43, 44].
In addition, serum CRP levels have been found higher in
subjects suffering from periodontitis compared to periodontally
healthy ones [45, 46]; these levels decreased after the
periodontal therapy [47]. CRP was also detected in the saliva
as well as in the gingival crevicular fluid of subjects affected
by the periodontal disease [48, 49].
4.3.2. Oxidative Stress
It has been proposed that obesity may affect chronic
disorders through both the inflammatory state and the alteration
of the oxidative state [50, 51].
Virgolici et al. observed that the plasmatic parameters of
oxidative stress were altered in obese subjects compared to
normal-weight ones [52]. Moreover, weight loss has been
related to decreased oxidants formation [53].
Reactive oxygen species can be produced also in periodontitis [54], as proposed by Krol et al., who assessed that the
oxidative stress can lead to the formation of lesions in
periodontal tissue [55]. Lipid peroxidation is one of the main
events associated with inflammation in periodontal tissue [56].
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factor for PD [41, 58]. Indeed, it has been hypothesized that
only in obese subjects with IL1b polymorphism, the systemic
inflammation related to obesity may affect PD progression,
alternatively, it has been proposed that subjects genetically
predisposed to IL-1b over-expression may be more susceptible
to visceral adiposity formation and to PD development and
severity [41].
4.3.4. TNF-a and IL-6
TNF-a and IL-6, proinflammatory cytokines released by
adipose tissue and immune cells, are detected in higher serum
concentrations in obese compared to nonobese subjects, with a
tendency to decrease with weight loss [59, 60].
Higher serum TNFa concentration has been reported in
obese periodontally healthy subjects compared to obese
subjects affected by PD, suggesting the existence of a relation
between TNFa and obesity independently of the periodontal
status, while increased serum IL6 levels resulted in subjects
affected simultaneously by obesity and PD, indicating a
synergistic role of these pathologic conditions in serum IL6
levels [61].
On the other hand, higher TNFa concentrations were
reported in gingival crevicular fluids of overweight and obese
subjects compared to normal-weight ones, collected from sites
affected by both gingivitis and PD and may partially derive
from the adipose tissue. This finding may indicate a putative
negative effect exerted by obesity on PD, with crevicular TNFa
elevation and subsequent connective tissue and bone
destruction [61].
4.3.5. IL-8
IL-8 is associated with the inflammation of the initial
periodontal lesion and with chronic periodontitis [58];
however, no significant difference in IL-8 levels was found
between obese and normal-weight subjects suffering from
periodontal disease [62, 63].
4.3.6. Inhibitor of the Plasminogen Activator
Inhibitor of the plasminogen activator secretion, involved
in autocrine and paracrine signaling, promotes other chronic
diseases, such as diabetes, cardiovascular disease and
periodontal disease onset and/or worsening [36].
Inhibitor of the plasminogen activator serum levels and
leptin levels have been reported to be reduced in the
bloodstream from obese subjects [64].
4.3.7. Adiponectin

4.3.3. IL-1b

Adiponectin, produced by the adipose tissue, is a 30-kDa
polypeptide, increasing insulin sensitivity and decreasing
circulating fatty acids [36].

IL-1 is a pro-inflammatory cytokine active in immune
response against microbial agents. IL-1 induces chemokines
and prostaglandins secretion, together with metalloproteinases
production, enhancing, in turn, tissue destruction [57].

Adiponectin exerts both an anti-inflammatory effect,
mainly antagonizing TNF-a, and an anti-cancer effect,
inhibiting cell growth and angiogenesis, together with proinflammatory cytokines secretion [59].

IL-1b role in periodontal disease pathogenesis is wellestablished and its genetic variation is considered as a risk

It has been found to inhibit osteoclast formation induced
by periodontopathic bacteria Lipopolysaccharides [65] and
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subsequent alveolar bone loss; in this perspective, adiponectin
may be considered as a protective factor for PD [36].
The observation that adiponectin serum levels are reduced
in type 2 diabetes, as well as in obesity, may explain the
reduced protective effect even towards PD [36].
4.3.8. Leptin
Leptin is a 16-kDa non-glycosylated peptide, produced by
adipose tissue. Its serum levels correspond to adipose tissue
total amount, resulting in increased levels in obese subjects. It
is also produced by pre-adipocytes, under the paracrine
stimulation of the surrounding macrophage-derived cytokines,
especially IL-1, IL-6, TNF-a, and of the bacterial
Lipopolysaccharides [36].
Leptin receptors are expressed on adipocytes and also on
vascular endothelial cells and T lymphocytes, suggesting a
possible role in immune response, possibly reducing regulatory
T CD4+ lymphocytes. In compliance with this hypothesis,
leptin may favour periodontal tissue inflammation interfering
with T cells activity [36].
Higher levels of serum Leptin have, indeed, been detected
in periodontopathic patients. Conversely, gingival crevicular
leptin concentrations resulted lower in periodontopathic sites
compared to healthy ones probably due to leptin local
consumption in the inflamed sites [66, 67].
4.3.9. Resistin
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periodontitis have been highlighted, further studies, with longer
follow-ups are needed to better understand the putative relation
between obesity and periodontal disease, in order to possibly
pave the way for novel biomarkers for obesity and periosontitis
and for innovative preventative strategies and special recommendation for both obese and periodontal subjects.
CONSENT FOR PUBLICATION
Not applicable.
FUNDING
None.
CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or
otherwise.
ACKNOWLEDGEMENTS
All the authors have contributed to the study, being
involved in literature search, drafting and revising the
manuscript.
REFERENCES
[1]

[2]

Resistin is an adipokine and it is secreted from adipose
tissue and monocytes/macrophages [68], involved in the
inflammatory process, affecting the secretion of IL-6, TNF-α
and Adiponectin [59, 60, 69].
Resistin serum level has been found to increase in several
chronic inflammatory conditions, such as obesity, diabetes and
rheumatoid arthritis [70].
Similarly, resistin was found consistently elevated in
subjects suffering from periodontal disease [63], as confirmed
by Patel et al., who reported the association between
periodontal inflammation and higher resistin levels [71].
CONCLUSION
Although the majority of the studies reported a positive
association between obesity and periodontitis, the heterogeneity of the classification criteria and of the clinical
parameters employed in the studies, for both obesity and
periodontitis evaluation, complicated the comparison of the
results, thus considered inconclusive. The use of the Classification of Periodontal and Peri-Implant Diseases and
Conditions proposed in the 2017 World Workshop [10 - 12] in
the future studies might make studies results uniform and thus
simpler to compare one another.
Most of the studies reported that the potential pathogenic
mechanism underlying the relationship between obesity and
periodontitis may rely on the shared and potentially interrelated low-grade inflammation, involving several cytokines,
adipokines and oxidative stress. Anyway, although several
putative molecular pathogenic links between obesity and

[3]

[4]

[5]

[6]
[7]

[8]

[9]

[10]

[11]

Anderson AS, Caswell S. Obesity management--An opportunity for
cancer prevention. Surgeon 2009; 7(5): 282-5.
[http://dx.doi.org/10.1016/S1479-666X(09)80005-X]
[PMID:
19848061]
NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975 to
2016: A pooled analysis of 2416 population-based measurement
studies in 128·9 million children, adolescents, and adults. Lancet 2017;
390(10113): 2627-42.
[http://dx.doi.org/10.1016/S0140-6736(17)32129-3]
[PMID:
29029897]
Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity
among adults and youth: United States, 2015-2016. NCHS Data Brief
2017; (288): 1-8.
[PMID: 29155689]
The American academy of periodontology In: Glossery of periodontal
terms. 4th. Chicago, IL: The American academy of periodontology
2001; 38.
Cassandra Arroyo-Johnson and Krista D. Mincey. Obesity
epidemiology trends by race/ethnicity, gender, and education: National
Health Interview Survey 1997–2012. Gastroenterol Clin North Am
2016; 45(4): 571-9.
[PMID: 27837773]
World Health Organization. World Health Organization guide lines
2006.
Cameron AJ, Sicree RA, Zimmet PZ, et al. Cut-points for waist
circumference in Europids and South Asians. Obesity (Silver Spring)
2010; 18(10): 2039-46.
[http://dx.doi.org/10.1038/oby.2009.455] [PMID: 20019679]
Pories WJ, Dohm LG, Mansfield CJ. Beyond the BMI: the search for
better guidelines for bariatric surgery. Obesity (Silver Spring) 2010;
18(5): 865-71.
[http://dx.doi.org/10.1038/oby.2010.8] [PMID: 20150899]
Lau DC, Douketis JD, Morrison KM, et al. Canadian clinical practice
guidelines on the management and prevention of obesity in adults and
children. CMAJ 2007; 176: 1-13.
[http://dx.doi.org/10.1503/cmaj.061409]
Chapple ILC, Mealey BL, Van Dyke TE, et al. Periodontal health and
gingival diseases and conditions on an intact and a reduced
periodontium: Consensus report of workgroup 1 of the 2017 World
Workshop on the classification of periodontal and peri-implant
diseases and conditions J Periodontol. 89(1): 74-84.
Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: Framework and proposal of a new classification and case
definition. J Periodontol 2018; 89(Suppl. 1): S159-72.

Obesity and Periodontal Disease

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[http://dx.doi.org/10.1002/JPER.18-0006] [PMID: 29926952]
Albandar JM, Susin C, Hughes FJ. Manifestations of systemic diseases
and conditions that affect the periodontal attachment apparatus: Case
definitions and diagnostic considerations. J Periodontol 2018;
89(1)(Suppl. 1): S183-203.
[http://dx.doi.org/10.1002/JPER.16-0480] [PMID: 29926941]
Al Sharrad A, Said KN, Farook FF, Shafik S, Al-Shammari K.
Awareness of the relationship between systemic and periodontal
diseases among physicians and dentists in Saudi Arabia and Kuwait:
Cross-sectional Study. Open Dent J 2019; 13(1): 288-95.
[http://dx.doi.org/10.2174/1874210601913010288]
Perlstein MI, Bissada NF. Influence of obesity and hypertension on the
severity of periodontitis in rats. Oral Surg Oral Med Oral Pathol 1977;
43(5): 707-19.
[http://dx.doi.org/10.1016/0030-4220(77)90055-X] [PMID: 266151]
Saito T, Shimazaki Y, Sakamoto M. Obesity and periodontitis. N Engl
J Med 1998; 339(7): 482-3.
[http://dx.doi.org/10.1056/NEJM199808133390717]
[PMID:
9705695]
Löe H, Silness J. Periodontal disease in pregnancy I. Prevalence and
severity. Acta Odontol Scand 1963; 21(6): 533-51.
[http://dx.doi.org/10.3109/00016356309011240] [PMID: 14121956]
Kongstad J, Hvidtfeldt UA, Grønbaek M, Stoltze K, Holmstrup P. The
relationship between body mass index and periodontitis in the
Copenhagen City Heart Study. J Periodontol 2009; 80(8): 1246-53.
[http://dx.doi.org/10.1902/jop.2009.080559] [PMID: 19656024]
Saxlin T, Ylöstalo 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.
[http://dx.doi.org/10.1111/j.1600-051X.2010.01633.x]
Chaffee BW, Weston SJ. Association between chronic periodontal
disease and obesity: A systematic review and meta-analysis. J
Periodontol 2010; 81(12): 1708-24.
[http://dx.doi.org/10.1902/jop.2010.100321] [PMID: 20722533]
Nascimento GG, Leite FR, Conceição DA, Ferrúa CP, Singh A,
Demarco FF. Is there a relationship between obesity and tooth loss and
edentulism? A systematic review and meta-analysis. Obes Rev 2016;
17(7): 587-98.
[http://dx.doi.org/10.1111/obr.12418] [PMID: 27125768]
Silness J, Löe H. Periodontal disease in pregnancy II. Correlation
between oral hygiene and periodontal condition. Acta Odontol Scand
1964; 22(1): 121-35.
[http://dx.doi.org/10.3109/00016356408993968] [PMID: 14158464]
de Castilhos ED, Horta BL, Gigante DP, Demarco FF, Peres KG,
Peres MA. Association between obesity and periodontal disease in
young adults: A population-based birth cohort. J Clin Periodontol
2012; 39(8): 717-24.
[http://dx.doi.org/10.1111/j.1600-051X.2012.01906.x]
[PMID:
22671969]
Khan S, Barrington G, Bettiol S, Barnett T, Crocombe L. Is
overweight/obesity a risk factor for periodontitis in young adults and
adolescents?: A systematic review. Obes Rev 2018; 19(6): 852-83.
[http://dx.doi.org/10.1111/obr.12668] [PMID: 29349893]
Martinez-Herrera M, Silvestre-Rangil J, Silvestre FJ. Association
between obesity and periodontal disease. A systematic review of
epidemiological studies and controlled clinical trials. Med Oral Patol
Oral Cir Bucal 2017; 22(6): e708-15.
[http://dx.doi.org/10.4317/medoral.21786] [PMID: 29053651]
Keller A, Rohde JF, Raymond K, Heitmann BL. Association between
periodontal disease and overweight and obesity: A systematic review.
J Periodontol 2015; 86(6): 766-76.
[http://dx.doi.org/10.1902/jop.2015.140589] [PMID: 25672656]
AlJehani YA. Risk factors of periodontal disease: review of the
literature. Int J Dent 2014; 2014182513
[http://dx.doi.org/10.1155/2014/182513] [PMID: 24963294]
Reibel J. Tobacco and oral diseases. Update on the evidence, with
recommendations. Med Princ Pract 2003; 12(Suppl. 1): 22-32.
[http://dx.doi.org/10.1159/000069845] [PMID: 12707498]
Fontanille I, Boillot A, Rangé H, et al. Bariatric surgery and
periodontal status: A systematic review with meta-analysis. Surg Obes
Relat Dis 2018; 14(10): 1618-31.
[http://dx.doi.org/10.1016/j.soard.2018.07.017] [PMID: 30154031]
Maria de Souza G, Willya Douglas de Oliveira D, Santos Lages F,
Andrade Fernandes I, Gabriel Moreira Falci S. Relationship between
bariatric surgery and periodontal status: A systematic review and
meta-analysis. Surg Obes Relat Dis 2018; 14(8): 1205-16.
[http://dx.doi.org/10.1016/j.soard.2018.04.018] [PMID: 29937241]

The Open Dentistry Journal, 2019, Volume 13 535

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Papageorgiou SN, Reichert C, Jäger A, Deschner J. Effect of
overweight/obesity on response to periodontal treatment: systematic
review and a meta-analysis. J Clin Periodontol 2015; 42(3): 247-61.
[http://dx.doi.org/10.1111/jcpe.12365] [PMID: 25580635]
Suvan JE, Finer N, D’Aiuto F. Periodontal complications with obesity.
Periodontol 2000 2018; 78(1): 98-128.
[http://dx.doi.org/10.1111/prd.12239] [PMID: 30198136]
Gerber FA, Sahrmann P, Schmidlin OA, Heumann C, Beer JH,
Schmidlin PR. Influence of obesity on the outcome of non-surgical
periodontal therapy - A systematic review BMC Oral Health 2016;
2:16(1): 90.
Moura-Grec PG, Marsicano JA, Carvalho CA, Sales-Peres SH.
Obesity and periodontitis: Systematic review and meta-analysis. Cien
Saude Colet 2014; 19(6): 1763-72.
[http://dx.doi.org/10.1590/1413-81232014196.13482013]
[PMID:
24897477]
Suvan J, D’Aiuto F, Moles DR, Petrie A, Donos N. Association
between overweight/obesity and periodontitis in adults. A systematic
review. Obes Rev 2011; 12(5): e381-404.
[http://dx.doi.org/10.1111/j.1467-789X.2010.00808.x]
[PMID:
21348914]
Boesing F, Patiño JS, da Silva VR, Moreira EA. The interface between
obesity and periodontitis with emphasis on oxidative stress and
inflammatory response. Obes Rev 2009; 10(3): 290-7.
[http://dx.doi.org/10.1111/j.1467-789X.2008.00555.x]
[PMID:
19207875]
Furugen R, Hayashida H, Yamaguchi N, et al. The relationship
between periodontal condition and serum levels of resistin and
adiponectin in elderly Japanese. J Periodontal Res 2008; 43(5):
556-62.
[http://dx.doi.org/10.1111/j.1600-0765.2008.01085.x]
[PMID:
18565135]
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.
[http://dx.doi.org/10.1902/jop.2005.76.11-S.2075]
Vivekannada L, Faizuddin M. Impact of weight reduction on
adiponectin and TNF-α levels in the gingival crevicular fluids of obese
patients with and without periodontal disease. J Contemp Dent Pract
2019; 1;20(3): 355-62.
Dos Santos MCM, Pellizzer EP, SoutoMaior JR, et al. Clinical
periodontal conditions in individuals after bariatric surgery:
A systematic review and meta-analysis. Surg Obes Relat Dis 2019;
15(10): 1850-9. Epub ahead of print
[http://dx.doi.org/10.1016/j.soard.2019.07.008] [PMID: 31477469]
Nascimento GG, Leite FR, Do LG, et al. Is weight gain associated
with the incidence of periodontitis? A systematic review and metaanalysis. J Clin Periodontol 2015; 42(6): 495-505.
[http://dx.doi.org/10.1111/jcpe.12417] [PMID: 25952821]
Ebersole JL, Cappelli D. Acute-phase reactants in infections and
inflammatory diseases. Periodontol 2000 2000; 23: 19-49.
[http://dx.doi.org/10.1034/j.1600-0757.2000.2230103.x]
[PMID:
11276764]
Wilkins LM, Kaye EK, Wang HY, et al. Influence of obesity on
periodontitis progression is conditional on interleukin-1 inflammatory
genetic variation. J Periodontol 2017; 88(1): 59-68.
[http://dx.doi.org/10.1902/jop.2016.160408] [PMID: 27541081]
Kopp HP, Kopp CW, Festa A, et al. Impact of weight loss on
inflammatory proteins and their association with the insulin resistance
syndrome in morbidly obese patients. Arterioscler Thromb Vasc Biol
2003; 23(6): 1042-7.
[http://dx.doi.org/10.1161/01.ATV.0000073313.16135.21] [PMID:
12714437]
Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB.
Elevated C-reactive protein levels in overweight and obese adults.
JAMA 1999; 282(22): 2131-5.
[http://dx.doi.org/10.1001/jama.282.22.2131] [PMID: 10591334]
Cairo F, Castellani S, Gori AM, et al. Severe periodontitis in young
adults is associated with sub-clinical atherosclerosis. J Clin
Periodontol 2008; 35(6): 465-72.
[http://dx.doi.org/10.1111/j.1600-051X.2008.01228.x]
[PMID:
18400027]
Higashi Y, Goto C, Jitsuiki D, et al. Periodontal infection is associated
with endothelial dysfunction in healthy subjects and hypertensive
patients. Hypertension 2008; 51(2): 446-53.
[http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.101535]
[PMID: 18039979]

536 The Open Dentistry Journal, 2019, Volume 13

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Paraskevas S, Huizinga JD, Loos BG. A systematic review and metaanalyses on C-reactive protein in relation to periodontitis. J Clin
Periodontol 2008; 35(4): 277-90.
[http://dx.doi.org/10.1111/j.1600-051X.2007.01173.x]
[PMID:
18294231]
Nam Y, Kim YY, Chang JY, Kho HS. Salivary biomarkers of
inflammation and oxidative stress in healthy adults. Arch Oral Biol
2019; 97: 215-22.
[http://dx.doi.org/10.1016/j.archoralbio.2018.10.026]
[PMID:
30399508]
Dezayee ZM, Al-Nimer MS. Saliva C-reactive protein as a biomarker
of metabolic syndrome in diabetic patients. Indian J Dent Res 2016;
27(4): 388-91.
[http://dx.doi.org/10.4103/0970-9290.191887] [PMID: 27723635]
Keaney JF Jr, Larson MG, Vasan RS, et al. Framingham Study.
Obesity and systemic oxidative stress: clinical correlates of oxidative
stress in the Framingham Study. Arterioscler Thromb Vasc Biol 2003;
23(3): 434-9.
[http://dx.doi.org/10.1161/01.ATV.0000058402.34138.11] [PMID:
12615693]
Moreno-Aliaga MJ, Campión J, Milagro FI, Berjón A. Mar- tínez JA.
Adiposity and proinflammatory state: the chicken or the egg.
Adipocytes 2005; 1: 1-16.
Vîrgolici B, Mohora M, Stoian I, Lixandru D, Găman L, Paveliu F. A
comparative oxidative stress study--Obesity with and without diabetes
mellitus. Rom J Intern Med 2005; 43(3-4): 261-8.
[PMID: 16812985]
Uzun H, Zengin K, Taskin M, Aydin S, Simsek G, Dariyerli N.
Changes in leptin, plasminogen activator factor and oxidative stress in
morbidly obese patients following open and laparoscopic Swedish
adjustable gastric banding. Obes Surg 2004; 14(5): 659-65.
[http://dx.doi.org/10.1381/096089204323093453] [PMID: 15186635]
Cherian DA, Peter T, Narayanan A, Madhavan SS, Achammada S,
Vynat GP. Malondialdehyde as a marker of oxidative stress in
periodontitis patients. J Pharm Bioallied Sci 2019; 11(Suppl. 2):
S297-300.
[http://dx.doi.org/10.4103/JPBS.JPBS_17_19] [PMID: 31198357]
Saita M, Kaneko J, Sato T, et al. Novel antioxidative nanotherapeutics
in a rat periodontitis model: Reactive oxygen species scavenging by
redox injectable gel suppresses alveolar bone resorption. Biomaterials
2016; 76: 292-301.
[http://dx.doi.org/10.1016/j.biomaterials.2015.10.077]
[PMID:
26559357]
Takane M, Sugano N, Iwasaki H, Iwano Y, Shimizu N, Ito K. New
biomarker evidence of oxidative DNA damage in whole saliva from
clinically healthy and periodontally diseased individuals. J Periodontol
2002; 73(5): 551-4.
[http://dx.doi.org/10.1902/jop.2002.73.5.551] [PMID: 12027259]
da Silva MK, de Carvalho ACG, Alves EHP, da Silva FRP, Pessoa
LDS, Vasconcelos DFP. Genetic factors and the risk of periodontitis
development: findings from a systematic review composed of 13
studies of meta-analysis with 71,531 participants. Int J Dent 2017;
20171914073
[http://dx.doi.org/10.1155/2017/1914073] [PMID: 28529526]
Stadler AF, Angst PD, Arce RM, Gomes SC, Oppermann RV, Susin
C. Gingival crevicular fluid levels of cytokines/chemokines in chronic
periodontitis: A meta-analysis. J Clin Periodontol 2016; 43(9): 727-45.
[http://dx.doi.org/10.1111/jcpe.12557] [PMID: 27027257]
Joshi RK, Kim WJ, Lee SA. Association between obesity-related
adipokines and colorectal cancer: A case-control study and meta-

Di Spirito et al.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

analysis. World J Gastroenterol 2014; 20(24): 7941-9.
[http://dx.doi.org/10.3748/wjg.v20.i24.7941] [PMID: 24976730]
Joshi RK, Lee SA. Obesity related adipokines and colorectal cancer: A
review and meta-analysis. Asian Pac J Cancer Prev 2014; 15(1):
397-405.
[http://dx.doi.org/10.7314/APJCP.2014.15.1.397] [PMID: 24528064]
Zimmermann GS, Bastos MF, Dias Gonçalves TE, Chambrone L,
Duarte PM. Local and circulating levels of adipocytokines in obese
and normal weight individuals with chronic periodontitis. J
Periodontol 2013; 84(5): 624-33.
[http://dx.doi.org/10.1902/jop.2012.120254] [PMID: 22839694]
Akram Z, Abduljabbar T, Abu Hassan MI, Javed F, Vohra F. Cytokine
profile in chronic periodontitis patients with and without obesity: A
systematic review and meta-analysis. Dis Markers 2016; 20164801418
[http://dx.doi.org/10.1155/2016/4801418] [PMID: 27795608]
Akram Z, Rahim ZH, Taiyeb-Ali TB, et al. Resistin as potential
biomarker for chronic periodontitis: A systematic review and metaanalysis. Arch Oral Biol 2017; 73: 311-20.
[http://dx.doi.org/10.1016/j.archoralbio.2016.08.016]
[PMID:
27567495]
Bullon P, Morillo JM, Ramirez-Tortosa MC, Quiles JL, Newman HN,
Battino M. Metabolic syndrome and periodontitis: Is oxidative stress a
common link? J Dent Res 2009; 88(6): 503-18.
[http://dx.doi.org/10.1177/0022034509337479] [PMID: 19587154]
Yamaguchi N, Kukita T, Li YJ, et al. Adiponectin inhibits osteoclast
formation stimulated by lipopolysaccharide from Actinobacillus
actinomycetemcomitans. FEMS Immunol Med Microbiol 2007; 49(1):
28-34.
[http://dx.doi.org/10.1111/j.1574-695X.2006.00164.x]
[PMID:
17094790]
Karthikeyan BV, Pradeep AR. Leptin levels in gingival crevicular
fluid in periodontal health and disease. J Periodontal Res 2007; 42(4):
300-4.
[http://dx.doi.org/10.1111/j.1600-0765.2006.00948.x]
[PMID:
17559625]
Karthikeyan BV, Pradeep AR. Gingival crevicular fluid and serum
leptin: Their relationship to periodontal health and disease. J Clin
Periodontol 2007; 34(6): 467-72.
[http://dx.doi.org/10.1111/j.1600-051X.2007.01078.x]
[PMID:
17451417]
Gonullu G, Kahraman H, Bedir A, Bektas A, Yücel I. Association
between adiponectin, resistin, insulin resistance, and colorectal tumors.
Int J Colorectal Dis 2010; 25(2): 205-12. Azuma K, Oguchi S,
Matsubara Y, Mamizuka T.
[http://dx.doi.org/10.1007/s00384-009-0828-6] [PMID: 19888587]
Suresh S, Mahendra J, Singh G, Pradeep Kumar AR, Thilagar S, Rao
N. Effect of nonsurgical periodontal therapy on plasma-reactive
oxygen metabolite and gingival crevicular fluid resistin and serum
resistin levels in obese and normal weight individuals with chronic
periodontitis. J Indian Soc Periodontol 2018; 22(4): 310-6.
[http://dx.doi.org/10.4103/jisp.jisp_108_18] [PMID: 30131622]
Salman MA, Salman AA, Nafea MA, et al. Study of changes of
obesity-related inflammatory cytokines after laparoscopic sleeve
gastrectomy. ANZ J Surg 2019; 89(10): 1265-9. Epub ahead of print
[http://dx.doi.org/10.1111/ans.15427] [PMID: 31508889]
Patel SP, Raju PA. Gingival crevicular fluid and serum levels of
resistin in obese and non-obese subjects with and without periodontitis
and association with single nucleotide polymorphism at -420. J Indian
Soc Periodontol 2014; 18(5): 555-9.
[http://dx.doi.org/10.4103/0972-124X.142438] [PMID: 25425814]

© 2019 Di Spirito et al.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

