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Abstract: Periodontal disease is a chronic inflammatory disease of

the jaws and is more prevalent in obesity. Local and systemic oxidative

stress may be an early link between periodontal disease and obesity. The

primary aim of this study was to detect whether increased periodontal

disease susceptibility in obese individuals is associated with local and

systemic oxidative stress. Accordingly; we analyzed periodontal status

and systemic (serum) and local (gingival crevicular fluid [GCF])

oxidative status markers in young obese women in comparison with

age-matched lean women.

Twenty obese and 20 lean women participated. Periodontal con-

dition was determined by clinical periodontal indices including probing

depth, clinical attachment level, gingival index, gingival bleeding index,

and plaque index. Anthropometric, hormonal, and metabolic measure-

ments were also performed. Blood and GCF sampling was performed at

the same time after an overnight fasting. Serum and GCF total anti-

oxidant capacity (TAOC), and total oxidant status (TOS) levels were

determined, and oxidative stress index (OSI) was calculated.

Clinical periodontal analyses showed higher gingival index and

gingival bleeding index in the obese group (P¼ 0.001 for both) with no

significant difference in probing depth, clinical attachment level, and

plaque index between the obese and the lean women. Oxidant status

analyses revealed lower GCF and serum TAOC, and higher GCF and

serum OSI values in the obese women (P< 0.05 for all). GCF TOS was

higher in the obese women (P< 0.05), whereas there was a nonsigni-

ficant trend for higher serum TOS in obese women (P¼ 0.074). GCF

TAOC values showed a negative correlation with body mass index,

whereas GCF OSI was positively correlated with fasting insulin and

low-density lipoprotein-cholesterol levels (P< 0.05 for all). Clinical

periodontal indices showed significant correlations with body mass
PhD, Tolga Genc, ese Cinar, MD,
Bulent Okan Yildiz, MD

compared with age-matched healthy lean women, and that local/period-

ontal oxidative stress generated by obesity seems to be associated with

periodontal disease.

(Medicine 95(12):e3136)

Abbreviations: BMI = body mass index, CAL = clinical

attachment level, GBI = gingival bleeding index, GCF = gingival

crevicular fluid, GI = gingival index, HDL = high-density

lipoprotein, LDL = low-density lipoprotein, OSI = oxidative

stress index, PD = probing depth, PI = plaque index, TAOC = total

antioxidant capacity, TC = total cholesterol, TG = triglyceride,

TOS = total oxidant status, WHR = waist-to-hip ratio.

INTRODUCTION

O besity is a major public health problem worldwide, affect-
ing both developed and developing countries.1 Studies

have shown that overweight and obesity are associated with
several chronic diseases including periodontal disease.1 Period-
ontal disease is also one of the most common chronic inflam-
matory diseases affecting the world population, which is
initiated by colonization of pathogenic bacteria followed by
exaggerated inflammatory response resulting in alveolar bone
loss.2 Periodontal disease defines pathological inflammatory
conditions of the gingival and tooth-supporting structures that
may result in partial or complete loss of teeth. Gingivitis and
chronic periodontitis are the most common forms. Gingivitis is
simply defined as the inflammation of the gingival with no signs
of bone destruction. Periodontitis is described as clinical and
radiographic signs of destruction of tooth-supporting structures.
The main cause for periodontal diseases is the microbial dental
plaque. Several studies suggested that periodontal disease-
associated bacteria could also penetrate gingival tissues, enter
the bloodstream, and potentially induce transient bacteremia
after chewing, tooth brushing, and periodontal treatment.3,4

Although periodontitis is initiated by subgingival plaque
biofilm, the larger part of tissue breakdown seems to be
mediated by abnormal host response to specific bacteria and
their products.5,6 The abnormal response is characterized by
exaggerated inflammation involving the release of proteolytic
enzymes and reactive oxygen species (ROS).2 Numerous stu-
dies established the association between periodontal disease and
systemic disorders, including obesity, metabolic syndrome,
diabetes, cardiovascular disease, and nonalcoholic fatty liver
disease.7–10

Obesity as a chronic inflammatory disease is defined as a
state of oxidative stress.11 Increased levels of proinflammatory
cytokines such as tumor necrosis factor-a, interleukin-6, and
interleukin-1b, and decreased adiponectin levels in obesity are
responsible for the overproduction of reactive oxygen and
nitrogen species by macrophages and monocytes, leading to
ess.11 Obesity has a modified inflamma-
hyperoxidative state, leading to a higher
rial infection, which may facilitate the
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beginning and/or progression of periodontitis. Oxidative stress
may be a meeting point between 2 inflammatory diseases such
as obesity and periodontal disease.6

Oxidative stress is a condition caused by a harmful
increase in the production of ROS, emerging when there is
an imbalance between ROS levels and host antioxidant
defenses, resulting in DNA, lipid, and protein damage.6

One of the defense mechanisms of neutrophils against bacteria
is the release of ROS.2 An increase in ROS production, or a
decrease in antioxidant defense, may result in oxidative
stress, which can cause significant damage in all tissues of
the human body.2 Oxidative stress has been implicated in many
disease states in humans, including periodontitis,12 and is one
of the main factors studied to explain the pathophysiological
mechanisms of inflammatory conditions, such as obesity and
periodontitis.13,14

Oxidative stress has been variably determined by the
measurement of a decrease in total antioxidant capacity
(TAOC), or more often, by estimation of the products of
oxidative damage to lipids, proteins, and DNA.15 Recently,
the association between obesity and periodontal disease is
attracting attention and has become one of the current issues
in both medical and dental research. Normally, there is a fragile
balance between ROS production and tissue concentrations of
antioxidants in the body. Measurements of TAOC and total
oxidant status (TOS) in serum and gingival crevicular fluid
(GCF) may elucidate the local and systemic interaction between
obesity and periodontal disease.16 GCF is a complex mixture of
substances derived from serum, leukocytes, and structural cells
of periodontium and oral bacteria.17 GCF is the most appro-
priate fluid for sampling when investigating local periodontal
status due to its ability to pass through the tissues, and accumu-
lates the biomarkers of local tissue events.6 GCF analysis has
been an object of investigations for early detection of period-
ontitis.18 Data from GCF analyses support the conclusion that
local antioxidant scavenging defenses are compromised in
periodontal inflammation.6 Although many biomarkers are used
to evaluate oxidative stress, as the measurement of different
oxidant molecules is not practical and their oxidant effects are
additive, measurement of TAOC and TOS in serum and GCF
seems to be reliable methods and can provide a new and
practical approach to determine the oxidative status in period-
ontal disease.13,16

The null hypothesis tested in the present study is period-
ontal inflammation and local and/or systemic oxidative stress
increased in young obese woman in terms of clinical periodontal
and oxidative stress indices as primary outcome measures
against alternative hypothesis, as no difference is present
between young obese and lean women. The aim of this study
was to analyze the effect of obesity on both local and systemic
TAOC and TOS levels and oxidative stress index (OSI) values
and to determine periodontal status in young obese women
compared with age-matched lean women.

METHODS

Study Groups
The present study included a total of 40 individuals,

comprising 20 obese women (mean age 27.29� 4.89 years)
and 20 age and sex-matched lean controls (mean age
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26.11� 4.09 years). The obese group included women who
presented to the Endocrinology Outpatient Clinic at Hacettepe
University consecutively and who met the entry criteria. The
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control group included healthy lean women who volunteered to
participate in the study.

The inclusion criteria were having no systemic disease;
having no periodontal treatment history; no antibiotics, anti-
inflammatory, or any other drug use during the past 3 months;
being never-smoker,; and no alcohol or antioxidant vitamin
tablet use. The study was approved by the Institutional Review
Board of Hacettepe University (Decision number: FON 07/13).
The participants were informed about the study protocol, and all
of them signed the written informed consent.

Anthropometric measurements including height, weight,
body mass index (BMI), waist circumference, and waist-to-hip
ratio (WHR) (waist [midway between the lower rib margin and
the iliac crest]; hip [widest circumference over the great
trochanters]) were determined. Clinical periodontal examin-
ations were performed on all subjects and the periodontal
parameter values were recorded. Two days after the periodontal
examinations, GCF samples were obtained from the partici-
pants. After these procedures, the individuals underwent a
standard 120 minutes of 75 g oral glucose tolerance test
(OGTT) between 08.00 and 10.00 AM, fasting blood samples
were taken, and 120-minute glucose levels were obtained. For
blood and GCF samplings, participants had fasted overnight.
All blood and GCF sampling procedures were performed on the
same day.

Periodontal Examinations
The periodontal condition of all participants was deter-

mined by measuring probing depth (PD) and clinical attachment
level (CAL) by using Williams periodontal probe (Michigan O
probe with Williams markings). PD is the distance between the
gingival margin and the base of the sulcus/pocket. It may change
due to periodontal disease, and/or changes in the position of the
gingival margin. Higher scores of PD indicate the periodontal
destruction or gingival overgrowth. CAL is the distance between
the base of the pocket and a fixed point on the tooth crown such
as the cemento-enamel junction. Changes in the CAL can be due
only to gain or loss of attachment (the connection between
tooth-root and periodontal bone). Increased PD and loss of
clinical attachment are pathognomonic for periodontal disease.
Therefore, pocket probing is a crucial and mandatory procedure
in diagnosing periodontitis. Clinical periodontal parameters
including gingival index (GI),19 gingival bleeding index
(GBI),20 and plaque index (PI)21 were also recorded. GI pro-
vides an assessment of gingival inflammatory status. Higher
scores of GI indicate higher gingival inflammation—0: normal
to healthy gingiva; 1: mild inflammation: slight change in color
and slight edema; 2: moderate inflammation: redness, edema,
and glazing; 3: severe inflammation: marked redness, edema,
and ulceration. PI refers to the amount of dental/bacterial
plaque—0: no plaque in gingival area; 1: no plaque visible
by the unaided eye, but plaque is made visible on the point of the
probe after it has been moved across surface at entrance of
gingival crevice; 2: gingival area is covered with a thin to
moderately thick layer of plaque, deposit is visible to the naked
eye; 3: heavy accumulation of soft matter, interdental area is
stuffed with soft debris. Panoramic radiographs were used to
determine the level of periodontal bone for all included indi-
viduals. Probing depth, CAL, and GBI were measured in
duplicate at 6 sites (mesial, distal, and median points at the
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buccal and palatal aspects), whereas GI and PI were measured in
duplicate at 4 sites (mesiobuccal, midbuccal, distobuccal, and
midpalatal).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



Collection of Serum and GCF Samples
All samples were collected in the morning after overnight

fasting. The participants were instructed not to drink and eat
anything in the morning, and were questioned about their
protocol adherence before sample collection. To avoid possible
irritation and stimulation of GCF flow during clinical measure-
ments, samples were obtained 2 days after the clinical measure-
ments and between 8:00 and 10:00 in the morning. The samples
were obtained according to the method described by Rudin
et al18 using standardized paper strips from maxillary anterior
and premolar teeth. No attempt was made to specifically select
sites with deep pockets, samples were pooled per subject to
ensure sufficient assay sensitivity, and the patient was used as
the unit of analyses. Site-specific differences were therefore not
analyzed. Twelve GCF samples were collected from each
participant. The samples were collected from mesiobuccal,
mid, distobuccal, and palatal sites on maxillary premolars
and incisors (at least 3 teeth). Paper strips were placed at the
entrance of tooth crevice, and were inserted to a standardized
depth of 1 mm. Sampling time was also standardized as 30 sec-
onds. Papers with visible blood contaminations were discarded.
To eliminate the risk of evaporation, paper strips with GCF were
immediately transported to previously calibrated Periotron 8000
for volume determination. The strips with GCF were placed in
sterile, firmly wrapped Eppendorf tubes immediately and stored
at �808C until the day of laboratory analysis.

Venous blood for serum was collected in plain tubes that
were initially kept at room temperature for 30 minutes. After
blood collection, the tubes were kept at 48C for 30 minutes
before centrifugation at 1000�g for 10 minutes at room
temperature. Serum samples were aliquoted into cryogenic vials
and stored in liquid nitrogen.

Laboratory Studies

Hormone and Blood Glucose Assays
Plasma glucose levels were measured by the glucose oxidase

technique (Roche Molecular Biochemicals, Mannheim,
Germany). Insulin levels were measured by RIA (Diagnostic
Systems Laboratories, Inc., Webster, TX). The intra and interassay
coefficient of variations (CVs) were 4.5% and 8.9%, respectively.
Plasma total cholesterol (TC), high-density lipoprotein (HDL),
low-density lipoprotein LDL, and triglyceride (TG) levels were
determined by enzymatic colorimetric method (Roche Molecular
Biochemicals, Mannheim, Germany). The average intra and
interassay CVs were 1.4% and 2.2%, respectively.

TAOC Assay
Serum and GCF TAOC levels were determined using a

commercially available assay kit.22 This method is based on the
bleaching of the characteristic color of a more stable 2,29-azino-
bis (3-ethylbenz-thiazoline-6-sulfonic acid) radical cation by
antioxidants. The results were expressed in millimoles 6-
hydroxy-2,5,7, 8-tetramethylchroman-2-carboxylic acid
equivalents per liter.

TOS Assay
Serum and GCF TOS levels were determined using a

commercially available assay kit.16 This method is based on
the oxidation of ferrous ion to ferric ion in the presence of
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various oxidative species in acidic medium and the measure-
ment of the ferric ion by xylenol orange. The results were
expressed in micromoles of H2O2 per liter. TOS method is

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
colorimetric and automated, and the precision of this assay is
excellent at <3%.

OSI Values
The percentage ratio of TOS/TAOC was used to calculate

the OSI. To perform the calculation, the TAOC, given in
millimoles trolox equivalent per liter, was converted to micro-
moles equivalent per liter, and the OSI value was calculated
using the following formula for serum and GCF separately.

OSI¼ ([TOS {mmol/L}]/[TAOC {mmol} Trolox equiv-
alent]/l� 100).23

Outcome Variables
Periodontal disease that was expressed by clinical period-

ontal indices and panoramic radiographs and oxidative stress
that was expressed by TOS and TAOC levels have been
assumed as outcome variables to detect the effect of obesity
on susceptibility of periodontal disease through local and
systemic oxidative stress, which is one of the most favorite
candidates of periodontal disease onset and progression.2

Exposure Variable
Obesity has been assumed as an exposure variable, and we

used the World Health Organization (WHO)-defined BMI-
based categories of underweight (BMI <18.5 kg/m2), normal
weight (BMI¼ 18.5–24.9 kg/m2), overweight (BMI¼ 25.0–
29.9 kg/m2), and obese (BMI� 30 kg/m2) to determine the
study groups as lean (normal weight [BMI¼ 18.5–24.9 kg/
m2]) and obese (BMI� 30 kg/m2).

Statistical Analyses
A statistical software package (SPSS 20) was used for all

statistical analyses. The normality of the data distribution was
tested by Shapiro–Wilk test. For normally distributed data,
comparisons among 2 groups were performed by Student t test.
For non-normally distributed data, Mann–Whitney U test was
used. Pearson/Spearman coefficient was used to examine the
significant correlations. The results were reported as
mean�SD. Statistical significance between groups according
to associated parameters was defined as P< 0.05. A priori
power analysis using a G�Power version 3.1.9 statistical soft-
ware program indicated that, with 13 subjects in each group, the
study would have >80% power to detect significant difference
at a level of 0.05 between the 2 groups according to GCF TAOC
values. After the completion of the study, considering the SD of
each group, the power values were confirmed to be >80%.

RESULTS

Anthropometric, Hormonal, and Metabolic
Parameters

Anthropometric, hormonal, and metabolic features of
individuals are given in Table 1. Obese women compared with
the lean group had significantly higher values for BMI, WHR,
glucose-120, fasting insulin, insulin-120, and lower HDL levels
(P< 0.05 for all). No statistically significant differences were
found between the groups for TC, TG, and LDL levels (P> 0.05
for all).

Oxidative Stress Index in Obesity
Clinical Periodontal Parameters
Table 2 summarizes the clinical periodontal parameters of

the study groups. No significant differences were found
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There was a significant positive correlation between serum TOS
and TG levels (r 0.387; P< 0.05). When evaluating the relation-
ship between local/periodontal oxidant status, and

TABLE 1. Anthropometric, Hormonal, and Metabolic
Parameters

Groups Obese (n¼ 20) Lean (n¼ 20) P

Age 27.29� 4.89 26.11� 4.09 0.220
Weight, kg 87.75� 10.27 58.85� 6.93 <0.001

�

Height, m 1.60� 0.06 1.62� 0.06 0.228
BMI, kg/m2 34.08� 2.97 22.15� 2.24 <0.001

�

Waist, cm 101.81� 9.69 75.84� 7.03 <0.001
�

Hip, cm 116.48� 9.33 97.11� 6.22 <0.001
�

WHR 0.87� 0.05 0.78� 0.06 <0.001
�

Fasting plasma glucose,
mg/dL

90.95� 9.79 90.06� 8.26 0.766

Glucose-120, mg/dL 105.48� 26.46 83.31� 14.85 0.005
�

Fasting insulin, mU/mL 14.56� 8.39 7.44� 4.76 0.001
�

TC, mg/dL 174.11� 42.71 191.50� 23.63 0.208
TG, mg/dL 97.76� 53.46 64.05� 24.72 0.87
HDL, mg/dL 50.33� 9.21 66.88� 15.05 <0.001

�

LDL, mg/dL 113.71� 32.40 115.24� 21.95 0.228

BMI¼ body mass index, HDL¼ high-density lipoprotein,
LDL¼ low-density lipoprotein, TC¼ total cholesterol, TG¼ triglyceride,

TABLE 3. Oxidative Status Parameters

Parameters Obese Lean P

Serum TAOC, mM trolox
equivalent

1.60� 0.15 1.80� 0.12 0.032
�

Serum TOS, mM H2O2

equivalent
5.47� 1.89 4.35� 1.98 0.074

GCF TAOC, mM trolox
equivalent

0.05� 0.05 0.15� 0.12 0.038
�

GCF TOS, mM H2O2

equivalent
0.77� 0.72 0.41� 0.50 0.042

�

Serum OSI 3.49� 1.39 2.58� 1.22 0.029
�

GCF OSI 2.75� 4.59 1.55� 0.62 0.017
�

GCF¼ gingival crevicular fluid, OSI¼ oxidative stress index,

TABLE 4. Correlations Between Oxidative Status Markers,
Clinical Periodontal Parameters and Anthropometric, Hormo-
nal, and Metabolic Parameters

r P

GI BMI 0.482 0.002
�

GI WHR 0.301 0.049
�

GI Fasting insulin 0.566 0.001
�

GI HDL �0.344 0.034
�
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between the groups according to PD, CAL, and PI values
(P> 0.05), whereas GI and GBI were significantly higher in
the obese group (P¼ 0.001). No proximal bone loss, deep
periodontal pocket (>3 mm), and periodontitis were detected
in any included individual according to clinical periodontal and
radiographic examinations.

TAOC and TOS Levels
Table 3 summarizes the oxidative status in serum and GCF

of the participants. Serum TAOC was significantly lower in the
obese group (P¼ 0.032), whereas no significant differences
were found between the groups according to serum TOS levels
(P¼ 0.074). Regarding GCF oxidant status, TAOC was sig-
nificantly lower, whereas TOS level was significantly higher in
the obese groups compared with lean controls (P¼ 0.038 and
0.042, respectively).

WHR¼waist-to-hip ratio.�
Statistically significant difference between the groups.
OSI Values
When comparing the OSI values between the groups;

serum and GCF OSI values were significantly higher in the

TABLE 2. Clinical Periodontal Parameters

Parameters Obese Lean P

PD, mm 2.04� 0.23 1.97� 0.29 0.413
CAL, mm 2.15� 0.19 2.01� 0.27 0.542
GI 2.04� 0.29 1.47� 0.37 0.001

�

GBI 1.64� 0.46 1.02� 0.28 0.001
�

PI 1.67� 0.19 1.78� 0.36 0.238
GCF volume, mL 0.66� 0.24 0.35� 0.17 0.001

�

CAL¼ clinical attachment level, GBI¼ gingival bleeding index,
GCF¼ gingival crevicular fluid, GI¼ gingival index, PD¼ probing
depth, PI¼ plaque index.�

Statistically significant difference between groups.

4 | www.md-journal.com
obese group than the lean control group (P¼ 0.029 and 0.017,
respectively).

Correlation Analyses
Table 4 summarizes the significant correlations between

oxidant status, and anthropometric and hormonal parameters. In
all individuals, serum TAOC was significantly negatively cor-
related with serum TOS, BMI values and fasting glucose,
glucose-120, fasting insulin, and TG levels (P< 0.05 for all)

TAOC¼ total antioxidant capacity, TOS¼ total oxidant status.�
Statistically significant difference between the groups.
GI CAL 0.316 0.047
�

GBI BMI 0.448 0.002
�

GBI WHR 0.285 0.047
�

GBI Fasting insulin 0.546 0.001
�

GBI HDL �0.256 0.024
�

GCF OSI Fasting insulin 0.381 0.029
�

GCF OSI LDL 0.327 0.045
�

GCF OSI GI 0.431 0.006
�

GCF OSI GBI 0.462 0.006
�

GCF TAOC BMI �0.389 0.013
�

GCF TOS CAL 0.309 0.052
GCF TOS GI 0.460 0.003

�

GCF TOS LDL 0.451 0.004
�

CAL¼ clinical attachment level, GBI¼ gingival bleeding index,
GCF¼ gingival crevicular fluid, GI¼ gingival index, OSI¼ oxidative
stress index, PD¼ probing depth, PI¼ plaque index, TAOC¼ total
antioxidant capacity, TOS¼ total oxidant status, WHR¼waist-to-hip
ratio.�

Statistically significant correlations between the parameters.
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anthropometric and hormonal measurements, significant nega-
tive correlation was found between GCF TAOC and BMI
(r �0.389; P< 0.05), whereas significant positive correlation
was found between GCF TOS and LDL levels (r 0.451;
P< 0.05). GCF TOS also showed significant positive corre-
lations with CAL and GI scores (r 0.309, 0.460, respectively;
P< 0.05 for both). Gingival index and GBI, which are clinical
indicators of local/periodontal inflammation, were significantly
positively correlated with BMI, WHR, and fasting insulin
levels, and negatively correlated with HDL levels (P< 0.05
for all). PD was also significantly positively correlated with
fasting plasma glucose level (r 0.384; P< 0.05). When OSI
values were evaluated in all individuals, there were significant
positive correlations between serum OSI values, and serum TG
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and fasting insulin levels, whereas GCF OSI values showed
significant positive correlations with serum LDL, fasting insulin
levels, and GI and GBI scores (P< 0.05 for all).

DISCUSSION
To the best of our knowledge, this is the first study

investigating the influence of obesity on systemic (serum)
and local (GCF) TAOC, and total oxidative status, and the
association of these parameters with periodontal state in
humans. Our findings indicate significantly lower TAOC levels
and significantly higher TOS and OSI levels in serum and GCF
in the obese group compared with the lean control group. When
clinical periodontal situations of obese and lean individuals
were compared, there was no significant difference in PD or
CAL, whereas higher gingival inflammation and bleeding were
found in obese individuals despite similar plaque levels. It may
be considered that prominent gingival inflammation at this
young age may establish a ground for future chronic period-
ontitis in these obese women.24

Studies have shown that obesity is one of the risk factors
for the development of periodontal tissue destruction.25 Higher
prevalence of periodontitis in obese women has been reported in
the literature. Dalla Vecchia et al26 reported that obese women
had an 80% greater risk of presenting periodontitis than their
lean counterparts. Our finding of higher scores of GI and GBI in
obese but otherwise healthy and young individuals, compared
with age and sex-matched lean controls, denotes that period-
ontal health is deteriorated and gingival inflammation (gingi-
vitis) is a common finding in these women. In the present study,
the higher GCF volume further supports this finding. Our
radiographic analyses revealed no periodontal bone loss in
these subjects, indicating that they had the periodontal disease
at the gingival level (gingivitis), but not periodontal bone loss
level (periodontitis), which might be due to the relatively young
age of the group.

It has been widely accepted that oxidative stress plays an
important role in the pathologic mechanisms of different forms
of periodontitis.27,28 In a meta-analysis including 16 studies
from different countries reported oxidative stress biomarkers,
serum TAOC levels were lower and serum NO levels were
higher in patients with chronic periodontitis compared with
healthy subjects, suggesting that periodontal inflammation may
trigger systemic oxidative stress.12 Studies have shown that
periodontitis is associated with decreased TAOC and increased
TOS levels.13,29 Enhanced oxidative stress is evident in obesity
like other diverse diseases including cancer, diabetes, neuro-

degenerative diseases, and atherosclerosis. Tomofuji et al30

found higher gingival oxidative stress in obese rats and they
reported that obesity may induce gingival oxidative damage and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
accentuate gingival inflammation with increasing blood ROS.
The present findings suggest that obese individuals have a local/
periodontal pro-oxidative state and decreased systemic antiox-
idant capacity. Our data indicate that obese individuals have
increased oxidative stress both systemically and locally, even
though they are young, nondiabetic, and nonsmoker. When
considering that chronic periodontitis mainly affects the adult
population >35 years of age, local OSI may be an early marker
of the development of periodontal disease. Oxidative stress
analysis may be a valuable tool to understand the common
pathologic mechanisms between 2 inflammatory conditions
such as obesity and periodontal disease.

We determined meaningful correlations among GI and
GBI scores, and GCF TAOC and TOS levels and GCF OSI
values. Local oxidative stress was found to be associated with
gingival inflammation parameters as expected. The anthropo-
metric and hormonal parameters such as BMI, weight, and waist
measurements, fasting insulin, and glucose levels were also
found to be positively correlated with GI and GBI scores. TOS
in GCF seems to be associated with serum LDL levels, whereas
gingival inflammation seems to be negatively correlated with
HDL levels. We have shown that there were significant corre-
lations between GCF and serum OS markers, and adiposity,
lipid, glucose, and insulin values. These correlations suggest
that systemic oxidative stress is associated with BMI, insulin
resistance, and dyslipidemia, as expected. Additionally, accord-
ing to correlation analyses, abdominal adiposity and metabolic
alterations such as insulin resistance in obese young women
might influence the risk of periodontal disease through local and
systemic oxidative stress even before development of clinical
diabetes or cardiovascular disease.

There are some limitations caused by heterogeneity of the
studies, such as design, sample size, and the methods of the
biomarker measurements. There is a remarkable variability
among different studies regarding the types of oxidative stress
biomarkers.31 The great variability among different studies may
also be caused by different degrees of the periodontal disease
(chronic periodontitis), different study populations (sex and
age), and different biological specimens (serum, plasma,
GCF, or whole blood), and also by the absence of a well-defined
certain biomarker of oxidative stress.31 Although specific bio-
markers should be examined to clearly identify oxidative stress,
assessment of oxidative stress through the evaluation of the
TAOC and TOS may be rational to elucidate the oxidant
status.16,22,27,29

An important limitation in some of the studies about
possible relationship between obesity and periodontitis is the
presence of diabetes, which is knowingly associated with the
generation of oxidative free radicals.14 In the present study, no
diabetic patient was included and no significant differences
were found between the groups according to fasting glucose
levels. Obese individuals are subject to the manifestation of
diabetes, because adipose tissue secretes proinflammatory cyto-
kines that are the main mediators of insulin resistance.14,31 In
accordance with this relationship, higher fasting insulin and
glucose-120 levels, which are insulin resistance markers, were
found in obese individuals in the present study. Smoking is a
well-known contributor of ROS and a reducer of antioxidants.32

Furthermore, smoking is one of the strongest risk factors for
periodontitis.33 Haffajee and Socransky34 also reported that
overweight or obese women have a higher risk of periodontitis

Oxidative Stress Index in Obesity
than normal BMI after adjustment of age and smoking. The
present study was controlled for smoking, and all included
individuals were females; thus smoking and sex were excluded

www.md-journal.com | 5



as confounding factors that might have an impact on the results
of the study.

Oral cavity as a part of body also may have systemic effects.
Pathogens found in periodontal infection are strictly linked to
other organs, the main of which is spleen.10 Periodontopathogen
bacteria such as Porphyromonas gingivalis, Treponema denti-
cola, and Tannerella forsythia are frequently detected in period-
ontal sites during chronic periodontal inflammation. In a recent
study, mice chronically infected with major periodontal patho-
gens demonstrated consistent miR-146a expression both locally
in the maxilla and systemically in the spleen.10 These localized
and systemic expressions suggest that miR-146a expression
might be due to a bacterial presence and/or inflammation in
periodontium and spleen, also based upon the finding that
genomic DNA from P gingivalis, T denticola, or T forsythia
was detected in oral plaque samples, liver, and spleen.10 Obese
individuals have higher incidence of infection, suggesting
impaired immune function. It has been reported that spleen as
an important regulation center of the body’s immune-metabolic-
endocrine network plays an important role in obesity, with its
essential effects on chronic infection and immune response.35

The limitations of our study are a relatively small sample
size and cross-sectional design (precludes cause–effect
relationship). Evaluating the effect of microbial plaque samples
and bacteria compounds would have also increased the value of
the study. Additionally, vitamin D levels, which have been
reported as a protective factor for periodontal health, may be a
potential confounding factor and counted as a limitation for the
present study.36 Future longitudinal investigations on the inter-
relationships between obesity, periodontal disease, and oxi-
dative stress are necessary to increase the knowledge in
this field.

CONCLUSIONS
Our results suggest that the susceptibility to periodontal

disease may significantly increase, and systemic and local/
periodontal oxidant status seems to be affected in obesity.
Reduced antioxidant capacity and generation of oxidative stress
may be a pathophysiological link for higher susceptibility to
periodontitis in obesity.
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