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Abstract
Background: In patients with polycystic ovary syndrome (PCOS), chronic periodon-

titis (CP) contributed to increased oxidative stress (OS), owing to an increase in serum

and salivary 8-hydroxy-2′-deoxyguanosine (8-OHdG) and malondialdehyde (MDA)

levels and a decrease in serum total antioxidant status (TAS) levels. The aim of the

present study is to investigate salivary and serum 8-OHdG and MDA levels as well as

total antioxidant status (TAS) in females with CP and PCOS compared with healthy

females.

Methods: Four groups, each consisting of 22 individuals, were: 1) women with both

PCOS and CP (PCOSCP); 2) systemically healthy women with CP; 3) periodon-

tally healthy women with PCOS (PCOSPH); and 4) periodontally and systemically

healthy women (PH). Demographic and clinical periodontal parameters were mea-

sured. Oxidative parameters were evaluated in serum and salivary samples.

Results: Salivary 8-OHdG levels in the PCOSCP and CP groups were statistically

higher than those in both the PCOSPH and the PH groups (P < 0.05). There was no

statistical difference between the PCOSCP, CP, and PCOSPH groups with regard to

salivary MDA and TAS levels (P > 0.05). Highest serum 8-OHdG and MDA levels

and lowest serum TAS levels were seen in the PCOSCP group (P < 0.05). Serum

8-OHdG and MDA levels in the PCOSPH group were higher than those in both sys-

temically healthy groups (PH and CP) (P < 0.05). Salivary TAS levels were high-

est (P < 0.05) in the PH group. There was no statistical difference between the CP

and PCOSPH groups, but serum TAS levels were lower than those in the PH group

(P < 0.05).

Conclusions: CP, which led to an increase in serum and salivary 8-OHdG and MDA

levels and a decrease in serum TAS levels in patients with PCOS, contributed to

increased OS. This effect was more prominent in serum levels than in salivary levels.

K E Y W O R D S
Chronic periodontitis, malondialdehyde, oxidative stress, polycystic ovary syndrome

Chronic periodontitis (CP) is described as a destruc-
tive inflammatory disorder induced by bacterial products
and resulting in attachment loss (AL) and alveolar bone

destruction.1 When immune response is stimulated by
periodontopathic bacteria, reactive oxygen species (ROS)
are released by host cells. Excessive ROS production in
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polymorphonuclear leukocytes is one of the pathologic path-
ways of periodontal inflammation and can cause oxidative
stress (OS) and affect periodontal tissues by causing damage
to biologic molecules, including lipids, proteins, and DNA.2

Periodontal disease has been implicated as a potential risk fac-
tor for the onset and development of systemic diseases such as
cardiovascular diseases (CVDs),3 rheumatoid arthritis,4 and
diabetes mellitus (DM).5

Polycystic ovary syndrome (PCOS), which affects ≤ 15%
of females, is the most common endocrine disorder in women
and is characterized by chronic low-grade inflammation and
increased OS. PCOS carries the risk of CVDs, insulin-
dependent DM, dyslipidemia, endothelial dysfunction, and
visceral obesity.6 Thus, PCOS is considered to be a metabolic
syndrome.

ROS production and antioxidant defense systems are typ-
ically in equilibrium. When this equilibrium shifts toward
an increase in ROS production, OS can potentially dam-
age the affected organism.7 Both free radicals and ROS can
attack nucleic acids via oxidation, resulting in DNA dam-
age. Originating from specific enzymatic cleavage after the
8-hydroxylation of guanine, 8-hydroxy-2′-deoxyguanosine
(OHdG) is the most common stable product of oxidative DNA
damage in the nucleus.8 Increased ROS production leads to
lipid peroxidation via formation of malondialdehyde (MDA)
and damages cell-membrane lipids.7 Total antioxidant status
(TAS), which is sensitive to changes in the degree of OS,
combines concentrations of various individual antioxidants
and reflects potential synergistic and antagonistic interactions
between antioxidants.9

A number of studies have indicated a possible relationship
between PCOS and periodontal inflammation.10–13 Dursun
et al.13 suggested that local/periodontal oxidant status appears
to be affected in patients with PCOS but not in healthy young
women. Despite common risk factors, including OS, the
relationship between CP and PCOS remains unclear. There
has been no study on the possible effects of PCOS and
CP on OS in both serum and saliva. Therefore, the aim of
the present study is to evaluate serum and saliva levels of
8-OHdG, MDA, and TAS in non-obese women with CP and
PCOS.

1 MATERIALS AND METHODS

1.1 Patient selection
The study protocol was approved by the ethics commit-
tee of the Medicine Faculty, Ataturk University, Erzurum,
Turkey. All participants were recruited from the Department
of Obstetrics and Gynecology, School of Medicine, Ataturk
University, from May 2013 to May 2015. All individuals
were informed about the aim and methods of the study, and

written informed consent forms were prepared according
to the principles of the Helsinki Declaration and obtained
before clinical periodontal examinations and saliva and serum
sampling.

Sample size was specified by using a power analysis of the
serum 8-OHdG, which had the greatest variation among all
the groups (PCOSCP, CP, PCOSPH, and PH). To detect a sig-
nificant difference at an effect size of 0.61 and power level of
80% with a 95% confidence level, at least 18 patients were
required for each group.14 In this study, 22 participants were
included in each group to allow for dropouts.

Of the 109 individuals examined for this cross-sectional
comparative study, 94 were eligible and met the inclusion cri-
teria; six participants declined to take part. Thus, the total
study population comprised age- and body mass index (BMI)-
matched, non-obese women (88 females; 44 females [aged 19
to 40 years] newly diagnosed with PCOS who had not started
any medical treatment for the syndrome; and 44 systemically
healthy females [aged 20 to 38 years] upon routine medical
examination). These individuals were categorized into four
groups, each consisting of 22 participants: 1) PCOS partic-
ipants with CP (PCOSCP); 2) systemically healthy partici-
pants with CP; 3) PCOS participants who were periodontally
healthy (PCOSPH); and 4) the control group, composed of
systemically and periodontally healthy participants (PH).

Based on the 2003 Rotterdam criteria, PCOS was diag-
nosed according to the presence of at least two of the follow-
ing: 1) oligomenorrhea and/or anovulation; 2) hyperandro-
genism (clinical and biochemical); and 3) polycystic ovaries
detected on ultrasound examination.6 Systemically healthy
participants were matched for BMI and had regular menstrual
cycles but no clinical or biochemical signs of hyperandro-
genism; polycystic ovaries were excluded via ultrasound.

All anthropometric measurements and dental examinations
were performed by the same physician (ES) on the day blood
specimens were obtained. All individuals included in the
study met the following criteria: 1) they had never been smok-
ers; 2) were not pregnant at the time of the study; and 3)
had no history of systemic disease other than PCOS. It was
also a requirement that they had not taken medication within
the previous 3 months, including antibiotics, oral contra-
ceptive agents, steroid hormones or associated preparations,
hypertensive medications, and insulin-sensitizing drugs
because these medications may affect metabolic criteria.6

None of the individuals had a history of periodontal therapy
in the previous 6 months.

BMI, waist circumference (WC), and waist-hip ratio
(WHR) were measured as previously described.15 Normal
weight was defined as a BMI of ≥ 18.5 and < 25 kg/m2,
and overweight/obesity was defined as a BMI of ≥25
(kg/m2). Glycated hemoglobin (HbA1c) and 75-g, 2-hour
oral glucose tolerance tests (OGTT-2h) were performed.16

Females who had a BMI of ≥ 25 kg/m2, HbA1c ≥6.5%,
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78 SAGLAM ET AL.

or OGTT-2h ≥200 mg/dL were excluded from the study.
Confounding factors such as Cushing syndrome, non-classic
congenital adrenal hyperplasia, hyperprolactinemia, thyroid
dysfunction, and androgen-secreting tumors have a clinical
presentation similar to PCOS. To establish the diagnosis of
PCOS, these disorders were also excluded.6

This study was registered at ClinicalTrials.gov in Novem-
ber 2016 (registration number: NCT02954120).

1.2 Dental examination
Six sites (mesio-buccal, mid-buccal, disto-buccal, mesio-
lingual, mid-lingual, and disto-lingual) on each tooth, exclud-
ing third molars, were assessed for dental variables. Periodon-
tal parameters were measured clinically via probing depth
(PD), clinical AL, gingival index (GI),17 bleeding on probing
(BOP),18 and plaque index (PI)19 using a periodontal probe.∗

PD was measured as the distance between the free gingival
margin and the base of the pocket. Clinical AL was deter-
mined by measuring the distance from the cemento-enamel
junction to the base of the pocket. Patients with severe gen-
eralized CP were included in the study. CP was defined as
one or more interproximal sites with a PD ≥5 mm as well
as one or more interproximal sites with clinical AL ≥6 mm,
not on the same tooth.20 In the control group, periodontal
health was defined as a PD of ≤3 mm, no clinical AL, and
BOP in ≤25% of teeth.21 All participants had ≥20 natural
teeth.

1.3 Collection of serum and saliva samples
All samples were obtained in the morning after overnight fast-
ing during the early follicular phase (second to fifth days) of
spontaneous or progesterone-induced menstrual cycle.

1.3.1 Saliva sampling
Before clinical periodontal measurements were taken, partic-
ipants were asked not to drink (except water) or chew gum
and then to keep their mouth open for 5 minutes; unstim-
ulated saliva samples were collected by expectoration into
polypropylene tubes. Approximately 5 mL of whole saliva
was collected and centrifuged† for 10 minutes at 1,000 × rpm
at 4◦C to remove cell debris. Supernatant was stored in 500
𝜇L aliquots at −80◦C until the biochemical analyses were per-
formed.

1.3.2 Serum sampling
Ten milliliters of venous blood was taken from the antecubital
vein by the standard venipuncture method. To obtain serum,

∗ Williams periodontal probe, Hu-Friedy, Chicago, IL.

† Vacuette, Greiner Bio-One, Kremsmünster, Austria.

blood samples were collected in tubes‡ and centrifuged for 5
minutes at 3,500 × rpm at 4◦C. Serum samples were trans-
ferred to 500-𝜇L aliquots and stored at −80◦C until the bio-
chemical analyses were performed.

1.4 Measurement of MDA levels, 8-OHdG
levels, and TAS
To determine serum and salivary 8-OHdG levels, high-
sensitivity 8-OHdG enzyme-linked immunosorbent assay
kits§ were used.

Serum and salivary MDA levels in the clinical samples
were measured by the method of Ohkawa et al.22 This method
is based on spectrophotometric determination of the complex
formed by the reaction of MDA with thiobarbituric acid.

Serum and salivary TAS were measured spectrophotomet-
rically using assay kits.¶ The assay was based on the prin-
ciple that 2.2′-azino-di-[3-ethylbenzothiazoline sulphonate]
(ABTS) may be incubated with peroxidase and hydrogen per-
oxide to produce the radical cation ABTS.23

1.5 Statistical analyses
All statistical data analyses were performed using soft-
ware.#,‖ A Kolmogorov–Smirnov test was used to evalu-
ate the normality of the data distribution. Demographic,
clinical, and laboratory parameters were found to be non-
normally distributed. Statistical comparisons between groups
were assessed by the Kruskal–Wallis and Mann–Whitney
U tests. The Spearman correlation test was used to detect
correlations. Statistical significance was considered to be
P < 0.05.

2 RESULTS

2.1 Clinical and demographic findings
The demographic features and clinical periodontal measure-
ments of the patients are summarized in Tables 1 and 2.
There were no significant differences between the groups
in ages, BMI score, OGTT-2h scores, or HbA1c scores
among the groups (P > 0.05). In comparing the CP groups
with the periodontally healthy groups, all clinical periodontal

‡ BD Vacutainer SST II Advance Tube, Becton Dickinson, Franklin Lakes,

NJ.

§ Product NWK-8-OHDG-02, Northwest Life Science Specialties, Vancou-

ver, WA.

¶ Randox assay kits (Cat No. NX2331 and NX2332), Randox Laboratories,

Crumlin, U.K.

# SPSS for Windows, v.17, SPSS, Chicago, IL.

‖ Excel, Microsoft, Redmond, WA.
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SAGLAM ET AL. 79

T A B L E 1 Demographic parameters of all groups (n = 88)

PCOSCP (n = 22) CP (n = 22) PCOSPH (n = 22) PH Control Group (n = 22)
Age 28.61 ± 4.455 28.23 ± 4.317 27.64 ± 4.001 27.78 ± 3.944

BMI (kg/m2) 22.437 ± 2.805 22.664 ± 1.819 22.498 ± 2.018 21.063 ± 2.144

WC (cm) 78.31 ± 2.114 79.98 ± 2.412 80.13 ± 2.178 81.34 ± 2.286

WHR 0.73 ± 0.042 0.74 ± 0.057 0.72 ± 0.065 0.76 ± 0.459

OGTT-2h (mg/dL) 107.8 ± 8.275 94.845 ± 9.269 100.2 ± 10.837 91 ± 13.008

HbA1c (%) 4.7 ± 0.417 4.5 ± 0.461 4.8 ± 0.389 4.6 ± 0.318

Values are presented as mean ± SD.

T A B L E 2 Clinical periodontal parameters of all groups (n = 88)

PCOSCP (n = 22) CP (n = 22) PCOSPH (n = 22) PH Control Group (n = 22)
PD (mm) 4.14 ± 0.355* 4.11 ± 0.301* 1.34 ± 0.297 1.33 ± 0.165

Clinical AL (mm) 4.51 ± 0.387* 4.48 ± 0.444* 1.84 ± 0.325 1.66 ± 0.216

GI 1.89 ± 0.190* 1.96 ± 0.201* 0.08 ± 0.036 0.06 ± 0.025

BOP (%) 88.33 ± 4.998* 87.37 ± 5.376* 0.07 ± 0.044 0.07 ± 0.036

PI 2.39 ± 0.167* 2.41 ± 0.178* 0.04 ± 0.031 0.04 ± 0.020

Values are presented as mean ± SD.
*P < 0.05; statistically significant difference.

T A B L E 3 Salivary and serum 8-OHdG, MDA, and TAS levels (n = 88)

PCOSCP (n = 22) CP (n = 22) PCOSPH (n = 22) PH Control Group (n = 22)
Salivary 8-OHdG (ng/mL) 0.411 ± 0.074b 0.384 ± 0.053b 0.232 ± 0.044a 0.225 ± 0.056a

Salivary MDA (𝜇mol/L) 6.130 ± 2.691b 5.578 ± 1.989b 5.786 ± 2.106b 3.965 ± 1.477a

Salivary TAS (mmol/L) 1.170 ± 0.668b 1.150 ± 0.514b 1.116 ± 0.743b 1.647 ± 0.619a

Serum 8-OHdG (ng/mL) 3.68 ± 0.686d 2.177 ± 0.629b 2.972 ± 0.527c 1.461 ± 0.429a

Serum MDA (𝜇mol/L) 4.289 ± 1.376d 2.023 ± 1.166b 3.146 ± 2.533c 1.364 ± 0.953a

Serum TAS (mmol/L) 0.784 ± 0.419c 1.039 ± 0.422b 1.08 ± 0.473b 1.603 ± 0.351a

Values are presented mean ± SD. Values with different letters within the same row are statistically different (P < 0.05). Same letters within the same row indicate no

significant difference.

parameters were found to be significantly higher in the CP
groups (P < 0.001) (Table 2).

2.2 Laboratory findings
Table 3 shows the mean 8-OHdG, MDA, and TAS levels in
the serum and saliva of the four groups.

2.3 8-OHdG levels
Salivary 8-OHdG levels in both CP groups (PCOSCP and
CP) were statistically higher than those in both periodontally
healthy groups (PCOSPH and PH) (P < 0.05) Salivary 8-
OHdG levels were similar in the periodontally healthy groups.
Salivary 8-OHdG levels in the PCOSCP group were higher
than those in the CP group; however, this difference was not
statistically significant (P > 0.05).

The serum 8-OHdG levels were statistically significantly
different in all groups, and serum 8-OHdG levels in both
CP groups and the PCOSPH group were statistically signifi-
cantly higher than those in the control group (PH) (P < 0.05).

Serum 8-OHdG levels in the PCOSCP group were sta-
tistically higher than those in both the CP and PCOSPH
groups (P < 0.05). Moreover, 8-OHdG levels in the PCOSPH
group were statistically higher than those in the CP group
(P < 0.05).

2.4 MDA levels
Saliva MDA levels in the control group were statistically sig-
nificantly lower than those in other groups (P < 0.05). How-
ever, there was no statistical difference in the mean salivary
MDA levels between the PCOSCP, CP, and PCOSPH groups
(P > 0.05).

The serum MDA levels were statistically significantly dif-
ferent in all the groups, and serum MDA levels in both PCOS
groups (PCOSCP and PCOSPH) were higher than those in
both systemically healthy groups. Serum MDA levels in the
PCOSCP group were statistically higher than those in both
the CP and PCOSPH groups (P < 0.05). Moreover, serum
MDA levels in the PCOSPH group were statistically higher
than those in the CP group (P < 0.05).
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80 SAGLAM ET AL.

2.5 TAS levels
Salivary TAS levels in the control group were statistically sig-
nificantly higher than those in the other groups (P < 0.05).
Although salivary TAS levels in the PCOSCP group were
higher than those in the CP group, and salivary TAS levels in
the CP group were higher than those in the PCOSPH group,
there were no statistically significant differences in salivary
TAS levels between the PCOSCP, CP, and PCOSPH groups
(P > 0.05).

Serum TAS levels in both CP groups were statistically
lower than those in the control group (P < 0.05). There
were no statistically significant differences in serum TAS
levels between the CP and PCOSPH groups (P > 0.05).
The lowest serum TAS level was observed in the PCOSCP
group.

Comparisons of salivary and serum 8-OHdG, MDA, and
TAS levels between the groups are shown in Figure 1.

2.6 Correlations
Salivary 8-OHdG levels had statistically significant pos-
itive correlations with all clinical periodontal parameters
(P < 0.01). Serum 8-OHdG levels also had statistically sig-
nificantly positive correlations with all clinical periodontal
parameters except for clinical AL.

There was no statistically significantly correlation between
salivary MDA levels and clinical AL, but statistically sig-
nificant correlations between salivary MDA levels and other
clinical parameters were observed (P < 0.05). Serum MDA
levels did not show any correlation with PI and BOP, but
statistically significantly positive correlations were observed
between serum MDA levels and other clinical parameters
(P < 0.05).

Salivary TAS levels exhibited no correlation with PI, BOP,
and clinical AL, but statistically significant negative correla-
tions were observed between salivary TAS levels and other
clinical parameters (P < 0.05). Serum TAS levels showed
statistically significant negative correlations with all clinical
parameters (P < 0.05) (Table 4).

3 DISCUSSION

To the best of the authors’ knowledge, this is the first study
to analyze the relationship between PCOS and CP using the
8-OHdG, MDA, and TAS parameters. Results of the study
show that both PCOS and CP can generate an increase in OS,
either alone or through synergistic interaction. To the best of
the authors’ knowledge, this is also the first report to hypoth-
esize that periodontitis and PCOS may be linked through sys-
temic and local OS responses.

F I G U R E 1 The comparisons of salivary and serum 8-OHdG

(A), MDA (B), and TAS (C) levels between groups. Different lowercase

letters indicate values that are statistically different (P < 0.05)

BMI, WC, WHR, age, smoking status, alcohol consump-
tion, and systemic diseases could have potentially affected
the data and its interpretation. Using WHR and WC along
with BMI better predicts adiposity, which may affect oxidative
status.24 Age and BMI were matching variables, and WHR
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SAGLAM ET AL. 81

T A B L E 4 Correlations among periodontal clinical measurements and laboratory parameters

GI PI BOP PD Clinical AL
r P r P r P r P r P

Serum 8-OHdG 0.305a 0.004 0.289a 0.006 0.265b 0.013 0.356a 0.001 0.184 0.09

Serum MDA 0.277a 0.009 0.140 0.19 0.111 0.30 0.285a 0.007 0.304a 0.004

Serum TAS −0.411a <0.001 −0.340a 0.001 −0.308a 0.004 −0.463a <0.001 −0.305a 0.004

Salivary 8-OHdG 0.574a <0.001 0.555a <0.001 0.563a <0.001 0.719a <0.001 0.601a <0.001

Salivary MDA 0.262b 0.03 0.270b 0.02 0.285b 0.014 0.274b 0.02 0.202 0.09

Salivary TAS −0.242b 0.02 −0.118 0.27 −0.137 0.20 −0.237b 0.03 −0.108 0.32

r = Spearman correlation coefficient.
aCorrelation is significant at the 0.01 level (2-tailed).
bCorrelation is significant at the 0.05 level (2-tailed).

and WC values were not statistically significantly different
between the groups. OGTT-2h and HbA1c values differ sta-
tistically significantly between the groups.

OS in PCOS, a metabolic syndrome, is significantly
increased compared with levels in healthy individuals.25–28

On the other hand, increased ROS production and reduced
antioxidant capacity due to inflammatory activity reportedly
play an important role in the pathogenesis of CP.2,29,30 Simi-
larly, OS is reported to play an important role in the interac-
tion mechanisms between CP and systemic diseases such as
CVD,3 rheumatoid arthritis,4 and DM.5 For these reasons, it
is deduced that OS may have a role in the possible interaction
between CP and PCOS.13

Only a few studies have evaluated the relationship between
PCOS and periodontal diseases, all of which found that indi-
viduals with PCOS seem to be more prone to gingival inflam-
mation. This may be related to the role of chronic systemic
inflammation in the pathophysiology of both PCOS and peri-
odontal disease.10–13,31–33

Specific lipid peroxidation and oxidative degradation prod-
ucts, such as MDA and 8-OHdG, are widely used to evalu-
ate OS levels. Furthermore, separate evaluations of enzymatic
or non-enzymatic antioxidant levels do not adequately reflect
antioxidant effectiveness. TAS reflects the effectiveness not
only of known antioxidants, but also of antioxidants that have
not yet been discovered.34,35

Although there are many studies in which local and
systemic 8-OHdG,14,30,36,37 MDA,26,28,29,38,39 and TAS39–43

levels have been researched in systemically healthy individ-
uals with periodontitis, the study by Dursun et al.13 is the
only one to have evaluated PCOS and CP. In that study, peri-
odontitis and periodontal health were not differentiated. Only
myeloperoxidase levels were evaluated, but the assessment of
a single antioxidant does not reflect total antioxidant capacity.

The majority of published data about oxidative DNA dam-
age reported higher 8-OHdG levels in the saliva of patients
with periodontitis.30,36,37 Similarly, in the present study, the
salivary 8-OHdG levels in both CP groups were statistically
higher than those in both periodontally healthy groups, and
salivary 8-OHdG levels were similar in the periodontally

healthy groups. Also, no statistically significant difference
was detected between the CP groups. Even salivary 8-OHdG
levels in the PCOSCP group were higher than those in the CP
group; however, this difference was not statistically signifi-
cant. These results suggest that PCOS either does not affect
salivary 8-OHdG levels or that this effect is not detectable.

Scarce data exist regarding the effect of CP on serum
8-OHdG levels.44–46 Two studies reported that there were no
significant differences between periodontally healthy and CP
individuals in terms of serum 8-OHdG levels.44,45 However,
in a ligature-induced rat periodontitis model, serum 8-OHdG
levels were reported to be higher than in periodontally healthy
groups.46 The present study indicates that serum 8-OHdG lev-
els in both the CP groups and the PCOSPH group were sta-
tistically significantly higher than those in the control group.
Serum 8-OHdG levels in the PCOSCP group were statisti-
cally higher than those in both the CP and PCOSPH groups.
Moreover, 8-OHdG levels in the PCOSPH group were sta-
tistically higher than those in the CP group. Both PCOS and
CP increase serum 8-OHdG levels, and the co-occurrence
of these two diseases causes a synergistic effect on serum
8-OHdG levels.

On the other hand, only three studies have investigated
the serum 8-OHdG levels of individuals with PCOS.14,47,48

The results of these studies contradict one another. Hamurcu
et al.47 suggested that there was no difference between the
groups, while Sova et al.14 reported statistically significantly
decreased serum 8-OHdG levels in participants. The results
of the present study, which find that serum 8-OHdG levels in
both PCOS groups are higher than those in both systemically
healthy groups, are in line with Gao et al.48 The discrepancy
between the results of the cited studies may be explained
by methodologic differences or the variable systemic and
periodontal status of the PCOSCP, CP, and PCOSPH groups.
According to the results of the present study, PCOS itself
seems to be more effective in enhancing serum 8-OHdG levels
than CP alone. We think that this may be due to the fact that the
systemic and metabolic effects of PCOS are more prominent
than CP. In addition, CP seems to have a contributory effect
on serum 8-OHdG levels in patients with PCOS. This may
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be explained by the synergistic effect of these two diseases
or the propensity of these patients to develop inflammation.
Furthermore, it may be suggested that enhanced oxidative
DNA damage plays a role in the interaction between the two
diseases.

MDA is a widely used biomarker for OS. Several stud-
ies have focused on comparing MDA levels in the saliva of
patients with periodontitis with those of periodontally healthy
controls.29,30,34,49,50 These studies, with one exception,50

showed either a significant increase in salivary MDA levels
in patients with periodontitis compared with periodontally
healthy controls or a significant correlation between salivary
MDA levels and clinical periodontal parameters.29,30,34,49 The
present investigation confirms the results of previous studies,
finding that salivary MDA levels in both CP groups were sta-
tistically significantly higher than those in the control group.

Some studies have evaluated serum MDA levels to assess
OS levels in patients with PCOS, but there have been no stud-
ies of salivary MDA levels in such patients. The results of
the present study indicate that both PCOS and CP cause an
increase in salivary MDA levels, but there were no statisti-
cally significant differences between the PCOSCP, CP, and
PCOSPH groups in this regard. According to these results,
CP and PCOS alone seem to have an enhancing effect on sali-
vary MDA levels, yet these increases did not result in a syner-
gistic effect in patients with PCOSCP. This situation may be
explained by other factors, such as dietary habits or difficul-
ties in the homogenization of the PCOS criteria, which may
have a greater effect on salivary biochemical markers.

Although some studies have reported that CP does not
affect serum MDA levels,29,34,45,50 the present results revealed
that periodontitis increases serum MDA levels, a finding in
line with one study.39 The discrepancy between these studies
may be due to the variability of the study groups in which
hyperlipidemia, pre-eclampsia, PCOS, and CP occur. Sev-
eral studies reported that serum MDA levels could serve as
proof of the existence of higher OS in women with PCOS
than in systemically healthy women.26,28,48 Consistent with
these studies, the results of the present study reveal that serum
MDA levels in both PCOS groups are higher than those in
both systemically healthy groups. Moreover, serum MDA lev-
els in the PCOSPH group are statistically higher than those in
the CP group. The highest serum MDA levels were seen in
the PCOSCP group. It is shown that both CP and PCOS con-
tribute to increased OS, but PCOS seems to be more effec-
tive in enhancing serum MDA levels than CP. These results
suggest that, although PCOS has a predominant effect, both
PCOS and CP increase systemic lipid peroxidation, and the
co-occurrence of these two diseases causes a synergistic effect
on serum MDA levels.

Some studies39,41,42 reported that salivary TAS levels of
individuals with CP were significantly lower than those of
healthy individuals; however, Su et al.38 found an increase

in salivary TAS levels in patients with periodontitis. Sali-
vary TAS levels in both CP groups were statistically signif-
icantly lower than those in the PH group. The discrepancy
in the results may be attributable to the variety of disease
activities or the various study designs used. There has not
yet been a study evaluating PCOS and salivary TAS levels.
In the present study, the PH group is statistically higher in
terms of salivary TAS levels than the other groups. There is
no difference between salivary TAS levels in patients with
CP, PCOS, or both of these diseases. According to the present
study, although salivary TAS levels in the PCOSPH group are
lower than those in the PCOSCP group, the salivary TAS lev-
els are not statistically different between the PCOSCP, CP, and
PCOSPH groups. Therefore, it can be said that both PCOS and
CP caused a decrease in salivary TAS levels, but that CP had
no effect or a minimum effect on the salivary TAS levels of
individuals with PCOS or vice versa.

Many studies39,40,43 have reported that the serum TAS
levels of individuals with CP were significantly lower than
those of healthy individuals. Similarly, in the present study,
serum TAS levels in both CP groups were statistically lower
than those in the control group. On the other hand, a few
studies15,25,27 have evaluated serum TAS levels in women
with PCOS. Two of these studies15,25 reported that there
was no difference in the serum TAS levels of systemically
healthy individuals when compared with individuals with
PCOS, whereas another study27 reported a statistically sig-
nificant decrease. In line with this study, serum TAS levels
in both PCOS groups in the present study were lower than
those in the control group. There were no statistically signif-
icant differences between the CP and PCOSPH groups, but
both CP and PCOS contributed to serum TAS levels. Both
PCOS and CP decreased local and systemic TAS levels, and
this decrease was larger in individuals with both periodontitis
and PCOS via synergistic interaction.

Only two studies have assessed the correlation between
periodontal inflammation and inflammatory cytokines in indi-
viduals with PCOS, and both of these studies reported a
positive correlation between periodontal clinical parameters
and inflammatory cytokines.11,12 Correlation between OS and
clinical periodontal parameters in individuals with PCOS has
been evaluated in only one study,13 which found significant
positive correlations among the serum and gingival crevicu-
lar fluid myeloperoxidase and nitricoxide levels and clinical
periodontal parameters.13 Data from correlation tests in the
present study show that PI and BOP did not correlate with
serum MDA or saliva TAS levels and that CAL did not cor-
relate with serum 8-OHdG, saliva MDA, or saliva TAS lev-
els. Statistically significant correlations were observed among
all the other clinical and laboratory parameters. Because of
this heterogeneity in correlation results, further studies are
recommended to understand the interaction between PCOS
and CP.
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Large sample sizes are needed to minimize the effects
of interactions in such complex diseases, and the relatively
small sample size of the present study is a major limitation.
Other limitations of this study with the potential to affect oxi-
dant/antioxidant status included the cross-sectional design,
the diversity of the Rotterdam criteria, and the differences
within and among groups in participants’ diets.

4 CONCLUSIONS

In summary, CP, which led to an increase in serum and sali-
vary 8-OHdG and MDA levels and a decrease in serum TAS
levels in patients with PCOS, caused an additional increase
in OS. CP had a more prominent effect on increased serum-
related OS in patients with PCOS but did not have a promi-
nent effect on increased salivary OS. Similarly, PCOS caused
an additional increase in serum levels of 8-OHdG and MDA
and an additional decrease in serum levels of TAS in patients
with CP.

Longitudinal, prospective studies in larger populations
would be useful to reveal the relationship between periodon-
titis and PCOS more clearly, taking into consideration the
mechanisms triggered by OS.

ACKNOWLEDGMENT
The authors report no conflicts of interest related to this study.

R E F E R E N C E S
1. Watanabe K, Petro BJ, Shlimon AE, Unterman TG. Effect of

periodontitis on insulin resistance and the onset of type 2 dia-
betes mellitus in Zucker diabetic fatty rats. J Periodontol. 2008;79:
1208–1216.

2. Chapple IL. Reactive oxygen species and antioxidants in inflamma-
tory diseases. J Clin Periodontol. 1997;24:287–296.

3. Demmer RT, Desvarieux M. Periodontal infections and cardio-
vascular disease: The heart of the matter. J Am Dent Assoc.
2006;137(Suppl.):14S–20S.

4. Ribeiro J, Leão A, Novaes AB. Periodontal infection as a pos-
sible severity factor for rheumatoid arthritis. J Clin Periodontol.
2005;32:412–416.

5. Grossi SG, Genco RJ. Periodontal disease and diabetes mellitus: A
two-way relationship. Ann Periodontol. 1998;3:51–61.

6. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop
Group. Revised 2003 consensus on diagnostic criteria and long-
term health risks related to polycystic ovary syndrome. Fertil Steril
2004;81:19–25.

7. Turrens JF. Mitochondrial formation of reactive oxygen species. J
Physiol. 2003;552:335–344.

8. Komatsu T, Duckyoung Y, Ito A, et al. Increased oxidative stress
biomarkers in the saliva of down syndrome patients. Arch Oral Biol.
2013;58:1246–1250.

9. Garibaldi S, Valentini S, Aragno I, Pronzato MA, Traverso N, Odetti
P. Plasma protein oxidation and antioxidant defense during aging.
Int J Vitam Nutr Res. 2001;71:332–338.

10. Porwal S, Tewari S, Sharma RK, Singhal SR, Narula SC. Periodon-
tal status and high-sensitivity C-reactive protein levels in polycystic
ovary syndrome with and without medical treatment. J Periodontol.
2014;85:1380–1389.

11. Özçaka, Buduneli N, Ceyhan BO, et al. Is interleukin-17 involved
in the interaction between polycystic ovary syndrome and gingival
inflammation? J Periodontol. 2013;84:1827–1837.

12. Özçaka, Ceyhan BO, Akcali A, Biçakci N, Lappin DF, Buduneli
N. Is there an interaction between polycystic ovary syndrome and
gingival inflammation? J Periodontol. 2012;83:1529–1537.

13. Dursun E, Akalın FA, Güncü GN, et al. Periodontal disease in poly-
cystic ovary syndrome. Fertil Steril. 2011;95:320–323.

14. Sova H, Morin-Papunen L, Puistola U, Karihtala P. Distinctively
low levels of serum 8-hydroxydeoxyguanosine in women with poly-
cystic ovary syndrome. Fertil Steril. 2010;94:2670–2673.

15. Cakir E, Ozbek M, Ozkaya E, et al. Oxidative stress markers are not
valuable markers in lean and early age of polycystic ovary syndrome
patients. J Endocrinol Invest. 2011;34:e178–e182.

16. American Diabetes Association. Standards of medical care in dia-
betes – 2013. Diabetes Care 2013;36(Suppl. 1):S11–S66.

17. Löe H, Silness J. Periodontal disease in pregnancy. I Prevalence
and severity Acta Odontol Scand. 1963;21:533–551.

18. Ainamo J, Bay I. Problems and proposals for recording gingivitis
and plaque. Int Dent J. 1975;25:229–235.

19. Silness J, Löe H. Periodontal disease in pregnancy. II. Correla-
tion between oral hygiene and periodontal condition. Acta Odontol
Scand. 1964;22:121–135.

20. Page RC, Eke PI. Case definitions for use in population-
based surveillance of periodontitis. J Periodontol. 2007;78(Suppl.
7):1387–1399.

21. Flemmig TF. Periodontitis. Ann Periodontol. 1999;4:32–38.

22. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem. 1979;95:351–
358.

23. Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner A. A
novel method for measuring antioxidant capacity and its application
to monitoring the antioxidant status in premature neonates. Clin Sci
(Lond). 1993;84:407–412.

24. Techatraisak K, Wongmeerit K, Dangrat C, Wongwananuruk
T, Indhavivadhana S. Measures of body adiposity and visceral
adiposity index as predictors of metabolic syndrome among Thai
women with PCOS. Gynecol Endocrinol. 2016;32:276–280.

25. Hilali N, Vural M, Camuzcuoglu H, Camuzcuoglu A, Aksoy N.
Increased prolidase activity and oxidative stress in PCOS. Clin
Endocrinol (Oxf). 2013;79:105–110.

26. Desai V, Prasad NR, Manohar SM, Sachan A, Narasimha SR, Bitla
AR. Oxidative stress in non-obese women with polycystic ovarian
syndrome. J Clin Diagn Res. 2014;8:CC01–CC03.

27. Yilmaz M, Bukan N, Ayvaz G, et al. The effects of rosiglita-
zone and metformin on oxidative stress and homocysteine levels
in lean patients with polycystic ovary syndrome. Hum Reprod.
2005;20:3333–3340.

 19433670, 2018, 1, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1902/jop.2017.170129 by B

ezm
-I A

lem
 V

akif U
niversity, W

iley O
nline L

ibrary on [28/04/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



84 SAGLAM ET AL.

28. Turan V, Sezer ED, Zeybek B, Sendag F. Infertility and the presence
of insulin resistance are associated with increased oxidative stress in
young, non-obese Turkish women with polycystic ovary syndrome.
J Pediatr Adolesc Gynecol. 2015;28:119–123.

29. Akalin FA, Baltacioğlu E, Alver A, Karabulut E. Lipid peroxidation
levels and total oxidant status in serum, saliva and gingival crevic-
ular fluid in patients with chronic periodontitis. J Clin Periodontol.
2007;34:558–565.

30. Canakçi CF, Canakçi V, Tatar A, et al. Increased salivary level of
8-hydroxydeoxyguanosine is a marker of premature oxidative mito-
chondrial DNA damage in gingival tissue of patients with periodon-
titis. Arch Immunol Ther Exp (Warsz). 2009;57:205–211.

31. Rahiminejad ME, Moaddab A, Zaryoun H, Rabiee S, Moaddab A,
Khodadoustan A. Comparison of prevalence of periodontal disease
in women with polycystic ovary syndrome and healthy controls.
Dent Res J (Isfahan). 2015;12:507–512.

32. Akcalı A, Bostanci N, Özçaka Ö, et al. Association between poly-
cystic ovary syndrome, oral microbiota and systemic antibody
responses. PLoS One. 2014;9:e108074.

33. Akcalı A, Bostanci N, Özçaka Ö, et al. Elevated matrix
metalloproteinase-8 in saliva and serum in polycystic ovary syn-
drome and association with gingival inflammation. Innate Immun.
2015;21:619–625.

34. Baltacıoğlu E, Yuva P, Aydın G, et al. Lipid peroxidation lev-
els and total oxidant/antioxidant status in serum and saliva from
patients with chronic and aggressive periodontitis. Oxidative stress
index: A new biomarker for periodontal disease? J Periodontol.
2014;85:1432–1441.

35. Erel O. A new automated colorimetric method for measuring total
oxidant status. Clin Biochem. 2005;38:1103–1111.

36. 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 Peri-
odontol. 2002;73:551–554.

37. Sezer U, Ciçek Y, Canakçi CF. Increased salivary levels of 8-
hydroxydeoxyguanosine may be a marker for disease activity for
periodontitis. Dis Markers. 2012;32:165–172.

38. Su H, Gornitsky M, Velly AM, Yu H, Benarroch M, Schipper HM.
Salivary DNA, lipid, and protein oxidation in nonsmokers with peri-
odontal disease. Free Radic Biol Med. 2009;46:914–921.

39. Canakci V, Yildirim A, Canakci CF, Eltas A, Cicek Y, Canakci
H. Total antioxidant capacity and antioxidant enzymes in serum,
saliva, and gingival crevicular fluid of preeclamptic women with
and without periodontal disease. J Periodontol. 2007;78:1602–
1611.

40. Baltacioğlu E, Akalin FA, Alver A, Balaban F, Unsal M, Karab-
ulut E. Total antioxidant capacity and superoxide dismutase
activity levels in serum and gingival crevicular fluid in post-
menopausal women with chronic periodontitis. J Clin Periodontol.
2006;33:385–392.

41. Diab-Ladki R, Pellat B, Chahine R. Decrease in the total antioxidant
activity of saliva in patients with periodontal diseases. Clin Oral
Investig. 2003;7:103–107.

42. Sculley DV, Langley-Evans SC. Periodontal disease is associ-
ated with lower antioxidant capacity in whole saliva and evidence
of increased protein oxidation. Clin Sci (Lond). 2003;105:167–
172.

43. Akalin FA, Baltacioğlu E, Alver A, Karabulut E. Total antioxidant
capacity and superoxide dismutase activity levels in serum and gin-
gival crevicular fluid in pregnant women with chronic periodontitis.
J Periodontol. 2009;80:457–467.

44. Hendek MK, Erdemir EO, Kisa U, Ozcan G. Effect of initial peri-
odontal therapy on oxidative stress markers in gingival crevicular
fluid, saliva, and serum in smokers and non-smokers with chronic
periodontitis. J Periodontol. 2015;86:273–282.

45. Fentoğlu Ö, Kırzıoğlu FY, Bulut MT, et al. Evaluation of lipid per-
oxidation and oxidative DNA damage in patients with periodontitis
and hyperlipidemia. J Periodontol. 2015;86:682–688.

46. Ekuni D, Tomofuji T, Sanbe T, et al. Vitamin C intake attenuates the
degree of experimental atherosclerosis induced by periodontitis in
the rat by decreasing oxidative stress. Arch Oral Biol. 2009;54:495–
502.

47. Hamurcu Z, Bayram F, Kahriman G, Dönmez-Altuntas H,
Baskol G. Micronucleus frequency in lymphocytes and 8-
hydroxydeoxyguanosine level in plasma of women with poly-
cystic ovary syndrome. Gynecol Endocrinol. 2010;26:590–
595.

48. Gao H, Meng J, Xu M, et al. Serum heat shock protein 70 concentra-
tion in relation to polycystic ovary syndrome in a non-obese Chinese
population. PLoS One. 2013;8:e67727.

49. Trivedi S, Lal N, Mahdi AA, Mittal M, Singh B, Pandey S. Eval-
uation of antioxidant enzymes activity and malondialdehyde levels
in patients with chronic periodontitis and diabetes mellitus. J Peri-
odontol. 2014;85:713–720.

50. Wei D, Zhang XL, Wang YZ, Yang CX, Chen G. Lipid perox-
idation levels, total oxidant status and superoxide dismutase in
serum, saliva and gingival crevicular fluid in chronic periodontitis
patients before and after periodontal therapy. Aust Dent J. 2010;55:
70–78.

How to cite this article: Saglam E, Canakci CF, Sebin
SO, et al. Evaluation of oxidative status in patients
with chronic periodontitis and polycystic ovary syn-
drome: A cross-sectional study. J Periodontol. 2018;
89:76–84. https://doi.org/10.1902/jop.2017.170129

 19433670, 2018, 1, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1902/jop.2017.170129 by B

ezm
-I A

lem
 V

akif U
niversity, W

iley O
nline L

ibrary on [28/04/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1902/jop.2017.170129

