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Abstract
Background: There is emerging evidence to support the link between polycystic ovarian syndrome (PCOS)
and periodontal disease, but the mechanisms associated with these two diseases have not been clearly
elucidated but relate to different aspects of in�ammation. This study aimed to determine the gingival
in�ammation indexes and matrix metalloproteinase-9 (MMP-9) in patients with polycystic ovarian
syndrome compared to control group.

Methods: This is a case-control study in which 87 women referred to the Babol Clinic Private Hospital
were divided into three groups: 26 women with PCOS diagnosed on the basis of Rotterdam criteria with
gingivitis, 26 women with PCOS without gingivitis and 26 healthy women who were matched for age and
body mass index. After recording the underlying variables, fasting saliva samples were taken from all
participants in the morning before any periodontal intervention. The samples, which were transferred to
Babol Molecular Cell Research Center under cold-chain conditions to measure the serum levels of MMP-9
using ELISA kits. Periodontal status was evaluated for Gingival index (GI), bleeding on probing (BOP),
plaque index (PI). Analysis of variance was used to compare the results for the normal quantitative
variables and Chi-square test was used to compare the qualitative variables. Signi�cance level was
considered less than 0.05.

Results: The highest mean periodontal disease indexes (GI, BOP, PI) were observed in women with PCOS
with gingivitis and then in women with PCOS without gingivitis and then in healthy women in control
group (p <0.05). The mean salivary MMP-9 levels were signi�cantly higher in PCOS women (388/37 ±
75.05) compared to the control group (166/25 ± 35/43). Even in PCOS patients with healthy gingiva
(233.00± 47.76) had higher levels of salivary MMP-9 than the control group and this difference was
signi�cant (p <0.05)

Conclusions: There is a positive association between periodontal disease and PCOS and that salivary
MMP-9 levels are higher in PCOS women with and without gingivitis than healthy women. However, it is
recommended that multicenter study with larger sample sizes are to be conducted to establish a clearer
association.

Introduction
Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathy, which affects 18% of
pregnant women in their reproductive years (1, 2). The prevalence of this disorder in our country is 14.6
according to the Rotterdam criteria and 5.8% based on the National Institute of Health (NIH) criteria (3).
Due to its high prevalence and its complications, this syndrome places a �nancial burden on our
healthcare system. It is estimated that annually PCOS in women aged 14 to 44 years costs $4.37 billion
to the U.S. economy (4). This disease is a multifactorial disorder, which is caused by the interaction of
genetic and environmental factors (5). There are many evidences that suggest hypersensitivity and
increased insulin resistance are the main pathophysiology of PCOS, which are followed by long-term
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health problems including diabetes, high blood pressure and cardiovascular disease (6). The exact
etiology of PCOS is not quite clear, but it is a kind of hormonal imbalance accompanied by an increase in
androgen and a decrease in reproductive function (7). On the other hand, because of chronic anovulation
and exposure to estrogen without concomitant progesterone, there is an increased risk of uterine and
cervical cancer (8). In addition to irregular menstruation, women with PCOS suffer from hirsutism
(excessive growth of coarse hair in androgen-dependent areas) and infertility. Moreover, these women are
at risk for some cardiovascular and metabolic diseases (9–11).

Because of the diversity of its signs and symptoms, PCOS is very di�cult to diagnose (12). However, the
Rotterdam criteria help identify and correctly diagnose it. According to these criteria, having at least two
of the following three criteria is su�cient for diagnosis: anovulation (absence of ovulation) or oligo-
ovulation (irregular ovulation), observation of a large number of small cysts in the ovaries (i.e., at least 12
or more small antral follicles on ultrasound scan of the ovaries), and presence of clinical or biochemical
(or both) symptoms of increased androgen levels (13). The polycystic ovary syndrome is a common
multifactor disorder in childbearing ages, which is identi�ed by hyperandrogenism, primary ovarian
insu�ciency and polycystic ovarian morphology (14).

Periodontitis is a prevalent chronic infection caused by the in�ammatory response initiated by the gum
against the pathogenic micro�ora, which leads to the loss of alveolar bone and eventually the tooth (15).
This process is resulted from the imbalance between the periodontal pathogens and the host response
(16).

Gingivitis is a nondestructive in�ammatory condition that occurs around the teeth (17). There are several
evidences on the relationship between gingivitis and the systemic disorders including polycystic ovary
syndrome, diabetes and cardiovascular disease (18). Since both gingivitis and PCOS are associated with
systemic in�ammation and insulin resistance, these two disorders might share a common
pathophysiological pathway (19). Many studies suggest that chronic infections are followed by increased
levels of reactive oxygen species, myeloperoxidase, oxidative stress, in�ammatory cytokines (such as IL-6
and TNF-α), high-sensitivity C-reactive protein (hs-CRP), adhesion molecules, and blood lymphocytes and
monocytes, a process which plays an important role in the etiology and pathogenesis of PCOS. This
cascade of pro-in�ammatory incidents is proposed as a potential link between periodontal disease and
PCOS (20–22). In a study, that examined the levels of anti-in�ammatory cytokines in gingival crevicular
�uid (GCF), saliva and serum of women with PCOS and healthy women, it was shown that PCOS and
gingivitis are synergistic with increased levels of IL-6 and TNF- α.16 (22). In another study, the level of
matrix metalloproteinase-8 in the saliva and serum of patients with periodontal disease and PCOS
showed an increase compared to the healthy controls (17). In some studies, the prevalence of periodontal
disease was higher in patients with PCOS, which might be related to the role of chronic systemic
in�ammation in the pathophysiology of both PCOS and periodontal disease (24). However, in some other
studies, there was no relationship between PCOS and in�ammation markers such as CRP and IL-6 (25).
Considering the contradictory results of the previous studies, the present study aims at investigating the
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indicators of gingival in�ammation and matrix metalloproteinase-9 (MMP-9) in the saliva of patients with
polycystic ovary syndrome compared to the control group.

Materials And Method
The present study was a case-control study conducted on women who were referred to the polycystic
ovary syndrome clinic in Babol Clinic Private Hospital in north of Iran between 2018 and 2019. The case
group was consisted of two groups of women with diagnosis of PCOS based on the Rotterdam criteria.
One group included women who had gingivitis according to their periodontal examination and the other
group included women who were healthy in this regard. The control group was consisted of systemically
healthy women who were referred to the same center for screening for gynecological conditions. These
women had normal menstrual cycles, had no clinical or biochemical signs of hyperandrogenism and their
sonogram indicated the absence of polycystic ovaries. In case they had the same age and BMI (body
mass index) as the case group and were periodontally healthy, they were added to the control group.

Using the ratio of means method and in line with the study of Durson et al. (26), the number of samples
in each group (PCOS with gingivitis, PCOS without gingivitis and the periodontally and systemically
healthy control group) was calculated to be 26 persons (total 78) with 95% con�dence level and 90%
power. The inclusion criteria for the case group were women aged 15 to 49 years who were diagnosed
with PCOS based on the Rotterdam criteria which require any two out of three following criteria:
anovulation or oligo-ovulation, PCO (volume of > 10mm3 in at least one ovary in the sonogram, and
clinical or biochemical sings of hyperandrogenism in the body (13). The inclusion criteria for the control
group were healthy women with normal menstrual cycle, without clinical or biochemical signs of
hyperandrogenism and no sign of PCO in their sonogram. The general inclusion criteria were: non-obese
women (BMI ≤ 30), non-smoker, non-drinker, no history of systemic conditions, no consumption of oral
contraceptive pills in the past three months, and having a normal glucose tolerance test. The intervening
variables included some drugs used during the past three to six months such as OCPs (oral contraceptive
pills), antihypertensive drugs, steroid hormones, anti-in�ammatory drugs and antibiotics. The exclusion
criteria were diabetes, advanced kidney, liver and heart disease, hemorrhagic diseases in patients who
were receiving periodontal treatment, having less than 20 teeth, pregnancy and smoking.

Among the women who were referred to gynecologic clinic at the Babol Clinic Private Hospital, those who
were diagnosed with PCOS by gynecologist and also met the inclusion criteria were chosen for the case
group and those who were referred to this center for screening tests and breast examination and were
systemically healthy were sent to the school of dentistry at Babol University of Medical Sciences (the �rst
executor of the present research plan) for evaluation of the following conditions:

1- Bleeding on Probing (BOP). 2- Plaque Index (PI) (Leo Index). 3- Gingival Index (Leo & Silness). 4- The
number of existing teeth.

The periodontal state of the participants was recorded as either healthy or with gingivitis. The person who
was in charge of measuring the parameters did not know anything about the women’s state – whether
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they were from the case group or the control group. Before the beginning of the study, the reliability of the
measurement performed by the person in charge (student Sara Sha�zade) was determined by calculating
the correlation coe�cient for the measurement of GI, PI and BOP. For this purpose, the named indices
were measured twice in 5 patients with gingivitis with an interval of one week and in the end a correlation
coe�cient of more than 0.80 was acquired which indicated that the measurement had a good reliability.
After receiving a written consent from the participants, the periodontal examination was performed in the
case and the control group using the mirror and the periodontal probe (Williams probe) made by
Medisporex (made in Pakistan). For this purpose, the Ramjford teeth including maxillary right �rst molar
(tooth 16), maxillary left central incisor (tooth 11), maxillary left �rst bicuspid (tooth 24), mandibular left
�rst molar (tooth 36), mandibular right central incisor (tooth 41) and mandibular right �rst bicuspid (tooth
44) were evaluated for GI, PI and BOP (picture 2.2). In case any of the Ramjford teeth were pulled out in
the past, the adjacent tooth was evaluated (27). The diagnosis of periodontal disease was based on the
presence of in�ammation in the gum tissue and the periodontium. While in patients with gingivitis the
gums turned red, became edematous and bled during procedures such as probing with periodontal probe,
a healthy gum did not have these symptoms, were �rm in consistency, appeared coral pink and did not
bleed by probing. The participants’ periodontal state was recorded as either healthy or with mild,
moderate or severe gingivitis (54). After the periodontal examination, fasting saliva samples were taken
from all participants in the morning before any periodontal intervention using the method proposed by
Navazesh M (28). The samples, which were transferred to micro tubes that had already been thoroughly
sterilized, were then sent to the Cellular and Molecular Biology Research Center at Babol University of
Medical Sciences under cold-chain conditions to measure the serum levels of MMP-9 using ELISA kits.
The data were collected based on the variables of the study including age, level of education, BMI, degree
of hirsutism or excessive hairiness (based on Ferriman-Gallwey scoring), infertility, length of menstrual
cycle (minimum and maximum) and duration of bleeding.

The acquired data was analyzed by the SPSS20 software. The results of the three groups were compared
using the analysis of the variance for normal quantitative variables and chi-square test for qualitative
variables. If the gingivitis indices did not follow a normal distribution, the alternative non parametric test
was performed. A p-value of less than 0.05 was considered to be statistically signi�cant. The present
study was approved by the research ethics committee of Mazandaran University of Medical Sciences in
October 1, 2018 under the ethical approval code: IR.MAZUMS.REC.1397.2934.

Results
A total of 78 participants entered this study, who were divided into three different groups (26 participants
in each group). Table 1 shows the demographic characteristics of the PCOS with gingivitis and PCOS
without gingivitis and Healthy women. There was no statistically signi�cant difference among these
groups in terms of age, BMI, level of education and occupation (p > 0.05) and none of the participants
were smokers. Regarding the systemic diseases, there were statistically signi�cant differences among the
three groups. (p = 0.02) While in the control group the women did not have any systemic diseases, in the
PCOS with gingivitis group four of the women had thyroid disease and two of the women had
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hypertension and in the other case group (PCOS without gingivitis), one woman had thyroid disease and
�ve women had hypertension. The Tukey’s test revealed that there was a statistically signi�cant
difference between the control group and the two case groups, where six women from each of the groups
mentioned that they had another systemic disease.

Table 1
Demographic characteristics of PCOS with gingivitis and PCOS without gingivitis and Healthy women (N 

= 87)
Demographic
characteristics

(Mean ± SD)

PCOS with
gingivitis

(Mean ± SD)

PCOS without
gingivitis

(Mean ± SD)

Healthy
women

(Mean ± SD)

P
value

Age( year) 27.19 ± 5.07 26.96 ± 5.66 27.35 ± 4.69 0.96

BMI(kg/m2) 24.94 ± 2.93 25.25 ± 3.35 26.52 ± 3.33 0.18

N(%) N(%) N(%) N(%) 0.36

Education <Diploma 4(15.4) 1(3.8) 4(15.4)

Diploma 9(34.6) 10(38.5) 13(50)

<Diploma 9(34.6) 15(57.7) 13(50)

occupation housewife 23(88.5) 22(84.6) 24(92.23) 0.68

Employed 3(11.5) 4(15.4) 2(7.7)

In terms of the family history of diabetes, the women in the control group did not have any history, but in
the PCOS with gingivitis group six women and in the PCOS without gingivitis group four women had a
family history of diabetes. However, the ANOVA results showed that the differences were not statistically
different.

Regarding the signs and symptoms of PCOS, there were several cases of infertility, PCO appearance on
ultrasound, higher degrees of hirsutism (based on Ferriman-Gallwey scoring), irregular menstruation, long
menstrual cycles and menstrual bleeding periods of less than three days in the two case groups. But
none of these signs were observed in the control group. The ANOVA results indicated that the differences
among the three groups were statistically signi�cant (p = 0.001). Moreover, the results of the Tukey’s test
revealed that there was a statistically signi�cant difference between the control group and the two case
groups (p = 0.001), however, there was no signi�cant difference between the two case groups in this
regard (Table 2).
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Table 2
Comparison of polycystic ovary syndrome indices in PCOS with gingivitis and PCOS without gingivitis

and Healthy women (N = 87)
Indicators of polycystic ovary syndrome PCOS with

gingivitis

(Mean ± SD)

PCOS without
gingivitis

(Mean ± SD)

Healthy
women

(Mean ± 
SD)

P
value

Infertility has it 21(80.8) 14(53.8) 0 0.001

does not have 5(19.2) 12(46.2) 26(100)

View of PCO on
ultrasound

has it 22(40.6) 20(76.9) 0 0.001

does not have 4(15.4) 6(23.1) 26(100)

Irregular menstruation has it 9(34.6) 14(53.8) 0 0.001

does not have 7(65.4) 12(46.2) 26(100)

Menstrual cycle
duration

21 to 42 days
(normal)

2(46.2) 14(53.8) 26(100) 0.001

More than 42
days

14(53.8) 12(46.2) 0

The length of the
menstrual period

normal 15(57.7) 18(69.2) 26(100) 0.001

abnormal 11(42.3) 8(30.8) 0

  (Mean ± SD) (Mean ± SD) (Mean ± 
SD)

 

Hirsutism score 3.58 ± 2.06 3.28 ± 1.68 1.27 ± 
1.07

0.001

The periodontal indices in the three study groups were compared using the ANOVA and the results
indicated that there were statistically signi�cant differences among the three groups in all items (p < 
0.001) (Table 3). Moreover, the results of the Tukey’s HSD test, which was used for pairwise comparison
of the periodontal indices between each two groups, showed that in some items the difference between
the means were statistically signi�cant (Table 4).
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Table 3
Mean and standard deviation of periodontal indices in PCOS with gingivitis and PCOS without

gingivitis and healthy women (N = 87)
periodontal indices PCOS with gingivitis

(Mean ± SD)

PCOS without gingivitis

(Mean ± SD)

Healthy women

(Mean ± SD)

P value

GI 1.69 ± 0.30 0.12 ± 0.38 0.37 ± 0.07 0.001

PI 1.54 ± 0.57 0.71 ± 0.31 0.33 ± 0.10 0.001

BOP %51 ± 0.17 %12 ± 0.05 %9 ± 0.04 0.001
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Table 4
pairwise comparison of the periodontal indices between each two groups

Dependent Variable (I) group (J) group Mean Difference (I-J) Std. Error Sig.

GI 1 2 5.27585* .21879 .000

3 5.28581* .21879 .000

2 1 -5.27585* .21879 .000

3 .00996 .21879 .999

3 1 -5.28581* .21879 .000

2 − .00996 .21879 .999

PI 1 2 3.29422* .42441 .000

3 4.81318* .42441 .000

2 1 -3.29422* .42441 .000

3 1.51896* .42441 .002

3 1 -4.81318* .42441 .000

2 -1.51896* .42441 .002

BOP 1 2 1.52690* .12089 .000

3 1.66810* .12089 .000

2 1 -1.52690* .12089 .000

3 .14120 .12089 .476

3 1 -1.66810* .12089 .000

2 − .14120 .12089 .476

1. PCOS with gingivitis 2. PCOS without gingivitis 3. healthy women

Table 5 presents the mean and the standard deviation of matrix metalloproteinase-9 (MMP-9) in the
saliva of the women in each of the three groups. The differences among these groups were statistically
signi�cant. Tukey’s HSD test was also performed for pairwise comparison between each two groups,
which showed that women with PCOS had a higher level of MMP-9 in their saliva compared to the
healthy women in the control group. Even the women in the PCOS without gingivitis group, who had a
healthy gum, had a higher level of MMP-9 in their saliva compared to the women in the control group and



Page 10/18

the difference was statistically signi�cant (p = 0.001). Table 6 shows the Pairwise comparison of salivary
matrix metalloproteinase-9 between each two groups.

Table 5
Mean and standard deviation of saliva metalloproteinase-9 matrix in PCOS

with gingivitis and PCOS without gingivitis and Healthy women (N = 87)
MMP-9 Mean ± SD 95% C I

Lower Upper

P value

PCOS with gingivitis 388.36 ± 75.05 419.00 358.37 0.001

PCOS without gingivitis 239.00 ± 47.76 258.29 219.71 0.001

Healthy women 166.25 ± 35.43 180.56 151.93 0.001

Table 6
Pairwise comparison of salivary matrix metalloproteinase-9 between each two groups

  MMP-9 PCOS with
gingivitis

PCOS without
gingivitis

Healthy
women

P
value

  (Mean ± SE) (Mean ± SE) (Mean ± SE)  

1 PCOS with gingivitis   149.68 ± 15.33 222.43 ± 
15.33

0.001

2 PCOS without
gingivitis

149.68 ± 15.33   72.75 ± 15.33 0.001

3 Healthy women 222.43 ± 15.33     0.001

Discussion
The results of the present study showed that after adjusting the BMI and age, the parameters of
periodontal in�ammation (GI, PI and BOP) were higher in women with PCOS compared to healthy women
(p = 0.001). Moreover, the salivary levels of MMP-9 were much higher in women with PCOS than in the
control group. Even in those patients with PCOS who had a healthy gum the level of MMP-9 in saliva was
higher compared to the control group. In accordance with the present study, Kellesarians et al. (2017)
concluded in their review study that patients with PCOS had a higher prevalence of periodontal diseases
which might be related to the role of chronic systemic in�ammation in the pathophysiology of the two
diseases (24). In the study of Dursun et al. (2011), the clinical periodontal parameters including probing
depth (PD), plaque index (PI), gingival index (GI), bleeding on probing (BOP) and clinical attachment loss
(CAL) were compared in 25 women with PCOS and 27 healthy women who were matched in terms of age
and BMI. They stated that all of the evaluated periodontal parameters except the CAL were higher in
patients with PCOS than in healthy participants in the control group. Moreover, the volume of the gingival
crevicular �uid as well as the amount of nitric oxide (NO) and myeloperoxidase (MPO) in the gingival
sulcus was higher among the patients with PCOS. Their �ndings suggested that the local/periodontal
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oxidant status in women with PCOS was damaged and their susceptibility for periodontal diseases
increased considerably (26). Periodontal diseases are one of the most prevalent chronic in�ammatory
diseases (29). The relationship between periodontal and systemic diseases such as cardiovascular
diseases (30), diabetes (31), stroke (32) and respiratory diseases (33) is quite acknowledged. The �rst
time, the study of Kelly et al. in 2001 revealed the relationship between PCOS and chronic in�ammatory
diseases. In their study, after adjusting the effect of BMI, women with PCOS had higher concentrations of
CRP, which is a marker for in�ammation (34). Also, the study of Ozkaca et al. (2012), which compared
three groups of women, reported that concentration of markers of in�ammation such as interleukin-6 in
saliva and serum of women with PCOS and gingivitis was higher than women with PCOS who had a
healthy gum. Moreover, the concentration of TNF-α in serum was higher in the two groups of women with
PCOS compared to the control group. It appears that PCOS and gingivitis have a synergistic effect on the
increase in in�ammatory cytokines such as interleukin-6 and TNF-α. However, they emphasized that
further studies were needed to clarify the possible link between PCOS and periodontal diseases (35). On
the other hand, the study of Mohling et al. (2004) stated that PCOS is not related to the increase in
markers of chronic in�ammation. In this study, 57 women with PCOS and 20 healthy volunteers, who
were the same age and had the same BMI as the case group, were compared in terms of markers of
in�ammation including IL-6 and CRP and parameters such as obesity, insulin resistance and
hyperandrogenism. The results showed that plasma CRP and IL-6 were not higher in two groups of
women with PCOS (fat and thin women) compared to the control group (36). However, the recent studies
have reported that women with PCOS have had chronic mild in�ammation and this factor has been
considered to have a role in increasing the risk of cardiovascular disease and type 2 diabetes (37–39).

Many studies showed that chronic infectious diseases are associated with elevated levels of reactive
oxygen species, myeloperoxidase, oxidative stress, in�ammatory cytokines (such as IL-6 and TNF-α),
hypersensitive reactive proteins, adhesion molecules, and blood lymphocytes and monocytes (20–22).
PCOS is also associated with low-grade systemic in�ammation, which is followed by an increase in
multiple in�ammatory markers such as C-reactive protein, interleukin-18, monocyte chemo-attractant
protein-1 (MCP-1/CCL2), and white blood cells, as well as endothelial dysfunction and increased
oxidative stress (40). This cascade of pro-in�ammatory events has been suggested as a possible link
between periodontal disease and PCOS, a process that may play a role in the etiology and pathogenesis
of PCOS (20–22). However, studies are not in consistency with each other in this regard. In the study of
Ekali (2017), there was no relationship between PCOS and markers of in�ammation like CRP and IL-6
(25). For this reason, in a review study the researchers concluded that the number of curent studies on
low-grade in�ammatory biomarkers in patients with PCOS are limited and existing studies are
heterogeneous. Therefore, they recommended further studies on in�ammatory biomarkers in women with
PCOS (40).

In the present study, the level of salivary MMP-9 in patients with PCOS was signi�cantly higher than in the
control group. The other �nding of this study was that the level of salivary MMP-9 in patients with PCOS
who had a healthy gum was higher than in the control group. Some researchers believe that MMPs might
have a role in the pathogenesis of PCOS and the possible mechanism proposed is that the rate of growth
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and regeneration of ovarian follicles is modi�ed by the balance between MMPs in the extracellular
environment (41). The study of Ranjbaran et al. in 2016 was the �rst one on the involvement of the
activity of MMP-9 in pathogenesis of PCOS. They showed that the serum level of MMP-9 was
signi�cantly higher in women with PCOS compared to the control group (42). The study of Dambala et al.
in 2017 also showed the same result (43). In the study of Javed et al. (2913), the level of MMP-8 was
higher in the saliva and serum of patients with PCOS and periodontal disease compared to the control
group (comprised of women who were systemically healthy and had healthy gums) (16). However, the
results of studies are contradictory (44–46).

MMPs are a family of proteolytic enzymes, which destroy the extracellular matrix and the basement
membrane. That is the reason why they are important in physiological and pathological processes. MMP-
9 is a 92-kilodalton protein with protease activity whose main substrate is extracellular matrix and
basement membrane tissue connections. It is the only member of the family that is able to attach and
digest collagen as the most important composition of the basement membrane due to its 3-�bronectin
structure (47). MMPs are found in a variety of environments. So far, more than 26 types of these enzymes
have been identi�ed in humans that are structurally very similar. They have a very important role in
migration of lymphoid and myeloid cells, physiological rearrangement of tissues including
organogenesis, normal growth, embryonic growth, angiogenesis and ovulation (48). MMPs inhibit cancer
cell apoptosis by various mechanisms including inhibition of NK-cell function (49). That is why increased
plasma levels of MMP-9 have been observed in a variety of cancers such as gastric, breast, colon, lung,
head and neck cancers (50).

Conclusion

Various studies have been conducted on the relationship between periodontal disease and polycystic
ovary syndrome, most of which emphasize on the importance of the effect of periodontal diseases on
polycystic ovary syndrome. However, there are con�icting results in these studies. The present study
showed that the parameters of gingival in�ammation (GI, PI, and BOP) were higher in women with PCOS
compared to healthy women. To the best of our knowledge, there has been no other studies which
compared the salivary level of MMP-9 in healthy women and women with PCOS and periodontal disease.
As a result, for the �rst time the present study showed that the levels of salivary MMP-9 were much higher
in patients with PCOS and periodontal disease than in healthy women in the control group. Another
�nding of this study was that in PCOS patients who did not have periodontal disease, levels of salivary
MMP-9 were higher than the control group (healthy women). According to the results of this study, it is
assumed that there might be a positive association between periodontal diseases and PCOS, and that
salivary levels of MMP-9 are higher in women with PCOS, who have or do not have gingivitis, than in
healthy women. However, it is recommended that a study be conducted with a larger number of samples
and in a multi-center manner to demonstrate the existence of this relationship more clearly and strongly.

Limitations
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it is a sure thing that all studies have limitations. One of the limitations of this study was the limited
number of women with polycystic ovary syndrome and the lack of cooperation of a number of patients to
participate in periodontal examination which led to their exclusion from the study. Moreover, transfer and
storage of samples in appropriate conditions was one of the challenges of this study. However, due to the
proximity of the sampling site to the sample storage center, these problems decreased.
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