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BRIDGING POLYCYSTIC OVARIAN SYNDROME AND PERIODONTITIS: A REVIEW OF ORAL-SYSTEMIC HEALTH INTERACTIONS 


ABSTRACT
Polycystic ovary syndrome (PCOS) is a multifaceted condition that impacts hormonal balance, fertility, and metabolic function, influencing around 5–15% of women worldwide. Periodontitis (PD) is a persistent inflammatory disease with multiple contributing factors, triggered by a dysbiotic dental plaque, leading to the breakdown of the periodontium—the supporting structures of the teeth. It has been suggested that there may be a bidirectional connection between PCOS and periodontal diseases. Both conditions share common risk factors such as chronic systemic inflammation, insulin resistance, and oxidative stress. Periodontal diseases are worsened by Chronic mild inflammation linked to PCOS encompasses factors such as excess body weight, ongoing immune dysregulation, and elevated oxidative stress. Thus, this review will concentrate on the connection between PCOS and periodontal diseases, along with the shared risk factors for both conditions.

Key Words: Insulin Resistance, systemic inflammation, PCOS, Oxidative stress, Periodontal disease







 INTRODUCTION
[bookmark: _Hlk171765245]                    Periodontal disease (PD) is a persistent inflammatory disease that results in the deterioration of the structures that hold and maintain the teeth in place include the gingiva, periodontal ligament, cementum, and the alveolar bone. It is broadly categorized into two main types: gingivitis, which involves inflammation of the gingiva, and periodontitis, a more severe condition characterized by the progressive and irreversible deterioration of periodontal tissues.[1] The onset and advancement of periodontal diseases are influenced by various elements, including hereditary traits, environmental conditions, microbial activity, and the host's immune response mechanisms.[2]
                    The Perio-systemic interrelationship underscores the intricate connections between oral health and systemic conditions, revealing profound implications for overall health and disease management. Specifically, there is a bidirectional relationship exists between PCOS and Periodontal disease because both disorders share common risk factors like low grade chronic inflammation, insulin resistance and oxidative stress The connection between PCOS and Periodontal Disease is based on the persistent low level inflammation in both the conditions.[3] The concept of the Perio-systemic interrelationship, also known as focal infection theory, has garnered significant attention in recent decades. This theory suggests that oral infections, particularly periodontal disease, can influence systemic health, contributing to various conditions beyond the oral cavity. 

FOCAL INFECTION THEORY
           The focal infection theory, first proposed in the early 20th century, posits that oral infections can act as focal points, disseminating pathogens and inflammatory mediators to distant sites in the body, thereby influencing systemic health. Recent advances in microbiology and immunology have revitalized interest in this theory, providing a framework for understanding how periodontal disease may contribute to a variety of systemic conditions.[4,5] 
                The Perio-systemic interrelationship refers to the bidirectional link between periodontal disease and systemic health. Numerous studies have demonstrated that periodontal disease is associated with various systemic health issues such as heart diseases, diabetes, complications during pregnancy, respiratory disorders, and immune-related conditions like rheumatoid arthritis (RA).
              Recent systematic reviews and meta-analyses have reinforced the link between periodontal disease and systemic health. Paunica et al in a Systematic review stated that Diabetes mellitus has a detrimental effect on periodontal disease, increasing its prevalence, extent, and severity. In turn, periodontitis negatively affects glycemic control and the course of diabetes.[6] A meta-analysis by Leng et al highlighted the Cardiovascular disease which is relatively common in patients with periodontal disease, and an increased risk of CVD is associated with periodontal disease independent of sex.[7] Similarly, Gobin et al in a Systematic review and meta-analysis stated that their results provide compelling evidence for the association between periodontitis and Metabolic Syndrome.[8] Hussain et al in a Systematic review and meta-analysis stated that PD is associated with worse RA clinical activity as assessed by DAS28 scores whereas, RA patients do not have worsen PD clinical outcomes.[9] Additionally, research by Alnasser et al stated that there is a relationship between periodontitis and adverse pregnancy outcomes, and periodontal treatment has a reducing impact on adverse pregnancy outcomes in pregnant women with periodontitis.[10] These findings underscore the importance of considering periodontal disease not just as an oral health issue but as a condition with significant implications for systemic health. 
               This review aims to explore the interconnections between Polycystic Ovarian Syndrome and Periodontal Disease

POLYCYSTIC OVARIAN SYNDROME
                Polycystic ovary syndrome (PCOS) is a condition that affects the reproductive system, hormonal balance, and metabolic functions. It is commonly marked by the absence of ovulation, irregular menstrual cycles, infertility, and excessive hair growth (hirsutism). In its classic presentation, it is often linked with central obesity, altered lipid profiles, impaired insulin sensitivity, and increased insulin concentrations, all of which contribute to a heightened risk of developing type 2 diabetes and cardiovascular diseases (CVD).[11] One contributing factor to PCOS is an increase in oxidative imbalance and insulin resistance, which promotes widespread inflammation. Although the exact underlying cause of PCOS remains unclear, persistent low-grade infections have been associated with higher oxidative stress, systemic inflammatory responses, lipid peroxidation by-products, increased levels of myeloperoxidase, Capsular-reactive protein (CRP), cytokines that promote inflammation, Molecules responsible for cellular adherence, and elevated activity of white blood cells and monocytes.[12,13]
          The diagnosis of Polycystic Ovary Syndrome was established based on the Rotterdam criteria introduced in 2003, which require the existence of any one of the listed circumstances: (A) the appearance of polycystic ovaries characterized by the existence of over 12 cyst-like structures in each ovary, ranging from 2 to 9 mm in size, and/or an ovarian size exceeding 10 mL in volume; (B) infrequent or absent ovulation (oligo-ovulation or anovulation); or (C) evidence of elevated androgen levels, either through clinical symptoms or biochemical testing. A recent meta-analysis indicates that the association between periodontal disease (PD) and polycystic ovary syndrome (PCOS) is rooted in the persistent, low-grade inflammatory nature shared by both conditions and women with PCOS have a 28% greater probability of developing periodontal disease, while those already affected by PD face a 46% increased chance of being diagnosed with PCOS.[14,15]

ETIOLOGY AND PATHOPHYSIOLOGY
          The development and underlying mechanisms of PCOS result from intricate interactions among genetic factors, metabolic disturbances, prenatal influences, and environmental conditions. Studies suggest that the origins of this disorder may trace back to the intrauterine period, emphasizing the critical role of genetic predisposition in its onset.[16] However, according to Franks et al., genetic predisposition alone does not fully explain the origin of PCOS. genetic.[17] 
         According to Abbott et al and Dumesic et al, he proposed that an inherited tendency for excessive androgen production by the ovaries could be a key factor contributing to the manifestation of PCOS-related clinical features.[18,19] 
      King et al proposed the following pathophysiological pathways of PCOS: Altered gonadotropin-releasing hormone, a disruption in androgen production, and the emergence of reduced insulin sensitivity.[20] One of the most widely accepted explanations for the development of PCOS involves an imbalance in the hypothalamic-pituitary axis. This disturbance leads to abnormal secretion of gonadotropins by the hypothalamus, typically resulting in elevated levels of luteinizing hormone (LH) along with normal or reduced levels of follicle-stimulating hormone (FSH).[19]
            


RELATIONSHIP BETWEEN VARIOUS SYSTEMIC DISORDERS AND POLYCYSTIC OVARIAN SYNDROME
· Metabolic syndrome, insulin resistance, and type II diabetes mellitus
                 IR, excess body weight, hypertension, and elevated levels of lipids in the blood are only a few of the multiple conditions that make up metabolic syndrome. Obesity in women with PCOS can aggravate preexisting clinical, hormonal, and metabolic characteristics, according a meta-analysis by Lim et al.[21] It was demonstrated by Nicandri et al that more than 60% of PCOS patients had obesity.[22] In PCOS, the incidence of IR varies from 50% to 70%.[23] By directly stimulating ovarian androgen production, compensatory hyperinsulinemia in PCOS-affected individuals leads to hyperandrogenism. Type 2 diabetes is more susceptible to develop in PCOS patients with IR and abdominal obesity.[24,25]. According to Legro et al, a woman with PCOS may have a 30%–40% significant proportion of the population experiencing impaired glucose metabolism, with type 2 diabetes observed in 7.5%–10% of cases.[26]

· Cardiovascular diseases
               Compared to women without PCOS, women with PCOS are more susceptible to cardiovascular diseases (CVDs), particularly if they have dyslipidemia, hypertension, or hyperinsulinemia.[27]. A recent meta-analysis conducted by Wild et al reported that women diagnosed with PCOS tend to exhibit higher concentrations of triglycerides and elevated concentrations of low-density lipoprotein (LDL) cholesterol, coupled with diminished amounts of high-density lipoprotein (HDL) cholesterol, in comparison to women who do not have the condition.[28] According to research by Wild et al patients with PCOS may be at an increased risk for hypertension. Additionally, women with PCOS tend to exhibit an increased occurrence of coronary artery disease.[29] Young women with PCOS are more likely to have increased occurrence of elevated coronary artery calcium levels and thickening of the carotid intima-media layer, which may indicate a higher risk of subclinical vascular disease than non PCOS women.[30] 

· Other comorbidities
                Data from a recent meta-analysis indicate that there is no strong correlation between PCOS and the risk of developing ovarian or breast cancer, women with PCOS of all ages are more likely to develop endometrial cancer (odds ratio (OR), 2.79; 95% confidence interval (CI), 1.31-5.95, P < 0.008) .[31] A comprehensive review and analysis conducted by Dokras et al., suggests that women with PCOS experience specific anxiety at higher rates than control groups.[32] Women with PCOS are at a higher risk of experiencing pregnancy complications, including preeclampsia, gestational diabetes, and miscarriage.[33]    


Figure 1: Correlation between PCOS and other systemic diseases with the linking mechanisms
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INCREASED PREVALENCE OF PERIODONTITIS IN WOMEN WITH PCOS
  Table 1: Literature evidence on increased prevalence of periodontitis in women with PCOS

	AUTHOR
	TYPE OF STUDY
	STUDY FINDINGS

	Dursun et al 2011
	Case-control study
	Higher scores of periodontal indices in PCOS patients compared with age‑ and weight‑matched healthy control women.[34]

	Özçaka et al 2012
	Cross-sectional study
	PCOS and gingival inflammation appear to act synergistically on the pro-inflammatory cytokines IL-6 and TNF-α. Thus, PCOS may have an impact on gingival inflammation or vice versa.[35]

	Özçaka et al 2013
	Cross-sectional study
	Higher Gingival crevicular fluid IL‑17A and serum IL‑17A with increased clinical periodontal parameters in females with PCOS. [36]

	Akcali et al 2014
	Cross-sectional study
	PCOS quantitatively affects the composition of oral microbiota and the raised systemic response.[37]

	Porwal et al 2014
	Cross-sectional study
	Higher prevalence of periodontitis is found in patients who are newly diagnosed with PCOS than those on medical treatment for PCOS and systemically healthy females.[38]

	Rahiminejad et al 2015
	Case–control study
	Higher prevalence of periodontal disease parameters in non-obese women with PCOS compared to systemically healthy controls.[39]






ASSOCIATION BETWEEN PCOS AND PERIODONTAL DISEASE       
A substantial correlation between periodontal disease and PCOS has recently been suggested that proinflammatory cytokines linked to periodontal infection are stimulated and continuously secreted, which contributes to IR. It is possible that the pathognomonic condition of systemic inflammation and IR, which is present in both periodontal disease and PCOS, is the causative factor that connects these two disorders. Cross-sectional studies over the past ten years have revealed that PCOS patients may be more likely to develop periodontitis and have greater levels of OS in their local areas.[40] 
Figure 2: Pathogenic mechanisms linking polycystic ovary syndrome and periodontitis
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BIDIRECTIONAL RELATIONHIP LINKING PCOS AND PERIODONTAL DISEASE
         Figure 3: Diagrammatic illustration of the correlation between PCOS and PDD.[14]
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· COMMON RISK FACTORS      
Table 2: Typical predisposing elements of PCOS and periodontal diseases
	RISKS FOR PCOS
	RISKS FOR PERIODONTAL DISEASES

	· Insulin resistance Type II diabetes
	· Age

	· High blood pressure
	· Genetic

	· Cardiac diseases
	· Obesity

	· Endometrial Cancer
	· Smoking

	· [bookmark: _GoBack]Obesity
	· Type II diabetes and cardiac diseases

	· Osteoporosis
	· Stress

	· Miscarriage
	· Low calcium and Vitamin D intake





· ORAL AND INTESTINAL MICROBIOTA ARE LINKED TO BOTH PERIODONTAL DISEASE AND PCOS
	   Disruption of the intestinal microbiota has been linked to the development of PCOS. Studies have shown a higher presence of Bacteroides vulgatus in the gut of women with PCOS, which may contribute to metabolic disturbances. This imbalance in gut flora can significantly affect the host’s metabolic processes.[41] Conversely, microbial imbalance in the oral cavity, particularly in periodontitis, may also influence gut microbiota composition. Pathogenic oral bacteria associated with periodontal disease can migrate to the gastrointestinal tract, where they may disrupt intestinal microbial balance and contribute to systemic dysbiosis.[42]
            The primary cause of periodontitis is biofilm-induced inflammation that develops as a result of interactions between the oral microbiota and the host. A variety of factors, such as inflammatory cytokines, toxins, and hormone instability, may hasten the movement of immune cells from the gingival crevice into the oral environment.[43] The quantity of potential periodontal bacteria in saliva and the body's immunological reactions when gingivitis is present are both impacted by hormonal abnormalities that occur in PCOS. This can be demonstrated by an elevation in Concentrations of progesterone and estrogen in gum tissues, supplying vital nutrients for microbial proliferation.[44]
              Biofilm production is accelerated in supra- and subgingival biofilms by Fusobacterium nucleatum (Fn), Porphyromonas gingivalis (Pg), Streptococcus gordonii (Sg), and Treponema denticola (Td). According to Akcali et al, P.g and F.n were found in saliva at higher levels in PCOS and gingivitis patients than in healthy controls or PCOS patients without gingivitis.[37] The salivary microbiomes of PCOS-affected women contained higher concentrations of Fusobacterium and lower concentrations of Actinobacteria.[45]
 .         
· INFLAMMATION IS LINKED TO BOTH PCOS AND PERIODONTAL DISEASE
            A critical factor in the development of both polycystic ovary syndrome (PCOS) and periodontitis is inflammation. Women with PCOS often have elevated levels of various inflammatory markers, which are associated with chronic, low-grade systemic inflammation This underlying inflammatory state promotes the release of various pro-inflammatory mediators, including Capsular-reactive protein (CRP), tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), IL-17, interleukin 18 (IL-18), interleukin 6 (IL – 6), monocyte chemoattractant protein-1, macrophage inflammatory protein-1, white blood cell concentration and matrix metalloproteinase-9 (MMP-9). In addition, it contributes to an environment of oxidative stress, marked by increased levels of local oxidative agents such as myeloperoxidase and nitric oxide, which further aggravate tissue damage and disease progression. Based on these linked biomarkers and increased oxidative stress, PCOS is potentially an inflammatory disorder.[46,47] 
            In PCOS, systemic inflammation can predispose periodontal tissues to sustained immune activation, creating a microenvironment that favors periodontal breakdown.[48] Elevated systemic markers such as C-reactive protein (CRP) in PCOS further support the presence of a proinflammatory state, which aligns with the chronic inflammatory profile of periodontitis.[49] Moreover, periodontal disease may reciprocally aggravate systemic inflammation through the release of proinflammatory cytokines and reactive oxygen species (ROS), influencing systemic diseases like diabetes mellitus, obesity, and metabolic syndrome.[50]
           Proinflammatory mediators like tumor necrosis factor alpha (TNFα) and interleukin-6 (IL-6) orchestrate the immune response involved in periodontal disease progression. Elevated levels of TNFα and IL-6 in the serum and saliva of female PCOS patients may influence the production of IL-17 cytokines, which is believed to act as a role in the disease's advancement.[46]

· OBESITY IS CONNECTED TO BOTH PERIODONTAL DISEASE AND PCOS        
            Studies have shown that 30–70% of women with PCOS are obese.[48] Additionally, studies show that compared to weight-matched controls, PCOS women have higher levels of abdominal fat, which results in hyperinsulinemia and IR.[51] Inflammatory mediators and cytokines are released by adipose tissues, which help to further control inflammation. Higher levels of interleukin-6, TNF-α, and CRP have been associated with PCOS. These factors together lead to persistent low-grade inflammation and increase the risk of periodontal disease.[52]  



· OXIDATIVE STRESS IS ASSOCIATED WITH BOTH PCOS AND PERIODONTAL DISEASE
              Inflammation and oxidative stress play crucial roles in various pathophysiological conditions, including body weight, diabetes mellitus, metabolic syndrome, atherosclerosis, chronic periodontitis, and polycystic ovary syndrome (PCOS). Increased oxidative stress is associated with these conditions, characterized by elevated levels of oxidative stress biomarkers such as malondialdehyde and reduced levels of antioxidants.[24]
              Two meta-analyses have highlighted the presence of elevated oxidative stress biomarkers in both chronic periodontitis and PCOS. Specifically, malondialdehyde levels were found to be increased (SMD = 0.99; 95% CI: 0.12, 1.86; P = 0.026), while levels of Total antioxidant capacity were decreased in patients with these conditions (SMD = -2.02; 95% CI: -3.08, -0.96; P = 0.000). [12,53] 
           Dursun et al conducted a case-control study, which revealed that individuals with PCOS had elevated periodontal index scores and greater gingival crevicular fluid (GCF) volume compared to age- and weight-matched healthy controls. Additionally, PCOS patients showed increased levels of myeloperoxidase and nitric oxide (NO) in GCF, suggesting the presence of local or periodontal oxidative stress. Notably, serum NO levels remained unaltered, suggesting that the oxidative stress associated with PCOS primarily affects the periodontal tissues locally.[34] 

·  ADVANCED GLYCATED END PRODUCTS IS LINKED WITH BOTH PCOS AND PERIODONTAL DISEASE
             In individuals with PCOS, reactive oxygen species trigger systemic oxidative stress, contributing to the development of insulin resistance (IR) and Advanced Glycation End Products (AGE).[54] AGE compounds adversely affect the progression and severity of periodontal disease. They promote oxidative stress in the gums through their interaction with the RAGE (Receptor for Advanced Glycation End Products), accelerating tissue damage.[55] Periodontal tissues with high RAGE expression are vulnerable to products of oxidative stress.[56]
·  BONE RESORPTION IS LINKED WITH BOTH PCOS AND PERIODONTAL DISEASE
          PCOS negatively impacts bone health, increasing the risk of osteoporosis, especially in women with lower BMI (<27 kg/m²).[57] Studies have reported reduced bone mineral density (BMD) in the spine and femur, along with decreased osteocalcin levels, indicating impaired bone formation.[58] In PCOS patients with coexisting periodontitis (PDD), elevated levels of C-terminal telopeptides (CTX) and reduced alkaline phosphatase (ALP) suggest enhanced bone resorption and diminished bone formation around the periodontal tissues.[59] These changes contribute to greater probing depth (PD) and clinical attachment loss (CAL), reflecting ongoing alveolar bone loss.[59,60]
       Hormonal imbalances in PCOS including hyperandrogenism, estrogen deficiency, and insulin resistance (IR) which play a key role in disrupting bone metabolism.[61] An elevated LH/FSH ratio impairs aromatase activity, reducing estrogen synthesis and promoting androgen excess. In women, high androgen levels adversely affect bone formation.[61] Increased 5α-reductase activity in PCOS enhances dihydrotestosterone (DHT) production, which suppresses cortisol activity, leading to upregulation of inflammatory markers like IL-1β and TNF-α that promote bone degradation. Furthermore, reduced estrogen levels compromise bone density and increase fracture risk.[62] IR in PCOS also downregulates osteoprotegerin (OPG) and upregulates RANKL, favoring osteoclastic bone resorption. Additionally, low vitamin D and altered levels of parathyroid hormone (PTH) and calcitonin further support bone loss, potentially worsening periodontal destruction.[14]
        
·  HORMONAL IMBALANCE IS LINKED WITH BOTH PCOS AND PERIODONTAL DISEASE
The correlation seen between PCOS and periodontal illnesses aligns with the theory that female sex hormones may cause gingivitis, given that PCOS is a hormonal condition [30]. It's crucial for periodontal healing as well [31]. Estrogen insufficiency in PCOS patients can reduce bone mineral density [32]. It has been suggested that insufficient levels of estrogen, which increases the risk of osteoporosis in women, may also have an impact on the oral cavity's hard and soft tissues, rendering them more susceptible to periodontal disease damage[33]. A deficiency in estrogen also leads to poor protection against bone resorption and decreased absorption of calcium, both of which can cause systemic bone loss.[63]
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                      Figure 4: Bidirectional relationship between PCOS and Periodontitis
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LITERATURE EVIDENCE ON BIDIRECTIONAL RELATIONSHIP OF POLYCYSTIC OVARIAN DISEASE AND PERIODONTITIS
[bookmark: _Hlk174175221]        Table 3:  Bidirectional relationship of Polycystic ovarian syndrome and Periodontitis.

	AUTHOR/YEAR
	TYPE OF STUDY
	STUDY FINDINGS

	Akcali et al (2014)
	Cross- sectional study
	PCOS quantitatively affects the composition of oral microbiota and the raised systemic response.[37]

	Kellesarian et al (2017) 
	Systematic review 
	There is a positive association between PD and PCOS. It is recommended that physicians should refer patients with PCOS to oral health-care providers for comprehensive oral evaluation and treatment.[64]

	Tanguturi et al (2018) 
	 Review Article
	Study suggests a positive relation between the two comorbidities. However, multicenter studies, with larger sample sizes, are to be conducted to establish a clearer and stronger association.[24]

	Farook et al (2019) 
	Systematic review and meta-analysis
	PCOS is significantly associated with a higher severity of the periodontal disease. This association should be emphasized during the management of PCOS patients, by including referral to dentists or periodontists for regular mechanical debridement of plaque and periodontal maintenance.[65]

	Arrico et al (2020) 
	Systematic review 
	Patients with PCOS appear to be more susceptible to developing periodontal diseases than women without the pathology.[66]

	Machado et al (2020) 
	Systematic review and meta-analysis 
	Women with PCOS were associated with worsening clinical characteristics and inflammation of PD. These findings suggest that PCOS and PD may be linked.[67]

	Dou et al (2023) 
	Review article
	Multiple lines of evidence confirmed the bidirectional relationships between PCOS and PDD.[14]


                                                              
CONCLUSION
            Numerous studies have established a bidirectional association between PCOS and Periodontal Disease. Factors such as hormonal imbalances, chronic low grade inflammation, immune system dysregulation and oxidative stress will negatively impact the periodontal environment of PCOS individuals. Conversely, periodontal disease can contribute to factors such as oxidative stress, systemic inflammation and insulin resistance which eventually worsens or triggers PCOS. Despite this connection, there are limited number of intervention studies have explored the underlying mechanisms linking the two conditions. Further longitudinal and mechanistic studies are essential to clarify the causal pathways and develop targeted interventions for better overall health. 
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