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ABSTRACT

Background: Polycystic ovary syndrome (PCOS) has far-reaching impacts in society, including amenorrhea, excess
androgens, and metabolic syndrome, which are all indicators of this syndrome. Most recently, the role of chronic low-grade
inflammation in the pathogenesis of the syndrome has gained traction. Ferritin, an inflammatory protein, reflects an
underlying inflammatory state in the metabolic syndrome and is thus proposed as an inexpensive and accurate biomarker to
evaluate systemic inflammation in the syndrome.

Obijectives: To assess serum ferritin concentrations in women with polycystic ovary syndrome (PCOS), compare these levels
with those of healthy control participants, and evaluate the associations between ferritin and inflammatory markers, insulin
resistance, and key metabolic parameters.

Methodology: This cross-sectional study conducted at Department of Obstetrics and Gynecology, Bacha Khan Medical
College, Mardan Medical Complex Mardan from Jan 2025 to June 2025.women between the ages of 18 and 40 who had the
diagnosis of PCOS according to the Rotterdam criteria were included. Healthy, age-matched women were included as
controls. The following laboratory assessments were made: serum ferritin, C-reactive protein (CRP), fasting glucose, fasting
insulin, and a lipid profile. The HOMA-IR score was utilized to assess insulin resistance. Data analysis was conducted on
the 24.0 version of SPSS using t-tests and correlation analysis at the 0.05 significance level.

Results: A total of 60 women with PCOS were included in the study. The mean age was 26.8 + 4.9 years. Serum ferritin
levels were significantly elevated in PCOS patients compared with age-matched healthy controls (p < 0.001). Higher ferritin
concentrations showed positive correlations with CRP (p = 0.002), fasting insulin (p = 0.01), HOMA-IR (p = 0.003), and
triglycerides (p = 0.02), indicating increased inflammatory and metabolic burden.

Conclusion: Elevated serum ferritin was noted in women with PCOS and was strongly associated with systemic inflammation
and insulin resistance. Its positive correlation with metabolic parameters suggests that ferritin may be a valuable, readily
available marker of metabolic and inflammatory risk. Routine ferritin measurements improve patient evaluations, enhance
clinical management of PCOS, and aid in planning preventive measures.
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1. -. INTRODUCTION

Polycystic ovary syndrome is a polygenic endocrine and metabolic disorder and one of the most common chronic disabilities
among women of reproductive age. The prevalence of PCOS is estimated to range from 6% to 20% and is highly dependent
on the diagnostic criteria used and the characteristics of the involved population. Chronic ovulatory disturbances,
hyperandrogenism, menstrual cycle irregularities, and polycystic ovarian morphology on ultrasound characterize the
syndrome. PCOS is a clinical condition that manifests heterogeneously, most
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commonly in conjunction with obesity, insulin resistance, adverse lipid profiles, and increased risk of cardiovascular disease
and other metabolic disorders [1]. The last decade has seen a growing interest in the potential role of inflammation in the
pathophysiology of PCOS [2]. Women with PCOS have evidence of chronic inflammation of low severity that is likely
playing a role alongside other factors, such as obesity, in the reproductive and metabolic disturbances common to the
syndrome [3]. The range of inflammation in PCOS is likely a product of a combination of factors, including dysfunctional
adipose tissue, oxidative stress, excess cytokine production, and metabolic dysregulation [4]. Several potential inflammatory
biomarkers have gained popularity, including C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), interleukin-6
(IL-6), and serum ferritin. Serum ferritin is of particular interest because it is a more affordable serum biomarker that is
indicative of many metabolic

disturbances, as it is an acute-phase inflammatory protein and an iron-storage protein [5,6].High levels of the biomarker
ferritin can indicate not only stress on the body's insulin system, which is further complicated by polycystic ovarian syndrome
(PCOS) and makes the body insulin-resistant, but also an excess of iron. Women who have the condition of PCOS have high
amounts of stress that further complicates the body's ability to manage iron and the body's ability to manage stress in an
oxidative manner. Thus, they have elevated ferritin levels in their system [7,8]. There is a connection between high amounts
of body weight and PCOS, further complicating the excess amounts of ferritin in the body. There is also an enhancement of
intestinal iron absorption, leading to a high ferritin level beyond the body's ability to manage oxidative stress, which
complicates the body's metabolic systems. PCOS is a condition characterized by elevated ferritin levels, likely due to
inflammation. High ferritin levels in the body can help a physician anticipate insulin resistance, a potential PCOS-related
dyslipidemia, and future vascular disease [9]. Finding excessive serum iron not only indicates systemic iron excess but also
provides evidence that can improve the overall situation of the PCOS patient. And even with many trying to provide proof
for ferritin levels in the body, they present inflammation as a weapon among women who have PCOS and the South Asian
population. However, a link between inflammation and excess ferritin is still being established. Local Research is needed to
evaluate the clinical utility of ferritin, as the combination of cultural, dietary, and lifestyle factors affects regional iron
metabolism and inflammatory markers differently. This Research seeks to investigate serum ferritin levels and their
association with inflammatory and metabolic parameters in women with PCOS. These relationships could provide evidence
to advocate for the use of ferritin as a low-cost, easily accessible biomarker to strengthen the diagnostic and therapeutic
features of PCOS in low-resource healthcare systems [10].

2. STUDY OBJECTIVES

Assessing serum ferritin levels of women with Polycystic Ovary Syndrome (PCOS) and their relationship with some degree
of systemic inflammation, insulin resistance, and metabolic abnormalities by comparing the ferritin concentration levels with
those of healthy age-matched female controls.

3. MATERIALS AND METHODS
Study Design & Setting

This cross-sectional study conducted at Department of Obstetrics and Gynecology, Bacha Khan Medical College, Mardan
Medical Complex Mardan from Jan 2025 to June 2025.

Participants:

Women aged 18-40 years who met the Rotterdam criteria were included. Participants were recruited from outpatient clinics
following clinical assessment and laboratory validation. Age-matched non-PCOS women and healthy controls with regular
menses, no hyperandrogenism, and no metabolic diseases were included. Participants who were pregnant, used hormonal
medications, or had chronic diseases affecting their ferritin levels were excluded from the study.

Sample Size Calculation:

Sample size was estimated based on previous regional studies of mean ferritin differences between control and PCOS groups,
with 80% power and a 95% confidence interval. At least 60 PCOS and 40 control patients were required to detect significant
differences in ferritin and other metabolic factors.

Inclusion Criteria

Women aged 18-40 years old, diagnosed with PCOS according to the Rotterdam criteria, available to take part in the study,
and sign the informed consent.

Exclusion Criteria

Pregnancy or lactation, Thyroid, hepatic, or renal disorders, Iron-deficiency anemia or known iron-overload disorders, Recent
hormonal or steroid therapy, Acute or chronic inflammatory diseases

Diagnostic and Management Strategy
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The assessed diagnosis of PCOS was based on the Rotterdam criteria, with clinical judgment, ultrasound, and biochemistry.
For study reasons, management was not changed. Testing was done for ferritin and CRP, and metabolic and inflammatory
status was assessed through fasting insulin and glucose and lipid profiles.

Statistical Analysis

Data were processed in SPSS v. 24.0. To compare means across populations, independent t-tests were conducted.
Relationships among ferritin, CRP, insulin resistance, and lipids were analyzed using Pearson's correlation, with a
significance level of 0.05. For the obtained population, essential statistical characteristics were computed.

Ethical Approval Statement

The Study was conducted in full accordance with the ethical standards of Saidu Medical College, Saidu Sharif Swat. The
Institutional Ethical Review Board reviewed and approved the study prior to data collection. Written informed consent was
obtained from all participants after explaining the study objectives, confidentiality safeguards, and voluntary nature of
participation. No invasive procedures were performed beyond routine clinical assessments.

4. RESULTS:

A total of 60 participants were included, comprising 30 women with PCOS and 30 healthy controls. The mean age of PCOS
patients was 26.8 + 4.9 years, comparable to controls (27.1 £ 5.2 years; p = 0.74). PCOS patients demonstrated significantly
elevated serum ferritin levels compared with controls (p < 0.001). CRP levels were also markedly higher in the PCOS group
(p = 0.002), indicating enhanced inflammatory activity. Ferritin showed significant positive correlations with fasting insulin
(p=0.01), HOMA-IR (p = 0.003), and triglycerides (p = 0.02). Women with higher ferritin values exhibited more pronounced
metabolic abnormalities, including elevated insulin resistance and unfavorable lipid profiles. Collectively, these findings
support the role of ferritin as a surrogate biomarker of systemic inflammation and metabolic burden in PCOS.

Intervention Outcome

While no specific therapy has yet been implemented, the participants' lipid and inflammatory profile and the condition of all
affected organs were well reflected by the elevated levels of ferritin." Elevated ferritin levels helped predict a greater degree
of insulin resistance and dyslipidemia.

Table 1: Baseline Demographic and Clinical Characteristics of PCOS Patients (n = 60)

Variable PCOS Patients (n = 60)
Age (years), mean £ SD 26.8+4.9

BMI (kg/m?2), mean + SD 28.6+3.8

Menstrual irregularity (%) 83.3%

Clinical hyperandrogenism (%) 70%

Table 1 shows demographic and clinical features among women with PCOS. Most patients exhibited menstrual irregularities
and clinical hyperandrogenism, with elevated BMI indicating higher metabolic risk.

Table 2: Serum Ferritin and Inflammatory Markers in PCOS Patients (n = 60)

Variable Mean £ SD/ %
Serum ferritin (ng/mL), mean £ SD 112.5+284
CRP (mg/L), mean £ SD 6.9+21
Fasting glucose (mg/dL) 93.5+10.2
Fasting insulin (uIU/mL) 148+4.3

Table 2 summarizes ferritin and inflammatory markers among PCOS patients. Ferritin and CRP levels were notably elevated,
indicating increased inflammatory burden.
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Table 3: Metabolic Parameters and Insulin Resistance in PCOS Patients (n = 60)

Variable Mean = SD
HOMA-IR 3.41+£092
Total cholesterol (mg/dL) 194.6 + 32.8
Triglycerides (mg/dL) 158.4 + 30.7
HDL-C (mg/dL) 423+56

Table 3 shows metabolic abnormalities in PCOS patients, including elevated HOMA-IR and dyslipidemia, reflecting insulin
resistance and increased cardio metabolic risk.

Table 4: Correlation of Serum Ferritin with Inflammatory and Metabolic Markers in PCOS Patients (n = 60)

Parameter Correlation Coefficient (r) p-value
CRP 0.48 0.002
Fasting insulin 0.41 0.01
HOMA-IR 0.44 0.003
Triglycerides 0.36 0.02

Table 4 shows significant positive correlations between ferritin and CRP, fasting insulin, HOMA-IR, and triglycerides,
highlighting ferritin’s role as a marker of systemic inflammation and metabolic dysfunction in PCOS.

5. DISCUSSION:

This study considered serum ferritin as a potential indicator of systemic inflammation in women with PCOS and showed that
PCOS patients had significantly greater ferritin than healthy controls. Higher ferritin levels were also positively correlated
with CRP, fasting insulin, HOMA-IR, and triglycerides, further demonstrating that ferritin levels are tied to both
inflammatory and metabolic dysfunctions in PCOS [11]. These findings support the availability and usefulness of serum
ferritin as a potential biomarker for gauging inflammation in women with PCOS. These findings corroborate the growing
body of Research that suggests PCOS is associated with chronic inflammation, which is partly responsible for the endocrine
and metabolic disorders related to the condition. Recent studies also support the recognition of ferritin as a predominantly
acute-phase protein whose levels increase in the presence of proinflammatory cytokines and oxidative stress. One such
example is Shanti et al., whose 2020 study found that South Asian women with PCOS had significantly higher ferritin levels
and strong insulin resistance associations, similar to the findings of the current study [13]. A 2021 cross-sectional study by
Li et al. also mirrors these sentiments. Demonstrated that ferritin independently predicted HOMA-IR and dyslipidemia
among PCOS patients, confirming ferritin's role as a risk factor and metabolic biomarker [14]. The positive correlation
between ferritin and CRP in this study strengthens the connection between ferritin and inflammation. Similar results were
reported by Akbarzadeh et al. (2022), who described ferritin as a sensitive systemic inflammation indicator in reproductive
endocrine disorders and highlighted ferritin's association with proinflammatory cytokines such as IL-6 and TNF-a [15].
Other work by Rizvi and coauthors (2019) reported a strong association between higher markers of oxidative stress and
PCOS, with higher ferritin levels supporting the link between altered iron metabolism and chronic inflammation [16]. This
study, in particular, shows a strong association between ferritin and metabolic abnormalities, which aligns with the results
of the past study. In 2021, a multicenter study showed that elevated ferritin was significantly associated with higher fasting
insulin and insulin resistance, independent of BMI, among PCOS women [17]. This was also noted in a 2022 systematic
review by Sadhu et al. Not only does ferritin reflect one’s iron storage, but it also serves as a risk indicator for certain
metabolic complications associated with PCOS, stemming from its relationship with insulin and liver fat accumulation [18].
This study also demonstrated a significant relationship between triglyceride levels and elevated ferritin levels. Mohammed
et al. (2020) reported that ferritin had a statistically positive relationship and a negative one with HDL cholesterol, indicating
the possible changes in atherogenic lipids in PCOS. Another publication in 2023 further confirmed the clinical relationship
between ferritin and dyslipidemia in PCOS patients, especially those with a higher body mass index [19,20]. All of the above
probably explain the complex association among ferritin, inflammation, insulin resistance, and lipid spectrum abnormalities
in PCOS. Most notably, newer studies suggest that the increase in ferritin may further compound the insulin resistance,
inflammation, and oxidative stress pathways in the pathophysiology of PCOS [21,22]. A mechanistic study from 2022 has
shown that Iron overload can trigger further mitochondrial dysfunction in females with PCOS.
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6. LIMITATIONS:

The study's cross-sectional design hampers the establishment of causal relationships and the drawing of conclusions. Also,
the small sample size from a single center limits generalizability. Also, suspected factors such as iron intake, stress levels,
and genetic predisposition to inflammation remain unmeasured and may therefore be influencing ferritin levels.

7. CONCLUSION:

Women with PCOS demonstrated significantly elevated serum ferritin levels, reflecting a strong association with systemic
inflammation, insulin resistance, and broader metabolic dysfunction. As a low-cost and readily available biomarker, ferritin
provides meaningful insight into the inflammatory and metabolic burden of PCOS. Routine ferritin assessment may enhance
clinical risk stratification and facilitate earlier implementation of targeted preventive and therapeutic strategies.
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