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ABSTRACT

Polycystic ovary syndrome (PCOS) is a prevalent endocrinopathy that affects 5-10% of women
during their reproductive age. Recent research suggests a potential link between autoantibodies
and PCOS development. The current study aimed to investigate the relationship between
autoantibodies and PCOS. One hundred and fifty female patients suffered from PCOS aged
between 20 and 35 years participated in this study as matched with healthy control. The result
showed a significantly higher concentrations of anti-thyroid peroxidase (TPO) and anti-
thyroglobulin (TG) autoantibodies in the patients compared to the healthy control group.
Moreover, the concentrations of IgM and IgG for anti-cardiolipin (ACL) were significantly
higher in the patients than in the control group. These increments in ACL antibodies in patients
suggested a risk factor for PCOS. Conversely, no significant correlation was found in case of (3-
2 glycoprotein I (32GPI) antibodies and lupus in patients. Serum amyloid A (SAA) and high-
sensitivity C-reactive protein (hs-CRP) were significantly higher in patients. Procalcitonin (PCT)
was also highly significant in patients compared to the controls. Lastly, the concentrationof total
IgG antibodies was significantly higher in patients than in controls. In conclusion, high
concentrations of autoantibodies in patients suggest a risk factor and positive associations with
PCOS in females.

INTRODUCTION

Polycystic ovarian syndrome (PCOS) demonstrates the most prevalent endocrine
condition affecting women. Indeed, it frequently results in irregular menstruation,
infertility in reproductive age women and other reproductive health problems. Hormonal
and genetics elements in turn implicate in the development of PCOS [1]. These define the
clinical symptoms of PCOS including growing of hair in a male pattern, irregular
ovulation, multiple cysts in the ovary, and metabolic disruptions such as insulin
resistance, and dyslipidemia [2]. Latest diagnostic disclosures suggest an interesting
correlation between autoimmune processes and the appearance of PCOS [3]. In addition,
a recently published study might disclose some pathways, where PCOS could imply in
autoimmune involvement, creating another advance in the research findings, which may
shed light on whether there could be an active involvement autoimmunity in the
development of the disease [4]. As well, it is believed that the disease is linked with
several types of diseases such as diabetes mellitus, thyroid diseases and psoriasis. Some
researchers propose that the PCOS is not an autoimmune entity but a endocrine disorder
with the correlation between Pos ANA and PCOS [5]. Studies revealed that among other
antibodies from the system autoimmune type, ANA as well as anti-thyroid peroxidase
(anti-TPO) could impact patients' pathways of the disease even on the long-term basis [7,
8]. One research finding is evidence of links of PCOS with inflammatory markers of serum
amyloid A (SAA), high sensitivity C-reactive protein (hs-CRP) and procalcitonin (PCT)
[9, 10]. In autoimmune thyroiditis, higher levels of antibodies triggered against the self-
tissue of thyroid glands.
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such as anti-thyroid peroxidase (TPO), thyrotrophic receptor (TRAbs), and thyroglobulin
(TG) antibodies [11-13]. This humoral immune response expands the role of crazy T-cells
and massive activity against self-antigens [14]. Several studies have reported higher
levels of TPO and TG autoantibodies in women with PCOS [15, 16].

Moreover, growing evidence suggests that common diagnostic tests for anticardiolipin
antibodies (ACL) and lupus anticoagulants (LAC) help to diagnose antiphospholipid
syndrome (APS)-associated POCS [17, 18]. However, monoclonal or polyclonal
autoantibodies, such as anti-phosphatidylserine antibodies and ACL, can specifically
destroy trophoblasts, inhibit syncytium formation, suppress human chorionic
gonadotropin production, and prevent trophoblast invasion in both in vitro experimental
models and animal studies [19]. ACL and the anti-phosphatidylserine antibody
frequently react with one another. An anti-phosphatidylethanolamine antibody (aPE) is
strongly linked to very early POCS [20, 21]. In POCS patients, hormonal imbalances
might cause alterations in B cell frequencies similar to those seen in females. This effect
was inhibited by treating patients with rising levels of natural antibodies while
administering a medication that inhibits the function of male sex hormones [22, 23].

The current study aimed to investigate the frequency of these autoantibodies among
individuals diagnosed with PCOS to shed light on their potential role in this syndrome’s
etiology and clinical manifestations.

MATERIALS AND METHODS
Study population

This study explored the potential relationship between autoantibodies and PCOS in
female patients. This study involved 150 women aged 20 to 35 with a clinical diagnosis
of PCOS in Baghdad City, Iraq. Additionally, a control group of 150 healthy individuals
matched in age to the patient group was included. Autoantibodies targeting TPO, TG,
cardiolipin IgM and IgG, 3-2 glycoprotein I (32GPI) (IgM and IgG), as well as other total
antibodies Ig (M, A, and G), were evaluated in both the patient and control groups.
Further, SAA, hs-CRP, and PCT were also tested. Women with multiple health
conditions, such as uterine abnormalities, endocrine irregularities, or diabetes mellitus,
were excluded from the study. This study was approved by Committee of Scientific
Research Ethics, Amara Medical Institute under the administrative order number, 7/18/5
in 4/1/2023.

Study sampling

The study was conducted from January to May 2023. Venous blood specimens were
collected from each participant using plain tubes with a total volume of milliliters.
Subsequently, the samples underwent centrifugation to separate the serum fraction,
which was then subjected to laboratory analysis to determine the serum concentrations
of TPO, TG, cardiolipin (IgM and IgG), f2GPI (IgM and IgG), as well as other antibodies
(IgM, A, and G). Also, SAA, hs-CRP, and PCT were measured.

Estimation of autoantibodies

The concentrations of autoantibodies in serum of participants for TG and TPO were
quantified using luminescence immunoassay (CLIA) methods with the MAGLUMI® X3
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instrument and kit from MAGLUMI® X3 (Diagnostics GmbH, Sandhofer Strasse 116; D-
68305 Mannheim, 2020).

Serum specimens were collected from participants for the detection of autoantibody
levels against p2GPland ACL using enzyme-linked immunosorbent assay (ELISA)
methods by BioTek 50-TS instrument and kits from BioSource (MBS164474, MBS580079
kits, USA, San Diego, CA 92195-3308, 2019).

The screening for lupus was conducted using STAGO Vitro-Diagnostics industry
equipment and kit from STAGO (USA, ST 2258 D, 2020) following the guidelinesoutlined
by the International Society on Thrombosis and Haemostasis.

The serum levels of IgM, IgA, and IgG antibodies were determined using nephelometry
methods with the PA45 specific protein analyzer from Genrui-Biotech Inc. (Geya
Technology Park, Guangming District, 518106, Shenzhen, China).

Estimation of SAA, hs-CRP, and PCT

The serum levels of SAA, hs-CRP, and PCT were determined using nephelometry
methods with the PA45-specific protein analyzer from Genrui-Biotech Inc. (Geya
Technology Park, Guangming District, Anti-SAA No KIT (E6657), PCT NO KIT (U7789),
Hs-CRP No KIT (D6678), Shenzhen, China).

Statistical analysis

Descriptive statistics, including means, standard errors (SE), and frequencies, were
calculated by GraphPad Prism 8.0.02. Also, comparative analyses such as T-tests and risk
factor were used to estimate the difference between the groups.

RESULTS

In this section, the findings obtained from investigating various parameters in PCOS
patients, including all autoantibodies and markers such as TPO, TG, ACL IgM, ACL IgG,
[B2GPI IgM, B2GPI IgG, lupus, IgM, IgM, IgM, IgA, IgG, SAA, hs-CRP, and PCT were
explained.

Anti-thyroid antibodies in PCOS patients

In Table 1 presented the relationship and risk ratio (RR) of anti-thyroid antibodies in
PCOS patients. The study showed a substantial rise in the RR for anti-TPO (RR=6.4),
which strongly links this antibody to PCOS (Table 1). The study also found an increase
in the RR for another antibody, anti-TG (RR=5.4). These data indicates that when these
antibodies, TPO and TG, were present at high levels, which may increase the risk of
developing PCOS.

Figure 1 showed a significant difference (p<0.001) in the serum levels of antibodies
against TPO and TG between the subject group and the control. The concentrations of
TPO antibodies were significantly elevated in PCOS patients (91.9+14.7 AU/ml)
compared to the control group (12.4+5.1 AU/ml). Likewise, the serum levels of TG
antibodies among the subjects (50.4+10.3 AU/ml) were notably higher than those
observed in the control group (30.6+7.2 AU/ml). These results underscored a significant
distinction in antibody levels between individuals diagnosed with PCOS and those in the
control.
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Table 1. Concentration and risk ratio (RR) for antithyroid antibodies in PCOS patients

Autoantibodies Patients Control RR 95% CI p value
Mean * SE

Anti-TG (AU/ml) 50.4+10.3 30.6+7.2 54 4.8-5.6 <0.001

Anti -TPO (AU/ml) 91.9+14.7 12.445.1 6.4 6.1-7.0 <0.001

P value significant at <0.05, RR: Risk Ratio, %CI: Confidence interval, SE: Standard error. Anti-TG: Anti-thyroglobulin
antibodies, and Anti-TPO: Anti-thyroperoxidase antibodies.
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Figure 1. Comparison of thyroid antibodies levels (TPO and TG, AU/ml) between PCOS patients and controls.
Here, 150 women aged 20 to 35 with PCOS and control group of 150 healthy individuals matched in age to
PCOS group was included. Luminescence immunoassay was used to measure the thyroid antibodies. Data are
presented as mean+SE; *p<0.05 vs. control. Anti-TG: Anti-thyroglobulin antibodies, and Anti-TPO: Anti-
thyroperoxidase antibodies.

Cardiolipin, B2-glycoprotein I, and lupus in PCOS patients

Table 2 presented the levels of IgM and IgG for ACL, and (32GPI, lupus concentrations,
and their respective detection risk ratios (RR) in the patients. The results suggest a
substantial contrast (p<0.001) in ACL antibody levels between patients and controls.
ACL-related IgM levels were markedly increased in patients (19.2+4.2 AU/ml) compared
to controls (3.3£1.0 AU/ml). Likewise, ACL-associated IgG levels showed a considerable
rise in patients (22.5+2.3 AU/ml) compared to controls (2.9+1.2 AU/ml). Thedetection of
RR for IgM and IgG with values of 4.2 and 5.6, respectively, showed a positive correlation
with the disease, implying a strong association between the increased presence of ACL
autoantibodies and PCOS.

Conversely, no significant correlation was found in case of 32GPI antibodies and lupus
in patients compared to controls (Table 2). The detection of RR further supports the
understanding of their correlation with PCOS development.
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Table 2. IgM and IgG levels for ACL, f2GP], and concentration of Lupus in patients

Autoantibodies Patients Control RR  95%CI P value
Mean + SE

ACL IgM (AU/ml) 19.2+4.2 3.3+1.0 4.2 3.9-4.4 <0.001

ACL IgG (AU/ml) 22.5+2.3 2.9+1.2 5.6 5.1-6.0 <0.001

[2GPIIgM (AU/ml) 5.6+1.3 49+1.1 0.52 0.4-09 0.236ns

[B2GPIIgG (AU/ml) 6.6+1.6 4.3+1.2 099 0.81-12 0.122ns

Lupus (sec) 40.3£5.2 3616.0 058 0.42-1.0 0.315ns

P value significant at 0.05, RR: Risk Ratio, %CI: Confidence interval, SE: Standard error. Anti-cardiolipin (ACL), 3-2
glycoprotein I (32GPI), Lupus, ns: not significant.

Inflammatory marker in PCOS patients

Table 3 stated the significant insights on specific inflammatory biomarkers in PCOS
patients compared to the controls. Initially, the concentration of hs-CRP was noticeably
elevated in PCOS patients (55+ 12.5 ng/ml) relative to the control group (2.3 + 0.98 ng/ml),
suggesting a strong correlation of hs-CRP with PCOS. Similarly, SAA levels were
significantly increased in PCOS patients (66 + 10.4 ng/ml) compared to the control group
(3.6 + 1.9 ng/ml), displaying a substantial RR value of 7.6. Moreover, PCT concentrations
were higher in PCOS patients (40 + 6.3 ng/ml) compared to the control group (6.4 + 2.6
ng/ml), with a noteworthy RR value of 4.2. These observations imply that hs-CRP, SAA,
and PCT could function as biomarkers for identifying and evaluating PCOS risk in
female.

Figure 2 depicts a comparison of inflammatory biomarker levels between patient and
controls. It showed significantly elevated levels of hs-CRP, SAA, and PCT in patients
compared to controls. Patients had approximately 6 times higher hs-CRP levels, 7 times
higher SAA levels, and over 4 times higher PCT levels, indicating an ongoing
inflammatory process in the PCOS patients. The tight confidence intervals around the
relative risk suggest a high degree of certainty in these results.

Table 3. Comparison of inflammatory biomarker levels in patients with PCOS

Inflammatory Biomarkers Patients Control RR 95%CI P value
Mean + SE

hs-CRP (ng/ml) 55+12.5 2.3+0.98 6.4 6.0-7.3

SAA (ng/ml) 66+10.4 3.6+1.9 7.6 7.0-8.0 <0.001

PCT (ng/ml) 40+6.3 6.4+2.6 4.2 4.0-4.6

P value significant at 0.05, RR: Risk Ratio, %CI: Confidence interval, SE: Standard error. hs-CRP: High-Sensitivity C-
Reactive Protein, SAA: Serum amyloid A, and PCT: Procalcitonin.
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Figure 2. Comparison of inflammatory biomarker levels in patients. Here, 150 women aged 20 to 35 with PCOS
and control group of 150 healthy individuals matched in age to PCOS group was included. The nephelometry
method was used to measure the inflammatory biomarker levels. Data are presented as mean+SE, *p<0.05 vs.
control. hs-CRP: High-Sensitivity C-Reactive Protein, SAA: Serum amyloid A, and PCT: Procalcitonin.

Immunoglobulins in PCOS patients

Table 4 revealed the levels of total antibodies, specifically IgM, IgA, and IgG in patients
with PCOS compared to the control. No significant difference was observed in the IgM
antibody levels between PCOS patients (2.2+0.92 AU/ml) and the control (1.2+0.69
AU/ml), indicating no strong association between IgM levels and PCOS. Similarly, the
levels of IgA antibodies did not significantly differ between PCOS patients (4.6+1.9
AU/ml) and the control (3.2+0.96 AU/ml), suggesting no significant association between
IgA levels and PCOS. In contrast, the levels of IgG antibodies were significantly higher
in PCOS patients (25.3+2.6 AU/ml) than in the control (4.3+1.0 AU/ml), indicating a strong
association between elevated IgG levels and PCOS. These findings suggest that while
IgM and IgA antibody levels do not significantly correlate with PCOS, elevated IgG levels
may be linked to the development or progression of PCOS.

Figure 3 showed the detection risk ratios for total antibodies in patients compared to
controls. It displayed the risk ratios of IgM (0.19, 95% CI: 0.99-1.2, P=0.265NS), IgA (0.62,
95% CI: 0.42-0.98, P=0.656NS), and notably high for IgG (2.3, 95% CI: 1.0-2.9, P=0.009).
Consistently, the RR explain the total antibody levels between patients and controls, with
IgG showing a statistically significant difference.

Table 4. Comparison of total antibody levels in patients with PCOS and control group

Total Antibodies Patients Control RR 95%CI P value
Mean *+ SE

IgM (AU/ml) 2.240.92 1.2+0.69 0.19 0.10-1.0 0.265NS

IgA (AU/ml) 4.6+1.9 3.2+0.96 0.62 0.49-0.98 0.656NS

1gG (AU/ml) 25.3+2.6 4.3£1.0 53 4.8-6.9 0.009

P value significant at 0.05, RR: Risk Ratio, %CI: Confidence interval, SE: Standard error.
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Figure 3. The levels of total antibodies such as IgM, IgA, and IgG (AU/ml) in study patients. Here, 150 women
aged 20 to 35 with PCOS and control group of 150 healthy individuals matched in age to PCOS group was
included. The nephelometry method was used to measure the total antibodies (IgM, IgA, IgG) levels. Data are
presented as mean+SE, *p<0.05 vs. control. Ig(M, A, G): Immunoglobulin (M, A, G).

DISCUSSION

The current study revealed the high significance of patient women with POCS in the
serum of autoantibodies against TPO and TG. It is suggested that these autoantibodies
increased in the PCOS women as an autoimmune response. Strong anti-thyroid antibody
association with PCOS have been proposed, for instance, anti-TPO 7.81% [21]. Further,
anti-TG and anti-TPO antibodies were shown to be strongly associated with PCOS in
patients [24]. Another study demonstrated that Anti-TG and anti-TPO antibodies may be
related to PCOS, and the higher RR value for thyroid antibodies in patients with PCOS
compared to the control [25]. According to a study, PCOS women of reproductive age
showed autoimmune thyroiditis three times more frequently than women without PCOS
[26]. Infertility, miscarriages, and an abnormal thyroid profile were all strongly
correlated among pregnant women. Both hyperthyroidism and hypothyroidism have
been linked to a higher prevalence of miscarriages, fetal deaths, and delayed cognitive
development in children [27]. However, discrepant findings were reported in individuals
with PCOS compared to healthy controls [28]. The variation in results may be attributed
to the inclusion of young euthyroid girls presenting with PCOS symptoms in the
previous study.

Furthermore, the current research revealed a strong correlation between the presence of
anti-TG antibodies and the onset of PCOS. This observation is in line with a previous
investigation which documented the existence of these antibodies in 47% of PCOS
patients and 41% of healthy females [29]. The results of the current study align with a
previous study, which identified anti-TG antibodies in 36% of individuals diagnosed
with PCOS and 30% of healthy control participants [28]. However, these findings
contradicted those of other researchers who reported anti-TG levels of 113312 AU/ml
in PCOS patients and 4+17 AU/ml in healthy controls. Discrepancies in lifestyle factors,
such as obesity, smoking, alcohol consumption, and stress, as well as variations in sample
size may contribute to this inconsistency [30-32].
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Additionally, the current study revealed a significant and novel finding regarding the
association between immunological markers and PCOS. Specifically, we found a strong
positive association of IgM and IgG antibodies for ACL in patients compared to the
controls. The levels of IgM and IgG antibodies for ACL, f2GPI and the concentration of
lupus are accompanied by the corresponding RR values, indicating the detection risk in
patients compared to the control. This study alone revealed the positive role of auto-
immune complex formation in patients with POCS. There is no previous research
explored this aspect, thus, we propose that the elevated ACL levels observed could be
attributed to the hormonal imbalances, notably insulin and testosterone dysregulation,
inherent in PCOS. Such imbalances are known to have implications on the immune
system, potentially culminating in increased ACL levels. Moreover, PCOS is classified as
a chronic low-grade inflammatory condition. This persistent inflammation may drive the
production of autoantibodies, inclusive of ACL.

Interestingly, a study reported contrasting results, as the patient tested negative for ACL
antibodies, aPT (anti-prothrombin antibodies), aPS (anti- phosphatidylserine antibodies),
and anti-phosphatidylserine antibodies but exhibited positive results twice for anti-32G-
1(anti B2 glicoprotein-1) antibodies. It was proposed that the presence of anti-32GP-1
antibodies might be attributed to an infectious agent [33]. However, these findings
contradicted the outcomes of the current study.

Also, the current study indicates that women with PCOS often had higher levels of
inflammation markers such as hs-CRP, PCT, and SAA. This could be because PCOS is
often associated with chronic low-grade inflammation, insulin resistance, and obesity.
All these conditions can lead to increased inflammation in the body, which may raise the
levels of these markers. Therefore, it is suggested that the higher concentrations of hs-
CRP, PCT, and SAA might be associated with PCOS [9, 10, 34-36].

These observations revelated that woman with PCOS had a higher level of IgG. After
longer time, mimic antigen may cause chronic immune response as autoimmune
antibodies. Hyperandrogenemia is an earmark feature of PCOS that performs a vital role
in the pathogenesis and resemble to be immediately related to disease harshness [20, 37].
Although chronic inflammation and altered immune function have been proposed to
play a role in the pathogenesis of PCOS, variations in B cell frequencies might be linked
to PCOS [38]. It is also suggested that B cells are not major mediator in PCOS, and that
androgen receptor activation directly alters their frequency. In addition to having higher
levels of circulating IgG, hyperandrogenic women with PCOS also have higher
frequencies of age-associated double-negative B memory cells [39, 40].

CONCLUSION

In conclusion, this study has elucidated the significant role of autoantibodies and
inflammatory markers in the pathogenesis of PCOS. Notably, increments were observed
in autoantibodies against TPO, ACL IgM, and ACL IgG in patients compared to controls.
Furthermore, it is noted the elevated levels of IgG alongside significant elevations in
inflammatory markers, such as hs-CRP, SAA, and PCT in PCOS patients. These findings
suggest a strong positive association between these increased levels of autoantibodies
and PCOS. The observed variations among different PCOS patients pave the way for
future molecular-level research to improve treatment strategies for PCOS patients.
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