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Abstract
Introduction Many patients with polycystic ovary syndrome (PCOS) also experience thyroid disorders. There is a 
notable similarity in energy metabolism among PCOS, C1q/tumor necrosis factor (TNF)-related proteins (CTRP-5)
deficiency, C3a/desArg (also known as acylation-stimulating protein (ASP)) deficiency, and hypothyroidism. This study 
aimed to investigate the relationship between serum levels of these factors and hypothyroidism in patients with 
PCOS. Improved clarity and vocabulary, corrected minor grammatical issues, and enhanced readability.

Methods This case-control study involved three groups: healthy women (control group), women with PCOS and 
hypothyroidism, and women with PCOS without hypothyroidism. Serum levels of FBS, total cholesterol, triglycerides, 
and HDL-C were measured using enzymatic and colorimetric methods. TSH, T4, T3, and anti-thyroid peroxidase (Anti-
TPO) levels were determined by ELISA to screen for hypothyroidism in women with PCOS. Additionally, serum levels of 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), CTRP-5, ASP, and complement C3 were assessed using 
the ELISA method.

Results The results indicated that reduced blood levels of CTRP-5, along with elevated levels of ASP (C3a/desArg) 
and complement C3 in patients with PCOS, may be linked to dysregulation of the thyroid gland. Furthermore, the 
study observed that changes in these parameters, in conjunction with thyroid dysfunction, are associated with 
pathological alterations in lipid profiles and blood glucose levels.

Conclusion While changes in CTRP-5, ASP, and complement C3 can influence energy expenditure and storage in 
PCOS and thyroid function, the complex nature of PCOS requires further research to investigate the prevalence of 
hypothyroidism in individuals with PCOS.
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Introduction
Polycystic ovary syndrome (PCOS) is an endocrine dis-
order that commonly presents during reproductive years 
and significantly impacts fertility due to irregular men-
strual cycles and anovulation. It can adversely affect 
oocyte quality, leading to increased rates of matura-
tion defects and lower fertilization rates [1]. Addition-
ally, PCOS is associated with endometrial dysfunction; a 
thickened endometrium can hinder implantation and ele-
vate the risk of miscarriage, with elevated androgen levels 
that compromise endometrial receptivity [2, 3]. Women 
with PCOS also face a heightened risk of pregnancy com-
plications such as gestational diabetes, preeclampsia, and 
preterm birth, primarily due to underlying metabolic 
issues [1, 2]. Therefore, Understanding the complex rela-
tionship between PCOS and these systemic disorders is 
crucial for effective management.

Women with PCOS are at a higher risk of developing 
thyroid disorders, particularly hypothyroidism, com-
pared to women without PCOS [4, 5]. However, a com-
mon genetic background has not yet been established. 
Thyroid issues can exacerbate symptoms such as men-
strual irregularities and metabolic disturbances, compli-
cating the diagnostic process for PCOS [6]. Therefore, 
women with both thyroid disorders and PCOS may expe-
rience more severe symptoms of both conditions [4, 7].

Both PCOS and hypothyroidism disrupt hormonal bal-
ance and share overlapping symptoms, including irregu-
lar menstrual cycles [4, 8], weight gain, anxiety, fatigue, 
hair thinning, and mood swings [4, 9]. On the other hand, 
while hypothyroidism typically leads to dry skin and 
brittle nails, PCOS may cause acne and oily skin [10, 11]. 
Additionally, both conditions are associated with insulin 
resistance, increasing the risk of type 2 diabetes [12]. It 
is important to note that not all individuals with PCOS 
or hypothyroidism will exhibit all symptoms, and their 
severity can vary; thus, proper diagnosis and manage-
ment by healthcare professionals are crucial to address 
individual needs.

Changes in adipokine levels have been observed in both 
PCOS and hypothyroidism, contributing to the metabolic 
disturbances associated with these conditions [13, 14]. 
For instance, adiponectin is an adipokine that enhances 
insulin sensitivity and possesses anti-inflammatory prop-
erties. The commonality between PCOS and hypothy-
roidism lies in the potential disruption of adiponectin 
signaling, which can lead to metabolic disturbances and 
insulin resistance in both conditions [14, 15]. CTRPs are 
another group of adipokines that share structural homol-
ogy with adiponectin, including a collagen-like domain 
and a C1q-like globular domain. This structural similar-
ity suggests that they may have overlapping functions in 
regulating metabolic pathways [16].

Complement 3 (or C3), a protein synthesized in the 
liver, plays a crucial role in the immune system and 
inflammation. Although direct research on the relation-
ship between PCOS and C3 is limited, potential con-
nections can be inferred based on their respective roles 
in metabolism and inflammation [17, 18]. Both PCOS 
and C3 are associated with chronic low-grade inflam-
mation and increased cardiovascular risk factors, such 
as hypertension, dyslipidemia, and atherosclerosis [19]. 
Additionally, C3 is implicated in the development of 
insulin resistance and metabolic disorders. In response 
to various stimuli, including inflammatory and metabolic 
signals, C3 is cleaved by enzymes known as convertases 
into multiple bioactive fragments, one of which is Acyla-
tion Stimulating Protein (ASP) [18, 19]. ASP is primar-
ily produced in adipose tissue through the cleavage of 
C3 and is closely related to C3 in terms of their interac-
tions and biological functions. As a circulating hormone, 
ASP is primarily synthesized in adipose tissue and plays 
a significant role in regulating triglyceride synthesis and 
storage. Furthermore, ASP is known to interact with C3 
and is involved in various metabolic processes, including 
insulin sensitivity, lipid metabolism, and energy balance 
[20, 21].

In hypothyroidism, there is evidence of alterations 
in C3 levels and ASP activity that may be linked to the 
metabolic disturbances observed in affected individuals. 
Some studies have reported elevated levels of C3 and a 
subsequent increase in ASP activity among those with 
hypothyroidism. The relationship between C3 and ASP 
in this condition suggests that variations in these compo-
nents may be associated with metabolic complications, 
including abnormalities in lipid metabolism, storage, and 
energy balance. Similar to CTRPs, changes in C3 and 
ASP levels in both PCOS and hypothyroidism may indi-
cate a complex interaction between these two disorders 
[22, 23].

While PCOS and hypothyroidism have distinct etiolo-
gies and clinical presentations, they may influence levels 
of CTRPs, C3, and ASP similarly. No prior studies have 
compared the blood levels of these factors in women with 
PCOS, both with and without hypothyroidism. There-
fore, this research aims to investigate the differences in 
these levels between individuals with PCOS who have 
hypothyroidism and those who do not.

Materials and methods
Study population
This study was conducted on 100 women over the age of 
18 who were diagnosed with PCOS by Dr. Alasadi. The 
selection of participants with PCOS was based on the 
Rotterdam criteria [24], which require the presence of at 
least two out of three items: hyperandrogenism (either 
clinical and/or biochemical), PCOS morphology as 
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assessed by ultrasound, and ovulatory dysfunction (man-
ifested as irregular menstrual cycles). Pregnant women 
and those with systemic diseases, including kidney, liver, 
heart, and other systemic disorders, were excluded from 
the study. Since a high BMI makes individuals suscep-
tible to metabolic diseases, including insulin resistance, 
reduced resting metabolic rate, impaired regulation of 
fatty acid oxidation, and dyslipidemia, as well as changes 
in adipokines such as leptin, adiponectin, and resistin, 
the entry of women who appear healthy but have a high 
BMI into the healthy group was prevented. However, due 
to the inevitable impact of PCOS on metabolism, screen-
ing in this regard was not conducted in patients with 
PCOS. Additionally, conditions that present with PCOS-
like symptoms, such as hyperprolactinemia, Cushing’s 
syndrome, non-classical adrenal hyperplasia, adrenal 
tumors, androgen-secreting tumors, idiopathic hirsutism, 
and idiopathic hyperplasia, were also considered exclu-
sion criteria. The Ethics Commission of Iran University 
of Medical Sciences reviewed the project for compliance 
with the “Helsinki Declaration and approved the study 
(Ethical Code: IR.IUMS.REC.1402.669). After the doctor 
explained the project and ensured the confidentiality of 
personal data, all participants provided informed written 
consent to participate.

During the screening process, patients were divided 
into two groups of 50: those with hypothyroidism and 
those without. Additionally, a healthy control group of 50 
women aged 18 to 45 years was selected from individu-
als visiting the clinic for check-ups, adhering to the same 
exclusion criteria.

Sampling
To minimize the effects of regulatory hormones, partici-
pants were in the early follicular phase of their menstrual 
cycle (around days of 1 to 4 of the cycle). The demo-
graphic information, including age, weight, and height, 
was directly collected from the participants. Blood sam-
ples were collected from participants after a 12-hour fast-
ing period. After centrifugation at 4,000 rpm for 10 min, 
serum samples were extracted from whole blood and pre-
served at -80 °C until further testing.

Biochemical tests
The biochemical tests performed in this study were clas-
sified into three categories:

  • General tests: FBS, TG, CHOL, HDL, and BMI.

Serum levels of fasting blood sugar [(FBG); GLUCOSE 
kit, range 5 to 400 mg/dl; sensitivity: 5 mg/dl], and lipid 
profile, including triglycerides [(TG); TRIGLYCERIDES 
kit, range 5 to 700  mg/dl; sensitivity: 5  mg/dl], total 
cholesterol [(CHOL); CHOLESTEROL kit, range 5 to 

500 mg/dl; sensitivity: 5 mg/dl] high density lipoprotein 
[(HDL), HDL kit, range 1 to 150 mg/dl; sensitivity: 1 mg/
dl] using the PARS AZMUN diagnostic kits (Tehran, 
Iran), according to the manufacturer’s instructions by 
the Perestig24i auto-analyzer. LDL- cholesterol was cal-
culated the Friedewald equation [LDL-C = Total CHOL 
- (HDL) - (TG/5)] [25]. Body mass index (BMI) was esti-
mated as “body mass (kg)/ [height (m)]2”.

  • The screening tests for PCOS with / without 
thyroid desease: T3, T4, TSH, and Anti-TPO.

The thyroid profile, which includes T3, T4, TSH, and 
Anti-TPO assays, was analyzed using the Competitive 
Enzyme Immunoassay method in accordance with the 
manufacturer’s instructions.

  • Specialized tests: complement C3, FSH, LH, 
CTRP-5 and ASP.

Specialized tests: complement C3, FSH, LH, CTRP-5, 
and ASP. Complement C3, FSH, LH, CTRP-5, and ASP 
factors were assessed using ELIZA method, following the 
manufacturer’s instructions.

Statistical analysis
Statistical analysis was performed using SPSS software 
version 22 and GraphPad Prism 9. The normality of the 
data was confirmed through the Shapiro-Wilk normal-
ity test. Variances among groups were assessed using 
one-way ANOVA, followed by Tukey’s test for post-
hoc pairwise comparisons. Results are presented as 
means ± standard deviation (SD), with statistical signifi-
cance defined as a P-value < 0.05.

Results
The study groups of PCOS with hypothyroidism, PCOS 
without hypothyroidism and healthy control were 
matched in age, 40.24 ± 5.90, 38.58 ± 7.99, and 38.74 ± 7.66, 
respectively, P > 0.05.

Biochemical parameters
Figure 1 illustrates the BMI and levels of FBS, Triglycer-
ide, cholesterol, HDL, LDL in the PCOS groups with and 
without hypothyroidism, and compares these with the 
healthy control group. A one-way ANOVA revealed sig-
nificant differences in BMI and biochemical parameters 
among the study groups (P < 0.0001). Pairwise compari-
sons using Tukey’s test indicated significantly higher BMI, 
blood sugar, cholesterol, and triglyceride levels (P < 0.05), 
as well as significantly lower HDL levels (P < 0.05) in 
PCOS patients compared to the healthy control group. 
Although cholesterol and triglyceride levels were ele-
vated in PCOS patients with hypothyroidism, their HDL 
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Fig. 1 Comparison of BMI (body mass index), FBS (fasting blood sugar), Triglyceride, cholesterol, HDL (high-density lipoprotein), LDL (low-density lipopro-
tein) levels among the study groups. Intra-observed Coefficient of Variation indicates how much variation there is in repeated measurements *: P < 0.05, 
**: P < 0.01, ***: P < 0.001, ****: P < 0.001
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levels were significantly higher (P < 0.05), LDL levels were 
significantly lower (P < 0.05), and BMI was comparable to 
that of PCOS patients without hypothyroidism.

Thyroid test profiles
Figure 2 shows the levels of T3, T4, TSH, and Anti-TPO 
in the PCOS groups, both with and without hypothyroid-
ism, and compares these levels to those of the healthy 
control group. A one-way ANOVA revealed significant 
differences in T3, T4, TSH, and Anti-TPO among the 
study groups (P < 0.0001). Although the levels of T4, T3, 
TSH, and Anti-TPO in PCOS patients without hypothy-
roidism fell within the normal range as specified in the 
kit brochures—except for Anti-TPO—significant differ-
ences were noted in these hormones when comparing 
this group to the healthy control group. Pairwise com-
parisons using Tukey’s test indicated that PCOS patients 
with hypothyroidism had significantly higher blood levels 
of TSH and Anti-TPO compared to those without hypo-
thyroidism, while their blood levels of T4 and T3 were 
significantly lower (P < 0.05).

PCOS specialized tests
Figure  3 illustrates the blood levels of complement C3, 
FSH, LH, CTRP-5, and ASP in the PCOS groups, both 
with and without hypothyroidism, and compares these 
levels to those of the healthy control group. A one-way 
ANOVA revealed significant differences in complement 

C3, FSH, LH, CTRP-5, and ASP among the study groups 
(P < 0.0001).

Pairwise comparisons of groups using Tukey’s test 
revealed normal LH levels, but lower FSH levels in PCOS 
patients without hypothyroidism compared to the con-
trol group. Hypothyroidism in PCOS patients (P < 0.05) 
compared to healthy controls; however, the blood levels 
of these factors were significantly lower in PCOS patients 
with hypothyroidism than in those without hypothyroid-
ism (P < 0.05).

Correlations
Spearman correlations were calculated between CTRP-5, 
ASP, complement-C3, and Anti-TPO factors with meta-
bolic parameters, including FBS, Triglycerides, Choles-
terol, HDL, LDL, and BMI. With the exception of HDL, 
positive correlations were identified between CTRP-5, 
ASP, complement-C3, and Anti-TPO with BMI and the 
aforementioned metabolic parameters. However, these 
correlations were negative concerning CTRP-5 (Table 1). 
A positive association was noted between complement-
C3 and ASP, while both parameters exhibited a negative 
association with CTRP-5 (Table  2). Additionally, com-
plement-C3 and ASP demonstrated a negative correla-
tion with thyroid hormones (T4 and T3) and a positive 
association with thyroid-stimulating hormone (TSH) 
and Anti-TPO, whereas CTRP-5 displayed the opposite 
effects (Table 3).

Fig. 2 Comparison of T4, T3, TSH (thyroid-stimulating hormone), and Anti-TPO (anti–thyroid peroxidase) levels among the study groups. Intra-observed 
Coefficient of Variation indicates how much variation there is in repeated measurements. *: P < 0.05, **: P < 0.01, ***: P < 0.001, ****: P < 0.001
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ROC curves of CTRP-5, ASP, and Complement-C3
The receiver operating characteristic (ROC) curve was 
analyzed to evaluate the diagnostic potential of CTRP-5, 
ASP, and complement C3 levels in differentiating indi-
viduals diagnosed with PCOS from healthy controls. The 
identified cutoffs for each biomarker represent optimal 
points that balance sensitivity and specificity for this 
diagnostic endpoint. The curves are skewed away from 
the 45° diagonal, with the curve for complement C3 
shifted further up and to the left compared to those for 
ASP and CTRP-5. The cutoffs that provide the best bal-
ance between sensitivity and specificity, as determined 
by the intersection of the curves with the 100%-to-100% 

Table 1 Spearman correlation between CTRP-5, 
Complement-C3, ASP and Anti-TPO with metabolic parameters
Variables/ 
Correla-
tion “r”

CTRP-51 ASP2 Complement-C3 Anti-
TPO3

BMI -0.400** 0.540** 0.304** 0.083
FBS -0.591** 0.735** 0.780** 0.485**

Triglyceride -0.394** 0.328** 0.286** 0.412**

Cholesterol -0.672** 0.617** 0.650** 0.327**

HDL 0.539** -0.468** -0.420** 0.277**

LDL -0.849** 0.710** 0.678** 0.519**

**. Correlation is significant at the P = 0.01 level
1: C1q/TNF-related protein 5; 2: acylation-stimulating protein; 3: anti–thyroid 
peroxidase

Table 2 Spearman correlation between CTRP-5, 
Complement-C3 and ASP with each other
Variables/ Correlation “r” Complement-C3 CTRP-51 ASP2

Complement-C3 1.000
CTRP-5 -0.642** 1.000
ASP 0.654** -0.658** 1.000
**. Correlation is significant at the P = 0.01 level
1: C1q/TNF-related protein 5; 2: acylation-stimulating protein

Table 3 Spearman correlation between CTRP-5, 
Complement-C3 and ASP with thyroid parameters
Variables/ Correlation “r” CTRP-51 ASP2 Complement-C3
T3 0.794** -0.762** -0.706**

T4 0.629** -0.650** -0.708**

TSH3 -0.678** 0.749** 0.791**

Anti-TPO4 -0.296** 0.366** 0.438**

**. Correlation is significant at the P = 0.01 level
1: C1q/TNF-related protein 5; 2: acylation-stimulating protein; 3 thyroid-
stimulating hormone; 4 anti–thyroid peroxidase

Fig. 3 Comparison of FSH, LH, complement-C3, ASP (acylation-stimulating protein) and CTRP-5 (C1q/TNF-related protein 5) levels among the study 
groups. Intra-observed Coefficient of Variation indicates how much variation there is in repeated measurements. *: P < 0.05, **: P < 0.01, ***: P < 0.001, ****: 
P < 0.001
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diagonal, are approximately 6.94 ng/ml for CTRP-5, 33.8 
U/l for ASP, and 122.3  mg/dl for complement C3. As 
shown in Fig.  4, the area under the curve (AUC) for all 
three factors was significantly greater than 0.5 (P < 0.001).

Discussions
The present study investigated the relationship between 
serum levels of CTRP-5, complement C3, and ASP 
in patients with hypothyroidism and PCOS. Previous 
research has demonstrated that these factors are altered 
in both hypothyroidism and PCOS [26–29], However, 
no studies have been found that specifically examine the 
relationship between these factors and hypothyroidism in 
patients with PCOS.

The case-control groups matched for age but not for 
BMI. PCOS is known to affect metabolism, often result-
ing in an increase in BMI, particularly when it coexists 
with hypothyroidism, which further slows metabolic 
rates. However, despite the differences in BMI between 
healthy controls and individuals with PCOS, our study 
found no significant difference in BMI between the two 
groups of PCOS women—those with and without hypo-
thyroidism. Consistent with previous studies [30, 31], 
this study also demonstrated that PCOS is associated 
with decreased blood levels of CTRP-5. Furthermore, 
a more pronounced decrease in blood CTRP-5 levels 
was observed in women with PCOS and hypothyroid-
ism compared to those with PCOS alone. One of the 
most common symptoms associated with PCOS is being 
overweight or experiencing difficulty losing weight due 
to insulin resistance. Generally, CTRP-5 is negatively 

correlated with insulin resistance, the free androgen 
index, and BMI. Several studies, including one conducted 
by Jiang et al., have reported an association between 
CTRP-5 and the regulation of glucose and lipid metabo-
lism [32–34]. They demonstrated a negative correlation 
between this factor and the increased risk of metabolic 
syndrome, linking it to the development of insulin resis-
tance [35]. Therefore, the increase in BMI, blood sugar 
levels, and lipid profiles in patients with PCOS is likely 
related to a decrease in CTRP-5 and, to some extent, an 
increase in insulin resistance. Additionally, the positive 
relationship between thyroid hormones and catabolism 
helps explain the rise in these parameters among PCOS 
patients with hypothyroidism. The structural similari-
ties between CTRP-5 and adiponectin provide insight 
into the relationship between CTRP-5 and metabolic 
disorders, such as obesity. Consequently, similar to adi-
ponectin, decreased levels of CTRP-5 contribute to the 
development of metabolic disturbances [36–40] .

Complement pathway proteins, particularly comple-
ment C3, are elevated in individuals with PCOS and 
can be influenced by factors such as obesity and insulin 
resistance. The activation of C3 results in the formation 
of C3a, which subsequently converts to C3adesArg, also 
known as ASP. ASP interacts with adipocytes through 
its receptor C5L2, promoting triglyceride synthesis and 
enhancing lipid storage. Research indicates that ASP 
levels are significantly elevated in PCOS, particularly in 
patients with concurrent hypothyroidism, which further 
intensifies ASP levels [41–43]. The presence of high C3 
and ASP levels in non-hypothyroid PCOS patients may 

Fig. 4 ROC (receiver operating characteristic) curves for CTRP-5 (C1q/TNF-related protein 5), ASP (anti–thyroid peroxidase), and complement-C3 in 
evaluating subjects with PCOS
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account for similar triglyceride levels despite variations 
in BMI. In hypothyroid PCOS patients, reduced metabo-
lism due to lower thyroid hormone levels may contribute 
to increased triglyceride levels. Additionally, the height-
ened presence of C3 receptors in hepatocytes in PCOS 
may lead to elevated triglycerides, cholesterol, and LDL 
levels, potentially increasing VLDL production and its 
release into the bloodstream. Cakir and Simsek [44] also 
found that total cholesterol/HDL (TC/HDL), triglyc-
erides/HDL (TG/HDL) and LDL/HDL levels were sig-
nificantly higher in patients with PCOS than in control 
group. Hypothyroidism is associated with increased BMI, 
blood triglycerides, cholesterol and LDL levels [45, 46]. 
Alterations in lipid and glucose metabolism can influence 
adipokine hormone levels. Several studies have explored 
the relationship between thyroid hormones and adipo-
kines [38, 47, 48], however, there is no direct evidence 
regarding how thyroid hormones affect the synthesis and 
secretion of CTRP-5, ASP, or C3. Haiying et al. reported 
that hypothyroidism is associated with increased ASP 
levels and decreased adiponectin levels [49]. However, no 
research has been conducted on the relationship between 
CTRP-5 and hyperthyroidism or hypothyroidism. The 
majority of women with PCOS are likely to develop 
hypothyroidism [45]. According to Sethi [50], this may 
result from a dysfunction in the hypothalamic-pituitary-
ovarian axis, leading to insufficient thyroid hormone 
production. Padalkar et al. [51] suggested that metabolic 
disorders in women with PCOS might be associated with 
the presence of unopposed estrogen, which is known to 
trigger autoimmune reactions, such as the production of 
thyroid peroxidase antibodies.

PCOS and hypothyroidism share several symptoms, 
including fatigue, weight gain, depression, and menstrual 
irregularities, which can lead to potential misdiagno-
sis, particularly in middle-aged women. Both conditions 
affect fertility and the reproductive cycle. Low levels of 
thyroid hormones can disrupt ovulation, cause luteal 
phase defects, and alter the balance of sex hormones, 
potentially resulting in polycystic ovaries that resemble 
those seen in PCOS. While changes in energy utilization 
and storage in PCOS can impact thyroid function, the 
primary finding of this research was the elevated levels of 
Anti-TPO antibodies in individuals with both hypothy-
roidism and PCOS, similar to those observed in Hashi-
moto’s hypothyroidism [52, 53]. However, the connection 
between these conditions has yet to be fully understood. 
In Hashimoto’s thyroiditis, the immune system gradually 
targets and inflames the cells in the thyroid gland over 
an extended period, resulting in chronic inflammation. 
Conversely, most individuals with PCOS exhibit elevated 
levels of chronic inflammation. Both chronic inflamma-
tion and PCOS are associated with several potential com-
plications, including type 2 diabetes, obesity, and possibly 

thyroid disorders. Hypothyroidism not only exacerbates 
the symptoms of PCOS—such as weight gain, irregular 
menstrual cycles, and increased insulin resistance—but 
it can also lead to symptoms that are not typically asso-
ciated with PCOS. These symptoms may include goiters 
(enlarged thyroid glands), facial rounding (moon facies), 
and bradycardia (abnormally slow heart rate).

Conclussions
In conclusion, our study highlights distinct metabolic 
and hormonal differences between PCOS patients with 
and without hypothyroidism. While both groups exhib-
ited significantly higher BMI, blood glucose, cholesterol, 
and triglyceride levels compared to healthy controls, 
PCOS patients with hypothyroidism demonstrated a 
unique profile characterized by elevated cholesterol and 
triglycerides but notably higher HDL and lower LDL 
levels. Furthermore, hormonal analyses revealed lower 
FSH levels in PCOS patients without hypothyroidism, 
while those with hypothyroidism had diminished levels 
of complement C3, CTRP-5, and ASP. Correlation analy-
ses indicated complex interrelationships among these 
biomarkers and metabolic parameters, suggesting that 
thyroid function may modulate the metabolic derange-
ments associated with PCOS. The diagnostic potential of 
complement C3, CTRP-5, and ASP was affirmed through 
ROC curve analysis, indicating their utility in distinguish-
ing PCOS patients from healthy individuals. Overall, 
these findings underscore the importance of considering 
thyroid status in the metabolic assessment and manage-
ment of PCOS. Considering the metabolic changes in 
PCOS and the decrease in metabolic rate in hypothyroid-
ism, it is suggested to investigate adipokines and its rela-
tionship with insulin resistance and BMI in both groups 
of PCOS patients with and without hypothyroidism.
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