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Abstract

Background: Polycystic ovary syndrome is closely associated with insulin resis-
tance and free testosterone index, yet substantial research remains necessary to
provide references for its diagnosis and treatment.

Objective: To investigate the clinical significance of adiponectin in patients with
polycystic ovary syndrome under varying free testosterone index and insulin
resistance levels.

Methods: A total of 161 subjects, including healthy women of reproductive age
and PCOS patients, were randomly selected from outpatients and inpatients at
the Affiliated Hospital of Zunyi Medical University (enrolled between October
2017 and May 2020). All PCOS patients were divided into PCOS with hyperan-
drogenemia group and PCOS without hyperandrogenemia group based on the
presence of concurrent hyperandrogenemia. Furthermore, the association be-
tween adiponectin and free testosterone index in PCOS patients across different
serum testosterone levels was analyzed using the quartile method.

Results: The adiponectin level in PCOS patients with hyperandrogen-
emia was significantly lower than that in PCOS patients without hy-
perandrogenemia  [(126.1834+26.21)mg/dlvs.(174.96+£18.15)mg/dl, P <
0.001].Thedegreeo finsulinresistancewassigni ficantlymoreseverethanthatin PCOSpatientswithouthyperan
IRvalueb.1943.24vs.3.77+£$1.89, P<0.001).  Under different testosterone
concentration groupings, adiponectin was negatively correlated with free
testosterone index and HOMA-IR regardless of whether patients had concur-
rent hyperandrogenemia or obesity (P<0.01 or <0.001). Multiple stepwise
regression analysis results showed that regardless of whether PCOS patients
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had concurrent HA, free testosterone index and HOMA-IR were the main influ-
encing factors of serum adiponectin level (P<0.01 or <0.001), and adiponectin
was the main influencing factor of FAI (P<0.01 or <0.001).

Conclusion: Under different testosterone concentrations, adiponectin levels in
PCOS patients are closely related to free testosterone index and insulin resis-
tance and are mutually main influencing factors. Measuring serum adiponectin
level can simultaneously reflect the free testosterone index and insulin resistance
degree in PCOS patients. Adiponectin may serve as an indicator for simulta-
neously evaluating hyperandrogenemia and insulin resistance in patients with
polycystic ovary syndrome.
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Abstract

Background: Polycystic ovary syndrome (PCOS) is closely associated with
insulin resistance and free testosterone index, yet extensive research remains
needed to provide reference for its diagnosis and treatment.

Objective: To investigate the clinical significance of adiponectin in PCOS pa-
tients under different free testosterone index (FAI) and insulin resistance levels.
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Methods: A total of 161 healthy women of childbearing age and PCOS pa-
tients were randomly selected from outpatients and inpatients at the Affiliated
Hospital of Zunyi Medical University between October 2017 and May 2020. All
PCOS patients were divided into PCOS with hyperandrogenemia and PCOS
without hyperandrogenemia groups. The correlation between adiponectin and
free testosterone index in PCOS patients under different serum testosterone
levels was further analyzed using quartile analysis.

Results:  Adiponectin levels in PCOS patients with hyperandrogene-
mia were significantly lower than in those without hyperandrogenemia
[(126.18$+26.21)mg/dlvs(174.96+18.15)mg/dl, P < 0.001].T hedegreeo finsulinresistancewasalsosigni ficant
IR5.1943.24vs3.77+$1.89, P<0.001). Across different testosterone concen-
tration subgroups, adiponectin was negatively correlated with both free
testosterone index and HOMA-IR regardless of hyperandrogenemia or obesity
status (P<0.01 or P<0.001). Multivariate stepwise regression analysis showed
that regardless of hyperandrogenemia status, free testosterone index and
HOMA-IR were the main influencing factors of serum adiponectin levels
(P<0.01 or P<0.001), and adiponectin was the main influencing factor of FAI
(P<0.01 or P<0.001).

Conclusion: In PCOS patients under different testosterone concentrations,
adiponectin levels are closely related to both free testosterone index and in-
sulin resistance, with these factors mutually influencing each other. Serum
adiponectin measurement can simultaneously reflect both free testosterone in-
dex and insulin resistance degree in PCOS patients, suggesting that adiponectin
may serve as an indicator for evaluating both hyperandrogenemia and insulin
resistance in PCOS.

Keywords: Polycystic ovary syndrome; Adiponectin; Testosterone; Free testos-
terone index; Insulin resistance

Introduction

Polycystic ovary syndrome (PCOS) is a clinical syndrome characterized pri-
marily by hyperandrogenemia, anovulation (such as oligomenorrhea, amenor-
rhea, infertility), and polycystic ovarian morphology [1]. Previous studies have
demonstrated a close relationship between hyperandrogenism and insulin levels
in patients, where elevated blood insulin promotes increased androgen synthesis,
affecting normal follicular development and leading to hirsutism, menstrual dis-
orders, and even infertility [2,3]. Additionally, increased androgen levels affect
insulin sensitivity in various target cells from multiple perspectives, exacerbat-
ing insulin resistance to some extent and significantly increasing patients’ risks
of hypertension, hyperlipidemia, cardiovascular disease, and type 2 diabetes
compared to normal individuals [4].

Adiponectin (ADPN) is a protein hormone with physiological roles in energy
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metabolism, anti-inflammation, promotion of follicular development and ovu-
lation, and pregnancy [5]. As a cytokine primarily secreted by adipocytes, it
significantly influences serum sex hormone and insulin concentrations in PCOS
patients [6]. Animal experiments have shown that adiponectin can reduce an-
drogen production by affecting luteinizing hormone receptor gene expression in
theca cells [5]. Meanwhile, in PCOS patients, serum adiponectin levels are neg-
atively correlated with insulin resistance, and measuring serum adiponectin can
clinically predict the degree of insulin resistance [7].

This study preliminarily investigated the correlation between FAI and
adiponectin in PCOS patients under different serum testosterone concentra-
tions, aiming to explore whether adiponectin could serve as an indicator for
simultaneously evaluating both hyperandrogenemia and insulin resistance in
PCOS.

Methods

1.1 General Data According to the Rotterdam diagnostic criteria proposed
by the European Society of Human Reproduction and Embryology (ESHRE)
and the American Society for Reproductive Medicine (ASRM) in 2003 [7],
we selected 116 PCOS patients (divided into hyperandrogenemia and non-
hyperandrogenemia groups) and 45 healthy normal controls as study subjects,
all from outpatients and inpatients at the Affiliated Hospital of Zunyi Medical
University between October 2017 and April 2020. This study was approved by
the hospital ethics committee, and all subjects signed informed consent forms.

Exclusion criteria:

1. Other diseases that could cause increased androgen levels or changes in
adiponectin (including but not limited to endocrine diseases such as congenital
adrenal hyperplasia, androgen-secreting tumors, and Cushing’ s syndrome);

2. Pregnant women;

3. Women who had taken steroid hormones within 6 months.

All subjects underwent detailed inquiry regarding menstrual history, reproduc-
tive history, family history, past medical history, and medication history. Mani-
festations of androgen excess such as hirsutism and acne were observed. Height,
weight, BMI, waist circumference, and hip circumference were measured. All
patients denied history of assisted reproduction, smoking, or drug use.

On days 3-5 of the menstrual cycle or when no dominant follicle was observed
on ultrasound in patients with irregular menstruation, fasting elbow venous
blood was collected after 12 hours of fasting by dedicated personnel to de-
tect the following biochemical indicators: glycated hemoglobin, fasting plasma
glucose, plasma insulin concentration, blood lipids (cholesterol, triglycerides,
low-density lipoprotein, high-density lipoprotein), follicle-stimulating hormone,
luteinizing hormone, progesterone, testosterone, sex hormone-binding globulin,
and dehydroepiandrosterone sulfate. Serum adiponectin levels were measured by
enzyme-linked immunosorbent assay. Body mass index (BMI = weight /height?),
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free androgen index (FAI = total testosterone/sex hormone-binding globulin x
100), waist-to-hip ratio (WHR = waist circumference/hip circumference), and
homeostasis model assessment of insulin resistance [HOMA-IR = fasting glucose
(mmol/L) x fasting insulin ( U/ml)/22.5] were calculated.

1.2 Methods According to previous guidelines, hyperandrogenemia was de-
fined as serum testosterone concentration > 2.44 ng/ml [7]. All 116 PCOS pa-
tients were divided into two groups based on hyperandrogenemia status: PCOS
with hyperandrogenemia group (HA group, n=65) and PCOS without hyperan-
drogenemia group (non-HA group, n=>51).

Further, based on quartile values of serum testosterone concentration, both HA
and non-HA groups were divided into four subgroups:

- HA group: Quartile 1 (<2.62 mg/dL, n=15), Quartile 2 (2.62-2.77 mg/dL,
n=16), Quartile 3 (2.77-3.16 mg/dL, n=17), Quartile 4 (>3.16 mg/dL, n=17)
- Non-HA group: Quartile 1 (<1.01 mg/dL, n=14), Quartile 2 (1.01-1.23 mg/dL,
n=11), Quartile 3 (1.23-1.65 mg/dL, n=16), Quartile 4 (>1.65 mg/dL, n=10)

The mean age of all patients was (24.38$+5.03)years, andmean BM Iwas(24.53+3.90) kg /m{2}-Forty = fivehealthy
and average age 26.183+$3.65 years, with regular menstrual cycles of 28-32
days.

To further understand differences in general biochemical indicators and sex hor-
mones among PCOS patients with different BMI levels, all subjects with BMI
< 24 kg/m? were divided into PCOS normal weight group (PCOS+NW, n=47)
and non-PCOS normal weight group (non-PCOS+NW, n=21). Subjects with
BMI > 24 kg/m? were divided into PCOS overweight group (PCOS+OW, n=69)
and non-PCOS overweight group (non-PCOS+0OW, n=24).

1.3 Statistical Analysis Data were processed using SPSS 22.0 software. All
data were analyzed after fully controlling for confounding factors and balanc-
ing baseline data. Quantitative data with normal distribution were expressed
as x+s, while non-normally distributed data were expressed as M(Q1,Q3). In-
dependent samples t-test was used for inter-group comparisons when data met
normal distribution; otherwise, non-parametric tests were used. Pearson correla-
tion analysis was used to understand correlations between indicators. Stepwise
multiple linear regression analysis was used to determine relationships between
independent and dependent variables. P<0.05 was considered statistically sig-
nificant.

Results

2.1.1 Comparison of General Data and Clinical Biochemical Indicators
Compared with the normal control group, the HA and non-HA PCOS groups
showed significantly increased weight, BMI, waist circumference, hip circumfer-
ence, WHR, FPG, FINS, HOMA-IR, HbAlc, TG, and LDL-C, while HDL-C
was significantly decreased (P<0.05). Comparison between HA and non-HA
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groups revealed that HOMA-IR and TG levels were significantly higher in the
HA group, while HDL-C was significantly lower (P<0.05). See .

2.1.2 Comparison of Sex Hormones and Adiponectin Levels The HA
group showed significantly higher FSH, testosterone, and FAI compared with the
normal control group, while progesterone, SHBG, and adiponectin were lower
(P<0.05). The non-HA group also showed increased FSH, testosterone, and
FAI compared with controls (P<0.05). Between HA and non-HA groups, FSH,
progesterone, SHBG, and adiponectin gradually decreased, while testosterone
and FAT increased (P<0.05). See .

2.1.3 PCOS Patients Grouped by Testosterone Quartiles Further anal-
ysis after grouping all PCOS patients by serum testosterone quartiles revealed
that adiponectin levels gradually decreased with increasing quartile groups in
the HA group. This phenomenon persisted in quartiles 1, 3, and 4 of the non-HA
group and was statistically significant (P<0.05). Within-group analysis showed
that adiponectin levels in each quartile group were significantly lower than in
the corresponding non-HA group (P<0.05). See .

2.2 Comparison of PCOS Patients and Control Group by BMI One-
way ANOVA showed that PCOS patients had significantly lower progesterone,
adiponectin, and HDL-C compared with control subjects at the same BMI
level, while FINS, FPG, HOMA-IR, testosterone, and FAI were significantly
higher (P<0.01). PCOS+OW group showed significantly lower adiponectin lev-
els and higher serum testosterone and free testosterone index compared with
PCOS+NW group (P<0.01). See .

2.3.1 Correlation Analysis Results After BMI Adjustment After BMI
adjustment in all PCOS patients, adiponectin was negatively correlated with
HOMA-IR (r=-0.485, P<0.001), FAI (r=-0.607, P<0.001), and testosterone (r=-
0.725, P<0.001). In the HA group, adiponectin was negatively correlated with
FAT (r=-0.405, P=0.006), testosterone (r=-0.542, P<0.001), and HOMA-IR (r=-
0.352, P=0.018). In the non-HA group, adiponectin was negatively correlated
with FAI (r=-0.583, P=0.006) and HOMA-IR (r=-0.469, P=0.032), but not
significantly correlated with testosterone (r=-0.416, P=0.061).

2.3.1 Regression Analysis Results with FAI and Adiponectin as De-
pendent Variables After BMI Adjustment After BMI adjustment, multi-
ple linear regression analysis using height, weight, HOMA-IR, blood lipids, and
sex hormones as independent variables and FAI and adiponectin as dependent
variables (Y) was performed using the stepwise method (entry criteria o=0.05,
removal criteria a=0.1).

In the non-HA group:
- With FAT as dependent variable (Y), the regression equation was Y=-0.066X1-
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0.135X2+19.034 (r?=0.539), where X1 was adiponectin and X2 was BMI, in-
dicating that adiponectin and BMI were important influencing factors of FAI
after controlling for other variables.

- With adiponectin as dependent variable (Y), the regression equation was Y=-
6.744X1-7.91X2-1.748X3+250.486 (r2=0.688), where X1 was HOMA-IR, X2 was
FAI, and X3 was BMI, indicating that HOMA-IR, FAI, and BMI were impor-
tant influencing factors of adiponectin. Collinearity analysis showed VIF values
<5, suggesting no significant collinearity. See .

In the HA group:

- With FAI as dependent variable (Y), the regression equation was Y=-
0.123X1+36.407 (1r>=0.207), where X1 was adiponectin, indicating that
adiponectin was an important influencing factor of FAIL.

- With adiponectin as dependent variable (Y), the regression equation was
Y=-1.266X1-2.663X2+262.429 (r?=0.273), where X1 was FAI and X2 was
HOMA-IR, indicating that FAI and HOMA-IR were important influencing
factors of adiponectin. Collinearity analysis showed VIF values <5, suggesting
no significant collinearity. See .

Discussion

Polycystic ovary syndrome is the leading cause of reproductive dysfunction in
40% of women of childbearing age [8]. Women with PCOS often have systemic
metabolic disturbances, such as hyperinsulinemia and resulting diabetes, coro-
nary heart disease, hypertension, and hyperlipidemia [9]. Due to the complex
and uncertain pathogenesis of PCOS, there are currently no definitive diagnostic
indicators in clinical practice, with diagnosis primarily based on comprehensive
clinical manifestations.

Adiponectin, as a biologically active protein hormone, plays multiple roles in-
cluding anti-atherosclerosis, participation in lipid metabolism, steroid hormone
synthesis, and improvement of insulin resistance [10]. Recent studies have found
it to be closely related to PCOS diagnosis [11]. Previous research suggests that
obesity is likely one of the main clinical manifestations of PCOS patients [12].
Surveys show that 40%-80% of women with PCOS have varying degrees of
overweight, and PCOS symptoms improve significantly in most patients after
weight reduction [8]. Additionally, larger adipocyte volume is associated with
lower adiponectin levels and more pronounced relative waist circumference in-
crease [13]. Studies have shown that PCOS patients have significantly lower
ovarian expression of adiponectin receptors compared with normal patients [14].
Increasing adiponectin levels can improve metabolic function in PCOS exper-
imental mice exposed to androgen-induced dihydrotestosterone and increase
progesterone and estradiol synthesis induced by FSH and insulin-like growth
factor 1 (IGF-1) in the ovary. Testosterone can upregulate inflammatory sig-
naling pathways in adipose tissue, reduce inflammatory cytokines such as IL-6
and TNF-a, and affect adiponectin secretion [6]. Furthermore, hyperandrogen
levels have different regulatory effects on preadipocyte proliferation and differ-
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entiation. Studies on androgen receptor knockout mice suggest that androgens
may affect preadipocyte proliferation and differentiation [15].

Our study found that regardless of hyperandrogenemia or obesity status, higher
androgen levels in PCOS patients were associated with lower adiponectin and
more severe insulin resistance. This result is consistent with existing related
research and further confirms the special relationship between insulin resistance
and androgens in the pathophysiological development of PCOS [16]. Com-
bined with Singh et al.” s research, the mechanisms may include: (1) Decreased
adiponectin can induce insulin resistance, relatively increase insulin levels, and
enhance the action of P450c17a in the ovary and kidney, leading to increased
androgen or its precursors. (2) Excessive testosterone inhibits insulin binding
to target cells and relatively increases insulin levels, which exacerbates insulin
resistance in PCOS patients, further leading to decreased adiponectin [17,18].

Therefore, considering the close relationship among obesity, androgens, and
adiponectin, we first grouped all patients by BMI index to understand whether
adiponectin and androgen levels differed in non-obese PCOS patients compared
with obese PCOS patients and normal controls. The results showed that re-
gardless of obesity status, PCOS patients had significantly higher BMI, serum
testosterone concentration, fasting glucose, and insulin resistance levels com-
pared with normal controls, while adiponectin levels were significantly lower.
We then grouped patients by hyperandrogenemia status and found that the
phenomenon of decreasing adiponectin levels with increasing testosterone levels
also occurred in the non-HA group, suggesting that BMI and testosterone have
combined effects on adiponectin secretion, consistent with previous research by
Singh et al. [17].

Correlation analysis after BMI adjustment showed that regardless of hyperan-
drogenemia status, adiponectin levels decreased with increasing FAI values as
testosterone concentrations rose. This further suggests that testosterone may
affect adiponectin secretion through insulin resistance target organs other than
adipose tissue. Targeted increase of adiponectin levels may improve hyperan-
drogenemia symptoms and insulin resistance in PCOS patients, thereby amelio-
rating the development of PCOS.

Currently, clinical diagnosis of PCOS with hyperandrogenemia relying solely on
serum testosterone concentration, while simple, has a high missed diagnosis rate
due to the complex phenotypes of PCOS patients. Diagnosis combining clinical
manifestations, although more accurate, is highly subjective and heavily depen-
dent on clinicians’ experience and judgment. FAI is the most objective clinical
indicator for evaluating androgen excess. Patients with higher FAI values have
been confirmed to be more prone to ovarian hyperstimulation syndrome (OHSS).
Due to differences in insulin resistance, metabolism, and hyperandrogenic pheno-
type, FAI values vary across different PCOS phenotypes, making FAT a potential
diagnostic indicator for PCOS with hyperandrogenemia [18,19]. Previous stud-
ies have shown that PCOS patients have significantly lower adiponectin levels
than normal individuals, which can serve as a predictor for PCOS disease pro-
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gression [20]. We verified the relationship among adiponectin, FAI, and insulin
resistance at different testosterone concentration levels through multiple regres-
sion analysis. The BMI-adjusted multiple regression analysis results indicated
that adiponectin is the main influencing factor of FAI, and FAT and HOMA-IR
are also main influencing factors of adiponectin, which is basically consistent
with the above research. Meanwhile, this study found no mutual influence be-
tween FAI and adiponectin with age, progesterone, LH, or FSH, suggesting that
adiponectin can serve as a relatively stable indicator for disease prediction.

In summary, considering the interplay among FAI, adiponectin, and insulin
resistance, adiponectin, as an important adipokine affecting insulin, androgen,
and lipid metabolism levels in PCOS patients, can reflect both hyperandrogen
levels and insulin resistance degree in PCOS patients through serum adiponectin
measurement, independent of testosterone concentration. Therefore, measure-
ment of serum adiponectin levels is expected to become an important reference
indicator for PCOS diagnosis and condition assessment.
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