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Abstract

Background Polycystic ovary syndrome (PCOS) is a common reproductive and
metabolic disorder, with hyperandrogenemia being a major clinical character-
istic in POCS patients. The free androgen index (FAI) is not only significant
in diagnosing hyperandrogenemia, but is also closely associated with clinical
indicators such as glucose and lipid metabolism in PCOS patients. Objective
To investigate the correlation between different FAI levels and clinical charac-
teristics of PCOS patients. Methods A retrospective analysis was conducted
on 468 PCOS patients who visited the Gynecology Clinic of the First Affil-
iated Hospital of Heilongjiang University of Chinese Medicine between Octo-
ber 2019 and June 2021. According to tertiles of FAI levels, patients were
divided into low FAI level (LFAI) group (FAI$ $2.57, n=156) and medium
FAI level (MFAL) group (2.576.70, n=156); data on general conditions, sex
hormone levels, glucose and lipid metabolism levels, thyroid hormone levels,
and uric acid levels were collected for the three groups; Pearson correlation
analysis was used to explore the correlation between FAI levels and clinical
indicators in the three groups. Results In the HFAI group, FAI was posi-
tively correlated with body mass (r=0.301), BMI (r=0.318), waist circumference
(r=0.362), hip circumference (r=0.307), waist-to-hip ratio (WHR) (r=0.280),
testosterone (T) (r=0.581), androstenedione (AND) (r=0.407), 60-minute glu-
cose (r=0.298), 120-minute glucose (r=0.279), 180-minute glucose (r=0.281),
fasting insulin (FINS) (r=0.415), 60-minute insulin (r=0.320), 120-minute in-
sulin (r=0.362), 180-minute insulin (r=0.447), homeostasis model assessment of
insulin resistance (HOMA-IR) (r=0.446), and uric acid (r=0.265) (P<0.05), and
negatively correlated with SHBG (r=-0.486) (P<0.05). Conclusion FAI levels
are closely associated with glucose and lipid metabolism indicators in PCOS pa-
tients, and screening for and attention to clinical indicators such as glucose and
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lipid metabolism should be enhanced for PCOS patients with high FAT levels.
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Abstract

Background: Polycystic ovary syndrome (PCOS) is a common reproductive
and metabolic disorder primarily characterized by hyperandrogenemia. The free
testosterone index (FAT) is not only important in diagnosing hyperandrogenemia
but is also closely associated with clinical parameters such as glucose and lipid
metabolism indexes in PCOS patients.

Objective: To investigate the association between different FAI levels and the
clinical characteristics of PCOS patients.

Methods: A total of 468 PCOS patients who attended the gynecology outpa-
tient clinic of the First Affiliated Hospital of Heilongjiang University of Chinese
Medicine between October 2019 and June 2021 were retrospectively analyzed.
Based on FAI tertiles, patients were divided into three groups: low FAI level
(LFAI) group (FAI < 2.57, n=156), medium FAI level (MFAI) group (2.57 < FAI
< 6.70, n=156), and high FAT level (HFAI) group (FAI > 6.70, n=156). Gen-
eral information, sex hormone levels, glucose and lipid metabolism parameters,
thyroid hormone levels, and uric acid levels were collected for all three groups.
Pearson correlation analysis was used to examine the relationship between FAI
levels and clinical parameters.

Results: In the HFAI group, FAI was positively correlated with body
weight (r=0.301), BMI (r=0.318), waist circumference (r=0.362), hip cir-
cumference (r=0.307), waist-hip ratio (WHR) (r=0.280), testosterone (T)
(r=0.581), androstenedione (AND) (r=0.407), 60-minute glucose (r=0.298),
120-minute glucose (r=~0.279), 180-minute glucose (r=0.281), fasting insulin
(FINS) (r=0.415), 60-minute insulin (r=0.320), 120-minute insulin (r=0.362),
180-minute insulin (r=0.447), homeostatic model assessment of insulin resis-
tance (HOMA-IR) (r=0.446), and uric acid (r=0.265) (P<0.05), while it was
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negatively correlated with sex hormone-binding globulin (SHBG) (r=-0.486)
(P<0.05).

Conclusion: FAI levels are closely related to glucose and lipid metabolism
indexes in PCOS patients. Enhanced screening and monitoring of metabolic
parameters are crucial for PCOS patients with high FAT levels.

Keywords: Polycystic ovary syndrome; Testosterone; Androgens; Ovarian
cysts; Thyroid hormones; Uric acid

Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder in women
of reproductive age, with a prevalence of 8%-13% [1]. Chronic hyperandro-
genism is a key pathogenic mechanism in PCOS [2]. Diagnostic criteria for
PCOS vary, but hyperandrogenemia (HA) represents one of the most critical di-
agnostic indicators. Elevated androgen levels, including free testosterone (FT),
total testosterone (TT), free androgen index (FAI), dehydroepiandrosterone sul-
fate (DHEAS), and androstenedione (AND), can be used to assess HA at the
biochemical level [3]. FAI is not only closely associated with the incidence of
metabolic syndrome but also represents an important factor affecting fertility
outcomes in infertile PCOS patients [4].

Currently, research establishing FAI cutoff values for diagnosing PCOS is lim-
ited in China, and few studies have examined the correlation between different
FAI levels and clinical characteristics in PCOS patients. As an effective indi-
cator for evaluating HA, the relationship between FAI and clinical features of
PCOS warrants further investigation [5]. Therefore, this study conducted a
retrospective analysis of PCOS patients to explore the clinical characteristics
and influencing factors across different FAI levels, aiming to provide valuable
insights for clinical diagnosis and treatment.

Methods

Study Design and Participants This retrospective analysis included 468
PCOS patients diagnosed at the gynecology outpatient clinic of the First Affili-
ated Hospital of Heilongjiang University of Chinese Medicine between October
2019 and June 2021. Based on FAI levels, patients were divided into tertiles:
low FAI level (LFAI) group (FAI < 2.57, n=156), medium FAI level (MFAI)
group (2.57 < FAI < 6.70, n=156), and high FAI level (HFAI) group (FAI >
6.70, n=156). The study was approved by the Ethics Committee of the First
Affiliated Hospital of Heilongjiang University of Chinese Medicine (approval
number: HZYLKY201800601).
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Diagnostic Criteria PCOS diagnosis followed the “Chinese Guidelines for
the Diagnosis and Treatment of Polycystic Ovary Syndrome” [6]: (1) Oligomen-
orrhea, amenorrhea, or irregular uterine bleeding as essential criteria; (2) Ful-
fillment of at least one of the following: HA and/or clinical manifestations of
hyperandrogenism; Polycystic ovary morphology on ultrasound; (3) Exclusion
of other androgen-excess disorders.

Data Collection General Information: Age, blood pressure, height, body
weight, BMI, waist circumference, hip circumference, and waist-hip ratio (WHR)
were collected.

Sex Hormone Indicators: Blood samples were collected on days 3-5
of the menstrual cycle or after progesterone-induced withdrawal bleeding,
between 3-5 days after bleeding onset. Serum samples were obtained after
overnight fasting and measured using radioimmunoassay. Parameters included
follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone
(T), DHEAS, androstenedione (AND), sex hormone-binding globulin (SHBG),
and FAI [calculated as FAI = T (g/L) / SHBG (nmol/L) x 100], as well as
the LH/FSH ratio.

Glucose and Lipid Metabolism Parameters: Fasting blood glucose (FBG),
30-minute glucose, 60-minute glucose, 120-minute glucose, 180-minute glucose,
fasting insulin (FINS), 30-minute insulin, 60-minute insulin, 120-minute insulin,
180-minute insulin, triglycerides (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
apolipoprotein A (APOA), apolipoprotein B (APOB), lipoprotein a (LPa),
and HOMA-IR [calculated as HOMA-IR = FBG (mmol/L) x FINS ( U/mL)
/ 22.5).

Thyroid Hormone and Uric Acid Levels: Free triiodothyronine (FT3), free
thyroxine (FT4), thyroid-stimulating hormone (TSH), thyroglobulin antibodies
(TGAD), and uric acid.

Statistical Analysis Statistical analysis was performed using SPSS 26.0 soft-
ware. Normally distributed continuous variables were expressed as mean 4+ stan-
dard deviation (X £ s). Inter-group comparisons were conducted using one-way
ANOVA, with pairwise comparisons performed using LSD-t tests. Pearson cor-
relation analysis was used to examine the relationship between FAI levels and
other clinical parameters. P<0.05 was considered statistically significant.

Results

Comparison of General Characteristics and Sex Hormone Levels
Among Three Groups There were no significant differences in age, diastolic
blood pressure, height, or hip circumference among the three groups (P>0.05).
However, significant differences were observed in systolic blood pressure, body
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weight, BMI, waist circumference, WHR, FSH, LH, LH/FSH ratio, T, DHEAS,
AND, and SHBG (P<0.05). Specifically, the HFAI group showed higher body
weight, BMI, waist circumference, WHR, DHEAS, and AND compared to both
the LFAT and MFAT groups (P<0.05). The HFAI group also had higher systolic
blood pressure and T levels but lower LH and LH/FSH ratio compared to the
MFAI group, along with lower SHBG levels (P<0.05). Both the MFAI and
HFAT groups had lower FSH levels than the LFATI group (P<0.05), while the
MFAT group had a higher LH/FSH ratio than the LFAT group (P<0.05) .

Comparison of Glucose and Lipid Metabolism Levels Among Three
Groups Significant differences were found among the three groups in 30-
minute glucose, 60-minute glucose, 120-minute glucose, FINS, 30-minute in-
sulin, 60-minute insulin, 120-minute insulin, 180-minute insulin, HOMA-IR,
TG, HDL-C, APOB, and uric acid levels (P<0.05). The HFAI group exhib-
ited higher levels of 60-minute glucose, 120-minute glucose, FINS, 30-minute
insulin, 60-minute insulin, 180-minute insulin, HOMA-IR, TG, APOB, and uric
acid compared to both the LFAI and MFAT groups (P<0.05). Additionally,
the HFAI group showed higher 120-minute insulin and lower HDL-C levels com-
pared to the LFAI group, and higher 30-minute glucose levels compared to the
MFAI group (P<0.05) .

Correlation Analysis Correlation Between FAI Levels and General
Characteristics/Sex Hormones: In the LFAI group, FAI was negatively cor-
related with age and SHBG (P <0.05) and positively correlated with T (P<0.05).
In the MFAI group, FAI was negatively correlated with body weight, BMI,
waist circumference, hip circumference, and WHR, (P<0.05) and positively cor-
related with T (P<0.05). In the HFAI group, FAI was positively correlated with
body weight, BMI, waist circumference, hip circumference, WHR, T, and AND
(P<0.05) and negatively correlated with SHBG (P<0.05) .

Correlation Between Different FAI Levels and Glucose/Lipid
Metabolism and Thyroid Hormones: In the LFAI group, FAI was
positively correlated with APOA (P<0.05) and negatively correlated with 30-
minute glucose and uric acid (P<0.05). In the MFAI group, FAI was positively
correlated with 60-minute insulin, TG, APOB, and uric acid (P<0.05). In the
HFAT group, FAI was positively correlated with 60-minute glucose, 120-minute
glucose, 180-minute glucose, FINS, 60-minute insulin, 120-minute insulin,
180-minute insulin, HOMA-IR, and uric acid (P<0.05) .

Discussion

Hyperandrogenism is a hallmark feature of PCOS. In addition to insulin resis-
tance, elevated HA can lead to metabolic disturbances. Studies have found that
HA in PCOS patients reduces the sensitivity of hypothalamic gonadotropin-
releasing hormone neurons to estrogen and progesterone, resulting in signifi-
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cantly increased gonadotropin-releasing hormone and LH secretion, while rela-
tive FSH deficiency leads to abnormal follicular development and reduced con-
version of AND and DHEAS to estrogen [11]. Increased LH inhibits hepatic
SHBG production, thereby increasing free testosterone levels [11]. Our results
showed that both MFAT and HFAI groups had lower FSH levels than the LFAI
group, while the HFAT group had lower LH levels than the MFAI group, consis-
tent with these findings.

Testosterone can increase serum uric acid levels by inducing hepatic purine nu-
cleotide metabolism or upregulating expression of the urate reabsorption trans-
porter system Smctl [12]. Studies have shown that SHBG is negatively corre-
lated with uric acid levels in premenopausal obese women, and the potential
mechanism of reduced SHBG levels may be related to AMPK inactivation in
hepatocytes caused by elevated uric acid concentrations [13]. Our study found
that the HFAI group had higher uric acid levels than both the LFAI and MFAI
groups, and FAI was positively correlated with uric acid levels in both the
medium and high FAI groups. Research has demonstrated that testosterone
levels are positively correlated with serum uric acid levels and the prevalence of
hyperuricemia in women with PCOS [14], consistent with our findings.

The HFAI group in our study also showed higher TSH levels than the MFAI
group. Thyroid function is closely related to the hypothalamic-pituitary-ovarian
axis, and thyroid dysfunction can affect sex hormone secretion. Cai et al. [15]
found that PCOS patients with TSH > 2.5 mU/L had significantly elevated
FAI levels and reduced SHBG levels. Subclinical hypothyroidism is associated
with increased body weight, increased SHBG, and enhanced conversion of an-
drostenedione to testosterone [16], and elevated androgen levels can worsen in-
sulin resistance, which is also linked to increased TSH [17].

Obesity and insulin resistance are common complications in women with PCOS,
and obesity can exacerbate insulin resistance, HA, and metabolic syndrome [8].
Our study found that the HFAI group had higher levels of 30-minute and 60-
minute glucose, 30-minute, 60-minute, and 180-minute insulin, FINS, HOMA-
IR, TG, and APOB compared to the LFAI and MFAI groups. Correlation
analysis revealed that in the HFAI group, FAI was positively correlated with
60-minute, 120-minute, and 180-minute glucose, FINS, 60-minute, 120-minute,
and 180-minute insulin, and HOMA-IR. HOMA-IR stimulates ovarian andro-
gen synthesis and reduces testosterone levels, thereby inhibiting hepatic SHBG
production and increasing androgen bioactivity, leading to HA [9]. Elevated
androgen levels increase lipolysis and free fatty acids, affecting glucose uptake
and utilization and resulting in insulin resistance [10].

Our study also found that the HFAI group had higher body weight, BMI, waist
circumference, and WHR than the LFAI and MFAT groups, with higher systolic
blood pressure than the MFAT group. Correlation analysis showed that in both
the MFAI and HFAI groups, FAI was positively correlated with BMI, waist
circumference, hip circumference, and WHR. Research indicates that obese pa-
tients have more severe HA [7]. The positive rates of diagnosing HA using AND
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and FAI are higher than using T alone, and elevated FAI levels can effectively
evaluate HA [7]. Our study demonstrates that FAI levels are closely associated
with glucose and lipid metabolism parameters, thyroid dysfunction, and other
metabolic disturbances in PCOS patients, with high FAI levels showing more
severe metabolic and hormonal imbalances.

Conclusion

FAI levels are closely related to glucose and lipid metabolism indexes in PCOS
patients. High FAI levels are associated with more severe metabolic and hor-
monal disturbances. Therefore, PCOS patients with elevated FAI levels should
receive enhanced screening and monitoring of metabolic parameters to enable
early prevention of complications. This study had certain geographical limita-
tions in patient recruitment; future multi-center studies are needed to reduce
the impact of single-center sampling and improve diagnostic accuracy for PCOS
and its complications.
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