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Objective: Women diagnosed with PCOS exhibit a high prevalence of obstructive sleep apnea (OSA). This study aims to assess risk
factors of OSA among patients with PCOS.

Methods: This retrospective study included 126 patients with PCOS who were categorized into an OSA group (n = 30) and a non-
OSA group (n = 96) according to the apnea-hypopnea index (AHI). A control group comprised 72 patients without PCOS who
presented during the same period for infertility due to fallopian tube, pelvic, or male factors. Patients with PCOS A multivariate
logistic regression model was used to analyze independent risk factors for OSA in the PCOS group.

Results: Patients with PCOS had significantly higher AHI values and elevated values for various physical indicators, including body
mass index (BMI) and neck, waist, and hip circumferences; prolactin (PRL); fasting plasma glucose (FPQG); insulin (FINS);
triglycerides (TG); homeostasis model assessment of insulin resistance (HOMA-IR); 2-hour postprandial glucose (2-hPG) and insulin
(2-hINS); AHI; and oxygen desaturation index (ODI). Conversely, levels of high-density lipoprotein cholesterol (HDL-C) and lowest
oxygen saturation (LSaO,) were significantly lower (p < 0.05). AHI was positively correlated with BMI, neck circumference, waist
circumference, hip circumference, 2-hPG, 2-hINS, and apolipoprotein B/ apolipoprotein A1 (apoB/apoAl) ratio (p < 0.05). BMI and
neck circumference as independent risk factors for OSA in patients with PCOS (p < 0.05). The ROC curve analysis of BMI, neck
circumference and BMI + neck circumference to predict PCOS patients with OSA showed that AUC=0.838,0.842 and 0.859,
respectively, all exhibiting high sensitivity and specificity.

Conclusion: OSA in PCOS patients is linked to metabolic indicators. High neck circumference and BMI levels were independent risk
factors, highlighting the need for OSA in routine PCOS screening, particularly in the context of metabolic dysregulation.
Keywords: body mass index, neck circumference, obstructive sleep apnea, polycystic ovary syndrome

Introduction

Polycystic ovary syndrome (PCOS) is among the most prevalent chronic endocrine—metabolic disorders affecting females of
reproductive age, with a global prevalence estimated at 10—13%." The condition is characterized by clinical and/or biochemical
manifestations of hyperandrogenism, persistent anovulation, and polycystic ovarian morphology, often presenting with hetero-
geneous clinical features.®> Advancements in medical knowledge and increased awareness of health-related conditions have led to
broader recognition of PCOS as a complex, multisystem disorder. In addition to its impact on reproductive function, PCOS has
been associated with a range of metabolic abnormalities, including hyperinsulinemia, insulin resistance (IR), obesity, and
dyslipidemia.* Furthermore, evidence has suggested a significant association between PCOS and sleep-related disorders.®
Individuals with PCOS are at increased risk of developing type 2 diabetes mellitus (T2DM), cardiovascular disease, and various
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mental health conditions compared to those without PCOS. As a systemic disorder, PCOS has been shown to substantially impair
overall quality of life.

Obstructive sleep apnea (OSA), the most common form of sleep-disordered breathing, is a condition characterized by
recurrent episodes of decreased oxygen saturation, sleep fragmentation, upper airway occlusion, and sleep analysis findings
that reveal significant disruptions in breathing, specifically the apnea hypopnea index (AHI). Furthermore, evidence indicates
that OSA contributes to a range of adverse health outcomes, including cardiovascular disease, metabolic syndrome, diabetes,
chronic pulmonary disease, cognitive impairment, and reproductive function.”” Yet, it is often overlooked and unassessed.
A recent meta-analysis highlighted the high prevalence of OSA among women with PCOS.'” Observational evidence in
a limited number of studies suggests that metabolic outcomes are worsened among PCOS women who have OSA.'"*'? So,
Early detection and management of OSA are therefore considered essential in clinical practice.

In this context, the present study aimed to identify metabolic risk factors associated with OSA among individuals
diagnosed with PCOS. By analyzing key metabolic indicators, the study aimed to provide a basis for early screening and
diagnosis of OSA in this population.

Materials and Methods

Study Population

This retrospective study included 126 individuals diagnosed with PCOS who received care at the Reproductive Medicine
Center of the General Hospital of Ningxia Medical University between June 2023 and January 2025. Additionally, 72 patients
without PCOS, presenting with infertility attributed to isolated tubal factor or male factor, were included as the control group
during the same period. This study was approved by the Ethics Committee of the General Hospital of Ningxia Medical
University (Approval number: KYLL-2024-0205). Written informed consent was obtained from all participants.

Inclusion Criteria

Eligible participants were aged 40 years or younger. Inclusion in the PCOS group was based on the diagnostic criteria
established by the 2003 Rotterdam consensus.* Individuals in the control group were diagnosed with infertility, exhibited
regular menstrual cycles, and demonstrated normal sex hormone profiles.

Diagnostic Criteria for PCOS
The diagnosis of PCOS was established based on the 2003 Rotterdam criteria, which require the presence of at least two
of the following three conditions, following the exclusion of other causes of hyperandrogenemia and oligo-amenorrhea:*

1) Oligo-ovulation or anovulation;

2) Clinical and/or biochemical evidence of hyperandrogenemia;

3) Polycystic ovarian morphology on ultrasonography, defined as the presence of > 12 small follicles with a diameter
of 2-9 mm in at least one ovary and/or an ovarian volume > 10 cm”’.

Diagnostic Criteria for OSA
A diagnosis of OSA was established based on the occurrence of > 30 episodes of apnea and hypopnea during a 7-hour nocturnal
sleep period or an apnea-hypopnea index (AHI) of > 5 events per hour, in accordance with established diagnostic guidelines.''

Exclusion Criteria

(1) Androgen-secreting tumors, Cushing syndrome, prolactinoma, congenital adrenal hyperplasia, and thyroid
diseases.

(2) Presence of other types of sleep-disordered breathing, including central sleep apnea or mixed sleep apnea
syndrome; comorbid neurological or psychiatric disorders; or other endocrine-metabolic conditions.

(3) Use of glucocorticoids or anti-androgen medications within the preceding 3 months, or ongoing use of insulin
sensitizers for more than 6 months.

(4) History of chronic smoking, alcohol use disorder, or disruption of circadian rhythm.

4424 https: International Journal of Women’s Health 2025:17



Ha et al

(5) History of pharyngeal surgery or anatomical abnormalities such as severe nasal septal deviation or adenoid hypertrophy.

Research Methods

Baseline Information

Baseline demographic and anthropometric data included age, height, weight, neck circumference, waist circumference,
and hip circumference.

Neck circumference was measured with the participant in a standing position and the head held upright. A flexible
measuring tape was positioned horizontally at the level of the thyroid cartilage.

Waist circumference was measured with the participant standing upright, feet together, and breathing normally. The
abdominal muscles were relaxed during the procedure. A soft measuring tape was positioned at the midpoint between the
lowest point of the rib cage and the upper edge of the iliac crest. The measurement was taken at the end of a normal
exhalation and before the next inhalation.

Hip circumference was measured as the horizontal circumference at the level of the most prominent point of the
buttocks, using a non-elastic measuring tape while the participant remained in a standing position.

Laboratory and Clinical Parameters

Reproductive Endocrine Hormones

Fasting venous blood samples were collected from all participants between days 2 and 4 of the menstrual cycle. Follicle
stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), total testosterone (T), estradiol (E2) and anti-
Miillerian hormone (AMH) were measured using chemiluminescent analyzer (Beckman Coulter Inc, Fullerton, CA, USA).

Glucose and Lipid Metabolism Parameters

Serum glucose levels, insulin levels, total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) were measured on an automated biochemistry analyzer (Olympus 600, Olympus Diagnostica
Gmbh, Ireland).Participants also underwent a 2-hour 75-g oral glucose tolerance test including 2-hour glucose and 2-hour
insulin values.The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated according to the
following equation: fasting serum glucose (FPG, mmol/l) x fasting insulin (FINS, mIU/1)/22.5.

Polysomnography (PSG) Monitoring Parameters

All patients were evaluated by a sleep medicine provider followed by formal testing for OSA with a polysomnography
(PSG) (SF-A9,Hunan Wanmai Medical Technology Co, Ltd,Chin). OSA severity was defined based on apnea-hypopnea
index (AHI) as mild (5-15/h), moderate (15-30/h), or severe (>30/h). From the PSG, information on AHI, lowest oxygen
saturation (Sp02), time spent below SpO2 <89% and 4% oxygen desaturation index (ODI) was obtained.

Statistical Analysis

Statistical analyses were performed using SPSS version 26.0. The Shapiro—Wilk test was used to determine the normality
of continuous data. Variables following a normal distribution were expressed as mean + standard deviation (¥ £ s), and
intergroup comparisons were conducted using independent sample #-tests. Non-normally distributed variables were
expressed as median with interquartile range [M (P,s, P75)] and compared using the Mann—Whitney U-test.

Pearson’s correlation analysis was used to evaluate linear associations between variables. Multivariate logistic
regression analysis was employed to determine independent factors associated with the presence of OSA in patients
with PCOS. Categorical data were analyzed using the chi-square test.

Receiver operating characteristic (ROC) curve analysis was conducted to evaluate the predictive efficacy of body
mass index (BMI) and neck circumference for the diagnosis of OSA. The area under the curve (AUC) and 95%
confidence interval (CI) were calculated to evaluate diagnostic performance. A p-value of < 0.05 was considered
statistically significant. GraphPad Prism 8.0 software was used to generate graphical representations.
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Results

Comparison of Baseline Characteristics Between PCOS and Non-PCOS Groups
Participants diagnosed with PCOS exhibited significantly higher values of BMI, AMH, neck circumference, waist
circumference, hip circumference, T, and LH compared to the non-PCOS group (p < 0.05). No statistically significant
differences were observed between the two groups in terms of age, FSH, E2, or PRL levels (p > 0.05) (Table 1).

Comparison of Metabolic Indicators Between PCOS and Non-PCOS Groups

The PCOS group demonstrated significantly elevated levels of FINS, homeostatic model assessment for IR (HOMA-IR), TG,
and apoB, along with reduced levels of HDL-C, relative to the non-PCOS group (p < 0.05). No statistically significant
differences were detected in FPG, TC, LDL-C, apoAl, or apoB/apoAl ratio between the two groups (p > 0.05) (Table 2).

Table | Comparison of Baseline Characteristics Between PCOS and Non-PCOS

Groups
Group PCOS Group Non-PCOS Group tiZ P
n=126 n=172

Age (y) 28.53+4.05 27.50+4.53 1.804 | 0.073
BMI (25kg/m?) 26.77+4.84 24.60+5.80 2.025 | 0.045*
AMH (ng/mL) 6.87£1.63 2.67%1.21 17.032 | 0.000*
Neck circumference (cm) 34.74+3.99 32.96+3.44 2.832 | 0.005*
Waist circumference (cm) 86.12+12.37 80.05+9.24 3.125 | 0.002%*
Hip circumference (cm) 98.38+8.64 94.85+7.77 3.583 | 0.000%*
FSH (mIU/mL) 6.38£1.61 6.22+1.40 0.558 | 0.578
LH (mlU/mL) 7.12 (443, 9.97) 4.45 (2.59, 8.36) 3.053 | 0.002*
E; (pg/mL) 46.25 (39.25, 55.48) | 42.80 (32.53, 56.07) | 0.732 | 0.464
PRL (ng/mL) 9.49 (7.52, 13.21) 9.29 (7.26, 13.06) 0.590 | 0.556
T (ng/dl) 33.37+11.80 27.46+9.49 2.828 | 0.005*

Note: *Significant; t-test.
Abbreviations: BMI, Body Mass Index; AMH, Anti-Miillerian Hormone; FSH, Follicle Stimulating Hormone;
LH, Luteinizing Hormone; E2, Estradiol; PRL, prolactin; T, Testosterone.

Table 2 Comparison of Metabolic Indicators Between PCOS and Non-
PCOS Groups

Group PCOS Group | Non-PCOS Group t P
n=126 n=72

FPG (mmol/L) 5.15£0.61 5.01+0.45 1.552 | 0.122
FINS (mUI/L) 16.27+7.34 11.68+4.02 4.297 | 0.000%
HOMA-IR 3.49+2.16 1.97+1.45 5.297 | 0.000*
2- hPG (mmol/L) 6.89+2.30 -

2-hINS (mU/L) 89.61+£51.97 -

TG (mmol/L) 1.66+0.68 1.16+0.35 5.116 | 0.000*
TC (mmol/L) 4.68+0.81 4.60+0.75 0.591 0.555
HDL-C (mmol/L) 1.21+0.25 1.33+0.24 —2.964 | 0.003*
LDL-C (mmol/L) 2.98+0.79 2.76+0.51 1.868 | 0.064
apoAl (g/L) 1.36+0.20 1.320.16 0.810 | 0.420
apoB (g/L) 0.89+0.22 0.80£0.12 2.137 | 0.035%
apoB/apoAl 0.67+0.19 0.61£0.13 1.428 | 0.156

Note: *Significant; t-test.

Abbreviations: FPG, Fasting Plasma Glucose; FINS, fasting insulin; 2-hBG, 2-hours Plasma
Glucose; 2-hINS, 2-hours Insulin; TG, Triglyceride; TC, Total Cholesterol; HDL, High-density
Lipoprotein Cholesterol; LDL, Low-density Lipoprotein Cholesterol.
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Comparison of OSA-Related Indices Between PCOS and Non-PCOS Groups
Compared to the non-PCOS group, the PCOS group demonstrated significantly elevated AHI and ODI values, along with
decreased LSa0,. (p < 0.05) (Table 3).

Comparison of Baseline Characteristics Between OSA and Non-OSA Groups

Among the PCOS cohort, participants with OSA had significantly higher BMI, neck circumference, waist circumference,
hip circumference, and PRL levels compared to those without OSA (p < 0.05). No statistically significant differences
were noted in age, AMH, FSH, LH, E2, and T levels between the two groups (p > 0.05) (Table 4).

Comparison of Metabolic Indicators Between OSA and Non-OSA Groups

Participants with OSA exhibited significantly higher levels of FPG, FINS, HOMA-IR, 2-hPG, 2-hINS, and TG, along
with lower levels of HDL-C, compared to those without OSA (p < 0.05). No statistically significant differences were
observed in TC, LDL-C, apoAl, apoB, or apoB/apoAl ratio (p > 0.05) (Table 5).

Comparison of Sleep Characteristics Between OSA and Non-OSA Groups in Patients
with PCOS

Within the PCOS group, those diagnosed with OSA demonstrated significantly higher values for AHI and ODI, along
with significantly lower minimum LSaO,, compared to the non-OSA group (p < 0.05) (Table 6).

Table 3 Comparison of OSA Occurrence Between PCOS and Non-PCOS

Groups
Group PCOS Group | Non-PCOS Group t P
n=126 n=172
AHI (times/hour) 3.17+5.04 1.31+2.01 3.826 | 0.000*
ODI (times) 5.53+7.37 2.61+4.58 4.517 | 0.000%
LSaO2 (%) 88.48+4.39 94.27+5.36 —4.024 | 0.000%*

Note: *Significant; t-test.
Abbreviations: AHI, Apnea Hypopnea Index; ODI, Oxygen depletion index.

Table 4 Comparison of Baseline Characteristics Between OSA and Non-OSA Groups

Group OSA Group Non-OSA Group tiZ P
n=30 n =96

Age (y)* 27.90+4.28 28.72+3.97 —0.978 | 0.330
BMI (25kg/m?)* 31.61£3.70 25.32+4.17 7.174 | 0.000*
AMH (ng/mL)* 7.07+1.67 6.91£1.63 0.756 | 0.431
Neck circumference (cm)® 38.32+2.98 33.64+3.61 6.342 | 0.000*
Waist circumference (cm)* 96.89+11.95 82.84+10.54 6.088 | 0.000*
Hip circumference (cm)* 105.51£10.28 96.20+6.77 5.684 | 0.000*
FSH (mlU/mL)* 5.98+1.06 6.49£1.73 —1.202 | 0.121
LH (mIU/mL)™ 7.27 (4.98, 8.15) 7.12 (440, 14.24) 0.500 | 0.617
E; (pg/mL)™ 43.94 (37.01, 48.70) | 47.09 (39.25, 56.80) | —1.096 | 0.273
PRL (ng/mL)™ 8.11 (6.48, 9.60) 10.14 (7.71, 1424) | —2.074 | 0.038*
T (ng/dl)* 36.04x11.72 32.47+11.53 1.130 | 0.262

Note: *Significant; m: Mann-Whitney U; t: t-test.
Abbreviations: BMI, Body Mass Index; AMH, Anti-Miillerian Hormone; FSH, Follicle Stimulating Hormone;
LH, Luteinizing Hormone; E2, Estradiol; PRL, prolactin; T, Testosterone.
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Table 5 Comparison of Metabolic Parameters Between OSA and Non-

OSA Groups
Group OSA Group | Non-OSA Group t P
n =30 n=96

FPG (mmol/L) 5.35+0.87 5.09+0.48 2.025 | 0.045*
FINS (mU/L) 21.45£7.21 14.70+6.65 4.531 | 0.000%
HOMA-IR 4.70%+2.75 3.11£1.80 3.680 | 0.000*
2-hPG (mmol/L) 7.73£3.38 6.64%1.84 2227 | 0.028*
2-hINS (mU/L) 120.39+57.05 80.14+46.69 3.779 | 0.000*
TG (mmol/L) 1.98+0.73 1.56+0.64 2.721 | 0.008*
TC (mmol/L) 4.78+0.84 4.65+0.80 0.724 | 0471
HDL-C (mmol/L) 1.11+0.20 1.23+0.26 -2.173 | 0.032*
LDL-C (mmol/L) 3.17+0.69 1.23+0.26 1.409 | 0.162
apoAl (g/L) 1.32+0.17 1.360.21 —0.650 | 0.518
apoB (g/L) 0.93%0.17 0.88+0.24 0.860 | 0.393
apoB/apoAl 0.71£0.13 0.65+0.20 0917 | 0.362

Note: *Significant; t-test.

Abbreviations: FPG, Fasting Plasma Glucose; FINS, fasting insulin; 2-hBG, 2-hours Plasma
Glucose; 2-hINS, 2-hours Insulin; TG, Triglyceride; TC, Total Cholesterol; HDL, High-
density Lipoprotein Cholesterol; LDL, Low-density Lipoprotein Cholesterol.

Table 6 Comparison of Sleep Characteristics Between OSA and Non-
OSA Groups in Patients with PCOS

Group OSA Group | Non-OSA Group t P

n =30 n=96
AHI (times/hour) 8.95+7.18 1.15+0.95 9.900 | 0.000%*
ODI (times) 13.13£10.64 2.99+3.16 7.242 | 0.000%*
LSaO2 (%) 83.41+4.68 90.18+2.67 —8.735 | 0.000%*

Note: *Significant; t-test.

Abbreviations: AHI, Apnea Hypopnea Index; ODI, Oxygen depletion index.

Comparison of the Prevalence of Metabolic Syndrome Between OSA and Non-OSA

Groups in Patients with PCOS
The prevalence of metabolic syndrome in OSA groups is higher than non-OSA groups in patients with PCOS (p < 0.05)

(Table 7).

Correlation Analysis of Factors Associated with Elevated AHI Levels in Patients with
PCOS

In patients with PCOS, AHI showed a statistically significant positive correlation with BMI, neck circumference, waist
circumference, hip circumference, 2-hPG, 2-hINS, and the apoB/apoAl ratio (p < 0.05). Although positive correlations

Table 7 Comparison of The Prevalence of Metabolic Syndrome
Between OSA and Non-OSA Groups in Patients with PCOS

OSA Group | Non-OSA Group e P
n =30 n=96
With MetS 11(36.67%) 17(17.71%) 4.753 | 0.029*
Without MetS 19(63.33%) 79(82.29%)

Note: *Significant; chi-square test.
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were also observed between AHI and FPG, FINS, HOMA-IR, TG, TC, LDL-C, apoAl, and apoB, a negative correlation
was observed with HDL-C. These associations were not statistically significant (p > 0.05) (Table 8).

Multivariate Logistic Regression Analysis of Independent Risk Factors for OSA in
Patients with PCOS

A multivariate logistic regression analysis was performed with OSA status as the dependent variable and BMI, neck
circumference, waist circumference, hip circumference, 2-hPG, 2-hINS, and the apoB/apoAl ratio as independent
variables. The analysis identified BMI (odds ratio (OR) = 1.446, 95% CI 1.236-1.692) and neck circumference
(OR = 1.814, 95% CI 1.384-2.377) as independent risk factors for OSA in patients with PCOS (p < 0.05) (Table 9).

Table 8 Correlation Analysis Between AHI
Levels and Clinical Parameters in Patients

with PCOS

Indicator r P

BMI (kg/m?) 0.414 | 0.000*
Neck circumference (cm) | 0.568 | 0.000*
Waist circumference (cm) | 0.353 | 0.000*
Hip circumference (cm) 0.383 | 0.000*
FPG (mmol/L) 0.022 | 0.800
FINS (mU/L) 0.065 | 0.473
2-hPG (mmol/L) 0.202 | 0.030*
2-hINS (mU/L) 0.175 | 0.061*
HOMA-IR 0.090 | 0.276
TG (mmol/L) 0.037 | 0.676
TC (mmol/L) 0.113 | 0.197
HDL-C (mmol/L) —0.009 | 0917
LDL-C (mmol/L) 0.072 | 0412
apoAl (g/L) 0.091 0.386
apoB (g/L) 0.109 | 0297
apoB/apoAl 0.280 | 0.004*

Note: *Significant; Pearson’s correlation analysis.
Abbreviations: BMI, Body Mass Index; FPG, Fasting
Plasma Glucose; FINS, fasting insulin; 2-hBG, 2-hours
Plasma Glucose; 2-hINS, 2-hours Insulin; TG,
Triglyceride; TC, Total Cholesterol; HDL, High-density
Lipoprotein Cholesterol; LDL, Low-density Lipoprotein
Cholesterol.

Table 9 Multivariate Logistic Regression Analysis of Independent Factors for OSA
in Patients with PCOS

Factor B SE | Wald * P OR 95% ClI

BMI (kg/m?) 0.369 | 0.080 | 21.165 | 0.000% | 1.446 | 1.236-1.692
Neck circumference (cm) | 0.595 | 0.138 18.599 0.000* | 1.814 | 1.384-2.377
Waist circumference (cm) | 2.584 | 1.415 3.332 0.068 | 0.370 | 0.861-1.057

Hip circumference (cm) 0.060 | 0.085 0.501 0.479 | 1.062 | 0.899-1.253
2-hPG (mmol/L) 0.095 | 0.118 0.163 0.686 | 0.909 | 0.721-1.147
2-hINS (mU/L) 0.006 | 0.011 0.364 0.546 | 1.006 | 0.986-1.027
apoB/apoAl 0.043 | 0.041 1.079 0.299 | 1.044 | 0.963-1.132

Note: *Significant.
Abbreviations: BMI, Body Mass Index; 2-hBG, 2-hours Plasma Glucose; 2-hINS, 2-hours Insulin.
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Table 10 Diagnostic Value of BMI and Neck Circumference for Predicting OSA in Patients with PCOS

Indicator Cut-Off Value | AUC | Sensitivity | Specificity P 95% CI

BMI (kg/m?) 28.22 0.838 0.85 0.76 <0.001* | 0.726-0.950
Neck Circumference (cm) 34.75 0.842 0.95 0.66 <0.001* | 0.757-0.927
BMI+Neck Circumference - 0.859 0.95 0.66 <0.001* | 0.781-0.937

Note: *Significant; Receiver operating characteristic (ROC) curve analysis.
Abbreviations: BMI, Body Mass Index; AUC, area under the curve.

Predictive Value of BMI and Neck Circumference for OSA in Patients with PCOS
ROC curve analysis demonstrated that BMI had predictive value for OSA in patients with PCOS, with an AUC of 0.838
(95% CI: 0.726-0.950). At a BMI threshold of 28.22 kg/m? the sensitivity for diagnosing OSA was 85% and the
specificity was 76%. ROC curve analysis for neck circumference predicting OSA in PCOS patients showed AUC of
0.842 (95% CI: 0.757-0.927); a cut-off value of 34.75 cm yielded a sensitivity of 95% and specificity of 66%. The
combined predictive model incorporating BMI and neck circumference yielded an AUC of 0.859 (95% CI: 0.781-0.937),
with a sensitivity of 95% and specificity of 66% for diagnosing OSA. (Table 10 and Figure 1).

Discussion

PCOS is a prevalent endocrine-metabolic disorder, affecting approximately 10 to 13% of females of reproductive
age.'>!'* Typical clinical manifestations include menstrual irregularities, infertility, hyperandrogenism (HA), and poly-
cystic ovarian morphology. These features are frequently accompanied by metabolic disturbances, including obesity, IR,
and dyslipidemia. These comorbidities are recognized risk factors for diseases such as T2DM, cardiovascular diseases,
cerebrovascular events, and endometrial carcinoma.'’

Previous studies have indicated that approximately 50% to 70% of patients with PCOS exhibit varying degrees of
IR.'® The presence of IR leads to compensatory hyperinsulinemia, which promotes adipose tissue accumulation and
increases the risk for metabolic conditions such as T2DM, obesity, and metabolic syndrome.'” Dysregulation of lipid
metabolism contributes to arterial fat deposition and atherosclerotic plaque formation, which in turn predisposes
individuals to hypertension and coronary heart disease.'®° Furthermore, central obesity, particularly visceral fat
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Figure | ROC Curve Analysis of BMI and Neck Circumference for Predicting OSA in Patients with PCOS.
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accumulation, plays a key role in the development of IR. The presence of IR is often accompanied by lipid metabolism
disorders, further increasing the risk of cardiovascular morbidity.*!

Obesity has been recognized as a key risk factor for the development of OSA in patients with PCOS. Previous studies
have reported that approximately half of all individuals with PCOS are either overweight or obese.”> Among those with
central (abdominal) obesity, the prevalence of OSA has been observed to reach 40%—60%, which is significantly higher
than in the non-obese subgroup.

In the present study, patients with PCOS and coexisting obese demonstrated significantly higher AHI and ODI values,
along with LSaO, compared to their non-obese counterparts. These findings suggest that obesity may exacerbate the
severity of OSA among patients with PCOS, with a positive correlation observed between BMI and AHI, indicating that
increasing BMI levels are associated with an elevated risk of OSA. These results align with findings from both domestic
and international research, which have similarly identified obesity as a contributing factor to OSA in the PCOS
population.?'*?

Multiple pathophysiological mechanisms have been proposed to explain the interaction between obesity and the devel-
opment of OSA. First, excessive adipose tissue deposition in the upper respiratory tract area may lead to mechanical pressure
on surrounding structures, increased airflow resistance, eventual obstruction during sleep, thereby contributing to apneic
events.” Second, increased intrathoracic pressure associated with obesity may restrict pulmonary expansion, impair respira-
tory function, and elevate the resistance of the upper respiratory tract, thereby promoting airway collapsibility. Third, obesity is
associated with a chronic low-grade inflammatory state. Adipocytes particularly those located in visceral fat depots, secrete
pro-inflammatory cytokines, which can lead to systemic inflammation and edema of the upper airway soft tissues, contributing
to further airway narrowing and obstruction.”* Fourth, obesity has been associated with alterations in sleep architecture,
including an increased proportion of rapid eye movement (REM) sleep. REM sleep is characterized by pronounced muscle
hypotonia, increasing susceptibility to airway collapse and the severity of OSA events.*

In summary, obesity contributes to OSA pathogenesis through anatomical mechanical, inflammatory, and neurophy-
siological pathways. Weight loss is commonly regarded as a key therapeutic strategy to alleviate OSA symptoms and
mitigate associated risks in patients with PCOS.

IR has been shown to play a critical role in the pathogenesis and progression of PCOS. Its presence contributes not
only to disturbances in the menstrual cycle, anovulation, and reduced fertility, but also to an increased risk of excessive
weight gain, diabetes, and cardiovascular disease. Previous studies have reported that the prevalence of OSA among
patients with T2DM ranges from 18% to 36%, while the probability of T2DM among patients with OSA is estimated to
approach 40%, suggesting that IR may represent a pivotal pathophysiological link between T2DM and OSA.*°

In the present study, patients with PCOS and concomitant IR exhibited higher AHI values compared to those without
IR, indicating a potential association between IR and the development or exacerbation of OSA. These findings are
consistent with those of Kahal et al who reported that the coexistence of PCOS and OSA was associated with more
pronounced IR and impaired glucose regulation.?” Similarly, a prospective study conducted by Chen demonstrated
a positive correlation between HOMA-IR and OSA severity in patients with PCOS.*®

Several mechanisms have been proposed to explain the association between IR and OSA. First, IR and obesity are
frequently accompanied by low-grade systemic inflammation, which may result in increased relaxation and collapsibility of
upper airway musculature and soft tissues, promoting obstruction during sleep. Second, IR is often accompanied by autonomic
nervous system dysfunction. Excessive excitation of the sympathetic nervous system may lead to increased tension in airway
muscles, thereby compromising the stability of the airway.?’ Third, intermittent hypoxia in patients with OSA has been shown
to impair glucose homeostasis by reducing pancreatic B-cell responsiveness to glucose, thereby diminishing insulin sensitivity
and perpetuating a cycle of metabolic dysfunction.>® Early detection and management of IR in individuals with PCOS may
improve metabolic and respiratory outcomes, thereby enhancing overall health status and quality of life in this population.

In patients with PCOS, the interplay between obesity and dysregulation of glucose and lipid metabolism has been
observed to mutually reinforce each other, thereby contributing to the pathogenesis of OSA. Correlation analysis
indicated that the AHI in patients with PCOS demonstrated significant positive associations with BMI, neck circumfer-
ence, waist circumference, hip circumference, 2-hPG, 2-hINS, and the apoB/apoAl ratio.
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Subsequent multivariate logistic regression analysis identified BMI and neck circumference as independent predictors
of elevated AHI levels. ROC curve analysis showed that the combination of BMI and neck circumference yielded
a sensitivity of 95% and specificity of 66% for predicting the presence of OSA in patients with PCOS. These findings
suggest that anthropometric measures may serve as practical, non-invasive screening tools for identifying individuals at
elevated risk of OSA. Their application in clinical practice could facilitate timely diagnostic evaluation and support the
implementation of targeted interventions.

In our study, it was found that compared with the non-OSA group, the prevalence of metabolic syndrome was higher
in polycystic ovary syndrome (PCOS) patients with OSA. Among PCOS patients, obesity, insulin resistance, and
hyperlipidemia are all closely associated with the development of metabolic syndrome.There is also some evidence to
suggest that OSA may contribute to insulin resistance and glucose intolerance among women PCOS, and thus increase
their metabolic risk.

However, the study had several potential limitations. First, the sample size is relatively small. polysomnography is the
gold standard for diagnosing OSA.This requires patients to take the device home and return it to the hospital the next day.
However, due to inconvenience, patients are uncooperative with the examination, making it difficult to collect a large
number of cases in the study. Second, the proportion of obese participants is relatively high, this limited the general-
izability of the results to other populations. So, large-sample, randomized controlled studies are still needed.

Conclusion

In conclusion, patients with PCOS represent a population at elevated risk for developing OSA. In this study, BMI and
neck circumference demonstrated independent associations with AHI levels and demonstrated utility as predictive
markers for OSA risk stratification. These findings highlight the importance of incorporating routine anthropometric
assessments into the clinical evaluation of individuals with PCOS. For high-risk groups, weight loss may be one of the
important measures to improve the symptoms of OSA and reduce the incidence of metabolic syndrome.
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