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Polycystic ovary syndrome (PCOS) is a common gynecological endocrine disorder in women of 
reproductive age that seriously affects both their physical and mental health. The pathogenesis of 
PCOS is complex and not yet fully understood, and it is crucial to control for bias and analyze the 
risk factors for its development in order to provide a basis for developing preventive strategies. A 
case–control study design was used. Patients first diagnosed with PCOS from January 2024 to June 
2024 at the First Affiliated Hospital of the University of South China, the Second Affiliated Hospital 
of the University of South China, and the Affiliated Nanhua Hospital of University of South China 
were selected as the case group (n = 210). Non-PCOS women attending during the same period 
were selected as the control group (n = 420). Information was collected using self-administered 
questionnaires, including the Pittsburgh Sleepiness Scale (PSQI), the Generalized Anxiety Disorder 7 
(GAD-7) scale, and the Patient Health Questionnaire (PHQ-9). A directed acyclic graph was used for 
variable screening. Propensity score matching controlled for confounding variables, and multifactorial 
logistic regression analysis identified risk factors for PCOS. Multifactorial logistic regression analysis 
showed that obesity [OR = 4.088, 95% CI (2.580, 6.476), P < 0.001], alcohol consumption [OR = 2.305, 
95% CI (1.320, 4.024), P = 0.003], family history of PCOS [OR = 6.468, 95% CI (1.986, 21.067), P = 0.002], 
low birth weight [OR = 0.637, 95% CI (0.438, 0.927), P = 0.018], and anxiety [OR = 4.905, 95% CI (2.768, 
8.693), P < 0.001] were risk factors for PCOS development. BMI ≥ 25 kg/m2, alcohol consumption, family 
history of PCOS, low birth weight, and anxiety are risk factors for the development of PCOS. Targeted 
measures should be implemented to address these factors, reducing the incidence of PCOS and 
promoting female reproductive endocrine health.
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Polycystic ovarian syndrome (PCOS) is the most prevalent reproductive and endocrine disorder among women 
of reproductive age, with its global incidence on the rise. This condition imposes a healthcare cost in the billions 
annually, emerging as a major public health crisis that affects 5–18% of women over their lifetime1–3. PCOS is a 
major cause of anovulatory infertility and is associated with increased risks of gestational diabetes, hypertension, 
metabolic disorders, and endometrial cancer4–6. Early detection, diagnosis, and treatment of PCOS are essential. 
Hence, identifying the factors associated with PCOS onset is of critical importance. Numerous studies suggest 
that PCOS development stems from complex interactions between genetic, environmental, behavioral, and 
psychological factors, though its exact pathogenesis and risk factors remain incompletely understood7–9. 
Current research on PCOS risk factors remains inconsistent, with a notable paucity of epidemiological studies 
investigating the pathogenic roles of emotional and environmental toxins. Previous studies have employed a 
“single-factor followed by multifactorial” modeling approach, which likely overlooks confounding factors and 
covariates, while omitting key exposure variables, potentially leading to biased results10,11.

Directed acyclic graphs (DAGs) are a theory-driven method for selecting independent variables in regression 
analysis. By constructing a causal relationship network based on theoretical assumptions, DAGs systematically 
identify variables that should be included in the model. This approach offers intuitive visualization of causal 
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pathways, enabling researchers to clarify direct and indirect effects among variables12. This methodology has 
been successfully applied in the identification of risk factors for premature physeal closure following distal 
femoral fractures and the analysis of factors associated with suicidal ideation in adolescents13,14. DAGs ensure 
robust variable screening aligned with causal hypotheses, bridging theoretical epidemiology and data-driven 
modeling for reproducible, clinically interpretable results.

In this study, we propose employing DAGs to elucidate the key confounders and mediating variables of 
PCOS, to control for bias and to investigate the direct risk factors linked to PCOS. This approach aims to inform 
primary prevention strategies, ultimately reducing PCOS incidence and advancing women’s reproductive health.

Method
Participants
PCOS patients newly diagnosed at the First Affiliated Hospital of the University of South China, the Second 
Affiliated Hospital of the University of South China, and the Affiliated Nanhua Hospital of University of South 
China between January 2024 and June 2024 were recruited as the case group. The inclusion criteria for the 
case group were: (1) women aged 20–49; (2) meeting the 2003 Rotterdam PCOS diagnostic criteria, which 
include sporadic ovulation or anovulation, clinical manifestations of hyperandrogenism and/or biochemical 
hyperandrogenism, and ovarian polycystic changes (defined as > 12 follicles of 2–9 mm in one or both ovaries 
and/or ovarian volume > 10 mL); at least two of the three criteria must be met, excluding other causes of elevated 
androgen levels15; (3) providing informed consent and voluntarily cooperating with the investigation. Non-PCOS 
women attending the same hospitals during the study period were selected as the control group. The inclusion 
criteria for the control group were: (1) non-PCOS women matched 1:2 to the case group by age (± 3 years); (2) 
providing informed consent and voluntarily cooperating with the investigation; (3) absence of PCOS diagnosis 
as per the 2003 Rotterdam criteria following physician consultation, gynecological ultrasound, and a panel of sex 
hormone tests. The exclusion criteria for both case and control groups were: (1) psychiatric disorders impairing 
cooperation with the investigation; (2) conditions affecting ovulation, such as early-onset ovarian insufficiency 
or functional hypothalamic amenorrhea; (3) primary amenorrhea or menstrual abnormalities due to organic 
pathology; (4) conditions causing elevated androgen levels, such as congenital adrenal hyperplasia or androgen-
secreting tumors; (5) recent use of hormonal drugs within the last three months; (6) pregnancy or lactation.

A recent national study reported a 7.8% prevalence of PCOS among Chinese women of childbearing age16. 
The sample size for this study was determined using the ClinCalc.com Sample Size Calculator ​(​​​h​t​t​p​s​:​/​/​c​l​i​n​c​a​l​
c​.​c​o​m​/​s​t​a​t​s​/​s​a​m​p​l​e​s​i​z​e​.​a​s​p​x​​​​​)​, with an effect size of 0.95, a Type I error rate of 0.05, and a power of 95%. Based 
on the 1:2 matching criterion, a minimum of 157 subjects was required for the case group and 314 for the 
control group. Ultimately, this study included 210 subjects in the case group and 420 in the control group, for a 
total of 630 participants. The study adhered to the Declaration of Helsinki and STROBE guidelines for research 
reporting, and received approval from the Ethics Review Committee of the University of South China (Approval 
No. 2023NHHL054). All participants voluntarily consented to the study and provided signed informed consent.

Questionnaires
A General information questionnaire, developed by the research team after an extensive literature review and 
consultations with gynecologists, endocrinologists, and epidemiologists, was employed for data collection. The 
survey content primarily covered basic demographic information, menstrual history, lifestyle factors, family 
medical history, environmental exposures, and other relevant aspects. Demographic information included age, 
body mass index (BMI), occupation, education level, place of residence, and birth weight. Menstrual history 
encompassed age at menarche and menstrual cycle regularity. Lifestyle factors included smoking status, passive 
smoking, alcohol and tea consumption, dietary habits, and physical activity. Family medical history covered 
conditions such as PCOS, premature baldness, diabetes, infertility, and other diseases. Family medical history 
included details of PCOS, premature baldness, diabetes, infertility, and menstrual disorders. Environmental 
exposures primarily encompassed occupational and residential exposure histories. In this study, 20 study 
participants were randomly selected for pre-survey in December 2023 from the group that met the inclusion 
criteria, and the questionnaire was revised and improved based on the feedback obtained from the pre-survey. 
The complete content of the questionnaire is available in the supplementary material (2, 3, 4).

The Pittsburgh Sleep Quality Index (PSQI), developed by Buysse et al. at the Pittsburgh Medical Center in 
1989, is a widely utilized tool for evaluating sleep quality over the past month. It has demonstrated good internal 
consistency, with a Cronbach’s alpha of 0.84. The PSQI is frequently employed to assess sleep disturbances and 
quality over a 30-day period. The PSQI assesses 7 key dimensions: subjective sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction. It 
comprises 19 self-rated items scored on a 4-point Likert scale (0–3). The total PSQI score ranges from 0 to 21, 
with higher scores indicating poorer sleep quality. A total score above 7 indicates the presence of a potential 
sleep disorder17.

The GAD-7 is a concise and effective tool for detecting generalized anxiety, developed by Dr. Kroenke et al. 
in the U.S. in 2005, based on the criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV). This scale exhibits strong internal consistency, with a Cronbach’s alpha of 0.92, and good 
test–retest reliability, with a coefficient of 0.83. The GAD-7 consists of seven items, each rated on a 4-point Likert 
scale (0–3), with response options ranging from “not at all” to “nearly every day.” Scores range from 0 to 21, with 
higher scores indicating greater levels of anxiety. A score of 5 serves as the cut-off, with scores of ≥ 5 indicating 
the presence of anxiety symptoms18.

Patients’ Health Questionnaire (Patients’ Health Questionnaire Depression Scale-9 item, PHQ-9) The PHQ-9 
scale is a simple scale developed by Dr. KROENKE et al. in the United States in 1999 according to the Diagnostic 
and Statistical Manual of Mental Disorders (Fourth Edition) (DSM-IV), It is a widely recognized and efficient 
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tool for detecting depression. The scale demonstrates strong internal consistency with a Cronbach’s alpha of 0.86, 
and test–retest reliability of 0.84. The PHQ-9 includes 9 items, each rated on a 4-point Likert scale, with options 
ranging from “not at all” to “nearly every day.”, Items are scored on a 4-point Likert scale (0–3), resulting in a total 
score ranging from 0 to 27, where higher scores reflect more severe depressive symptoms. A score of 5 serves as 
the cut-off, with scores of ≥ 5 indicating the presence of depressive symptoms19.

Definition of relevant variables
Smoking: Based on WHO guidelines, smoking is defined as continuous or cumulative smoking for a period 
exceeding 6 months20.

Passive smoking: Defined as the inhalation of secondhand smoke for 15 min or more on at least one day per 
week21.

Alcohol consumption: Defined as drinking alcohol at least three times per week for a period exceeding six 
months.

Tea drinking: tea drinking is defined as the consumption of tea at least three times per week for a continuous 
period of more than six months.

Regular exercise: regular exercise is defined as engaging in physical activity at least three times per week, with 
each session lasting 30 min or more, sustained for a period of at least one year.

Body Mass Index (BMI): BMI was categorized based on the World Health Organization (WHO) guidelines 
into two groups: ≥ 25 kg/m2 and < 25 kg/m222.

Definitions variables are provided in Supplementary Table S1.

Quality control
All researchers underwent standardized training during both the data collection and survey analysis phases. 
The questionnaire items were standardized according to strict adherence to the sample’s inclusion and exclusion 
criteria, ensuring clarity and operationalization. Participants who were able to complete the questionnaire 
independently did so, while those unable to do so received assistance from the researchers. Upon completion, 
questionnaires were verified on site. Incomplete entries were filled out with assistance, while those with 
significant missing data were excluded. Data were double-entered and verified by two independent researchers 
to ensure accuracy and authenticity.

Variable screening
DAGs serve as a crucial theoretical framework for the analysis of disease causality in epidemiological research. 
They construct causal networks based on theoretical causal relationships to identify appropriate variables for 
inclusion in the model23. Employing DAGs to represent causal relationships between exposure and outcome 
is a critical prerequisite for regression analysis. This approach clarifies barrier points and connection points 
between variables, enabling in-depth variable screening to elucidate the underlying causal relationships. This 
study will employ DAGitty 3.1 software to construct a causal theoretical model using DAGs, aiming to identify 
independent and confounding variables, as well as connection and barrier points, thereby clarifying the factors 
influencing PCOS.

Statistical analysis
All statistical analyses were conducted on the dataset “original data.xlsx.” Data were independently entered 
into an Excel spreadsheet by two individuals, and subsequently cross-checked by a second set of individuals 
to ensure accuracy and prevent entry errors. Data analysis was conducted using SPSS version 26.0, with 
normality of continuous variables assessed via the Shapiro–Wilk test. Normally distributed data were presented 
as mean ± standard deviation (± s), with between-group differences assessed using the t-test or ANOVA. Non-
normally distributed data were expressed as median (interquartile range) M (P25, P75), and group differences 
were analyzed using non-parametric tests. Categorical data were described as proportions or rates, and 
comparisons were made using the chi-square test, corrected chi-square test, or Fisher’s exact test as appropriate. 
DAGs were utilized for variable screening, combining variable relationships based on existing literature and 
clinical knowledge, variables are represented by circles, causal relationships are connected by arrows, and 
the entire graph does not allow any loops to be formed, ultimately providing a transparent and reproducible 
framework for causal analysis for PCOS risk factor identification and propensity score matching was applied to 
adjust for confounding variables. Multivariate logistic regression was employed to analyze factors influencing 
PCOS, with statistical significance set at P < 0.05.

An overview of the study process is presented in Fig.  S1.

Result
Baseline characteristics
A total of 630 participants were included in the study, with 210 allocated to the case group and 420 to the control 
group. No statistically significant differences were observed between the two groups in terms of age, place of 
residence, occupation, smoking, passive smoking, tea consumption, dietary habits, regular physical activity, 
family history of premature baldness, diabetes, menstrual disorders, infertility, or occupational exposure to 
petrochemicals and metals (P > 0.05). However, statistically significant differences (P < 0.05) were identified 
between the two groups regarding education level, obesity, birth weight, age of menarche, alcohol consumption, 
sleep disturbances, family history of PCOS, proximity to petrochemical plants or garbage dumps within 300 m 
of residence, as well as anxiety and depression (Table 1).
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Variable Case group(n = 210) Control group(n = 420) χ2\t P

Age (years) 25.20 ± 3.24 24.86 ± 3.33 − 1.195a 0.193

Residential area 1.053 0.305

 Urban (City) 115(54.8) 248(59.0)

 Rural (Countryside) 95(45.2) 172(41.0)

Educational attainment 10.387 0.016

 Below junior high school 29(13.8) 54(12.9)

 Middle or high school 70(33.3) 110(26.2)

 College (Post-secondary) 45(21.4) 141(33.6)

 Undergraduate degree and above 66(37.4) 115(27.4)

Occupational type 0.323 0.851

 Cognitively oriented 113(53.8) 236(56.2)

 Physically oriented 73(34.8) 138(32.9)

 Unemployed 24(11.4) 46(11.0)

BMI 63.489  < 0.001

  < 25 kg/m2 78(37.1) 295(70.2)

  ≥ 25 kg/m2 132(62.9) 125(29.8)

 Birth weight (kg) 3.15 ± 0.50 3.39 ± 0.71 4.224a  < 0.001

 Age at menarche 13.09 ± 1.29 13.63 ± 1.30 4.956a  < 0.001

Smoking 0.090 0.764

 Yes 17(3.3) 16(3.8)

 No 203(96.7) 404(96.2)

Passive smoking 1.422 0.233

 Yes 85(40.5) 191(45.5)

 No 125(59.5) 229(54.5)

Alcohol consumption 20.818  < 0.001

 Yes 62(29.5) 60(14.3)

 No 145(69.0) 360(85.7)

Tea drinking 0.606 0.436

 Yes 65(31.0) 143(34.0)

 No 145(69.0) 277(66.0)

Dietary preference 2.070 0.355

 Meat-based diet 39(18.6) 60(14.3)

 Vegetarian diet 25(11.9) 57(13.6)

 Mixed diet (Meat and vegetables) 146(69.5) 303(72.1)

Regular exercise 2.088 0.148

 Yes 60(28.6) 144(34.3)

 No 150(71.4) 276(65.7)

Sleep disturbance 70.213  < 0.001

 Yes 114(54.3) 89(21.2)

 No 96(45.7) 331(78.8)

Family history of PCOS 28.917  < 0.001

 Yes 23(11.0) 6(1.4)

 No 187(89.0) 414(98.6)

Family history of premature baldness 1.326 0.249

 Yes 45(21.4) 74(17.6)

 No 165(78.6) 346(82.4)

Family history of diabetes 2.858 0.091

 Yes 37(17.6) 53(12.6)

 No 173(82.4) 367(87.4)

Family history of menstrual disorders 0.864 0.353

 Yes 20(9.5) 31(7.4)

 No 190(90.5) 389(92.6)

Family history of infertility 2.814 0.093

 Yes 17(8.1) 20(4.8)

 No 193(91.9) 400(95.2)

Occupational exposure to petrochemicals and metals 2.044 0.153

Continued
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Variable screening
Relevant variables were systematically identified and screened using the DAG methodology. In accordance with 
DAG theory, variables that could not be collected due to practical constraints were still represented in the DAG. 
As illustrated in Fig. 1, age at menarche, insulin resistance, and exposure to environmental endocrine disruptors 
were identified as mediating variables, whereas menstrual cycle disorders were classified as collider variables and 
therefore excluded from the model analysis.

Note: Variables designated in green with a positive sign represent exposure factors, while those in green 
without a sign denote confounders. Similarly, signed blue variables indicate outcome variables, whereas unsigned 
blue variables function as mediators between exposure and outcome. Lastly, grey variables are identified as 
collision variables.

Baseline data of the two groups after propensity score matching
Based on the DAG analysis, variables including age, occupation, regular exercise, education, place of residence, 
per capita family income, dietary habits, and tea drinking habits were identified as confounders. We consider 
statistical efficacy and confounding control of variables, adjusted for 1:1 nearest neighbor matching, with calipers 
set to 0.02. As a result, 210 participants were selected for both the PCOS group and the control group. After 
matching, there were no statistically significant differences (P > 0.05) between the two groups in terms of age, 
occupation, regular exercise, education, place of residence, per capita monthly family income, dietary habits, or 
tea drinking habits, indicating that the groups were well-balanced (Table 2).

Multifactorial analysis of risk factors for PCOS
Tests of covariance for statistically significant independent variables in the one-way analysis of variance showed 
that the variance inflation factors were all < 5, suggesting that there was no multicollinearity between the 
respective variables. A multifactorial logistic regression analysis was conducted using the presence of PCOS 

Fig. 1.  Directed acyclic graph (DAG) model of PCOS in women of reproductive age.

 

Variable Case group(n = 210) Control group(n = 420) χ2\t P

 Yes 25(11.9) 68(16.2)

 No 185(88.1) 352(83.8)

Proximity to petrochemical plant or landfill (within 300 m) 5.432 0.020

 Yes 32(15.2) 38(9.0)

 No 178(84.8) 382(91.0)

Anxiety symptoms 50.709  < 0.001

 Yes 77(8.1) 52(12.4)

 No 193(91.9) 368(87.6)

Depression Symptoms 29.521  < 0.001

 Yes 64(30.5) 53(12.6)

 No 146(69.5) 367(87.4)

Table 1.  Comparative analysis of baseline demographic and clinical data between the two groups. BMI, body 
mass index; a represents the t-value from the statistical analysis.
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Variable Case group(n = 210) Control group(n = 210) χ2\t P

Age (years) 25.20 ± 3.24 25.08 ± 3.32 − 0.410a 0.682

Residential area 1.178 0.278

 Urban (City) 115(54.8) 126(60.0)

 Rural (Countryside) 95(45.2) 84(40.0)

Educational attainment 6.945 0.076

 Below junior high school 29(13.8) 25(11.9)

 Middle or high school 70(33.3) 59(28.1)

 College (Post-secondary) 45(21.4) 69(32.9)

 Undergraduate degree and above 66(37.4) 57(27.1)

Occupational type 0.649 0.723

 Cognitively oriented 113(53.8) 113(53.8)

 Physically oriented 73(34.8) 68(32.4)

 Unemployed 24(11.4) 29(13.8)

BMI 44.235  < 0.001

  < 25 kg/m2 78(37.1) 146(69.5)

  ≥ 25 kg/m2 132(62.9) 64(30.5)

 Birth weight (kg) 3.15 ± 0.50 3.38 ± 0.70 3.875a  < 0.001

 Age at menarche 13.09 ± 1.29 13.68 ± 1.32 4.403a  < 0.001

Smoking 0.260 0.610

 Yes 17(3.3) 9(4.3)

 No 203(96.7) 201(95.7)

Exposure to secondhand smoke 0.010 0.921

 Yes 85(40.5) 86(41.0)

 No 125(59.5) 124(59.0)

Alcohol consumption 11.440  < 0.001

 Yes 62(29.5) 33(15.7)

 No 145(69.0) 177(84.3)

Tea drinking 0.011 0.916

 Yes 65(31.0) 66(31.4)

 No 145(69.0) 144(68.6)

Dietary preference 2.547 0.280

 Meat-based diet 39(18.6) 30(14.3)

 Vegetarian diet 25(11.9) 34(16.2)

Mixed diet (Meat and vegetables) 146(69.5) 146(69.5)

Regular exercise 0.183 0.669

 Yes 60(28.6) 64(30.5)

 No 150(71.4) 146(69.5)

Sleep disturbance 5.959 0.015

 Yes 114(54.3) 89(42.4)

 No 96(45.7) 121(57.6)

Family history of PCOS 14.289  < 0.001

 Yes 23(11.0) 4(1.9)

 No 187(89.0) 206(98.1)

Family history of premature baldness 1.239 0.266

 Yes 45(21.4) 36(17.1)

 No 165(78.6) 174(82.9)

Family history of diabetes 2.725 0.099

 Yes 37(17.6) 25(11.9)

 No 173(82.4) 185(88.1)

Family history of menstrual disorders 2.165 0.141

 Yes 20(9.5) 12(5.7)

 No 190(90.5) 198(94.3)

Family history of infertility 4.419 0.036

 Yes 17(8.1) 7(3.3)

 No 193(91,9) 203(96.7)

Occupational exposure to petrochemicals and metals 1.597 0.206

Continued
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as the dependent variable, with exposure factors identified through the DAG as the independent variables. The 
analysis revealed that obesity, alcohol consumption, family history of PCOS, birth weight, and anxiety were 
significantly associated with PCOS. (P < 0.05) , statistical analysis revealed no significant correlation between 
Sleep Disturbance, Family History of Infertility, Smoking, Exposure to Secondhand Smoke, Occupational 
Exposure to Petrochemicals and Metals, Proximity to Petrochemical Plant or Landfill (within 300 m), Family 
History of Premature Baldness, Family History of Diabetes, Family History of Menstrual Disorders, Depression 
Symptoms and PCOS (Table 3).

Discussion
The findings from this study demonstrate that a BMI ≥ 25 kg/m2 is a significant risk factor for PCOS. Overweight 
and obesity have long been considered to be significantly associated with PCOS24,25, a relationship that was 
reaffirmed in our study. Epidemiological studies have reported that over 60% of PCOS patients are overweight 
or obese26. In this study, 62.9% of the PCOS patients were classified as obese, a statistically significant difference 
compared to the control group. Obesity is a key contributor to insulin resistance, the central pathogenic 
mechanism of PCOS. Elevated insulin levels promote excessive androgen production in the ovaries, triggering 
symptoms such as hirsutism, acne, and menstrual irregularities27. In addition, aromatization (conversion of 
androgens to estrogens) in adipose tissue leads to elevated estrogen levels, and excess estrogen disrupts the 
normal regulation of the menstrual cycle and ovulation. Additionally, adipose tissue secretes pro-inflammatory 
cytokines, including TNF-α and IL-6. These inflammatory mediators intensify insulin resistance and contribute 
to ovarian follicular dysfunction. Collectively, these processes facilitate the development and progression of 
PCOS28.

Our research indicates that alcohol consumption is consistent with PCOS. Our results are consistent with 
the findings reported by Angelis et al.29, Alcohol intake disrupts the body’s capacity to regulate blood glucose, 
resulting in fluctuations and abnormal insulin secretion. This disruption may exacerbate disease-related 

Variable B SE Waldχ2 P OR(95%CI)

Body mass Index(BMI) 1.408 0.235 35.967  < 0.001 4.088 (2.580–6.476)

Alcohol consumption 0.836 0.284 8.624 0.003 2.305 (1.320–4.024)

Sleep disturbance 0.291 0.306 0.907 0.341 1.338 (0.735–2.438)

Family history of PCOS 1.867 0.602 9.603 0.002 6.468 (1.986–21.067)

Family history of infertility 0.725 0.531 1.865 0.172 2.065 (0.729–5.847)

Birth weight (kg) − 0.451 0.191 5.554 0.018 0.637 (0.438–0.927)

Anxiety symptoms 1.590 0.292 29.667  < 0.001 4.905 (2.768–8.693)

Smoking − 0.260 0.640 0.165 0.685 0.771 (0.220–2.703)

Exposure to secondhand smoke 0.051 0.234 0.047 0.828 1.502 (0.666–1.633)

Occupational exposureto petrochemicals and metals − 0.220 0.341 0.417 0.519 0.803 (0.412–1.565)

Proximity to petrochemical plant or landfill (within 300 m) 0.392 0.326 1.451 0.228 1.481 (0.782–2.804)

Family history of premature baldness 0.365 0.333 1.198 0.274 1.440 (0.750–2.766)

Family history of diabetes 0.283 0.371 0.579 0.447 1.327 (0.641–2.747)

Family history of menstrual disorders 0.640 0.437 2.145 0.143 1.897 (0.805–4.467)

Depression symptoms − 0.028 0.336 0.007 0.933 0.972 (0.503–1.880)

Table 3.  Multivariate logistic regression analysis of influencing factors of PCOS.

 

Variable Case group(n = 210) Control group(n = 210) χ2\t P

 Yes 25(11.9) 34(16.2)

 No 185(88.1) 176(83.8)

Proximity to petrochemical plant or landfill (within 300 m) 0.995 0.319

 Yes 32(15.2) 25(11.9)

 No 178(84.8) 185(88.1)

Anxiety symptoms 36.618  < 0.001

 Yes 77(8.1) 24(11.4)

 No 193(91.9) 186(88.6)

Depression symptoms 1.434 0.231

 Yes 64(30.5) 53(25.2)

 No 146(69.5) 157(74.8)

Table 2.  Baseline data of the case and control groups after propensity score matching. a represents the t-value 
from the statistical analysis.

 

Scientific Reports |        (2025) 15:37074 7| https://doi.org/10.1038/s41598-025-20980-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


symptoms by promoting additional hormonal imbalances, as PCOS is closely linked with insulin resistance30. 
Furthermore, alcoholic beverages are known to contain specific environmental toxins, such as perfluorinated and 
polyfluoroalkyl substances (PFAS). Recent studies have demonstrated that exposure to PFAS may significantly 
elevate the risk of developing PCOS31.

The familial aggregation of PCOS indicates a significant genetic component. Women with a familial 
history of PCOS are at a higher risk of developing the condition which is generally consistent with previous 
research32,33Prior studies have identified numerous genetic variants linked to PCOS, many of which influence 
androgen secretion, insulin regulation, and follicular development. For instance, variants in genes related to 
gonadotropin secretion (Follicle-Stimulating Hormone Receptor, Luteinizing Hormone/Choriogonadotropin 
Receptor, Follicle-Stimulating Hormone Beta Subunit) and androgen biosynthesis (DENN Domain Containing 
Protein 1A) have been correlated with an elevated risk of developing PCOS34. Moreover, women with a history 
of PCOS can cause fetal androgen exposure during pregnancy, contributing to the reprogramming of the 
fetal ovaries, which alters gene pathways and mitochondrial function at birth. This process may lead to the 
development of a lean phenotype of PCOS later in life35.

The findings of this study indicate that low birth weight serves as a significant risk factor for PCOS. This 
is consistent with previous studies36–38. Intrauterine growth restriction (IUGR) typically results in low birth 
weight due to the fetus’s insufficient supply of nutrition and oxygen. This unfavorable environment results in 
what is known as “fetal programming,” where the fetus adapts to limited resources by modifying its metabolic 
and endocrine pathways, and fetal programming induces enduring alterations in hormone regulation, including 
those involved in glucose metabolism and ovarian function, thereby elevating the risk of developing PCOS39. 
Furthermore, infants born with low birth weight often undergo rapid catch-up growth following delivery. This 
rapid catch-up growth, combined with increased visceral adiposity, heightens the risk of insulin resistance and 
the emergence of metabolic syndrome, potentially resulting in the development of PCOS40.

Our findings further emphasize the significant association between anxiety and PCOS. Anxiety and chronic 
stress activate the hypothalamic–pituitary–adrenal (HPA) axis, resulting in heightened secretion of cortisol and 
other stress-related hormones. Prolonged elevation of cortisol disrupts the balance of estrogen and progesterone 
while elevating androgen levels, thereby exacerbating the symptoms of PCOS41. Additionally, anxiety can 
contribute to unhealthy lifestyle choices, such as emotional eating and sedentary behavior. These behaviors 
may result in obesity and endocrine disruption, thereby establishing a vicious cycle that further facilitates the 
development of PCOS42.This study has several limitations. Firstly, the case–control study design necessitated 
reliance on patients’ self-reported data, which may introduce recall bias and consequently affect the study’s 
validity. Therefore, high-quality prospective cohort studies are essential for further validation in the future. 
Secondly, the sample population was exclusively derived from Hengyang City, and the sample size was relatively 
small, which may introduce selection bias and limit the external validity of the findings. Therefore, future 
research should involve a more extensive multicenter study to gain a comprehensive understanding of PCOS 
across diverse populations and environments, thereby enhancing the generalizability of the results.

statistical analysis revealed no significant correlation between Sleep Disturbance, Family History of Infertility, 
Smoking, Exposure to Secondhand Smoke, Occupational Exposure to Petrochemicals and Metals, Proximity 
to Petrochemical Plant or Landfill (within 300 m), Family History of Premature Baldness, Family History of 
Diabetes, Family History of Menstrual Disorders, Depression Symptoms and PCOS. These null findings appear 
inconsistent with some previous research, and several factors may help explain the discrepancies.

First, the limited statistical power of our study, due to an insufficient sample size, may have restricted our 
ability to detect modest but clinically meaningful effect sizes. Furthermore, exposure–response relationships 
regarding occupational hazards could not be quantified, particularly given the absence of biomonitoring data 
on specific chemical concentrations and exposure durations. Potential recall bias in self-reported family history 
may have led to non-differential misclassification and attenuation of associations. In addition, unmeasured 
gene–environment interactions may contribute to disease susceptibility, as suggested by emerging evidence 
on epigenetic mechanisms in PCOS pathogenesis. Finally, certain environmental factors may exert context-
dependent effects that manifest only in the presence of specific genetic polymorphisms, such as androgen 
receptor variants. Collectively, these limitations highlight the complexity of disentangling environmental and 
genetic contributions to PCOS.

Conclusion
In conclusion, a diagnosis of PCOS is likely associated with several factors, including obesity, alcohol 
consumption, family history of PCOS, low birth weight, and anxiety. Identifying these factors is crucial for 
informing management of PCOS, healthcare professionals can develop intervention programs targeting obesity, 
alcohol consumption, and anxiety factors to reduce the incidence of PCOS and promote women’s physical and 
mental health. It is suggested that a multicenter, large-sample longitudinal study could be conducted in the 
future to further explore the influencing factors of PCOS in order to guide disease prevention.

Data availability
Due to privacy/ethical restrictions, the raw dataset (“original data.xlsx”) cannot be made publicly available. Re-
quests for access may be directed to the corresponding author.
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