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Background: Lifestyle interventions often influence lipid levels in patients with polycystic ovary syndrome (PCOS), thereby 
modulating disease progression. However, whether lipid levels play a mediating role remains unclear.
Objective: To investigate causal associations between lifestyle, lipidome, and PCOS, as well as mediating role of lipidome.
Methods: This study employed a bidirectional two-sample Mendelian randomization (MR) analysis, with lifestyle and lipidome as 
exposures and PCOS as outcome. A two-step MR approach was used to assess mediating role of lipidome. Inverse-variance weighted 
(IVW) method was primarily applied, and sensitivity analyses were conducted to test robustness of results.
Results: Overall physical activity time (OR = 0.590, 95% CI: 0.394–0.882, P = 0.010) was significantly negatively associated with 
PCOS risk, while leisure screen time (OR = 1.377, 95% CI: 1.050–1.804, P = 0.021) was significantly positively associated with 
PCOS risk. 25 lipid levels were significantly associated with PCOS risk, with 3 showing negative correlations and 22 showing positive 
correlations (P < 0.05). Mediation analysis revealed that TAG (50:1) (triacylglycerol with 50 carbon atoms and 1 double bond) levels 
mediated causal relationship between increased overall physical activity time and lowered PCOS risk. The median effect accounted for 
23.8% of the total effect (B = −0.126, 95% CI: −0.238 to −0.014, P = 0.027).
Conclusion: This study revealed causal associations between overall physical activity time, leisure screen time, and PCOS, and 
identified mediating role of TAG (50:1) levels. These findings provide scientific insights for lifestyle management in PCOS patients.
Keywords: lifestyle, lipidome, polycystic ovary syndrome, mendelian randomization

Introduction
With a prevalence of 5–18%, polycystic ovarian syndrome (PCOS) is an endocrine condition that impacts women’s 
reproductive, metabolic, and mental health.1 Clinical features of PCOS include hyperandrogenemia (clinical or biochem
ical), irregular ovulation cycles, and polycystic ovarian morphology.2,3 Obesity is a significant risk factor for PCOS, with 
up to 65% of affected women being overweight or obese.4 Dyslipidemia plays a critical role, as obesity often leads to 
elevated triacylglycerol (TAG), increased low-density lipoprotein cholesterol (LDL-C), and reduced high-density lipo
protein cholesterol (HDL-C).5 Notably, TAG molecules can induce insulin resistance through serine phosphorylation of 
insulin receptor substrate-1 (IRS-1) and promote the release of inflammatory factors, directly participating in the 
pathological progression of PCOS.6,7 These abnormal lipid profiles not only exacerbate the progression of PCOS but 
also increase the risk of cardiovascular complications.8,9 Therefore, improving obesity and lipid metabolism is a key 
objective in the management of PCOS.

Lifestyle interventions (diet, exercise, behavioral, or combined) are recommended as first-line management for PCOS 
patients in international evidence-based guidelines.2 Their benefits have been demonstrated in multiple studies. 
A Cochrane review including 15 randomized controlled trials and 498 participants reported that lifestyle interventions 
significantly reduced body weight and BMI and improved secondary reproductive outcomes, such as the free androgen 
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index, compared to minimal intervention or usual care.10 Moderate weight loss through lifestyle interventions improves 
ovulation and menstrual regularity in PCOS, thereby promoting reproductive health.11 More importantly, lifestyle 
interventions can specifically modulate lipid metabolism, reducing total cholesterol and LDL-C levels.12,13 This evidence 
supports a potential causal cascade: lifestyle interventions influence lipidome remodeling (specifically altering TAG 
levels), thereby alleviating PCOS pathology. However, whether lipid metabolites act as mediators in this pathway has not 
been verified using causal inference methods.

Therefore, this study employed Mendelian Randomization (MR) to quantify the causal effects of lifestyle factors on 
PCOS risk and to investigate lipid metabolites significantly associated with PCOS. Furthermore, the mediating role of the 
lipidome in the lifestyle-PCOS pathway was evaluated. The findings may provide a theoretical basis for precise lifestyle 
interventions in PCOS management.

Methods
Study Design
A two-sample MR approach was employed to estimate causal relationships between 14 lifestyle factors and 179 lipid 
levels as exposures, with PCOS as outcome. Mediating role of lipid levels was explored (Figure 1). To reduce 
heterogeneity, genome-wide association study (GWAS) data were collected from people with European ancestry.

This study utilized only fully de-identified, publicly available summary data from previously published GWAS (data 
accessed before February 2025). Therefore, no additional ethical approval or patient consent was required. The study 
protocol was reviewed and granted an exemption by the Ethics Committee of Xi’an Gaoxin Hospital. This exemption is 
fully compliant with Article 32 of China’s Ethical Review Measures for Life Sciences and Medical Research Involving 
Humans (issued on February 18, 2023), which states that research using publicly sourced data may be exempt from 
ethical review.

GWAS Data Acquisition
This study included 13 lifestyle-related factors. Alcohol intake frequency and coffee intake involved 462,346 and 
428,860 participants of European ancestry, respectively (https://gwas.mrcieu.ac.uk/). Smoking initiation included 
607,291 individuals of European descent.14 Insomnia data comprised 453,379 participants,15 while sleep duration 
involved 446,118 individuals.16 Chronotype (sleep rhythm) was assessed in 449,734 participants.17 Data on total physical 
activity, moderate-intensity activity, walking time, and sedentary behavior duration were each derived from 91,105 
participants. Leisure screen time, moderate-to-vigorous physical activity, and sedentary behavior at work involved 
526,725, 608,595, and 72,609 participants, respectively.18

Figure 1 Flow chart of the Mendelian Randomization study design. 
Notes: Created in BioRender. ming, H. (2025) https://BioRender.com/a5j9wem. 
Abbreviations: PCOS, polycystic ovary syndrome; IV, Instrumental Variable(s); SNP, Single Nucleotide Polymorphisms.
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Lipid levels (n = 179) were obtained from 7,174 participants,19 including phosphatidylcholine (PC), cholesteryl ester 
(CE), phosphatidylinositol (PI), diacylglycerol (DAG), triacylglycerol (TAG), and phosphatidylcholine ether (PCO). For 
detailed information on all lipid molecules, please refer to Table S1.

The GWAS data for the outcome (PCOS) were obtained from the latest release (R12) of the FinnGen database 
(https://www.finngen.fi/en),20 comprising 269,994 participants.

Detailed information on all GWAS datasets included in this study is provided in Table 1.

Instrumental Variable (IV) Selection
IVs must satisfy three key assumptions: the IV must be directly associated with the exposure; it must be independent of 
any confounding factors; and it must not be directly associated with the outcome. The selection criteria for IVs were as 
follows: (1) Single nucleotide polymorphisms (SNPs) were used as IVs. A genome-wide significance threshold of P<5e- 
08 was applied. For 179 lipid traits, walking time, sedentary behavior, moderate-intensity physical activity, total physical 
activity time, and when PCOS was used as the exposure, a threshold of P<5e-06 was adopted. (2) PLINK’s clumping 
algorithm was employed to remove SNPs in linkage disequilibrium, ensuring the independence of the genetic instruments 
(r2=0.001, window size = 10,000 kb). (3) The harmonise_data() function in the R package “TwoSampleMR” was used to 
align and harmonize the effect alleles and strands between exposure and outcome summary statistics. Palindromic SNPs 
and incompatible SNPs were excluded during this process. (4) The F-statistic was calculated to exclude weak IVs 
(F>10). (5) The MR-PRESSO method was applied to perform a global test and remove outliers, thereby correcting for 
potential horizontal pleiotropy.

MR Analysis
For bidirectional two-sample MR analysis, five techniques were used: weighted median estimator, MR-Egger regression, 
random-effects inverse-variance weighted (IVW), weighted mode, and simple mode. The results from the IVW method 
with random effects were considered the primary reference, as this model accommodates a certain degree of hetero
geneity among IVs and is more robust than fixed-effect models in the presence of potential pleiotropy.21–23 Results from 
other methods were used as supplementary evidence to validate the stability of the main findings.

A two-step MR approach was employed for mediation analysis24,25 to explore whether lipid traits mediate the causal 
pathway from lifestyle factors to PCOS. First, we identified lifestyle and lipid-related traits that showed significant causal 
associations with PCOS and were free of horizontal pleiotropy. Second, using the same analytical criteria, we evaluated 
the causal effects of these lifestyle factors on the lipid traits genetically associated with PCOS. The total effect (β) 

Table 1 Detailed Information of the Genome-Wide Association Studies in Our Analysis

Traits ID Population Sample Case Control PMID Year

Alcohol intake frequency ukb-b-5779 European 462,346 NA NA NA 2018

Coffee intake ukb-b-5237 European 428,860 NA NA NA 2018
Smoking initiation ieu-b-4877 European 607,291 NA NA 30643251 2019

Insomnia GCST007387 European 453,379 345,022 108,357 30,804,566 2019
Sleep duration GCST007561 European 446,118 NA NA 30846698 2019

Chronotype GCST007576 European 449,734 NA NA 30696823 2019

Walking duration GCST007110 European 91,105 NA NA 30531941 2018
Moderate intensity activity duration GCST006915 European 91,105 NA NA 30531941 2018

Overall physical activity time GCST006912 European 91,105 NA NA 30531941 2018

Sedentary behavior duration GCST006913 European 91,105 NA NA 30531941 2018
Leisure screen time GCST90104339 European 526,725 NA NA 36071172 2022

Moderate-to-vigorous intensity physical activity GCST90104341 European 608,595 NA NA 36071172 2022

Sedentary behavior at work GCST90104345 European 72,609 NA NA 36071172 2022
179 Lipids GCST90277238-416 European 7,174 NA NA 37907536 2023

PCOS NA European 269,994 2,214 267,780 36,653,562 2024
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represents the overall causal association from lifestyle factor to PCOS. Potential mediators with logically consistent 
effect directions were retained. The mediation analysis consisted of two steps: the association between the lifestyle factor 
and the lipid trait (β₁), and the causal effect of the lipid trait on PCOS (β2). The mediation effect was calculated as the 
product of β₁ and β2. The proportion mediated was estimated by dividing the mediation effect by the total effect. The 
delta method was used to estimate the 95% confidence interval for the mediation effect.

Sensitivity analyses in this study primarily included assessments of heterogeneity, horizontal pleiotropy, and leave- 
one-out validation.26 The MR-PRESSO outlier test was applied to detect and remove outliers among the IVs before MR 
analysis. Heterogeneity among SNPs was evaluated using Cochran’s Q test; a P-value < 0.05 indicated the presence of 
heterogeneity, in which case the random-effects IVW model was adopted. To evaluate deviations from the standard IV 
assumptions, MR-Egger regression and the MR-PRESSO global test were used to assess horizontal pleiotropy. MR- 
Egger performs weighted linear regression without constraining the intercept; a statistically significant MR-Egger 
intercept (P < 0.05) suggests the presence of horizontal pleiotropy, and results under such conditions were excluded to 
ensure robustness. Additionally, a leave-one-out sensitivity analysis was conducted by iteratively removing each SNP to 
confirm that the MR results were not driven excessively by any single variant.27

The statistical power for each analysis was independently calculated using an online tool (https://sb452.shinyapps.io/power/). 
Power estimation was based on the following parameters: the proportion of variance in the exposure explained by the instruments 
(R²), sample size of the outcome, expected causal effect size, and a significance level of α = 0.05, thereby ensuring the validity of 
the MR results.28

Sensitivity Analysis
The following methods were employed for sensitivity analysis:26 Cochran’s Q test to examine SNP heterogeneity; MR- 
Egger regression to evaluate directional pleiotropy; MR-PRESSO global test to assess horizontal pleiotropy; Leave-one- 
out analysis to determine influence of particular SNPs on causations; Steiger analysis to confirm directionality of causal 
associations.27

Statistical Analysis
MR analyses were done on R software (version 4.4.1) utilizing R packages “TwoSampleMR” (version 0.6.8) and “MR- 
PRESSO” (version 1.0). P-value < 0.05 indicated statistically significant.

Results
Genetic Associations Between Lifestyle and PCOS
Genetic associations between lifestyle factors and PCOS were explored (IVs are listed in Table S2). Overall physical 
activity time (OR = 0.590, 95% CI: 0.394–0.882, P = 0.010) and chronotype (OR = 0.668, 95% CI: 0.506–0.882, P = 
0.004) had a significant negative association with PCOS risk. Leisure screen time (OR = 1.377, 95% CI: 1.050–1.804, 
P = 0.021) and alcohol intake frequency (OR = 1.456, 95% CI: 1.073–1.976, P = 0.016) were significantly positively 
linked with PCOS risk (Figure 2). These findings were consistent across four additional MR methods (Table S3).

MR results passed sensitivity analyses (Table S4 and Figure S1). Reverse MR analysis revealed that PCOS was 
negatively linked with chronotype (OR = 0.989, 95% CI: 0.980–0.998, P = 0.018) and alcohol intake frequency (OR = 
0.987, 95% CI: 0.979–0.995, P = 0.002) (Table S5). The statistical power analysis indicated that the IVs for all lifestyle 
factors, with the exception of leisure screen time, exhibited adequate statistical power (Power > 0.6) (Table S6).

Genetic Associations Between Lipidome and PCOS
Genetic associations between lipidome and PCOS were analyzed (IVs are listed in Table S7). IVW results indicated that 
25 lipid levels were significantly associated with PCOS risk, with 3 showing negative correlations and 22 showing 
positive correlations (Figure 3). PC(15:0_18:1), CE(27:1/16:1), and CE(27:1/20:2) levels all had a significant negative 
association with PCOS risk. PC(18:0_22:5, 18:0_18:1, 17:0_18:2), PI(18:1_18:1, 18:0_18:1, 18:0_18:2, 16:0_18:2), 
DAG(18:1_18:1, 18:1_18:2, 16:1_18:1), TAG(50:4, 51:4, 50:3, 50:2, 49:1, 54:6, 48:3, 48:2, 48:1, 50:1), and PCO 
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(17:0_17:1, 16:0_16:0) levels were substantially positively linked with PCOS risk. Other approaches produced similar 
results (Table S8).

Sensitivity analysis confirmed robustness of these causal relations (Table S9 and Figure S2). Reverse MR analysis 
showed no reverse causal associations except for CE(27:1/16:1) levels (OR = 0.951, 95% CI: 0.914–0.990, P = 0.014) 
(Table S10).

Mediation Analysis Results
After excluding results with reverse causal associations, we evaluated causal relationships between two lifestyle factors 
(overall physical activity time and leisure screen time) and 24 lipid-related traits. Overall physical activity time was 

Exposure
Overall physical activity time

Outcome

Sleep duration

N(snp)

Chronotype

Pval

Moderate−to−vigorous intensity physical activity
Walking duration

OR(95% CI)

Moderate intensity activity duration
Sedentary behavior at work

Sedentary behaviour duration
Smoking initiation

Leisure screen time
Alcohol intake frequency

Insomnia
Coffee intake

PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS

 47
 61
142
 10
 23
 27
  9
 37
 85
107
 92
 37
 36

0.010
0.183
0.004
0.561
0.416
0.728
0.888
0.782
0.683
0.021
0.016
0.457
0.136

0.590 (0.394 to 0.882)
0.661 (0.359 to 1.216)
0.668 (0.506 to 0.882)
0.782 (0.341 to 1.794)
0.784 (0.437 to 1.408)
0.904 (0.510 to 1.600)
0.956 (0.514 to 1.779)
1.058 (0.710 to 1.577)
1.065 (0.786 to 1.445)
1.377 (1.050 to 1.804)
1.456 (1.073 to 1.976)
1.594 (0.466 to 5.454)
1.801 (0.831 to 3.905)

0.3 1 2

Figure 2 Results of IVW Mendelian randomization of lifestyle and PCOS. 
Abbreviation: PCOS, polycystic ovary syndrome.

Exposure
PC (15:0_18:1) levels

Outcome

CE (27:1/16:1) levels

N(snp)

CE (27:1/20:2) levels

Pval

PC (18:0_22:5) levels
PI (18:1_18:1) levels

OR(95% CI)

PI (18:0_18:1) levels
DAG (18:1_18:1) levels

PI (18:0_18:2) levels
DAG (18:1_18:2) levels

TAG (50:4) levels
TAG (51:4) levels

PC (O−17:0_17:1) levels
PC (18:0_18:1) levels

DAG (16:1_18:1) levels
PI (16:0_18:2) levels

TAG (50:3) levels
TAG (50:2) levels
TAG (49:1) levels
TAG (54:6) levels

PC (17:0_18:2) levels
TAG (48:3) levels
TAG (48:2) levels

PC (O−16:0_16:0) levels
TAG (48:1) levels
TAG (50:1) levels

PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS
PCOS

 8
15
19
18
16
16
19
23
24
19
15
15
18
13
19
16
 9
11
 9
14
17
14
 7
11
11

0.013
0.005
0.028
0.042
0.032
0.016
0.028
0.005
0.009
0.008
0.010
0.024
0.010
0.010
0.002
0.003
0.027
0.023
0.013
0.002

<0.001
<0.001
0.015

<0.001
<0.001

0.734 (0.576 to 0.936)
0.767 (0.637 to 0.924)
0.862 (0.755 to 0.984)
1.163 (1.006 to 1.346)
1.173 (1.014 to 1.358)
1.174 (1.030 to 1.339)
1.176 (1.018 to 1.359)
1.184 (1.053 to 1.330)
1.195 (1.045 to 1.366)
1.223 (1.054 to 1.419)
1.230 (1.050 to 1.441)
1.233 (1.028 to 1.478)
1.252 (1.055 to 1.486)
1.271 (1.059 to 1.525)
1.272 (1.094 to 1.479)
1.276 (1.088 to 1.496)
1.277 (1.028 to 1.587)
1.299 (1.037 to 1.628)
1.308 (1.059 to 1.614)
1.350 (1.118 to 1.630)
1.359 (1.134 to 1.630)
1.365 (1.137 to 1.640)
1.413 (1.070 to 1.866)
1.467 (1.183 to 1.820)
1.572 (1.282 to 1.926)

0.5 1 1.9

Figure 3 Results of IVW Mendelian randomization of lipidome and PCOS. 
Abbreviations: CI, Confidence Interval; DAG, Diacylglycerol; CE, Cholesteryl Ester; OR, Odds Ratio; PC, Phosphatidylcholine; PC(O-), Phosphatidylcholine Ether; PI, 
Phosphatidylinositol; PCOS, Polycystic Ovary Syndrome; TAG, Triacylglycerol; N(snp), Number of instrumental SNPs used in the analysis.
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strongly negatively linked with ten lipid characteristics, including DAG(18:1_18:1, 18:1_18:2, 16:1_18:1) and TAG. 
Leisure screen time was significantly positively linked with seven lipid characteristics, including TAG(50:4, 50:3, 50:2, 
50:1), PC(18:0_22:5), DAG(18:1_18:2), and PI(18:0_18:1) (Figure 4). Sensitivity studies verified robustness of these 
findings (Table S11), and no reverse relationships were found (Table S12).

Mediation analysis revealed that TAG (50:1) levels significantly mediated causal relationship between increased 
overall physical activity time and lowered PCOS risk, accounting for 23.8% of total effect (B = −0.126, 95% CI: −0.238 
to −0.014, P = 0.027) (Table 2).

Exposure
Overall physical activity time

Outcome

Overall physical activity time

N(snp)

Overall physical activity time

Pval

Overall physical activity time
Overall physical activity time

OR(95% CI)

Overall physical activity time
Overall physical activity time
Overall physical activity time
Overall physical activity time
Overall physical activity time

Leisure screen time
Leisure screen time
Leisure screen time
Leisure screen time
Leisure screen time
Leisure screen time
Leisure screen time

DAG (18:1_18:1) levels
TAG (49:1) levels

DAG (18:1_18:2) levels
TAG (50:2) levels
TAG (50:3) levels
TAG (54:6) levels
TAG (51:4) levels
TAG (50:1) levels

DAG (16:1_18:1) levels
TAG (48:1) levels
TAG (50:4) levels
TAG (50:3) levels

PC (18:0_22:5) levels
DAG (18:1_18:2) levels

TAG (50:2) levels
PI (18:0_18:1) levels

TAG (50:1) levels

47
47
47
47
47
47
47
47
47
47
95
99
99
96
99
99
95

<0.001
0.006
0.003
0.010
0.014
0.011
0.034
0.016
0.032
0.032
0.030
0.036
0.028
0.023
0.024
0.026
0.014

0.679 (0.544 to 0.848)
0.696 (0.537 to 0.902)
0.705 (0.561 to 0.885)
0.729 (0.573 to 0.928)
0.735 (0.575 to 0.941)
0.746 (0.595 to 0.936)
0.756 (0.584 to 0.979)
0.757 (0.603 to 0.950)
0.767 (0.601 to 0.978)
0.780 (0.622 to 0.979)
1.175 (1.016 to 1.359)
1.179 (1.011 to 1.376)
1.180 (1.018 to 1.367)
1.190 (1.024 to 1.383)
1.191 (1.023 to 1.386)
1.192 (1.021 to 1.391)
1.199 (1.037 to 1.386)

0.5 1 1.6

Figure 4 Results of IVW Mendelian randomization of lifestyle and associated lipids. 
Abbreviations: CI, Confidence Interval; DAG, Diacylglycerol; OR, Odds Ratio; PC, Phosphatidylcholine; PI, Phosphatidylinositol; SNP, Single Nucleotide Polymorphism; 
TAG, Triacylglycerol; N(snp), Number of instrumental SNPs used in the analysis.

Table 2 Mediation Analysis Result

Exposure Mediator Outcome Beta Beta1 Beta2 Mediated Effect 
(95% CI)

Mediated Proportion Pval

Leisure screen time DAG (18:1_18:2) levels PCOS 0.320 0.174 0.178 0.031 (−0.004,0.066) 9.67% (−1.39%, 20.7%) 0.086

Leisure screen time PC (18:0_22:5) levels PCOS 0.320 0.165 0.151 0.025 (−0.008,0.058) 7.84% (−2.46%, 18.1%) 0.136

Leisure screen time PI (18:0_18:1) levels PCOS 0.320 0.175 0.161 0.028 (−0.006,0.063) 8.82% (−1.92%, 19.6%) 0.107

Leisure screen time TAG (50:1) levels PCOS 0.320 0.182 0.452 0.082 (−0.014,0.178) 25.7% (−4.25%, 55.6%) 0.093

Leisure screen time TAG (50:2) levels PCOS 0.320 0.175 0.245 0.043 (−0.017,0.102) 13.4% (−5.18%, 31.9%) 0.158

Leisure screen time TAG (50:3) levels PCOS 0.320 0.165 0.244 0.040 (−0.006,0.087) 12.6% (−1.93%, 27.1%) 0.089

Leisure screen time TAG (50:4) levels PCOS 0.320 0.161 0.201 0.032 (−0.006,0.070) 10.1% (−1.74%, 22%) 0.094

Overall physical activity time DAG (16:1_18:1) levels PCOS −0.528 −0.265 0.24 −0.064 (−0.142,0.014) 12% (26.8%, −2.71%) 0.110

Overall physical activity time DAG (18:1_18:1) levels PCOS −0.528 −0.386 0.162 −0.063 (−0.152,0.026) 11.9% (28.7%, −4.96%) 0.167

Overall physical activity time DAG (18:1_18:2) levels PCOS −0.528 −0.350 0.178 −0.062 (−0.146,0.021) 11.8% (27.6%, −4.02%) 0.144

Overall physical activity time TAG (48:1) levels PCOS −0.528 −0.248 0.383 −0.095 (−0.195,0.005) 18% (37%, −0.914%) 0.062

Overall physical activity time TAG (49:1) levels PCOS −0.528 −0.362 0.262 −0.095 (−0.206,0.016) 18% (38.9%, −3.03%) 0.094

Overall physical activity time TAG (50:1) levels PCOS −0.528 −0.278 0.452 −0.126 (−0.238,-0.014) 23.8% (45%, 2.7%) 0.027

Overall physical activity time TAG (50:2) levels PCOS −0.528 −0.316 0.245 −0.077 (−0.170,0.016) 14.6% (32.2%, −2.94%) 0.103

Overall physical activity time TAG (50:3) levels PCOS −0.528 −0.307 0.244 −0.075 (−0.160,0.010) 14.2% (30.3%, −1.93%) 0.085

Overall physical activity time TAG (51:4) levels PCOS −0.528 −0.280 0.207 −0.058 (−0.138,0.022) 11% (26%, −4.07%) 0.153

Overall physical activity time TAG (54:6) levels PCOS −0.528 −0.293 0.268 −0.079 (−0.166,0.009) 14.9% (31.4%, −1.62%) 0.077

Abbreviations: PCOS, polycystic ovary syndrome; CI, Confidence Interval; DAG, Diacylglycerol; PC, Phosphatidylcholine; PI, Phosphatidylinositol; TAG, Triacylglycerol.
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Discussion
Our MR analysis revealed that overall physical activity time was significantly negatively associated with PCOS risk, 
while leisure screen time was significantly positively associated with PCOS risk. TAG (50:1) levels played a significant 
mediating role in causal relationship between increased overall physical activity time and lowered PCOS risk.

Numerous previous studies support the protective effect of physical activity against PCOS. Meta-analyses have 
demonstrated that exercise improves lipid profiles, reduces waist circumference, systolic blood pressure, and fasting 
insulin levels, and enhances cardiometabolic parameters in women with PCOS.29 Randomized controlled trials have 
shown that physical activity interventions lead to weight loss, decreased oxidized LDL-C,30 improved sexual function, 
and reduced anxiety and depressive symptoms in women with PCOS compared to control groups.31 The underlying 
protective mechanisms primarily involve improvements in insulin resistance (IR), hyperandrogenism, and chronic 
inflammation.32 IR is a key driver of PCOS pathophysiology, affecting most patients and significantly disrupting ovarian 
function and lipid metabolism.33,34 Regular aerobic exercise (eg, 1 hour per session, 3 times per week, at 60% VO2max) 
significantly enhances insulin sensitivity in PCOS patients,35 strengthens insulin signaling in skeletal muscle, and 
promotes changes in insulin gene expression and metabolic signaling that resemble those observed in healthy 
women.36 Additionally, exercise contributes to weight loss and improved body composition, effectively reducing 
testosterone levels and the free androgen index,37–40 while also mitigating chronic inflammation.41–43

This study is the first to use MR to suggest that lipid metabolism may mediate the protective effect of physical 
activity on PCOS. Mediation analysis indicated that a reduction in TAG (50:1) levels accounts for approximately 23.8% 
of the total effect. TAG, a critical energy storage molecule synthesized primarily in the liver and stored in adipose tissue 
as lipid droplets, plays an essential role in maintaining insulin sensitivity when metabolically balanced. Excessive 
accumulation of TAG disrupts insulin signaling, promotes lipotoxicity, and induces low-grade inflammation.44,45 

Previous studies have reported elevated TAG levels in women with PCOS,46 which may exacerbate IR by inducing 
serine phosphorylation of insulin receptor substrate-147 and correlate with increased leukocyte and neutrophil counts, 
further aggravating chronic inflammation.48 Lowering TAG levels not only helps improve IR and inflammatory responses 
but may also support the restoration of ovulatory function in PCOS patients.49 From a genetic perspective, this study 
highlights the regulation of TAG metabolism as a potential key mechanism through which exercise interventions 
ameliorate PCOS, offering new targets for precise prevention and treatment.

In recent years, with the widespread use of electronic devices, the potential health impact of leisure screen time has 
garnered increasing attention. Our findings identify leisure screen time as a risk factor for PCOS, potentially mediated 
through the promotion of obesity. Prolonged screen time is associated with an increased risk of obesity,50 which can lead 
to adipocyte dysfunction, elevated release of free fatty acids, and subsequent inhibition of glucose uptake in peripheral 
tissues, thereby inducing IR.51 Concurrently, obesity triggers low-grade inflammation through the activation of pro- 
inflammatory pathways (eg, the JNK signaling pathway), increasing the production of pro-inflammatory cytokines, 
endothelial adhesion molecules, and chemotactic mediators. These factors stimulate monocyte infiltration into adipose 
tissue and their differentiation into classically activated macrophages, inducing a local or systemic pro-inflammatory 
state,52 collectively promoting IR and PCOS development. Furthermore, excessive leisure screen time may indirectly 
contribute to PCOS onset by increasing the risk of depression,53 which is itself a known risk factor for the disorder.54

This study suggests that increasing physical activity and reducing screen time may lower the risk of PCOS by 
regulating lipid metabolism. These findings support the implementation of early lifestyle interventions in high-risk 
populations, such as adolescent girls or individuals with a family history of PCOS, integrating body composition 
management and blood lipid monitoring into preventive strategies. This provides new insights for the primary prevention 
of PCOS. However, the study has certain drawbacks. First, the study population was predominantly composed of people 
of European ancestry, which limited the findings’ generalizability to other ethnic groups. Due to significant differences in 
genetic backgrounds, environmental factors, and lifestyles among ethnic groups, caution is needed when extrapolating 
these results to other populations. Second, although our analysis demonstrated causal relationships between overall 
physical activity time, leisure screen time, and PCOS, PCOS onset is closely related to age. However, the lack of 
demographic information in GWAS data precluded subgroup analyses to explore the specific role of age. Third, given the 
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exploratory nature of this study, we conducted statistical tests on a wide range of exposures and mediators. While this 
generated abundant hypothesis-building data, the lack of multiple testing correction may have increased the risk of false- 
positive results. Subsequent studies are needed to validate these preliminary findings in independent samples. Finally, 
although the mediation analysis suggested the mediating role of lipids such as TAG (50:1), the specific molecular 
mechanisms remain unclear and require further clarification through cellular or animal experiments, or more refined 
omics data.

Conclusion
This study employed MR combined with mediation analysis to reveal a causal relationship between overall physical 
activity time, leisure screen time, and the risk of PCOS, and for the first time identified the specific lipid molecule TAG 
(50:1) as a key mediator in this association. These findings not only enhance the understanding of the metabolic 
mechanisms through which lifestyle influences PCOS but also provide potential targets for the precise prevention of 
the disorder. Monitoring and regulating TAG (50:1) levels may become a novel intervention strategy for high-risk 
populations, such as adolescents or overweight women. As the results of this study are primarily based on genetic data 
from European populations, future research is needed to validate the generalizability of the lipid mediation effect and 
elucidate its specific molecular mechanisms across diverse ethnic groups and experimental settings to facilitate its 
translation into clinical practice.
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