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Objective: The two-sample Mendelian randomization (MR) approach was used to evaluate the causal association between modifiable
lifestyle and gynecological tumors.

Methods: Based on publicly accessible summary level genome-wide association study (GWAS), the exposures were age of smoking
initiation, cigarettes per day, smoking cessation, smoking initiation, alcohol intake, tea intake, coffee intake, and the outcomes were
cervical, ovarian and endometrial cancer. [IVW, MR-Egger, WM, Weighted Mode and Simple Mode method were used to evaluate the
causal relationship, and sensitivity analysis, heterogeneity analysis and heterogeneity analysis were performed.

Results: Smoking initiation (OR: 1.186, 95% CI: 1.009—1.394, P= 0.040) and alcohol intake (OR: 1.235, 95% CI: 1.063-1.436, P=
0.010) increased the risk of ovarian cancer, smoking cessation (OR: 0.636, 95% CI: 0.441-0.917, P= 0.020) was a protective factor for
endometrial cancer, while alcohol intake (OR: 1.262, 95% CI: 1.051-1.517, P= 0.010) was a risk factor for endometrial cancer.
Cigarettes per day (OR: 1.004, 95% CI: 1.001-1.007, P= 0.000) and smoking initiation (OR: 1.003, 95% CI: 1.001-1.005, P= 0.000)
both increase the risk of cervical cancer. The sensitivity analysis of each group showed robust results, no pleiotropy was found, and
there were no abnormal variables in the heterogeneity test.

Conclusion: Smoking and alcohol intake are causally linked to gynecological tumors, whereas the tea and coffee intake do not exhibit
a causal association with gynecological tumors.
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Introduction

Gynecologic tumors, including cervical, ovarian, and endometrial cancers, represent a significant global health burden,
accounting for over 1.2 million new cases annually and ranking among the leading causes of cancer-related mortality in
women worldwide.'*? Gynecological tumors, including cervical cancer, ovarian cancer, and endometrial cancer, stand as
the primary contributors to cancer-related fatalities among women worldwide.> While considerable advancements have
been made in the early identification and management of gynecological tumors, preventing the occurrence and progres-
sion of these tumors remains a major challenge. The specific mechanisms underlying cervical cancer, ovarian cancer, and
endometrial cancer are not yet fully understood, and they may be influenced by various factors such as genetics,
environment, and lifestyle. Epidemiological studies suggest that tobacco consumption, alcohol intake, and certain
lifestyle choices, such as coffee consumption, may be risk factors for these cancers.* There is also research indicating
that these lifestyle factors are associated with poor cancer prognosis, possibly because these behaviors themselves have
adverse effects on survival.” Tobacco smoking is strongly associated with cervical carcinogenesis, largely mediated by
interactions with human papillomavirus (HPV) infection.® However, its relationship with ovarian and endometrial
cancers is inconsistent across studies, likely due to residual confounding by hormonal therapies or socioeconomic
factors.”® Similarly, alcohol intake has been variably linked to ovarian cancer risk in cohort studies, while its association
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with endometrial cancer remains ambiguous, with some suggesting a protective effect via estrogen modulation.”™
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Coffee and tea consumption, hypothesized to influence carcinogenesis through caffeine’s dual roles in DNA repair
inhibition and antioxidant activity, also lack consensus in observational data.'"'?

Traditional epidemiological approaches are limited by confounding and reverse causality, particularly for lifestyle
factors intertwined with complex behavioral and environmental variables.'*> Mendelian randomization (MR), which uses
genetic variants as instrumental variables, circumvents these biases by leveraging the random allocation of alleles at
conception, mimicking a randomized controlled trial design.'* Recent MR studies have clarified causal relationships
between smoking and lung cancer, alcohol and breast cancer,” and obesity and endometrial cancer,'® underscoring its
utility in disentangling etiology. However, no MR study has comprehensively assessed smoking, alcohol, coffee, and tea
intake across all three major gynecologic tumors, leaving critical gaps in causal evidence.

This study employs a two-sample MR analysis to evaluate the causal effects of seven modifiable lifestyle factors—
ever smoking, age of ever smoking, cigarettes per day, smoking cessation, alcohol intake, coffee intake, and tea intake—
on cervical, ovarian, and endometrial cancers. Using large-scale genome-wide association study (GWAS) data from
European populations, we aim to resolve inconsistencies in observational literature and provide robust evidence to inform
prevention guidelines.

Materials and Methods

Study Design

We conducted a two-sample MR analysis to explore the potential causal relationships between modifiable lifestyle factors
and gynecologic cancers (cervical, ovarian, and endometrial cancers). Genetic variants associated with lifestyle expo-
sures were used as instrumental variables (IVs) to infer causality. This study adheres to the three core assumptions of
MR:!® The genetic instrumental variables must be closely associated with cervical cancer, ovarian cancer, and endo-
metrial cancer; Genetic instrumental variables are independent of confounding factors influencing exposure and outcome;
Genetic instrumental variables can only influence cervical cancer, ovarian cancer, and endometrial cancer through
modifiable lifestyle factors. This study utilized summary-level GWAS data from publicly available databases. All original
studies contributing to these databases obtained ethical approval and participant consent. As no individual-level data
were accessed or analyzed, additional ethical approval was not required.

Exposure Data

The summary data on smoking is derived from the Alcohol and Nicotine use Genome-Wide Association Studies and
Sequencing Consortium (GSCAN). The GSCAN study incorporated data from 2.6 million individuals of European ancestry
across 59 cohorts. It encompassed four smoking-related phenotypes: ever smoking (n=2,669,029), age of ever smoking
(n=618,541), cigarettes per day (n=618,489), and smoking cessation (n=1147). The smoking-related traits (ever smoking,
smoking cessation, etc.) were obtained from independent GWAS datasets conducted within the GSCAN consortium. Each
phenotype was analyzed separately, and care was taken to minimize sample overlap and confounding between traits. Summary
data on alcohol intake, coffee intake, and tea intake were derived from aggregated data from the MRC-IEU UK Biobank.

Outcome Data

The summary data for gynecological tumors were obtained from the MRC IEU OpenGWAS database of the UK
Biobank. The GWAS data from the Ovarian Cancer Association Consortium (OCAC) included a total of 66,450
individuals of European descent from 14 countries (comprising 25,509 cases and 40,941 controls).'" The aggregated
data for endometrial cancer were derived from the meta-GWAS dataset, comprising 12,906 endometrial cancer cases and
108,979 controls.'? The summary data for cervical cancer comprised a total of 1889 cases and 461,044 controls.

Statistical Analysis

Mendelian Randomization Analysis

Genetic instrumental variables were selected by setting criteria, specifically choosing SNPs associated with the exposure
variable that achieved genome-wide significance (P < 5E-8). To mitigate bias due to strong linkage disequilibrium (LD)
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between SNPs, LD parameter r* < 0.001 was utilized to obtain independent SNPs linked with each trait. This study employed
the inverse-variance weighted method (IVW), MR-Egger method, weighted median method (WM), Weighted Mode method,
and Simple Mode method. The results of the [IVW method served as the main information source, and individual SNP Wald
estimates were meta-analyzed through a synthesis analysis.'” To mitigate bias resulting from insufficient instrumental
variables, the statistical strength F value for each SNP was computed. The calculation formula is given by R2(N-2)/(1-R2),
where R2 represents the coefficient of determination and N is the sample size. F > 10 indicates the absence of weak instrument
bias. Leave-one-out method for sensitivity was employed to explore the impact of individual SNPs on causal associations.
MR-pleiotropy was used to examine pleiotropy, and P>0.05 indicated that there was no pleiotropy. These analyses were
conducted using the “TwoSampleMR” and “MRPRESSO” packages in RStudio software (version 4.2.1). All data used in this
study came from published GWAS databases, so ethical approval is not required.

Results

Causal Relationship between Modifiable Lifestyle and Ovarian Cancer

The relationship between modifiable lifestyle factors and ovarian cancer is illustrated in Figure 1. The IVW random-effects
model results suggest that initiating smoking (OR: 1.186, 95% CI: 1.009-1.394, P = 0.040) and alcohol consumption (OR:
1.235, 95% CI: 1.063-1.436, P = 0.010) are linked to an increased risk of ovarian cancer. In contrast, other smoking-related
traits (age of ever smoking, cigarettes per day, and smoking cessation), as well as tea and coffee consumption, showed no
causal association with ovarian cancer risk. No significant impact on the estimated causal relationship was observed for SNPs

Exposures Methods  SNPs OR (5% CI) P value Pheterogeneity Ppleiotropy
Age of smoking initiation MR Egger 6 ¢ 0.056(0.004-0.831) 0.100 0.159  0.107
WM 6 — 0.880(0.341-2.272) 0.790
vw 6 —— 0.877(0.364-2.109) 0.770
Simple mode 6 1.120(0.245-5.130) 0.890
Weighted mode 6 1.026(0.180-5.853) 0.980
Cigarettes per day MR Egger 50 —— 0.964(0.596-1.561)  0.880 0811 0774
WM 50 —— 1.066(0.763-1.489) 0.710
vw 50 - 1.027(0.825-1.278) 0.810
Simple mode 50 —— 1.142(0.610-2.138) 0.680
Weighted mode 50 —— 1.082(0.756-1.548) 0.670
Smoking cessation MR Egger 24 H— 1.775(0.791-3.984) 0.180 0.447 0.077
WM 24 4 0.893(0.548-1.455) 0.650
vw 24 o 0.879(0.631-1.225) 0.450
Simple mode 24 ——— 0.636(0.276-1.468) 0.300
Weighted mode 24 —— 0.891(0.470-1.689) 0.730
Smoking initiation MR Egger 276 —— 0.808(0.401-1.627) 0.550 0.038 0.270
WM 276 H— 1.190(0.955-1.482) 0.120
vw 276 2 gl 1.186(1.009-1.394) 0.040
Simple mode 276 — 1.343(0.604-2.986) 0.470
Weighted mode 276 ——— 1.569(0.783-3.143) 0.200
Alcohol intake MR Egger 83 H— 1.210(0.895-1.634) 0.220 0.106 0.874
WM 83 H— 1.214(0.962-1.531) 0.100
VW 83 - 1.235(1.063-1.436) 0.010
Simple mode 83 —— 0.924(0.578-1.476) 0.740
Weighted mode 83 H— 1.153(0.930-1.429) 0.200
Tea intake MR Egger 32 —— 0.948(0.464-1.936) 0.880 0.730 0.737
WM 32 H—— 1.322(0.858-2.037) 0.210
vw 32 —— 1.058(0.767-1.460) 0.730
Simple mode 32 + 1.267(0.565-2.839) 0.570
Weighted mode 32 —H— 1.267(0.793-2.023) 0.330
Coffee intake MR Egger 33 ————— 1.325(0.565-3.106) 0.520 0.631 0.308
WM 33 —— 1.234(0.761-2.002) 0.390
VW 33 —— 0.899(0.583-1.386) 0.630
Simple mode 33 ————— 1.436(0.625-3.300) 0.400
Weighted mode 33 —— 1.165(0.676-2.008) 0.590

000 1.00 200 300 400 500 6.00 700 800 9.00

Figure | Mendelian randomization method for assessing the causal association between modifiable risk factors and ovarian cancer.
Abbreviations: IVV, inverse-variance weighted; WM, weighted median; SNPs, single nucleotide polymorphisms; OR, odd ratio.
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during the stepwise exclusion process (Figure 2). The results indicate that tea and coffee consumption is not linked to the risk
of ovarian cancer. No significant impact on the estimated causal relationship was observed for SNPs during the stepwise
exclusion process. The all P-values in the ME-Egger method were exceeded 0.05, indicating the absence of heterogeneity. The
results of pleiotropy analysis showed that all P-values were greater than 0.05, so there was no pleiotropy (Figure 1).

Causal Relationship between Modifiable Lifestyle and Endometrial Cancer

The effect values and their 95% Cls for the MR results for the two samples are shown in Figure 3. IVW-MR results
showed that smoking cessation (OR: 0.636, 95% CI: 0.441-0.917, P = 0.020) reduced the risk of endometrial cancer,
while alcohol consumption (OR: 1.262, 95% CI: 1.051-1.517, P = 0.010) increased the risk of endometrial cancer. Age at
ever smoking, daily smoking, ever smoking, and tea versus coffee consumption were not related to the endometrial
cancer risk. Sensitivity analyses showed no SNPs were found that had a large impact on the estimates (Figure 2). The

absence of horizontal pleiotropy biased the results (Figure 3).
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Figure 2 “Leave one out” sensitivity analysis results. (A) ever smoking and ovarian cancer; (B) Alcohol intake and ovarian cancer; (C) Smoking cessation and endometrial
cancer; (D) Alcohol intake and endometrial cancer; (E) Cigarettes per day and cervical cancer; (F) ever smoking and cervical cancer.
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Exposures Methods SNPs OR (95% CI) P value Pheterogeneity Ppleiotropy
Age of smoking initiation MR Egger 7 e 0.362(0.016-8.098)  0.550 0.478 0.380
WM 7 — 1.501(0.555-4.064) 0.420
VW 7 1 1.589(0.748-3.376) 0.230
Simple mode 7 . 1.658(0.368-7.466) 0.530
Weighted mode 7 * 1.565(0.368-6.658)  0.570
Cigarettes per day MR Egger 7T e 0.362(0.016-8.098) 0.550 0.102 0.761
WM L 1.501(0.558-4.038) 0420
vw 7 ——e 1.589(0.748-3.376) 0230
Simple mode 7 . 1.658(0.401-6.862) 0.510
Weighted mode 7 * 1.565(0.390-6.275) 0.550
Smoking cessation MR Egger 24 —it 0.538(0.212-1.363) 0.200 0.607 0.704
WM U 0.611(0.364-1.026)  0.060
vw AU 0.636(0.441-0.917)  0.020
Simple mode 24 L 0.566(0.226-1.417) 0.240
Weighted mode 24 ——rt 0.627(0.326-1.204) 0.170
Smoking initiation MR Egger 285 — 0.813(0.359-1.840) 0.620 0.074 0.408
WM 285 e 1.041(0.802-1.351) 0.760
vw 285 i 1.137(0.941-1.374) 0.180
Simple mode 285 L 0.562(0.228-1.386)  0.210
Weighted mode 285 0.547(0.223-1.345)  0.190
Alcohol intake MR Egger g T+ 1.182(0.791-1.765) 0420 0.060 0.717
WM 89 e 1.373(1.053-1.789)  0.020
VW 89 ' 1.262(1.051-1.517) 0.010
Simple mode 89 AS 1.086(0.582-2.028) 0.800
Weighted mode 89 = 1.304(0.945-1.800) 0.110
Tea intake MR Egger 33 e 1.071(0.527-2.176)  0.850 0.334 0.573
WM 33 ¥ 0.802(0.510-1.263)  0.340
vw 33 ¢ 0.891(0.648-1.226)  0.480
Simple mode 33 - 1.350(0.507-3.596) 0.550
Weighted mode 33 — 0.626(0.332-1.181) 0.160
Coffee intake MR Egger 34 1.175(0.465-2.969) 0.740 0.128 0.630
WM K\ G 1.603(0.829-3.098) 0.160
vw 34 H—— 1.433(0.902-2277)  0.130
Simple mode 34 H——— 1.824(0.452-7.359) 0.400
Weighted mode 34 + 1.475(0.705-3.089) 0.310
P

J000 1000 2000 3.000 4.000 5000 6000 7.000 8000 9.000

Figure 3 Mendelian randomization method for assessing the causal association between modifiable risk factors and endometrial cancer.
Abbreviations: IVW, inverse-variance weighted; WM, weighted median; SNPs, single nucleotide polymorphisms; OR, odd ratio.

Causal Relationship between Modifiable Lifestyle and Cervical Cancer

Mendelian randomization showed that both daily smoking (OR: 1.004, 95% CI: 1.001-1.007, P = 0.000) and initiation of
smoking (OR: 1.003, 95% CI: 1.001-1.005, P = 0.000) increased the cervical cancer risk. Alcohol consumption, tea
consumption, and coffee consumption are not associated with the risk of cervical cancer (Figure 4). In order to assess
result reliability, the sensitivity analysis was conducted, and the leave-one-out method showed that individual SNPs had
no impact on the overall MR estimate (Figure 2). Neither MR-Egger method nor MR_pleiotropy detected any potential
horizontal pleiotropy (P > 0.05) and the results were robust.

Discussion

The prevention of cervical, ovarian and endometrial cancers remains a great challenge. However, the relationship
between modifiable lifestyle and gynecologic cancers is currently inconclusive. This study reveals the relationship
between modifiable lifestyle and cervical, ovarian and endometrial cancers by two-sample MR based on pooled data
from GWAS. This is the first study to assess the association between modifiable lifestyle and gynecologic neoplasms
using a Mendelian randomization approach that eliminates potential confounders through the use of genetic instrumental
variables. Our findings suggest that initiation of smoking and alcohol consumption increase the ovarian cancer risk,
smoking cessation is a protective factor for endometrial cancer, and alcohol consumption is a risk factor for endometrial

cancer. Both daily smoking and ever smoking increased the risk of cervical cancer.
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Exposures Methods  SNPs OR (95% CI) P value Pheterogeneity Ppleiotropy
Age of smoking initiation ~ MR Egger 6 —_— 0.965(0.838-1.110) 0.640 0.193 0.678
WM 6 + 0.998(0.988-1.008) 0.670
vw 6 # 0.996(0.987-1.005) 0.360
Simple mode 6 '+4 1.001(0.984-1.018) 0.940
Weighted mode 6 #‘ 1.001(0.986-1.016) 0.940
Cigarettes per day MR Egger 26 ¢ 1.005(0.999-1.010) 0.130 0.060 0.839
WM 2 » 1.005(1.001-1.009)  0.010
vw 26 + 1.004(1.001-1.007) 0.000
Simple mode 26 :‘ 1.008(1.001-1.016) 0.040
Weighted mode 26 :‘ 1.005(1.001-1.009) 0.010
Smoking cessation MR Egger 14 . 0.987(0.976-0.999) 0.050 0.667 0.054
WM 14 + 1.000(0.994-1.006) 0.960
vw 14 # 0.999(0.995-1.003) 0.670
Simple mode 14 * 1.001(0.990-1.013) 0.810
Weighted mode 14 * 1.001(0.993-1.009) 0.810
Smoking initiation MR Egger 204 :‘ 1.005(0.995-1.015) 0.330 0.101 0.689
WM 204 + 1.003(1.001-1.006) 0.010
VW 204 ¢+ 1.003(1.001-1.005)  0.000
Simple mode 204 + 0.999(0.991-1.007) 0.860
Weighted mode 204 + 1.004(0.996-1.012) 0.290
Alcohol intake MR Egger 66 * 1.000(0.994-1.006) 1.000 0.067 0.620
WM 66 ¢+ 1.001(0.999-1.004) 0.240
vw 66 + 1.002(1.000-1.003) 0.070
Simple mode 66 + 1.002(0.997-1.008) 0.360
Weighted mode 66 * 1.002(0.999-1.006) 0.220
Tea intake MR Egger 27 + 1.000(0.994-1.006) 0.910 0.682 0.737
WM 27 + 1.000(0.996-1.004) 0.990
vw 27 + 1.001(0.998-1.003) 0.690
Simple mode 27 + 1.003(0.996-1.010) 0.440
Weighted mode 27 + 1.000(0.996-1.005) 0.820
Coffee intake MR Egger 26 + 1.000(0.994-1.007) 0.950 0.921 0.891
WM 26 + 1.000(0.995-1.005) 0.970
vw 26 + 1.000(0.996-1.003) 0.920
Simple mode 26 + 0.999(0.990-1.008) 0.800
Weighted mode 6 ¢ 1.000(0.995-1.005) 0.990
2.5 0.80 110 1.40

Figure 4 Mendelian randomization method for assessing the causal association between modifiable risk factors and cervical cancer.
Abbreviations: IVV, inverse-variance weighted; WM, weighted median; SNPs, single nucleotide polymorphisms; OR, odd ratio.

Smoking plays a role in the onset, progression and metastasis of cancer and is associated with poor prognosis. It has
been shown that patients with ovarian cancer before and after diagnosis have a significantly higher specific mortality rate
compared to non-smokers.'® Smoking increases a woman’s risk of progressing from HPV infection to cervical cancer.
Munoz et. al'® demonstrated a correlation that varies with the dosage level between tobacco smoke and the HPV-16
oncogene. Previous studies have shown that individuals who quit smoking experience a notably reduced likelihood of
developing endometrial cancer.” This study suggests that smoking increases the risk of ovarian and cervical cancer. On
the other hand, ceasing smoking is associated with a decreased risk of endometrial cancer. This aligns with findings
reported in prior studies. Sensitivity analysis showed the results to be robust. The exact mechanism of how smoking
contributes to cervical, ovarian and endometrial cancers is unknown. Nicotine found in tobacco exhibits a pro-cancer
effect, and prolonged smoking is associated with the proliferation of cancer cells and the occurrence of epithelial-
mesenchymal transition,>’ while smoke includes carcinogens such as aromatic amines and N-nitrosamines,”> which
increase pro-inflammatory factors and chemokines in the tumor microenvironment, and may lead to chemotherapy
resistance. Although ever smoking and smoking cessation are genetically and behaviorally linked traits, the protective
association observed for smoking cessation should be interpreted cautiously. This does not imply that smoking followed
by quitting is more beneficial than never smoking. Instead, the result emphasizes the benefit of cessation among ever
smokers. Future studies may consider multivariable MR approaches to disentangle overlapping behavioral traits.

The association between alcohol consumption and the risk of ovarian and endometrial cancer remains a topic of
ongoing debate and disagreement. The mechanism by which alcohol consumption contributes to carcinogenesis may be
through increased cumulative estrogen, epithelial cell genotoxicity, and mitogenesis leading to the development of
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ovarian and endometrial cancers.'! Meanwhile, acetaldehyde, the main metabolite of alcohol, has been classified as
a carcinogen.” Reducing alcohol consumption is not linked to ovarian cancer development, and elevated alcohol intake is
only associated with an increased risk of junctional ovarian cancer.”® In another extensive prospective study involving
795,121 women, the findings indicated that the consumption of alcohol had no impact on the occurrence of endometrial
cancer when compared to non-drinking women.>* Therefore, the association between alcohol consumption and ovarian
and endometrial cancers needs to be verified by more epidemiologic studies.

Whether tea and coffee consumption affects the development of gynecologic tumors remains unclear. Our MR study
results indicated the absence of a causal link between the consumption of tea and coffee and the occurrence of cervical,
ovarian, and endometrial cancers. Caffeine, present in both tea and coffee, might elevate the risk of cancer through its
impact on the cell cycle and DNA repair processes,” in addition to caffeine’s preventive role by interfering with pro-
inflammatory processes through antioxidants.?® Further large-scale studies are necessary to investigate the correlation
between the consumption of tea and coffee and the occurrence of gynecologic neoplasms. Our study did not detect causal
associations between tea or coffee consumption and the risk of cervical, ovarian, or endometrial cancers. While
observational studies have reported both protective and adverse effects, these findings are often inconsistent and may
be confounded by lifestyle, socioeconomic, or dietary patterns. The lack of association in our MR analysis suggests that
if any effect exists, it may be weak or confounded in traditional studies. Further research with beverage subtype-specific
exposures may clarify potential biological effects.

Our findings highlight smoking and alcohol consumption as modifiable risk factors for gynecologic tumors. While
this study focused on causal lifestyle effects, emerging evidence suggests that tumor biomarkers such as CA125 and
CA199 may mediate or reflect the biological pathways linking these exposures to cancer progression. For instance,
elevated CA125 levels, a hallmark of ovarian cancer, are associated with chronic inflammation and oxidative stress—
processes exacerbated by smoking and alcohol use.””*® Recent studies propose that smoking-induced systemic inflam-
mation may upregulate CA125 expression, potentially accelerating malignant transformation in ovarian epithelial cells.*’
Clinically, CA125 remains pivotal for ovarian cancer diagnosis and monitoring, though its specificity is limited, as
benign conditions may also elevate CA125 levels.*® This underscores the importance of integrating imaging modalities
with biomarker profiling to distinguish malignant from benign pelvic masses, particularly in symptomatic women.*'
Future studies should explore whether lifestyle interventions modulate tumor marker dynamics, offering dual benefits in
prevention and early detection.

MR is an analytical approach that employs genetic variation as a mediating tool to effectively overcome potential
confounders and reverse causality, and is widely used in studies of various disease exposures and outcomes to explore
relationships between diseases. MR studies have explored the connection between smoking and endometrial cancer,'® as well
as the correlation between smoking, alcohol consumption, and coffee intake with ovarian cancer.''**? In comparison to these
investigations, the current study stands out for its utilization of a substantial sample of GWAS data in the two-sample MR
analysis. The ample sample size enhances the causal validity, providing a robust etiological explanation for the association
between modifiable lifestyle and gynecological tumors. The selected exposures in this study were ever smoking, age of ever
smoking, daily smoking, smoking cessation, alcohol consumption, coffee and tea consumption 7 modifiable lifestyle. For the
Mendelian randomization study of smoking and endometrial cancer,'® the selected exposures in this literature were lifetime
smoking and regular smoking, and the MR analysis indicated the absence of a causal link between lifetime smoking, regular
smoking, and the risk of endometrial cancer. In this study, MR findings indicated that smoking cessation (OR: 0.636, 95% CI:
0.441-0.917, P= 0.020) was associated with a reduced risk of endometrial cancer, whereas alcohol consumption (OR: 1.262,
95% CI: 1.051-1.517, P=0.010) was linked to an increased risk of endometrial cancer.

In the MR investigation on the correlation of smoking, alcohol consumption, and coffee intake with ovarian cancer,' the
literature indicates that initiating smoking and coffee consumption heightened the ovarian cancer risk. Contrarily, no causal link
was observed between alcohol consumption and the risk of ovarian cancer. The MR analysis aligned with these results, showing
that the initiation of smoking (OR: 1.186, 95% CI: 1.009-1.394, P=0.040) corroborated the aforementioned findings, albeit using
a distinct database for this study. However, the database selected for this study ultimately included 89 SNPs for alcohol
consumption, and the results of MR analysis showed that alcohol consumption (OR: 1.235, 95% CI: 1.063-1.436, P= 0.010)
increased the risk of ovarian cancer. For the MR Study of Alcohol Consumption and Ovarian Cancer,*” the exposures selected for
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this study were weekly drinking, drinking disorders and age-adjusted alcohol use disorder identification tests, which were
inconsistent with the exposure database used in this study. This paper uses the latest large-scale GWAS genetic data to assess
causal associations between seven modifiable lifestyle variables (ever smoking, age of ever smoking, daily smoking, smoking
cessation, alcohol consumption, coffee and tea consumption) and gynecologic neoplasms (cervical, ovarian, and endometrial
cancers) using a two-sample MR approach, which improves the statistical efficacy of the causal associations and efficiently
overcomes potential confounders and reverse causality. The exposure and outcome databases included in this study for analysis
were all European, effectively reducing demographic-induced bias and excluding spurious associations caused by population
stratification. However, to ascertain the applicability of these findings to diverse populations, additional validation is essential.
Samples from different ethnic groups should be considered to increase the generalizability of the results. This study utilized
summary data from GWAS research, precluding the assessment of non-linear relationships between exposure factors and
outcome variables. Additionally, due to data limitations, subgroup analyses by age of onset could not be conducted. Causal
inference regarding the association between modifiable lifestyle factors and the occurrence of gynecologic tumors using MR can
only be preliminary, as the underlying biological mechanisms remain incompletely understood. Therefore, future research
endeavors necessitate the inclusion of diverse populations, larger case numbers, and sample sizes, as well as the utilization of
more advanced experimental techniques and statistical methodologies to elucidate causal relationships.

In conclusion, this study explored the relationship between modifiable lifestyle and gynecologic neoplasms based on
MR of a large sample of data. The findings indicated a causal link between smoking and alcohol consumption with
gynecologic neoplasms. However, no causal association was observed between tea and coffee consumption and
gynecologic neoplasms.
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