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factors. Five Mendelian randomization analysis mettfds, incliiding inverse variance-weighted (IVW),

were employed for two-sample Mendelian ygandomZ@ie® analysis. Cochran Q and Ricker Q
heterogeneity tests were conducted using IVW gger methods. Egger-intercept method was

ise ex@lusion testing for sensitivity analysis. F-values were

calculated to assess the presence i2s. Genetically predicted increase in BMI was causally

to suggest a causal relafi n genetically determined BMI increase and other characteristic

female cancers studj ody Mass Index may potentially decrease the risk of female breast
cancer while in of endometrial cancer. There is inadequate evidence to indicate a
significant impact of Tgreased BMI on the occurrence risk of other characteristic female cancers studied.

Further research is warranted to elucidate these findings.
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1.Background:

Cancer poses a significant threat to human health, exerting a critical influence on prognosis and quality
of life. As female populations increasingly prioritize their health, preventing cancer occurrence becomes
a pivotal measure for enhancing women's overall well-being™. Among all malignancies, female breast

cancer, endometrial cancer, ovarian cancer, and cervical cancer are characteristic cancers specific to the



female population, constituting significant threats to women's health'.

Body Mass Index (BMI) is an internationally recognized metric for evaluating individual obesity,
calculated as body weight (kg) divided by the square of height (m) ®*. With improving living standards
worldwide, dietary constraints have diminished, coupled with a lack of physical exercise in a majority of
populations, resulting in a gradual increase in the global obese population. Data shows that since 1975,
the global obesity count has nearly tripled, and research indicates higher mortality rates in countries
with a larger proportion of obese individuals. Additionally, studies suggest an association between
obesity and the incidence of certain cancers.

Increased BMI may elevate cholesterol, low-density lipoprotein, and very low-density lipoprotein levels
in the blood. The carcinogenic effect of cholesterol may manifest through the Hedgehog pathway. In
healthy individuals, this pathway is largely inactive, but cholesterol binding to the G-protein-coupled

receptor Smoothened (Smo) can activate it'®. Once activated, this pathway.influences the survival,

cancer incidence. However, this conclusion is speculative and unc in. Merefdie, this study conducts
a two-sample Mendelian randomization research to explore thé€ causa

BMI and the risk of characteristic female cancers.
Mendelian Randomization Study

Mendelian Randomization (MR) is a commonly epidemiological research method in recent

[7-11

years'™ primarily based on single lymorphisms (SNPs) to infer causal relationships

between exposure and disea through genetic variation. In MR studies,

phenotype-associated genetic v, i ilized as instrumental variables for exposure, allowing for

segregation from pare
making them less s
Currently, Mend
field of nutrition, Pa@ Carter et al.'s Mendelian randomization study demonstrates a positive causal
association between coffee consumption and the occurrence of certain cancers™?. In epidemiology, Shili
Xue et al. investigated the causal relationship between serum uric acid levels and 136 health outcomes,
revealing that elevated serum uric acid levels were only confirmed exposure factors for gout and kidney
stones. This demonstrates the crucial role of Mendelian randomization studies in exploring causal
relationships between exposure and outcomes in medical research. Furthermore, a randomized clinical
trial related to BMI and breast cancer suggests that compared to women of normal weight, overweight
and obese women have an increased risk of invasive breast cancer. BMI >35.0 kg/m’ is an independent
risk factor for estrogen receptor-positive and progesterone receptor-positive breast cancer, but is
unrelated to estrogen receptor-negative breast cancer. It was also found that changes in weight during
the follow-up period (increase or decrease) were unrelated to breast cancer™. Therefore, caution is

needed in generalizing and extrapolating the impact of increased BMI on the occurrence of different



types of cancer.This study conducts a two-sample Mendelian randomization analysis to explore the
causal relationship between increased BMI and four characteristic female cancers: breast cancer,

endometrial cancer, ovarian cancer, and cervical cancer.

2.Methods

The data utilized in this study were sourced from previously published research or public databases,
specifically the GWAS (Genome-Wide Association Studies) database. Consequently, ethical committee

approval was not required.

2.1 Exposure and Outcome Measurement

The exposure variable was BMI increase, encoded as "ebi-a-GCST90095039 AS dataset, which

encompassed a mixed population dataset comprising 330,793 sam ize the impact of

Outcome (Breast
Cancer,Endometrial Cancer,
Ovarian Cancer, Cervix
Cancer)

Exposure
IVsivs filtering (BMI)

Instrumental
Variables

Figure 1: Instrumental Variables Selection Principle
The outcome factors comprise four distinct female-specific cancer types, namely breast cancer,

endometrial cancer, ovarian cancer, and cervical cancer, with their respective GWAS data codes being
"ieu-a-1131", "ebi-a-GCST90018838", "ebi-a-GCST90018888", and "ukb-b-918". All data have been
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derived from a meta-analysis of GWAS studies. Detailed information regarding the data is provided in
Table 1. Our study solely relies on published GWAS results and does not involve individual-level data. All
summary data for exposures and outcomes were obtained from the publicly accessible Genome-Wide

Association Studies (GWAS) database (https://gwas.mrcieu.ac.uk/).

Exposure Outcome Cases(n) Controls(n) Size(n)
BMI - - 330793
Breast Cancer 14910 17588 32498

Endometrial Cancer 2188 237839 240027

Ovarian Cancer 1588 244932 246520

Cervical Cancer 3175 459835 463010

Table 1: Exposure and Outcome Data Information

2.2 Mendelian Randomization

The MR analysis was conducted on the MR base online platf; (http p.mrbase.org/). This study

explores causal relationships between exposure and ouyt two-sample MR framework.

Specifically, SNP exposures (Body Mass Index) and NP outcomes (female-specific cancers: breast,

Mendelian randomization
The MR-Egger-intercept h used to test for horizontal pleiotropy.
3. Results

3.1 Heterogeneity Tes

Heterogeneity tests were performed using the Inverse Variance Weighting (IVW) method and the
MR-Egger method, employing Cochran Q and Rucker Q tests. The results revealed significant
heterogeneity among internal SNPs in the breast cancer and endometrial cancer groups (P < 0.05).
Conversely, heterogeneity within internal SNPs in the ovarian cancer and cervical cancer groups was not
substantial (P > 0.05). Consequently, the final Mendelian randomization analysis for the breast cancer
and endometrial cancer groups employed the random effects model of the IVW method, while the
ovarian cancer and cervical cancer groups utilized the fixed effects model of the IVW method. Refer to
Table 2 for detailed results.

VW (P-value) MR-Egger(P-value)
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https://gwas.mrcieu.ac.uk/

Breast Cancer 0.0008528 0.0008864
Endometrial Cancer 0.0287088 0.0269904
Ovarian Cancer 0.8860324 0.8826452
Cervical Cancer 0.0535872 0.0464912

Table 2: Heterogeneity Testing Results
3.2 Pleiotropy Analysis

The Egger-intercept method was employed to assess horizontal pleiotropy. The results indicated that
there was no significant association between the causal relationship of the exposure and outcome
factors for breast cancer, endometrial cancer, ovarian cancer, and cervical cancer, and horizontal
pleiotropy. This implies that Mendelian randomization analysis can be conducted without concern for

horizontal pleiotropy. Refer to Table 3 for the results of the horizontal pleiotro t.

-valie)

Breast Cancer

Endometrial Cancer

Ovarian Cancer )\(

Cervical Cancer .9090576

Table 3: Horizontal Pleiclopy Test Results

3.3 Sensitivity Analysis

after sequentially exclu

to the analysis incl

the exposure an ors.

3.4 Mendelian Randomization Analysis Results

A two-sample Mendelian randomization study was conducted to investigate the causal relationship
between BMI increase as the exposure factor and four female-specific cancers: breast cancer,
endometrial cancer, ovarian cancer, and cervical cancer. Five MR analysis methods were employed, with
the Inverse Variance Weighting (IVW) method serving as the primary approach. Odds ratios (OR), 95%
confidence intervals, and P-values were calculated for each of the four groups. The results are presented
in Table 4. A causal relationship was observed between BMI increase and breast cancer as well as
endometrial cancer. The P-values for almost all five MR analysis methods were less than 0.05, indicating
robustness and reliability in the study results. Refer to Figures 2, 3, 4, and 5 for visual representations of

the results.
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OR(Odds Ratio) 95%(Cl P-value
Breast Cancer 0.648 0.535-0.783 7.74e-06
Endometrial Cancer 1.534 1.195-1.970 7.84e-04
Ovarian Cancer 0.901 0.695-1.168 0.4296406
Cervical Cancer 1.000 0.999-1.002 0.7945332

Table 4: Mendelian Randomization Analysis Results using IVW Method(The table presents the results of
Mendelian randomization analysis using the Inverse Variance Weighting (IVW) method. Statistically
significant differences (P<0.05) are indicated with an asterisk (*). The results show the odds ratio (OR),

95% confidence interval, and P-value for each cancer type).
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A. Forest plot depicting the results for the group of female breast cancer as the outcome factor.

B. Forest plot displaying the results for the group of endometrial cancer as the outcome factor.

C. Forest plot illustrating the results for the group of ovarian cancer as the outcome factor.

D. Forest plot showing the results for the group of cervical cancer as the outcome factor.
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Figure 4: Funnel Plots of Two-Sample Mendelian Randomization Results
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4.Discussion

0.535-0.783, P=7.74e-06). This€ug "the genetic variation associated with increased BMI may
serve as a protective factopagainst bredt’cancer in females. However, this finding appears contradictory

. that central obesity may elevate the risk of breast cancer in

to the conclusion by
perimenopausal . Ad ally, the study's results indicate that the impact of central obesity on
breast cancer risk pending on the different estrogen receptors, progesterone receptors, and

human epidermal gro actor receptor 2 statuses.

Research conducted by Manuel Picon-Ruiz et al. supports a negative correlation between BMI increase
and breast cancer risk in premenopausal women, which aligns with the results of this study.
Furthermore, a meta-analysis incorporating nine studies suggests a negative correlation between
premenopausal breast cancer risk and obesity (RR=0.98, 95%CI: 0.97-0.99). Another large-scale
meta-analysis covering over 2.5 million women and 7930 cases of premenopausal breast cancer
indicates that with every 5kg/m? increase in BMI, the risk of premenopausal breast cancer decreases by
approximately 8% (RR=0.92, 95%Cl: 0.88-0.97, P=0.001). Discrepancies in conclusions between different
studies may be attributed to variations in hormone receptor statuses.Existing research results
predominantly affirm a negative correlation between BMI increase and breast cancer incidence.

However, for Asian women, there appears to be a positive correlation between BMI increase and breast
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cancer incidence.

The study's Mendelian randomization analysis also demonstrated a positive causal association between
BMI increase exposure and female endometrial cancer outcomes. The tumorigenic mechanisms
associated with BMI increase might involve obesity-induced local and systemic pro-inflammatory
cytokines, promoting tumor angiogenesis, and stimulating the most malignant cancer stem cell
populations to drive cancer cell growth, invasion, and metastasis. Alternatively, BMI increase may lead to
higher levels of cholesterol, low-density lipoprotein, and very-low-density lipoprotein in the blood. The
pro-carcinogenic effect of cholesterol may manifest through the Hedgehog pathway, where the binding
of cholesterol to the G protein-coupled Smoothened receptor (Smo) activates the pathway,
subsequently leading to the survival, proliferation, and migration of tumor stem cells. Studies indicate

that the impact of BMI increase on endometrial cancer risk surpasses that of anyother cancer type™”. A

meta-analysis comprising 30 prospective studies demonstrates that for eyé 1° increase in BMI,
the risk of endometrial cancer rises by 54% (95%Cl: 47%-61%). This co ioM@aligng'with the findings of

[5,15-20

cancers, as well as other disease outcomes erefo Intaining a healthy BMI through balanced

se prevention. Given that this study is based

limitations to the generalization

studies and prospective cohor i ucial for verifying the causal relationship between BMI
prevention of female-sp cers and weight management.
Conclusion:

In summary, genetically predicted BMI increase was found to have a clear negative causal association

with female breast cancer, and a clear positive causal association with endometrial cancer. However,
BMI increase did not show a causal association with ovarian or cervical cancer. The study is subject to
limitations including potential confounders and biases, and further Mendelian randomization and

clinical studies are needed to confirm the precise causal relationships between exposure and outcomes.

5. Conclusion

In summary, this study identified clear causal associations between genetically predicted BMI increase
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and female breast cancer (negative) and endometrial cancer (positive) using two-sample Mendelian
randomization analysis. However, there was no observed causal relationship between BMI increase and
ovarian or cervical cancer. The study's results are subject to limitations, including potential confounders
and biases, and further research is needed to confirm the causal relationships between exposure and

outcomes.
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