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Background

Lung cancer is a highly prevalent neoplastic disease in various regions of the world, but the mechanism of its occurrence, development, and metastasis is not clear. Different hormone levels have different potential roles in the occurrence, development, and metastasis of lung cancer, but the association between hormone levels and lung cancer is not clear.





Objective

This study aims to explore the causal relationship between hormone levels and lung cancer using Mendelian randomization. Sensitivity and heterogeneity tests were conducted to ensure the reliability of the results, offering insights into the prevention, diagnosis, and treatment of lung cancer.





Methods

We employed a two-sample Mendelian randomization (MR) analysis using large-scale publicly available genome-wide association studies (GWAS) data to assess the causal relationship between hormone levels and lung cancer. We explored the causal relationship between 15 hormones and three subtypes of lung cancer. The inverse variance weighted (IVW) method was used as the primary analysis, while MR-Egger, weighted median, weighted mode, and simple median were applied as supplementary methods. Sensitivity and heterogeneity tests were conducted to ensure the robustness of the findings.





Results

We identified six hormone levels to be significantly associated with lung squamous cell carcinoma (LUSC): total testosterone, oestradiol, thyrotropin-releasing hormone, insulin, parathyroid hormone, and glucocorticoid. Among them, total testosterone, estradiol, and thyrotropin-releasing hormone were negatively correlated with morbidity. Insulin, prolactin levels, and parathyroid hormone were positively correlated with morbidity. Five hormone levels were significantly associated with lung adenocarcinoma (LUAD): luteinizing hormone, thyroid hormones, insulin, prolactin levels, and parathyroid hormone. Luteinizing hormone and thyroid hormones were negatively correlated with morbidity, while insulin, prolactin levels, and parathyroid hormone were positively correlated with morbidity. Similarly, five hormone levels were linked to small cell lung cancer (SCLC): total testosterone, luteinizing hormone, estradiol, PTHrP, and insulin. Total testosterone and luteinizing hormone were negatively correlated with morbidity, while estradiol, Parathyroid Hormone-Related Peptide (PTHrP), and insulin were positively correlated with morbidity. Several hormones were associated with different subtypes of lung cancer. Insulin was significantly associated with all three types of lung cancer. Testosterone showed positive effects in LUSC and SCLC, and estradiol had varying effects, with a negative correlation in SCLC and a positive correlation in LUSC. Testosterone and estradiol were not significantly associated with LUAD. Luteinizing hormone showed positive effects in LUAD and SCLC, and parathyroid hormone showed negative effects in LUSC and LUAD.





Conclusion

This study demonstrates significant causal relationships between specific hormone levels and various types of lung cancer, providing valuable insights for prevention, diagnosis, and treatment strategies of lung cancer.
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1 Introduction

Lung cancer, the most common malignancy originating from the trachea, bronchial mucosa, or glands, is classified into three main types: lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), and small cell carcinoma (SCLC). Globally, lung cancer has the highest incidence and mortality rate among men (1), and its prevalence is on the rise. According to the International Agency for Research on Cancer, lung cancer is one of the leading causes of cancer-related deaths worldwide (2), with 2.2 million new cases and 1.8 million deaths reported in 2020. These account for 11.4% of all new cancer cases and 18.4% of all cancer-related deaths, respectively (3, 4).

Despite advancements in medical technology, the 5-year survival rate for lung cancer remains low at just 18.2%. For advanced non-small cell lung cancer (NSCLC) cases, the survival rate is less than 10%, and for SCLC, the 5-year survival rate is between 5% and 10% (5, 6). Due to non-specific early symptoms and limited screening programs, many lung cancer patients are diagnosed at advanced stages (7), placing a significant economic burden on families and society.

For patients with early-stage NSCLC, surgery is the primary treatment, often supplemented by adjuvant therapy. However, for stage III and IV NSCLC, with the development of medical technology, other treatment methods such as immunotherapy have appeared, but chemotherapy and radiotherapy are still the main treatment methods for lung cancer (8), both of which face significant limitations such as low specificity, poor bioavailability, and the development of drug resistance, which reduces their overall effectiveness (9).

Genetic and environmental risk factors play a crucial role in susceptibility. Hormones, secreted directly into the bloodstream by the endocrine glands, play a critical role in regulating metabolic processes and various physiological functions. Increasing evidence suggests that hormone levels are closely related to lung cancer’s pathophysiological mechanisms and therefore may aid in the prevention, diagnosis, and treatment of this disease (10), for example, in a clinical study, thyroid dysfunction was shown to be an effective predictor of prognosis in patients with non-small cell lung cancer treated with immunotherapy, which included the detection of thyroid-related hormones (11). However, there are relatively few studies examining the effects of various hormones on different types of lung cancer. This paper aims to explore these associations in greater detail, focusing on the relationship between fluctuations in hormone levels and the incidence of LUSC, LUAD, and SCLC.

Over the past few decades, genome-wide association studies (GWAS) have become a vital tool in genetics research. Mendelian randomization (MR) is a statistical method that uses GWAS data to identify single-nucleotide polymorphisms (SNPs) as instrumental variables (IVs) for exposures, such as hormone levels. This approach allows for the investigation of causal relationships between exposures and outcomes (12) while reducing the influence of confounding factors and reverse causation (13).

Using large-scale GWAS data, this study seeks to uncover the potential causal relationships between hormone levels and lung cancer, providing new perspectives on how hormone levels may influence the prevention, diagnosis, and treatment of lung cancer.




2 Date and methods



2.1 Study design

We used SNPs significantly associated with hormone levels from GWAS data as instrumental variables (IVs), with lung cancer outcomes including LUSC, LUAD, and SCLC. A two-sample Mendelian randomization (MR) analysis was conducted to assess causal relationships (12). The MR framework adheres to three core assumptions: (1) the IV is associated with the exposure, (2) the IV is independent of confounders, and (3) the IV influences the outcome only through the exposure pathway.




2.2 Data sources

SNPs associated with hormone levels were selected as instrumental variables (IVs) from publicly available GWAS data, covering 15 hormone categories: testosterone, progesterone, estradiol, luteinizing hormone, prolactin, follicle-stimulating hormone, thyroid hormone, growth hormone, cortisol, thyrotropin-releasing hormone, insulin, parathyroid hormone, glucocorticoid, PTHrP, and corticosteroids. To ensure validity, exposure SNPs had to achieve genome-wide significance (P < 5 × 10-6) and satisfy linkage disequilibrium (LD) thresholds, with r 2 = 0.001 and kb = 10,000, in order to minimize potential bias. The GWAS IDs for the LUSC, LUAD, and SCLC datasets were obtained from publicly available GWAS databases.

The statistical data for LUSC, LUAD, and SCLC were accessed from the publicly available GWAS database (https://gwas.mrcieu.ac.uk/). The LUSC GWAS-ID is “ebi-a-GCST004750 “. The LUAD GWAS-ID is “ebi-a-GCST004744 “, and the SCLC GWAS-ID is “finn-b-C3_SCLC “. The LUSC dataset comprised 63,053 individuals, including 55,627 healthy controls and 7,426 patients with LUSC. The dataset contained 7,838,805 SNPs. The LUAD dataset comprised 66,756 individuals, including 55,483 healthy controls and 11,273 patients with LUAD, with a total of 7,849,324 SNPs. The SCLC dataset included 218,792 individuals, comprising 218,613 healthy controls and 1,179 patients with SCLC, and contained 16,380,466 SNPs.




2.3 Mendelian randomization analysis

In this study, the inverse variance-weighted (IVW) method, which functions similarly to a meta-analysis, was employed to evaluate the relationships between exposure factors and outcomes (13). A global estimate of the effect of exposure on outcomes was obtained using weighted regression to assess the impact on instrumental variables. The IVW method helps avoid confounding variables that do not exhibit horizontal pleiotropy, thereby producing unbiased estimates. In addition, we applied three Supplementary Methods: weighted mode, simple median, and weighted median (12, 14), along with the MR-Egger method (15). If the P-value was less than 0.05, the result was considered statistically significant. The F-value was set to greater than 10, indicating no weak instrumental variable bias. The formula for calculating the F-value is F = R2(n - 2)/(1 - R2), where R2 represents the proportion of variation explained by SNPs in the exposure dataset, and N refers to the GWAS sample size. LUSC, LUAD, and SCLC were treated as dichotomous outcome variables, and their results were expressed in terms of odds ratio (OR) and 95% confidence interval (CI). The analyses were conducted using R 4.3.1 and R Studio software with the “Two Sample MR “ package.




2.4 Heterogeneity test, sensitivity analysis, and pleiotropy analysis

Initially, we employed the IVW method to evaluate the correlation between hormone levels and different types of lung cancer, including LUSC, LUAD, and SCLC. MR genetic tools only affect the results when individuals are exposed to them, and gene variants may exert multiple effects. In our primary analysis, we calculated Wald coefficient estimates for each genetic variant and summarized them using the IVW method. The IVW approach, with a multiplicative random effects model, provides a concise estimation while accounting for potential heterogeneity in Wald ratio estimates. However, these estimates may become inaccurate if SNPs affect outcomes through unrelated pathways. To assess heterogeneity, we applied the Cochran Q test. If P > 0.05, this indicated no heterogeneity among the SNPs, and a fixed-effects IVW model was used. Conversely, if P < 0.05, this suggested heterogeneity among the SNPs, and a random-effects IVW model was applied (16). We also performed a leave-one-out analysis to evaluate sensitivity, systematically removing SNPs one by one to determine if the exclusion of any single SNP significantly impacted the final results. This ensured that the MR results were not disproportionately influenced by any particular SNP. The intercept of the MR-Egger regression test was used to evaluate potential pleiotropy. If P > 0.05, it indicated no evidence of pleiotropy.





3 Results



3.1 Causal relationship between hormone levels and lung squamous cell carcinoma (LUSC)

After applying a threshold value of P < 5 × 10-6, we used the IVW method as the primary approach to identify six hormone levels that showed potential causal relationships with LUSC. Among these, three hormone levels were associated with a reduced risk of LUSC: bioavailable testosterone, estradiol, and thyrotropin-releasing hormone. Meanwhile, three other hormone levels were associated with an increased risk of LUSC: fasting insulin, parathyroid hormone, and glucocorticoid (Figure 1).




Figure 1 | Causal relationships between six hormone levels and LUSC identified through IVW analysis.



To assess pleiotropy among the instrumental variables, we used the MR-Egger regression method. With the exception of thyrotropin-releasing hormone, no horizontal pleiotropy was detected for the other hormone levels. Additionally, no outliers were found in the outlier analysis. The Cochran Q test was performed to evaluate potential heterogeneity and pleiotropy, and the results indicated no significant heterogeneity or pleiotropy (Q_pval > 0.05). As a result, the fixed-effects IVW model was applied (Table 1).


Table 1 | Results of sensitivity analysis, heterogeneity, and horizontal pleiotropy for hormone levels and LUSC.



In the sensitivity analysis of hormone levels and LUSC, in addition to the IVW method, bioavailable testosterone levels also displayed a P-value less than 0.05 in the weighted median analysis, suggesting a significant causal relationship with LUSC. Moreover, the leave-one-out analysis revealed no significant abnormal SNPs across all hormone levels, ensuring the robustness of the findings (Figure 2).




Figure 2 | Sensitivity analysis results of hormone levels and LUSC. (A) Circular plot for the sensitivity analysis of hormone levels and LUSC. (B) The sensitivity analysis results of hormone levels and LUSC include weighted median, MR Egger, and IVW.



In conclusion, we identified significant causal relationships between hormone levels and LUSC, with six hormone levels demonstrating strong associations in five MR analyses with P < 0.05. These hormone levels include total testosterone (OR [95% CI] = 0.832 [0.712–0.973], P = 0.0236), estradiol (OR [95% CI] = 0.538 [0.3143–0.921], P = 0.0238), and thyrotropin-releasing hormone (OR [95% CI] = 0.971 [0.885–1.066], P = 0.0227), which were all associated with a reduced risk of LUSC. Conversely, fasting insulin (OR [95% CI] = 1.804 [1.002–3.248], P = 0.049), parathyroid hormone (OR [95% CI] = 1.187 [1.014–1.389], P = 0.0326), and glucocorticoid (OR [95% CI] = 1.104 [1.002–1.216], P = 0.0451) were associated with an increased risk of LUSC (Figure 3).




Figure 3 | MR analysis of six hormone levels with significant causal associations with LUSC. (A) Testosterone, (B) Insulin, (C) Estradio, (D) Parathyroid hormone, (E) Thyroid stimulating hormone releasing hormone, (F) Glucocorticoid.






3.2 Causal relationship between hormone levels and lung adenocarcinoma (LUAD)

After applying a threshold of P < 5 × 10-6 and using IVW analysis as the primary method, our study identified five hormone levels with potential causal relationships with LUAD. Three hormone levels were associated with an increased risk of LUAD: prolactin, insulin, and parathyroid hormone. Conversely, two hormone levels were linked to a decreased risk of LUAD: luteinizing hormone and thyroid hormones (Figure 4).




Figure 4 | Causal relationships between five hormone levels and LUAD identified through IVW analysis.



MR-Egger regression was employed to evaluate horizontal pleiotropy among the instrumental variables, and no evidence of pleiotropy was found for the hormone levels. Additionally, no outliers were detected during the outlier analysis. The Cochran Q test was used to assess both heterogeneity and pleiotropy for the exposure factors, and no significant heterogeneity or pleiotropy was observed (Q_pval > 0.05). As a result, the fixed-effect IVW model was applied (Table 2).


Table 2 | Results of sensitivity analysis, heterogeneity, and horizontal pleiotropy for hormone levels and LUAD.



In the sensitivity analysis for hormone levels and LUAD, beyond the IVW method, both luteinizing hormone and insulin exhibited P-values below 0.05 in the weighted median and weighted mode analyses, suggesting a significant causal relationship with LUAD. Moreover, in the leave-one-out analysis, we found that one specific SNP (rs507666) had a considerable influence on the results, particularly affecting insulin (Figures 5, 6).




Figure 5 | Sensitivity analysis results of hormone levels and LUAD. (A) Circular plot for the sensitivity analysis of hormone levels and LUAD. (B) The sensitivity analysis results of hormone levels and LUAD include weighted median, MR Egger, and IVW.






Figure 6 | The leave-one-out analysis reveals one individual SNP from hormone levels that have an impact on the outcome.



Ultimately, we identified significant causal relationships between hormone levels and LUAD, with five hormone levels (based on five MR analyses with P < 0.05) showing robust associations. These hormone levels include luteinizing hormone (OR [95% CI] = 0.925 [0.867–0.987], P = 0.0184) and thyroid hormones (OR [95% CI] = 0.851 [0.736–0.985], P = 0.0301), which were associated with a reduced risk of LUAD. On the other hand, insulin (OR [95% CI] = 1.054 [0.992–1.120], P = 0.0485) and prolactin (OR [95% CI] = 1.145 [1.005–1.305], P = 0.0420) levels and parathyroid hormone (OR [95% CI] = 1.237 [1.079–1.418], P = 0.0022) were associated with an increased risk of LUAD (Figure 7).




Figure 7 | MR analysis of five hormone levels with significant causal associations with LUAD. (A) Luteinizing hormone, (B) thyroid hormone, (C) prolactin, (D) insulin, and (E) parathyroid hormone.






3.3 Causal relationship between hormone levels and small cell carcinoma of lung (SCLC)

After applying the threshold value of P < 5 × 10 -6 and using IVW analysis as the primary method, we identified five hormone levels with potential causal relationships with SCLC. Among these, three hormone levels were associated with an increased risk of SCLC: estradiol, parathyroid hormone-related protein (PTHrP), and insulin. Meanwhile, two hormone levels were linked to a decreased risk of SCLC: total testosterone and luteinizing hormone (Figure 8).




Figure 8 | Causal relationships between five hormone levels and SCLC identified through IVW analysis.



Our analysis revealed significant causal relationships between hormone levels and SCLC based on five MR analyses with P < 0.05. The hormone levels associated with decreased SCLC risk were total testosterone (OR [95% CI] = 0.656 [0.349–1.235], P = 0.0274) and luteinizing hormone (OR [95% CI] = 0.572 [0.393–0.832], P = 0.0035). On the other hand, estradiol (OR [95% CI] = 2.424 [1.113–5.278], P = 0.0258), PTHrP (OR [95% CI] = 2.887 [1.124–7.418], P = 0.0276), and insulin (OR [95% CI] = 1.237 [1.079–1.418], P = 0.0364) were significantly associated with an increased risk of SCLC (Figure 9).




Figure 9 | MR analysis of five hormone levels with significant causal associations with SCLC. (A) estradiol, (B) testosterone, (C) insulin, (D) luteinizing hormone, and (E) thyroid hormone.



To assess pleiotropy, we used MR-Egger regression, which found no evidence of horizontal pleiotropy among the hormone levels. Additionally, there were no outliers in the outlier analysis. The Cochran Q test was applied to evaluate heterogeneity and pleiotropy across the exposure factors, and no significant heterogeneity or pleiotropy was detected (Q_pval > 0.05), allowing us to apply the fixed-effect IVW model (Table 3).


Table 3 | Results of sensitivity analysis, heterogeneity, and horizontal pleiotropy for hormones and SCLC.



In the sensitivity analysis of hormone levels and SCLC, aside from the IVW method, total testosterone showed a P-value below 0.05 in the weighted mode analysis, and luteinizing hormone demonstrated a P-value below 0.05 in the weighted median analysis, both indicating a significant causal relationship with SCLC. Moreover, the leave-one-out analysis did not identify any statistically significant abnormal SNPs for any of the hormone levels, confirming the robustness of the results (Figure 10).




Figure 10 | Sensitivity analysis results of hormone levels and SCLC. (A) Circular plot for the sensitivity analysis of hormone levels and SCLC. (B) The sensitivity analysis results of hormone levels and SCLC include weighted median, MR Egger, and IVW.



Ultimately, we identified causal relationships between hormone levels and SCLC, with five hormone levels (based on five MR analyses with P < 0.05) showing significant associations with SCLC. These hormone levels include total testosterone (OR [95% CI] = 0.656 [0.349–1.235], P = 0.0274) and luteinizing hormone (OR [95% CI] = 0.572 [0.393–0.832], P = 0.0035), both of which were associated with a decreased risk of SCLC. In contrast, estradiol (OR [95% CI] = 2.424 [1.113–5.278], P = 0.0257), parathyroid hormone-related protein (PTHrP) (OR [95% CI] = 2.887 [1.124–7.418], P = 0.0276), and insulin (OR [95% CI] = 1.237 [1.079–1.418], P = 0.0364) were found to be significantly associated with an increased risk of SCLC (Figure 9).




3.4 Reverse causal relationship between hormone levels and lung cancer

After applying the threshold value of P < 5 × 10-6 and using multiple methods including MR Egger analysis, IVW analysis, weighted median analysis, simple mode analysis, and weighted mode analysis, we conducted a sensitivity analysis to investigate the reverse causal relationship between hormone levels and lung cancer. Based on five MR analyses with P > 0.05, our study found that the reverse causality between hormone levels and lung cancer was not statistically significant (Figure 11).




Figure 11 | Sensitivity analysis results of the causal relationship between hormone levels and lung cancer. (A) Reverse causal relationship between hormone levels and LUSC, (B) reverse causal relationship between hormone levels and LUAD, and (C) reverse causal relationship between hormone levels and SCLC.







4 Discussion

As one of the most prevalent malignant tumors globally, lung cancer is often characterized by non-specific symptoms such as cough and sputum, primarily due to its subtle early-stage manifestations. When more evident symptoms like hemoptysis, dyspnea, chest pain, or hoarseness become apparent, the disease has typically advanced to the middle or late stages (17). Unfortunately, the current early screening and diagnostic methods for lung cancer are not comprehensive enough (18, 19). At the same time, the treatment of lung cancer has been diversified and systematized.

Lung cancer develops in the lungs, which have abundant blood flow, allowing cancer cells to metastasize to various organs through blood transport, with the liver being particularly susceptible (20, 21). The tumor microenvironment plays a crucial role in tumorigenesis, as it comprises tumor cells that interact with surrounding cells via the circulatory and lymphatic systems, thus influencing cancer initiation and progression. Moreover, non-malignant cells within the tumor microenvironment contribute to all stages of carcinogenesis by promoting uncontrolled cell proliferation (22, 23). After the endocrine glands secrete hormones, some of these hormones enter the bloodstream directly. The lungs, as part of the pulmonary circulation, are the route through which various hormones are transported throughout the body via the circulatory system, using blood as the carrier (24).

Hormone levels can affect the early occurrence, middle stage development, and late stage spread of lung cancer through different mechanisms. Hormone levels can affect the development and progression of lung cancer. Studies have shown that lung cancer progression is related to the circadian rhythm of hormone secretion (25). The mechanisms by which hormones affect lung cancer occur through various biological and molecular pathways. Research has demonstrated that estrogen regulates protein kinase by activating the MAPK/ERK and PI3K/AKT pathways, which accelerates lung cancer progression (26). Moreover, 17β-estradiol promotes lung adenocarcinoma progression by upregulating IL6 expression through the ERβ pathway (27). Androgens foster the polarization of M2 macrophages, thereby enhancing the inflammatory environment of the tumor microenvironment, which promotes tumor growth and suppresses anti-tumor immune responses (28). In addition, sex hormones contribute to lung cancer cell proliferation, improve the tumor microenvironment, and promote angiogenesis in lung cancer tissue (29). These studies show that sex hormones promote the occurrence and development of lung cancer by influencing the tumor living environment after the occurrence of lung cancer; especially estrogen plays a major role (30). Insulin has been associated with an elevated risk of lung cancer, as higher fasting serum insulin levels and insulin resistance are correlated with an increased likelihood of developing the disease (31). Our findings align with these results. Additionally, research has shown that nuclear localization of the insulin receptor can promote lung cancer cell proliferation (16). Previous studies using multivariable-adjusted models revealed that free testosterone levels were inversely associated with lung cancer risk, indicating that higher circulating levels of free testosterone may be linked to a lower lung cancer risk (32). However, a prospective study suggested that elevated testosterone levels are associated with 30%–80% higher risk of premature mortality following cancer diagnosis, although they are not linked to the risk of developing new cases of cancer (33). In the microenvironment of non-small cell lung cancer, estrogen has been observed to stimulate cancer cell proliferation and promote tumor growth. Anti-estrogen treatments have shown potential for reducing tumor size, inhibiting growth, and suppressing cell proliferation, potentially improving patient outcomes (34). Another study found that reducing estrogen levels could have a positive impact on the antitumor activity in the affected region (30). These findings are consistent with our results.

Hormone levels not only affect the occurrence and development of lung cancer tissue itself but also affect the metastasis and spread of lung cancer. Some studies suggest that angiogenesis plays a key role in cancer development and metastasis, especially since non-small cell lung cancer is highly vascularized and its progression primarily depends on blood vessel supply (35). Estrogen promotes tumor angiogenesis by activating vascular endothelial growth factor (36) and increasing the production of vascular endothelial growth factor A (37). Luteinizing hormone has been found to inhibit lung cancer cell growth and is used as a treatment for lung cancer (38). Due to insufficient screening programs and the non-specific early symptoms of lung cancer, many patients experience local or distant metastasis, or even advanced disease, at the time of diagnosis (39). Studies have shown that amino PTHrP stimulates cancer progression and accelerates the occurrence and development of lung cancer (40). PTHrP mediates energy expenditure in adipose tissue after cancer and contributes to broader aspects of cancer cachexia (41). Studies have shown that TRH can treat the symptoms of significant fatigue in cancer patients and enhance the body’s immunity (42). In animal models, thyroid hormone T3 inhibits the spontaneous metastasis of lung cancer and prolongs the survival of mice (43).

Hormone therapy has also been shown to have an impact on lung cancer treatment (15). Studies have shown that stress-induced glucocorticoid surges and Tsc22d3 upregulation can interfere with treatment-induced immune surveillance and that glucocorticoid use after immune checkpoint inhibitors may alleviate lung-cancer-related symptoms (44). However, glucocorticoids can act as reactivators in lung cancer development, leading to reversible dormancy in cancer cells. This dormancy is characterized by tolerance to anticancer drugs, activation of survival signals, and increased susceptibility to inhibitors (45). Therefore, hormone therapy for lung cancer is reasonably and cautiously used under the dual verification of basic research and clinical research.

Hormone levels affect the development of lung cancer in multiple dimensions and throughout the disease course. Hormone levels have different effects on the early prognosis of lung cancer, development, and treatment of lung cancer. This effect is related to a number of factors, including gender, genetics, diet, and drug use. It is in this way that the fluctuation of hormone levels has a certain suggestive effect on the treatment and prevention of the deterioration of the early onset of lung cancer—for example, during the treatment of lung cancer, pay attention to the intake of sugar in the diet, female patients in the treatment due to the influence of sex hormones, the effect may have a rebound or not significant phenomenon. The fluctuation of hormone level has a certain suggestive effect on the early onset of lung cancer. In the treatment of lung cancer, some hormones have synergistic or antagonistic effects with drugs. Therefore, in the clinic, we can refer to the changes in hormone levels and make treatment plans. At the same time, in addition to endogenous hormone level fluctuations related to the occurrence of early-onset lung cancer, there are many risk factors for the early occurrence of lung cancer, such as smoking, staying up late, alcoholism, life pressure, etc. In addition to these risk factors related to the occurrence of early-onset lung cancer, they may also affect the fluctuation of hormone levels, thereby promoting the occurrence of early-onset lung cancer. On the whole, fluctuations in hormone levels in the body are associated with early-onset lung cancer and play an important role in the potential occurrence and post-onset of early-onset lung cancer. It has certain guiding significance for doctors in clinical practice. These potential effects need to be further validated with experimental and clinical data.

Our research has several strengths. First, the data on hormone levels and lung cancer came from European populations, avoiding bias related to racial differences and better reflecting the causal relationships between hormone levels and lung cancer. Second, the genetic variation in hormone levels and lung cancer was derived from the largest available GWAS metadata, ensuring the capability of the instrumental variables (IVs) in our MR analysis. Third, our study satisfied all three assumptions of MR analysis. We screened SNPs closely related to hormone levels (P < 5 × 10×-6) and passed the F-statistical test, satisfying the first assumption. The second assumption was confirmed by removing linkage disequilibrium and evaluating the selected SNPs. Lastly, we used MR-Egger regression to exclude SNPs with horizontal pleiotropy, ensuring that the remaining SNPs met the third assumption. However, there are limitations to our study. First, the conclusions drawn are specific to the European population and may not be applicable to other ethnic groups. Second, the relatively small number of lung cancer cases in the GWAS data introduces the possibility of bias. Lastly, horizontal pleiotropy could not be fully evaluated, even after multiple sensitivity analyses.




5 Conclusion

In conclusion, this study assesses the causal effects of hormone levels on lung cancer (including LUSC, LUAD, and SCLC) through two-sample Mendelian randomization (MR) analysis using large-scale, publicly available GWAS data. We evaluated the causal relationships between 15 hormone levels and lung cancer through this method. The analysis identified six hormone levels with significant causal relationships with LUSC, five hormone levels with significant causal associations with LUAD, and five hormone levels linked to SCLC. Our findings demonstrate a strong association between various hormone levels and lung cancer. Insulin was significantly associated with all three types of lung cancer. Testosterone showed positive effects in LUSC and SCLC, and estradiol had varying effects, with a negative correlation in SCLC and a positive correlation in LUSC. Testosterone and estradiol were not significantly associated with LUAD. Luteinizing hormone showed positive effects in LUAD and SCLC, and parathyroid hormone showed negative effects in LUSC and LUAD. This study provides a new understanding of the complex relationship between hormone levels and lung cancer, offering fresh insights into the potential etiology, prevention, diagnosis, and treatment strategies for lung cancer. However, further experimental and clinical research is needed to validate these findings.
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