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Lung cancer is the second most frequently diagnosed cancer and the leading cause of cancer death worldwide, making its prevention an urgent issue. Meanwhile, the estimated prevalence of insomnia was as high as 30% globally. Research on the causal effect of insomnia on lung cancer incidence is still lacking. In this study, we aimed to assess the causality between the genetic liability to insomnia and lung cancer. We performed a two-sample Mendelian randomization analysis (inverse variance weighted) to determine the causality between the genetic liability to insomnia and lung cancer. Subgroup analysis was conducted, which included lung adenocarcinoma and lung squamous cell carcinoma. In the sensitivity analysis, we conducted heterogeneity test, MR Egger, single SNP analysis, leave-one-out analysis, and MR PRESSO. There were causalities between the genetic susceptibility to insomnia and increased incidence of lung cancer [odds ratio (95% confidence interval), 1.35 (1.14–1.59); P, < 0.001], lung adenocarcinoma [odds ratio (95% confidence interval), 1.35 (1.07–1.70); P, 0.01], and lung squamous cell carcinoma [odds ratio (95% confidence interval), 1.35 (1.06–1.72), P, 0.02]. No violation of Mendelian randomization assumptions was observed in the sensitivity analysis. There was a causal relationship between the genetic susceptibility to insomnia and the lung cancer, which was also observed in lung adenocarcinoma and lung squamous cell carcinoma. The underlying mechanism remains unknown. Effective intervention and management for insomnia were recommended to improve the sleep quality and to prevent lung cancer. Moreover, regular screening for lung cancer may be beneficial for patients with insomnia.
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INTRODUCTION
Lung cancer is the second most frequently diagnosed cancer for both male and female in the world, of which the estimated number of new cases was 228,150 in 2019 (Siegel et al., 2019). It is also the leading cause of cancer death worldwide, with the estimated number of new deaths as 142,670 in 2019. Regarding its high incidence and mortality, lung cancer has long been a heavy burden in public health, making lung cancer prevention an urgent issue. For this reason, it is meaningful to investigate whether there are causalities between potential risk factors and lung cancer, to provide guidance in lung cancer prevention.
Insomnia has become a common sleep disorder worldwide, with the estimated prevalence as 30% (Roth, 2007). Previous studies mainly revealed the association between poor sleep habits like prolonged or shortened sleep duration and cancer incidence (Kakizaki et al., 2008; Chen et al., 2019). The incidence of lung cancer increased when sleep duration was ≤6.5 h or ≥8 h(Luojus et al., 2014). However, insomnia disorder is not simply characterized by reduced sleep duration but more by difficulties falling asleep and sleep disturbance (Morin et al., 2015). Research focusing on the causal effect of insomnia on lung cancer incidence is still lacking. We think it necessary to analyze the causality between insomnia and lung cancer, considering the urgency of lung cancer prevention, high prevalence and the potential carcinogenicity of insomnia.
Mendelian randomization (MR) analysis is a novel epidemiological approach for the estimation of causality between exposure and outcome (Smith and Ebrahim, 2003). In MR analysis, single-nucleotide polymorphisms (SNPs), which have been identified to be robustly correlated with the exposure, are used as proxies of exposure. SNPs of exposure should be correlated with the risk of outcome to the extent predicted by their influence on exposure, if the causality between exposure and outcome exists (Smith et al., 2008). MR analysis can be a potential mimic of randomized controlled trial (RCT) by utilizing SNPs, especially when RCT is too costly or infeasible (Smith and Ebrahim, 2004). SNPs, instrument variables in MR analysis, are randomly allocated during gamete formation and fertilization in the population, which is similar to the randomization in RCT. In this way, biases from confounders and inverse causality can also be avoided in MR analysis, which are common in observational studies (Davey Smith and Hemani, 2014).
In this study, we aimed to assess the causality between genetic liability to insomnia and lung cancer, utilizing two-sample MR analysis. We present the following article in accordance with the STROBE reporting checklist.
MATERIAL AND METHODS
Summary Data From Genome-wide Association Study on Insomnia and Lung Cancer
In a meta-analysis by Jansen et al., 248 SNPs were identified to be robustly correlated with insomnia (Jansen et al., 2019). Data from United Kingdom Biobank (UKB) version 2 (n = 386,533) and 23andMe (n = 944,477) were pooled. Sample size in total was 1,331 010. (Table 1). Information about insomnia was collected utilizing a self-report sleep questionnaire. Prevalence of insomnia in the combined sample was 29.9%. The questionnaires used by UKB and 23andMe were with high accuracy (sensitivity/specificity of UKB = 98/96%; sensitivity/specificity of 23andMe = 84/80%). The 248 SNPs were genome-wide significant (P < 5 × 10−8). These 248 SNPs were in linkage equilibrium with each other at r2 < 0.1, and they could explain 2.6% of the variance in insomnia. Conclusively, the 248 SNPs can serve as the genetic instrumental variables for insomnia with enough statistical power. These 248 SNPs were utilized as the proxies of insomnia in this MR analysis.
TABLE 1 | Genome-wide Association Study Utilized in this MR Analysis.
[image: Table 1]We used summary data from a Genome-wide Association Study (GWAS) by International Lung Cancer Consortium (ILCCO) on lung cancer (11,348 cases and 15,861 controls), lung adenocarcinoma (LUAD) (3,442 cases and 14,894 controls), and lung squamous cell carcinoma (LUSQ) (3,275 cases and 15,038 controls). (Table 1) (Wang et al., 2014). The effects of the SNPs of insomnia on lung cancer, LUAD and LUSQ, the effect size and standard error, were extracted from the GWAS by ILCCO in the form of summary data through MR-base (Hemani et al., 2018). SNPs Summary data of insomnia and the outcomes were harmonized, where effect of each SNP on insomnia and outcomes were estimated and 12 SNPs were removed for being palindromic with intermediate allele frequencies (rs11126082, rs12454003, rs12991815, rs1731951, rs2030672, rs2221119, rs4858708, rs6545798, rs7044885, rs8180817, rs9373590, rs9540729). (Supplementary Table S1) Effect allele and frequency of effect allele were also provided.
To assess the potential existence of weak instrumental bias in this MR study, we also calculated the statistical power and F statistic of this study, with four presumed and fixed range of odds ratio (OR) (Brion et al., 2013) (Table 2). Power and F statistic were dependent on the strength of association between the SNPs and insomnia and the sample size of the outcome GWAS studies. The larger the power and F statistics were, the smaller the possibility of weak instrumental bias would be (cut off value for judgement, power, 80%; F statistic, 10) Powers were larger than 80%, only when OR was set to be “0.75 or 1.33” and “0.67 or 1.50” for lung cancer and when ORs were set to be “0.67 or 1.50” for LUAD and LUSQ. F statistics were far greater than 10 for lung cancer, LUAD and LUSQ.
TABLE 2 | Power and F statistic for Conventional Mendelian Randomization Analysis (two-sided α = 0.05).
[image: Table 2]No patients were involved in the study design. Recruitment or conduct and the need for ethical approval was waived.
Two-Sample MR Analysis
Two-sample MR was utilized to investigate the causality between the genetic liability to insomnia and lung cancer incidence. Two-sample MR can improve statistical power, with the utilization of summary data of SNPs from large scale GWAS (Burgess et al., 2015; Lawlor, 2016). In two-sample MR, the effects of SNPs of exposure on exposure and outcome are derived from GWAS of exposure and GWAS of outcome respectively. Specifically, inverse variance weighted (IVW) was used (Hemani et al., 2018). Subgroup analyses of LUAD and LUSQ were conducted to assess whether there was a difference between the MR estimate of lung cancer and those of LUAD and LUSQ, considering the reported difference in the etiologies between LUAD and LUSQ (Herbst et al., 2018).
Genetic instrumental variable used in MR analysis must fulfill three assumptions: 1) the instrumental variable is associated with the exposure; 2) the instrumental variable is associated with the outcome through the studied exposure merely; and 3) the instrumental variable is independent of other factors which affect the outcome (Boef et al., 2015). In terms of sensitivity analysis, we produced a MR regression slopes chart to display the difference between the result of IVW and those of MR Egger and weighted median. Additionally, the heterogeneity test was also conducted by performing Cochran’s Q test on the IVW and the MR-Egger estimate. If there is heterogeneity (Cochrane’s Q p-value < 0.05) and a random effect model was employed to it. To assess whether the assumptions of MR were violated, MR-Egger analysis was performed to detect directional horizontal pleiotropy, and a funnel plot was also generated (Bowden et al., 2015; Burgess and Thompson, 2017). The existence of pleiotropy means the instrument variable can be associated with the observed outcome through other mechanisms than insomnia. Furthermore, the detection of directional horizontal pleiotropy suggests that the sum of pleiotropy does not equal to zero, which means the violation of the 2) assumption (exclusion restriction assumption). If the intercept is close to 0 and P is close to one in MR-Egger analysis, the MR study will be free of directional horizontal pleiotropy. Single SNP analysis and leave-one-out analysis was performed to assess whether the result was driven by a single SNP. MR PRESSO was also conducted for the estimation of horizontal pleiotropy, which included global test, outlier test, and distortion test (Verbanck et al., 2018). If a horizontal pleiotropy was detected by the global test, the outlier test would be performed, figuring out the outlying SNPs. Subsequently, an outlier-corrected causal estimate would be assessed and compared with the original MR estimate, which was the distortion test, providing a p-value for the comparison.
The statistical analysis was performed utilizing the package TwoSampleMR (version 0.4.25) in R (version 3.6.1). The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013).
RESULTS
Causality From Insomnia to Lung Cancer
The genetic susceptibility to insomnia was causally associated with increased lung cancer incidence based on the results of IVW method {OR [95% confidence interval (CI)], 1.35 (1.14–1.59); p < 0.001; Cochrane’s Q p-value = 0.00078}. (Table 3). MR regression slopes showed positive correlation between the effect of SNP on insomnia and that on lung cancer. (Supplementary Figure S1) The three slopes according to the three different MR analyses were close to each other. Single SNP analysis indicated that the MR estimate of single SNP varied from each other. (Supplementary Table S2; Supplementary Figure S2) However, results in the leave-one-out analysis were similar to each other, indicating that there was no driving SNP in this MR analysis (Supplementary Table S3; Supplementary Figure S3) According to the result of MR-Egger analysis, directional horizontal pleiotropy was not detected, which meant the SNPs of insomnia did not affect the incidence of lung cancer through other traits than insomnia. (Table 4). The funnel plot was symmetrical, with the indication of no directional horizontal pleiotropy (Supplementary Figure S4) Horizontal pleiotropy and outlying SNPs were identified in the MR PRESSO global test, while the distortion test did not show a statistically significant difference between the original MR estimate and the outlier-corrected MR estimate. (Table 5).
TABLE 3 | Mendelian randomization estimates of the causality between insomnia and lung cancer.
[image: Table 3]TABLE 4 | Results of MR Egger for the estimation of directional horizontal pleiotropy.
[image: Table 4]TABLE 5 | Results of MR PRESSO for the estimation of horizontal pleiotropy.
[image: Table 5]Causal Effect From Insomnia to LUAD and LUSQ
According to the result of IVW, insomnia was positively correlated with the incidence of LUAD [OR (95% CI), 1.35 (1.07–1.70); P, 0.01; Cochrane’s Q p-value = 0.056] and LUSQ [OR (95% CI), 1.35 (1.06–1.72); P, 0.02; Cochrane’s Q p-value = 0.0050]. (Table 3) The MR regression slopes of both LUAD and LUSQ showed positive associations between the SNP effect on insomnia and the SNP effect on outcomes (Supplementary Figures S5; Supplementary Figure S6) However, the three regression curves did not overlap with each other, as were displayed in the two Supplementary Figures. Like the results of lung cancer, single SNP analysis of LUAD and LUSQ indicated varied MR effect size of single SNP (Supplementary Table S2; Supplementary Figure S7; Supplementary Figure S8), while leave-one-out analysis did not show signs of driving SNPs (Supplementary Table S3; Supplementary Figure S9; Supplementary Figure S10) MR Egger detected no directional horizontal pleiotropy for LUAD and LUSQ. (Table 4). Funnel plots of LUAD and LUSQ were symmetric, in support of the intercept and p-value mentioned (Supplementary Figure S11; Supplementary Figure S12) Horizontal pleiotropy was indicated in the MR analysis of LUAD and LUSQ, according to the result of the global test in MR PRESSO. (Table 5). Rs76145129 was identified as the outlying SNP in LUSQ. However, the removal of this SNP brought no significant difference in the MR estimate.
DISCUSSION
In this study, we estimated the causality between insomnia and lung cancer. The genetic liability to insomnia was causally correlated with lung cancer incidence. The positive associations were also observed in LUAD and LUSQ.
Insomnia usually leads to circadian disruption which has been classified as probably carcinogenic to humans (Group 2A) by the IARC (Humans and International Agency for Research on, 2010). Moreover, circadian disruption can alter the secretion patterns of melatonin (Kim et al., 2015). Melatonin was reported to have multiple anti-tumor effect, by modulating cell cycle, stimulating cell differentiation, inducing apoptosis, inhibiting metastasis and angiogenesis, and activating immune system, which was also found among lung cancer patients (Mediavilla et al., 2010) (Du-Quiton et al., 2010; Bhattacharya et al., 2019; Gurunathan et al., 2021). However, we should note that the disruption of the circadian rhythm of melatonin secretion was observed mainly in chronic primary insomnia patients (Hajak et al., 1995). Additionally, lower sleep quality was associated with decreased level of Klotho, an aging-suppressing protein, which also inhibits lung cancer cell growth and promotes lung cancer cell apoptosis (Chen et al., 2010; Chen et al., 2012; Mochón-Benguigui et al., 2020).
Some intermediate phenotypes can mediate the association between insomnia and lung cancer. A bidirectional causal relationship has been found between insomnia and smoking (Gibson et al., 2019). Specifically, smoking initiation and cigarettes smoked per day were positively correlated with insomnia. And insomnia was also found to be a promoter of smoking heaviness and an obstructor of smoking cessation. Considering the carcinogenicity of smoking in lung cancer, tobacco consumption may be an important mediator between insomnia and lung cancer (Hecht, 2002). Insomnia patients whose sleep duration was short or long were at higher risk of obesity and central obesity (Cai et al., 2018). In another MR analysis by Gao et al., body mass index (BMI) was identified as a risk factor of lung cancer (Gao et al., 2016). The above two previous studies indicated the potential intermediate effect of obesity in the positive relationship between insomnia and lung cancer, as was found in this study. The potential mediation of tobacco consumption and high BMI still needs verification in further research. Yet, the currently uncertain mediation status should not detract the importance of management for insomnia as one way to decrease the lung cancer risk.
This is the first large-scale MR study to illustrate the causal relationship between the genetic liability to insomnia and lung cancer. First, this study demonstrated its great clinical significance. It is an important mission to identify and intervene modifiable risk factors of lung cancer, and finally reduce the incidence of lung cancer. With the utilization of MR analysis, the genetic susceptibility to insomnia was found to be a risk factor of lung cancer. We advocate medical intervention on insomnia, along with the advocacy of other healthy lifestyles, like cigarette cessation (Siegel et al., 2019). Second, several issues may confuse the result of observational study on the association between insomnia and lung cancer. In this MR analysis, we used genetic liability to insomnia as a proxy of exposure. The effect of confounders and inverse causality, which are common in observational study, were avoided in MR analysis (Fewell et al., 2007; Davey Smith and Hemani, 2014). With the utilization of SNPs as proxies of exposure, confounders can be avoided, as SNPs are randomly allocated in the population during gamete formation, serving as a mimic of the randomization in RCT. To our concern, the problem of inverse causality should be paid extra attention to in the study of the relationship between insomnia and lung cancer, because insomnia is a common mental disorder in lung cancer patients (Savard and Morin, 2001). Third, RCT has been regarded as a steady approach for the estimation of causality. However, in the assessment of the causality between insomnia and lung cancer, RCT is infeasible and unethical. MR analysis was used in this study instead. Last but not least, no violation of the assumptions of MR analysis was observed in this study. The sample size was also large enough to support our findings.
However, there are still some limitations in this study. First, the two GWASs utilized were based on the United Kingdom population. The application of our conclusion in other populations may cause some unknown biases. Second, with the application of GWAS summary data, we couldn’t make stratification of the sample, because we didn’t have access to the individual characteristics of the studied population, like age, smoking status and so on. Third, the genetic liability to insomnia was used in this study as a proxy of insomnia, but it did not mean that every individual with those SNPs would necessarily suffer from insomnia. While insomnia is a disorder closely correlated with physical illness, behavioral factors, environment and medications (Kamel and Gammack, 2006). Researchers should be cautious when interpreting our result. Fourth, bidirectional MR analysis between insomnia and lung cancer and multivariable MR study were also infeasible, because of the limited data accessed. However, the result of this study was still rational because directional horizontal pleiotropy was not found in MR Egger and the distortion test did not deny our MR estimates even though the global test identified horizontal pleiotropy. MR analysis is an effective method in terms of causality estimation, a mimic of RCT (Smith and Ebrahim, 2003, 2004). Finally, the direct underlying mechanism is still unknown and needs further exploration or verification.
CONCLUSION
In conclusion, the genetic susceptibility to insomnia was causally correlated with higher incidence of lung cancer, along with its histological subtype, LUAD and LUSQ. Effective intervention and management for insomnia were recommended to improve the sleep quality itself and to prevent lung cancer. Moreover, regular screening for lung cancer may be beneficial for patients with insomnia. However, further prospective studies are warranted to confirm the results and clarify the underlying mechanism.
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