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Background: Liver fibrosis significantly impacts public health globally. Untreated liver fibrosis eventually results in cirrhosis. Cigarette smoking is the main etiologic factor for various diseases. However, the causal effects of cigarette smoking on liver fibrosis and cirrhosis have yet to be fully elucidated.

Methods: In this study, Mendelian randomization (MR) analysis was performed to assess the association between cigarette smoking, liver fibrosis, and cirrhosis. Single-nucleotide polymorphisms (SNPs) were selected as instrumental variables from a genome-wide association study (GWAS) of European ancestry. Patients were divided into six exposure categories as follows: “ever smoked,” “pack years of smoking,” “age of smoking initiation,” “smoking status: never,” “smoking status: current,” and “smoking status: previous.” The outcomes of this study included liver fibrosis and cirrhosis. MR-Egger, weighted median, inverse variance weighted, simple mode, and weighted mode were selected as the analysis methods. Cochran’s Q and the MR-PRESSO tests were conducted to measure heterogeneity. The MR-Egger method was performed to evaluate horizontal pleiotropy, while the “leave-one-out” analysis was performed for sensitivity testing.

Results: The results of this study showed that having a smoking history increases the risk of liver fibrosis and cirrhosis [“ever smoked”: odds ratio (OR) = 5.704, 95% CI: 1.166–27.910, p = 0.032; “smoking status: previous”: OR = 99.783, 95% CI: 2.969–3.353e+03, p = 0.010]. A negative correlation was observed between patients who never smoked and liver fibrosis and cirrhosis (“smoking status: never”: OR = 0.171, 95% CI: 0.041–0.719, p = 0.016). However, there were no significant associations between “smoking status: current,” “pack years of smoking,” and “age of smoking initiation” and liver fibrosis and cirrhosis. Cigarette smoking did not have a significant horizontal pleiotropic effect on liver fibrosis and cirrhosis. The “Leave-one-out” sensitivity analysis indicated that the results were stable.

Conclusion: The study confirmed the causal effects of cigarette smoking on liver fibrosis and cirrhosis.
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Introduction

Liver disease is a long-standing challenge to global health (1). The etiological factors for chronic liver inflammation include viral hepatitis infections, alcohol consumption, drugs, metabolic factors, and autoimmune hepatitis. Untreated chronic liver inflammation causes liver fibrosis. Advanced liver fibrosis results in cirrhosis and hepatocellular carcinoma (HCC). Liver cirrhosis is the 11th most frequent cause of death worldwide, with two million deaths every year, due to complications such as chronic portal hypertension, bleeding events, and hepatic encephalopathy (2, 3).

Cigarette smoking is associated with an unhealthy lifestyle. The number of smokers is rapidly increasing, and more than one billion people worldwide have a pernicious smoking habit (4). Cigarette smoke contains more than 4,000 toxic substances that are etiological factors for various diseases (5–8). Cigarette smoking is primarily associated with respiratory diseases, and it is a major risk factor for cardiovascular diseases (9–12). Additionally, cigarette smoking increases the risk of gastrointestinal disorders (13). Cigarette smoking is associated with an increased incidence of tumors, including liver cancer (14). In addition, the incidence of liver cancer in current smokers is 1.5 times higher than that in non-smokers (15, 16). However, the effect of cigarette smoking on liver fibrosis and cirrhosis remains unclear.

Mendelian randomization (MR) is a novel tool that uses summary statistics from genome-wide association studies (GWAS) to investigate the causality between risk factors and diseases (17, 18). In MR studies, genetic variations are used as instrumental variables (IVs) (19, 20). Randomized controlled trials (RCTs) are widely accepted as the gold standard for assessing the association between exposures and outcomes. However, RCTs have many limitations, including high costs and difficulties in implementation (21, 22). MR is an analog method for RCTs (23). Additionally, MR can overcome the deficiencies of RCTs through the use of single-nucleotide polymorphisms (SNPs) as IVs (18, 24, 25). MR studies can assess the causal effects of various exposures of interest, including biological markers, daily behaviors, and disease exposures, on a range of diseases (26–28).

Previous studies estimated the causal effects of cigarette smoking on many diseases, such as stroke and cancer, using MR (7, 29–31). However, studies using MR to assess the effect of cigarette smoking on liver fibrosis and cirrhosis are limited. Hence, this MR study aimed to clarify the causal effect of cigarette smoking on liver fibrosis and cirrhosis.



Materials and methods


Data sources

A two-sample MR analysis was used to explore the association between exposure and outcome in two different samples. Compared to a one-sample MR, the sample size in a two-sample MR is larger and more precise (32). This study aimed to analyze the causal effects of cigarette smoking on liver fibrosis and cirrhosis. As such, six exposures related to cigarette smoking were selected, including “ever smoked,” “pack years of smoking,” “age of smoking initiation,” “non-smokers,” “current smokers,” and “former smokers.” The “ever smoked” group included participants who ever had smoking habits, regardless of whether they were currently smoking or not. Pack years of smoking were calculated based on the age of starting smoking and the age of quitting smoking, or the duration from starting smoking to participating in this program of the Integrative Epidemiology Unit GWAS database. The “non-smokers” group included participants who had never smoked. The “current smokers” group consists of participants who had the smoking habit and currently still smoke. The “former smokers” group consists of participants who used to smoke before but had completely quit smoking recently. Compared to non-smokers, anyone who has a smoking habit before or currently is considered to have a smoking history.

The exposed genetic variants were obtained from the Integrative Epidemiology Unit GWAS database. The sample sizes for “ever smoked,” “pack years of smoking,” “age of smoking initiation,” “smoking status: never,” “smoking status: current,” and “smoking status: previous” were 461,066, 142,387, 341,427, 359,706, 336,024, and 336,024, respectively. The study focused on outcomes such as liver fibrosis and cirrhosis, and the genetic variants obtained from the FinnGen consortium data (1,602 cases and 332,951 controls) were also included in this study. To avoid population stratification, the genetic variants used in this analysis were derived from European ancestries. The details of the data sources are listed in Table 1. In this MR study, genetic variants strongly correlated with exposure but failed to show associations with confounders. Therefore, genetic variants did not have an impact on the outcome, except through exposure (33).



TABLE 1 Detailed information of datasets included for MR analysis.
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SNP selection

SNPs with a p-value less than 5 × 10−8 and minor frequency > 1% as IVs, relating to “ever smoked,” “pack years,” “age of smoking initiation,” “non-smokers,” “current smokers,” and “former smokers,” were selected. Furthermore, the clumping method (r2 < 0.001, clumping distance = 10,000 kb) was used to avoid linkage disequilibrium. The F-statistic was used to evaluate the strength of the association between IVs and exposure. The general threshold of F in an MR study was 10 (31). SNPs with an F less than 10 were considered weak instruments and were eliminated from further MR analyses (32). In this study, F was calculated as β2/SE2 (β stands for the effect on the risk of exposure, and SE stands for the standard error) (34–36).



Statistical analysis

MR-Egger, weighted median, inverse variance weighted (IVW), simple mode, and weighted mode were selected as the methods of analysis. IVW is considered the most reliable method in MR analyses, and it was performed to assess the heterogeneity among the IVs (37). Cochran’s Q and the MR-PRESSO tests were used to measure the heterogeneity of individual SNPs (38). Heterogeneity existed if the p-value was less than 0.05 and the random-effects model was implemented; otherwise, the fixed-effects model was used. Funnel plots were used to show heterogeneity by drawing Wald ratios for the SNPs. The MR-Egger method was used to evaluate horizontal pleiotropy; if the intercept was significantly different from 0, with a p-value less than 0.05, horizontal pleiotropic effects existed (39). Finally, sensitivity analyses were conducted using the “leave-one-out” analysis.

In this study, the statistically significant level was set at p < 0.05. All analyses were performed in R (version 4.2.2) with the “TwoSampleMR” package (version 0.5.6).




Results

The SNPs chosen for this MR analysis are presented in Supplementary File. In the final MR analysis, a total of 67 SNPs were related to “ever smoked,” 5 SNPs were related to “pack years of smoking,” 9 SNPs were related to “age of smoking initiation,” 61 SNPs were related to “smoking status: never,” 15 SNPs were related to “smoking status: current,” and 18 SNPs were related to “smoking status: previous.” The F statistics for these SNPs were more than 10, with mean F values of 40.63, 37.62, 81.23, 41.77, 40.79, and 35.30 for “ever smoked,” “pack years of smoking,” “age of smoking initiation,” “smoking status: never,” “smoking status: current,” and “smoking status: previous,” respectively. Furthermore, a weak instrumental variable bias was non-existent.

In this MR study, five methods were used to assess the causal effects of cigarette smoking on liver fibrosis and cirrhosis in the European population, and the IVW method was considered the most reliable method. As presented in Table 2, having a smoking history was correlated with liver fibrosis and cirrhosis (“ever smoked,” IVW: OR = 5.704, 95% CI: 1.166–27.910, p = 0.032). “Smoking status: previous” also had positive associations with liver fibrosis and cirrhosis (IVW: OR = 99.783, 95% CI: 2.969 – 3.353e + 03, p = 0.010). “Smoking status: never” had negative associations with liver fibrosis and cirrhosis (IVW: OR = 0.171, 95% CI: 0.04–0.719, p = 0.016). Additionally, “smoking status: current,” “pack years of smoking,” and “age of smoking initiation” were not associated with liver fibrosis and cirrhosis. The effect of each SNP on liver fibrosis and cirrhosis is shown in Figures 1, 2.



TABLE 2 MR analysis from each method assessing the causal effects of smoking on liver fibrosis and cirrhosis.
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FIGURE 1
 Scatter plots of effects of cigarette smoking-associated SNPs on liver fibrosis and cirrhosis. (A) “Ever smoked”; (B) “Pack years of smoking”; (C) “Age of smoking initiation”; (D) “Smoking status: never”; (E) “Smoking status: current”; and (F) “Smoking status: previous.”
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FIGURE 2
 Forest plots of the effect size for each SNP for cigarette smoking on the risk of liver fibrosis and cirrhosis. (A) “Ever smoked”; (B) “Pack years of smoking”; (C) “Age of smoking initiation”; (D) “Smoking status: never”; (E) “Smoking status: current”; and (F) “Smoking status: previous.”


The results of the MR-Egger test indicated the absence of pleiotropy (p ˃0.05). In addition, all SNPs in this MR analysis did not affect liver fibrosis and cirrhosis via biological pathways independently (Table 3). Heterogeneity was tested using Cochran’s Q test and the MR-PRESSO test; the results are presented in Table 3. Funnel plots were used to visualize the heterogeneity of the effects of SNPs on liver fibrosis and cirrhosis; the results are presented in Supplementary Figure 1. The results of the leave-one-out analysis revealed reliable associations between exposures and outcomes (Figure 3).



TABLE 3 Pleiotropy and heterogeneity testing of smoking associated with liver fibrosis and cirrhosis risk using the MR Egger method.
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FIGURE 3
 Leave-one-out sensitivity analysis of the causal effects of cigarette smoking on liver fibrosis and cirrhosis. (A) “Ever smoked”; (B) “Pack years of smoking”; (C) “Age of smoking initiation”; (D) “Smoking status: never”; (E) “Smoking status: current”; and (F) “Smoking status: previous.”




Discussion

This is the first study to assess the causality of cigarette smoking on liver fibrosis and cirrhosis using the MR analysis and GWAS. In this study, five MR analysis methods were implemented. The results indicated that a smoking history increases the risk of liver fibrosis and cirrhosis, while a lack of a smoking history reduces this risk.

Liver fibrosis is a common liver disease that results in cirrhosis with the progression of fibrosis (40). The activation of hepatic stellate cells (HSCs) is a key etiological factor in liver fibrosis (41–43). Currently, liver fibrosis is assumed to be the result of pathological changes caused by an imbalance between extracellular matrix synthesis and degradation. In addition, liver tissues injured by viruses, alcohol, and other hazardous factors activate HSCs that secrete excessive extracellular matrix (ECM). The accumulation of ECM destroys the physiological architecture of the liver and leads to regression of fibrosis (44, 45).

Cigarette smoking is established as a harmful determinant of health that endangers almost all organ systems. However, the impact of cigarette smoking on the liver has been poorly studied. In recent years, the effect of cigarette smoking on the liver has attracted increasing attention (46). Long-term exposure to cigarette smoke increases the secretion of proinflammatory cytokines involved in liver cell injury (47). In addition, cigarette smoking is closely associated with non-alcoholic liver disease (NAFLD) (48). The cross-sectional study has found that increasing the daily cigarette quantity correlates with an increased incidence of fatty liver (49). A recent MR analysis identified that cigarette smoking is causally implicated in NAFLD (50). Cigarette smoking significantly increases the risk of liver fibrosis in NAFLD patients (51). Furthermore, second-hand smoking induces liver inflammation through the deregulation of genes and molecular pathways that regulate lipid metabolism (52).

This study aimed to establish a correlation between cigarette smoking and liver fibrosis and cirrhosis. To assess the causal effects, we selected six exposures, including “ever smoked,” “pack years of smoking,” “age of smoking initiation,” “smoking status: never,” “smoking status: current,” and “smoking status: previous.” Through strict statistical analysis, a positive correlation was identified between cigarette smoking and liver fibrosis and cirrhosis. “Ever smoked” and “smoking status: previous” were risk factors, whereas “smoking status: never” was seemingly protective. These results provide evidence supporting the adverse effects of cigarette smoking on liver fibrosis and cirrhosis. Cigarette smoke contains reactive oxygen species (ROS). Substantial evidence has demonstrated that ROS causes systemic oxidative damage to membrane lipids, proteins, and DNA in the human body. An imbalance between ROS and endogenous antioxidant defenses leads to oxidative stress (53–55). Several studies have shown that oxidative stress plays an important role in the development of liver fibrosis and cirrhosis (56–58). Cigarette smoking causes gut microbiota dysbiosis, which is closely associated with various diseases, including liver fibrosis (48). In this MR study, “ever smoked,” “smoking status: previous,” and “smoking status: never” rather than “smoking status: current,” “pack years of smoking,” or “age of smoking initiation” were found to be associated with liver fibrosis and cirrhosis. We speculate that it is related to the mechanisms mentioned above. This may be understood as the long-term effect of smoking on liver fibrosis and cirrhosis once it begins, and it will not stop due to changes in smoking status.

“Smoking status: previous” had positive associations with liver fibrosis and cirrhosis. The participants in the “Smoking status: previous” group had successfully quit smoking. The results indicated that smoking cessation could not reduce the risk of fibrosis and cirrhosis caused by smoking. This is an expected result because the smoking group included previous smokers who may had weight gain after smoking cessation. Both current smoking and weight gain after smoking cessation lead to a higher risk of NAFLD, which is a major cause of liver fibrosis and cirrhosis (59, 60).

The greatest advantage of this study is the use of a two-sample MR as a statistical method. Using a two-sample MR eliminates the bias caused by confounding and reverse causality issues (32). In addition, the population in this study was restricted to Europe; therefore, the bias resulting from population stratification was reduced. The exposures and outcomes were derived from different GWAS consortiums, and there was no sample overlap. Furthermore, the sample size in this study was sufficiently large to ensure the reliability of the results. Finally, five MR methods were used, and several sensitivity analyses were conducted to ensure the stability of the results.

However, limitations were present in this study. First, only the European population was assessed; therefore, the findings might not apply to other races. Second, the exposures focused on cigarette smoking habits and status, but the cigarette smoking propensity of patients was unavailable. Third, the causal effects of cigarette smoking on liver fibrosis and cirrhosis were assessed in this study, but the mechanisms underlying these effects are unknown. Fourth, cigarette filter types were not classified. Nowadays, many people have the habit of using electronic cigarettes, but this study could not observe the effects of electronic cigarettes on liver fibrosis and cirrhosis. Finally, numerous unhealthy lifestyle habits, such as drinking alcohol, lack of exercise, and unhealthy diet, are related to liver fibrosis and cirrhosis. However, the participants in this program of the Integrative Epidemiology Unit GWAS database were not grouped based on whether they had these bad habits or not, which led to our study only being able to observe the effects of smoking on liver fibrosis and cirrhosis and being unable to explore the mutual effects of these bad habits and smoking on liver fibrosis and cirrhosis. Future studies should strive to address these gaps.



Conclusion

This MR study provides evidence supporting the causal effects of cigarette smoking on liver fibrosis and cirrhosis. Cigarette smoking is a harmful determinant of health, and strict avoidance of cigarette smoking reduces the incidence of liver fibrosis and cirrhosis.
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