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Background: Evidence on the relationship between thyroid function and hepatic fibrosis/cirrhosis are still unclear, with inconsistent conclusions. This Mendelian randomization (MR) study aimed to investigate the potential causal association between thyroid function and hepatic fibrosis/cirrhosis in order to provide new insights for improving prevention and control strategies for this disease.Methods: Genome-wide association study (GWAS) data on exposures, which included hyperthyroidism, hypothyroidism, and thyroid-stimulating hormone (TSH), were extracted from the MRC Integrative Epidemiology Unit (MRC-IEU) (https://gwas.mrcieu.ac.uk/), and GWAS data for outcomes, including hepatic fibrosis/cirrhosis and chitinase-3-like protein 1 (CHI3L1), were obtained from the FinnGen consortium (https://www.finngen.fi/fi). Inverse variance weighted (IVW), weighted median, and MR-Egger methods were utilized to examine the causal association between thyroid function and the risk of hepatic fibrosis/cirrhosis. Cochran’s Q test was used to assess the heterogeneity of instrumental variables (IVs), while MR-PRESSO and leave-one-out analyses were conducted for sensitivity analysis.Results: IVW estimates suggested that hypothyroidism had a potential causal association with higher odds of hepatic fibrosis/cirrhosis (OR = 1.247, 95% CI: 1.087–1.431). Leave-one-out results indicated that this potential causal relationship was relatively robust. In addition, we assessed the causal association between hypothyroidism and hepatic fibrosis/cirrhosis before and after removal of outliers with heterogeneity. After removing the outliers, the association was still significant (OR = 1.266, 95% CI: 1.082–1.482, P = 0.0046).Conclusion: Patients with hypothyroidism may have a higher risk of hepatic fibrosis/cirrhosis, and this finding may provide some references for the early screening and prevention of the disease. However, further studies are needed to explore the specific mechanisms by which hypothyroidism influences hepatic fibrosis/cirrhosis.Keywords: causal association, hepatic fibrosis/cirrhosis, hyperthyroidism, hypothyroidism, Mendelian randomization study, single-nucleotide polymorphisms, thyroid function
INTRODUCTION
Hepatic fibrosis is a significant health burden worldwide, with cirrhosis and hepatoma caused by hepatic fibrosis accounting for many hepatic disease-related deaths each year (Gines et al., 2021; Devarbhavi et al., 2023). In recent years, several observational studies have investigated the association between reduced thyroid function or the reduction in the normal range and hepatic fibrosis (Bano et al., 2020; Rahadini and Rahadina, 2022), which may be related to the regulatory role of thyroid function in lipid metabolism (Mavromati and Jornayvaz, 2021).
It has been found that subclinical hypothyroidism may be associated with hepatic fibrosis/cirrhosis (Bano et al., 2016; Kim et al., 2018); however, the conclusions are inconsistent (D'Ambrosio et al., 2021). In addition, even if thyroid function is within normal ranges, relatively high thyroid stimulating hormone (TSH) levels (Kim et al., 2019; Martinez-Escude et al., 2021a; Martinez-Escude et al., 2021b; Fan et al., 2023; Zhang et al., 2023) and low free thyroxine 4 (FT4) levels (Zhang et al., 2020; Zhang et al., 2022) are risk factors for hepatic fibrosis. However, some studies have found that there is no association between TSH (Liu et al., 2018; Zhang et al., 2020; Du et al., 2021; Guo et al., 2021) and FT4 (Du et al., 2021; Guo et al., 2021) and hepatic fibrosis. To date, few studies have discussed the relationship between hyperthyroidism and hepatic fibrosis/cirrhosis. Bano et al. (2016) found no significant association between hyperthyroidism and non-alcoholic fatty liver disease (NAFLD). In contrast, Labenz et al. (2021) suggested that hyperthyroidism is linked to a lower risk of NAFLD. In addition, serum chitinase-3-like protein 1 (CHI3L1) has recently been found to be a potential marker for the diagnosis of hepatic fibrosis and hepatic cirrhosis, but no study has investigated the relationship between thyroid function and CHI3L1 levels (Tao et al., 2014; Jin et al., 2020; Nishimura et al., 2021). The underlying mechanisms of this association remain unknown but may involve factors such as obesity, insulin resistance, oxidative stress, and mitochondrial dysfunction (Taylor et al., 2013; van Tienhoven-Wind and Dullaart, 2015; Kim et al., 2018). In conclusion, evidence on the association between thyroid function-related indices and hepatic fibrosis/cirrhosis is still limited, and observational studies cannot establish causality. Therefore, the causal association between thyroid function and hepatic fibrosis/cirrhosis needs to be further verified.
Mendelian randomization (MR) is a widely used approach to infer potential causal associations between environmental exposures and diseases (Davey Smith and Hemani, 2014; Sekula et al., 2016), which leverages single-nucleotide polymorphisms (SNPs) as instrumental variants (IVs). MR analysis can avoid reverse causality inferences and capture the long-term effects of exposures on outcomes. This study used MR methods to investigate the potential causal associations between thyroid function and hepatic fibrosis/cirrhosis, providing new insights for developing relevant screening and intervention strategies for the prevention and control of hepatic fibrosis/cirrhosis. The MR approach is widely applied in epigenetics, metabolic disease research, and environmental causal inference and has been thoroughly validated in exploring causal mechanisms. Therefore, this method can provide robust support for causal inference in the current study.
METHODS
Data sources
In this two-sample MR study, the exposure genome-wide association study (GWAS) data, including hyperthyroidism, hypothyroidism, FT4, and TSH, were extracted from the MRC Integrative Epidemiology Unit (MRC-IEU) (https://gwas.mrcieu.ac.uk/), whereas the GWAS data for hepatic fibrosis/cirrhosis and CHI3L1 were obtained from the FinnGen consortium (https://www.finngen.fi/fi). The diagnosis of hyperthyroidism, hypothyroidism, and hepatic fibrosis/cirrhosis was according to the International Classification of Diseases (ICD) 10th Version, with codes of E05, E03, and K74, respectively. We summarized and presented the aggregated information on the data source, GWAS ID, population, and sample size in Table 1.
TABLE 1 | Aggregated data of study exposures and outcomes.
[image: Table 1]The GWAS datasets in this study received ethical approval from their respective institutions, with data de-identified, and informed consent was obtained from all participants. Since the database is publicly available, ethical approval was waived by the Institutional Review Board (IRB) of our hospital. In addition, the methods and procedures of this study followed the STROBE-MR checklist to ensure the robustness and reliability of the findings (Skrivankova et al., 2021).
Selection of single-nucleotide polymorphisms
SNPs significantly associated with exposures were selected as potential IVs, with a selection threshold of P < 5.0 × 10−8 (P < 5.0 × 10−6 for IVs associated with FT4 and TSH). SNPs in linkage disequilibrium (LD) or those that were palindromic with intermediate allele frequencies were removed according to the MR principle to ensure that the same allele corresponded to the effects between SNPs and both the exposures and outcomes. The threshold was set to be r2 = 0.001, with a clumping distance of 10,000 kb.
Assumptions of the MR analysis
The MR analysis must adhere to three important assumptions in order to minimize bias in the results. (1) Relevance assumption: the selected IVs must exhibit significant associations with the exposure factor (P < 5.0 × 10−8 or P < 5.0 × 10−6). (2) Independence assumption: IVs should be independent of potential confounders. To validate this, we implemented LD clumping procedures for IV selection. Details regarding assumptions (1) and (2) can be found in the section on the selection of single-nucleotide polymorphisms. Horizontal pleiotropy was systematically evaluated using the MR-PRESSO global test (P < 0.05 as the significance threshold) and MR-Egger regression. (3) Exclusion restriction assumption: IVs should influence outcomes solely through exposure. The PhenoScanner V2 database was used to exclude SNPs with documented pleiotropic pathways. Additionally, the intercept term of the MR-Egger regression was examined to assess residual horizontal pleiotropy (A P-value > 0.05 was considered to indicate the absence of horizontal pleiotropic effects).
First, IVs need to be significantly associated with exposures. The strength of association between exposures and IVs was estimated using the following formula: F = r2 * (N-2)/(1-r2), where r2 = 2 * EAF * (1-EAF) *β2/SD2. Here, N is the sample size, EAF is the effect allele frequency, β represents the regression coefficient for the association between exposures and IVs, and SD is the standard deviation. In addition, F < 10 indicates a weak association between IVs and exposures. Second, IVs must be independent of confounders associated with exposures and outcomes. To determine whether this assumption was violated, the MR-Egger regression test was utilized to detect potential horizontal pleiotropy, which refers to confounding effects caused by other diseases (Burgess and Thompson, 2017; Bowden et al., 2019). A significant intercept term in MR-Egger represents the existence of pleiotropy. Third, IVs should affect outcomes solely through exposure, meaning that there should be no horizontal pleiotropy influence of IVs on the outcome.
Statistical analysis
The potential causal association between thyroid function and hepatic fibrosis/cirrhosis was estimated using the inverse variance weighted (IVW) method, which was evaluated by odds ratios (ORs) with 95% confidence intervals (CIs). The IVW test serves as the primary method to calculate the unbiased estimates of causal effect when horizontal pleiotropy is absent. The weighted median method was also used to assess the causal effect because it can provide a robust and consistent estimate even if nearly 50% of the genetic variants are invalid instruments. The MR-Egger regression was used as its intercept allows for the detection of potential pleiotropy in IVs (P > 0.05 was recognized as no horizontal pleiotropy). In addition, false discovery rate (FDR) correction was utilized to increase the reliability and stability of the results. A P < 0.05 value was considered statistically significant for the potential causal relationships.
The heterogeneity of the significant causal effect was tested using Cochran’s Q test, where IVs with P < 0.05 were considered heterogeneous. Outliers among selected IVs were identified using the MR-Pleiotropy RESidual Sum and Outlier (MR-PRESSO) test (Verbanck et al., 2018). The causal associations between thyroid function and hepatic fibrosis/cirrhosis were assessed after excluding significant outliers. The scatter plots and the leave-one-out test were used for sensitivity analysis. Statistical analyses were performed with R version 4.2.0 (Institute for Statistics and Mathematics, Vienna, Austria). The R package “TwoSampleMR” was used for MR analyses of the causal association between thyroid function and hepatic fibrosis/cirrhosis.
RESULTS
The flowchart of the study process is shown in Figure 1. Table 2 shows the selection of IVs and the results of tests for horizontal pleiotropy, strength, and heterogeneity. After quality control, we identified 11 SNPs (related to hyperthyroidism), 62 SNPs (related to hypothyroidism), and 4 SNPs (related to TSH) as IVs for the exposures. The MR-Egger regression test indicated no evidence of horizontal pleiotropy (all P > 0.05). The strength values of the associations between IV exposures were all greater than 20. However, Cochran’s Q test showed potential heterogeneity in the associations between selected IVs and hyperthyroidism (P = 1.09 × 10−4) and hypothyroidism (P = 0.006).
[image: Figure 1]FIGURE 1 | Flowchart of the study process.
TABLE 2 | IV selection and testing for horizontal pleiotropy and strength.
[image: Table 2]Then, we investigated the potential causal associations between thyroid function and hepatic fibrosis/cirrhosis (Figure 2). After applying the FDR correction, the IVW estimate suggested that hypothyroidism had a positive causal association with hepatic fibrosis/cirrhosis (OR = 1.247, 95% CI: 1.087–1.431), while FT4 was negatively associated with the odds of hepatic fibrosis/cirrhosis (OR = 0.530, 95% CI: 0.282–0.998). In addition, weighted median results similarly suggested a positive causal association between hypothyroidism and hepatic fibrosis/cirrhosis (OR = 1.430, 95% CI: 1.123–1.820). More detailed information on the causal associations between thyroid function and hepatic fibrosis/cirrhosis is provided in Supplementary Table S1.
[image: Figure 2]FIGURE 2 | Causal associations between thyroid function and hepatic fibrosis/cirrhosis.
Through the MR-PRESSO global test, we identified two significant outliers among the IVs associated with hypothyroidism and hepatic fibrosis/cirrhosis and one for the association between FT4 and hepatic fibrosis/cirrhosis. It could also be clearly observed in Figure 3 that the tendency of causal associations between hypothyroidism and FT4 and hepatic fibrosis/cirrhosis evaluated using different MR methods was substantially consistent. Then, we confirmed the reliability of the MR results regarding the potential causal associations between both hypothyroidism and FT4 and hepatic fibrosis/cirrhosis through sensitivity analysis. The leave-one-out test indicated that the potential causal effects of hypothyroidism and FT4 on the risk of hepatic fibrosis/cirrhosis were relatively robust (Figure 4).
[image: Figure 3]FIGURE 3 | Scatter plots of causal associations between both hypothyroidism (A) and FT4 (B) and hepatic fibrosis/cirrhosis.
[image: Figure 4]FIGURE 4 | Leave-one-out test of causal associations between both hypothyroidism and FT4 and hepatic fibrosis/cirrhosis.
Moreover, since the heterogeneity test indicated that there was heterogeneity in the associations between selected IVs and hypothyroidism, we assessed the causal relationship between hypothyroidism and hepatic fibrosis/cirrhosis before and after removal of significant outliers (Table 3). According to the IVW results, after the removal of outliers with heterogeneity, the causal association between hypothyroidism and hepatic fibrosis/cirrhosis was still significant (OR = 1.217, 95% CI: 1.055–1.404) (Table 4).
TABLE 3 | Causal relationship between thyroid function and hepatic fibrosis/cirrhosis before and after removal of outliers with heterogeneity.
[image: Table 3]TABLE 4 | Causal association between thyroid function and hepatic fibrosis/cirrhosis after removal of outliers.
[image: Table 4]DISCUSSION
We conducted a two-sample MR analysis to explore the causal associations between different thyroid function-related indices and hepatic fibrosis/cirrhosis. The results showed that hypothyroidism had a positive causal relationship with hepatic fibrosis/cirrhosis, whereas FT4 had a negative association.
In recent years, the relationship between thyroid function and hepatic fibrosis/cirrhosis has been extensively studied. However, existing evidence from animal experiments or observational studies cannot infer a causal relationship between them. Research in patients from Jiading District Central Hospital, Shanghai, China, showed that low-normal thyroid function increased the risk of advanced fibrosis in patients with metabolic dysfunction-associated fatty liver disease (MAFLD), and the elevated TSH concentrations were linked to advanced hepatic fibrosis (Fan et al., 2023). A cross-sectional study in the Indian population suggested that patients with hepatic cirrhosis showed impaired thyroid function, and that thyroid hormone (TH) levels may help assess the severity and course of cirrhosis (Sikarwar et al., 2022). In a mouse model of non-alcoholic steatohepatitis, TH was observed to reduce lipotoxicity, hepatic inflammation, oxidative stress, and fibrosis (Zhou et al., 2022). An MR study suggested an inverse association between genetically predicted hypothyroidism and hepatocellular carcinoma risk, but there was no evidence observed of a direct causal effect of TSH level and FT4 level on HCC (Lu et al., 2022). On the other hand, Shao et al. (2022) found that FT4 in the normal range was lower in the NAFLD group than in the healthy control group. In the current MR study, we found that patients with hypothyroidism had a higher hepatic fibrosis/cirrhosis risk, while FT4 was negatively associated with the odds of hepatic fibrosis/cirrhosis; however, no significant causal association was observed between TSH and hepatic fibrosis/cirrhosis. Our findings were relatively complementary to the existing literature by filling the gap in inferring causal associations between thyroid function and both hepatic fibrosis and cirrhosis. Furthermore, the observed discrepancies between our findings and prior studies may be attributable to population stratification by ancestry. These preliminary causal associations therefore warrant validation through large-scale multi-ethnic cohorts to elucidate potential ancestry-specific effects.
The mechanisms through which hypothyroidism and FT4 may influence the occurrence of hepatic fibrosis/cirrhosis are still unclear. The liver plays an essential physiological role in TH activation and inactivation, transport, and metabolism, and conversely, TH affects the activities of hepatocytes and hepatic metabolism (Piantanida et al., 2020). Kannt et al. (2021) showed that treatment with hepatic thyroid hormone receptor β (THR-β) in patients with non-alcoholic steatohepatitis (NASH) led to a significant reduction in hepatic steatosis, α-smooth muscle actin content, and the expression of genes involved in fibrogenesis, indicating a decrease in hepatic fibrosis. An upregulation of THR-β was observed in the developing brain under iodine deficiency, indicating an adaptive process coming into play to protect it from the damages that are inflicted due to hypothyroidism (Chattopadhyay et al., 1995). Hence, it is suggested that hypothyroidism may be involved in the development of hepatic fibrosis/cirrhosis by influencing the relative expression of THR-β. In addition, hypothyroidism in hepatic cirrhosis inevitably affects mitochondrial metabolism and functional integrity, as the liver is one of the main target organs for THs (Weitzel et al., 2003). It is known that hypothyroidism in hepatic cirrhosis influences mitochondrial oxidative phosphorylation and disrupts the function of many antioxidant enzymes (Mukherjee et al., 2014). The excessive accumulation of free oxygen radicals in hepatocytes may play a critical role in the development of hepatocellular carcinoma (HCC) in cirrhosis by causing oxygen-free radical-related DNA damage (Sahin et al., 2020). Nevertheless, due to the limitation of GWAS databases, other indices related to thyroid function, such as TH, THR-β, triiodothyronine (T3), and thyroxine (T4), were not available. Therefore, the specific underlying mechanisms behind the causal associations between both hypothyroidism and FT4 and the occurrence of hepatic fibrosis/cirrhosis need to be further explored and elucidated.
As mentioned above, the MR study design is superior to observational studies in clarifying the causal effect of potential risk factors for diseases of interest to a certain extent. By investigating the potential causal association that hypothyroidism increases the odds of hepatic fibrosis/cirrhosis and FT4 decreases the odds of hepatic fibrosis/cirrhosis, our study may provide some references for further exploration to facilitate the recommendation of public health policies and clinical interventions among patients with hepatic diseases and help reduce the incidence and social burden of this disease. Compared with previous research, the current study included a large sample of the European population from the open-access GWAS databases. According to our findings, clinicians should focus on the regular screening and timely treatment of hepatic inflammation or fibrosis in patients with hypothyroidism and monitor serum FT4 levels to maintain them within an appropriate range in order to reduce the further risk of developing hepatic cirrhosis.
The MR method can overcome the limitations of some observational studies such as reverse causality, confounding factors, and various biases. In the current research, the selected IVs for the MR analysis were screened rigorously, with F values of greater than 20, guaranteeing the accuracy of the results. Although the heterogeneity test showed that the selected IVs related to hyperthyroidism and hypothyroidism had potential heterogeneity, we utilized the MR-PRESSO distortion test to screen significant outliers and assessed the causal association between hypothyroidism and hepatic fibrosis/cirrhosis before and after deleting outliers (Verbanck et al., 2018). The leave-one-out method was used for sensitivity analysis. All these tests suggested that the causal associations between both hypothyroidism and FT4 and hepatic fibrosis/cirrhosis were stable and robust. However, there are some limitations. This study included only European populations, so the findings may not be generalizable for extrapolation to individuals of other racial or ethnic backgrounds. Additionally, the GWAS data we used were aggregated rather than individual level, preventing stratification by age, gender, and other factors for further analysis. We also fully acknowledge the critical role of population stratification effects in two-sample MR studies. To address this concern, all GWAS datasets utilized in our analysis incorporated principal component analysis (PCA)-based ancestry adjustment in their original studies, which serves as a methodological safeguard against confounding by population structure. Furthermore, we recognize the importance of expanding population diversity in future research. We propose to validate these associations through large-scale, multi-ancestry analyses to ensure result robustness (Genevieve et al., 2019).
CONCLUSION
Hypothyroidism may be a potential risk factor for hepatic fibrosis/cirrhosis, while FT4 exhibits a negative causal association with these conditions, indicating that dynamic monitoring and screening of relevant indices may be significant for individuals at high risk of hepatic fibrosis and cirrhosis. Further studies are needed to elucidate the underlying mechanisms of these associations.
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