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Background and aims

Findings about the associations between transmembrane 6 superfamily member 2 (TM6SF2) rs58542926 and nonalcoholic fatty liver disease have not been consistently replicated, particularly in steatosis and fibrosis. The present study aimed to investigate the associations between the rs58542926T allele and the spectrum of NAFLD and its related metabolic phenotypes.



Methods

Systematic literature research was performed to analyse the associations between rs58542926 and the spectrum of NAFLD and its related metabolic phenotypes. A random effects meta-analysis with a dominant genetic model was applied.



Results

Data from 123,800 individuals across 44 studies were included in the current meta-analysis.rs58542926 T allele was associated with an increased risk of NAFLD in both adults (OR=1.62; 95% CI: 1.40, 1.86) and children (OR=2.87; 95% CI: 1.85, 4.46). Children had a stronger association with NAFLD (P=0.01). rs58542926 T allele was also positively associated with steatosis progression (mean difference=0.22; 95% CI: 0.05, 0.39) and fibrosis stage (OR=1.50; 95% CI: 1.20, 1.88) in adults. The TM6SF2 rs58542926 T allele was positively associated with ALT in both adults and children (both P<0.01) and only with higher AST in adults (P<0.01). The rs58542926 T allele was negatively associated with serum total cholesterol (TC), low-density lipoprotein (LDL), and triglycerides (TGs) in both adults and children (all P<0.01).The serum level of TG was much lower in adults than in children (P<0.01).



Conclusion

TM6SF2 rs58542926 is involved in the entire spectrum of NAFLD and its related metabolic phenotype, and differences in serum lipid levels were observed between adults and children.



Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42021288163.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a complex disease that is closely related to genetic susceptibility and lifestyles. NAFLD has become the most common chronic liver disease worldwide in both adults and children (1, 2). The global prevalence of NAFLD is currently estimated to be 32.4% in adults and 7.4% in children (1, 3). NAFLD consists of a broad spectrum of liver diseases, including nonalcoholic fatty liver (NAFL), nonalcoholic steatohepatitis (NASH), liver cirrhosis and even hepatocellular carcinoma (HCC) (4). NAFLD is considered a risk factor for cardiovascular diseases and type 2 diabetes due to dyslipidemia and hyperglycemia (5).

In recent years, molecular epidemiological studies have suggested that gene variation plays an important role in the occurrence and development of NAFLD. A prospective twin study showed that the heritability of hepatic steatosis (based on MRI-PDFF) was 0.52 and the heritability of hepatic fibrosis (based on liver stiffness) was 0.5 (6). Identification and understanding of its related genetic variants are important for the treatment of hepatic steatosis and its advanced stages. With the implementation of a genome-wide association study (GWAS) on liver fat, more than twenty single nucleotide polymorphisms (SNPs) have been involved in the pathogenesis of NAFLD, for instance, rs738409 (C>G, pI148 M) of patatin-like phospholipase-domain-containing 3 (PNPLA3) and rs58542926 (C>T, pE167K) of transmembrane 6 superfamily member 2 (TM6SF2) (7).

SNP rs58542926 triggers hepatic fat accumulation by reducing very low-density-lipoprotein (VLDL)-mediated lipid secretion and increases the risk of lipid accumulation in hepatocytes and decreases the circulating lipids in serum (8). However, the relationships between the TM6SF2 rs58542926 variant and predisposition to all spectra of NAFLD remain controversial in the current literature (9). Liu et al. (10) showed that the TM6SF2 rs58542926 variant could affect the progression of fibrosis in European Caucasian NAFLD participants, but Wong et al. (11) showed that the TM6SF2 rs58542926 variant did not cause liver fibrosis or cirrhosis in Chinese NAFLD subjects.

In addition, serum concentrations of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) have been classically regarded as markers of liver function damage with NAFLD progression (12). A recent exome-wide association study of liver fat content showed that the TM6SF2 rs58542926 variant was associated with ALT in the Dallas Biobank and the Copenhagen Study, but the relationship was not statistically significant in AST (13). However, these results were not confirmed in genome-wide association studies (GWASs) (14). However, some GWAS have suggested that the TM6SF2 rs58542926 variant is closely associated with serum lipid levels (15–17). However, the results of these studies were conflicting and nonreplicated. In addition, whether those associations were consistent between adults and children is unknown.

Therefore, the present study aims to summarize all eligible results to clarify whether the TM6SF2 rs58542926 variant influences the development of NAFLD and related metabolic phenotypes in both adults and children and to compare the differences in the effect values of the variant between adults and children.



Methods


Data sources and study selection

This meta-analysis followed the HuGENet and MOOSE reporting guidelines.

A comprehensive search for literature was conducted in the PubMed, EMBASE, Web of Science, The Cochrane Library and CNKI databases. The specific search strategy was “rs58542926 or E167K or Glu167Lys”. The search was completed on October 29, 2021. After removing duplicate literature, titles and abstracts were independently screened for eligibility by 2 authors, with inclusion/exclusion criteria applied to potentially eligible full texts.



Inclusion and exclusion criteria of the literature

The study protocol, including the search strategy and inclusion and exclusion criteria, was registered on PROSPERO Database of Systematic Reviews (CRD42021288163). Inclusion criteria: (1) genetic association studies on the TM6SF2 rs58542926 variant and NAFLD in human beings; (2) provide genotype/allele frequency of rs58542926 polymorphisms in the study population; (3) full text available in English or Chinese. Exclusion criteria: (1) case reports, reviews, meta-analyses, comments, and repeated published literature; (2) lack of detailed genotyping data or relevant outcomes; (3) in vitro and animal studies; (4) preprint and abstract publications; (5) studies conducted in patients with infectious liver disease (HBV or HCV infection).



Study selection and data extraction

Literature was initially selected based on title and abstract, and we reviewed the full texts to select qualified articles based on eligibility criteria. Study selection was performed by 2 independent reviewers. Any disagreement between the two reviewers was discussed with and resolved by a third investigator. Database searches identified 305 articles, of which 38 articles (10, 11, 13, 14, 18–50) met the inclusion criteria for pooled meta-analyses. In addition, we added our own sample results in the children part, which was named the Comprehensive Prevention Project for Overweight and Obese Adolescents (CPOOA) (51, 52) (Figure 1).




Figure 1 | Flowchart of study selection.



Information extraction was performed by 2 independent reviewers. , author’s name, publication year, country and ethnicity of study subjects, total numbers of participants, adults/children, NAFLD-related metabolic phenotypes [including serum concentrations of total cholesterol (TC), TG, low-density lipoprotein (LDL), high-density lipoprotein (HDL), ALT and AST], steatosis and fibrosis were extracted from the selected studies. In addition, the number of different genotypes of TM6SF2 rs58542926 carriers and the results of the Hardy-Weinberg equilibrium (HWE) test were recorded.



Statistical analyses

The Review Manager Version 5.4 was used to conduct statistical analyses and forest plots. Due to the low frequency of TT homozygous in TM6SF2 rs58542926, genetic association analyses were performed with the dominant model.

NAFLD, hepatic steatosis and fibrosis stages were evaluated as dichotomous variables (as Yes/No), and the effect size was calculated as an odds ratio (OR) between groups. In addition, the progression of steatosis and fibrosis (the degree of hepatic steatosis, lobular inflammation and balloon degeneration) were treated as continuous variables. Serum lipid levels (TC, TG, LDL, HDL), ALT and AST were evaluated as continuous variables individually. For continuous variables, effect sizes were calculated as the mean differences (MD). All values of medians and the interquartile range or total range were converted to the mean and standard deviation.

Both the fixed- and random-effects models were explored for all outcome variables, and the random model was selected to represent final results, since it would make the results tend to be conservative with the test of Dersimonian Laird. The results were reported with effect sizes and 95% confidence intervals (CIs). P ≤0.05 was considered statistically significant. The fixation index was calculated to compare the differences in TM6SF2 rs58542926 among different ethnicities and no differences was found (53). Considering the possible heterogeneity between adults and children, a subgroup analysis between children and adults was conducted. An additional subgroup analysis was performed for fibrosis stages (with fibrosis vs without fibrosis; fibrosis stage 0-1 vs 2-4; fibrosis stage 0-2 vs 3-4), and those analyses were only performed within individuals with NAFLD. Heterogeneity between groups was described using the Q statistic, tau2, and I2. In terms of forest plots, ORs were pooled using the method of inverse variance.

Two reviewers independently assessed the risk of bias of each study by applying the evaluation tool established by the Agency for Healthcare Research and Quality (https://effectivehealthcare.ahrq.gov/products/collections/cer-methods-guide) (54). All studies were assessed based on their design, either case−control or cross-sectional studies (Figure S1). Finally, the risk of bias was divided into three levels: low, high and unclear. The stabilities of pooled results were determined by omitting one study each time and pooling the results of the remaining studies. Funnel plots were constructed to test publication biases.




Results


Characteristics of selected studies

In total, 44 original studies (36 in adults and 8 in children) and 123,800 individuals (5432 children) were included in the current meta-analysis. Most of the studies were conducted in Europe (21 studies), 13 in Asia, 3 in North America and 2 in South America. The main characteristics of the studies are shown in Table S1. The summary of the results of the meta-analysis and the disparities between adults and children with NAFLD as well as its related metabolic phenotypes are presented in Table 1.


Table 1 | Summary of results from meta-analysis for adults and children.





The rs58542926 T allele increased the risk of NAFLD in both adults and children

Twenty studies (14 in adults and 6 in children) were eligible to estimate the relationship between rs58542926 and NAFLD. Data from adults (15,901 individuals) found that the rs58542926 T allele was positively associated with NAFLD (OR=1.62; 95% CI: 1.40, 1.86; P<0.01, Figure 2). Children (3544 individuals) had a stronger association with NAFLD (OR=2.87; 95% CI: 1.85, 4.46; P<0.01). The effect value of children was statistically significantly higher than that of adults (P=0.01).




Figure 2 | rs58542926 T allele was associated with a higher odds ratio of NAFLD. Data from 19,445 individuals (15,901 adults, 3544 children) with CT, MRI or FibroScan. rs58542926 T allele was positively associated with NAFLD in both adults and children (using a dominant model of inheritance). Meta-analysis was performed using random effects with the DerSimonian−Laird method for estimation of tau2; NAFLD, nonalcoholic fatty liver disease; CI, confidence interval; SE, standard error.





The rs58542926 T allele increased the risk of steatosis and fibrosis in adults

Seven studies (3,461 adults) were eligible for estimation of the relationship between rs58542926 and steatosis. Steatosis progression showed a positive association with the rs58542926 T allele in 6 studies (MD=0.22; 95% CI: 0.05, 0.39; P=0.01; Figure S2). The presence of severe steatosis (stage S0-S1 versus stage S2-S3) showed a positive association with the rs58542926 T allele in 4 studies (OR=1.52; 95% CI: 1.14, 2.02; P<0.01; Figure S3).

Nine studies (4928 adults) were eligible for an estimation of the relationship between rs58542926 and fibrosis. A positive association between fibrosis progression and the rs58542926 T allele was detected in 4 studies (MD=0.32; 95% CI: 0.03, 0.61; P=0.03; Figure S4). Data from 8 studies found that the rs58542926 T allele was associated with fibrosis stages (OR=1.50; 95% CI: 1.20, 1.88; P<0.01; Figure 3). Given the disparities between different fibrosis stages, subgroup comparisons (with fibrosis vs without fibrosis; fibrosis stage 0-1 vs 2-4; fibrosis stage 0-2 vs 3-4) were also conducted. No significant difference was observed among fibrosis stages (OR=1.07; 95% CI: 0.63, 1.82; P=0.80; Figure 3). However, the rs58542926 T allele had positive associations with severe (OR=1.46; 95% CI: 1.07, 1.99; P=0.02; Figure 3) and advanced fibrosis (OR=2.04; 95% CI: 1.36, 3.05; P<0.01; Figure 3). In the sensitivity analysis conducted with omission of nonliver biopsy studies, consistent results were observed.




Figure 3 | rs58542926 T allele was associated with a higher odds ratio with fibrosis stages. Data from 4928 individuals with liver biopsy. The rs58542926 T allele was positively associated with severe and advanced fibrosis stages (using a dominant model of inheritance). Meta-analysis was performed using random effects with the DerSimonian−Laird method for estimation of tau2; CI, confidence interval; SE, standard error.





The rs58542926 T allele was associated with increased ALT in both adults and children

Associations for plasma levels of ALT and AST were extracted from 19 studies (15 in adults and 4 in children) and 15 studies (13 in adults and 2 in children), respectively. ALT and AST were significantly associated with rs58542926 in adults (MD=3.34; 95% CI: 1.67, 5.00; P<0.01; Figure S5; MD=1.91; 95% CI: 0.59, 3.23; P<0.01; Figure S6). In children, a positive relationship was observed for the rs58542926 T allele and ALT (MD=3.93; 95% CI: 1.71, 6.16; P<0.01; Figure S5). No relationship was observed for the variant and AST in children (MD=2.90; 95% CI: -1.58, 7.37; P=0.20; Figure S6). The differences in effect sizes between children and adults were not statistically significant for ALT or AST (both P>0.05).



The rs58542926 T allele was negatively associated with TC, TG, and LDL in both adults and children

Twenty-one studies (16 in adults and 5 in children) were eligible for estimation of the relationship between rs58542926 and serum lipid levels. Negative relationships were observed for the rs58542926 T allele and TC (MD=-10.01; 95% CI: -12.46, -7.56; P<0.01; MD=-10.85; 95% CI: -14.64, -7.05; P<0.01; Figure S7), TG (MD=-14.36; 95% CI: -18.71, -10.02; P<0.01; MD=-6.55; 95% CI: -10.00, -3.11, P<0.01; Figure 4), and LDL (MD=-2.04; 95% CI: -2.63, -1.44; P<0.01; MD=-8.77; 95% CI: -11.25, -6.30; P<0.01; Figure S8) in pooled analyses in both adults and children. Data from 19 studies (15 in adults and 4 in children) found that rs58542926 was not associated with HDL in adults and children (MD=0.66; 95% CI: 0.00, 1.32; P=0.05; MD=-0.81; 95% CI: -2.16, 0.53, P=0.24; Figure S9). In addition, the serum levels of LDL and HDL were much lower in children than in adults (both P<0.05), and the serum level of TG was much lower in adults (P<0.01), but the difference was not statistically significant for TC (P=0.72).




Figure 4 | rs58542926 T allele associated with lower TG. Data from 106,643 individuals (102,770 adults, 3873 children). rs58542926 T allele was positively associated with TG in both adults and children (using a dominant model of inheritance), where data represent SD change in TG (mg/dl) per T-allele. Meta-analysis was performed using random effects with the DerSimonian−Laird method for estimation of tau2; TG, triglyceride; CI, confidence interval; SE, standard error.





Stability and publication biases of the present study

In the stability analysis of omitting one study each time and pooling the results of the remaining studies, the trend of associations was not strongly altered, indicating that the results of the pooled meta-analysis were stable. Potential publication bias was assessed by funnel plots in the present meta-analysis. The funnel plots were generally symmetrical, indicating that the results are unlikely to be severely affected by publication bias (Figure S10, S11).




Discussion


Main results

In this meta-analysis, we confirmed the TM6SF2 rs58542926 T allele as a risk factor for the susceptibility and development of NAFLD and its related metabolic phenotypes in adults and children. Nonetheless, the rs58542926 T allele was a protective factor for serum lipid levels. In the present study, it is noteworthy that carrying the T allele is associated with a higher risk of NAFLD in children than in adults. Compared with adults, the rs58542926 T allele had a stronger effect size in pediatric NAFLD. Previous studies have shown that compared with adults, children with NAFLD may progress more rapidly and are more likely to develop fibrosis and end-stage liver disease in early adulthood (55). In addition, NAFLD will also increase the risk of multiple complications, such as hypertension, metabolic syndrome and diabetes (55, 56).

TM6SF2 was first reported in 2000 (9), and it contains 10 transmembrane domains. It is mainly expressed in the small intestine and liver, which are associated with lipid metabolism. Kozlitina et al. (13) showed that TM6SF2 is an endoplasmic reticulum membrane protein and that the TM6SF2 rs58542926 variant (C>T) encodes a glutamate to lysine at amino acid 167 (E167K). TM6SF2 is involved in the VLDL-TG secretion pathway (inactivation of TM6SF2, a gene defective in fatty liver disease, impairs lipidation but not secretion of VLDL) (57). The E167K variant leads to misfolding and increases the degradation of TM6SF2 in hepatocytes and induces an increase in liver TG content and a decrease in circulating lipids (13, 58).

Our results showed that rs58542926 was related to steatosis progression, severe steatosis, fibrosis stages and fibrosis progression in adults. However, there was no statistically significant difference in the fibrosis stages. Only two studies investigated the occurrence of fibrosis with a relatively small sample size, which was inadequate to reveal the real association. In previous studies, the relationship of TM6SF2 rs58542926 with liver fibrosis has been controversial. The discrepancy between these results may be related to the different methods of hepatic steatosis and liver fibrosis examinations used in the studies, such as ultrasound (26, 34, 59), magnetic resonance imaging (25, 40), and liver biopsy (10, 22, 29), among others. Research has shown that the sensitivity of ultrasound decreases when the liver fat is less than 30% (60). In the present study, the meta-analyses of steatosis and fibrosis analyses only included studies which used the biopsy to avoid measurement bias.

AST and ALT are biomarkers of liver injury. ALT is mainly distributed in the cytoplasm of hepatocytes, and the increase in ALT reflects damage to the hepatocyte membrane and is the most sensitive biomarker (61). The present study only found that the adult T allele carriers had higher AST. NAFLD is a chronic progressive disease, and the degree of liver injury is relatively low in children. A significant increase in AST often occurs in patients with more severe hepatocyte destruction. Therefore, it seems reasonable that there was no relationship between AST and rs58542926 in children. Intriguingly, the genetically engineered transgenic mouse model showed that alternation of ALT or AST was not detected in the liver transgenic Alb-TM6SF2 mice (overexpression of humanTM6SF2) or in the tm6sf2 knockout mice (62). Therefore, the correlation between TM6SF2 rs58542926 and ALT and AST in present study may be mainly attributed to the chronic liver injury caused by rs58542926 indirectly. At present, the gold standard for the diagnosis of NAFLD is liver biopsy, but it is expensive and invasive. The common screening method for pediatric NAFLD is ALT with or without liver ultrasonography (63–65). As an effective and reversible disease for early intervention, there are still some disputes about the sensitivity of screening children with NAFLD using ALT as a biomarker. However, studies have confirmed the reliability of using serum ALT to screen overweight children for NAFLD in primary health care (66). Our meta-analysis further confirmed the association between TM6SF2 rs58542926 and ALT. This is in line with the recommendations of the American Academy of Pediatrics on NAFLD screening for children over 10 years of age with overweight or obesity risk factors (67) and may provide a reference for the early detection of NAFLD in children.

Based on the molecular function of TM6SF2, it is logical to observe lower levels of TG, TC and LDL in serum among T allele carriers. TM6SF2 transfers TG from cytoplasmic to VLDL particles (57). Overexpression of TM6SF2 decreased the number and size of lipid droplets. Overall, the trends of serum lipid levels were consistent in both adults and children. In addition, animal models showed that overexpression of human TM6SF2 in mice could increase serum lipid levels, including TC, LDL and TG (62, 68). When tm6sf2 was knocked down or knocked out in mice, the circulating lipid level decreased as well (62, 69). However, TM6SF2 rs58542926 was not associated with HDL in the present study. The synthesis, assembly and transport of HDL particles are different from those of lipoproteins carrying LDL and TG (70). The associations between serum lipid levels are consistent with the results of Pirola et al., who also did not detect an association between HDL and rs58542926 (70). The variant TM6SF2 rs58542926 could increase liver lipoprotein accumulation and reduce the concentration of serum lipids in peripheral serum plasma (71). Therefore, the TM6SF2 rs58542926 T allele not only increases the risk of NAFLD but also has a protective effect against cardiovascular disease (70). Interestingly, in present study, the effect value differences between TG and LDL in adults and children showed the opposite trend: in TG, the effect value of adults was higher than that in children, while in LDL, the effect value in children was higher than that in adults. As the disease progresses in adulthood, the transport function of lipid droplets was probably further affected, so the TG serum levels in adults might have been substantially reduced in comparison with those in children. Endogenous TG in serum is mainly transported by VLDL. With the transfer of TG from VLDL, the change in molecular composition can turn VLDL into intermediate density lipoprotein (IDL). When the cholesterol content in IDL is higher than that in TG, IDL will become LDL. Therefore, the effect value of LDL in children carrying the T allele seems higher than that in adults. To be mentioned, children with NAFLD included in the present analyses were mainly children with overweight/obesity. This phenomenon alerts that even children with overweight/obesity and favorable serum lipid levels are still at risk for NAFLD. Ultrasonography and/or transient elastography should be implemented with overweight or obese children as recommended by the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) (65).



Strengths and limitations.

Previous meta-analyses conducted between TM6SF2 rs58542926 and NAFLD mainly focused on the sole association between rs58542926 and susceptibility to NAFLD or aminotransferase or serum lipid levels or the progression of NAFLD or some phenotypes (12, 70, 72–74). To our knowledge, the present study is the first meta-analysis that included both children and adults to reveal the effects of rs58542926 on the spectrum of NAFLD and its related metabolic phenotypes. Furthermore, we dissected the effect size between adults and children.

Nevertheless, some limitations need to be mentioned as well. First, the meta-analysis results were based on unadjusted pooling of previous findings due to the lack of raw data for eligible studies. Second, for consistency in the summary of results, in some studies, some values of medians and the interquartile range or range were converted to the mean and SD, which could cause error in the estimate. However, we used the improved estimation methods of Wan et al. (75) and Luo et al. (76) to reduce bias as much as possible. Third, there was no hierarchical adjustment for different ethnic groups, but the fixation index did not show disparities in rs58542926 among different ethnic groups. Therefore, the impact of ethnic differences would be weak. Last, the disparities between adults and children might be caused by the heterogeneities among different studies; however, assessing the credibility of an apparent effect modification is challenging (77).




Conclusions

TM6SF2 rs58542926 was associated with the incidence and progression of NAFLD and its related metabolic phenotype in both adults and children. The rs58542926 SNP had stronger associations with NAFLD, TG and LDL in children than in adults, which indicated that specific health education and liver ultrasound screening should start in children who are susceptible to NAFLD (e.g., children with obesity carrying rs58542926 CT or TT and with favorable serum lipid levels).



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Author contributions

Study concept and design: HW, H-JW. Methodology: X-YL, ZL. Collection of data: X-YL, LL. analysis and interpretation of data: X-YL, ZL.Drafting of the manuscript: X-YL, HW. Comprehensive review and editing: HW. Critical revision of the manuscript for important intellectual content: all authors. Funding acquisition: HW. All authors have read and approved the published manuscript. All authors contributed to the article and approved the submitted version.



Funding

The present research was funded by Peking University Medicine Fund of Fostering Young Scholars’ Scientific & Technological Innovation (BMU2022PY018), the Fundamental Research Funds for the Central Universities and the Sino-German Mobility Programme (M-0015).



Acknowledgments

We thank Dr. Maike Wolters, Leibniz Institute for Prevention Research and Epidemiology - BIPS, for reviewing and commenting on the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.1026901/full#supplementary-material



References

1. Riazi, K, Azhari, H, Charette, JH, Underwood, FE, King, JA, Afshar, EE, et al. The prevalence and incidence of NAFLD worldwide: a systematic review and meta-analysis. Lancet Gastroenterol Hepatol (2022) 7(9):851–61. doi: 10.1016/S2468-1253(22)00165-0

2. Kim, MJ, and Lee, KJ. Analysis of the dietary factors associated with suspected pediatric nonalcoholic fatty liver disease and potential liver fibrosis: Korean national health and nutrition examination survey 2014-2017. BMC Pediatr (2020) 20(1):121. doi: 10.1186/s12887-020-02022-y

3. Li, J, Ha, A, Rui, F, Zou, B, Yang, H, Xue, Q, et al. Meta-analysis: global prevalence, trend and forecasting of non-alcoholic fatty liver disease in children and adolescents, 2000-2021. Aliment Pharmacol Ther (2022) 56(3):396–406. doi: 10.1111/apt.17096

4. Friedman, SL, Neuschwander-Tetri, BA, Rinella, M, and Sanyal, AJ. Mechanisms of NAFLD development and therapeutic strategies. Nat Med (2018) 24(7):908–22. doi: 10.1038/s41591-018-0104-9

5. Estes, C, Anstee, QM, Arias-Loste, MT, Bantel, H, Bellentani, S, Caballeria, J, et al. Modeling NAFLD disease burden in China, France, Germany, Italy, Japan, Spain, united kingdom, and united states for the period 2016-2030. J Hepatol (2018) 69(4):896–904. doi: 10.1016/j.jhep.2018.05.036

6. Loomba, R, Schork, N, Chen, CH, Bettencourt, R, Bhatt, A, Ang, B, et al. Heritability of hepatic fibrosis and steatosis based on a prospective twin study. Gastroenterology (2015) 149(7):1784–93. doi: 10.1053/j.gastro.2015.08.011

7. Trepo, E, and Valenti, L. Update on NAFLD genetics: From new variants to the clinic. J Hepatol (2020) 72(6):1196–209. doi: 10.1016/j.jhep.2020.02.020

8. Kozlitina, J, Smagris, E, Stender, S, Nordestgaard, BG, Zhou, HH, Tybjaerg- Hansen, A, et al. Exome-wide association study identifies a TM6SF2 variant that confers susceptibility to nonalcoholic fatty liver disease. Nat Genet (2014) 46(4):352–6. doi: 10.1038/ng.2901

9. Carim-Todd, L, Escarceller, M, Estivill, X, and Sumoy, L. Cloning of the novel gene TM6SF1 reveals conservation of clusters of paralogous genes between human chromosomes 15q24–>q26 and 19p13.3–>p12. Cytogenet Cell Genet (2000) 90(3-4):255–60. doi: 10.1159/000056784

10. Liu, YL, Reeves, HL, Burt, AD, Tiniakos, D, McPherson, S, Leathart, JB, et al. TM6SF2 rs58542926 influences hepatic fibrosis progression in patients with non-alcoholic fatty liver disease. Nat Commun (2014) 5:4309. doi: 10.1038/ncomms5309

11. Wong, VW, Wong, GL, Tse, CH, and Chan, HL. Prevalence of the TM6SF2 variant and non-alcoholic fatty liver disease in Chinese. J Hepatol (2014) 61(3):708–9. doi: 10.1016/j.jhep.2014.04.047

12. Sookoian, S, and Pirola, CJ. Meta-analysis of the influence of TM6SF2 E167K variant on plasma concentration of aminotransferases across different populations and diverse liver phenotypes. Sci Rep (2016) 6:27718. doi: 10.1038/srep27718

13. Kozlitina, J, Smagris, E, Stender, S, Nordestgaard, BG, Zhou, HH, Tybjærg-Hansen, A, et al. Exome-wide association study identifies a TM6SF2 variant that confers susceptibility to nonalcoholic fatty liver disease. Nat Genet (2014) 46(4):352–6. doi: 10.1038/ng.2901

14. Sookoian, S, Castaño, GO, Scian, R, Mallardi, P, Fernández Gianotti, T, Burgueño, AL, et al. Genetic variation in transmembrane 6 superfamily member 2 and the risk of nonalcoholic fatty liver disease and histological disease severity. Hepatology (2015) 61(2):515–25. doi: 10.1002/hep.27556

15. Aulchenko, YS, Ripatti, S, Lindqvist, I, Boomsma, D, Heid, IM, Pramstaller, PP, et al. Loci influencing lipid levels and coronary heart disease risk in 16 European population cohorts. Nat Genet (2009) 41(1):47–55. doi: 10.1038/ng.269

16. Teslovich, TM, Musunuru, K, Smith, AV, Edmondson, AC, Stylianou, IM, Koseki, M, et al. Biological, clinical and population relevance of 95 loci for blood lipids. Nature (2010) 466(7307):707–13. doi: 10.1038/nature09270

17. Willer, CJ, Schmidt, EM, Sengupta, S, Peloso, GM, Gustafsson, S, Kanoni, S, et al. Discovery and refinement of loci associated with lipid levels. Nat Genet (2013) 45(11):1274–83. doi: 10.1038/ng.2797

18. Arslanow, A, Stokes, CS, Weber, SN, Grünhage, F, Lammert, F, Krawczyk, M, et al. The common PNPLA3 variant p.I148M is associated with liver fat contents as quantified by controlled attenuation parameter (CAP). Liver Int (2016) 36(3):418–26. doi: 10.1111/liv.12937

19. Bale, G, Steffie, AU, Ravi Kanth, VV, Rao, PN, Sharma, M, Sasikala, M, et al. Regional differences in genetic susceptibility to non-alcoholic liver disease in two distinct Indian ethnicities. World J Hepatol (2017) 9(26):1101–7. doi: 10.4254/wjh.v9.i26.1101

20. Chen, LZ, Luan, GP, Liu, Q, Gao, H, Xin, YN, Xuan, SY, et al. Association between TM6SF2 rs58542926 polymorphism and non-alcoholic fatty liver disease in qingdao han population and molecular mechanism. Medical Journal of Chinese People's Liberation Army (2019) 44(02):127–31. doi: 10.11855/j.issn.0577-7402.2019.02.06

21. Danford, CJ, Connelly, MA, Shalaurova, I, Kim, M, Herman, MA, Nasser, I, et al. A pathophysiologic approach combining genetics and insulin resistance to predict the severity of nonalcoholic fatty liver disease. Hepatol Commun (2018) 2(12):1467–78. doi: 10.1002/hep4.1267

22. Dongiovanni, P, Petta, S, Maglio, C, Fracanzani, AL, Pipitone, R, Mozzi, E, et al. Transmembrane 6 superfamily member 2 gene variant disentangles nonalcoholic steatohepatitis from cardiovascular disease. Hepatology (2015) 61(2):506–14. doi: 10.1002/hep.27490

23. Eslam, M, Mangia, A, Berg, T, Chan, HL, Irving, WL, Dore, GJ, et al. Diverse impacts of the rs58542926 E167K variant in TM6SF2 on viral and metabolic liver disease phenotypes. Hepatology (2016) 64(1):34–46. doi: 10.1002/hep.28475

24. Jiang, ZG, Tapper, EB, Kim, M, Connelly, MA, Krawczyk, SA, Yee, EU, et al. Genetic determinants of circulating lipoproteins in nonalcoholic fatty liver disease. J Clin Gastroenterol (2018) 52(5):444–51. doi: 10.1097/MCG.0000000000000816

25. Goffredo, M, Caprio, S, Feldstein, AE, D'Adamo, E, Shaw, MM, Pierpont, B, et al. Role of TM6SF2 rs58542926 in the pathogenesis of nonalcoholic pediatric fatty liver disease: A multiethnic study. Hepatology (2016) 63(1):117–25. doi: 10.1002/hep.28283

26. Grandone, A, Cozzolino, D, Marzuillo, P, Cirillo, G, Di Sessa, A, Ruggiero, L, et al. TM6SF2 Glu167Lys polymorphism is associated with low levels of LDL-cholesterol and increased liver injury in obese children. Pediatr Obes (2016) 11(2):115–9. doi: 10.1111/ijpo.12032

27. Kalafati, IP, Dimitriou, M, Borsa, D, Vlachogiannakos, J, Revenas, K, Kokkinos, A, et al. Fish intake interacts with TM6SF2 gene variant to affect NAFLD risk: results of a case-control study. Eur J Nutr (2019) 58(4):1463–73. doi: 10.1007/s00394-018-1675-4

28. Kim, DS, Jackson, AU, Li, YK, Stringham, HM, Kuusisto, J, Kangas, AJ, et al. Novel association of TM6SF2 rs58542926 genotype with increased serum tyrosine levels and decreased apoB-100 particles in finns. J Lipid Res (2017) 58(7):1471–81. doi: 10.1194/jlr.P076034

29. Koo, BK, Joo, SK, Kim, D, Bae, JM, Park, JH, Kim, JH, et al. Additive effects of PNPLA3 and TM6SF2 on the histological severity of non-alcoholic fatty liver disease. J Gastroenterol Hepatol (2018) 33(6):1277–85. doi: 10.1111/jgh.14056

30. Li, Y, Liu, S, Gao, Y, Ma, H, Zhan, S, Yang, Y, et al. Association of TM6SF2 rs58542926 gene polymorphism with the risk of non-alcoholic fatty liver disease and colorectal adenoma in Chinese han population. BMC Biochem (2019) 20(1):3. doi: 10.1186/s12858-019-0106-3

31. Lin, H, Wong, GL, Whatling, C, Chan, AW, Leung, HH, Tse, CH, et al. Association of genetic variations with NAFLD in lean individuals. Liver Int (2022) 42(1):149–60. doi: 10.1111/liv.15078

32. Lin, YC, Chang, PF, Lin, HF, Liu, K, Chang, MH, Ni, YH, et al. Variants in the autophagy-related gene IRGM confer susceptibility to non-alcoholic fatty liver disease by modulating lipophagy. J Hepatol (2016) 65(6):1209–16. doi: 10.1016/j.jhep.2016.06.029

33. Lisboa, QC, Nardelli, MJ, Pereira, PA, Miranda, DM, Ribeiro, SN, Costa, RSN, et al. PNPLA3 and TM6SF2 polymorphisms in Brazilian patients with nonalcoholic fatty liver disease. World J Hepatol (2020) 12(10):792–806. doi: 10.4254/wjh.v12.i10.792

34. Mancina, RM, Sentinelli, F, Incani, M, Bertoccini, L, Russo, C, Romeo, S, et al. Transmembrane-6 superfamily member 2 (TM6SF2) E167K variant increases susceptibility to hepatic steatosis in obese children. Dig Liver Dis (2016) 48(1):100–1. doi: 10.1016/j.dld.2015.10.003

35. Krawczyk, M, Rau, M, Schattenberg, JM, Bantel, H, Pathil, A, Demir, M, et al. Combined effects of the PNPLA3 rs738409, TM6SF2 rs58542926, and MBOAT7 rs641738 variants on NAFLD severity: a multicenter biopsy-based study. J Lipid Res (2017) 58(1):247–55. doi: 10.1194/jlr.P067454

36. Xu, M, Li, Y, Zhang, S, Wang, X, Shen, J, Zhang, S, et al. Interaction of TM6SF2 E167K and PNPLA3 I148M variants in NAFLD in northeast China. Ann Hepatol (2019) 18(3):456–60. doi: 10.1016/j.aohep.2018.10.005

37. Musso, G, Cipolla, U, Cassader, M, Pinach, S, Saba, F, De Michieli, F, et al. TM6SF2 rs58542926 variant affects postprandial lipoprotein metabolism and glucose homeostasis in NAFLD. J Lipid Res (2017) 58(6):1221–9. doi: 10.1194/jlr.M075028

38. Akuta, N, Kawamura, Y, Arase, Y, Suzuki, F, Sezaki, H, Hosaka, T, et al. Relationships between genetic variations of PNPLA3, TM6SF2 and histological features of nonalcoholic fatty liver disease in Japan. Gut Liver (2016) 10(3):437–45. doi: 10.5009/gnl15163

39. Paternostro, R, Staufer, K, Traussnigg, S, Stättermayer, AF, Halilbasic, E, Keritam, O, et al. Combined effects of PNPLA3, TM6SF2 and HSD17B13 variants on severity of biopsy-proven non-alcoholic fatty liver disease. Hepatol Int (2021) 15(4):922–33. doi: 10.1007/s12072-021-10200-y

40. Petta, S, Di Marco, V, Pipitone, RM, Grimaudo, S, Buscemi, C, Craxì, A, et al. Prevalence and severity of nonalcoholic fatty liver disease by transient elastography: Genetic and metabolic risk factors in a general population. Liver Int (2018) 38(11):2060–8. doi: 10.1111/liv.13743

41. Viitasalo, A, Pihlajamäki, J, Paananen, J, Atalay, M, Lindi, V, Lakka, TA, et al. Associations of TM6SF2 167K allele with liver enzymes and lipid profile in children: the PANIC study. Pediatr Res (2016) 79(5):684–8. doi: 10.1038/pr.2016.3

42. Wang, X, Liu, Z, Wang, K, Wang, Z, Sun, X, Zhong, L, et al. Additive effects of the risk alleles of PNPLA3 and TM6SF2 on non-alcoholic fatty liver disease (NAFLD) in a Chinese population. Front Genet (2016) 7:140. doi: 10.3389/fgene.2016.00140

43. Zhou, Y, Llauradó, G, Orešič, M, Hyötyläinen, T, Orho-Melander, M, Yki-Järvinen, H., et al. Circulating triacylglycerol signatures and insulin sensitivity in NAFLD associated with the E167K variant in TM6SF2. J Hepatol (2015) 62(3):657–63. doi: 10.1016/j.jhep.2014.10.010

44. Zusi, C, Mantovani, A, Olivieri, F, Morandi, A, Corradi, M, Miraglia Del Giudice, E, et al. Contribution of a genetic risk score to clinical prediction of hepatic steatosis in obese children and adolescents. Dig Liver Dis (2019) 51(11):1586–92. doi: 10.1016/j.dld.2019.05.029

45. Di Costanzo, A, Pacifico, L, D'Erasmo, L, Polito, L, Martino, MD, Perla, FM, et al. Nonalcoholic fatty liver disease (NAFLD), but not its susceptibility gene variants, influences the decrease of kidney function in Overweight/Obese children. Int J Mol Sci (2019) 20(18):4444. doi: 10.3390/ijms20184444

46. Scorletti, E, West, AL, Bhatia, L, Hoile, SP, McCormick, KG, Burdge, GC, et al. Treating liver fat and serum triglyceride levels in NAFLD, effects of PNPLA3 and TM6SF2 genotypes: Results from the WELCOME trial. J Hepatol (2015) 63(6):1476–83. doi: 10.1016/j.jhep.2015.07.036

47. Mancina, RM, Matikainen, N, Maglio, C, Söderlund, S, Lundbom, N, Hakkarainen, A, et al. Paradoxical dissociation between hepatic fat content and de novo lipogenesis due to PNPLA3 sequence variant. J Clin Endocrinol Metab (2015) 100(5):E821–5. doi: 10.1210/jc.2014-4464

48. Krawczyk, M, Stachowska, E, Milkiewicz, P, Lammert, F, Milkiewicz, M., et al. Reduction of caloric intake might override the prosteatotic effects of the PNPLA3 p.I148M and TM6SF2 p.E167K variants in patients with fatty liver: Ultrasound-based prospective study. Digestion (2016) 93(2):139–48. doi: 10.1159/000441185

49. Di Costanzo, A, Belardinilli, F, Bailetti, D, Sponziello, M, D'Erasmo, L, Polimeni, L, et al. Evaluation of polygenic determinants of non-alcoholic fatty liver disease (NAFLD) by a candidate genes resequencing strategy. Sci Rep (2018) 8(1):3702. doi: 10.1038/s41598-018-21939-0

50. Kawaguchi, T, Shima, T, Mizuno, M, Mitsumoto, Y, Umemura, A, Kanbara, Y, et al. Risk estimation model for nonalcoholic fatty liver disease in the Japanese using multiple genetic markers. PloS One (2018) 13(1):e0185490. doi: 10.1371/journal.pone.0185490

51. Wang, HJ, Zhang, H, Zhang, SW, Pan, YP, Ma, J., et al. Association of the common genetic variant upstream of INSIG2 gene with obesity related phenotypes in Chinese children and adolescents. BioMed Environ Sci (2008) 21(6):528–36. doi: 10.1016/S0895-3988(09)60013-1

52. Shang, XR, Song, JY, Liu, FH, Ma, J, Wang, HJ., et al. GWAS-identified common variants with nonalcoholic fatty liver disease in Chinese children. J Pediatr Gastroenterol Nutr (2015) 60(5):669–74. doi: 10.1097/MPG.0000000000000662

53. Balloux, F, and Lugon-Moulin, N. The estimation of population differentiation with microsatellite markers. Mol Ecol (2002) 11(2):155–65. doi: 10.1046/j.0962-1083.2001.01436.x

54. Agency for Healthcare Research and Quality. Assessing the risk of bias of individual studies in systematic reviews of health care interventions (2022). Available at: https://effectivehealthcare.ahrq.gov/products/methods-guidance-bias-individual-studies/methods (Accessed 2022 Sep 30).

55. Nobili, V, Alisi, A, Newton, KP, and Schwimmer, JB. Comparison of the phenotype and approach to pediatric vs adult patients with nonalcoholic fatty liver disease. Gastroenterology (2016) 150(8):1798–810. doi: 10.1053/j.gastro.2016.03.009

56. Feldstein, AE, Charatcharoenwitthaya, P, Treeprasertsuk, S, Benson, JT Enders FB, and Angulo, P. The natural history of non-alcoholic fatty liver disease in children: a follow-up study for up to 20 years. Gut (2009) 58(11):1538–44. doi: 10.1136/gut.2008.171280

57. Prill, S, Caddeo, A, Baselli, G, Jamialahmadi, O, Dongiovanni, P, Rametta, R, et al. The TM6SF2 E167K genetic variant induces lipid biosynthesis and reduces apolipoprotein b secretion in human hepatic 3D spheroids. Sci Rep (2019) 9(1):11585. doi: 10.1038/s41598-019-47737-w

58. Ehrhardt, N, Doche, ME, Chen, S, Mao, HZ, Walsh, MT, Bedoya, C, et al. Hepatic Tm6sf2 overexpression affects cellular ApoB-trafficking, plasma lipid levels, hepatic steatosis and atherosclerosis. Hum Mol Genet (2017) 26(14):2719–31. doi: 10.1093/hmg/ddx159

59. Wang, X, Liu, Z, Peng, Z, and Liu, W. The TM6SF2 rs58542926 T allele is significantly associated with non-alcoholic fatty liver disease in Chinese. J Hepatol (2015) 62(6):1438–9. doi: 10.1016/j.jhep.2015.01.040

60. Bril, F, Ortiz-Lopez, C, Lomonaco, R, Orsak, B, Freckleton, M, Chintapalli, K, et al. Clinical value of liver ultrasound for the diagnosis of nonalcoholic fatty liver disease in overweight and obese patients. Liver Int (2015) 35(9):2139–46. doi: 10.1111/liv.12840

61. Giannini, EG, Testa, R, and Savarino, V. Liver enzyme alteration: a guide for clinicians. Cmaj (2005) 172(3):367–7. doi: 10.1503/cmaj.1040752

62. Fan, Y, Lu, H, Guo, Y, Zhu, T, Garcia-Barrio, MT, Jiang, Z, et al. Hepatic transmembrane 6 superfamily member 2 regulates cholesterol metabolism in mice. Gastroenterology (2016) 150(5):1208–18. doi: 10.1053/j.gastro.2016.01.005

63. Chalasani, N, Younossi, Z, Lavine, JE, Charlton, M, Cusi, K, Rinella, M, et al. The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American association for the study of liver diseases. Hepatology (2018) 67(1):328–57. doi: 10.1002/hep.29367

64. Vos, MB, Abrams, SH, Barlow, SE, Caprio, S, Daniels, SR, Kohli, R, et al. NASPGHAN clinical practice guideline for the diagnosis and treatment of nonalcoholic fatty liver disease in children: Recommendations from the expert committee on NAFLD (ECON) and the north American society of pediatric gastroenterology, hepatology and nutrition (NASPGHAN). J Pediatr Gastroenterol Nutr (2017) 64(2):319–34. doi: 10.1097/MPG.0000000000001482

65. Vajro, P, Lenta, S, Socha, P, Dhawan, A, McKiernan, P, Baumann, U, et al. Diagnosis of nonalcoholic fatty liver disease in children and adolescents: position paper of the ESPGHAN hepatology committee. J Pediatr Gastroenterol Nutr (2012) 54(5):700–13. doi: 10.1097/MPG.0b013e318252a13f

66. Schwimmer, JB, Newton, KP, Awai, HI, Choi, LJ, Garcia, MA, Ellis, LL, et al. Paediatric gastroenterology evaluation of overweight and obese children referred from primary care for suspected non-alcoholic fatty liver disease. Aliment Pharmacol Ther (2013) 38(10):1267–77. doi: 10.1111/apt.12518

67. Barlow, SE, and Expert, C. Expert committee recommendations regarding the prevention, assessment, and treatment of child and adolescent overweight and obesity: summary report. Pediatrics (2007) 120 Suppl 4:S164–92. doi: 10.1542/peds.2007-2329C

68. Holmen, OL, Zhang, H, Fan, Y, Hovelson, DH, Schmidt, EM, Zhou, W, et al. Systematic evaluation of coding variation identifies a candidate causal variant in TM6SF2 influencing total cholesterol and myocardial infarction risk. Nat Genet (2014) 46(4):345–51. doi: 10.1038/ng.2926

69. Smagris, E, Gilyard, S, BasuRay, S, Cohen, JC, and Hobbs, HH. Inactivation of Tm6sf2, a gene defective in fatty liver disease, impairs lipidation but not secretion of very low density lipoproteins. J Biol Chem (2016) 291(20):10659–76. doi: 10.1074/jbc.M116.719955

70. Pirola, CJ, and Sookoian, S. The dual and opposite role of the TM6SF2-rs58542926 variant in protecting against cardiovascular disease and conferring risk for nonalcoholic fatty liver: A meta-analysis. Hepatology (2015) 62(6):1742–56. doi: 10.1002/hep.28142

71. Mahdessian, H, Taxiarchis, A, Popov, S, Silveira, A, Franco-Cereceda A, Hamsten, A, et al. TM6SF2 is a regulator of liver fat metabolism influencing triglyceride secretion and hepatic lipid droplet content. Proc Natl Acad Sci U.S.A. (2014) 111(24):8913–8. doi: 10.1073/pnas.1323785111

72. Cai, W, Weng, DH, Yan, P, Lin, YT, Dong, ZH, Mailamuguli,, et al. Genetic polymorphisms associated with nonalcoholic fatty liver disease in uyghur population: a case-control study and meta-analysis. Lipids Health Dis (2019) 18(1):14. doi: 10.1186/s12944-018-0877-3

73. Chen, X, Zhou, P, De, L, Li, B, and Su, S. The roles of transmembrane 6 superfamily member 2 rs58542926 polymorphism in chronic liver disease: A meta-analysis of 24,147 subjects. Molecular genetics & genomic medicine (2019) 7(8):e824. doi: 10.1002/mgg3.824

74. Xia, Y, Huang, CX, Li, GY, Chen, KH, Han, L, Tang, L, et al. Meta-analysis of the association between MBOAT7 rs641738, TM6SF2 rs58542926 and nonalcoholic fatty liver disease susceptibility. Clin Res Hepatol Gastroenterol (2019) 43(5):533–41. doi: 10.1016/j.clinre.2019.01.008

75. Wan, X, Wang, W, Liu, J, and Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodol (2014) 14:135. doi: 10.1186/1471-2288-14-135

76. Luo, D, Wan, X, Liu, J, and Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or mid-quartile range. Stat Methods Med Res (2018) 27(6):1785–805. doi: 10.1177/0962280216669183

77. Schandelmaier, S, Briel, M, Varadhan, R, Schmid, CH, Devasenapathy N Hayward, RA, et al. Development of the instrument to assess the credibility of effect modification analyses (ICEMAN) in randomized controlled trials and meta-analyses. CMAJ (2020) 192(32):E901–6. doi: 10.1503/cmaj.200077



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Liu, Li, Wang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-1026901-g002.jpg
Odds Ratio Odds Ratio

Study or Subgroup __log[Odds Ratio] ___SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
NAFLD in adults

Bale-12017 09933 03462 3.6%  270(1.37,5.32) —

Bale-2 2017 04121 02872 4.6%  1.51(0.86,2.65) s

Chen 2019 08446 021 62%  233[1.54,351) o

Di Costanzo 2018 07418 03488 3.6%  210(1.06,4.16]

Kalafati 2019 04081 04604 24%  1.50(0.61,3.71)

Kawaguchi 2018 0.2687 00918 8.2%  1.31[1.08,1.57)

Koo 2018 06881 04221 2.8%  1.99(0.87,4.55)

Li2019 03133 01053 8.9%  1.37(1.11,1.68)

Lin 2021 03507 025 53%  1.42(0.87,2.32)

Lishoa 2020 -0.0921 03222 40%  0.91(0.48,1.71)

Liu'Y 2014 06158 01979 6.5%  1.85(1.26,2.73)

Min 2019 12176 0.4144 28%  3.38(1.50,7.61)

Petta 2018 04762 02602 49%  1.61[0.95 273

Sookoian 2015 03148 01505 7.7%  1.37[1.02,1.84)

Wang 2016 07885 02306 56.7%  2.20(1.40,3.46)

Subtotal (95% Cl) 78.4%  1.62[1.40,1.86]

Heterogeneity: Tau®= 0.02; Chi*= 2219, df=14 (P = 0.07); F=37%
Test for overall effect: Z= 6.63 (P < 0.00001)

NAFLD in children

CPOOA 05397 0.2349 56% 1.72(1.08,2.72)
Di Costanzo 2019 06981 0.2184 6.0% 2.01[1.31,3.08)
Grandone 2016 22113 0483 23%  9.13(3.54,2352)
Lin 2016 1.2747 04106  2.9% 3.581.60, 8.00]
Mancina 2016 1.4183 05483 1.8%  413(1.41,1210]
Zusi 2019 09852 0399 3.0% 2.59(1.19, 5.68)
Subtotal (95% Cl) 21.6% 2.87[1.85,4.46]

Heterogeneity: Tau*= 0.17; Chi*=12.31, df= 5 (P = 0.03), F= 53%
Test for overall effect: Z= 4.71 (P < 0.00001)

+ N H o‘w IM+ + }

Total (95% CI) 100.0% 1.84 [1.57,2.17]
Heterogeneity: Tau®= 0.06; Chi*= 45.92, df = 20 (P = 0.0008); = 56% ?05 0*2 : g 25_
Test for overall effect: Z= 7.47 (P < 0.00001) : : 0dds ratio of NAFLD

Tesat far subaroun differences Chifr=599 df=1 (P =001) F= 83 3%






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        TM6SF2 rs58542926 is related to hepatic steatosis, fibrosis and serum lipids both in adults and children: A meta-analysis

      

        		

          Background and aims

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Systematic review registration

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data sources and study selection

          



          		

            Inclusion and exclusion criteria of the literature

          



          		

            Study selection and data extraction

          



          		

            Statistical analyses

          



        



        



        		

          Results

        

          		

            Characteristics of selected studies

          



          		

            The rs58542926 T allele increased the risk of NAFLD in both adults and children

          



          		

            The rs58542926 T allele increased the risk of steatosis and fibrosis in adults

          



          		

            The rs58542926 T allele was associated with increased ALT in both adults and children

          



          		

            The rs58542926 T allele was negatively associated with TC, TG, and LDL in both adults and children

          



          		

            Stability and publication biases of the present study

          



        



        



        		

          Discussion

        

          		

            Main results

          



          		

            Strengths and limitations.

          



        



        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-1026901-g004.jpg
CT+TT cc Mean Difference Mean Difference

Study or Subgroup Mean SD__Total Mean SD_Total Weight IV, Random, 95% C1 IV, Random, 95% CI

TG in adults
Chen 2019 12666 87.69 121 155 13463 841 2.4% -28.34 [-46.42,-10.26]
Dongiovanni-1 2015 124 70.86 157 14172 7972 1044 4.0% -17.72[-29.81,-5.63] o
Dongiovanni-2 2015 16043 8857 294 186.01 13286 1525 3.9% -26.58[-38.70,-14.46) =
Jiang 2018 1902 127.67 35 20248 12081 135  05% -12.28[-59.91,35.35)
Kim 2017 12223 69.09 810 13552 7785 6119 6.8% -13.29[18.43,-8.15] =3
Koo 2018 12357 687 68 136.38 e 393 25%  -12.81[-30.61,4.99) e I
Kozlitina-1 2014 118.36  90.32 436 123 102 4151 51% -4.64 [13.67,4.39] S
Kozlitina-2 2014 10492 66.43 1169 112 79 7416 7.2% -7.08[-11.29,-2.87] =
Kozlitina-3 2014 147.32 9578 12253 152 106 61279  7.9% -4.68 [-6.57,-2.79] ®
Li2019 135.52 108.06 38 170.85 101.86 801 0.8% -35.43[-70.50,-0.36]
Lin 2021 8326 3277 128 10363 5226 776 61% -20.37[-27.13,-13.61 ==
Mancina-1 2015 62 2657 7 106.29 7972 81 1.4% -44.29[-70.54,-18.04
Mancina-2 2015 11515 4429 7 15943 7972 56 0.7% -44.28(-83.17,-5.39]
Marcin 2017 182.93 143.11 106 160.47 119.34 4090 1.1% 22.46[-7.14,52.08]
Min 2019 127.55 108.95 45 116.03 59.34 7 0.9%  11.52[-21.09, 44.13]
Musso-12017 86 10 20 98 1 40 6.6% -12.00[17.55,-6.45] =
Musso-22017 85 13 20 94 17 40 56% -9.00 [-16.76,-1.24] =39
Scorletti 2015 132.86 62 18 141.72 9743 80 0.8%  -8.86(-44.58,26.86] =
Sookoian 2015 141.4 67 57 165.7 109 304  1.9% -24.30[-45.58,-3.02)
Wong W\ 2014 83.26 3809 126 10717 59.34 794  55% -23.91[31.74,-16.08] i
Zhou 2015 12223 51.37 41 137.29 69.09 259 25% -1506[-32.89,2.77) Sl
Subtotal (95% CI) 15956 86814 74.2% -14.36[-18.71,-10.02] *
Heterogeneity: Tau®= 50.35; Chi* = 84.99, df = 20 (P < 0.00001); F= 76%
Test for overall effect: Z= 6.48 (P < 0.00001)

TGin children
CPOOA 7617 36.32 122 8237 3632 893  6.0% -6.20 [-13.07, 0.67] |
Gofiredo 2016 107.035 74.92 92 106135 68.02 865  2.9% 0.90[-15.07,16.87) e
Grandone 2016 a0 46.7 85 98.8 47.2 925 4.6% -8.80[-19.18,1.58) - |
Mancina 2016 51 23.05 4 57.45 29.02 382 57% -6.45[-14.08,1.18] ]
Viitasalo 2016 46.94 18.6 51 5403 2214 41 6.6% -7.09 [-12.63,-1.55] 2
Subtotal (95% CI) 391 3482 258%  -6.55[-10.00,-3.11] ¢
Heterogeneity: Tau®= 0.00; Chi*= 1.06, df= 4 (P = 0.90); = 0%
Test for overall effect: Z= 3.73 (P = 0.0002)
Total (95% CI) 16347 90296 100.0% -12.04 [-15.41, -8.67] L]
Heterageneity: Tau® = 36.63; Chi*= 87.06, df= 25 (P < 0.00001); F=71% ! + + J
Testfor overall effect Z= 7.01 (P < 0.00001) L T .

Test far subdaroun differences: Chif=7 683 df=1 (P=0006) = 8 9%
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TM6SF2 rs58542926 is related
to hepatic steatosis, fibrosis and
serum lipids both in adults and
children: A meta-analysis
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Records identified through
database searching (n=412)

106 duplicates removed
Articles screened (n=305) 212 excluded after reading titles and
abstracts

- 16 irrelevant

- 21 duplicates

- 50 reviews/comment /editorial

- 28 no outcomes of interest

- 58 combined with other diseases
- 39 animal study/ In vitro study

55 excluded after reading full-text

- 3 repeated study

- 36 abstract only

- 10 no outcomes of interest

- 2 combined with other diseases

- 4 unclear genotyping or insufficient
data

38 articles were included + CPOOA in meta-analysis (n=38)

Articles assessed for
eligibility (n=93)
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Outcome Analysis Subpopulation = Number of  Heterogeneity = Effect summary Adults vs Chil-

studies dren*
P P, Estimate Py P
NAFLD Control vs. NAFLD Adult 14 0.37 0.07 1.62 (1.40,1.86) T <0.01
diagnosis Child 6 059 003 287 (185446) " <0.01 001
Steatosis Severe (stage S0-S1 vs. stage $2-  Adult 4 0.34 021 152 (1.14,2.02) ' <0.01 N/A
$3)
Steatosis progression Adult 55 0.8 <0.01 0.22 (0.05,0.39) * 001 N/A
Fibrosis Occurs (stage FO vs. stage F1- Adult 2 0 0.95 1.07 (0.63,1.82) * 0.80 N/A
F4)
Severe (stage FO-F1 vs. stage F2-  Adult 5 0.58 0.05 146 (1.07,1.99) T 0.02 N/A
F4)
Advanced (stage FO-F2 vs. stage  Adult 3 0 0.77 2,04 (136,3.05) " <0.01 N/A
F3-F4)
Fibrosis progression Adult 4 0.8 0.002 032 (0.03,061) * 0.03 N/A
Aminotransferase ALT Adult 15 0.90 <001 334(1.67,500)F <0.01
Child 1 0.13 033 393 (171, 616) ¥ <0.01 0.68
AST Adult 13 0.86  <0.001  191(0.59,323) % <0.01
Child 2 0.44 0.18 290 (-1.58,737) ¥ 02 0.68
Serum lipids TC Adult 14 0.42 0.03 -10.01 (-12.46,  <0.01
-7.56) ¥
Child 5 0.38 0.17  -10.85 (-14.64, <0.01 0.72
-7.05) *
TG Adult 16 0.76 <0.01 -14.36 (-18.71,  <0.01
-10.02) ¥
Child 5 0 0.90 -6.55 (-10.00,  <0.01 <0.01
-311)*
LDL Adult 13 0 054 -2.04 (-2.63,-1.44) <0.01
£
Child 4 0 041 -8.77 (-1125,  <0.01 <0.01
-6.30) *
HDL Adult 15 0.60  <0.001  0.66(0.00,132) ¥  0.05
Child 4 0.19 029 -0.81(-2.16,0.53) * 024 0.05

*: Differences between adults and children were detected with Chi square test.

t OR, 95% CI; * Mean difference, 95% CI.

Meta-analyses were performed using random effects with subgroup analysis for adult and child populations. The results using a dominant model of inheritance (CC vs. CT + T'T) are shown
for all outcomes. PZ <0.05, significant. Meta-analyses were performed using random effects with the DerSimonian—Laird method for estimation of tau2; NAFLD, nonalcoholic fatty liver
disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; OR, odds
ratio; CI, confidence interval.12; NA, Not Available.
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15.1.2 Fibrosis occurs (stage FOvs. stage F1-F4)

Marcin 2017 0.0583 0.3015 9.8% 1.06[0.59,1.91]
Norio 2016 01018 06084 3.2% 1.11[0.34, 3.65]
Subtotal (95% Cl) 13.0% 1.07 [0.63, 1.82]

Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P = 0.95), F=0%
Test for overall effect: Z= 0.25 (P = 0.80)

15.1.3 Severe fibrosis (stage F0-F1vs. stage F2-F4)

Eslam 2016 04824 02311 13.6% 1.62[1.03, 2.55]
Koo 2018 06313 0312 93% 1.88[1.02, 3.47)
Liu 2014 0.6313 0.1468 20.2% 1.88[1.41,2.51)
Norio 2016 01334 03919 6.7% 1.14[0.53, 2.46]
Sookoian 2015 -0.0513 0.1858 16.8% 0.95[0.66,1.37]
Subtotal (95% Cl) 66.6% 1.46 [1.07, 1.99]

Heterogeneity: Tau®= 0.07; Chi*= 9.52, df= 4 (P = 0.05); = 58%
Test for overall effect: Z= 2.35 (P = 0.02)

15.1.4 Advanced fibrosis (stage FO-F2 vs. stage F3-F4)

Dongiovanni 2015 0.7324 0.2807 10.7% 2.08[1.20,3.61)
Paternostro 2021 0.6881 03025 9.7% 1.99[1.10, 3.60]
Subtotal (95% CI) 20.5% 2.04[1.36, 3.05]

Heterogeneity: Tau®= 0.00; Chi*= 0.01, df=1 (P=0.91), F=0%
Test for overall effect: Z= 3.46 (P = 0.0005)

Total (95% Cl) 100.0% 1.50[1.20, 1.88]
Heterogeneity: Tau*= 0.04; Chi*=13.31, df= 8 (P = 0.10); F= 40%

Test for overall effect: Z= 3.55 (P = 0.0004)

Test for subaroun differences: Chif=380 di= 2P =015) F= 47 3%

0.1
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