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Abstract
Background and Aims:
The impact of metabolic syndrome (MetS) traits on chronic kidney disease (CKD) risk in metabolic dysfunction-associated steatotic liver disease (MASLD) is unknown. We investigated the impact of type and number of MetS traits and liver fibrosis on prevalent CKD and incident end-stage renal disease (ESRD) risk in SLD.
Methods:
234,488 UK Biobank participants’ were analysed. Hepatic steatosis index (>36 for SLD, <30 for no SLD) and MRI-proton density fat fraction (≥5.56%) were used to identify SLD. MetS traits were identified using MASLD criteria. Advanced fibrosis (FIB-4 score>2.67) was determined using FIB-4 scores. eGFR <60 mL/min/1.73 m2 or albuminuria >3 mg/mmol identified prevalent CKD. A validated algorithm identified incident ESRD. Binary logistic and Cox regressions were used to test associations with prevalent CKD [(adjusted odds ratios (ORs)] and incident ESRD (adjusted hazard ratios (HRs)] respectively.
Results:
102,410 participants (41.2%) had SLD. 64.4% had MetS. 1.3% had FIB-4 score>2.67. With SLD and only one MetS trait, hypertension (OR 1.35, 95%CI 1.35-1.72) or type 2 diabetes (T2D) (OR 1.89, 95%CI 1.06-3.38) increased risk of prevalent CKD. MetS (≥3 traits) increased prevalent CKD risk (OR 1.94, 95%CI 1.75-2.15), which was further increased by advanced liver fibrosis (OR 4.29, 95%CI 3.36-5.47). CKD prevalence increased with increasing MetS traits. Over 13.6 years (median follow-up), MetS was associated with increased risk of developing ESRD (HR 1.70, 95%CI 1.19-2.43).
Conclusions:
In MASLD, hypertension and T2D, number of MetS traits and liver fibrosis increased risk of prevalent CKD and presence of MetS increased the risk of incident ESRD. 

Abstract word count: 250/250
Key words: 
End-stage renal disease; Metabolic dysfunction-associated steatotic liver disease; type 2 diabetes; hypertension.

Lay summary:
People living with metabolic dysfunction associated steatotic liver disease (MASLD) have a higher risk of developing kidney disease, however, the impact that the severity of MASLD has on the risk of kidney disease in these people is unclear. Our findings show that, in people with MASLD, those with more traits of metabolic dysfunction and scaring in their liver are at the highest risk of kidney disease and are more likely to develop end-stage kidney disease. Using these findings, clinicians may be able to identify those people with MASLD who have the highest risk of kidney disease and implement kidney disease monitoring or treatments earlier on.   
Introduction
Metabolic dysfunction-associated steatotic liver disease (MASLD), as defined and characterised in 2023,1 is a new term to define and characterise the metabolic dysfunction that is known to be a key feature of non-alcoholic fatty liver disease (NAFLD). MASLD is the leading cause of chronic liver disease and affects up to nearly 30% of the population worldwide.2-4 The economic burden of MASLD is substantial and is thought to cost the UK and USA governments £5.24 billion and $103 billion, respectively.5 A diagnosis of MASLD requires the presence of hepatic steatosis and at least one of the five metabolic syndrome (MetS) traits.1,6 Currently, a single ‘MASLD risk model’ exists and patients with MASLD, regardless of the number and type of MetS traits present, are managed the same way in a clinical setting despite substantial disease heterogeneity. To prompt the re-evaluation of the single ‘MASLD risk model’, evidence demonstrating the impact of MASLD severity on the risk of hepatic and extra-hepatic diseases is urgently required. 
Patients with MASLD have a significantly greater risk of developing chronic kidney disease (CKD), which is thought to affect between 20% to 55% of patients with MASLD.7,8 CKD also increases the risk of cardiovascular disease, which is the leading cause of death in people with both MASLD and CKD, making CKD an important and prevalent extra-hepatic complication of MASLD.7,8 Increasing numbers of MetS traits adversely affect the risk of incident CVD, mortality 9 and major adverse liver-related outcomes.10 However, the impact of MASLD severity, determined by the degree of metabolic dysfunction, on the risk of CKD and incident end-stage renal disease (ESRD) is currently unknown, and exploration of this is of clinical relevance because it may facilitate the identification of high-risk MASLD patient subgroups for targeted CKD screening and intervention strategies.
Therefore, we aimed to determine whether and to what extent the presence of specific and accumulating MetS traits and advanced liver fibrosis (as non-invasively assessed by FIB-4 index) affected the risk of prevalent CKD and incident ESRD in people with and without SLD.

Methods
Study population
The UK Biobank (UKBB) is a national prospective cohort study aimed at improving disease prevention (http://www.ukbiobank.ac.uk/about-biobank-uk). Over 500,000 individuals aged 40–69 years agreed to participate and were recruited between 2006 and 2010; details of participant assessment and follow-up can be found in the supplementary material. At the time of analysis, mortality and hospital admission data were available to January 2023. Ethical approval for the UKBB study was granted by the Northwest Multi-Centre Research Ethics Committee (06/MRE08/65).
Inclusion and exclusion criteria
All UKBB participants were initially included. Details of our study design can be found in the supplementary material, and a study flow chart is shown in Figure 1.  Participants with evidence of non-SLD causes of liver disease, recipients of liver transplants, evidence of excess alcohol consumption/alcohol dependency or intrinsic causes of kidney disease were excluded (Supplementary Methods). Participants for whom there were insufficient data to identify MetS traits or hepatic steatosis index (HSI) and Fibrosis-4 (FIB-4) were also excluded.
Ascertainment of exposure
Liver steatosis: SLD was determined using either ICD9/ICD10 codes (Supplementary Methods) or an HSI of >36. Using these thresholds, the HSI has been shown to rule out SLD with a sensitivity of 93.1% and detect SLD with a specificity of 92.4%.11 In a subgroup (n=18,857), SLD was also identified using magnetic resonance imaging (MRI) proton density fat fraction (PDFF) data (≥5.56% for SLD). 
Metabolic traits Metabolic syndrome (MetS) traits were defined according to criteria published in 2009 by Alberti and colleagues,6 and the recent multi-society Delphi consensus statement on MASLD nomenclature (Supplementary Methods).1 Specific details of how MetS traits were determined can be found in the supplementary methods.
Liver fibrosis: Significant fibrosis was also defined as Fibrosis-4 index (FIB-4) >2.67, and a low risk of significant fibrosis was defined as FIB-4 <1.3 (<2.0 if ≥ 65 years).12 Participants not falling into these two groups were placed in an ‘intermediate’ fibrosis group.
PNPLA3 genotype: The participant’s genotype for rs738409 (PNPLA3) (chromosome 22, location 44324727) was obtained using genotype data generated from DNA extracted from blood samples on either the UKBB Axiom array or the UK BiLEVE Axiom array.
Primary study outcomes
CKD was identified using a single (repeat measurements were not available) estimated glomerular filtration rate (eGFR) value of <60 ml/min/1.73 m2 or a random urine albumin-to-creatinine ratio (UACR) ≥3 mg/mmol.13 eGFR was calculated using single serum creatinine and cystatin C measurements, omitting race as per the most recent guidance.14 We present the combined equation as this is a more valid measure.15 Incident ESRD was defined using the UKBB ESRD algorithm. This was devised to identify participants who have had or are undergoing renal replacement therapy using ICD-10 and OPCS-4 codes.16 
Statistical analysis
Dichotomous baseline characteristics are presented as absolute numbers (%), and continuous data are presented as median and interquartile range (IQR). Between group differences were identified using Independent-Samples Mann-Whitney U tests and Fisher’s Exact tests for continuous and grouped data respectively.
Cross-sectional analysis: Binary logistic regression models (odds ratios (ORs) and 95% confidence intervals (95%CI)) were used to explore the associations between the presence of SLD and the severity of MASLD with the risk of CKD at baseline. Differences in the prevalence of CKD in those with or without SLD were explored using the Fisher’s Exact test. When exploring the impact of MetS traits on the risk of CKD at baseline, participants without SLD (HSI <30) and without any MetS traits were used as a reference group. Relative to this group, we explored the change in CKD risk in participants with SLD but without any MetS traits, and then in those with SLD and any one MetS trait and continued this approach until we finally explored the risk of CKD in participants with SLD and all five MetS traits. This approach was also used in our sensitivity analysis where liver MRI PDFF measurements were used to determine the presence of SLD (≥5.56%). When exploring the impact of significant liver fibrosis risk, MetS and PNPLA3 genotype on the risk of CKD, participants without SLD, without MetS, with a low risk of significant liver fibrosis and homozygous for the wild-type PNPLA3 allele were used as the reference group. We then explored the impact of these exposures on the risk of CKD in patients with SLD using binary logistic regression models adjusting age, sex, ethnicity, and smoking status.
Longitudinal analysis: Tests of equality of ESRD event distribution between groups were undertaken using the Mantel-cox Log Rank test. Univariable and multivariable Cox proportional hazards models were used to calculate the associations of MetS and risk of advanced liver fibrosis with incident ESRD in participants with SLD to determine hazard ratios (HR) and 95%CIs. Non-cases were censored at the date of loss to follow-up, date of death or the end of follow-up (the last ICD10 update of the dataset used within this analysis was 31/10/2022). Unadjusted and adjusted HRs (adjusting for age, sex, smoking status, ethnicity, PNPLA3 genotype and, significant liver fibrosis risk) of the association between MetS and risk of incident ESRD were calculated in participants with SLD. The validity of the proportional hazards assumption for each variable was determined by the proportional hazards assumption test based on Schoenfeld residuals (a test result of P >0.05 was used to confirm variable validity). Data analyses were performed in Statistical Package for the Social Sciences (SPSS) Version 26.0 (New York, USA) and STATA Version 18.0 (Texas, USA). The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed in reporting the results of this study.17


Results
Baseline demographics
A total of 234,488 UKBB participants were included in the study (Figure 1). 34,950 participants did not have SLD (HSI <30), 102,420 (43.7%) participants had SLD (HSI >36 or by code) and a further 97,118 participants had an indeterminate HSI. The characteristics of participants stratified by the presence or absence of SLD are shown in Table 1. 
Increased numbers of MetS traits and significant liver fibrosis are associated with a higher prevalence of CKD.
[bookmark: _Hlk177721921][bookmark: _Hlk178000065]The presence of CKD was greater in participants with SLD (HSI >36 or code) compared to those without SLD (HSI <30) (Supplementary Table 1). The association between SLD and prevalent CKD was also observed in a sub-group of individuals using an MRI liver PDFF threshold of ≥5.56% for the identification of SLD (Supplementary Table 1). Given this, we explored the impact of increasing numbers of MetS traits on the risk of prevalent CKD in individuals with SLD. The characteristics of participants with SLD (HSI >36) alone, SLD and any one MetS trait (N.B defining MASLD) and SLD with two or more MetS traits are shown in Supplementary Table 2. Participants with SLD and any two MetS traits were at greater risk of prevalent CKD (OR 1.53, 95%CI 1.35-1.74, P<0.0001) when compared to participants without SLD and no MetS traits independently of age, sex, smoking status, ethnicity, risk of advanced liver fibrosis determined by FIB-4 and PNPLA3 rs738409 genotype (Table 2). Moreover, the risk of prevalent CKD increased in parallel to the number of MetS traits present among participants with SLD (Table 2 and Figure 2a). In the fully adjusted analysis, we found that participants with SLD and all five MetS traits were at the highest risk of having CKD (OR 5.83, 95%CI 5.11-6.55, P<0.0001) compared to those without SLD and no MetS traits (Table 2 and Figure 2a). Importantly, these findings were reproduced when we repeated this analyses in a subgroup of participants where the presence of SLD was defined using liver MRI PDFF (≥5.56%) (Table 3 and Figure 2b). We also found that the risk of prevalent CKD was higher in participants with SLD (HSI >36) and any two MetS traits compared to participants with SLD any one MetS trait (OR 1.40, 95%CI 1.22-1.60, P<0.0001) (Supplementary table 3). When considering specific single MetS traits, in adjusted analysis, only the presence of dysglycemia/T2D (OR 1.89, 95%CI 1.06-3.38, P<0.05) and hypertension (OR 1.35, 95%CI 1.05-1.72, P<0.05) were significantly associated with risk of CKD in those with SLD (HSI >36) and only one MetS trait (i.e. minimum requirement for a MASLD diagnosis) compared to those without SLD (HSI <30) and no MetS traits (Table 2). Moreover, we found that in participants with SLD with two, three or four MetS traits, the combination of dysglycaemia/T2DM + hypertension had a greater relative contribution to the overall burden of MetS traits in people who had compared to those who didn’t have CKD (Supplementary table 4). 
[bookmark: _Hlk178843238]The characteristics of participants with SLD stratified by the presence or absence of MetS (i.e., ≥3 MetS traits) are reported in Supplementary Table 5. In the fully adjusted analysis, the presence of MetS in participants with SLD was associated with an increased risk of prevalent CKD where SLD was determined using a HSI of >36 or using a liver MRI PDFF threshold of ≥5.56% (Table 4). Next, we explored the potential impact of the risk of advanced liver fibrosis and carriage of PNPLA3-I148M on the risk of prevalent CKD in participants with SLD (HSI >36). Whilst carriage of the PNPAL3-I148M variant was not associated with an increased risk of prevalent CKD, in the fully adjusted analysis, participants with both MetS and significant liver fibrosis (FIB-4 >2.67) had the highest risk of prevalent CKD compared to those without any of the explored risk factors (SLD, MetS, risk of liver fibrosis or PNPLA3-I148M) (OR 4.29, 95%CI 3.36-5.47, P<0.0001) regression analyses (Table 5). The interaction between MetS and advanced liver fibrosis in participants with SLD was not associated with the risk of prevalent CKD (OR 0.81, 95%CI 0.57-1.15, P=0.24). 
Increased MASLD severity is associated with a greater risk of incident ESRD
We next explored the impact of MetS and risk of advanced liver fibrosis on the risk of incident ESRD in participants with SLD. A total of 102,420 participants were followed for a median (IQR) of 13.6 (1.5) years, and there was a total of 229 cases of incident ESRD during this time (median follow-up time in those who developed incident ESRD was 7.6 (5.4) years). It is important to note that in the subgroup of participants with liver MRI PDFF data, only 10 participants developed incident ESRD, consequently. Nevertheless, the ESRD event distribution in participants with SLD (HSI >36) without vs with MetS was significantly different χ2(1) = 39.14, P<0.0001. In the fully adjusted Cox regression model, MetS was independently associated with a higher risk of developing incident ESRD (HR 1.70, 95%CI 1.19-2.43, P=0.004) in participants with SLD (Table 6). It is also important to note that only 8 participants with SLD and advanced liver fibrosis (FIB-4 >2.67) developed incident ESRD during the follow-up.

Discussion
Using the large UKBB database, we show for the first time that the risk of prevalent CKD in participants with SLD increases with increasing numbers of MetS traits. In participants with SLD and only one MetS trait (the minimum requirement to assign a MASLD diagnosis), only the presence of hypertension or dysglycaemia/T2DM was independently associated with an increased risk of prevalent CKD. Moreover, we show that the risk of CKD is markedly increased with the presence of all five MetS traits and is the highest in participants with a combination of SLD, MetS and significant liver fibrosis (FIB-4 >2.67). Finally, we also show that the presence of MetS in participants with SLD is strongly and independently associated with an increased risk of developing incident ESRD during a median follow-up of 13.6 years. 
[bookmark: _Hlk177728470]Our findings show the significant and marked impact of MetS trait numbers on CKD risk and highlight an important limitation of the single MetS trait ‘MASLD model’ to adequately capture the heterogeneity of the different sub-groups of MASLD on the risk of CKD and ESRD. We validated our data by showing the positive association between the number of MetS traits/the presence of MetS and the risk of prevalent CKD in participants with SLD using the highly sensitive MRI liver PDFF measurements. Our findings also support the notion that people with SLD and two MetS traits are at a higher risk of MASLD complications compared to those with SLD and only one MetS trait (N.B the minimum required for a MASLD diagnosis to be made supporting recent work from others 18. Importantly, we showed that the risk of prevalent CKD is the highest in participants with a combination of SLD, MetS, and significant liver fibrosis when compared to participants without any of these risk factors, and even after all adjustments, there was an approximate 4.3-fold increase in the risk of CKD. Moreover, using a longitudinal study design, we found that the presence of MetS in people with SLD also increased the risk of incident ESRD even after adjusting for any pre-existing evidence of CKD. These findings highlight an important high-risk sub-group of patients with MASLD (i.e. those patients with MASLD who have multiple MetS traits and a high probability of advanced liver fibrosis) where targeted CKD screening and interventions could be implemented with a potential high cost-effectiveness.
[bookmark: _Hlk178000221]Our analyses indicate that of the five MetS traits, only hypertension and dysglycaemia/T2D significantly increased the risk of prevalent CKD in participants with SLD who had only one MetS trait (i.e. the minimum requirement to assign a MASLD diagnosis) 1. This was further supported by our observation that the combination of dysglycaemia/T2DM and hypertension contributed a larger amount towards the total MetS trait burden in people with SLD and CKD compared to those with SLD but without CKD. It is well-established that hypertension and T2D are important risk factors for the development of CKD and ESRD.8,19 Indeed, meta-analysis of eleven studies carried out in 2011 indicated that hypertension and impaired fasting glucose were both associated with an increased risk of CKD.20 Similarly, hypertension was associated with an accelerated decline in renal function over a 3-year follow-up in a general population cohort.21 Whilst clinical trials have generally found that intensive blood-pressure lowering does not result in a lower rate of renal function decline,22,23 blood-pressure-lowering interventions reduce the risk of adverse cardiovascular outcomes and mortality in patients with CKD 24. Emerging evidence also indicates the potential efficacy of anti-hyperglycemic treatments in lowering the risk of adverse cardiovascular and renal outcomes in patients with T2DM and CKD.25-27 Noteworthy, semaglutide may be an effective treatment strategy for the management of MASLD which. 28 In 2024, semaglutide was also shown to reduce the risk of clinically important renal outcomes and death from cardiovascular causes in patients with T2D and CKD.25 Notably, we included the prescription of anti-hypertensive and anti-hyperglycemic treatments as evidence of hypertension and T2DM respectively to help define MetS traits as key exposures of interest in our study. Consequently, we did not adjust for these drug treatments in the regression models. However, taking considering our findings in context with the evidence above, the implementation of anti-hypertensive or anti-hyperglycemic therapies in individuals with SLD and hypertension or T2D may lead to a reduction in the risk of CKD and adverse cardiovascular outcomes. 
[bookmark: _Hlk178842045]Previous work from others have described the potentially important role of visceral obesity, low HDL-C and high TAG concentrations as factors contributing to renal damage and CKD risk 29,30. The presence of low HDL-C and high TAG MetS traits is reflective of a pro-atherogenic lipoprotein phenotype which is known to cause cardiovascular disease, exacerbate systemic inflammation and promote the formation of atherogenic plaques 31. Given that CVD is a strong CKD risk factor, the detrimental effects of lipid associated MetS traits may contribute to renal damage and exacerbate CKD risk in people with SLD. Similarly, visceral obesity drives systemic inflammation which, along with derangements in adipokine profiles and lipid handling, may induce haemodynamic changes, renal dysfunction and promote the development and progression of CKD. That said, it is important to acknowledge that it remains unclear whether the pro-atherogenic or visceral obesity MetS traits are causally linked to CKD or are reflective of the decline in overall metabolic health typically observed in individuals with CKD. Indeed, whilst we did not identify any associations between low HDL-C, high TAG or visceral obesity and the risk of prevalent CKD within our study, it is important to highlight that the event rates in these analyses were relatively small and should not be interpreted as unequivocal evidence that these traits do not impact CKD risk in individuals with SLD.
With establishing the diagnostic criteria for MASLD in 2023, the findings of our study highlight the need to re-evaluate the current single ‘MASLD risk model’ and move towards a clinical approach that considers both the number and type of MetS traits present in the affected. Such re-evaluation could lead to a ‘risk stratified MASLD model’ where high-risk subgroups of patients with MASLD are better identified, enabling the appropriate monitoring, assessment, and treatment to decrease the risk of CKD and CKD-associated cardiovascular complications. Critically, the findings of our study may also translate to other extra-hepatic complications of MASLD. Thus, the utility of a risk stratified MASLD model could enable clinicians to identify high-risk MASLD subgroups and implement appropriate treatment strategies for diseases beyond CKD.
[bookmark: _Hlk177716372][bookmark: _Hlk177563199][bookmark: _Hlk177717673][bookmark: _Hlk177717757][bookmark: _Hlk177653611]The current study has strengths with assessment of MetS traits and MetS as exposures of interest, and both CKD and ESRD as key outcomes, in both cross-sectional and retrospective cohort study analyses. However, some important limitations should be considered. Although, we used previously validated HSI thresholds to identify SLD, it is worth highlighting, however, that a previous study has shown that at HSI <30 or >36 values, these thresholds have a sensitivity of 93.1% and a specificity of 92.4%, respectively, for diagnosing SLD That said, we also performed a sensitivity analysis using highly sensitive liver MRI PDFF data to determine the presence of SLD, and our findings were comparable. Secondly, we determined the presence of CKD using a single measurement of eGFR or albuminuria and could not verify that the selected participants had abnormal biochemistry for at least three months. This may have resulted in a small number of false-positive diagnoses of CKD within our study, but any misclassification bias would have attenuated the strength of our findings towards the null. There were also a relatively small number of participants within our study with SLD and a raised FIB-4 score who also developed incident ESRD (n=8). Consequently, our study likely lacked sufficient power to detect an association between liver fibrosis severity and the risk of incident ESRD. Another potential limitation of our study is that follow-up eGFR measurements were not available for participants and we relied on the algorithmically defined outcome definition of ESRD which was developed and validated by the UK Biobank Outcome Adjunction Group in conjunction with clinical experts. Whilst this algorithm has been shown to successfully identify people with ESRD in a separate UK cohort 32, it includes the use of ICD-10 codes which typically thought to underestimate disease incidence and prevalence. Potentially due to this limitation, we were unable to explore the additive effect of increasing numbers of MetS traits on the risk of incident ESRD in participants with SLD. Whilst not currently included as a MetS trait characterising MASLD 1,6, we were not able to explore the impact of insulin resistance on the risk of CKD since fasted glucose and insulin concentrations are not available within the UK BioBank cohort. Moreover, changes in MetS traits during the follow-up period were not recorded and we were unable to consider the impact that these changes may have had on the risk of incident ESRD in people with SLD. Further work is also required to determine the external validity of our findings obtained from a predominantly White Northern European cohort of participants. Whilst in our study, the presence of PNPLA3-I148M variant did not increase the risk of CKD, it should be noted that the number of participants included in this analysis was small (n=1,359) and of these participants there were only 59 cases of CKD. Consequently, additional work is required to elucidate the potential impact of genetic risk factors on the risk of CKD in people with MASLD and whether these modify the impact of MetS traits CKD/ESRD risk in people with MASLD.
In conclusion, using the large UKBB database, we found that an increasing number of MetS traits and a high probability of advanced liver fibrosis were independently associated with an increased risk of prevalent CKD in subjects with MASLD. We identified that hypertension and dysglycaemia/T2D were the only two MetS traits that increased the risk of prevalent CKD in people affected by SLD and only one MetS trait (the minimum requirement for a MASLD diagnosis to be made). Moreover, and importantly for clinical practice, the presence of MetS in subjects with SLD was independently associated with an increased risk of developing incident ESRD. These findings highlight the importance of characterising and defining the severity of metabolic dysfunction in each subject with MASLD rather than diagnosing a subject with MASLD, simply because they have SLD and a single MetS trait, and thereby not attempting to evaluate the other easily measured MetS traits. These findings may also translate to other extrahepatic manifestations of SLD and prompt the need to re-evaluate the current ‘single MetS trait MASLD model’. 























Figure 1. Flow chart of the study.

Figure 2. Associations between MASLD phenotype and risk of prevalent CKD.
A) Scatterplot showing the adjusted ORs (95%CIs) of the associations between increasing MetS traits and the risk of prevalent CKD in participants with SLD (HSI >36 or code). Reference group were those without SLD (HSI <30) or any MetS traits (n= 11,521). B) Scatterplot showing the adjusted ORs (95%CIs) of the associations between increasing MetS traits and the risk of CKD in participants with SLD (MRI PDFF ≥5.56%). Reference group were those without SLD (MRI PDFF <5.55%) or any MetS traits (n= 2,698). Statistical significance denotes a significant association between the number of MetS traits and risk of prevalent CKD, which was independent of age, sex, smoking status, ethnicity, liver fibrosis (FIB-4 thresholds) and PNPLA3 I148M genotype. Trendlines are exponential. *P<0.05, **P<0.001, ***P<0.0001
Abbreviations: SLD; steatotic liver disease, HSI; hepatic steatosis index, MetS; Metabolic syndrome.
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