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Insulin resistance has closer correlation with the occurrence of metabolic dysfunction associated steatotic liver disease diagnosed by liver biopsy
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Objective: To explore any correlation between serum urate (SU) level or insulin resistance (IR) and metabolic dysfunction associated steatotic liver disease (MASLD) in patients with metabolic syndrome (MS).

Methods: Data from all MASLD patients, diagnosed by liver biopsy, were enrolled and divided into MASLD alone group and MASLD with MS group. They were subdivided into hyperuricemia group and normal SU group to find correlation between SU/IR and MASLD in patients with MS and independent risk factors for MASLD.

Results: Data from 539 MASLD patients were analyzed. Body mass index (BMI) (p = 0.000), waist circumference (WC) (p = 0.004), and low-density lipoprotein (LDL) (p = 0.000) were dramatically higher in MASLD with MS group than those with MASLD alone; MASLD with MS patients had significantly more family history of diabetes (p = 0.000) and hypertension (p = 0.000) than patients with MASLD alone. Height (p = 0.000), weight (p = 0.000), BMI (p = 0.000) and WC (p = 0.001), and LDL (p = 0.007) were dramatically higher in hyperuricemia patients than those with normal SU. SU was inversely associated with age (p = 0.000) and high-density lipoprotein (HDL) (p = 0.003), and positively correlated with weight (p = 0.000), BMI (p = 0.000) and WC (p = 0.000), TG (p = 0.000), and LDL (p = 0.000). Logistic Regression analysis showed that age (p = 0.031), TG (p = 0.002), LDL (p = 0.010), HbA1c (p = 0.026), and family history of hypertension (p = 0.000) may be independent risk factors for MASLD in patient with MS.

Conclusion: Insulin resistance (IR) in MASLD patients with MS, but not higher SU levels, has closer correlation with the occurrence of MASLD in patients with family history of hypertension and diabetes having higher BMI, LDL, HbA1c.
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Introduction

The metabolic dysfunction associated steatotic liver disease (MASLD), a major health burden, the most common cause of chronic liver disease all over the world, has lately risen with the estimated worldwide prevalence of about 38% (1) of the general population (2–4). MASLD is a disease caused by the interaction of multiple factors such as genetics, diet, and lifestyle (5). It is characterized by excessive accumulation of triglyceride within the cytoplasm of hepatocytes (exceeding 5% of liver weight) due to both increased inflow of free fatty acids and de novo hepatic lipogenesis and insufficient mitochondrial capacity for beta oxidation in individuals without alcohol consumption (6). Its clinical manifestations include metabolic dysfunction associated hepatic steatosis (MAHS; simple benign condition of MAFL), metabolic dysfunction associated steatohepatitis (MASH; inflammatory subtype of MAFL with lobular inflammation and apoptosis), that can progress to liver cirrhosis, liver failure and liver cancer if left untreated (7, 8). Patients with MASLD often have systemic hypertension, dyslipidaemia, insulin resistance/diabetes which are prognostic variables common to the metabolic syndrome (MS) (9). MASLD is the hepatic manifestation of the MS which is often associated with abnormal liver enzyme levels such as elevated levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) (10, 11). Though growing evidence suggest bidirectional relationship between MASLD and MS because MASLD can predispose to MS, but hepatic steatosis reportedly can occur independently of insulin resistance (12–15). MASLD can occur in individuals who are not obese (16, 17). In studies of hepatic steatosis, mice over-expressing DGAT2, an enzyme that catalyzes the final step of hepatic triglyceride biosynthesis, was demonstrated to develop hepatic steatosis with normal plasma glucose and insulin levels and normal insulin tolerance (12). The primary therapy for most patients with MASLD is weight loss. However, pioglitazone (an anti-diabetic medication) (18, 19), and Glucagon-like peptide-1 (GLP-1) receptor agonists (20, 21) have shown promising hepatic outcomes in patients with MASLD. For MASLD diagnosis, liver biopsy is the gold standard to diagnose any form of hepatic inflammation, fibrosis or injury associated with it. Nevertheless, owing to its invasive nature, it has not been routinely used to diagnose various liver diseases.

MASLD was demonstrated as a manifestation of metabolic syndrome (MS) (22, 23) which has high incidence rate in the adult population leading to the increase in the cost of the global public health. MS is a non-communicable complex pathophysiologic state of a group of interrelated diseases characterized by at least any three or more of the following conditions: abdominal obesity (greater waist circumference), high fasting blood glucose, insulin resistance, high triglycerides, lower high-density lipoprotein cholesterol (HDL), higher low-density lipoprotein cholesterol (LDL), high blood pressure and hypertension (24). MS has become the major health hazard of modern world caused primarily by increased consumption of high calorie and low-fiber fast food, sedentary lifestyle of reduced physical activity including genetic/epigenetic makeup of individual that can lead to cardiovascular and cerebrovascular diseases (25). The liver plays a central role in metabolic syndrome due to its role in glucose and triglyceride overproduction because two key components of MS, glucose and triglycerides, are overproduced by the fatty liver.

Serum urate (SU) is the end-product of purine (endogenous and exogenous) metabolism in humans and the great apes because of loss-of- function mutations during primate evolution in the gene of uricase enzyme, that oxidizes uric acid to more soluble allantoin (26, 27). Due to uricase inactivation the SU level is 7 to 8-fold higher in humans (≈240–360 μM) compared to other mammals (≈30–50 μM in mice) (27). Thus, higher SU levels may have selective advantage in the evolution of hominids, may be related to memory with less SU level linked to neurodegenerative disorders, including Alzheimer’s Disease (28). Approximately two-third of the SU is produced endogenously, and the remaining comes from dietary purines (29). The normal SU level in humans is the result of net balance between biosynthesis of SU primarily in liver, reabsorption of urate in renal proximal tubules and secretion in the renal tubule and intestine (30). Most SU is filtered freely in the kidneys, with roughly 90% of the urate from glomerular filtrate is reabsorbed via urate transporters in the proximal tubule (31). About 70% of the total uric acid from our body passes through the kidneys and the rest via intestinal and biliary secretion (29). Ultimately, after urate reabsorption, only 3–10% of the filtered urate is excreted in the urine (32). Abnormalities in SU metabolism and its decreased excretion by the kidneys are one of the major causes of hyperuricemia and gout development (33). Dysregulation of xanthine oxidoreductase (XOD), the enzyme that catalyzes the endogenous production of SU primarily in liver and urate transporters (34) that reabsorb urate in renal proximal tubule and secrete urate in renal tubule and intestine, and their genetic variabilities are the major causes for the development of hyperuricemia. SU is elevated in metabolic syndrome (MS) and diabetes (35) as a consequence of insulin resistance and the effects of insulin to reabsorb more urate resulting in reduced urinary urate excretion (36). It is debatable that elevated SU levels can lead to insulin resistance. In fact, there is a positive relationship between serum insulin and elevated SU levels, in healthy volunteers and people with diabetes (36). Insulin resistance also leads to impaired SU excretion at a low urinary pH, contributing to the formation of urate stones (37). These genetic data are consistent with a causal role of insulin to control SU levels (36). Insulin resistance is considered the major mechanism in the development and progression of MASLD/MASH as a result of impaired insulin signaling that leads to increase intracellular fatty acid-derived metabolites such as diacylglycerol, fatty acyl CoA or ceramides (6). It is debatable whether elevated level of SU is the causative factor of MASLD, because allopurinol (an inhibitor of XOD) treatment to reduce serum urate level was shown to significantly increase the triglyceride values (38). However, febuxostat (another inhibitor of XOD) treatment, was shown to suppress the development of nonalcoholic steatohepatitis in a rodent model (39).

Previous studies on MASLD, MS, and blood uric acid levels have rarely been based on liver biopsy for diagnosis of MASLD patients. In this study, MASLD patients were diagnosed using liver biopsy to find any correlation between MASLD and insulin resistance or SU level using prognostic variables from MASLD patients without or with MS.



Materials and methods


Subjects

Patients admitted to Beijing Ditan Hospital from October 2008 to December 2018 underwent liver biopsy, for the diagnosis of MASLD. Inclusion criteria: MASLD diagnosis of all patients by liver biopsy. Exclusion criteria: (1) Liver diseases caused by alcoholic hepatitis, autoimmune hepatitis etc.; (2) liver diseases caused by viral infections such as EB virus (Epstein–barr Virus, EBV), CMV (Cytomegalovirus), HIV (Human Immunodeficiency Virus); (3) mental diseases; (4) liver tumors. This study was approved by the Ethics Committee of Beijing Ditan Hospital and the ethics ID was Jing Di Lun Ke Zi 2018 No. 052-01.



Diagnostic criteria for liver tissue biopsy and histopathology

A 16G liver puncture needle was used under ultrasound guidance for liver tissue puncture, and the length of the tissue specimen was required to be at least 1.0 cm (1.5–2.5 cm). Liver biopsy specimens were consecutively sliced and subjected to routine H–E, reticular fibrosis, and/or Masson staining. The Scheuer scoring system was used to evaluate the staging of liver fibrosis (S0–S4) and inflammation grading (G0–G4), with S3–S4 defined as advanced liver fibrosis. According to the Brunt grading system, fat degeneration was evaluated and divided into four levels: F0 (<5%), F1 (5–33%), F2 (33–66%), and F3 (≥66%). All pathological sections were independently observed and evaluated by two experienced pathologists. In case of any disagreement, a third pathologist was there for arbitration.



Clinical index detection

Liver function (Wako Pure Chemical Industries, Ltd., JAPAN) and kidney function (Sekisui Medical CALCo, Ltd., JAPAN) were detected using Hitachi fully automated biochemical analyzer (Hitachi Ltd). International standardized ratio (Beckman coulter, America) was measured. In this study, the upper bound of alanine transaminase (ALT) Aspartate transaminase (AST) detection value is 40 U/L, the upper normal value of total bilirubin (TBIL) is 18.8 μmol/L, the upper bound of the Gamma-glutamyl transferase (GGT) detection value is 60 U/L, the upper limit of the Alkaline phosphatase (ALP) detection value is 125 U/L, and the lower bound of the normal albumin detection value is 40 g/L.



Statistical analyses

All data were subjected to statistical analyses using Statistical Package for the Social Sciences (SPSS 26.0 software; Chicago, IL, USA), GraphPad Prism 6 and WPS Office version 5.5.1 (7991) software. Before performing the analysis, the Kolmogorov–Smirnov method was used to analyze all data for the normality test. The count data were shown using a descriptive analysis and a percentage, and the comparison of data between two groups was performed by the Fisher’s exact test or chi-square test. The statistical description of normally distributed data were expressed by the mean ± standard deviation (Mean ± SD), and the comparison of data between two groups was performed by two independent samples t-test; non-normally distributed data were described using the median (Q1, Q3), and comparison between groups were performed by the nonparametric M-U test. Univariate and multivariate Logistic regression were used to analyze risk factors for MASLD with MS. All statistical tests were used two-sided, statistically significant if p < 0.05.




Results


Basic clinical characteristics of patients with MASLD

In this retrospective study, we collected data of MASLD patients from the outpatient department of Beijing Ditan Hospital, Capital Medical University. Table 1 showed a total of 539 MASLD patients (325 males and 214 females, aged 39.56 ± 13.11 years) diagnosed by liver biopsy. Patients were grouped according to whether they had MS. Patients with MASLD alone and patients with MASLD combined with MS were 53.06% (286) and 46.94% (253), respectively. MASLD patients with MS were significantly older than patients with MASLD alone (p < 0.001), as is shown in Table 1. Height and weight were not significantly different between two groups, but BMI (p < 0.001) and waist circumference (p = 0.004) were greater in MASLD with MS than those with MASLD alone. There were no significant differences in ALT (Alanine Transaminase), TBIL (Total Bilirubin), and DBIL (Direct/conjugated Bilirubin) levels between two groups, but the AST (aspartate aminotransferase) levels in MASLD patients with MS (p = 0.031) were higher (73.30 ± 87.65 vs. 59.81 ± 55.28) than those in patients with MASLD alone. There were no significant differences in blood glucose, SU, and creatinine levels, and triglyceride and HDL between two groups, while the levels of total cholesterol (p < 0.001) and LDL (p < 0.001) were higher (cholesterol: 5.08 ± 1.11 vs. 4.71 ± 0.99; LDL: 3.09 ± 1.18 vs. 2.71 ± 0.77) in MASLD patients with MS than patients with MASLD alone. Hepatic stiffness (p = 0.007) was greater in patients with MASLD combined with MS (10.31 ± 7.77 vs. 8.72 ± 5.51) than that in patients with MASLD alone. Glycated hemoglobin (HbA1c) (5.96 ± 1.26 vs. 5.41 ± 1.04, p = 0.000) and glycated albumin (14.32 ± 3.93 vs. 12.83 ± 3.18, p < 0.001) were higher in MASLD patients with MS than those in patients with MASLD alone. However, there were no significant differences in insulin and C peptide levels between two groups which could be due to their low half lives in serum (approximately 30 min for C-peptide and 5–6 min for insulin). More MASLD patients with MS had a family history of diabetes (p < 0.001) and hypertension (28.85% vs. 11.89%, p < 0.001) than patients with MASLD alone. Economic status of MASLD patients with MS (36.36% vs. 50.35%, p < 0.001) was worse than that patients with MASLD alone. The percentage of patients taking lipid-lowering drugs in MASLD with MS group was significantly higher (5.14% vs. 1.40%) than the patients in NAFLD alone group (p = 0.013) (Table 1).



TABLE 1 Comparison of clinical characteristics of patients with MASLD alone and MASLD with MS.
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Comparison of MS components between hyperuricemia and normal SU patients

In this study, data from 539 MASLD patients, confirmed by liver biopsy, were collected, in which blood urate data from two patients were missing. Therefore, data from 537 patients were included for the comparison of MS components between hyperuricemia subgroup and the normal SU subgroup. In this group of MASLD patients, the proportion of male patients was higher (60.34% male and 39.66% female) than that of female patients, and there was significant statistical difference in the proportion of male patients between two groups (hyperuricemia vs. normal SU group) (p = 0.001). Average age of hyperuricemia patients was significantly lower than those with normal serum urate level, as is shown in Table 2. Height (p = 0.000), weight (p < 0.001), BMI (p < 0.001) and waist circumference (p = 0.001) were significantly higher in hyperuricemia patients than those with normal serum urate. There was no significant difference in transaminase level between two groups. However, the albumin (ALB) level (p < 0.001), glycated albumin level (a marker of glycemic control) (p = 0.044) and creatinine level (p < 0.001) in hyperuricemia patients were significantly higher than that of normal SU patients. Although there was no significant difference in triglyceride (TG) level between two groups, total cholesterol (TC) (p = 0.044) and low-density lipoprotein (LDL) levels (p = 0.007) were significantly higher in hyperuricemia group than those in normal blood urate group. Interestingly, in Table 2 of our study, MASLD patients with hyperuricemia had lower HDL level (p = 0.045) with higher platelet to HDL ratio (PHR) (p = 0.033), than that of MASLD patients with normal serum urate level. The glycated albumin (GA) of hyperuricemia patients was markedly lower than that of normal blood urate patients (p = 0.044); the percentage of hyperuricemia patients with family history of hypertension (p = 0.001) and high-calorie diet (p < 0.001) was markedly lower than that of normal blood urate patients in Table 2. In Table 2 of this study, MASLD patients with hyperuricemia have lower HDL level (1.04 ± 0.24 mmol/L) with the chance of higher PHR, than that of MASLD patients with normal serum urate level.



TABLE 2 Comparison of MS components between MASLD patients with hyperuricemia and MASLD patients with normal SU levels.
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Correlation analysis of SU levels and MS components in MASLD patients

The relevance analysis of serum urate (SU) levels and MS components in MASLD patients found that SU levels were positively correlated with height (p < 0.001), weight (p < 0.001), BMI (p < 0.001) and waist circumference (p < 0.001), ALT (p = 0.005), and ALB (p < 0.001) in Figure 1, while SU levels were negatively correlated with age (p < 0.001) in Figure 1. SU levels were negatively correlated with blood glucose (p < 0.001), and HDL (p = 0.003), HbA1C (p = 0.004) and glycated albumin (p = 0.018) in Figure 2, while SU levels were positively correlated with LDL (p < 0.001), creatinine (p < 0.001), TC (p = 0.006), TG (p < 0.001), and insulin levels (p = 0.010) in Figure 2 suggesting higher SU level as a result of insulin resistance/hyperinsulinemia might lead to MASLD in patients with MS.

[image: Figure 1]

FIGURE 1
 Correlation analysis between serum urate levels and MS components (Age, Height, Weight, BMI, WC, ALT, AST, TBIL, DBIL, ALB, and GGT); (A) The correlation between serum urate levels and age; (B) The correlation between serum urate levels and height; (C) The correlation between serum urate levels and weight; (D) The correlation between serum urate levels and BMI; (E) The correlation between serum urate levels and WC; (F) The correlation between serum urate levels and ALT; (G) The correlation between serum urate levels and AST; (H) The correlation between serum urate levels and TBIL; (I) The correlation between serum urate levels and DBIL; (J) The correlation between serum urate levels and ALB; (K) The correlation between serum urate levels and GGT; (L) The correlation between serum urate levels and ALP.
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FIGURE 2
 Relevance analysis between serum urate levels and MS components (Creatinine, GLu, blood lipids, PTA, INR, HbA1c, GA, C-peptide and Insulin); (A) The correlation between serum urate levels and Creatinine; (B) The correlation between serum urate levels and GLU; (C) The correlation between serum urate levels and TC; (D) The correlation between serum urate levels and TG; (E) The correlation between serum urate levels and HDL; (F) The correlation between serum urate levels and LDL; (G) The correlation between serum urate levels and PTA; (H) The correlation between serum urate levels and INR; (I) The correlation between serum urate levels and HbA1c; (J) The correlation between serum urate levels and GA; (K) The correlation between serum urate levels and Insulin; (L) The correlation between serum urate levels and C-peptide.




Risk factor analysis for MASLD with MS

Univariate and multivariate Logistic regression analysis showed risk factors for MASLD with MS. The results showed that age (p = 0.031), triglyceride (p = 0.002), LDL (p = 0.010), glycated hemoglobin (p = 0.026), and family history of hypertension (p < 0.001) were independent risk factors for MASLD patients combined with MS in Table 3.




Discussion

MASLD has become a chronic liver disease affecting the health of people (with a prevalence of about 38%) all over the world, and is considered to be the liver manifestation of MS, which is closely related to obesity and the risk of liver complications related to diabetes, hypertension and non-alcoholic steatohepatitis (40, 41). Understanding the pathogenesis and risk factors of MASLD is very important because the number one cause of mortality of MASLD patients is cardiovascular disease (CVD) rather than liver disease (1). MASLD patients typically have one or more MS components, such as hypertension, dyslipidemia, abnormal blood sugar, or insulin resistance (9). As mentioned above, MASLD is correlated to MS, whereas, diabetes, obesity and dyslipidemia are considered as important risk factors of MASLD (42) that could be linked through changes in metabolism. Although liver biopsy is the gold standard to diagnose MASLD, it is an invasive procedure. However, in previous studies, the diagnostic methods for MASLD were mostly based on the combination of medical history, imaging, and biochemical indicators, etc. This retrospective study is based on data collected from MASLD patients who were properly diagnosed through liver biopsy. MASLD occurs when excess fat is accumulated in hepatocyte in the absence of any significant alcohol consumption due to insufficient mitochondrial capacity for beta oxidation. Currently, there is no proper approved pharmaceutical treatment modality for MASLD except recommendation for altering a patient’s predisposing factors, like low-calorie diet and increased physical activity. Many clinical trials are currently under development to find a new promising pharmacological agents for the treatment of MASLD. In a phase 2 trial, for patients with MASH and moderate or severe fibrosis, treatment with tirzepatide for 52 weeks is more effective in relieving MASH without worsening fibrosis (43). Tao et al. 45 have suggested that FOT1 is a promising new treatment option for all stages and future clinical trials of MAFLD (44). Treatment with denifanstat significantly improves the disease activity, MASH resolution, and fibrosis, which supports the entry of denifanstat into Phase 3 development (45). The anti-diabetic medication like pioglitazone (18, 19), and Glucagon-like peptide-1 (GLP-1) receptor agonists (20, 21) have hinted promising results in patients with MASLD. Modest wine (but not beer or liquor) consumption was also suggested for decreased prevalence of suspected MASLD (46) that could be associated with the protective effect of grape-sourced resveratrol. To confirm the therapeutic efficacy of resveratrol for MASLD large-scale randomized controlled trials is necessary.

MS is a group of diseases with multiple components related to each other. It is characterized by three or more of the following conditions: overweight, high waist circumference or obesity, high triglycerides, low high-density lipoprotein cholesterol, abnormal blood glucose, insulin resistance or diabetes, and elevated blood pressure. Our study showed that in MASLD patients, the proportion of male patients was higher than that of female patients. Riazi et al. (47) and Ballestri et al. (48) suggested that the incidence of MASLD in males was higher than that in females, which was consistent with our finding. Our study also showed that age, BMI, and waist circumference in MASLD patients combined with MS were significantly higher than those in patients with MASLD alone. This may be because overweight or obese patients with MASLD are more likely to accompany with MS (49, 50). MS patients may have a history of dyslipidemia, diabetes and hypertension. Our results showed that the levels of cholesterol, low-density lipoprotein, glycated hemoglobin and glycated albumin (51), and family history of diabetes and hypertension in MASLD patients with MS were significantly higher than those in patients with MASLD alone. So MASLD patients with dyslipidemia, diabetes and hypertension were more likely to have MS. In addition, our study showed that the liver stiffness of MASLD patients combined with MS was higher than that of patients with MASLD alone, which may be related to abnormal metabolic factors such as blood glucose, dyslipidemia, and obesity, et al., accelerating the progression of MASLD to liver fibrosis and cirrhosis. Due to abnormal blood lipids in MS patients, the probability of using lipid-lowering drugs may be higher than that of patients with MASLD alone. Logistic regression analysis in this study showed that age, triglycerides, low-density lipoprotein, glycated hemoglobin, and family history of hypertension are independent risk factors for MASLD patients combined with MS (Table 3).



TABLE 3 Analysis of risk factors for MASLD accompanied by MS.
[image: Table3]

Insulin resistance (IR) and fat accumulation in the liver are strongly related (52). Multiple studies have shown that insulin resistance/hyperinsulinemia can lead to hyperglycemia, hypertension, dyslipidemia, hyperuricemia, elevated inflammatory markers, and endothelial dysfunction (53). Progression of insulin resistance can lead to metabolic syndrome (MS), metabolic dysfunction associated steatotic liver disease (MASLD), and type 2 diabetes. In this study, among MASLD patients diagnosed through liver biopsy, the weight, BMI, and waist circumference of hyperuricemia patients were significantly higher than patients with normal SU level, suggesting apparent role of higher SU levels (54, 55). However, the difference in serum C-peptide level between MASLD with hyperuricemia group and MASLD with normal SU group is insignificant (4.26 ± 2.19 ng/mL, 4.48 ± 3.24 ng/mL in Table 2) but much higher than normal level (0.9–1.8 ng/mL) suggesting hyperinsulinemia/insulin resistance but not SU level is likely to be correlated with MASLD. Thus, progression of IR most likely leads to MS and MASLD.

In summary, this retrospective study was intended to find the correlation between SU levels or IR and MASLD in patients (diagnosed with liver biopsy) with MS, as well as the independent risk factors for MASLD in patients with MS. After thorough analyzes, it is concluded that IR/hyperinsulinemia but not SU level has closer correlation with MASLD in patients with MS than patients with MASLD alone. Older age, overweight or obesity, higher HbA1C and glycated albumin levels, higher LDL levels and hyperuricemia caused by IR most likely lead to MASLD in older patients with family history of diabetes and hypertension.
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