Name of Journal: World Journal of Clinical Cases
Manuscript NO: 69658
Manuscript Type: ORIGINAL ARTICLE

Observational Study
[bookmark: OLE_LINK3581][bookmark: OLE_LINK3582]Metabolic dysfunction is associated with steatosis but no other histologic features in nonalcoholic fatty liver disease

[bookmark: OLE_LINK3583][bookmark: OLE_LINK3584]Dai YN et al. Liver histologic features in MAFLD and NAFLD

[bookmark: OLE_LINK3766][bookmark: OLE_LINK3767]Yi-Ning Dai, Cheng-Fu Xu, Hong-Ying Pan, Hai-Jun Huang, Mei-Juan Chen, You-Ming Li, Chao-Hui Yu

Yi-Ning Dai, Cheng-Fu Xu, You-Ming Li, Chao-Hui Yu, Department of Gastroenterology, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, Zhejiang Province, China

Yi-Ning Dai, Hong-Ying Pan, Hai-Jun Huang, Mei-Juan Chen, Center for General Practice Medicine, Department of Infectious Diseases, Zhejiang Provincial People's Hospital (Affiliated People’s Hospital, Hangzhou Medical College), Hangzhou 310014, Zhejiang Province, China

[bookmark: OLE_LINK3768][bookmark: OLE_LINK3769]Author contributions: Yu CH and Li YM contributed to the study design; Dai YN, Xu CF, and Chen MJ contributed to data collection; Huang HJ and Chen MJ analyzed the data; Dai YN drafted the manuscript; Xu CF and Yu CH contributed to critical comments on the manuscript; Pan HY contributed to the manuscript revision.

[bookmark: OLE_LINK3138][bookmark: OLE_LINK3139]Supported by the National Natural Science Foundation of China, No. 81800507; the Public Welfare Project of the Science and Technology Agency, Zhejiang Province, No. LGF18H030010; and Medical and Health Research Project of Zhejiang Province, No. 2018KY256 and No. 2019KY294.

Corresponding author: Chao-Hui Yu, MD, PhD, Chief Doctor, Professor, Department of Gastroenterology, The First Affiliated Hospital, Zhejiang University School of Medicine, No. 79 Qingchun Road, Hangzhou 310003, Zhejiang Province, China. zyyyych@zju.edu.cn

Received: July 26, 2021
Revised: September 1, 2021
Accepted: March 16, 2022
Published online: 

 25 / 28

Abstract
BACKGROUND
[bookmark: OLE_LINK3764][bookmark: OLE_LINK3765][bookmark: OLE_LINK3770][bookmark: OLE_LINK3781][bookmark: OLE_LINK3771][bookmark: OLE_LINK3772][bookmark: OLE_LINK3782]Recently, nonalcoholic fatty liver disease (NAFLD) has been renamed metabolic-associated fatty liver disease (MAFLD). Based on the definition for MAFLD, a group of non-obese and metabolically healthy individuals with fatty liver are excluded from the newly proposed nomenclature. 

AIM
To analyze the histologic features in the MAFLD and non-MAFLD subgroups of NAFLD.

METHODS
Eighty-three patients with biopsy-proven NAFLD were separated into MAFLD and non-MAFLD groups. The diagnosis of MAFLD was established as hepatic steatosis along with obesity/diabetes or evidence of metabolic dysfunction. The histologic features were compared according to different metabolic disorders and liver enzyme levels.

RESULTS
[bookmark: OLE_LINK3785][bookmark: OLE_LINK3786][bookmark: OLE_LINK3773][bookmark: OLE_LINK3774]MAFLD individuals had a higher NAFLD activity score (P = 0.002) and higher severity of hepatic steatosis (42.6% Grade 1, 42.6% Grade 2, and 14.8% Grade 3 in MAFLD; 81.8% Grade 1, 13.6% Grade 2, and 4.5% Grade 3 in non-MAFLD; P = 0.007) than the non-MAFLD group. Lobular and portal inflammation, hepatic ballooning, fibrosis grade, and the presence of nonalcoholic steatohepatitis (NASH) and significant fibrosis were comparable between the two groups. The higher the liver enzyme levels, the more severe the grades of hepatic steatosis (75.0% Grade 1 and 25.0% Grade 2 in normal liver function; 56.6% Grade 1, 39.6% Grade 2, and 3.8% Grade 3 in increased liver enzyme levels; 27.8% Grade 1, 27.8% Grade 2, and 44.4% Grade 3 in liver injury; P < 0.001). Patients with liver injury (alanine aminotransferase > 3 × upper limit of normal) presented a higher severity of hepatocellular ballooning (P = 0.021). Moreover, the grade of steatosis correlated significantly with hepatocellular ballooning degree (r = 0.338, P = 0.002) and the presence of NASH (r = 0.466, P < 0.001).

CONCLUSION
Metabolic dysfunction is associated with hepatic steatosis but no other histologic features in NAFLD. Further research is needed to assess the dynamic histologic characteristics in NAFLD based on the presence or absence of metabolic disorders.
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Dai YN, Xu CF, Pan HY, Huang HJ, Chen MJ, Li YM, Yu CH. Metabolic dysfunction is associated with steatosis but no other histologic features in nonalcoholic fatty liver disease. World J Clin Cases 2022; In press

[bookmark: OLE_LINK3132]Core Tip: Non-obese and metabolically healthy patients with fatty liver are excluded from the definition of metabolic-associated fatty liver disease (MAFLD), but their clinical course has seldom been demonstrated. We analysed a group of nonalcoholic fatty liver disease (NAFLD) subjects, and found that the MAFLD subgroup had a higher NAFLD activity score and higher severity of hepatic steatosis than the non-MAFLD subgroup. There was no difference in other histologic features, including lobular and portal inflammation, balloon degeneration, and fibrosis, between the MAFLD and non-MAFLD patients. The grade of steatosis correlated positively with the hepatocellular ballooning degree, and the presence of nonalcoholic steatohepatitis. We believe that our study can provide insight into the histologic features of various subsets of fatty liver disease.

INTRODUCTION
[bookmark: OLE_LINK3775][bookmark: OLE_LINK3776][bookmark: OLE_LINK3787]Nonalcoholic fatty liver disease (NAFLD), characterized by the presence of steatosis in > 5% of hepatocytes without other causes of liver injury, including excess alcohol consumption, has become a growing social health problem[1]. NAFLD covers a broad spectrum of disease severity[2-5], ranging from simple fatty liver to nonalcoholic steatohepatitis (NASH), and can even lead to cirrhosis and hepatocellular carcinoma. Currently, it is widely accepted that many cases of cryptogenic cirrhosis actually result from NAFLD, in which steatosis vanishes in the late cirrhotic stage.
[bookmark: OLE_LINK3812][bookmark: OLE_LINK3813]Metabolic dysfunction is generally defined as obesity, type 2 diabetes mellitus (T2DM), and conditions including excess weight around the waist, hypertension, hyperlipidaemia, prediabetes, and insulin resistance. Currently, it is well recognized that NAFLD originates from an underlying condition of systemic metabolic dysfunction and represents the hepatic manifestation of metabolic syndrome (MS). Actually, it should not be defined as a state of “exclusion”, such as the exclusion of excess alcohol consumption or viral hepatitis. A group of experts have recently suggested that the outdated nomenclature of NAFLD should be renamed metabolic-associated fatty liver disease (MAFLD)[6,7]. Briefly, evidence of hepatic steatosis along with metabolic disorders establishes a diagnosis of MAFLD. 
While MAFLD represents the majority of those previously diagnosed with NAFLD in clinical practice, a group of non-obese and metabolically healthy individuals with fatty liver are excluded from MAFLD based on the international expert consensus statement[8]. With regard to this subset of fatty liver, the clinical course and outcomes have seldom been demonstrated. In this study, we aimed to analyze the hepatic histologic characteristics in the MAFLD and non-MAFLD subgroups of NAFLD. In addition, we conducted subgroup analyses according to the presence of obesity, glycemia, and liver enzyme levels to explore histologic features in various subsets of fatty liver disease.

MATERIALS AND METHODS
Study design and patients
Patients diagnosed with NAFLD, based on the presence of steatosis in more than 5% of hepatocytes with the exclusion of other chronic liver diseases and alcohol consumption, were recruited at Zhejiang Provincial People’s Hospital. They were further divided into MAFLD and non-MAFLD groups. MAFLD was defined as hepatic steatosis along with one of the following three standards, i.e., obesity [body mass index (BMI) ≥ 23 kg/m2], T2DM, or evidence of metabolic dysfunction. The latter was based on the presence of at least two of the following metabolic abnormalities: Waist circumference (WC) ≥ 90 cm in men and ≥ 80 cm in women; blood pressure ≥ 130/85 mmHg or diagnosis of high blood pressure under specific drug treatment; serum triglycerides (TG) ≥ 1.70 mmol/L or specific drug therapy; serum high-density lipoprotein cholesterol (HDL-C) < 1.0 mmol/L for men and < 1.3 mmol/L for women, or under specific drug therapy; fasting glucose between 5.6 to 6.9 mmol/L, or 2-h post-load glucose between 7.8 to 11.0 mmol/L, or HbA1c level between 5.7% to 6.4%, which indicate a condition with prediabetes; homeostasis model assessment for insulin resistance (HOMA-IR) score ≥ 2.5; and high-sensitivity C-reactive protein (hs-CRP) level > 2 mg/L[8]. Non-MAFLD referred to NAFLD participants without obesity, T2DM, or the above metabolic disorders. In particular, “alternative causes” of steatosis, such as medications, celiac disease, severe surgical weight loss, starvation, or total parenteral nutrition, were not allowed for inclusion. However, we did not assess disorders of lipid metabolism, genetic abnormalities, or other rare metabolic disorders as possible causes for non-MAFLD.
The exclusion criteria were as follows: (1) Children or adolescents less than 18 years old; (2) excessive alcohol drinkers (weekly ethanol consumption more than 140 g in men and 70 g in women); (3) documented hepatitis B or C; (4) other chronic liver disease (e.g., autoimmune liver disease, drug-induced liver injury, or hereditary disorders); (5) dysfunction of coagulation; and (6) cirrhosis, malignancy, severe organ dysfunctions such as cardiopulmonary dysfunction, renal inadequacy, or pregnancy.
[bookmark: OLE_LINK3779][bookmark: OLE_LINK3780][bookmark: OLE_LINK3777][bookmark: OLE_LINK3778]Asian subjects with a BMI < 23 kg/m2 were defined as having lean NAFLD. The diagnosis of T2DM was in reference to the widely accepted international criteria[9]. In addition, the participants were classified into three groups according to their liver enzyme levels: Normal liver function, increased liver enzyme level, and liver injury[10]. Increased liver enzyme levels were defined as any liver enzyme level above the upper limit of normal (ULN), with an alanine aminotransferase (ALT) level < 3-fold of the ULN. Liver injury conformed to ALT concentrations > 3-fold of the ULN. 
All eligible subjects received liver biopsy, and written informed consent was obtained from each participant. The study was in agreement with the Declaration of Helsinki and was approved by the Ethics Committee, People’s Hospital of Hangzhou Medical College.

Clinical and laboratory evaluations
Anthropometric data were obtained for each subject by a well-trained nurse. We calculated BMI as the weight divided by the square of the height (g/m2). WC refers to the minimum circumference between the umbilicus and the xiphoid process[11]. Systolic and diastolic blood pressures (SBP and DBP) were measured using a sphygmomanometer with the subject in a sitting position.
Blood biochemistry tests evaluating ALT, aspartate transferase (AST), alkaline phosphatase (AKP), gamma-glutamyltransferase (GGT), albumin (ALB), globulin (GLB), cholinesterase (CHE), uric acid (UA), TG, total cholesterol (TC), HDL-C, low-density lipoprotein cholesterol (LDL-C), glucose, complete blood counts, and hs-CRP were performed in our clinical laboratory using automatic analysers.

Liver histology
[bookmark: OLE_LINK3795][bookmark: OLE_LINK3796][bookmark: OLE_LINK3797]Experienced doctors performed ultrasound-guided percutaneous liver biopsy using the MAX-CORE Disposable Core Biopsy Instrument (Bard Peripheral Vascular, Inc., Mexico), with specimens fixed, paraffin-embedded, and stained with haematoxylin and eosin (H&E) and Masson’s trichrome.
A skilled liver pathologist who was unaware of the participants' clinical data reviewed the slides of liver biopsies. All eligible liver biopsy slides in this study were qualified for grading and staging of the histologic features.
[bookmark: OLE_LINK3816][bookmark: OLE_LINK3817]A threshold of 5% macrovesicular steatosis established a diagnosis of NAFLD[12]. Steatosis was graded as the percentage of liver parenchyma replaced by fat: (1) 5%-33%; (2) 34%-66%; or (3) more than 66%[13]. Lobular inflammation was scored on a scale of 0-3: (0) none; (1) mild; (2) moderate; and (3) many. In addition, portal inflammation and hepatocellular ballooning were scored as follows: (0) none; (1) mild inflammation or few balloon cells; and (2) more than mild or prominent ballooning. The degree of fibrosis was divided as “(0) none; (1a) slight perisinusoidal fibrosis, (1b) moderate perisinusoidal fibrosis, (1c) periportal/portal fibrosis; (2) perisinusoidal and periportal/portal fibrosis; (3) bridging fibrosis; and (4) cirrhosis”. Fibrotic stage ≥ 2 was considered significant fibrosis. The NAFLD activity score (NAS) was documented as the summation of the scores for steatosis, lobular inflammation, and ballooning. A NAS of ≥ 5 confirmed the diagnosis of NASH, while a NAS of < 3 was considered non-NASH. If the NAS was between 3 and 4, we diagnosed NASH when pathohistological features, including steatosis, lobular inflammation, and ballooning, existed simultaneously.

Statistical analysis
All statistical analyses were conducted with SPSS software (version 23) for Windows. Continuous variables are presented as the mean ± SD, and categorical variables are presented as numbers (percentages). The independent t-test or the chi-squared test was used to evaluate differences between groups. One-way analysis of variance (ANOVA) was performed for multiple comparisons. Bivariate correlations between steatosis grade and other histologic parameters were examined using Spearman’s correlation test. A two-sided P-value < 0.05 was considered statistically significant.

RESULTS
Clinical and histologic characteristics of the patients
A total of 83 patients with biopsy-proven NAFLD were included in the study, with 54 males and 29 females. Among them, 61 subjects suffered from MAFLD, while the other 22 had NAFLD without overweight or metabolic dysfunction (defined as the non-MAFLD group). Demographic and laboratory information for the enrolled population is summarized in Table 1.
MAFLD patients had significantly higher body weight (73.65 ± 13.10 vs 60.31 ± 7.48 kg, P < 0.001), BMI (26.43 ± 3.38 vs 21.93 ± 1.09 kg/m2, P < 0.001), and WC (89.87 ± 8.53 vs 80.91 ± 3.93 cm, P < 0.001) than the non-MAFLD group. Moreover, the blood pressures in the MAFLD group were higher than those in the non-MAFLD group (P = 0.009 for SBP and P = 0.016 for DBP). In addition, subjects with MAFLD had lower HDL-C (P = 0.018) and elevated TG (P < 0.001) and glucose (P = 0.003) than the non-MAFLD participants. The liver functions in the two groups were not significantly different.
Grade 1 steatosis was found in 44 (53.0%), and grades 2-3 steatosis was found in 39 individuals (47.0%). Lobular inflammation was found in 79 (95.2%) and absent in 4 (4.8%) patients. Portal inflammation was found in 73 (95.2%) and absent in 10 (4.8%) patients. Sixteen patients (19.3%) had hepatocellular ballooning, while 67 (80.7%) did not. Fibrosis of any degree was present in 59 (71.1%) and absent in 24 patients (28.9%). Among the 83 biopsy-proven NAFLD patients, 19 (22.9%) had NASH, and 15 (18.1%) had significant fibrosis. Figure 1 demonstrates the representative histological images to provide an overview of the pathological changes.

Histologic characteristics according to MAFLD
The comparison of histologic characteristics between the MAFLD and non-MAFLD subgroups is shown in Figure 2. There was a significant difference in steatosis degree. Compared with non-MAFLD subjects, MAFLD subjects had a higher severity of hepatic steatosis (42.6% Grade 1, 42.6% Grade 2, and 14.8% Grade 3 in MAFLD; 81.8% Grade 1, 13.6% Grade 2, and 4.5% Grade 3 in non-MAFLD; P = 0.007, Figure 2A). The MAFLD group also had a higher NAS than the non-MAFLD group (3.11 ± 1.29 vs 2.41 ± 0.67, P = 0.002, Figure 2H). However, lobular and portal inflammation, hepatic ballooning, fibrosis grade, and the presence of NASH and significant fibrosis were comparable between the two groups (P = 0.461, 0.091, 0.251, 0.151, 0.228, and 0.749, respectively; Figure 2B-G).

Histologic characteristics according to obesity and glycemia
There were 56 obese NAFLD patients and 27 lean NAFLD patients based on a BMI threshold of 23 kg/m2. Among the lean NAFLD patients, five were defined as having MAFLD, one of whom had T2DM, three of whom had hypertriglyceridemia and low HDL-C, and the other had low HDL-C and elevated postprandial glucose levels.
Similarly, obese NAFLD patients had a higher severity of hepatic steatosis (41.1% Grade 1, 44.6% Grade 2, and 14.3% Grade 3 in obese NAFLD; 77.8% Grade 1, 14.8% Grade 2, and 7.4% Grade 3 in lean NAFLD; P = 0.007, Figure 2A) and higher NAS (3.16 ± 1.32 vs 2.44 ± 0.70, P = 0.002, Figure 2H) than lean NAFLD patients. However, obese NAFLD patients had milder portal inflammation than their lean counterparts (16.1% Grade 0, 82.1% Grade 1, and 1.8% Grade 2 in obese NAFLD; 3.7% Grade 0, 74.1% Grade 1, and 22.2% Grade 2 in lean NAFLD; P = 0.003, Figure 2C). As presented in Figure 2, lobular inflammation, ballooning, fibrosis grade, and the presence of NASH and significant fibrosis were comparable between the two groups (P = 0.247, 0.116, 0.250, 0.098, and 1.000, respectively).
Ten patients suffered from T2DM; 27 had prediabetes, while the other 46 had normal blood sugar. There were no significant differences among individuals based on glycemia in terms of any histologic characteristic (steatosis: P = 0.260; lobular inflammation: P = 0.400; portal inflammation: P = 0.676; balloon degeneration: P = 0.717; fibrosis: P = 0.563; NAS: P = 0.141; NASH: P = 0.849; significant fibrosis: P = 0.357) (Figure 2).

Histologic characteristics according to liver function
Based on the markers of liver injury, 12 patients presented with normal liver function, 53 had elevated liver enzyme levels, and 18 had liver injury (ALT > 3 × ULN). As shown in Figure 2A, the higher the liver enzyme levels, the more severe the grades of hepatic steatosis (75.0% Grade 1 and 25.0% Grade 2 in normal liver function; 56.6% Grade 1, 39.6% Grade 2, and 3.8% Grade 3 in increased liver enzyme levels; 27.8% Grade 1, 27.8% Grade 2, and 44.4% Grade 3 in liver injury; P < 0.001). Moreover, the liver injury group presented with much graver hepatocellular ballooning (91.7% Grade 0 and 8.3% Grade 2 in normal liver function; 86.8% Grade 0, 7.5% Grade 1, and 5.7% Grade 2 in increased liver enzyme levels; 55.6% Grade 0, 33.3% Grade 1, and 11.1% Grade 2 in liver injury; P = 0.021; Figure 2D). There was one case of NASH in the normal liver function group (8.33%), eight patients with NASH in the group with increased liver enzyme levels (15.09%), and ten patients with NASH in the liver injury group (55.56%, P = 0.001; Figure 2F). The NASs in the three groups were 2.50 ± 1.00, 2.70 ± 1.01 (P = 0.545 vs the normal liver function group), and 3.89 ± 1.37 (P = 0.003 vs the normal liver function group, P = 0.002 vs the group with increased liver enzymes), respectively (Figure 2H). No significant differences in fibrosis grades (P = 0.223) or the presence of significant fibrosis (P = 0.097) were seen among the three groups (Figure 2E and G). In addition, there was no significant difference in terms of lobular (P = 0.496) or portal inflammation (P = 0.190) in the comparison of the three groups according to liver function (Figure 2B and C).

Correlations between degree of steatosis and severity of other hepatic histologic features
Interestingly, steatosis grade correlated significantly with hepatocellular ballooning degree (r = 0.338, P = 0.002) and the presence of NASH (r = 0.466, P < 0.001). In contrast, Spearman’s analysis did not find any correlation between steatosis grade and other hepatic histologic features, including inflammation or fibrosis (Table 2).

DISCUSSION
Generally, NAFLD accompanies obesity and its comorbidities[14]. Nevertheless, it can also occur in individuals within a BMI cut-off of 25 kg/m2 in Caucasians and 23 kg/m2 in Asians, the so-called “lean” NAFLD[15]. There is growing evidence that lean patients with metabolic disorders display superior ectopic fat accumulation, with higher risks of fatty liver and cardiovascular disease[16-18]. A recent study identified that non-obese NAFLD patients with MS presented a comparable degree of liver histologic severity to their obese counterparts without MS[19]. While weight gain and insulin resistance are well-known predictors of long-term outcomes of NAFLD[20,21], other metabolic disorders also play a crucial role in NAFLD pathogenesis. Herein, a nomenclature of MAFLD was proposed based on the presence of fatty liver and metabolic dysfunction. According to the definition of MAFLD, a group of lean and metabolically healthy individuals are not included. In this study, we focused on the comparison of histologic characteristics between the non-MAFLD and MAFLD subgroups of NAFLD, with the purpose of demonstrating the histologic performance of lean NAFLD without metabolic disorders. 
The results of this study indicated that MAFLD individuals had a higher NAS than non-MAFLD individuals. Specifically, the difference in NAS originated from the severity of steatosis other than inflammation or balloon degeneration. While the grades of inflammation and balloon degeneration were similar between the two groups, there was also no difference in the presence of NASH or significant fibrosis. Given the substantial heterogeneity of MAFLD, sub-classifications might present with different histologic features and lead to different clinical outcomes[22]. Therefore, subgroup analyses were conducted according to the presence of elements of metabolic syndrome. Similar results were observed in obese and lean NAFLD individuals, except for the difference in degrees of portal inflammation. However, diabetes was not associated with any hepatic histologic features.
It has been proven that NASH rather than simple fatty liver is related to a worse prognosis. Hepatic steatosis with minimal or no inflammation appears to follow a comparatively benign clinical course[23-25]. Nevertheless, a longitudinal study showed that only fibrosis stage instead of other histologic features of NASH was related to end-stage liver diseases and all-cause mortality, and long-term prognosis did not depend upon a diagnosis of NASH but hepatic fibrosis[12]. Moreover, fibrosis develops not only in those with steatohepatitis but also in those with steatosis alone[26]. As shown in this study, steatosis grade had a positive correlation with ballooning degree and the presence of NASH. While steatosis and other histologic alterations represent a continuous process, the current histologic assessment cannot reflect the dynamic changes of liver histology or represent future disease progression. That is, the more severe steatosis grade in the MAFLD group might possibly result in advanced fibrosis in the future, consequently leading to a poorer outcome. However, this hypothesis needs to be verified in a longitudinal, large-cohort study.
Recently, NAFLD has been reconsidered as the correct name for fatty liver owing to metabolic factors, and experts have appealed to revise its nomenclature based on the following reasons. First, NAFLD is a condition of “exclusion”, while metabolic liver disease coexists with other causes of liver injury, such as chronic viral hepatitis, alcohol consumption, and autoimmune liver diseases. Currently, fatty liver disease has a dichotomous division into simple fatty liver and NASH, which remains a great matter of debate due to its limit of capturing the complete spectrum of disease course[2]. As mentioned above, fibrosis has been considered the major determinant of adverse outcomes[12,25]. Consequently, perhaps NAFLD should be regarded similarly to other chronic liver diseases, paying particular attention to the degrees of activity and fibrosis. With a wide spectrum of disease severities of NAFLD, ranging from simple fatty liver, NASH, cirrhosis, and even hepatocarcinoma, more precise subphenotypes of the disease and appropriate patient stratification should be proposed according to the heterogeneous pathogenesis. Given the currently recognized pathogenesis of fatty liver, MAFLD, which focuses on the presence of obesity and metabolic disorders along with hepatic steatosis, is recommended to be a more suitable definition. In the meantime, although the “overwhelming majority” of the previously called NAFLD patients will meet the criteria for MAFLD, we should also make great efforts to map the landscapes of those individuals with NAFLD not presenting obesity, T2DM, or evidence of metabolic dysfunction. A study revealed that NAFLD patients who cannot be diagnosed with MAFLD may have severe hepatic steatosis, significant liver injury, and fibrosis[27]. Another study indicated that the MAFLD criteria seem to be less accurate in identifying a higher cardiometabolic risk in obese children[28]. Therefore, emphasis on MAFLD alone might lead to underestimation of the progression of fatty liver disease and cardiometabolic risk. 
According to the results of this study, metabolic dysfunction is associated with only steatosis but no other histologic features in NAFLD. Thus, whether the renaming of NAFLD to MAFLD is rational still requires further studies on the dynamic histologic changes and long-term clinical outcomes between the MAFLD and non-MAFLD subgroups.
However, liver enzymes, particularly ALT, as markers of liver injury have repeatedly failed to identify a large number of patients with hepatic injury. Previous studies have indicated that advanced inflammation or fibrosis is present in many hepatitis B patients with persistently normal ALT levels[29,30]. Although this study found that higher liver enzymes were associated with more severe histologic performance (higher grades of steatosis, balloon degeneration, higher NAS, and larger proportions of NASH), there were still a number of cases with NASH and significant fibrosis with normal or mildly elevated liver function. Therefore, NAFLD with normal liver function can still have significant disease activity and might progress to hepatic decompensation.
This study had several limitations. The major reason was the small size of the study population, especially for the non-MAFLD group, because fatty liver without metabolic dysregulations is relatively rare. Second, due to the cross-sectional nature of this research, we were unable to follow up on the course of the disease. The current histologic features cannot reflect the possible different risks for future disease progression between MAFLD and NAFLD without metabolic dysfunctions. Third, we did not analyze any biomolecules involved in the pathogenesis and progression of MAFLD and NAFLD. Finally, the definition of MAFLD actually includes those patients that also have concomitant conditions, such as alcohol consumption and chronic viral hepatitis. Therefore, further investigation and characterization of this group of MAFLD patients are urgently needed.

CONCLUSION
In conclusion, MAFLD presents with more severe hepatic steatosis and a higher NAS than the non-MAFLD subgroup of NAFLD. However, there are no differences in other hepatic histologic characteristics, including inflammation and fibrosis, between the two groups. Further longitudinal large-cohort studies are needed to discover the dynamic histologic features and prognosis in NAFLD based on the presence or absence of metabolic disorders.

ARTICLE HIGHLIGHTS
Research background
Non-obese and metabolically healthy patients with nonalcoholic fatty liver disease (NAFLD) are excluded from the definition of metabolic-associated fatty liver disease (MAFLD), but their clinical course has been seldom demonstrated.

Research motivation
To study the hepatic histologic characteristics in various subsets of NAFLD based on different metabolic disorders and liver enzyme levels.

Research objectives
To compare the histologic features in various subsets of NAFLD.

Research methods
A total of 83 patients with biopsy-proven NAFLD were divided into MAFLD and non-MAFLD groups. MAFLD was defined as hepatic steatosis along with obesity/diabetes or evidence of metabolic dysfunction. The histologic features were compared in different subgroups.

Research results
The MAFLD subgroup had a higher NAFLD activity score and higher severity of hepatic steatosis than the non-MAFLD subgroup of NAFLD. There were no differences for other histologic features including lobular and portal inflammation, balloon degeneration, and fibrosis between MAFLD and non-MAFLD. The higher the liver enzyme levels, the more severe the grades of hepatic steatosis. Patients with liver injury had a higher severity of hepatocellular ballooning. The grade of steatosis correlated positively with hepatocellular ballooning degree, and presence of nonalcoholic steatohepatitis.

Research conclusions
Metabolic dysfunction is related to hepatic steatosis in NAFLD, but other histologic features including inflammation and fibrosis are similar in the MAFLD and non-MAFLD subgroups.

Research perspectives
Dynamic histologic characteristics should be assessed in more NAFLD patients based on the presence or absence of metabolic disorders.
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Table 1 Clinical characteristics of study participants
	
	MAFLD (n = 61, male 39a)
	Non-MAFLD (n = 22, male 15a)
	P value

	
	mean
	SD
	mean
	SD
	

	Age
	42.23
	12.62
	41.23
	12.08
	0.743

	Height (m)
	1.66
	0.08
	1.65
	0.08
	0.640

	Weight (kg)
	73.65
	13.10
	60.31
	7.48
	< 0.001

	BMI
	26.43
	3.38
	21.93
	1.09
	< 0.001

	WC (cm)
	89.87
	8. 53
	80.91
	3.93
	< 0.001

	SBP (mmHg)
	126.11
	14.50
	118.36
	10.12
	0.009

	DBP (mmHg)
	77.30
	8.68
	71.82
	8.72
	0.016

	HR (per min)
	77.51
	9.10
	76.05
	8.25
	0.492

	WBC (× 109/L)
	6.22
	1.29
	5.76
	1.25
	0.153

	Neu%
	58.75
	8.33
	57.42
	9.77
	0.573

	HGB (g/L)
	146.20
	16.66
	149.23
	15.57
	0.447

	PLT (× 109/L)
	213.95
	70.66
	201.18
	59.33
	0.416

	hs-CRP (mg/L)
	2.39
	2.78
	1.92
	1.08
	0.284

	ALB (g/L)
	45.14
	4.42
	43.41
	4.32
	0.117

	GLB (g/L)
	28.62
	4.37
	29.06
	3.76
	0.656

	UA (μmol/L)
	372.82
	103.65
	341.05
	73.45
	0.128

	TG (mmol/L)
	2.54
	1.63
	1.32
	0.53
	<0.001

	TC (mmol/L)
	4.89
	1.26
	4.68
	0.91
	0.441

	LDLC (mmol/L)
	2.84
	0.93
	2.67
	0.57
	0.334

	HDLC (mmol/L)
	1.03
	0.23
	1.15
	0.17
	0.018

	ALT (U/L)
	85.43
	60.31
	65.36
	38.65
	0.081

	AST (U/L)
	53.28
	31.67
	46.32
	26.15
	0.318

	GGT (U/L)
	84.36
	52.04
	60.45
	50.48
	0.067

	ALP (U/L)
	100.34
	29.11
	94.95
	25.03
	0.412

	ChE (U/L)
	9756.44
	1990.84
	8791.95
	1987.90
	0.059

	GLU (mmol/L)
	5.56
	1.01
	4.99
	0.63
	0.003


aP value for gender = 0.720.
MAFLD: Metabolic associated fatty liver disease; SD: Standard deviation; BMI: Body mass index; WC: Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; WBC: White blood cell count; Neu: Neutrophil cell; HGB: Hemoglobin; PLT: Platelet; hs-CRP: High-sensitivity C-reactive protein; ALB: Albumin; GLB: Globulin; UA: Uric acid; TG: Triglycerides; TC: Total cholesterol; LDLC: Low-density lipoprotein cholesterol; HDLC: High-density lipoprotein cholesterol; ALT: Alanine aminotransferase; AST: Aspartate transferase; GGT: Gamma-glutamyltransferase; ALP: Alkaline phosphatase; ChE: Cholinesterase; GLU: Fasting glucose.

Table 2 Correlations between degree of steatosis and severity of other hepatic histologic features
	Histologic feature
	Correlation (r)
	P value

	Lobular inflammation
	0.122
	0.272

	Portal inflammation
	0.005
	0.968

	Balloon degeneration
	0.338
	0.002

	Liver fibrosis
	0.060
	0.588

	Significant liver fibrosis
	0.151
	0.172

	NASH
	0.466
	< 0.001


NASH: Nonalcoholic steatohepatitis.
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