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Introduction: Metabolic associated fatty liver disease (MAFLD) is a novel concept for
fatty liver disease. Different from non-alcoholic fatty liver disease (NAFLD), the diagnosis
of MAFLD requires the presence of metabolic risks. This study aimed to characterize
patients with liver steatosis but without metabolic risks (non-MR-steatosis) which may not
be diagnosed by MAFLD criteria.

Methods: Consecutive patients who underwent biopsy were included in this study. The
clinic-pathological characteristics of non-MR-steatosis, NAFLD and MAFLD were
compared.

Results: A total of 1217 cases were included. There were 426 (35.00%) cases with MAFLD,
585 (48.07%) with NAFLD and 168 (13.80%) with non-MR-steatosis. The majority of the
cases were infected with HBV (93.26%). The age and metabolic profiles were highest in
MAFLD and lowest in non-MR-steatosis. The body mass index (BMI) level was also lowest
in non-MR-steatosis (20.78 £ 1.54 kg/m?). The ALT and AST levels of the non-MR-steatosis
group were not statistically different from those of MAFLD or NAFLD groups (p > 0.05).
Histologically, there was no significant difference in the degrees of inflammation and fibrosis
among the three groups. The severity of steatosis in non-MR-steatosis group was lower than
MAFLD or NAFLD groups (p < 0.05). These results were consistent in both HBV and non-
HBYV subgroups.

Conclusion: MAFLD criteria may overlook some steatotic patients without metabolic risks,
who may also have steatohepatitis and significant fibrosis.

Keywords: metabolic associated fatty liver disease, nonalcoholic fatty liver disease,
metabolic risks, lean NAFLD, biopsy

Introduction
Metabolic associated fatty liver disease (MAFLD) is a novel concept proposed by
an international consensus in 2020." Significantly different from non-alcoholic fatty
liver disease (NAFLD), the diagnosis of MAFLD does not require the exclusion of
other chronic liver diseases, while the presence of metabolic abnormality is
necessary.” > Studies show the new definition of MAFLD helps to select patients
at high intra- and extra-hepatic risk.”®

The mortality in fatty liver disease is correlated with the severity of liver
fibrosis.”'® Our previous data also showed that MAFLD was more practical for
identifying fatty liver disease with advanced fibrosis.'' On the other hand, we also
found a group of patients with significant hepatic steatosis but without metabolic
risks cannot be classified as MAFLD, may thus be undiagnosed. This group of
patients could be labeled as non-metabolic related steatosis (non-MR-steatosis).'
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However, the above two studies on the relationship
between liver fibrosis and MAFLD'""'? were assessed by
non-invasive fibrosis scores, which is suboptimal and inac-
curate in MAFLD."?® There is a paucity of literature and
a knowledge gap in this area as the severity of liver
fibrosis is not assessed by the gold standard of liver
biopsy. This study aimed to further evaluate the MAFLD
criteria in a biopsy-proven cohort and to characterize
patients who were currently undiagnosed by MAFLD
criteria.

Materials and Methods
Study Population

This is a retrospective study designed to compare the
differences between the MAFLD and NAFLD criteria in
a liver biopsy cohort. Consecutive patients who underwent
liver biopsy at the First Affiliated Hospital of Fujian
Medical University between May 2005 and June 2015
were included. The study protocol was approved by the
ethics committee of the First Affiliated Hospital of Fujian
Medical University.

The inclusion criteria were all patients with biopsy
during the study period. The exclusion criteria were as
follows: 1) with any cause of acute hepatitis, for instance,
acute viral hepatitis or drug-induced hepatitis; 2) autoim-
mune liver disease; 3) malignancy; 4) with incomplete
data of relevant parameters.

This study cohort did not include any patient with
excessive alcohol consumption as pathology is not neces-
sary for the diagnosis and management of the alcoholic
liver disease.

Diagnostic Criteria and Definition of

Groups

MAFLD

MAFLD is diagnosed based on biopsy-proven hepatic
steatosis in the presence of any one of the following
three metabolic conditions: diabetes mellitus, overweight/
obesity, or metabolic dysregulation.” Overweight/obesity
is defined as the body mass index (BMI) >23kg/m?. The
type 2 diabetes mellitus was diagnosed based on a history
of diabetes, and/or fasting plasma glucose >7.0 mmol/L, or
2-hour glucose >11.1 mmol/L, and/or glycosylated hemo-
globin >6.5%. According to the diagnosis criteria of
MAFLD,’ metabolic dysregulation was defined when at
least two metabolic abnormalities were presented, includ-

ing the abnormal waist circumference, high blood

pressure, low high-density lipoprotein cholesterol (HDL-
C), high blood glucose or homeostasis model assessment-
insulin resistance (HOMA-IR) score and high C-reactive
protein (CRP).

NAFLD

NAFLD was defined by the presence and pattern of fat
accumulation (steatosis) on liver biopsy and by the exclu-
sion of alcohol consumption of >30g/d for males and
>20g/d for females or other known causes of liver
disease.’> As the concomitance of HBV and NAFLD is
popular in China'* and hepatitis B virus (HBV) infection
rate was high in this cohort, we did not exclude those with
HBYV infection when diagnosing NAFLD, but performed
a subgroup study in patients with and without HBV infec-
tion to exclude the impact of HBV infection in this study.

Non-MR-Steatosis

Patients with liver steatosis on liver biopsy but without
obesity, metabolic dysregulation or type 2 diabetes were
defined as non-MR-steatosis.

HBYV Infection
The seropositive in hepatitis B surface antigen (HBsAg)
for more than 6 months."’

Demographic Variables

The following demographic variables were obtained from
the original database: age, sex, BMI, and the history of
hypertension and type 2 diabetes mellitus. BMI was cal-
culated as weight (in kilograms) divided by the square of
height (in meters).

Laboratory Parameters

Laboratory measurement studied included fasting plasma
glucose (FPG), total bilirubin (TBIL), aspartate aminotrans-
ferase (AST), alanine transaminase (ALT), y-glutamyl trans-
ferase (GGT), albumin, blood urea nitrogen (BUN), uric
acid, total cholesterol (TC), total triglyceride (TG), low-
density lipoprotein cholesterol (LDL-C), HDL-C, very low-
density lipoprotein cholesterol (VLDL-C), Hepatitis B e
antigen (HBeAg) and HBV DNA. All biochemical assess-
ments were performed by standard laboratory methods.

Histologic Evaluation

All patients enrolled in this study underwent ultrasonography
guided percutaneous liver biopsy using a 16-gauge hepatic
needle. The liver specimens were immediately immersed in
and stained with

formalin, embedded with paraffin,
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hematoxylin and eosin, and Masson’s trichrome. A biopsy
tissue with a minimum length of 15 mm and at least 6 portal
areas was regarded as sufficient tissue. The liver biopsy speci-
men was reviewed by two experienced pathologists indepen-
dently. Fatty liver was defined as the presence of steatosis in at
least 5% of hepatocytes. Mild steatosis (S1) was defined if 5—
33%, moderate steatosis (S2) if >33—66%, and severe steatosis
(S3) if >66% of examined liver surface area was involved with
steatosis.'® The degree of liver inflammation was graded from
0 to 4 points use the Scheuer System.'”'® Liver fibrosis was
scored from 0 to 4.'”'® Advanced fibrosis was defined as
fibrosis score >3 (fibrosis with architectural distortion).
Significant inflammation was classified as inflammation
grade >3."” Moderate to severe steatosis was defined as stea-
tosis grade >2. NAFLD activity score (NAS) calculates the
unweighted sum of the scores for steatosis (0-3), lobular
inflammation (0-3) and hepatocellular ballooning (0-2).'¢

Statistical Analysis

Continuous variables are expressed as means + standard
variation (SD) or median (range interquartile). Categorical
variables are expressed as percentages. The Mann—
Whitney U-test (for 2 samples) or the Kruskal-Wallis for
One-way Analysis of Variance (for K samples) and Chi-
squared test (for categorical variables) were used to inves-
tigate the differences between the groups. A multivariate

logistic regression analysis was performed to explore the
risk factors for advanced liver fibrosis. All tests were two-
tailed and resulted in a p-value less than 0.05 were con-
sidered statistically significant. All analysis was conducted
using R 3.6.2 (https://www.r-project.org/) or SPSS 19.0.

Results

Baseline Characteristics of Patients
The consort diagram of population selection for the study is
shown in Figure 1. A total of 1217 patients with liver biopsy
and complete laboratory data were included. There were 966
(79.38%) males, with a mean age of 37.58 + 11.28 years, and
a mean BMI of 22.97 + 3.23 kg/m?. There were 107 (8.79%)
cases with type 2 diabetes and 61 (5.01%) with hypertension.
The majority of the cases (1135/1217, 93.26%) were HBsAg
seropositive. All of the HBV-infected patients had never
received anti-virus treatment before biopsy. Amongst the
entire cohort, MAFLD was diagnosed in 426/1217
(35.00%) participants, and NAFLD was diagnosed in 585/
1217 (48.07%). Significant inflammation (grade >3) was
found in 609 (50.04%) patients, advanced fibrosis (scores
>3) in 534 (43.88%) patients, and moderate to severe stea-
tosis (grade >2) in 269 (22.10%) patients.

A total of 168/1217 (13.80%) patients had biopsy
proven to have hepatic steatosis but without any metabolic

1217 subjects with liver biopsy and complete data from 2005- 2015

| Exclusion criteria:

I a) Without hepatic steatosis (n=614)
I b) BMI<23Kg/m? and without Type
2 diabetes or without metabolic
dysregulation (n=177)

Exclusion criteria: !
a) Without hepatic steatosis (n=614) !
b) Alcoholic liver disease (n=5) :
¢) Autoimmune liver disease (n=8) I
d) Viral hepatitis (including I
hepatitis A/C/E) (n=2) 1

e) Drug-induced hepatitis (n=1) 1
f) Malignancy (n=2) I
|
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MAFLD Non-MAFLD NAFLD Non-NAFLD
(n=426) (n=791) (n=585) (1=632)

Figure | The flow chart.

Non-MR-NAFLD
(n=168)
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risks. These patients were grouped as non-MR-steatosis.
Among these 168 patients, 150 (12.24%) were missed
diagnosed by both MAFLD. 74/1217 (6.08%) patients
were with NAFLD and without HBV infection.

Comparison of MAFLD, NAFLD and

Non-MR-Steatosis Groups

The comparison among MAFLD, NAFLD and non-MR-
steatosis is illustrated in Table 1. BMI of NAFLD group
(24.17 + 3.18 kg/m?) was significantly lower than that of
MAFLD group (25.51 + 2.66 kg/m?). The other metabolic
profiles, including type 2 diabetes, TG, VLDL-C and FPG,
were found to be higher in MAFLD population than NAFLD
population. However, the difference between liver enzymes,
HBeAg and HBV DNA was not statistically significant
between NAFLD and MAFLD groups (P > 0.05). The pro-
portion of moderate to severe steatosis was 50.70% in the
MAFLD group and 44.44% in the NAFLD group, but the
difference did not reach statistical significance (P = 0.057).
Similarly, there was no significant difference in inflammation
and fibrosis between these two groups.

Patients in the non-MR-steatosis group had very dif-
ferent anthropometric and clinical characteristics com-
pared to MAFLD and NAFLD groups: they were the
youngest (37.05 + 11.21 years) among the three groups
and had the lowest mean BMI level (20.78 + 1.54 kg/m?).
None of these patients had type 2 diabetes and only 4
(2.38%) patients had hypertension. The serum lipids and
the serum glucose-related indexes were all within normal
range and were significantly lower than those of the
MAFLD or NAFLD groups. The median serum ALT and
AST levels of the non-MR-steatosis group were not dif-
ferent from the NAFLD and MAFLD groups (P > 0.05).
Histologically, there was no significant difference among
the three groups in inflammation and advanced fibrosis,
while the grade of steatosis in non-MR-steatosis group was
lower than the MAFLD or NAFLD groups.

The Comparison of MAFLD, NAFLD, and
Overlap Group

A total of 417 patients met the criteria of both MAFLD
and NAFLD (overlap group). The comparison between
MAFLD, NAFLD and the overlap group are shown in
Supplementary Table 1. Overall, the features of overlap

group were more similar to those of MAFLD. The overlap
group had significantly higher BMI, blood lipids, and
blood glucose than NAFLD. As for liver histopathology,

no significant difference was found among the three
groups. The multivariate logistic regression showed that
males, higher ALT level and significant inflammation were
independent risk factors for liver fibrosis (P < 0.05,
detailed in Supplementary Table 2). However, the severity

of hepatic steatosis was not independently associated with
advanced fibrosis (P > 0.05).

Comparison Among MAFLD, NAFLD and
Non-MR-Steatosis Groups in the
Non-HBV Population

Table 2 shows the characteristics of 82 cases without HBV
infection. Among these patients, 60/82 (73.17%) were
diagnosed as MAFLD, 74/82 (90.24%) as NAFLD, and
18/82 (21.95%) as non-MR-steatosis. These three groups
were significantly different in BMI (25.3 + 3.35 kg/m?,
24.20 + 3.38 kg/m* and 20.97 + 1.25 kg/m?, respectively,
P < 0.001). Non-MR-steatosis group had significantly
lower VLDL-C and FPG levels than NAFLD and
MAFLD groups, however, other indicators including
liver function and kidney function did not differ signifi-
cantly among the three groups (P > 0.05). The proportion
of significant inflammation, advanced fibrosis, and moder-
ate to severe steatosis in non-MR-steatosis group was
11.11%, 11.11% and 66.67%, respectively, which was
not different from the NAFLD and MAFLD group. As
for NAS scores, there was no significant difference
between the three groups.

Comparison Among MAFLD, NAFLD and
Non-MR-Steatosis Groups in the
HBV-Infected Population

Table 3 shows the characteristics of 1135 patients with
HBV infection. Patients in the non-MR-steatosis group
showed less metabolic profiles such as BMI, type 2 dia-
betes, blood lipids and blood glucose. The HBeAg posi-
tivity and HBV DNA level of the non-MR-steatosis group
was not much different from those of MAFLD or NAFLD
groups. The proportion of severe steatosis in the non-MR-
steatosis group was lower than the other two groups while
the inflammation and fibrosis were not significantly differ-
ent among the three groups.

Discussion

The concept “MAFLD” is expected to change the manage-
ment of fatty liver disease.® This study compares the
of MAFLD and

clinicopathological characteristics
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Table 1 Comparison Between MAFLD, NAFLD and Non-MR-Steatosis

Variables MAFLD NAFLD Non-MR- P
Steatosis
MAFLD | MAFLD vs | NAFLD vs
vs Non-MR- Non-MR-

NAFLD Steatosis Steatosis
N 426 585 168
Age (years) 40.39 £ 1097 | 3941 % 11.10 37.05 % 11.21 0.155 0.001 0.011
Male, n (%) 361 (84.74) 489 (83.59) 133 (79.17) 0.684 0.130 0.223
BMI (kg/m?) 25.51 + 2.66 24.17 + 3.18 20.78 £ 1.54 < 0.001 < 0.001 < 0.001
Waist circumference (cm) 84.10 £ 7.32 84.69 + 6.82 86.10 + 5.53 0.740 0.445 0.572
Type 2 diabetes, n (%) 83 (19.48) 81 (13.85) 0 (0) 0.021 < 0.001 < 0.001
Hypertension, n (%) 42 (9.86) 45 (7.69) 4 (2.38) 0.272 0.004 0.022
HBsAg positive, n (%) 366 (85.92) 511 (87.35) 150 (89.29) 0.568 0.337 0.588
Log HBYDNA (IU/mL) 4.88 £ 2.24 497 £2.20 S5.001 %213 0.536 0.292 0.515
HBeAg positive, n (%) 208 (48.83) 302 (51.62) 97 (57.74) 0.425 0.067 0.182
TBIL (umolL) 18.44 + 21.50 18.15 + 21.4 174 + 21.02 0916 0.683 0.725
Albumin (g/L) 42.58 + 4.95 42.52 £ 5.05 42.25 £ 5.24 0.759 0.299 0.389
ALT (U/L) 65 (41, 144) 67 (41, 141.75) | 75.5 (40, 138.75) 0.901 0.713 0.771
AST (U/L) 42 (30, 71) 43 (30, 77.75) 45 (32, 82.25) 0.730 0.291 0.400
GGT (U/L) 53 (31, 100) 49 (29, 91) 43 (27, 74) 0.133 0.001 0.024
Creatinine (umolL) 7335+ 1382 | 7377 £17.99 74.19 £ 26.07 0.927 0.789 0.729
eGFR (mL/min) 120.87 + 32.47 | 121.83 + 37.01 125.86 + 47.02 0.875 0.364 0.404
Uric acid (umolL) 369.22 + 82.29 | 362.59 + 83.01 345.03 + 81.38 0.239 0.004 0.031
TC (mmol/L) 477 £ 1.13 474 £ 1.08 4.63 £ 0.87 0.749 0.312 0411
TG (mmol/L) 1.68 = 1.24 1.50 = I.11 1.07 + 0.43 < 0.001 < 0.001 < 0.001
LDL-C (mmol/L) 2.90 + 0.97 2.84 + 0.94 2,69 + 0.82 0.457 0.014 0.117
HDL-C (mmol/L) 1.12 £ 0.30 1.19 £ 0.34 1.36 + 0.38 0.002 0.043 < 0.001
VLDL-C (mmol/L) 0.51 +0.38 0.46 + 0.35 0.29 £ 0.15 0.003 < 0.001 < 0.001
FPG (mmol/L) 534+ 1.42 5.14 £ 1.23 471 £ 0.54 0.005 < 0.001 < 0.001
HOMA-IR 3.58 + 1.81 320 + 1.8l 1.97 = 1.21 0.244 0.001 0.007
CRP (mg/L) 3.61 £556 3.66 £ 521 3.89 £ 453 0.928 0.997 0.985
Platelets (x10°/L) 204.71 £ 64.30 | 200.89 * 63.37 193.1 + 66.78 0.376 0.042 0.139
Histopathological Features
Significant inflammation (G23, n (%)) 168 (39.44) 234 (40.00) 71 (42.26) 0.908 0.590 0.662
Advanced fibrosis (F23, n (%)) 157 (36.85) 214 (36.58) 60 (35.71) 0.982 0.869 0.909
Moderate to severe steatosis (522, n (%)) 216 (50.70) 260 (44.44) 52 (30.95) 0.057 < 0.001 0.002

Notes: Categorical values are shown as n (%). Continuous variables are shown as mean * standard deviation or median [interquartile range].

Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; Non-MR-steatosis, non-metabolic risks NAFLD; BMI, body mass
index; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase; eGFR, estimated glomerular
filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; VLDL-C, very low density
lipoprotein cholesterol; FPG, fasting plasma glucose; HOMA-IR, Homeostasis model assessment-insulin resistance score; CRP, C-reactive protein.

NAFLD in a large biopsy-proven cohort. The main finding
of our study is that there is no difference in steatosis and
liver inflammation/fibrosis between MAFLD and NAFLD.
Another important finding of our study is that a small
group of patients with advanced fibrosis might be missed
out by MAFLD criteria. These undiagnosed cases are lean
and have fewer metabolic risks, but they still have severe
inflammation and fibrosis in liver pathology. This specific
subgroup of patients namely non-MR-steatosis exists
regardless of the concomitant HBV infection.

The results of our study showed that non-MR-steatosis
patients seemed to be much healthier from the angle of
metabolic syndromes, for example, they were much
younger than NAFLD and MAFLD, with the lowest BMI
and normal metabolic profiles. This is not a surprising find-
ing. However, their liver enzymes, including ALT, AST and
GGT, were as high as those of MAFLD and NAFLD popu-
lations. The significant liver injury in non-MR-steatosis
group was further evident by histopathological characteris-
tics which showed that the extent of the inflammation and
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Table 2 Comparison Between MAFLD, NAFLD and Non-MR-Steatosis Groups in Non-HBV Population

Variables MAFLD NAFLD Non-MR- P
Steatosis
MAFLD | MAFLD vs NAFLD vs
vs Non-MR- Non-MR-

NAFLD Steatosis Steatosis
N 60 74 18
Age (years) 41.62 £ 15.26 40.01 £ 1481 37.00 + 12.85 0.559 0.288 0.488
Male, n (%) 36 (60) 48 (64.86) 13 (72.22) 0.690 0.507 0.753
BMI (kg/m?) 25.3 + 3.35 24.20 + 3.38 20.97 + 1.25 0.024 < 0.001 < 0.001
Type 2 diabetes, n (%) 17 (28.33) 16 (21.62) 0 (0) 0.487 0.008 0.035
Hypertension, n (%) 16 (26.67) 16 (21.62) | (5.56) 0.633 0.100 0.177
TBIL (umolL) 2291 +25.30 20.84 £ 22.97 12.71 £ 3.19 0.830 0.288 0.316
Albumin (g/L) 44.11 £ 6.34 44.35 £ 6.04 4426 *+ 4.34 0.705 0.746 0.909
ALT (U/L) 85 (48, 144.25) 101 (50, 158) 127 (49.5, 207.5) 0.616 0.454 0.633
AST (U/L) 46 (33.25, 66) 48 (32.5, 78.5) 61 (34, 80.5) 0.729 0.638 0.785
GGT (U/L) 103 (59, 230.25) | 105 (53.5, 204) 105 (49, 139.5) 0.708 0.208 0.300
Creatinine (umolL) 67.32 + 1453 67.56 + 14.95 65.46 + 17.06 0.891 0.743 0.712
eGFR (mL/min) 136.3 + 38.63 136.44 + 39.69 142.19 + 43.27 0.972 0.694 0.690
Uric acid (umolL) 356.67 £ 76.29 | 354.23 + 80.54 | 337.93 £ 100.08 0.711 0.190 0.256
TC (mmol/L) 491 £ 1.08 497 = 1.07 4.98 = 0.96 0.688 0.629 0.8l1
TG (mmol/L) 2.12 £ 226 1.97 £ 2.05 1.40 £ 0.29 0.518 0.091 0.216
LDL-C (mmol/L) 291 £ 1.04 295 + 1.0l 3.08 + 0.69 0.790 0.581 0.733
HDL-C (mmol/L) 1.13 £0.35 1.18 £ 0.37 1.26 + 0.42 0.616 0.458 0.675
VLDL-C (mmol/L) 0.65 £ 0.51 0.61 + 0.49 035 +0.16 0418 0.006 0.023
FPG (mmol/L) 542 + 1.03 5.27 £ 0.95 4.88 + 0.44 0.289 0.013 0.062
Platelets (x10°/L) 240.27 £ 77.17 | 237.01 £74.12 | 224.86 + 47.21 0.754 0.440 0.540
Histopathological Features
Significant inflammation (G23, n (%)) 11 (18.33) 12 (16.22) 2 (L1.11) 0.926 0.721 0.729
Advanced fibrosis (F23, n (%)) 9 (15.00) 10 (13.51) 2(11.11) 1.000 1.000 1.000
Moderate to severe steatosis (S22, n (%)) 49 (81.67) 58 (78.38) 12 (66.67) 0.798 0.201 0.357
NAS score 4.38 £ |.55 4.27 £ 1.59 3.89 + .68 0.712 0.338 0.457

Notes: Categorical values are shown as n (%). Continuous variables are shown as mean * standard deviation or median [interquartile range].

Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; Non-MR-steatosis, non-metabolic risks NAFLD; BMI, body mass
index; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase; eGFR, estimated glomerular
filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; VLDL-C, very low density

lipoprotein cholesterol; FPG, fasting plasma glucose.

the degree of fibrosis was not different from the other two
groups. The result remained consistent in HBV and non-
HBYV subgroups in this cohort, indicating the hepatic stea-
tosis itself may lead to liver injury. Similarly, our previous
study based on the National Health and Nutrition
Examination Survey dataset also showed that, a group of
steatotic patients who had advanced fibrosis assessed by
non-invasive scores will be undiagnosed by MAFLD
criteria.'? Taken together, these results strongly suggest
the novel MAFLD criteria may miss out on some steatotic
patients with extensive liver injury.

The clinical, biochemical and histopathological char-
acteristics of non-MR-steatosis are similar to that of lean
NAFLD, which is known to have normal BMI and a very
low proportion of type 2 diabetes (0.6%), hypertension

(1.8%), metabolic syndrome (1.4%), dyslipidemia
(2.8%), or obesity (2.0%).%° Patients with lean NAFLD
still at high risk of having advanced grade steatohepatitis
or fibrosis.?! The long-term follow-up studies had illu-
strated considerable all-cause mortality, liver-related
mortality,”> and an increased risk of advanced liver
disease®® in the lean NAFLD population. All these studies
underline the importance of the identification of patients
with lean NAFLD as they may have an equivalent risk of
disease progression and liver-related mortality. However,
some lean NAFLD may have no metabolic dysfunction
thus being missed diagnosed by MAFLD. In the light of
MAFLD, there is no place for this specific group and this
will eventually lead to missed opportunities for meaning-
ful interventions in this group of patients.
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Table 3 Comparison Between MAFLD, NAFLD and Non-MR-Steatosis Groups in HBV-Infected Population

Variables MAFLD NAFLD Non-MR- P
Steatosis
MAFLD MAFLD vs NAFLD vs
vs Non-MR- Non-MR-

NAFLD Steatosis Steatosis
N 366 501 150
Age (years) 40.19 £ 10.10 | 39.32+ 1047 | 37.06 £ 11.05 0.208 0.001 0.014
Male, n (%) 325 (88.80) 441 (86.3) 120 (80) 0.320 0.013 0.078
BMI (kg/m?) 25.54 + 2.53 24.17 £ 3.16 20.76 + 1.58 < 0.001 <0.001 < 0.001
Waist circumference (cm) 84.28 + 743 84.83 + 6.87 86.10 + 5.53 0.777 0.524 0.640
Type 2 diabetes, n (%) 66 (18.03) 65 (12.72) 0 (0) 0.037 < 0.001 < 0.001
Hypertension, n (%) 26 (7.10) 29 (5.68) 3 (2.00) 0.472 0.038 0.104
Log HBVDNA (IU/mL) 5.06 + 2.14 5.3 £2.11 5.29 + 201 0.613 0.291 0.463
HBeAg positive, n (%) 163 (44.54) 235 (45.99) 73 (48.67) 0.670 0.392 0.563
TBIL (umollL) 17.71 £ 20.75 17.78 + 21.17 17.85 + 21.94 0.993 0.984 0.989
Albumin (g/L) 42.33 + 4.64 42.26 + 4.85 42.05 £ 5.29 0.724 0.326 0.444
ALT (U/L) 62 (40, 142) 65 (39.5, 139) | 73 (39.5, 129) 0.959 0.738 0.755
AST (U/L) 42 (30, 72) 42 (30, 77) 44 (32, 81.5) 0.778 0.314 0.401
GGT (U/L) 48 (30, 81) 46 (29, 75) 40 (27, 68) 0.204 0.007 0.056
Creatinine (umoll) 7441 + 1344 | 74.65 + 1822 | 74.90 + 26.59 0.863 0.524 0.589
eGFR (mL/min) 118.15 + 30.53 | 119.76 + 36.18 | 12451 + 47.21 0.657 0.179 0.281
Uric acid (umollL) 371.38 £ 83.19 | 363.75 + 83.36 | 345.60 + 80.09 0.233 0.005 0.044
TC (mmol/L) 474 £ 1.14 471 £ 1.08 4.6 £ 0.86 0.676 0.289 0.424
TG (mmol/L) 1.61 £ 0.96 1.44 + 0.88 1.03 + 0.43 < 0.001 < 0.001 < 0.001
LDL-C (mmol/L) 2.89 + 0.95 2.83 +0.93 2.65 + 0.83 0.376 0.023 0.083
HDL-C (mmol/L) .12 £ 0.3 1.20 + 0.34 1.37 £ 0.38 0.002 < 0.001 < 0.001
VLDL-C (mmol/L) 0.49 £ 035 0.44 £ 0.32 0.28 £ 0.15 0.005 < 0.001 < 0.001
FPG (mmol/L) 5.32 + 147 5.12 £ 1.27 4.68 £ 0.55 0.011 < 0.001 < 0.001
HOMA-IR 353+ 1.84 3.15+ 1.82 1.97 £ 1.21 0.252 0.001 0.011
CRP (mg/L) 2.78 £ 5.03 3.01 £471 340 + 453 0.587 0.711 0.758
Platelets (x10°/L) 198.87 + 60.06 | 195.76 + 60.03 | 189.75 + 67.79 0.467 0.071 0.180
Histopathological Features
Significant inflammation (G23, n (%)) 157 (42.90) 222 (43.44) 69 (46.00) 0.926 0.584 0.645
Advanced fibrosis (F23, n (%)) 148 (40.44) 204 (39.92) 58 (38.67) 0.933 0.784 0.856
Moderate to severe steatosis (S22, n (%)) 167 (45.63) 202 (39.53) 40 (26.67) 0.083 < 0.001 0.005

Notes: Categorical values are shown as n (%). Continuous variables are shown as mean * standard deviation or median [interquartile range].

Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; Non-MR-steatosis, non-metabolic risks NAFLD; BMI, body mass
index; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase; eGFR, estimated glomerular
filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; VLDL-C, very low density
lipoprotein cholesterol; FPG, fasting plasma glucose; HOMA-IR, Homeostasis model assessment-insulin resistance score; CRP, C-reactive protein.

It is worth noting that most patients included in our
study were having elevated liver enzymes and were clini-
cally suspected to have liver cell injury which was further
evaluated with a liver biopsy. Although serum ALT and
AST are not sensitive biomarkers for hepatocellular injury
in patients with hepatic steatosis,* the results indicated the
role of elevated liver enzymes for diagnostic criteria of
MAFLD should also be considered.

The strength of this study is that to our knowledge this is the
first study to evaluate the diagnostic criteria of MAFLD based
on liver histopathology. Our study should however be

interpreted in light of some limitations. First, the study cohort
is from a single center with a high proportion of HBV and low
BMI, which is a common occurrence in Asian countries,”>*°
limiting the generality of our results to the western population.
But at least the results of this study apply to a subset of
MAFLD namely “HBV-MAFLD”, which is the most impor-
tant subtype of MAFLD in clinical practice in Asia. Second,
compared with our previous population-based study,'' this
study only included highly selected patients who underwent
liver biopsy, however, it is also fairly common in clinical
practice where liver biopsy is only performed in those who
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were highly suspected to have a liver injury. Third, there were
only 82 cases in the non-HBV subgroup, which might lead to
type Il errors in statistical analysis. But in line with our pre-
vious study in which the NHANES database was used, the
fibrosis assessed by non-invasive models was also significant
in some non-MR-steatosis cases.'? Nevertheless, more evi-
dence is needed to verify this conclusion. At last, we did not
conclude patients with excessive alcohol consumption because
those patients seldom received liver biopsies in our depart-
ment. In another study, we showed that MAFLD with exces-
sive alcohol consumption has less number of metabolic
conditions but equally severe liver injury.”” Moreover, in
patients with MAFLD, even mild alcohol consumption is
associated with worsening of hepatic fibrosis measures.?*>’
Thus for patients with alcohol consumption, more aggressive
management are needed.

MAFLD

a proportion of patients with non-metabolic related steato-

In conclusion, criteria may overlook

hepatitis and significant fibrosis.

Abbreviations

FLD, fatty liver disease; MAFLD, metabolic associated fatty
liver disease; NAFLD, nonalcoholic fatty liver disease; Non-
MR -steatosis, Non-metabolic risks NAFLD; NAS, NAFLD
activity score; BMI, body mass index; HBsAg, hepatitis
B surface antigen; HBV, hepatitis B virus; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; GGT, y-
glutamyl transpeptidase; eGFR, estimated glomerular filtration
rate; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TG, triglyceride; TC,
total cholesterol; VLDL-C, very low-density lipoprotein cho-
lesterol; FPG, fasting plasma glucose; HOMA-IR, homeosta-
sis model assessment-insulin resistance score; CRP, C-reactive
protein.
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