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Background and Aims: Metabolic associated fatty liver disease (MAFLD) is diagnosed in
patients with hepatic steatosis when they have the following three metabolic conditions:
obesity/overweight, diabetes and metabolic dysregulation, either alone or in combination.
There is no clarity whether subtypes of MAFLD diagnosed by different metabolic conditions
carry different levels of risk for intra- and extra-hepatic organs. This study aims to depict the
characteristics of these subtypes in a large population.

Methods: The data were retrieved from the third National Health and Nutrition Examination
Surveys of the United States. The clinical and biochemical features in different MAFLD
subtypes were compared. The outcome of interest was significant and advanced fibrosis.
Results: Out of 4,087 (31.24%) participants with MAFLD, 1,165 (28.51%) were diagnosed
by single metabolic condition, 2,053 (50.23%) by two conditions, and 869 (21.26%) by all
three metabolic conditions. With increasing numbers of metabolic conditions, participants
tended to be older, were more likely to be female, and had more severe renal impairment and
liver fibrosis (P<0.05). MAFLD patients with a lower number of metabolic conditions were
more likely to have excessive alcohol consumption. Among MAFLD with single metabolic
condition, those diagnosed by diabetes alone had the highest proportion of advanced fibrosis
identified by non-invasive fibrosis models (P<0.05).

Conclusion: More metabolic conditions upon the diagnosis of MALFD indicate higher risk
of fibrosis. Patients with MAFLD diagnosed by diabetes alone are more likely to have
advanced hepatic fibrosis than those with other metabolic conditions alone. Individualized
management is required for MAFLD with different subtypes.

Keywords: metabolic associated fatty liver disease, nonalcoholic fatty liver disease,
metabolic syndromes, NHANES, fibrosis

Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic
liver diseases worldwide." It is closely associated with metabolic syndrome, insulin
resistance, and obesity.2 The presence of metabolic disorders™* and hepatic fibrosis®
both lead to adverse outcome in patients with NAFLD.

Metabolic (dysfunction) associated fatty liver disease (MAFLD) is a novel
concept proposed in 2020 aiming to replace the term NAFLD.® Unlike NAFLD,
MAFLD does not require the exclusion of other etiologies of liver disease, such as
excessive alcohol consumption or viral hepatitis.” MAFLD is diagnosed in patients
when they have both hepatic steatosis and any of the following three metabolic
conditions: overweight/obesity, diabetes mellitus, or evidence of metabolic dysre-
gulation (MD) in lean individuals.® This novel concept and criteria enable clinicians
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to identify more patients at risk of adverse outcomes in
clinical practice.”'® Since this concept was introduced
recently, the utility of MAFLD in clinical practice requires
further investigation. As the diagnosis of MAFLD can be
achieved by fulfilling either one, two or all of the three
metabolic conditions, there is no clarity whether MAFLD
patients with different numbers or types of metabolic con-
ditions have different risks of liver fibrosis. These three
metabolic conditions set out for the diagnosis of MAFLD
can be used to sub-classify MAFLD patients and we
hypothesize that different subgroups will have various
clinical characteristics and natural history. In this study,
we used a survey-based dataset to subdivide groups based
on whether the diagnosis of MAFLD was made by ful-
filling one, two, or all three metabolic conditions and to
compare the differences in clinical and biochemical char-
acteristics among the subgroups. As the extent of hepatic

1

fibrosis predicts mortality,'' we treated “advanced fibro-

sis” as the outcome measure of interest.

Methods
Study Population

The study data came from a population survey database:
the third National Health and Nutrition Examination
1988-1994 (NHANES III  1988-1994).
NHANES is a periodic survey conducted by the National

Surveys

Center for Health Statistics of the Centers for Disease
Control and Prevention of the US. It is the largest survey
with both biochemical and liver ultrasonography (USG)
examination data thus often used for the study of fatty
National Center for Health
Statistics Research Ethics Review Board approved the

. . 12-1
liver disease.'>'® The

NHANES study protocol and informed consent was
obtained from all subjects for the survey. All the data in
the NHANES database is anonymous and free to access
online via https://www.cdc.gov/nchs/nhanes/about

nhanes.htm This dataset has adequate clinical information
allowing us to calculate the non-invasive fibrosis scores
validated to be used in patients with NAFLD, ie, FIB-4
(fibrosis-4 index) or NFS (NAFLD fibrosis score).

Diagnostic Criteria and Definition of

Groups

MAFLD is diagnosed based on an USG confirmed hepatic
steatosis with the presence of any one of the three afore-
mentioned metabolic conditions: diabetes mellitus, over-
weight/obesity, or MD.® Patients with MAFLD were

further classified into three subgroups according to the pre-
sence of different numbers and types of metabolic condi-
tions. According to MAFLD definition, MD in this study
was defined as the presence of at least two of the following
criteria: 1) Waist circumference >102 cm in men and 88 cm
in women. 2) Pre-diabetes (glycated hemoglobin (HbAlc)
of 5.7-6.4%, or fasting plasma glucose (FPG) of 5.6-6.9
mmol/L, or 2-hour post-load glucose levels of 7.8—11.0
mmol/L). 3) Blood pressure >130/85 mmHg or under anti-
hypertension therapy. 4) High-density lipoprotein choles-
terol (HDL-C) <1.0 mmol/L for males and <1.3 mmol/L
for females. 5) Triglyceride (TG) >1.70 mmol/L or specific
drug treatment. 6) Homeostasis model assessment-insulin
resistance (HOMA-IR) score >2.5; and 7) Hypersensitive
C-reactive protein (hs-CRP) level >2 mg/L.

NAFLD was diagnosed based on ultrasonographic evi-
dence of fatty liver and the exclusion of any secondary
causes of hepatic steatosis, such as chronic viral hepatitis
or alcoholic disease (alcohol consumption>30 g/day for
males and 20 g/day for females).'” "

According to the severity of liver steatosis on USG,
patients were further classified as having mild, moderate,
or severe liver steatosis. The grading of liver steatosis was
done by using features that include liver brightness, contrast
between the liver and kidney, ultrasonography appearance of
the intrahepatic  vessels, liver parenchyma, and
diaphragm.”®*' The details of the grading can be achieved

online (https://www.cdc.gov/nchs/data/nhanes/nhanes3/

Hepatic Steatosis Ultrasound Procedures Manual.pdf).

Two non-invasive models were used to assess liver
fibrosis in this study, including FIB-4 and NFS. The cut-
off values of FIB-4 and NFS for diagnosis of advanced
fibrosis were 1.3 and —1.455, respectively.”>>* FIB-4 and
NFS were selected for the purpose of this study as these
are the two validated scores for the assessment of hepatic
fibrosis in patients with NAFLD.?

Demographic Variables

The following demographic variables were obtained from
the original database: age, sex, and body mass index
(BMI), history of hypertension and diabetes mellitus.
BMI was calculated as weight (in kilograms) divided by
the square of the height (in meters).

Laboratory Biochemical Parameters

The laboratory biochemical parameters retrieved from the
database and studied included FPG, fasting plasma insulin,
HbAlc, total cholesterol, TG, low-density lipoprotein
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cholesterol (LDL-C), HDL-C, total bilirubin, aspartate
aminotransferase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), vy-glutamyl transferase
(GGT), albumin, blood urea nitrogen (BUN), hs-CRP,
and uric acid. All biochemical assessments were per-
formed by standard laboratory methods. HOMA-IR was
calculated as fasting insulin (WU/mL) x fasting glucose
(mmol/L)/22.5.

Statistical Analysis

The continuous variables were expressed as means+stan-
dard variation (SD) and the categorical variables were
expressed as percentages. The Student’s #-test (for nor-
mally distributed variables), Mann—Whitney U-test (for
non-normally distributed variables), and Chi-squared test
(for categorical variables) were used to investigate the
differences between the groups. All tests were two-tailed
and results with a P-value of less than 0.05 were consid-
ered statistically significant. All analysis was conducted
using R 3.6.2 (https://www.r-project.org/).

Results
Baseline Characteristics of Overall

Patients

The original NHANES III dataset included 13,857 partici-
pants with abdominal USG examination, out of which
13,083 participants had both complete relevant laboratory

participants without hepatic steatosis and 699 (5.34%)
participants without any metabolic risks, a total of 4,087
(31.24%) participants fulfilled the criteria for MAFLD
diagnosis (Figure 1: consort diagram). Among them,
2,036 (49.82%) were male, and the mean age of the entire
cohort was 48.39+15.2 years and the BMI was 30.68+6.25
Kg/m®. A total of 1,171 (28.65%) participants had diabetes
and 1,463 (35.80%) had hypertension. Amongst those
diagnosed with MAFLD, 3,638 (89.01%) participants
met the previous diagnostic criteria for NAFLD and 342
(8.37%) met that of alcoholic liver disease. Ninety
(2.20%)
C antibody and 17 (0.42%) were positive for hepatitis

participants were positive for hepatitis
B surface antigen; these patients would have been classi-
fied as viral hepatitis rather than NAFLD by previous
NAFLD criteria. According to the severity of liver steato-
sis detected by USG, 1,361 (33.30%) were graded as
having mild steatosis, 1,813 (44.36%) as moderate, and
913 (22.34%) as severe hepatic steatosis. Of all the 4,087
participants diagnosed with MAFLD, 1,165 (28.51%)
were diagnosed by single metabolic condition, 2,053
(50.23%) by two conditions, and 869 (21.26%) by all

three conditions.

Comparison of Different Numbers of

Metabolic Conditions
Patients with MAFLD were divided into three groups
according to the numbers of metabolic conditions (one,

13857 subjects with ultrasonography data from NHANES database (1988-1994)

I Exclusion criteria: I
[ 1) Lack of Complete absence of laboratory |
I tests (n=774) I
L

13083 individuals were included

and USG data. After excluding 8,297 (63.42%)

MAFLD
(n=4087)

Single risk Two risks

(n=1165) (n=2053)

Obesity- MD-only Diabetes-

only (n=384) only

(n=735) (n=46)

Figure | The flow chart of case selection.

Non-MAFLD
(n=8996)

Three risks
(n=869)

Abbreviations: NHANES, National Health and Nutrition Examination Surveys; MAFLD, metabolic associated fatty liver disease; MD, metabolic dysregulation.
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two, or three) used for the diagnosis of MAFLD. The
clinical parameters and the comparisons amongst the
three groups are illustrated in Table 1. With the increasing
number of metabolic conditions present, the participants
tended to be older, more likely to be female, and had
higher levels of metabolic related parameters including
BMI, HOMA-IR, blood lipids, glucose levels, and hs-
CRP (P<0.05). The serum creatinine level increased with
the number of metabolic conditions while the GFR
decreased with it (P<0.05). Patients with less risk
factors were more likely to have excessive alcohol con-
sumption (P<0.05).

Assessment of parameters of liver injury showed that
the grade of hepatic steatosis, as well as GGT and ALP,
were also increased with the numbers of metabolic condi-
tions (P<0.05). MAFLD with more metabolic conditions
were more likely to have advanced fibrosis by assessed by
NFS (20.77%, 33.56%, and 48.68% for 1, 2, and 3 condi-
tions, respectively) and FIB-4 (17.77%, 22.70%, and
33.72%, for 1, 2, and 3 conditions, respectively) (Table 1
and Figure 2A). The results of multivariate analysis
showed that the number of metabolic conditions was an
independent risk factor for advanced fibrosis assessed by
both NFS and FIB-4 after adjusting for the severity of liver
steatosis and alcohol intake in (for fibrosis assessed by
NFS, OR=1.905, for fibrosis assessed by FIB-4,
OR=1.552, both P<0.001, Table 2).

Characteristics of MAFLD with Single

Metabolic Condition

A total of 1,165 participants were diagnosed with MAFLD
based on single metabolic condition. They were sub-
divided into three groups (Table 3): obese (735, 63.09%),
diabetes (384, 32.96%), and MD (46, 3.95%). Obese
MAFLD was the youngest (39.6+13.69 years), and dia-
betic MAFLD was the oldest (52.48+14.84 years). No
significant differences were found in alcohol consumption,
liver enzymes (AST, GGT, and ALP) levels, grade of
hepatic steatosis, and lipid levels (total cholesterol, LDL-
C) between these three groups. MAFLD diagnosed by
obesity alone had the lowest levels of metabolic related
indicators (HbAlc, FPG, TG, and HOMA-IR), while the
diabetic MAFLD had the highest (P<0.05). For the non-
invasive liver fibrosis models, the diabetic MAFLD had
highest score in FIB-4 and NFS (Figure 2B), as well as
highest proportion of advanced fibrosis, while the obese
MAFLD had the lowest risk of advanced fibrosis (P<0.05).

Discussion

The newly proposed MAFLD criteria helps to identify
more cases of fatty liver disease at risk of adverse
outcomes.'® Our present study aimed to describe the clin-
ical features of MAFLD subgroups diagnosed by different
metabolic conditions. The results show that the higher the
number of metabolic conditions upon the diagnosis of
MAFLD, the worse the severity of hepatic steatosis and
fibrosis. MAFLD with a single metabolic condition were
relatively younger and had higher alcohol consumption
than those with multiple conditions. MALFD diagnosed
by diabetes alone had significantly severe fibrosis than
MAFLD diagnosed by high BMI/obesity or MD alone.
These findings are of important clinical consideration and
are likely to have implications in the management of
patients with MAFLD.

The new diagnostic criteria put out for MAFLD
requires the presence of any of three different metabolic
conditions alone or in a combination; this subsequently
classifies MAFLD patients into at least three subtypes. In
the current study of the NHANES III database, partici-
pants with more than one metabolic condition accounted
for over 70% of all patients with MAFLD. Not surpris-
ingly, patients with two or more metabolic conditions had
a higher grade of hepatic and renal injury than those with
a single one. As the presence of metabolic syndrome has
already been proven by a prospective study to be related
with higher mortality in NAFLD patients,’ the number of
metabolic conditions upon diagnosis may help to stratify
the MAFLD patients based on the future risk of adverse
outcome. This sub-classification of MAFLD becomes even
more important to consider as the risk of hepatic and renal
impairment as well as the risk of hepatic fibrosis, which
are clearly different in these sub-groups.

The results of our study showed that MAFLD patients
with single metabolic conditions were significantly
younger and had the lowest BMI compared to those with
multiple ones. Notably, 11% of MAFLD with single meta-
bolic condition had excessive harmful alcohol consump-
tion, which would qualify them as alcoholic fatty liver
disease based on the previous definitions.'” As alcohol-
related liver disease is one of the main causes of liver
related deaths attributed to hepatocellular carcinoma and
cirrhosis?® and the mechanism of alcohol-induced liver
injury is different from the NAFLD,?’ sustained absti-
nence should be emphasized in this subgroup of patients
in addition to the control of metabolic risk factors.
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Table 1 Comparison of the Characteristics Between MAFLD with Different Metabolic Conditions

Variables Total Single Two Three P Among Three | P P P
Condition Conditions | Conditions Groups R .
Single vs | Single vs Two vs
Two Three Three
N 4,087 1,165 2,053 869
Age (years) 48.39 41.70+£14.99 | 48.62+14.58 | 56.83%12.34 <0.001 <0.001 <0.001 <0.001
+15.20
Male (%) 2,036 617 (52.96) 1,048 371 (42.69) <0.001 0.314 <0.001 <0.001
(49.82) (51.05)
BMI (Kg/m?) 30.68 27.44+5.67 31.61+6.06 32.82+5.78 <0.001 <0.001 <0.001 <0.001
+6.25
Diabetes (%) 1,171 46 (3.95) 256 (12.47) | 869 (100) <0.001 <0.001 <0.001 <0.001
(28.65)
Hypertension (%) 1,463 170 (14.59) 787 (38.33) | 506 (58.23) <0.001 <0.001 <0.001 <0.001
(35.80)
Hepatitis steatosis <0.001 <0.001 <0.001 <0.001
(%)
Mild 1,361 529 (45.41) 631 (30.74) | 201 (23.13)
(33.30)
Moderate 1,813 444 (38.11) 954 (46.47) | 415 (47.76)
(44.36)
Severe 913 192 (16.48) 468 (22.8) 253 (29.11)
(22.34)
Previous diagnosis <0.001 0.001 <0.001 0.083
NAFLD 3,638 999 (85.75) 1,841 798 (91.83)
(89.01) (89.67)
Alcoholic or viral | 449 166 (14.25) 212 (1033) | 71 (8.17)
hepatitis (10.99)
Alcohol (g/Week) 49.14 65.84 46.61 32.72499.64 <0.001 <0.001 <0.001 0.001
+126.61 | *£150.52 +120.79
Overdrink (%) 342 121 (10.39) 167 (8.13) 54 (6.21) 0.003 0.037 0.001 0.086
(8.37)
Platelets (x10°/L) 278.29 277.74 281.31+73.9 | 271.91+72.89 | 0.006 0.181 0.074 0.002
+73.05 +71.42
BUN (mmolL) 5.04 4.70£1.62 5.06+1.74 5.45+2.38 <0.001 <0.001 <0.001 <0.001
+1.88
Uric acid (umoll) 342.59 322.59 352.9489.62 | 345.03£97.86 | <0.001 <0.001 <0.001 0.042
+91.68 +87.22
Creatinine (umoll) | 94.7 92.27+19.55 | 95.2+28.22 96.77+43.24 0.002 <0.001 0.004 0.324
+30.15
GFR (mL/min) 77.40 83.65+1842 | 76.35+17.35 | 71.51%19.3 <0.001 <0.001 <0.001 <0.001
+18.60
(Continued)
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Table | (Continued).

Variables Total Single Two Three P Among Three | P P P
Condition Conditions | Conditions Groups R R
Single vs | Single vs Two vs
Two Three Three

TBIL (umoll) 10.10 10.12+6.14 10.07+5.92 10.14+5.52 0.949 0.827 0.933 0.758
+5.90

ALT (U/L) 23.96 22.55+20.32 | 24.79+24.4 23.88+18.91 0.023 0.005 0.129 0.280
2222

AST (U/L) 25.35 25.29 25.34£19.8 25.46+17.53 0.981 0.945 0.840 0.874
+19.23 19.44

GGT (U/L) 45.51 41.28+173 44.27+62.88 | 53.84+76.21 <0.001 0.293 <0.001 0.004
+68.66

ALP (U/L) 92.42 85.92+28.33 | 92.18+31.66 | 101.72+36.26 | <0.001 <0.001 <0.001 <0.001
+32.28

LDH (U/L) 167.91 165.69 = 167.96+37.6 | 170.75+39.5 0.018 0.134 0.006 0.078
+39.69 43.17

Total protein (g/L) 7431 74.18+4.68 74.23+4.56 74.69+4.65 0.025 0.785 0.015 0.014
+4.62

Albumin (g/L) 41.18 41.53+3.85 41.26£3.66 | 40.52+3.67 <0.001 0.051 <0.001 <0.001
+3.73

HbAlc (%) 591+ 5.29+0.73 5.68x1.16 7.30%1.95 <0.001 <0.001 <0.001 <0.001
1.48

HOMA-IR score 3.60 2.77+3.08 3.9+84| 9.02+13.46 <0.001 <0.001 <0.001 <0.001
+8.98

FPG (mmol/L) 6.30 5.25%1.27 5.90+2.27 8.68+4.3 <0.001 <0.001 <0.001 <0.001
+2.93

TC (mmol/L) 5.53 522 £1.14 5.57£1.15 5.82£1.31 <0.001 <0.001 <0.001 <0.001
+1.20

TG (mmol/l) 2.19 1.48+1.01 2.29+ 1.56 2.94+2.56 <0.001 <0.001 <0.001 <0.001
+1.78

LDL-C (mmol/L) 3.38 3.19+0.98 3.47+1.00 3.45+0.98 <0.001 <0.001 <0.001 0.739
+1.00

Hs-CRP (mg/L) 5.55 4.12+5.80 5.48+8.02 7.66+10.43 <0.001 <0.001 <0.001 <0.001
18.16

HDL-C (mmol/L) 1.19 1.32+0.40 1.15+0.34 1.10+0.33 <0.001 <0.001 <0.001 <0.001
+0.37

NFS score —2.05 —2.53+1.44 —2.04£1.50 | —1.45+1.39 <0.001 <0.001 <0.001 <0.001
.51

NFS score >-1.455, | 1,354 242 (20.77) 689 (33.56) | 423 (48.68) <0.001 <0.001 <0.001 <0.001

n (%) (33.13)

(Continued)
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Table | (Continued).

Variables Total Single Two Three P Among Three | P P P
Condition Conditions | Conditions Groups R .
Single vs | Single vs Two vs
Two Three Three
FIB-4 score 1.06 0.94+0.90 1.03£0.79 1.30£2.43 <0.001 0.006 <0.001 <0.001
+1.35
FIB-4 score >1.3, 966 207 (17.77) 466 (22.70) | 293 (33.72) <0.001 <0.001 <0.001 <0.001
n (%) (23.64)

Abbreviations: NHANES, National Health and Nutrition Examination Surveys; MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease;
MD, metabolic dysregulation; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase; ALP, alkaline
phosphatase; LDH, lactate dehydrogenase; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
HOMA-IR score, homeostasis model assessment-insulin resistance; HbAlc, glycated hemoglobin; FPG, fasting plasma glucose; BUN, blood urea nitrogen; Hs-CRP, high-
sensitivity serum C-reactive protein; FIB-4, fibrosis-4 index; NFS, NAFLD fibrosis score.

Another important finding of our study pertains to the
characterization of patients diagnosed with MAFLD by

fulfilling only one criterion out of the three proposed

A
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Figure 2 The proportion of advanced liver fibrosis assessed in different non-
invasive fibrosis models. (A) The advanced liver fibrosis increased with the number
of metabolic conditions. (B) The advanced liver fibrosis is more common in the
diabetes-only groups.

Abbreviations: MD, metabolic dysregulation; FIB-4, fibrosis-4 index; NFS, NAFLD
fibrosis score.

metabolic conditions. In general, no difference in the TC,
LDL-C levels, as well as the severity of hepatic steatosis
and liver enzymes was observed amongst the three groups,
which may indicate that these three metabolic conditions
are equally important for the diagnosis of MAFLD. It is
important to note that MAFLD diagnosed based on dia-
betes alone showed slightly different characteristics from
the other two groups: these patients were older and exhib-
ited a higher grade of hepatic fibrosis than the rest, which
is in line with previous reports that diabetes was associated
with liver fibrosis and prognosis of NAFLD.**>° The
severe fibrosis in MAFLD with diabetes alone might result

Table 2 Multivariate Analysis for Advanced Fibrosis in MAFLD
Population

Noninvasive Variables OR 95% CI P
Fibrosis
Models
NFS Metabolic 1.905 | 1.726-2.102 | <0.001
conditions
Severity of 0.965 | 0.880-1.058 | 0.444
hepatitis
steatosis
Excessive 0.784 | 0.608-1.011 | 0.060
alcohol intake
FIB-4 Metabolic 1.552 | 1.396-1.726 | <0.001
conditions
Severity of 1.037 | 0.938-1.147 | 0.467
hepatitis
steatosis
Excessive 1.459 | 1.136-1.873 | 0.003
alcohol intake

Note: Excessive alcohol intake, an alcohol consumption 230 g/day for males and 20
g/day for females.
Abbreviations: FIB-4, fibrosis-4 index; NFS, NAFLD fibrosis score.

Risk Management and Healthcare Policy 2021:14

submit your manuscript

497

Dove


http://www.dovepress.com
http://www.dovepress.com

Huang et al

Dove

Table 3 Comparison of the Characteristics Between Different Subtypes with Single Risk

Variables Obesity- MD- Diabetes- P Among Three P P P
Only Only Only Groups . K .
Obesity vs | Obesity vs Diabetes vs
MD Diabetes MD
N 735 384 46
Age (years) 39.6x13.69 | 44.42 52.48+14.84 | <0.001 <0.001 <0.001 0.001
+16.37
Male (%) 394 (53.61) | 192 (50) 31 (67.39) 0.070 0.279 0.095 0.038
BMI (Kg/m?) 30.46+4.86 | 22.27 22.07+2.26 <0.001 <0.001 <0.001 0.567
+2.07
Diabetes (%) 0 (0) 0 (0) 46 (100) <0.001 1.000 <0.001 <0.001
Hypertension (%) 61 (8.30) 104 5 (10.87) <0.001 <0.001 0.580 0.027
(27.08)
Hepatic steatosis (%) 0.151 0.174 0.278 0.113
Mild 321 (43.67) | 190 18 (39.13)
(49.48)
Moderate 290 (39.46) | 138 16 (34.78)
(35.94)
Severe 124 (16.87) | 56 (14.58) | 12 (26.09)
Previous diagnosis 0.014 0.006 0.965 0.282
NAFLD 645 (87.76) | 313 41 (89.13)
(81.51)
Alcoholic or viral 90 (12.24) 71 (18.49) | 5 (10.87)
hepatitis
Alcohol (g/Week) 62.39 69.81 87.73 0.444 0.458 0.471 0.617
*131.15 +171.3 +234.38
Overdrink (%) 70 (9.52) 46 (11.98) | 5 (10.87) 0.425 0.240 0.795 1.000
Platelets (x10°/L) 279.26 277.65 254.36 0.072 0.723 0.074 0.100
+68.91 +73.20 +90.91
BUN (mmol/L) 4.68+1.52 4.69+1.71 | 52+2.34 0.106 0.942 0.143 0.156
Uric acid (umol/L) 331.04 309.16 299.72 <0.001 <0.001 0.01 0.442
+83.83 +92.69 176.22
Creatinine (umol/L) 92.11 91.74 99.17+42.81 | 0.048 0.751 0.272 0.251
+17.01 +19.62
GFR (mL/min) 84.82 81.82 80.22+22.07 | 0.015 0.010 0.172 0.639
+17.82 +18.92
TBIL (umol/L) 10.17£5.76 | 10.03 9.89+4.23 0.905 0.734 0.667 0.841
+6.97
ALT (U/L) 24.08 19.68 22.07+20.98 | 0.003 <0.001 0.530 0.466
+20.85 +1891
(Continued)
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Table 3 (Continued).

Variables Obesity- MD- Diabetes- P Among Three P P P
Only Only Only Groups . R .
Obesity vs | Obesity vs Diabetes vs
MD Diabetes MD
AST (U/L) 25.57 24.48 27.65+22.51 | 0.475 0.311 0.544 0.355
+21.54 *+14.10
GGT (U/L) 38.19 45.08 58.36+90.64 | 0.138 0.205 0.197 0.406
+63.53 +82.72
ALP (U/L) 85.30 86.27 92.98+34.50 | 0.195 0.611 0.144 0.215
2543 +32.45
LDH (U/L) 168.99 159.14 167.78 0.001 <0.001 0.842 0.157
+47.07 +34.27 +39.07
Total protein (g/L) 73.98+4.48 | 74.5£4.79 | 74.7£6.50 0.164 0.082 0.468 0.842
Albumin (g/L) 41.47+£3.87 | 41.73 40.78+4.47 0.235 0.287 0.311 0.175
+3.73
HbAlc (%) 5.20+0.43 5.27+ 6.96+2.37 <0.001 0.024 <0.001 <0.001
0.51
HOMA-IR score 2.83+2.41 2.25+1.64 | 6.20+10.82 <0.001 <0.001 <0.001 <0.001
FPG (mmol/L) 5.09+0.42 5.2+0.56 8.34+5.17 <0.001 <0.001 <0.001 <0.001
TC (mmol/L) 5.2+1.04 5.24+1.30 | 5.39%I.15 0.492 0.581 0.278 0.419
TG (mmol/L) 1.33£0.79 1.74£1.29 | 1.49£1.00 <0.001 <0.001 0.304 0.124
LDL-C (mmol/L) 3.22+0.93 3.14+1.08 | 3.08+0.86 0.615 0.391 0.594 0.829
Hs-CRP (mg/L) 3.79+£3.23 481+897 | 3.69+3.19 0.017 0.031 0.839 0.089
HDL-C (mmol/L) 1.34£0.33 1.27£0.49 | 1.52+0.57 <0.001 0.023 0.041 0.008
NFS score —2.44x1.36 | —2.74 —2.22+1.66 | 0.001 <0.001 0.376 0.047
+1.52
NFS score >-1.455, 154 (20.95) | 72 (18.75) | 16 (34.78) 0.040 0.428 0.043 0.019
n (%)
FIB4 score 0.86+0.96 1.02+£0.64 | 1.52+1.33 <0.001 <0.001 0.002 0.015
FIB-4 score >1.3, n (%) | 99 (13.47) | 90 (23.44) | 18 (39.13) < 0.001 <0.001 <0.001 0.036

Abbreviations: MD, metabolic dysregulation; MAFLD, metabolic associated fatty liver disease; BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; ALD,
alcoholic liver disease; BUN, blood urea nitrogen; GFR, glomerular filtration rate; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
y-glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; HbAlc, glycated hemoglobin; HOMA-IR score, homeostasis model assessment-insulin
resistance; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Hs-
CRP, high-sensitivity serum C-reactive protein; NFS, NAFLD fibrosis score; FIB-4, fibrosis-4 index.

from the older age of this group because hepatic fibrosis is
a chronic process closely related to advancing age. On the
other hand, diabetes and hepatic steatosis share several
molecular biological mechanisms, the most important of
which is insulin resistance.’' Insulin resistance develops

long before diabetes. Thus, for a patient with liver fibrosis

and diabetes, the impact of insulin resistance on the liver
may have been longer than expected, which could explain
the reason why the presence of diabetes might accelerate
the progression of liver fibrosis.*?

The strength of this study is that, to our knowledge,
this is the first attempt to characterize different subtypes of

Risk Management and Healthcare Policy 2021:14
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MAFLD patients in a large population. Our data shows
that subtyping MAFLD is essential as different subtypes
exhibit different clinical and biochemical characteristics.
This research data from a large survey-based database
makes the results even more convincing. Our study, how-
ever, should be interpreted in light of some limitations.
The first of which is regarding the diagnosis of hepatic
steatosis, as the original study was a population-based
survey, the gold-standard of hepatic steatosis, liver biopsy,
Although
a limitation from an academic point of view, the USG

was not performed in every participant.
based diagnosis of liver steatosis is as close as possible
to clinical practice where histopathology is neither recom-
mended nor feasible for the diagnosis of hepatic
steatosis.>> Second, this study uses a western dataset,
whether the subtypes of MAFLD described by us will be
applicable in an eastern population remains unknown.
Third, with the newly christened term MAFLD, current
or past/treated viral hepatitis and its interaction with meta-
bolic dysfunctions may present as an additional level of
complexity in sub-categorizing patients with MAFLD.
Last, the participants are relatively “healthy” people and
liver cirrhosis is rare in this population. Thus, it is not
possible to validate the conclusions of our study in cirrho-
sis based on the current database.

In conclusion, the more the metabolic condition upon
the diagnosis of MAFLD, the more severe the hepatic and
the renal injury are. Patients with MAFLD diagnosed by
a single metabolic condition are more likely to have exces-
sive alcohol consumption. Patients with MAFLD diag-
nosed by diabetes alone tend to have a higher risk of
advanced hepatic fibrosis than those with other single
metabolic conditions alone. Individualized management

is required for MAFLD with different metabolic risks.
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