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Background/Aims: We investigated the effect of metabolic dysfunction-associated fatty liver
disease (MAFLD) on future mortality and cardiovascular disease (CVD) using a prospective
community-based cohort study.

Methods: Individuals from two community-based cohorts who were 40 to 70 years old were
prospectively followed for 16 years. MAFLD was defined as a high fatty liver index (FLI 260) plus
one of the following conditions: overweight/obesity (body mass index 223 kg/m?), type 2 diabetes
mellitus, or 22 metabolic risk abnormalities. Nonalcoholic fatty liver disease (NAFLD) was defined
as FLI 260 without any secondary cause of hepatic steatosis.

Results: Among 8,919 subjects (age 52.2+8.9 years, 47.7% of males), 1,509 (16.9%) had
MAFLD. During the median follow-up of 15.7 years, MAFLD independently predicted overall
mortality after adjustment for confounders (hazard ratio [HR], 1.33; 95% confidence interval [CI],
1.05 to 1.69) but NAFLD did not (HR, 1.20; 95% ClI, 0.94 to 1.53). MAFLD also predicted CVD
after adjustment for age, sex, and body mass index (HR, 1.35; 95% Cl, 1.13 to 1.62), which lost
its statistical significance by further adjustments. Stratified analysis indicated that metabolic dys-
function contributed to mortality (HR, 1.51; 95% ClI, 1.21 to 1.89) and CVD (HR, 1.27; 95% Cl,
1.02 to 1.59). Among metabolic dysfunctions used for defining MAFLD, type 2 diabetes mellitus
in MAFLD increased the risk of both mortality (HR, 2.07; 95% ClI, 1.52 to 2.81) and CVD (HR,
1.42;95% ClI, 1.09 to 1.85).

Conclusions: MAFLD independently increased overall mortality. Heterogeneity in mortality and
CVD risk of subjects with MAFLD may be determined by the accompanying metabolic dysfunc-
tions. (Gut Liver 2022;16:433-442)

Key Words: Metabolic dysfunction-associated fatty liver disease; Nonalcoholic fatty liver dis-
ease; Mortality; Cardiovascular disease

type 2 diabetes mellitus, or metabolic dysfunction)."” Thus,

INTRODUCTION

An international consensus of experts recently pro-
posed the clinical use of metabolic dysfunction-associated
fatty liver disease (MAFLD) instead of nonalcoholic fatty
liver disease (NAFLD) to emphasize the pathogenic asso-
ciation of fatty liver disease with metabolic dysfunction."
MAFLD is diagnosed based on hepatic steatosis and one of
three additional criteria (overweight/obesity, presence of

MAFLD may be diagnosed even if there are other coexist-
ing risk factors for chronic liver diseases, such as excessive
alcohol drinking or chronic viral hepatitis."” A study in
Asia reported the prevalence of MAFLD was 45.7% among
those with chronic hepatitis B virus infections.’

Many previous studies examined liver-related and non-
liver-related outcomes in patients with NAFLD, classically
defined as fatty liver disease without any secondary cause
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of hepatic steatosis." There is evidence that NAFLD is a sig-
nificant predictor of fatal and non-fatal cardiovascular dis-
ease (CVD) events’ and liver-related mortality,’ although
some researchers have questioned these reported relation-
ships.”” Considering the different diagnostic criteria for
NAFLD" and MAFLD,"” the updated diagnostic criteria for
MAFLD should be used to evaluate the clinical outcomes
of these patients and to better determine their long-term
prognostic value. To our knowledge, only one study has
examined hard clinical outcomes of MAFLD such as mor-
tality and CVD.*

To address this issue, the present study examined two
prospective community-based cohorts that represent rural
and urban areas of Korea, respectively.” After 16 years of
follow-up, we recorded mortality and CVD events in sub-
jects with and without MAFLD and compared the mortali-
ty and rate of CVD events in MAFLD patients and NAFLD
patients who were defined using different diagnostic crite-

. 1410
ria.

MATERIALS AND METHODS

1. Study participants

The Ansung-Ansan cohort study is an ongoing prospec-
tive, community-based cohort study that was previously
described in detail.” Data from 2001-2002 to 20172018
were analyzed in this study (Supplementary Methods).
Eligible participants were 40 to 70 years old at baseline and
lived in the Ansan (n=5,018) or Ansung (n=5,020) com-
munity. After excluding subjects with any previous cancer
(n=102), CVD (n=249), or both (n=1), or missing data
(n=767), 8,919 participants (4,644 from Ansung and 4,275
from Ansan) were included. This study was conducted in
accordance with the Declaration of Helsinki, and the study
protocol was approved by the ethics committee of the
Korean Center for Disease Control and the Institutional
Review Board of Ajou University School of Medicine (IRB
number: AJIRB-BMR-SMP-17-477). All participants pro-
vided written informed consent.

2. Definitions of outcomes

A CVD event was defined as any acute myocardial in-
farction, coronary artery disease, or cerebrovascular disease
that occurred during the follow-up period. Participants
were considered to have coronary artery disease if they
received coronary bypass surgery, coronary angioplasty, or
insertion of a coronary stent, or if they had angina pectoris.
Data on CVD events were obtained from the participants’
reports and were corroborated by in-depth interviews and
interviews repeated at each biennial follow-up.

434 www.gutnliver.org

Mortality data were only available for the Ansung co-
hort. Researchers contacted all participants who did not at-
tend the follow-up examination by telephone or a personal
visit, and all deaths were reported by participants’ families.
Information about deaths, including the date, place, and
cause, was obtained through interviews with families and
reference to death certificates. The interview or death cer-
tificate was used to classify a death as cancer-related, CVD-
related, or liver-related.

3. Assessment of MAFLD, NAFLD, and fibrosis

Hepatic steatosis was defined as the presence of a fatty
liver index (FLI) of 260 using a validated prediction mod-
el."! MAFLD was diagnosed when a study subject had he-
patic steatosis and any one of the following: type 2 diabetes
mellitus, body mass index (BMI) 223 kg/mz, or at least
two metabolic abnormalities,’ and NAFLD was defined as
hepatic steatosis without other etiologies of chronic liver
disease. Advanced fibrosis is defined as a fibrosis-4 index
score >2.67."*" Further details on the definitions are de-
scribed in Supplementary Methods.

4. Assessment of metabolic parameters
Details are described in Supplementary Methods.

5. Statistical analysis

Data are presented as means+standard deviations or
medians (interquartile ranges) for continuous variables
and as numbers (percentages) for discrete variables. Cox
proportional hazards models were used to assess whether
MAFLD or NAFLD was an independent predictor of
mortality and incident CVD (model 1: unadjusted; model
2: adjusted for age, sex, and BMI; model 3: adjusted for
chronic kidney disease and smoking in addition to all
model 2 factors; and model 4: adjusted for hypertension,
dyslipidemia, diabetes mellitus, and high-sensitivity C-re-
active protein [hs-CRP] in addition to all model 3 factors;
model 5: adjusted for excess alcohol consumption and a
history of viral hepatitis in addition to all model 4 factors).
For sensitivity analyses, participants were categorized into
four subgroups based on the presence of hepatic steatosis
and/or metabolic dysfunction, or the type of metabolic
dysfunction for those with MAFLD. A difference was con-
sidered significant when the p-value was <0.05. Further
details are described in Supplementary Methods.

RESULTS

1. Baseline characteristics of study subjects
We examined 8,919 subjects, 4,644 from Ansung and
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Table 1. Baseline Clinical Characteristics According to MAFLD Status

Characteristics Total MAFLD (-) MAFLD (+) p-value
No. of participants 8,919 7,410 1,509
Age, yr 52.2+8.9 52.2+8.9 52.4+8.6 0.384
Male sex 4,250 (47.7) 3,231 (43.6) 1,019 (67.5) <0.001
BMI, kg/m2 24.4(22.4-26.5) 23.9 (22.0-25.7) 27.6 (25.8-29.6) <0.001
Waist circumference, cm 82.8(76.3-89.0) 81.0(75.3-86.0) 92.0(88.0-96.7) <0.001
HbAc, % 5.4 (5.1-5.7) 5.4 (5.1-5.6) 5.6 (5.3-6.1) <0.001
Total cholesterol, mg/dL 190.9 (168.0-216.0) 188.1(166.0-212.0) 206 (180.0-232.0) <0.001
Triglycerides, mg/dL 131.3(95.5-187.8) 120.0 (90.0-161.0) 236.0(177.4-322.0) <0.001
HDL-C, mg/dL 45,0 (38.7-52.0) 46.0 (39.5-53.2) 41.0 (35.5-47.0) <0.001
AST, U/L 25.0(21.0-30.6) 24.6 (20.7-29.0) 30.0 (24.6-40.0) <0.001
ALT, U/L 22.0(16.1-30.0) 20.4(16.0-26.7) 34.1(25.0-50.0) <0.001
GGT, U/L 20.0(13.1-36.2) 17.1(12.1-28.1) 52.2 (31.2-93.0) <0.001
Platelet, 107/L 266.2+64.2 265.6+63.0 269.4+69.6 0.049
eGFR, mL/min/1.73 m? 90.9 (78.8-104.7) 91.1(79.1-105.2) 88.3(76.9-102.8) <0.001
Systolic blood pressure, mm Hg 115.3 (104.7-128.0) 113.3(103.3-126.0) 122.0(112.0-134.7) <0.001
Diastolic blood pressure, mm Hg 74.0 (68.7-81.3) 73.3 (67.3-80.7) 79.3 (72.7-87.3) <0.001
HOMA-IR 1.5(1.1-2.1) 1.4(1.0-1.9) 2.0(1.3-2.8) <0.001
hs-CRP, mg/dL 0.14 (0.06-0.25) 0.13(0.06-0.22) 0.21(0.11-0.34) <0.001
Diabetes mellitus 1,040 (11.7) 665(9.0) 375 (24.9) <0.001
Hypertension 1,959 (22.0) 1,397 (18.9) 562 (37.2) <0.001
Dyslipidemia 2,665 (29.9) 1,596 (21.5) 1,069 (70.8) <0.001
Chronic kidney disease 192(2.2) 147 (2.0) 45(3.0) 0.015
Excess alcohol consumption* 608 (8.2) 305(20.2) 913(10.2) <0.001
History of viral hepatitis 296 (4.0) 84 (5.6) 380 (4.3) 0.006
Smoking <0.001
Never 5,343 (59.9) 4,711 (63.6) 632 (41.9)
Past 1,358 (15.2) 1,026 (13.8) 332(22.0)
Active 2,218 (24.9) 1,673 (22.6) 545 (36.1)

Data are presented as the meanzSD, number (%), or median (interquartile range). Hepatic steatosis was defined as fatty liver index 260 for the di-
agnosis of MAFLD.

MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; HbAc, glycated hemoglobin; HDL-C, high-density lipoprotein
cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma glutamyl transpeptidase; eGFR, estimated glomeru-
lar filtration rate; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein.

*Excess alcohol consumption was defined as alcohol consumption measuring more than 210 g/wk (male) or 140 g/wk (female).

Table 2. Hazard Ratios for Mortality and Cardiovascular Disease According to MAFLD and NAFLD Status

Mortality CVD
Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

MAFLD

Model 1 1.23 1.03-1.47 0.025 1.61 1.38-1.86 <0.001

Model 2 1.57 1.27-1.94 <0.001 1.35 1.13-1.62 0.001

Model 3 1.53 1.24-1.90 <0.001 1.31 1.10-1.57 0.003

Model 4 1.36 1.08-1.73 0.011 1.07 0.89-1.30 0.474

Model 5 1.33 1.05-1.69 0.018 1.08 0.89-1.31 0.440
NAFLD

Model 1 1.08 0.88-1.32 0.456 1.56 1.32-1.81 <0.001

Model 2 1.35 1.07-1.70 0.011 1.20 0.99-1.45 0.059

Model 3 1.32 1.05-1.67 0.018 1.17 0.97-1.42 0.099

Model 4 1.20 0.94-1.53 0.155 0.99 0.82-1.21 0.947

Hazard ratios of mortality (n=4,644; 729 [15.7%] were deceased) and CVD (n=8,774; 972 [11.1%] developed CVD) for 16 years of follow-up were
evaluated by multivariate Cox analysis. Hepatic steatosis was defined as fatty liver index =60 for the diagnosis of MAFLD and NAFLD.

MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; CVD, cardiovascular disease; Cl, confidence
interval; Model 1, without adjustment; Model 2, adjusted for age, sex, and body mass index; Model 3, adjusted for chronic kidney disease and
smoking status in addition to model 2; Model 4, adjusted for hypertension, dyslipidemia, diabetes mellitus, and high-sensitivity C-reactive protein
in addition to model 3; Model 5, adjusted for viral hepatitis and excess alcohol consumption in addition to model 4.
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Fig. 1. Overall and cause-specific mortality and CVD risk by MAFLD status. Cumulative survival rates according to (A) overall, (B) cancer-related,
(C) liver-related, and (D) CVD-related mortality in subjects with (black line) and without (gray line) MAFLD for 16 years of follow-up were analyzed
using Cox proportional hazards analysis (n=4,644; 729 [15.7%] were deceased; n=244 for cancer-related death; n=114 for CVD-related death; and
n=41 for liver-related death). HRs (95% Cls) were calculated after adjustment for age, sex, body mass index, hypertension, dyslipidemia, smoking,
diabetes mellitus, chronic kidney disease, high-sensitivity C-reactive protein, excess alcohol consumption, and a history of viral hepatitis (model 5

in Table 3).

MAFLD, metabolic dysfunction-associated fatty liver disease; CVD, cardiovascular disease; HR, hazard ratio; Cl, confidence interval.

4,275 from Ansan (Table 1). At baseline, the mean age
was 52.2+8.9 years and 4,250 subjects (47.7%) were men.
Among them, 1,521 subjects (17.1%) had hepatic steatosis
(FLI 260), 7,168 (80.4%) had one or more metabolic dys-
function. A total of 1,509 (16.9%) had MAFLD. Subjects
with MAFLD had higher prevalence of diabetes mellitus,
hypertension, and dyslipidemia; a higher rate of obesity;
and higher levels of total cholesterol, triglycerides, as-
partate aminotransferase, alanine aminotransferase, and
gamma glutamyl transpeptidase (p<0.001 for all). A higher
proportion of subjects with MAFLD consumed excess
alcohol and had a history of viral hepatitis. The baseline
characteristics of subjects with NAFLD (n=1,145, 12.8%)
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and without NAFLD (n=7,774) are shown in Supplementa-
ry Table 1. When study subjects were divided according to
the presence or absence of NAFLD, subjects with MAFLD
were more obese and had worse metabolic profiles com-
pared to subjects without MAFLD (Supplementary Table
1). Advanced fibrosis was detected in 6.3% and 5.7% of
subjects with MAFLD and NAFLD, respectively (Supple-
mentary Table 2).

In the 4,644 subjects from Ansung, 729 subjects (15.7%)
died (median follow-up period, 15.7 years; interquartile
range, 13.9 to 15.9 years) (Supplementary Table 3). Relative
to survivors, deceased subjects were predominantly male
(63.9% vs 40.6%) and older (61.5+7.2 years vs 54.3+8.6
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years). Diabetes mellitus, hypertension, chronic kidney
disease, and smoking were more common among deceased
subjects than survivors at baseline (Supplementary Table
3). The prevalence of MAFLD was also significantly higher
in deceased subjects than survivors (20.3% vs 17.2%,
p=0.044).

2. Effect of MAFLD and NAFLD on mortality

Next, we investigated whether MAFLD and NAFLD
were independent risk factors for mortality (Table 2). An
unadjusted model indicated that MAFLD significantly in-
creased the risk of mortality (hazard ratio [HR], 1.23; 95%
confidence interval [CI], 1.03 to 1.47; model 1). MAFLD
also increased the risk of mortality after adjustment for
multiple confounders, including age, sex, BMI, chronic
kidney disease, and smoking status (HR, 1.53; 95% CI, 1.24
to 1.90; model 3). This association remained significant
after additional adjustment for metabolic risk factors in-
cluding hypertension, dyslipidemia, diabetes mellitus, and
hs-CRP (HR, 1.36; 95% CI, 1.08 to 1.73; model 4). MAFLD
remained to be a significant risk factor for mortality even
after further adjustment for a history of viral hepatitis and
excess alcohol consumption (HR, 1.33; 95% CI, 1.05 to
1.69; model 5) (Fig. 1A), and viral hepatitis was also an
independent predictor of mortality (HR, 1.75; 95% CI, 1.26
to 2.43) (Supplementary Table 4).

In contrast, NAFLD did not predict mortality in an un-
adjusted analysis (model 1 in Table 2), or after adjustment
for multiple confounders, including hypertension, dyslip-
idemia, smoking, and diabetes mellitus (model 4). When a
less stringent cutoff point for hepatic steatosis was applied
(FLI 230), MAFLD marginally, but not significantly, in-
creased the risk mortality (HR, 1.22; 95% CI, 0.99 to 1.50)
(model 5 in Supplementary Table 5), but NAFLD did not.

Among the 729 mortalities, cancer, CVD, and liver
disease were responsible for 244 (33.4%) (Supplementary
Table 6), 114 (15.6%), and 41 deaths (5.6%), respectively.
After adjustment for all covariates, MAFLD showed a mar-
ginal trend to increase mortality from cancer (HR, 1.48;
95% CI, 0.98 to 2.23) and significantly increased the risk
liver disease (HR, 2.76; 95% CI, 1.07 to 7.13), but not from
CVD (HR, 0.99; 95% CI, 0.55 to 1.78) (model 5 in Table 3,
Fig. 1B-D).

Subsequent sensitivity analysis according to the pres-
ence of diabetes mellitus, hypertension, or dyslipidemia,
hs-CRP, or BMI which were already included in the defi-
nition of MAFLD confirmed that MAFLD consistently
increased mortality across different subgroups except for
subjects with diabetes mellitus or hypertension (Supple-
mentary Table 7, Supplementary Fig. 1A). NAFLD also
increased the risk of mortality among subjects without

Table 3. Cause-Specific Mortality According to the MAFLD Status
95% ClI

Mortality Hazard ratio p-value

Overall mortality

Model 1 1.23 1.03-1.47 0.025
Model 2 1.57 1.27-1.94 <0.001
Model 3 1.53 1.24-1.90 <0.001
Model 4 1.36 1.08-1.73 0.011
Model 5 1.33 1.05-1.69 0.018
Cancer-related mortality
Model 1 1.21 0.89-1.66 0.232
Model 2 1.63 1.13-2.36 0.009
Model 3 1.59 1.10-2.30 0.015
Model 4 1.52 1.01-2.30 0.045
Model 5 1.48 0.98-2.23 0.060
CVD-related mortality
Model 1 1.36 0.87-2.12 0.172
Model 2 1.13 0.66-1.91 0.663
Model 3 1.12 0.66-1.90 0.682
Model 4 1.00 0.55-1.77 0.975
Model 5 0.99 0.55-1.78 0.978
Liver-related mortality
Model 1 1.77 0.89-3.52 0.107
Model 2 3.63 1.57-8.43 0.003
Model 3 3.64 1.57-8.45 0.003
Model 4 3.78 1.43-9.95 0.007
Model 5 2.76 1.07-7.13 0.036

Hazard ratios of cause-specific mortality (n=4,644; 729 [15.7%] were
deceased; n=244 for cancer-related death; n=114 for CVD-related
death; and n=37 for liver-related death) for 16 years of follow-up were
evaluated by multivariate Cox analysis. Hepatic steatosis was defined
as fatty liver index =60.

MAFLD, metabolic dysfunction-associated fatty liver disease; Cl, con-
fidence interval; CVD, cardiovascular disease; Model 1, without ad-
justment; Model 2, adjusted for age, sex, and body mass index; Model
3, adjusted for chronic kidney disease and smoking status in addition
to model 2; Model 4, adjusted for hypertension, dyslipidemia, diabetes
mellitus, and high-sensitivity C-reactive protein in addition to model 3;
Model 5, adjusted for viral hepatitis and excess alcohol consumption
in addition to model 4.

hypertension, dyslipidemia, or with hs-CRP >0.2 mg/dL or
BMI <23 kg/m’, but generally to a lesser extent compared
to MAFLD.

3. Effect of MAFLD and NAFLD on CVD

We evaluated the incidence of CVD in 8,774 subjects
after excluding individuals who were lost to follow-up
(n=175); the median follow-up period for these subjects was
15.6 years (interquartile range, 9.6 to 15.8 years). Among
them, 972 (11.1%) developed incident CVD. MAFLD pre-
dicted cardiovascular events after adjustment for age, sex,
and BMI (HR, 1.35;95% CI, 1.13 to 1.62) (model 2 in Table
2). However, this association was no longer significant after
further adjustment for hypertension, dyslipidemia, and
diabetes mellitus (models 4-5 in Table 2). Similarly, NAFLD
did not independently predict CVD (models 2-4 in Table
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Fig. 2. Overall mortality and CVD events by MAFLD status. Cumulative survival rates for (A) for overall mortality or (B) incident CVD by the existence
of either hepatic steatosis and/or metabolic dysfunction for 16 years of follow-up were analyzed using Cox proportional hazards analysis-(1) no he-
patic steatosis and no metabolic dysfunction (n=1,739; normal control; dashed gray line), (2) no hepatic steatosis but metabolic dysfunction (n=5,659;
solid gray line), (3) hepatic steatosis without metabolic dysfunction (n=12; dashed black line), and (4) hepatic steatosis with metabolic dysfunction
(n=1,509; MAFLD; solid black line). No CVD events occurred in (3) hepatic steatosis without metabolic dysfunction. HRs (95% Cls) were calculated
after adjustment for age, sex, body mass index, hypertension, dyslipidemia, smoking, diabetes mellitus, chronic kidney disease, high-sensitivity C-
reactive protein, excess alcohol consumption, and a history of viral hepatitis.

CVD, cardiovascular disease; MAFLD, metabolic dysfunction-associated fatty liver disease; HR, hazard ratio; Cl, confidence interval.

Table 4. Hazard Ratios for Mortality and Cardiovascular Disease According to Metabolic Dysfunction Subcategories of MAFLD

MAFLD
Non-MAFLD BMI 223 kg/m’ without diabetes BMI <23 kg/m’ with =2 metabolic risk .
(MAFLD1) abnormalities but not diabetes (MAFLD2) UIEREES (A Aok

HR HR 95% ClI p-value HR 95% ClI p-value HR 95% ClI p-value
Mortality
Model 1 1.00 (reference) 0.87 0.69-1.10 0.246 418 2.16-8.07 <0.001 214 1.65-2.79  <0.001
Model2 1.00 (reference)  1.24 095-1.62  0.119 2.51 1.29-4.86 0.006 204 153-272  <0.001
Model3 1.00 (reference)  1.20 092-158  0.179 2.40 1.23-4.65 0.010 202 152-2.69  <0.001
Model4 1.00 (reference)  1.26 095-1.67  0.112 2.30 1.16-4.57 0.017 211 155-2.87  <0.001
Model5 1.00 (reference)  1.23 093-1.64  0.150 2.34 1.18-4.65 0.015 207 152281  <0.001
CcVD
Model1 1.00 (reference]  1.40 117-1.66  <0.001 0.51 0.07-3.59 0.495 238  188-301 <0.001
Model2 1.00 (reference)  1.23 101-151  0.043 0.48 0.07-3.44 0.467 173 134-223  <0.001
Model 3  1.00 (reference) 1.20 0.98-1.47 0.086 0.46 0.06-3.24 0.432 1.69  1.31-2.19 <0.001
Model4 1.00 (reference)  1.04 0.84-129  0.709 0.29 0.04-2.09 0.220 141  108-184 0012
Model 5 1.00 (reference)  1.05 0.84-129  0.484 0.30 0.04-2.13 0.228 142 109-185 0.010

Hazard ratios (HRs) of mortality (n=4,644; 729 [15.7%] were deceased) and CVD (n=8,774; 972 [11.1%] developed CVD) for 16 years of follow-up
were evaluated by multivariate Cox analysis. Hepatic steatosis was defined as fatty liver index =60 for the diagnosis of MAFLD and NAFLD.

MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; Model 1,
without adjustment; Model 2: adjusted for age, sex, and BMI; Model 3: adjusted for chronic kidney disease and smoking status in addition to model 2;
Model 4, adjusted for hypertension, dyslipidemia, and high-sensitivity C-reactive protein in addition to model 3; Model 5, adjusted for viral hepatitis
and excess alcohol consumption in addition to model 4.

2). MAFLD increased the risk of CVD in subjects without 1B). When hepatic steatosis was defined by a less stringent
diabetes mellitus, hypertension, or dyslipidemia, or with cutoff (FLI 230), MAFLD independently predicted CVD
hs-CRP >0.2 mg/dL or BMI >23 kg/m* NAFLD predicted (HR, 1.28; 95% CI, 1.07 to 1.53) (model 5 in Supplementary
CVD only in subjects without hypertension or with hs-CRP Table 5), but NAFLD did not.

>0.2 mg/dL (Supplementary Table 7, Supplementary Fig.
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4. Subgroup analysis of the effect of MAFLD on
mortality and CVD

We next examined which component of MAFLD was
most responsible for increased risks of mortality and CVD
by stratification of study subjects into four subgroups based
on hepatic steatosis and/or metabolic dysfunction: (1) no
hepatic steatosis and no metabolic dysfunction (n=1,739;
normal control); (2) metabolic dysfunction without hepatic
steatosis (n=5,659); (3) hepatic steatosis without metabolic
dysfunction (n=12); and (4) hepatic steatosis with meta-
bolic dysfunction (n=1,509).

The results of the fully adjusted model, that is, with
adjustment for age, sex, BMI, chronic kidney disease,
smoking status, hypertension, dyslipidemia, diabetes mel-
litus, hs-CRP, viral hepatitis and excess alcohol consump-
tion, indicated that metabolic dysfunction independently
increased the risk of mortality (HR, 1.51; 95% CI, 1.21 to
1.89) and CVD (HR, 1.27; 95% CI, 1.02 to 1.59) in subjects
without hepatic steatosis (Fig. 2). Subjects with hepatic
steatosis and metabolic dysfunction (i.e., MAFLD) had an
approximately two-fold higher risk of mortality relative
to the reference group without both conditions (HR, 2.07;
95% CI, 1.48 to 2.90).

We also compared the outcomes among three subgroups
of patients with MAFLD who had different types of meta-
bolic dysfunction (Table 4): MAFLD1 (BMI >23 kg/m’
without diabetes; n=1,102); MAFLD2 (BMI <23 kg/m’ with
at least two metabolic abnormalities but not diabetes; n=32);
and MAFLD?3 (type 2 diabetes mellitus; n=375). Model 5
indicated that the MAFLD3 subgroup had a significantly
increased risk of mortality (HR, 2.07; 95% CI, 1.52 to 2.81)
and CVD (HR, 1.42; 95% CI, 1.09 to 1.85) and that the
MAFLD2 subgroup had increased risk of mortality (HR,
2.34;95% CI, 1.18 to 4.65) but not CVD. The MAFLD1 sub-
group did not show an increased risk of mortality or CVD.
Therefore, the analysis of these three subgroups of MAFLD
patients indicated that those with diabetes (MAFLD3) had
the highest risks of mortality and CVD.

DISCUSSION

Using an ongoing prospective, community-based cohort
study, we found that individuals with MAFLD at baseline
had a significantly higher overall mortality during the
median follow-up of 15.7 years compared to those without
MAFLD, and that the impact of MAFLD on overall mor-
tality was greater than that of NAFLD, which corresponded
to the claim-based result.® In particular, MAFLD at base-
line increased the risk of death primarily due to cancer and
liver disease.

In the present study, individuals with hepatic steatosis
alone did not increase the risk of mortality while individu-
als with both hepatic steatosis and metabolic dysfunction
showed a significantly higher mortality compared to the
reference group without hepatic steatosis and metabolic
dysfunction. MAFLD is a more pathological phenotype
than NAFLD, and patients with MAFLD have higher
incidences of comorbidities such as diabetes mellitus, hy-
pertension, and advanced fibrosis."* The inconsistent data
on the effect of hepatic steatosis in the risk of mortality”"’
might be due to the fact that hepatic steatosis alone (without
metabolic dysfunction) is insufficient to increase the risk
of mortality or CVD events. On the contrary, the presence
of metabolic dysfunction alone did independently increase
the risk of mortality and CVD events compared to the ref-
erence group in the current study, which might attenuate
the effect of MAFLD on the risk of CVD. Coexistence of
metabolic dysfunction and hepatic steatosis did not further
increase the risk of CVD compared to metabolic dysfunc-
tion alone, in agreement with the previous studies.® These
findings suggest that metabolic dysfunction contributes to
the development of CVD in subjects with MAFLD. Sub-
sequent comparison of MAFLD subgroups according to
the different types of metabolic dysfunction suggested that
only type 2 diabetes mellitus independently contributes to
the development of CVD in MAFLD subjects. This sup-
ports the view that diabetes mellitus has a stronger impact
on the development of CVD than overweight/obesity (BMI
>23 kg/m”) and other metabolic abnormalities.”"*

We found that MAFLD had a marginal significance for
the risk of death due to cancer, but did not increase the
risk of incident CVD. A recent Swedish study reported that
excess mortality in patients with biopsy-proven NAFLD
was predominantly from extrahepatic cancer and cirrhosis,
with only modest contributions from CVD and hepato-
cellular carcinoma.” Furthermore, in contrast to what is
found in Western population, cancer-related mortality is
occasionally greater than CVD-related mortality in Asian
populations.”” CVD events are significantly less com-
mon in Asians than in other ethnic groups, even though
metabolic risk factors were found not to vary among eth-
nic groups.” This is because each NAFLD-associated risk
variant has a different effect on CVD and other metabolic
phenotypes,” and the frequency of genetic variants varies
among ethnic groups.”** Together, these findings suggest
that ethnic differences might affect the association between
MAFLD and CVD incidence and CVD-related death.

There is a major concern that, compared to NAFLD,
MAFLD includes a more heterogeneous group of patients,
in that it does not distinguish alcoholic from nonalcoholic
patients, non-obese (i.e., overweight) from obese patients,
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and patients with NAFLD alone from those with addi-
tional liver diseases, and is therefore not representative of
the underlying pathophysiologic mechanisms of fatty liver
disease.”” The current study confirmed that individuals
with MAFLD were heterogeneous in the sense that rates of
mortality and CVD in these subjects varied according to
the accompanying metabolic dysfunctions. Furthermore,
given that metabolic dysfunction® and NAFLD-induced
metabolic abnormalities”® may change over time, MAFLD
status might have also changed over time in the current
study. To improve the practical utility of MAFLD from a
public health standpoint, further work in diverse popula-
tions is needed to establish the optimal combination of
metabolic dysfunctions that should be included in the defi-
nition of MAFLD.

The present study had several limitations. First, mortal-
ity data were only available for the Ansung cohort. None-
theless, we found that MAFLD significantly increased the
risk of mortality even with a reduced number of subjects.
Second, we used the FLI to define hepatic steatosis, al-
though histological or radiological methods are more
accurate. However, extensive data on the diagnostic and
prognostic performance of the FLI indicate that it is an
acceptable surrogate marker of hepatic steatosis for epide-
miological studies."'"”** Conflicting reports on the opti-
mal FLI cutoffs to define hepatic steatosis in Asians should
be taken into account.” In fact, if we had adopted FLI
>30 to define hepatic steatosis, the prevalence of MAFLD
and NAFLD would be 44.3% (3,947/8,919) and 36.8%
(3,282/8,919), respectively. In this study, we analyzed the
effect of MAFLD on the outcomes using FLI >30 as well
as FLI 260. Third, we could not assess whether MAFLD or
NAFLD affects the incidence or prognosis of certain type
of cancer. Fourth, our data on CVD events were obtained
by self-reports, and could therefore be affected by recall
bias. For this reason, we conducted in-depth interviews to
confirm CVD events, and excluded subjects with any his-
tory of CVD at baseline to eliminate residual confounding.
Nonetheless, we used community-based prospective co-
horts, extensively evaluated the metabolic risk factors, in-
cluding insulin resistance and systemic inflammation, and
successfully demonstrated that MAFLD was independently
associated with mortality. The lack of an association of
CVD with MAFLD after adjustment for diverse metabolic
risk factors suggests that the association between MAFLD
and CVD observed in unadjusted analysis was mainly due
to metabolic dysfunction that accompanied MAFLD.

In conclusion, MAFLD independently increased overall
mortality in a prospective, community-based cohort study
during the median follow-up of 15.7 years. In particular,
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incident CVD events were mainly determined by the type
of accompanying metabolic dysfunctions. Considering the
heterogeneity in clinical outcomes of MAFLD according
to the type of metabolic dysfunctions included in the cur-
rent definition of MAFLD, further research to refine the
definition of MAFLD is warranted to improve the predict-
ability of the adverse outcomes in diverse populations. The
present results also provide a basis for stimulating further
research into the role of MAFLD in predicting long-term
clinical outcomes including CVD and mortality.
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