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Background: We investigated whether metabolic dysfunction-associated fatty liver disease (MAFLD) is associated with an ele-
vated risk of all-cause and cardiovascular mortality using a large-scale health examination cohort.
Methods: A total of 394,835 subjects in the Kangbuk Samsung Health Study cohort were enrolled from 2002 to 2012. Participants 
were categorized by the presence of nonalcoholic fatty liver disease (NAFLD) and MAFLD as follows: normal subjects; patients 
with both NAFLD and MAFLD; patients with NAFLD only; and patients with MAFLD only. Cox proportional hazards models 
were used to analyze the risk of mortality.
Results: During a median 5.7 years of follow-up, 20.69% was patients with both NAFLD and MAFLD, 1.51% was patients with 
NAFLD only, and 4.29% was patients with MAFLD only. All-cause and cardiovascular death was higher in patients with MAFLD 
than those without MAFLD (P<0.001, respectively). In patients with MAFLD only, the hazard ratio (HR) of all-cause and cardio-
vascular death was 1.35 (95% confidence interval [CI], 1.13 to 1.60) and 1.90 (95% CI, 1.26 to 2.88) after adjusting for age, which 
lost its statistical significance by multivariable adjustments. Compared to patients with less than two components of metabolic 
dysfunction, patients with more than two components of metabolic dysfunction were a higher risk of cardiovascular death (HR, 
2.05; 95% CI, 1.25 to 3.38) and only women with more than two components of metabolic dysfunction were a higher risk of all-
cause death (HR, 1.44; 95% CI, 1.02 to 2.03).
Conclusion: MAFLD criteria could identify a high-risk group for all-cause and cardiovascular death.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) affects about a quar-
ter of the population in the world and is increasing the socio-
economic burden of disease [1-3]. NAFLD is associated with 
various metabolic diseases and an increased risk of morbidity 
and mortality [4-10]. However, there is an important problem 
in that the definition of NAFLD does not fully represent the 
complexity of metabolic dysfunction [11,12], as the diagnosis 
of NAFLD is solely based on the exclusion of other chronic liv-
er diseases, including excess alcohol intake.

Recently, metabolic dysfunction-associated fatty liver dis-
ease (MAFLD) has been proposed as a more appropriate term 
to describe liver disease associated with known metabolic dys-
function [13-15]. MAFLD was contrived to represent the he-
patic manifestation of a multisystem disorder with metabolic 
dysfunction and has positive criteria for diagnosis regardless of 
alcohol consumption or the presence of another concomitant 
liver disease, unlike NAFLD. The diagnostic criteria of 
MAFLD have consisted of the evidence for fat accumulation in 
the liver (hepatic steatosis) in addition to the following three 
criteria: overweight or obesity, presence of type 2 diabetes mel-
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litus, or evidence of metabolic dysfunction [13-15]. Recent 
studies reported that the prevalence of MAFLD was 25.9% in 
United States adults [16] and 31.5% in Chinese adults [17]. 

Among many outcome indicators, mortality is the most im-
portant factor in assessing the risk of the causative disease. The 
association between NAFLD and mortality remained contro-
versial [18-20]. Some studies showed that MAFLD was associ-
ated with increased risk of cardiovascular disease (CVD) [21] 
and mortality [16,17], but limitation was that they used old da-
taset (the third National Health and Nutrition Examination 
Surveys 1988 to 1994 [NHANES III]) or could not define 
MAFLD by all diagnostic criteria. In this study, we investigated 
whether MAFLD is associated with an elevated risk of mortali-
ty using a large-scale health examination cohort.

METHODS

Study population
We performed this longitudinal cohort study using the Kang-
buk Samsung Health Study cohort consisting of 396,354 adults 
aged 18 years or older who underwent comprehensive annual 
or biennial health examinations at the clinics of the Kangbuk 
Samsung Hospital Total Healthcare Center in Seoul or Suwon, 
South Korea. We identified participants who underwent com-
prehensive health screening examinations at Kangbuk Sam-
sung Hospital in Seoul, Korea at least twice between 2002 and 
2012. We used the first record as the baseline if a participant 
had multiple examinations during this period. After excluding 
participants with missing information (n=1,519), a total of 
394,835 subjects were enrolled and followed up for a median of 
5.7 years. Approval for the present study protocol (2015-11-
016-005) was obtained from the Institutional Review Board of 
Kangbuk Samsung Hospital. The requirement for informed 
consent was waived because we did not access personal identi-
fying information.

Clinical and laboratory measurements
Complete medical history and physical examinations were per-
formed in which information about patients’ personal medical 
history and lifestyle factors, including cigarette smoking and al-
cohol consumption, were obtained using a standardized ques-
tionnaire. Details of such health examinations are described 
elsewhere [20]. Briefly, body mass index (BMI), blood pressure, 
waist circumference, and blood chemistry were measured. 
Type 2 diabetes mellitus was defined as the presence of one or 

more of the following: (1) fasting glucose level ≥126 mg/dL;  
(2) glycosylated hemoglobin (HbA1c) level ≥6.5%; (3) use of 
oral hypoglycemic agents or insulin therapy; or (4) a self-report-
ed history of diabetes. Hypertension was defined as systolic blood 
pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, 
or by the use of antihypertensive medications. Hypercholester-
olemia was defined as a total cholesterol level ≥240 mg/dL or 
by the use of lipid-lowering medications. History of CVD 
(stroke or coronary artery disease) was defined as based on a 
questionnaire. 

Hepatic steatosis was assessed using abdominal ultrasonog-
raphy (Logic Q700 MR, GE, Milwaukee, WI, USA) for all sub-
jects at baseline and was defined as an increase in echogenicity 
of the liver compared with the echogenicity of the renal cortex 
when the diaphragm and intrahepatic vessels appeared normal. 
Abdominal ultrasonography was performed by clinical radiol-
ogists using a 3.5-MHz probe, and the interobserver and intra-
observer reliability values for the diagnosis of fatty liver were 
very high (Cohen’s k coefficients, 0.74 and 0.94, respectively).

Definition of NAFLD and MAFLD
NAFLD was defined as the presence of hepatic steatosis with the 
following exclusion criteria: viral hepatitis (hepatitis B surface 
antigen-positivity or hepatitis C virus antibody positivity) or ex-
cessive alcohol consumption (≥30 g/day in men or ≥20 g/day 
in women). MAFLD was defined as the presence of hepatic 
steatosis with one or more the following criteria: (1) over-
weight or obesity by the Asia-Pacific criteria (BMI ≥23 kg/m2); 
(2) type 2 diabetes mellitus; or (3) metabolic dysfunction: at 
least two metabolic abnormalities among waist circumference 
≥90/80 cm in men and women, blood pressure ≥130/85 mm Hg 
or specific drug treatment, plasma triglycerides ≥150 mg/dL 
or specific drug treatment, plasma high density lipoprotein 
(HDL)-cholesterol <40 mg/dL for men and <50 mg/dL for 
women or specific drug treatment, prediabetes (i.e., fasting 
plasma glucose levels 100 to 125 mg/dL or HbA1c between 
5.7% and 6.4%), homeostasis model assessment of insulin re-
sistance (HOMA-IR) score ≥2.5, or plasma high-sensitivity C-
reactive protein (hs-CRP) level >2 mg/L. In this study, we di-
vided the cohort into four groups as follows: (1) normal sub-
jects; (2) patients with both NAFLD and MAFLD; (3) patients 
with NAFLD only; and (4) patients with MAFLD only. 

We further divided patients with MAFLD into three sub-
groups: (1) obesity; (2) type 2 diabetes mellitus; and (3) lean 
with metabolic dysfunction (at least two metabolic abnormali-
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ties without obesity and diabetes).

Mortality assessment
Death was ascertained based on nationwide death certificates 
from the National Statistical Office. Mortality follow-up evalu-
ation was performed from January 1, 2002, to December 31, 
2012. The causes of death were coded according to the Interna-
tional Classification of Diseases, 10th revision. All-cause and 
cardiovascular mortalities were investigated.

Statistical analyses
Data for categorical factors were reported as percentages, and 
continuous variables were presented as mean±standard devia-
tion. Kaplan-Meier survival curves were constructed to com-
pare survival rates between various groups. The follow-up time 
was computed from baseline until the occurrence of death. 
Cox proportional hazards models with time-dependent coeffi-
cients were used to determine the hazard ratio (HR) and its 
corresponding 95% confidence interval (CI) for all-cause and 
cardiovascular mortalities. The multivariable model was ad-
justed for age, daily alcohol consumption, regular physical ac-
tivity, smoking status, total cholesterol, and statin use. All sta-
tistical analyses were performed using R version 3.6.3 (Vienna, 
Austria; http://www.rproject.org). A P<0.05 was considered 
statistically significant.

RESULTS

Table 1 showed the baseline characteristics of the study sub-
jects. The mean age was 39.58 years, and the mean BMI was 
23.40 kg/m2. Among the study subjects, 20.69% (n=81,697) 
were patients with both NAFLD and MAFLD, 1.51% (n = 
5,979) were patients with NAFLD only, and 4.29% (n=16,952) 
were patients with MAFLD only (Supplementary Fig. 1). Com-
pared to normal subjects, patients with both NAFLD and 
MAFLD tended to be older men whose BMI and waist cir-
cumference were higher. Metabolic parameters, including 
blood pressure, glucose level, and lipid profiles, were worse in 
patients with both NAFLD and MAFLD than normal subjects. 
In patients with NAFLD only, age, BMI, waist circumference, 
and metabolic parameters were similar to those of normal sub-
jects. In the case of the MAFLD only group, their clinical char-
acteristics were similar to those of patients with both NAFLD 
and MAFLD, but patients with MAFLD only tended to be 
more likely male, current smokers and consumed more alco-

hol in addition to being more likely to have type 2 diabetes 
mellitus, hypertension, hypercholesterolemia, and viral hepati-
tis than patients with both NAFLD and MAFLD. Women with 
NAFLD only, MAFLD only, and both NAFLD and MAFLD 
were older than men, but normal women was not (Supple-
mentary Table 1).

During a median 5.7-year follow-up, the cumulative all-
cause and cardiovascular mortalities were 0.41% (1,636 
deaths) and 0.05% (212 deaths). All-cause survival was not dif-
ferent between patients with and without NAFLD (Fig. 1A), 
but patients with MAFLD had shorter all-cause survival com-
pared to patients without MAFLD (P<0.001) (Fig. 1B). 
Among the four groups, patients with MAFLD only showed 
the shortest all-cause survival (P<0.001) (Fig. 1C). Patients 
with NAFLD (P=0.002) (Fig. 1D) and patients with MAFLD 
(P<0.001) (Fig. 1E) had shorter cardiovascular survival com-
pared to those without NAFLD or MAFLD. Especially, the 
MAFLD only group had the lowest cardiovascular survival 
compared to normal subjects, patients with NAFLD only, and 
patients with both NAFLD and MAFLD (P<0.001) (Fig. 1F).

The incidence rate for all-cause death was lowest in patients 
with NAFLD only (0.848 per 1,000 person-years) and highest 
in patients with MAFLD only (1.686 per 1,000 person-years) 
(Table 2). The risk of all-cause death in patients with NAFLD 
only was not increased in both crude and adjusted models. 
However, the risk of all-cause death was 1.67 times higher in 
patients with MAFLD only than in normal subjects, but there 
was no difference in the risk of all-cause death between pa-
tients with both NAFLD and MAFLD and patients with 
NAFLD only. After adjustment for age, patients with MAFLD 
only were still at higher risk (HR, 1.35; 95% CI, 1.13 to 1.60) 
for all-cause death than normal subjects, but statistical signifi-
cance disappeared after adjusting for age, daily alcohol con-
sumption, regular physical activity, smoking status, total cho-
lesterol and statin use. In patients with both NAFLD and 
MAFLD, the risk for all-cause death was lower than that of 
normal subjects after age and multivariable adjustments (HR, 
0.86; 95% CI, 0.78 to 0.96). In men, the risk of all-cause death 
of patients with NAFLD only and MAFLD only was not high 
compared with normal men, but men with both NAFLD and 
MAFLD showed low risk for all-cause mortality than normal 
men. However, women with MAFLD only were at two fold 
higher risk (95% CI, 1.20 to 3.34) for all-cause death than nor-
mal subjects after multivariable adjustment.

A similar trend was shown in the risk of cardiovascular 
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death (Table 3). The incidence rate for cardiovascular death 
was the lowest in patients with NAFLD only (0.098 per 1,000 
person-years) and the highest in patients with MAFLD only 
(0.312 per 1,000 person-years). The risks of cardiovascular 
death in patients with both NAFLD and MAFLD and patients 

with NAFLD only were not different with normal subjects. In 
patients with MAFLD only, the crude HR and age-adjusted 
HR for cardiovascular death were 2.35 (95% CI, 1.55 to 3.56) 
and 1.90 (95% CI, 1.26 to 2.88), but multivariable-adjusted HR 
was not significantly high. In men, the risk for cardiovascular 

Table 1. Baseline subject characteristics

Variable Total Normal NAFLD only MAFLD only NAFLD and MAFLD

Number 394,835 290,207 5,979 16,952 81,697

Age, yr 39.58±10.09 38.80±9.82 38.83±9.17 41.75±9.38 41.95±10.80

Female sex 45.27 (178,724) 53.52 (155,317) 31.46 (1,881) 7.22 (1,224) 24.85 (20,302)

Body mass index, kg/m2 23.40±3.19 22.43±2.73 21.75±1.12 26.68±2.70 26.30±2.65

Waist circumference, cm 80.35±9.42 77.33±8.27 78.14±4.94 90.81±7.02 88.36±7.12

Current smoker 25.85 (102,075) 22.62 (65,634) 27.76 (1,660) 50.17 (8,504) 32.16 (26,277)

Daily alcohol consumption, g/day 10.64±18.10 9.50±16.91 6.16±7.00 45.13±32.89 7.58±7.85

Regular physical activity 10.60 (41,849) 11.11 (32,232) 8.66 (518) 8.38 (1,420) 9.40 (7,679)

Type 2 diabetes mellitus 4.42 (17,442) 2.26 (6,556) 0 13.19 (2,236) 10.59 (8,650)

Hypertension 15.98 (63,075) 11.67 (33,869) 5.39 (322) 34.39 (5,830) 28.22 (23,054)

Hypercholesterolemia 11.15 (44,021) 8.00 (23,227) 13.00 (777) 21.35 (3,619) 20.07 (16,398)

History of cardiovascular disease 3.82 (15,064) 3.38 (9,809) 3.71 (222) 4.11 (696) 5.31 (4,337)

HBsAg 3.87 (15,282) 4.13 (11,975) 0 19.51 (3,307) 0

Anti-HCV 0.21 (828) 0.23 (664) 0 0.98 (164) 0

Systolic blood pressure, mm Hg 113.66±14.47 111.53±13.94 110.74±11.04 121.76±14.05 119.78±14.29

Diastolic blood pressure, mm Hg 73.19±10.20 71.64±9.82 71.62±8.37 79.40±10.17 77.53±9.90

Fasting plasma glucose, mg/dL 94.89±16.67 92.48±12.83 91.76±7.71 105.34±26.88 101.50±22.70

HbA1c 5.57±0.55 5.49±0.42 5.46±0.28 5.81±0.83 5.78±0.77

Fasting serum insulin, μU/mL 4.84±4.41 4.13±3.35 4.40±2.35 7.01±4.77 6.92±6.48

Total cholesterol, mg/dL 194.75±35.09 189.66±33.29 199.34±34.62 210.66±36.89 209.21±35.90

Triglyceride, mg/dL 122.96±85.09 103.09±61.96 115.89±57.38 201.47±137.10 177.77±107.37

HDL-cholesterol, mg/dL 56.10±13.23 58.48±13.32 55.23±11.56 50.64±11.12 48.85±10.06

LDL cholesterol, mg/dL 114.43±30.60 109.62±28.82 121.72±30.44 126.59±32.13 128.42±31.30

Non-HDL-cholesterol, mg/dL 138.65±35.78 131.18±33.07 144.11±34.14 160.02±35.82 160.36±34.41

Apolipoprotein A-I, mg/dL 141.52±23.78 143.78±23.98 141.00±21.81 138.79±23.87 133.95±21.42

Apolipoprotein B, mg/dL 91.64±24.67 86.25±22.62 95.39±23.54 107.43±23.75 107.46±23.72

Aspartate aminotransferase, U/L 24.21±20.37 22.53±21.77 24.08±12.40 32.68±19.70 28.43±13.70

Alanine aminotransferase, U/L 25.83±26.37 21.14±24.66 27.31±17.05 42.39±30.29 38.94±26.11

Gamma-glutamyl transferase, U/L 30.55±41.48 24.17±31.66 29.79±39.76 77.75±98.17 43.47±43.17

Creatinine, mg/dL 0.96±0.21 0.94±0.22 0.98±0.18 1.04±0.18 1.03±0.18

C-reactive protein, mg/dL 0.12±0.31 0.10±0.31 0.10±0.22 0.16±0.34 0.16±0.33

HOMA-IR 1.16±1.09 0.96±0.74 1.00±0.55 1.83±1.38 1.75±1.67

Values are presented as mean±standard deviation or percentage (number).
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; HBsAg, hepatitis B surface antigen; 
HCV, hepatitis C virus; HbA1c, glycosylated hemoglobin; HDL, high density lipoprotein; LDL, low density lipoprotein; HOMA-IR, homeosta-
sis model assessment of insulin resistance.
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Fig. 1. All-cause (A, B, C) and cardiovascular (D, E, F) survival rates according to the presence of nonalcoholic fatty liver disease 
(NAFLD) or metabolic dysfunction-associated fatty liver disease (MAFLD). (A) All-cause survival: No NAFLD vs. NAFLD (P= 
0.200); (B) All-cause survival: No MAFLD vs. MAFLD (P<0.001); (C) All-cause survival: normal vs. NAFLD only vs. MAFLD 
only vs. both NAFLD and MAFLD (P<0.001); (D) Cardiovascular survival: No NAFLD vs. NAFLD (P=0.002); (E) Cardiovascu-
lar survival: No MAFLD vs. MAFLD (P<0.001); (F) Cardiovascular survival: normal vs. NAFLD only vs. MAFLD only vs. both 
NAFLD and MAFLD (P<0.001). 
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death was not different among four groups. However, an in-
creased risk for cardiovascular death was observed in women 
(crude HR, 8.04; age-adjusted HR, 3.38), but this association 
was not significant after multivariable adjustment.

Patients who have obesity, type 2 diabetes mellitus, or were 
lean with metabolic dysfunction were not associated with all-
cause and cardiovascular death (Supplementary Tables 2 and 3). 
Women with more than two components of metabolic dysfunc-
tion were a higher risk of all-cause death (HR, 1.44; 95% CI, 
1.02 to 2.03) compared with women with less than two compo-
nents of metabolic dysfunction, but not in men (Table 4). In ad-
dition, patients with more than two components of metabolic 
dysfunction were a higher risk of cardiovascular death than 
those with less than two components of metabolic dysfunction 
(HR, 2.05; 95% CI, 1.25 to 3.38). This association was also 
shown in men (HR, 2.06; 95% CI, 1.19 to 3.56), but not in 
women.

Subgroup analyses stratified by sex, age, physical activity, 

smoking status, and total cholesterol were performed (Fig. 2). 
Among them, the risks of all-cause and cardiovascular death in 
women with NAFLD (Fig. 2A and B) and women with MAFLD 
(Fig. 2C and D) were tended to be higher than in men. 

DISCUSSION

In this study, we showed that all-cause and cardiovascular 
death was higher in patients with MAFLD than those without 
MAFLD using a large-scale health examination cohort. Fur-
thermore, patients with MAFLD only showed the lowest all-
cause and cardiovascular survival among four groups. The risk 
of all-cause and cardiovascular death was higher in patients 
with MAFLD only than normal subjects after adjusting for age. 
Patients with more than two components of metabolic dys-
function were a higher risk of all-cause (only in women) and 
cardiovascular death than those with less than two compo-
nents of metabolic dysfunction. These results demonstrated 

Table 2. The risk of all-cause death according to NAFLD and MAFLD status

Variable Normal NAFLD only MAFLD only NAFLD and MAFLD

All

   Events 1,636 26 135 498

   Person-years 15,911,948.6 30,648.0 80,086.2 449,175.3

   Incidence rate (per 1,000 person-years) 1.028 0.848 1.686 1.109

   Crude HR 1.0 (ref) 0.84 (0.57–1.23) 1.67 (1.40–1.99) 1.08 (0.98–1.20)

   Age-adjusted HR 1.0 (ref) 0.94 (0.64–1.38) 1.35 (1.13–1.60) 0.80 (0.72–0.88)

   Multivariable-adjusteda HR 1.0 (ref) 0.98 (0.66–1.46) 0.96 (0.80–1.16) 0.86 (0.78–0.96)

Men

   Events 1,114 21 118 363

   Person-years 789,744.6 21,865.1 75,141.1 345,628.7

   Incidence rate (per 1,000 person-years) 1.411 0.960 1.570 1.050

   Crude HR 1.0 (ref) 0.70 (0.45–1.07) 1.14 (0.94–1.38) 0.75 (0.67–0.85)

   Age-adjusted HR 1.0 (ref) 0.91 (0.59–1.41) 0.98 (0.81–1.18) 0.75 (0.67–0.85)

   Multivariable-adjusteda HR 1.0 (ref) 0.95 (0.61–1.48) 0.87 (0.71–1.06) 0.83 (0.73–0.93)

Women

   Events 522 5 17 135

   Person-years 802,204.1 8,782.9 4,945.2 103,546.6

   Incidence rate (per 1,000 person-years) 0.651 0.569 0.536 1.304

   Crude HR 1.0 (ref) 0.90 (0.37–2.16) 5.57 (3.44–9.03) 2.02 (1.67–2.44)

   Age-adjusted HR 1.0 (ref) 0.76 (0.31–1.83) 2.68 (1.65–4.35) 0.85 (0.70–1.03)

   Multivariable-adjusteda HR 1.0 (ref) 0.88 (0.36–2.11) 2.00 (1.20–3.34) 0.91 (0.74–1.11)

NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; HR, hazard ratio.
aAdjusted for age, daily alcohol consumption, regular physical activity, smoking status, total cholesterol, and statin use.
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Table 3. The risk of cardiovascular death according to NAFLD and MAFLD status

Variable Normal NAFLD only MAFLD only NAFLD and MAFLD

All
   Events 212 3 25 90
   Person-years 15,911,948.6 30,648.0 80,086.2 449,175.3
   Incidence rate (per 1,000 person-years) 0.133 0.098 0.312 0.200
   Crude HR 1.0 (ref) 0.74 (0.24–2.31) 2.35 (1.55–3.56) 1.51 (1.18–1.93)
   Age-adjusted HR 1.0 (ref) 0.84 (0.27–2.63) 1.90 (1.26–2.88) 1.09 (0.85–1.39)
   Multivariable-adjusteda HR 1.0 (ref) 0.87 (0.28–2.74) 1.18 (0.77–1.83) 1.13 (0.87–1.46)
Men
   Events 149 2 22 67
   Person-years 789,744.6 21,865.1 75,141.1 345,628.7
   Incidence rate (per 1,000 person-years) 0.189 0.091 0.293 0.194
   Crude HR 1.0 (ref) 0.49 (0.12–1.97) 1.55 (0.99–2.43) 1.03 (0.77–1.38)
   Age-adjusted HR 1.0 (ref) 0.64 (0.16–2.58) 1.35 (0.86–2.11) 1.03 (0.77–1.37)
   Multivariable-adjusteda HR 1.0 (ref) 0.70 (0.17–2.81) 1.05 (0.66–1.67) 1.12 (0.83–1.52)
Women
   Events 63 1 3 23
   Person-years 802,204.1 8,782.9 4,945.2 103,546.6
   Incidence rate (per 1,000 person-years) 0.079 0.114 0.607 0.222
   Crude HR 1.0 (ref) 1.48 (0.21–10.67) 8.04 (2.52–25.61) 2.85 (1.77–4.59)
   Age-adjusted HR 1.0 (ref) 1.24 (0.17–8.94) 3.38 (1.06–10.80) 0.97 (0.59–1.59)
   Multivariable-adjusteda HR 1.0 (ref) 1.39 (0.19–10.10) 2.69 (0.80–9.04) 0.95 (0.57–1.61)

NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; HR, hazard ratio.
aAdjusted for age, daily alcohol consumption, regular physical activity, smoking status, total cholesterol, and statin use.

Table 4. The risk of all-cause and cardiovascular death according to the number of metabolic dysfunction

Variable

Number of metabolic dysfunction

All-cause death Cardiovascular death

<2 ≥2 <2 ≥2

All
   Crude HR 1.0 (ref) 2.02 (1.75–2.34) 1.0 (ref) 4.11 (2.51–6.72)
   Age-adjusted HR 1.0 (ref) 1.12 (0.97–1.30) 1.0 (ref) 2.30 (1.40–3.78)
   Multivariable-adjusteda HR 1.0 (ref) 1.09 (0.94–1.27) 1.0 (ref) 2.05 (1.25–3.38)
Men
   Crude HR 1.0 (ref) 1.81 (1.54–2.12) 1.0 (ref) 3.72 (2.16–6.41)
   Age-adjusted HR 1.0 (ref) 1.07 (0.91–1.26) 1.0 (ref) 2.31 (1.34–3.99)
   Multivariable-adjusteda HR 1.0 (ref) 1.05 (0.89–1.23) 1.0 (ref) 2.06 (1.19–3.56)
Women
   Crude HR 1.0 (ref) 2.95 (2.14–4.07) 1.0 (ref) 6.05 (1.90–19.31)
   Age-adjusted HR 1.0 (ref) 1.39 (1.00–1.94) 1.0 (ref) 2.21 (0.68–7.18)
   Multivariable-adjusteda HR 1.0 (ref) 1.44 (1.02–2.03) 1.0 (ref) 2.05 (0.63–6.72)

HR, hazard ratio.
aAdjusted for age, daily alcohol consumption, regular physical activity, smoking status, total cholesterol, and statin use.
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that MAFLD criteria could identify a high-risk group for all-
cause and cardiovascular death.

Several studies investigated the prevalence of MAFLD com-
pared to NAFLD [12,21,22]. A study conducted in 765 Japa-
nese patients with fatty liver disease noticed that the preva-
lence of MAFLD and NAFLD were 79.6% and 70.7%, respec-
tively [22]. In a Chinese cohort study from 2006 to 2012, the 
prevalence of MAFLD was 31.5% [17]. In Korea, the preva-
lence of NAFLD and MAFLD were 28.0% and 37.3%, respec-
tively, among 8,962,813 participants aged 40 to 64 years in the 
nationwide health screening database [21]. However, these 
studies had a limitation in that MAFLD could not be exactly 
diagnosed because some data was not available, such as labora-
tory findings (e.g., waist circumference, HOMA-IR, or hs-CRP) 
or ultrasonography. The prevalence of MAFLD and NAFLD 
were 31.24% and 33.23%, respectively, among 13,083 patients 
of NHANES III [12]. Although NHANES III is an old dataset, 
it is the only survey containing the results of both liver ultraso-

nography and biochemical examinations, so it was used to 
perform analysis. In this study, we evaluated MAFLD by liver 
ultrasonography plus all components of metabolic dysfunction 
and used a more recent dataset than NHANES III. The preva-
lence of MAFLD and NAFLD were 24.89% and 22.20%, re-
spectively and were relatively lower than previous studies. A 
possible reason might be that participants were younger (mean 
age, 39.58 years) and have lower BMI (mean BMI, 23.40 kg/m2) 
than the participants of previous studies. The prevalence of 
NAFLD or MAFLD was low in women because 81.44% of 
women were under 50 years old. In this study, the prevalence 
of NAFLD or MAFLD in women under 50 years old and over 
50 years old was 8.75% and 32.16%, respectively. The differ-
ence in prevalence of NAFLD or MAFLD according to age in 
women was similar to that of previous studies. Another possi-
ble explanation may be because, unlike other studies, all crite-
ria were used for the diagnosis of MAFLD in this study.

Several studies have reported that MAFLD was associated 

Fig. 2. Risks of all-cause and cardiovascular death according to the presence of (A, B) nonalcoholic fatty liver disease (NAFLD) or 
(C, D) metabolic dysfunction-associated fatty liver disease (MAFLD). (A) Hazard ratio (HR) of all-cause death in NAFLD pa-
tients; (B) HR of cardiovascular death in NAFLD patients; (C) HR of all-cause death in MAFLD patients; (D) HR of cardiovascu-
lar death in MAFLD patients. CI, confidence interval.

A

C

B

D
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with an increased risk of CVDs and death. Kim et al. [16] 
found that individuals with MAFLD had a 17% higher risk of 
all-cause mortality during a median follow-up of 23 years. In a 
Chinese cohort study, the MAFLD only group had higher 
mortality that the NAFLD only in males aged ≥60 (adjusted 
HR, 1.43; 95% CI, 1.00 to 2.03) and lower risk in males aged 40 
to 59 (adjusted HR, 0.65; 95% CI, 0.48 to 0.90) [17]. A study 
performed in middle-aged Korean adults shown that multi-
variable-adjusted HRs for CVD events were 1.43 in patients 
with MAFLD only and 1.56 in patients with NAFLD and 
MAFLD [21]. They evaluated all criteria for metabolic dys-
function, but hepatic steatosis was defined by fatty liver index 
instead of histology or ultrasonography. In this study, we eval-
uated MAFLD by liver ultrasonography plus all components of 
metabolic dysfunction and investigated an association between 
MAFLD and mortality. As a result of this study, we showed 
that all-cause and cardiovascular death was higher in patients 
with MAFLD than those without MAFLD. In addition, pa-
tients with MAFLD only showed the lowest all-cause and car-
diovascular survival among four groups. Almost all patients 
with MAFLD also shared the characteristics of NAFLD, but 
4.29% of patients had only MAFLD characteristics and an ele-
vated risk of death. Patients with MAFLD only had poor meta-
bolic parameters, more alcohol consumption, and were more 
likely to be current smokers. Naturally, the patients with 
MAFLD only had the characteristics of fatty liver disease as 
well as viral hepatitis or alcohol consumption. This result was 
compatible with previous studies that dual etiology, which is 
fatty liver plus concomitant liver disease or alcohol consump-
tion, might influence the elevated risk for CVD or death 
[23,24]. Especially in our study, viral hepatitis was associated 
with an elevated risk for all-cause death in patients with 
MAFLD only, but excessive alcohol consumption was not 
(Supplementary Table 4). Recently, Nguyen et al. [25] reported 
that non-NAFLD MAFLD was significantly and independent-
ly associated with higher risk for all-cause mortality (HR, 2.4; 
95% CI, 1.2 to 4.6) compared with non-MAFLD NAFLD.

Aforementioned Chinese study showed that MAFLD pa-
tients with diabetes and metabolic dysregulation were related 
to higher mortality than those without MAFLD [17]. The as-
sociation between each diagnostic criterion of MAFLD (obesi-
ty, type 2 diabetes mellitus, and lean with metabolic dysfunc-
tion) and mortality was not significant in this study. We could 
not explain the reason, but it might be that events were not suf-
ficient. However, patients with more than two components of 

metabolic dysfunction were a higher risk of all-cause (only in 
women) and cardiovascular death than those with less than 
two components of metabolic dysfunction. More specifically, 
high blood pressure, prediabetes, high hs-CRP, and high 
HOMA-IR were associated with an elevated risk for all-cause 
death, and low HDL-cholesterol, high blood pressure, and 
high HOMA-IR was associated with an elevated risk for car-
diovascular death (Supplementary Table 5). This is consistent 
with previous studies that MAFLD criteria can discriminate 
high-risk patients more effectively compared with NAFLD cri-
teria [12].

The risk of mortality was not elevated, even showed a de-
creasing trend, in patients with NAFLD only compared with 
normal subjects in this study. This was also consistent with 
previous studies that NAFLD without metabolic dysfunction 
was not associated with an increased risk for CVD or death 
[11,12]. This would be because NAFLD is consisted of wide 
range status from simple steatosis to advanced fibrosis with di-
verse metabolic profiles, so that NAFLD per se is not associated 
with an increase mortality [16,26,27]. Consequently, metabolic 
dysfunction is an important risk factor for poor outcomes of 
fatty liver disease, and the concept of MAFLD could success-
fully screen high-risk patients. Furthermore, in this study, pa-
tients with both NAFLD and MAFLD had a lower risk for all-
cause death than that of normal subjects after age and multi-
variable adjustments. We could not explain exactly about this 
result, but a possible explanation is that fatty liver of them 
might have been a simple steatosis rather than an advanced fi-
brosis because study population was relatively young and non-
obese.

Interestingly, the association between elevated risk of mor-
tality and MAFLD was prominent in women but not in men. It 
is not easy to explain clearly why these associations were differ-
ent in men and women. So far, most studies for NAFLD have 
also failed to appropriately examine sex differences [28]. Ener-
gy metabolism, adiposity, and hormone function are possible 
candidates for the explanation of sex difference, but further 
studies are warranted. In this study, this difference might have 
been because more women were identified as normal subjects, 
so there were fewer women in the NAFLD only, MAFLD only, 
and both NAFLD and MAFLD groups. In addition, women 
with NAFLD only, MAFLD only, or both NAFLD and MAFLD 
were older than normal women. Especially, women in the 
MAFLD only group were more likely to be current smokers, 
have high alcohol consumption, and viral hepatitis than wom-
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en of the other groups. Estrogen status might be one of the 
most important factors for this difference [29]. Although we 
could not know the menopausal status due to limited data, 
women under 50 years old who were usually not likely to be 
menopause were 81.44% (Supplementary Table 6). However, 
women with MAFLD only were 0.50% of women under 50 
years old and 1.50% of women over 50 years old. Not only in 
general, but also in this study, men were more likely to be 
smokers and drinkers, did less regular physical activity, and 
had more hypertension and hypercholesterolemia compared 
to women. These differences in characteristics between men 
and women might have influenced why the clinical impact of 
MAFLD was stronger in women than men. Our previous 
study conducted in the same cohort had shown that NAFLD 
was associated with increased mortality in women, not in men, 
despite the exclusion of those with high alcohol consumption 
or viral hepatitis [20]. 

There are several reasons why MAFLD is introduced. 
NAFLD can be diagnosed after the exclusion of viral hepatitis, 
autoimmune disease, and alcohol, but many studies have 
shown that these conditions have synergistic effects with fatty 
liver disease in terms of disease progression [23,24]. In addi-
tion, another problem with the definition of NAFLD is that 
there is no consensus on the safe limit of alcohol intake [30]; it 
is difficult to determine how much alcohol is not harmful. Fur-
thermore, because information regarding alcohol consump-
tion is usually collected by questionnaires [31,32], measuring 
alcohol consumption might not be accurate due to recall bias 
and patient underreporting. The heterogeneous nature and 
pathophysiologic feature of fatty liver disease also support the 
definition and nomenclature of MAFLD [33-35].

Several limitations need to be considered in the interpreta-
tion of this study. First, because MAFLD was defined at a sin-
gle baseline assessment, we could not evaluate the effects of 
dynamic changes in metabolic parameters. Second, the all-
cause (0.41%) and cardiovascular (0.05%) mortality rates were 
relatively low. This might be because the participants tended to 
be young, otherwise healthy, and regularly received compre-
hensive health screenings. Third, we did not have information 
on several factors such as medications, diet, or mental health, 
which might have influenced the association between MAFLD 
and mortality. Finally, this study should be interpreted with 
caution when applied to other ethnicities because this study 
was conducted in Koreans. This study, however, is valuable be-
cause we evaluated the association between the presence of 

MAFLD and mortality using a large-scale health examination 
cohort and used the all criteria necessary for MAFLD diagno-
sis.

In conclusion, MAFLD criteria could identify a high-risk 
group for all-cause and cardiovascular death. Therefore, we 
should pay attention to manage patients with MAFLD.
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