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Background/Aims: Metabolic dysfunction associated fatty liver disease (MAFLD) has recently 
been introduced to compensate for the conventional concept of nonalcoholic fatty liver disease 
(NAFLD). We explored whether fibrotic burden determines the risk of atherosclerotic cardiovas-
cular disease (ASCVD) among subjects with MAFLD.
Methods: We recruited 9,444 participants from the Korea National Health and Nutrition Exami-
nation Survey (2008 to 2011). Liver fibrosis was identified using the fibrosis-4 (FIB-4) index and 
NAFLD fibrosis score. The 10-year ASCVD risk score (>10%) was used to determine a high prob-
ability ASCVD risk. For sensitivity analysis, propensity score matching was assessed to subjects 
with aged 40 to 75 years free from ASCVD.
Results: The prevalence of MAFLD was 38.0% (n=3,592). The ASCVD risk scores stratified in 
quartile were positively correlated to MAFLD and FIB-4 defined-significant liver fibrosis (p for 
trend <0.001). Individuals with both MAFLD and FIB-4 defined-significant liver fibrosis had a 
greater chance of high probability ASCVD risk (odds ratio [OR]=2.40; p<0.001) than those with-
out MAFLD. The impact of MAFLD on high probability ASCVD risk was greater than that of signifi-
cant liver fibrosis (OR=4.72 for MAFLD vs OR=1.88 for FIB-4 defined-significant liver fibrosis; all 
p<0.001). Among participants with MAFLD, low muscle mass enhanced the risk of significant liver 
fibrosis (OR=1.56 to 2.43; p<0.001). When NAFLD fibrosis score was applied to define significant 
liver fibrosis, similar findings were observed.
Conclusions: Individuals with MAFLD had a substantial ASCVD risk compared to those without 
MAFLD. Accompanying significant liver fibrosis further enhanced the risk of ASCVD among sub-
jects with MAFLD. (Gut Liver 2022;16:786-797)

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

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is considered 
as the most widespread chronic liver diseases in global, 
and with the fast increase rate of obesity, aged popula-
tion, and sedentary lifestyle, its incidence is forecasted to 
sharply rise.1 Although most subjects with simple steatosis 
without metabolic derangement show favorable long-term 
outcomes, a certain proportion of individuals with NAFLD 
may experience liver injury progressing, results in cirrhosis 
and liver malignancy.2 

NAFLD is certainly connected to an advanced risk of 
atherosclerotic cardiovascular disease (ASCVD), malig-
nancy, and hepatic complication-related mortality.3 Of 
these, ASCVD accounts for the majority of death cause in 
subjects with NAFLD.3,4 The dense relationship between 
NAFLD and ASCVD is presumably appeared from the 
fundamental role of liver that the metabolism of glucose 
and lipid shares as common denominator, separated from 
other risk components involved cardiometabolic disorders 
including diabetes, obesity, hypertension, and dyslipid-
emia.5 Radiological atherosclerosis and endothelial dys-
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function are also frequent in subjects with NAFLD.6

Besides the presence or absence of NAFLD, the sever-
ity of liver fibrosis is significantly linked to ASCVD risk. 
In a recent U.S. study,7 NAFLD based on ultrasonography-
diagnosis was not related with mortality. However, pro-
gressed liver fibrosis, as defined by noninvasive fibrosis 
marker panels, was a convincing predictor of mortality, 
primarily from ASCVD, separated from other known risk 
components. In another recent Korean study, fibrotic bur-
den determined by transient elastography, was ultimately 
correlated with coronary artery calcification.8 

Recently, a novel interpretation was proposed for meta-
bolic dysfunction associated fatty liver disease (MAFLD).9 
In contrast to the NAFLD criteria, the identification of 
MAFLD mainly focuses on the existence of metabolic dys-
regulation among subjects with fatty liver, excluding those 
with metabolically uncomplicated fatty liver.10 Although 
further validation is desirable, the transition from NAFLD 
to MAFLD may facilitate the diagnosis of metabolically 
dysregulated fatty liver superimposed on other sources of 
chronic liver diseases including virus or alcoholism. 

Thus, we investigated whether MAFLD is significantly 
related with the risk of ASCVD and whether fibrotic bur-
den determined enhanced the risk of ASCVD among indi-
viduals with MAFLD.

MATERIALS AND METHODS

1. Study population 
The Korea National Health and Nutrition Examination 

Survey (KNHANES) is established on civilian population 
database and covers health checkup and survey to moni-
tor fitness and nutritive conditions of South Koreans. Each 
KNHANES is consisted of autonomous datasets of the ci-
vilian population of South Korea. 

Participants were randomly recruited from 600 districts 
of cities and provinces in South Korea.11 As described in 
Supplementary Fig. 1, the KNHANES from 2008 to 2011 
enrolled 37,753 individuals and, 28,071 adults (≥20 years 
old, 12,160 men and 15,911 women) were initially selected. 
Eventually, we excluded 18,627 subjects who satisfied the 
following conditions: (1) inadequate clinical and laborato-
ry data to estimate the severity of liver steatosis or fibrosis 
and (2) missing data for ASCVD risk assessments. Thus, 
9,444 subjects (4,104 men and 5,340 women) were entered 
the final analysis.

Written informed consent was obtained from all par-
ticipants before the health examination and survey started, 
and the KNHANES was complied with Institutional Re-
view Board of the Korea Center for Disease Control and 

Prevention (2008-04EXP-01-C, 2009-01CON-03-2C, 
2010-02CON-21-C, and 2011-02CON-06C).

2. Assessment of clinical and laboratory parameters
KNHANES data include a three-part medical history, 

nutritional status, and laboratory examination. Medical 
history included smoking habits, alcohol drinking, physi-
cal activity level, and disease diagnosis and/or treatment, 
conducted on direct interviews and self-reporting. We 
defined regular exercise as involving in intense athletics, 
which made one exhausted or gasp for breath, and engaged 
over 20 minutes per session at least three times a week.5 
After overnight (≥8 hours) fasting, participants had blood 
test and spot urinalysis. The samples were immediately re-
frigerated, and transferred to a central laboratory (Neodin 
Medical Institute, Seoul, Korea).5

3. Confirmation of MAFLD and assessment of liver 
steatosis and fibrosis
We determined the MAFLD in accordance with a recent 

international expert consensus recommendation.10 Hepatic 
steatosis was characterized as fatty liver index ≥30,12 be-
sides one of the following three criteria: overweight/obesity 
(body mass index [BMI] ≥23 kg/m2 in Asian), the presence 
of diabetes mellitus, or metabolic disorder (at least two 
metabolic risk components, waist circumference ≥90/80 
cm in male and female, blood pressure ≥130/85 mm Hg or 
if taking anti-hypertensive medications, triglycerides ≥150 
mg/dL or taking triglyceride lowering agents, plasma high-
density lipoprotein [HDL] cholesterol <40 mg/dL for male 
and <50 mg/dL for female, prediabetes as fasting blood 
glucose 100–125 mg/dL, and homeostasis model assess-
ment of insulin resistance [HOMA-IR] score ≥2.5). Dia-
betes was identified as participants who were taking oral 
anti-hyperglycemic agents or whose fasting plasma glucose 
were more than 126 mg/dL. 

The severity of liver fibrosis was determined by previ-
ously confirmed liver fibrosis prediction models: fibrosis-4 
index13 and NAFLD fibrosis score.14 Since the KNHANES 
did not measure serum albumin concentration; significant 
liver fibrosis was characterized as either the highest quar-
tile of the NAFLD fibrosis score or fibrosis-4 index ≥2.67.15

4. Assessment of cardiometabolic disease risk and 
component
The pooled 10-year ASCVD risk estimation equation 

from the 2013 American College of Cardiology/American 
Heart Association guidelines was used to calculate each in-
dividual’s ASCVD risk.16 ASCVD risk estimation included 
age, gender, ethnicities, total cholesterol, HDL choles-
terol, systolic blood pressure, treatment for hypertension, 
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diabetes, and current cigarette smoking (Supplementary 
Table 1). American College of Cardiology/American Heart 
Association ASCVD risk >10% was classified as a “high 
probability ASCVD risk.”5,16 Hyper-low-density lipoprotein 
(LDL) cholesterolemia was defined as the subjects’ LDL 
cholesterol goal recommended by the 2004 update of the 
Adult Treatment Panel III guidelines or currently taking 
anti-dyslipidemia drugs.17 We applied the Chronic Kidney 
Disease Epidemiology Collaboration calculation,18 and 
chronic kidney disease was categorized if estimated glo-
merular filtration rate <60 mL/min/1.73 m2. Proteinuria 
was considered as having more than a trace in urinalysis. 
Previous ASCVD history included prior history of myo-
cardial infarction, angina, and stroke. The KHNANSE 
conducts dual-energy X-ray absorptiometry (QDR 4500A; 
Hologic Inc., Bedford, MA, USA) test and has data on ap-
pendicular skeletal muscle mass. The sarcopenia index was 
considered as total appendicular skeletal muscle mass (kg) 
divided BMI (kg/m2), and sarcopenia was characterized as 
the lowest quintile for sex-specific sarcopenia index (<0.877 
for male and <0.582 for female) adapted from the Founda-
tion for the National Institutes of Health guideline.19

5. Statistical analysis
We presented data as mean±standard deviation for 

continuous variables and numbers (n) or percentages (%) 
for categorical variables. One-way analysis of variance and 
chi-square tests were used to analyze the subjects’ char-
acteristics. Both were followed by post hoc analyses using 
the Bonferroni method. In addition, we estimated ASCVD 
risk score in individuals aged 40 to 75 years free from a 
prior history of ASCVD in matched subgroup analysis 
using propensity scores. Sex and age were adjusted for co-
variates. As MAFLD, fatty liver index, fibrosis-4 index and 
the ASCVD risk score involved overlapping parameters, 
variance inflation factors were applied to consider multi-
collinearity in multivariate analysis. Nevertheless, we could 
not find any multicollinearity (highest variance inflation 
factor=3.417). Multivariate logistic regression analysis was 
used to confirm the independent association between high 
probability ASCVD risk, MAFLD, and significant liver 
fibrosis with multi-step adjustment. To demonstrate the 
independent risk components for significant liver fibrosis 
among subjects with MAFLD, multivariate logistic regres-
sion analysis was conducted in the MAFLD group. For the 
values which were not normally distributed (triglyceride, 
HDL cholesterol, LDL cholesterol, insulin, HOMA-IR, as-
partate aminotransferase, alanine aminotransferase, gam-
ma glutamyl transpeptidase, and platelet); the results were 
log-transformed to the original scale to achieve approxi-
mately symmetrical distributions. Analysis was conducted 

using IBM SPSS version 27.0 for Windows (IBM Corp., 
Armonk, NY, USA). A p<0.05 was considered statistically 
significant.

RESULTS

1. Population
A total of 9,444 individuals (4,104 male and 5,340 

female) were recruited in the final statistical analysis 
(Supplementary Fig. 1). Table 1 presented the clinical 
characteristics of the study population. A total of 3,592 
subjects (38.0%) had MAFLD, whereas the remaining 
subjects (n=5,852, 62.0%) did not. Of the subjects who had 
MAFLD, 1,070 subjects (11.3%) had significant liver fibro-
sis, whereas the remaining subjects (n=2,522, 26.7%) did 
not. 

The mean age, BMI, blood pressure, fasting blood 
glucose, HOMA-IR, total cholesterol, triglyceride, and 
LDL cholesterol concentration were significantly greater 
in subjects with MAFLD than those without MAFLD (all 
p<0.05). Individuals with both MAFLD and significant 
liver fibrosis were significantly older and had substantially 
higher waist circumference, BMI, systolic blood pressure, 
fasting blood glucose levels, and ASCVD risk score than 
those with MAFLD but without significant liver fibrosis (all 
p<0.05), while their kidney function (estimated glomerular 
filtration rate) was significantly attenuated (p<0.05). The 
prevalence of hypertension, metabolic syndrome, diabetes, 
and sarcopenia was significantly greater in subjects with 
both MAFLD and significant liver fibrosis than in the 
other groups (all p<0.05). 

Similar results were found in NAFLD fibrosis score de-
fined-significant liver fibrosis and propensity score match-
ing analysis (Supplementary Tables 2 and 3).

2. Association between ASCVD risk score and 
MAFLD and fibrotic burden
To demonstrate the association between ASCVD risk 

score and MAFLD, fibrotic burden, we stratified the 
ASCVD risk score and fibrotic burden by quartiles, the 
quartile of ASCVD risk score exhibited a strong positive 
association with MAFLD and fibrotic burden, irrespective 
of the fibrosis indices (fibrosis-4 index and NAFLD fibro-
sis score, both p for trend <0.001). The ASCVD risk score 
raised from subjects without MAFLD to subjects with both 
MAFLD and significant liver fibrosis.

The proportion of high probability ASCVD risk also 
gradually extended from subjects without MAFLD and 
subjects with MAFLD but without significant liver fibrosis 
to subjects with both MAFLD and significant liver fibro-
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sis, in sequence (16.8% vs 21.0% vs 64.8% for dibrosis-4 
index; 16.8% vs 23.0% vs 66.4% for NAFLD fibrosis score; 
all p<0.001) (Fig. 1). Individuals with both MAFLD and 
significant liver fibrosis had a significantly higher propor-
tion of high probability ASCVD risk than those without 
NAFLD, independent of significant liver fibrosis (odds 
ratio [OR]=1.32, 95% confidence interval [CI]=1.17 to 1.49 

in subjects without significant liver fibrosis; OR=9.14, 95% 
CI=7.92 to 10.54 in subjects with significant liver fibrosis) 
(all p<0.001) (Fig. 1A). 

When NAFLD fibrosis score was applied to distinguish 
significant liver fibrosis, similar results were found (Fig. 
1B).

Table 1.Table 1. Baseline Characteristics

Variable
Subjects without 

MAFLD
(n=5,852, 62.0%)

Subjects with MAFLD (n=3,592, 38.0%)

p-valueNo significant liver
fibrosis by FIB-4
(n=2,522, 26.7%)

Significant liver
fibrosis by FIB-4
(n=1,070, 11.3%)

Demographic variables
   Age, yr 46.6±15.6 47.5±12.9# 64.9±9.7#,** <0.001
   Male gender 1,984 (33.9) 1,488 (59.0)# 632 (59.1)# <0.001
   Waist circumference, cm 75.9±7.3 89.4±7.2# 90.0±7.0# <0.001
   Body mass index, kg/m2 22.0±2.4 26.4±2.8# 25.7±2.7#,** <0.001
   Appendicular skeletal muscle mass, kg 17.4±4.3 21.6±5.2# 19.7±4.5#,** <0.001
   Sarcopenia* 797 (13.6) 642 (25.5)# 456 (42.6)#,** <0.001
   ASCVD risk score† 5.3±9.6 6.6±8.4# 17.9±13.7#,** <0.001
   Systolic blood pressure, mm Hg 114.9±17.0 122.7±16.3# 128.7±17.3#,** <0.001
   Diastolic blood pressure, mm Hg 73.5±10.2 80.2±11.2# 79.0±10.2#,** <0.001
   Hypertension 1,473 (25.2) 1,220 (48.4)# 740 (69.2)#,** <0.001
   Metabolic syndrome 677 (11.6) 1,446 (57.3)# 752 (70.3)#,** <0.001
   Diabetes 327 (5.6) 354 (14.0)# 237 (22.1)#,** <0.001
   Current smoker 962 (16.4) 787 (31.2)# 203 (19.0)** <0.001
   Central obesity‡ 1,016 (17.4) 1,611 (63.9)# 715 (66.8)# <0.001
   Overweight§ 1,922 (32.8) 2,337 (92.7)# 911 (85.1)#,** <0.001
   Exercise 886 (15.1) 465 (18.4)# 170 (15.9) 0.028
   Heavy alcohol drinkΙΙ 705 (12.0) 590 (23.4)# 220 (20.6)# <0.001
Laboratory variables
   Fasting blood glucose, mg/dL 93.2±17.2 103.4±25.3# 107.5±27.1#,** <0.001
   Insulin, µIU/mL¶ 8.9±3.6 11.8±5.4# 11.4±5.4#,** <0.001
   Homeostatic model assessment of insulin resistance¶ 2.1±1.0 3.0±1.8# 3.1±1.8# <0.001
   Total cholesterol, mg/dL 181.3±33.2 202.2±36.6# 193.7±39.1# <0.001
   Triglyceride, mg/dL¶ 92.7±47.0 198.1±124.2# 202.9±175.2# <0.001
   High-density lipoprotein cholesterol, mg/dL¶ 55.7±12.6 47.3±10.6# 46.7±11.2# <0.001
   Low-density lipoprotein cholesterol, mg/dL¶ 111.1±30.0 122.9±33.7# 114.5±34.8** <0.001
   Serum creatinine, mg/dL 0.8±0.2 0.9±0.2# 0.9±0.2#,** <0.001
   Estimated glomerular filtration rate, mL/min/1.73 m2 96.9±17.5 93.5±16.0# 80.4±16.0#,** <0.001
   Aspartate aminotransferase, IU/L¶ 20.0±8.5 23.3±8.8# 33.5±30.7#,** <0.001
   Alanine aminotransferase, IU/L¶ 16.8±10.0 28.8±19.1# 30.1±34.1# <0.001
   Platelet count, 109/L¶ 254.2±57.6 271.0±54.4 212.7±45.5#,** <0.001
   Gamma glutamyl-transpeptidase, IU/L¶ 21.5±30.0 51.8±52.5# 68.6±91.3#,** <0.001
Liver fibrosis and steatosis
   NAFLD fibrosis score 0.3±1.2 0.5±1.0# 2.2±1.0#,** <0.001
   Fibrosis-4 index 1.0±0.7 0.8±0.3 2.0±1.3#,** <0.001
   Fatty liver index 12.4±9.0 55.9±17.8# 55.8±18.2# <0.001

Data are presented as the mean±SD or number (%).
MAFLD, metabolic dysfunction-associated fatty liver disease; FIB-4, fibrosis-4; ASCVD, atherosclerotic cardiovascular disease; NAFLD, nonalco-
holic fatty liver disease.
*Sarcopenia was defined as the lowest quintile for sex-specific sarcopenia index; †ASCVD risk score was calculated using the 10-year ASCVD risk 
score from the 2013 American College of Cardiology/American Heart Association guideline; ‡Central obesity was defined waist circumference ≥90 
cm in men and ≥80 cm in women; §Overweight was defined body mass index ≥23 kg/m2; ΙΙHeavy alcohol consumption was defined as those whose 
alcohol consumption exceeded 140 g/week for men and 70 g/week for women; ¶Log-transformed; #p<0.05 by post hoc analyses when compared 
without MAFLD; **p<0.05 by post hoc analyses when compared with MAFLD, without significant liver fibrosis.
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3. Cardiometabolic risk factors according to MAFLD 
and significant liver fibrosis
We analyzed the risk of cardiometabolic risk factors 

according to MAFLD and significant liver fibrosis after ad-
justing for confounding factors (Table 2). Individuals with 
MAFLD had significantly higher risks of chronic kidney 
disease, hyper-LDL cholesterolemia, hypertriglyceride-
mia, hypo-HDL cholesterolemia, previous cardiovascular 
disease history, proteinuria, and sarcopenia (OR=1.48 to 
10.36; all p<0.05) than those without. The risk for chronic 
kidney disease and proteinuria was the highest in par-
ticipants with both MAFLD and significant liver fibrosis 
(chronic kidney disease: OR=1.68, 95% CI=1.22 to 2.30 
for MAFLD without significant liver fibrosis; OR=1.91, 
95% CI=1.46 to 2.48 for both MAFLD and significant liver 
fibrosis; proteinuria: OR=1.30, 95% CI=1.09 to 1.56 for 
MAFLD without significant liver fibrosis; OR=1.97, 95% 
CI=1.54 to 2.52 for both MAFLD and significant liver fi-
brosis). 

These gradual increases in the risk of cardiometabolic 
risk factors were similarly observed when the NAFLD 
fibrosis score was applied to distinguish significant liver 
fibrosis (data not shown). 

4. Association between high probability ASCVD risk 
and the degree of MALFD and significant liver 
fibrosis 
To clarify the relation between high probability ASCVD 

risk and the presence of MAFLD and significant liver fi-

brosis, we evaluated the number of MAFLD risk factors 
(overweight/obesity, central obesity, hypertension, hyper-
triglyceridemia, hypo-HDL cholesterolemia, prediabetes, 
and HOMA-IR score ≥2.5) using univariate logistic regres-
sion analysis. Subjects with both MAFLD and significant 
liver fibrosis were more prone to have multiple MAFLD 
risk factors, regardless of the liver fibrosis prediction mod-
els (Fig. 2). If there were comparable MAFLD risk factors, 
subjects with both MAFLD and significant liver fibrosis 
had a much higher chance of high probability ASCVD risk. 

When the number of ASCVD risk factors (hypertension, 
diabetes, obesity, hypertriglyceridemia, hyper-LDL choles-
terolemia, hypo-HDL cholesterolemia, and chronic kidney 
disease) was evaluated, we found that these risk factors 
gradually increased from participants without MAFLD to 
those with both MAFLD and significant liver fibrosis, ir-
respective of the liver fibrosis prediction models (Fig. 3). If 
there were comparable ASCVD risk factors, subjects with 
both MAFLD and significant liver fibrosis had a much 
higher chance of high probability ASCVD risk.

5. High probability ASCVD risk depends on the 
presence of MAFLD/significant liver fibrosis 
The association between high probability ASCVD risk 

and the existence of MAFLD/significant liver fibrosis 
after multi-step adjustments is shown in Table 3. When 
the fibrosis-4 index was used to characterize significant 
liver fibrosis and the risks for high probability ASCVD 
risk were evaluated after sufficient adjustment (model 3), 
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Fig. 1.Fig. 1. High probability of ASCVD risk in agreement with MAFLD and significant liver fibrosis status. The opportunity for high probability of ASCVD 
risk was predominant in subjects with fibrosis-4 index- (A) or nonalcoholic fatty liver disease fibrosis score-defined (B) significant liver fibrosis and 
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Table 2.Table 2. Cardiometabolic Risk Factors According to MAFLD and Significant Liver Fibrosis 

Cardiometabolic
risk factors

Fibrosis-4 index, OR (95% CI) NAFLD fibrosis score, OR (95% CI)

MAFLD (–)
MAFLD (+), 

significant liver 
fibrosis (–)

MAFLD (+), 
significant liver 

fibrosis (+)
MAFLD (–)

MAFLD (+), 
significant liver 

fibrosis (–)

MAFLD (+), 
significant liver 

fibrosis (+)

Chronic kidney disease* 1.00
(reference)

1.68 (1.22–2.30)
p=0.001

1.91 (1.46–2.48)
p<0.01

1.00
(reference)

1.50 (1.12–2.00)
p=0.022

2.22 (1.68–2.93)
p<0.001

Hyper-LDL
   cholesterolemia†

1.00
(reference)

2.98 (2.64–3.61)
p<0.001

1.43 (1.22–1.67)
p<0.001

1.00
(reference)

2.52 (2.24–2.82)
p<0.001

1.90 (1.61–2.25)
p<0.001

Hypertriglyceridemia‡ 1.00
(reference)

10.36 (9.23–11.63)
p<0.001

6.58 (5.63–7.69)
p<0.001

1.00
(reference)

10.06 (9.00–11.26)
p<0.001

6.42 (5.42–7.60)
p<0.001

Hypo-HDL
   cholesterolemia§

1.00
(reference)

3.39 (3.04–3.77)
p<0.001

2.90 (2.49–3.39)
p<0.001

1.00
(reference)

3.32 (2.99–3.69)
p<0.001

3.01 (2.54–3.57)
p<0.001

Previous ASCVD historyΙΙ 1.00
(reference)

1.79 (1.39–2.30)
p<0.001

1.48 (1.14–1.92)
p=0.003

1.00
(reference)

1.52 (1.21–1.95)
p<0.001

1.80 (1.37–2.37)
p<0.001

Proteinuria¶ 1.00
(reference)

1.30 (1.09–1.56)
p=0.004

1.97 (1.54–2.52)
p<0.001

1.00
(reference)

1.35 (1.13–1.60)
p=0.001

1.92 (1.47–2.51)
p<0.001

Sarcopenia# 1.00
(reference)

2.61 (2.29–2.96)
p<0.001

2.20 (1.88–2.58)
p<0.001

1.00
(reference)

2.48 (2.20–2.81)
p<0.001

2.39 (2.01–2.83)
p<0.001

Adjusted for age, sex, smoking, exercise, and alcohol consumption.
MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; CI, confidence interval; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; ASCVD, atherosclerotic cardiovascular disease.
*Chronic kidney disease was defined as an estimated glomerular filtration rate less than 60 mL/min/1.73 m2; †Hyper-LDL-cholesterolemia was 
characterized according to the LDL cholesterol goal recommended in the 2004 update of the Adult Treatment Panel III guidelines or current use of 
anti-dyslipidemia drugs; ‡Hypertriglyceridemia was defined as serum triglycerides ≥150 mg/dL or use of triglyceride-lowering agents; §Hypo-high-
density lipoprotein cholesterolemia was defined as HDL <40 mg/dL for men and <50 mg/dL for women; ΙΙPrevious ASCVD history included prior 
history of myocardial infarction, angina or stroke; ¶Proteinuria was defined as more than trace protein in urinalysis; #Sarcopenia was defined as the 
lowest quintile of the sex-specific sarcopenia index.
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subjects with both MAFLD and significant liver fibrosis 
had a significantly higher risk for high probability ASCVD 
risk (OR=2.40, 95% CI=1.75 to 3.29; p<0.001), followed by 
subjects with MAFLD but without significant liver fibrosis 
(OR=1.44, 95% CI=1.06 to 1.94; p=0.019). 

When the NAFLD fibrosis score was reflected to cat-

egorize significant liver fibrosis, similar results were found 
(OR=1.60 in subjects with MAFLD but without significant 
liver fibrosis [p=0.001] and OR=2.77 in subjects with both 
MAFLD and significant liver fibrosis [p<0.001]). In addi-
tion, subgroup analysis after propensity score matching 
maintained similar results.
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Fig. 3.Fig. 3. Proportion of subjects with high probability atherosclerotic cardiovascular disease (ASCVD) risk with individual ASCVD risk components 
according to the fibrosis-4 index- (A) or nonalcoholic fatty liver disease fibrosis score-defined (B) significant liver fibrosis. Risk factors included hy-
pertension, diabetes, obesity, hypertriglyceridemia, hyper-low-density lipoprotein cholesterolemia, hypo-high-density lipoprotein cholesterolemia, 
and chronic kidney disease. The number of metabolic dysfunction associated fatty liver disease (MAFLD) risk components was significantly greater 
in subjects with MAFLD and significant liver fibrosis than in subjects without MAFLD or those with MAFLD but without significant liver fibrosis (all 
p for trend <0.001). 

Table 3.Table 3. High ASCVD Risk According to the Presence of MAFLD/Significant Liver Fibrosis

Adjustment 

Fibrosis-4 index, OR (95% CI) NAFLD fibrosis score, OR (95% CI)

MAFLD (–)
MAFLD (+), 

significant liver
fibrosis (–)

MAFLD (+), 
significant liver

fibrosis (+)
MAFLD (–)

MAFLD (+), 
significant liver

fibrosis (–)

MAFLD (+), 
significant liver

fibrosis (+)

Model 1 1.00 
(reference)

1.98 (1.66–2.36)
p<0.001

2.55 (2.09–3.10)
p<0.001

1.00 
(reference)

1.78 (1.51–2.10)
p<0.001

3.56 (2.84–4.45)
p<0.001

Model 2 1.00 
(reference)

2.05 (1.67–2.52)
p<0.001

2.91 (2.31–3.68)
p<0.001

1.00 
(reference)

1.90 (1.57–2.31)
p<0.001

4.05 (3.09–5.30)
p<0.001

Model 3 1.00 
(reference)

1.44 (1.06–1.94)
p=0.019

2.40 (1.75–3.29)
p<0.001

1.00 
(reference)

1.60 (1.21–2.12)
p=0.001

2.77 (1.92–4.01)
p<0.001

Model 4 1.00 
(reference)

3.90 (1.90–8.04)
p<0.001

4.00 (2.00–7.98)
p<0.001

1.00 
(reference)

3.95 (2.02–7.73)
p<0.001

3.98 (1.83–8.63)
p<0.001

Model 1: adjusted for sex and age (per 20 years). Model 2: adjusted for sex, age (per 20 years), exercise, current smoking, alcohol consumption, 
and previous ASCVD history. Model 3: adjusted for sex, age (per 20 years), exercise, current smoking, alcohol consumption, previous ASCVD his-
tory, systolic blood pressure, fasting blood glucose, body mass index, HOMA-IR, chronic kidney disease, hyper-LDL cholesterolemia, and muscle 
mass. Model 4: adjusted for sex, age (per 20 years), exercise, current smoking, alcohol consumption, previous ASCVD history, systolic blood pres-
sure, fasting blood glucose, body mass index, HOMA-IR, chronic kidney disease, hyper-LDL cholesterolemia, and muscle mass in propensity score 
matching analysis.
ASCVD, atherosclerotic cardiovascular disease; MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver dis-
ease; OR, odds ratio; CI, confidence interval; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein.
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6. Respective impact of MAFLD and significant liver 
fibrosis on high probability ASCVD risk
The respective impact of MAFLD and significant liver 

fibrosis on high probability ASCVD risk was further ana-
lyzed using another multiple logistic analysis (Table 4). 
When sex, age, exercise, smoking, alcohol consumption, 
previous cardiovascular disease history, chronic kidney 
disease, hyper-LDL cholesterolemia, and muscle mass were 
adjusted (model 3), the impact of MAFLD was greater 
than that of significant liver fibrosis using fibrosis-4 index 
(OR=4.72 for MAFLD vs OR=1.88 for significant liver fi-
brosis, all p<0.001). 

When the NAFLD fibrosis score was used to define 
significant liver fibrosis, similar findings were observed 
(OR=3.92 for MAFLD vs OR=2.72 for significant liver 
fibrosis, all p<0.001). In addition, after adjustment of 

MAFLD components, the results were still maintained.

7. Risk assessments for significant liver fibrosis in 
subjects with MAFLD
To demonstrate the risk factors for significant liver fi-

brosis in subjects with MAFLD, multiple logistic analyses 
were performed (Table 5). When the fibrosis-4 index was 
applied to determine significant liver fibrosis, only sarco-
penia was associated with a higher risk of significant liver 
fibrosis (OR=2.43, 95% CI=0.92 to 3.07; p<0.001). When 
NAFLD fibrosis score was used to characterize significant 
liver fibrosis, sarcopenia still had the highest risk with 
statistical significance (OR=1.56, 95% CI=1.22 to 1.98; 
p<0.001), followed by a higher BMI, fasting blood glucose, 
systolic blood pressure, HOMA-IR, and chronic kidney 
disease (all p<0.05).

Table 4.Table 4. High ASCVD Risk Associated with MAFLD and Significant Liver Fibrosis

Adjustment 
Fibrosis-4 index, OR (95% CI) NAFLD fibrosis score, OR (95% CI)

MAFLD Significant liver fibrosis MAFLD Significant liver fibrosis

Model 1 4.44 (3.53–5.59)
p<0.001

1.64 (1.40–1.92)
p<0.001

3.53 (2.81–4.43)
p<0.001

2.40 (2.02–2.86)
p<0.001

Model 2 4.52 (3.49–5.86)
p<0.001

1.76 (1.46–2.13)
p<0.001

3.61 (2.79–4.67)
p<0.001

2.53 (2.05–3.13)
p<0.001

Model 3 4.72 (3.57–6.24)
p<0.001

1.88 (1.54–2.29)
p<0.001

3.92 (2.97–5.18)
p<0.001

2.72 (2.18–3.39)
p<0.001

Model 4 1.49 (1.09–2.05)
p=0.014

1.87 (1.53–2.31)
p<0.001

1.44 (1.05–1.98)
p=0.023

1.74 (1.35–2.23)
p<0.001

Model 1: adjusted for sex and age (per 20 years). Model 2: adjusted for sex, age (per 20 years), exercise, current smoking, alcohol consumption, 
and previous ASCVD history. Model 3: adjusted for sex, age (per 20 years), exercise, current smoking, alcohol consumption, previous ASCVD his-
tory, chronic kidney disease, hyper-LDL cholesterolemia, and muscle mass. Model 4: adjusted for sex, age (per 20 years), exercise, current smok-
ing, alcohol consumption, previous ASCVD history, chronic kidney disease, muscle mass, glycemic status (prediabetes, diabetes), hypertension, 
and hypertriglyceridemia.
ASCVD, atherosclerotic cardiovascular disease; MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; CI, confidence inter-
val; NAFLD, nonalcoholic fatty liver disease; LDL, low-density lipoprotein.

Table 5.Table 5. Risk of Significant Liver Fibrosis in Subjects with MAFLD

Variable
By fibrosis-4 index By NAFLD fibrosis score

OR (95% CI) p-value OR (95% CI) p-value

Sarcopenia* 2.43 (1.92–3.07) <0.001 1.56 (1.22–1.98) <0.001
Body mass index, kg/m2 1.02 (0.98–1.06) 0.425 1.19 (1.15–1.24) <0.001
Fasting blood glucose, mg/dL 1.00 (1.00–1.01) 0.927 1.05 (1.01–1.02) <0.001
Systolic blood pressure, mm Hg 1.00 (0.99–1.01) 0.907 1.01 (1.01–1.02) 0.002
HOMA-IR† 0.94 (0.75–1.19) 0.631 1.42 (1.11–1.80) 0.005
Chronic kidney disease‡ 1.37 (0.97–1.94) 0.071 1.52 (1.09–2.12) 0.015
Triglyceride† 1.06 (0.89–1.27) 0.505 0.90 (0.75–1.80) 0.276

Adjusted for age (per 20 years), age × sarcopenia index, and sex. 
MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval; 
HOMA-IR, homeostasis model assessment of insulin resistance.
*Sarcopenia was defined as the lowest quintile of the sex-specific sarcopenia index; †Log transformed; ‡Chronic kidney disease was defined as an 
estimated glomerular filtration rate less than 60 mL/min/1.73 m2.
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DISCUSSION

Recently, the novel definition of MAFLD was proposed 
to focus more on the clinical significance of metabolic de-
rangement, regardless of accompanying etiologies for liver 
diseases. However, it has also been proposed that disease 
extent can be explained by the level of activity and the 
stages of liver fibrosis, which is comparable to the defini-
tion has been adopted for other chronic liver diseases and 
recognizes that MAFLD is a continuum.10 However, no 
study has proven the clinical significance of risk assess-
ment based on fibrotic burden in subjects with MAFLD. In 
our study, individuals with both MAFLD and significant 
liver fibrosis had unfavorable demographic and laboratory 
data similar to subjects with MAFLD but without signifi-
cant liver fibrosis. When compared to individuals without 
MAFLD, those MAFLD groups with and without signifi-
cant liver fibrosis had independently higher risks of hav-
ing cardiometabolic risk factors. Regarding ASCVD risk, 
reflected by high probability ASCVD risk, individuals with 
MAFLD but without significant liver fibrosis showed a 1.44 
(by fibrosis index-4) to 1.60 (by NAFLD fibrosis score) fold 
higher risk of high probability ASCVD risk. However, the 
risks increased up to 2.40 (by fibrosis index-4) and 2.77 (by 
NAFLD fibrosis score) increased the risk of high probabil-
ity ASCVD risk in subjects with MAFLD and significant 
liver fibrosis. All these might indicate that it is clinically 
critical to classify subjects with MAFLD who are at a risk 
of experiencing ASCVD events. Beside to the identification 
of MAFLD, we showed that further assessment of fibrotic 
burden in subjects with MAFLD might provide a more de-
tailed prognosis regarding ASCVD outcomes.

Our study has several clinical advantages. First, re-
cently, a new approach of MAFLD was proposed, which 
is established on histological (biopsy), imaging, or blood 
biomarker confirmation of hepatic fat accumulation, along 
with one of the following essential components: over-
weight/obesity, diabetes mellitus, or presence of metabolic 
abnormalities. Similar to what has been admitted for other 
chronic liver diseases, disease severity should be assessed 
using fibrotic burden in the liver and the grade of activity.10 
In parallel with the well-known fact that the stage of liver 
fibrosis is the only strong predictor of long-term progno-
sis, including ASCVD development, international experts 
also recommended risk stratification according to fibrotic 
burden among subjects with MAFLD,1,7,8 which might be 
strongly supported by the conclusions of our current study. 
We found that the risk of having high probability ASCVD 
risk increased mildly in individuals with MAFLD but with-
out significant liver fibrosis (OR <2), whereas it increased 
abruptly in individuals with both MAFLD and significant 

liver fibrosis alone (OR around 10), which might indicate 
that therapeutic intervention should be considered in the 
early stage of liver fibrosis progression in subjects with 
MAFLD. Even after appropriate adjustment and propensity 
score matching, the significant influence of significant liver 
fibrosis and MAFLD itself was maintained. However, when 
the risk of the respective cardiometabolic risk factors was 
assessed, the risk of chronic kidney disease and proteinuria 
was found to be higher, whereas the risk of dyslipidemia 
and sarcopenia was found to be scanty in subjects with 
both MAFLD and significant liver fibrosis than in those 
with MAFLD but without significant liver fibrosis. 

Second, the risk assessment of ASCVD using the stage 
of liver fibrosis in our study as a potential link between 
MAFLD and ASCVD might be powered by several previ-
ous studies. A recent study by You et al.8 presented that ala-
nine aminotransferase level and coronary artery calcifica-
tion score are the sole independent components associated 
with fibrotic burden, estimated using transient elastogra-
phy in subjects with NAFLD. In another U.S. study by Kim 
et al.,7 the National Health and Nutrition Examination Sur-
vey from 1988 to 1994 were explored subsequent follow-up 
data (median, 14.5 years) for mortality was collected. The 
results clearly showed that advanced fibrosis scores, not 
NAFLD, was associated with higher mortality. In contrast 
to participants without liver fibrosis, subjects with a high 
probability of progressed liver fibrosis had a 69% increase 
in mortality, which was mostly due to ASCVD events after 
adjusting for other confounders. Similar to these findings 
in subjects with NAFLD, this finding does not seem sur-
prising that the severity of liver fibrosis significantly influ-
enced the risk of ASCVD in subjects with MAFLD due to 
the significant overlap between NAFLD and MAFLD and 
more focus on metabolic derangements in subjects with 
MAFLD, which might further increase the risk of ASCVD. 
This is also supported by our results that the number of 
MAFLD and ASCVD risk factors significantly increased in 
association with the status of MAFLD and significant liver 
fibrosis (from with MALFD and MAFLD without signifi-
cant liver fibrosis to MAFLD with significant liver fibrosis). 
The mechanisms by which liver fibrosis may immediately 
contribute to the pathogenesis of ASCVD are not fully 
known, and it is likely that several possible pathophysi-
ological mechanisms are engaged. It has been suggested 
that systemic inflammation, endothelial dysfunction, and 
oxidative imbalance are related to the degree of fibrosis, 
thereby inducing atherosclerosis.20,21

Third, the current study observed that sarcopenia 
was highly prevalent (~43%) among subjects with both 
MAFLD and significant liver fibrosis, which was higher 
than that in individuals with MAFLD but without sig-
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nificant liver fibrosis (25.5%) and those without MAFLD 
(13.6%). Similarly, it has been known that individuals with 
both NAFLD and liver fibrosis progression also showed 
a significantly higher prevalence of sarcopenia.22 As we 
previously demonstrated that the coordinated impact of 
decreased muscle mass and significant liver fibrosis on 
ASCVD risks,5 loss of skeletal muscle mass may be respon-
sible for increased ASCVD among subjects with MAFLD. 
Furthermore, the close relationship between muscle mass 
loss and significant liver fibrosis was more predominant 
among subjects with MAFLD (OR, 1.56 to 2.43) than 
among subjects with NAFLD (OR, 1.30 to 1.92) reported 
in our previous study,23 although different definitions of 
sarcopenia were applied. These findings imply that evalua-
tion of sarcopenia, in addition to liver fibrosis assessment, 
might provide additional clinical implications for the ap-
propriate therapeutic intervention by identifying subjects 
with MAFLD who are facing ASCVD risk.

Fourth, considering the burden of MAFLD with sig-
nificant liver fibrosis on ASCVD risks, characterization of 
individuals with significant liver fibrosis is important to 
identify high-risk populations among MAFLD. Common 
risk components including obesity and binge drinking 
were not linked with the risk of significant liver fibrosis 
among subjects with MAFLD in our study. However, par-
ticipants with both MAFLD and significant liver fibrosis 
showed a much greater prevalence of diabetes, metabolic 
syndrome, sarcopenia, and chronic kidney disease, regard-
less of the definition of liver fibrosis indices. Further stud-
ies with detailed information on liver fibrosis using liver 
biopsy or imaging are necessary to establish predictive risk 
factors of significant liver fibrosis among individuals with 
MAFLD. In addition, when the respective contribution to 
the risk of ASCVD of MAFLD and significant liver fibro-
sis was compared, the presence of MAFLD had a 1.5- to 
2.5-fold higher influence on the risk of ASCVD than the 
presence of significant liver fibrosis (OR=3.92 to 4.72 for 
MAFLD vs OR=1.88 to 2.72 for significant liver fibrosis in 
a sufficiently adjusted model [model 3], respectively), indi-
cating that the identification of MAFLD is more important 
for ASCVD risk stratification and subsequent assessment 
fibrotic burden in the liver should be followed for more 
detailed risk stratification.

In spite of the clinical significances of the current study, 
there were several limitations. First, while we used a well-
proven liver fibrosis prediction model,13 data of liver im-
ages and histological findings were unavailable by reason 
of the high cost of image test and the moral arguments re-
specting the screening of a large national population-based 
cohort. Nevertheless, we believe that the core present study 
highlighted could support the cornerstone for prospective 

and long-term follow-up studies targeting on the prognos-
tic importance of MALFD and accompanying liver fibrosis 
on ASCVD risk. Second, due to the study design, based on 
the cross-sectional data, the continuing dynamic interac-
tion between status changes in fibrotic burden and changes 
in the ASCVD risk could not be determined. We failed 
to analyze the impacts of nutritional and physical thera-
pies on the disappearance of MAFLD, fibrosis regression, 
and ASCVD risk. The conclusions in the current study 
indicated the demand for screening the MAFLD popula-
tion to identify individuals who are facing ASCVD risk. 
Third, a pooled cohort risk equation was applied to predict 
ASCVD risk and we did not investigate the actual risk in 
subsequent follow-up. The 10-year ASCVD risk estimation 
model was originally developed for primary prevention 
based on the blood cholesterol. Moreover, there might be 
overestimation of ASCVD risk prediction in the Asian eth-
nicities, our findings should be carefully comprehended.24 
Lastly, despite the fact that we adjusted for individuals with 
prior ASCVD history, there might be feasible that subjects 
with undiagnosed cerebrovascular disease or obscure coro-
nary artery disease might have affected the results of the 
present study, since silent stroke or myocardial infarction 
can be diagnosed in up to 40% of an elderly population 
with high risk.25

In conclusion, individuals with MAFLD had a sub-
stantially increased risk of ASCVD than those without 
MAFLD. Accompanying significant liver fibrosis fur-
ther enhanced the risk of ASCVD among subjects with 
MAFLD. Risk stratification established on the degree of 
liver fibrosis might be required for subjects with MAFLD. 
Further studies are necessary to clarify whether current 
screening strategies for ASCVD risks should be intensified 
in subjects with MAFLD, especially showing significant 
liver fibrosis.
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