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Abstract
Background and aim  Changing terminology of non-alcoholic fatty liver disease (NAFLD) to metabolic dysfunction-asso-
ciated fatty liver disease (MAFLD) is recently proposed by expert panels based on metabolic dysregulations. However, 
clinical evidences for the risk of cardiovascular disease (CVD) in MAFLD are limited. The aim of this study is evaluating 
the association of cardiovascular risk in these two terminology and subgroups of MAFLD.
Methods  A total of 2133 individuals who underwent ultrasound and cardiac computed tomography contemporaneously 
were included at a single medical checkup center. Ultrasound was used to define fatty liver, and coronary artery calcification 
(CAC) defined a coronary artery calcium score above 0 was used to estimate the cardiovascular risk.
Results  Overall, 911 participants were diagnosed with fatty liver. In the unadjusted analysis, NAFLD (OR = 1.4, 95% con-
fidence interval [CI] = 1.05–1.85, p = 0.019) and MAFLD (OR = 1.55, 95% CI = 1.29–1.86, p = 0.046) were significantly 
associated with CAC. However, in sex and age-adjusted analyses, only MAFLD was associated with CAC (adjusted OR 
[aOR] = 1.38, 95% CI = 1.14–1.69, p = 0.001). Of the three subgroups of MAFLD (diabetic, nondiabetic overweight/obese, 
and nondiabetic normal weight/lean with at least two metabolic abnormalities), only diabetic MAFLD was associated with 
CAC (aOR = 2.65, 95% CI = 1.98–3.55, p < 0.001). When the minimal number of metabolic risk abnormalities increased 
to three, nondiabetic normal-weight/lean MAFLD was associated with CAC (aOR = 1.35, 95% CI = 1.02–1.77, p = 0.034).
Conclusion  Diabetic MAFLD predicted high-risk CVD phenotypes the best. Metabolic risk abnormalities in nondiabetic 
MAFLD patients were independently associated with the risk of CVD. The proposed diagnostic criteria for nondiabetic 
MAFLD need further investigation in terms of CVD risk.
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MAFLD	� Metabolic dysfunction-associated fatty liver 
disease

NAFLD	� Non-alcoholic fatty liver disease
NFS	� NAFLD fibrosis score
T2DM	� Type 2 diabetes mellitus
WC	� Waist circumference

Introduction

Non-alcoholic fatty liver disease (NAFLD), character-
ized by ≥ 5% hepatic fat accumulation with no evidence 
of secondary causes of hepatic steatosis, manifests as sim-
ple steatosis, steatohepatitis, liver fibrosis, and cirrho-
sis [1]. Furthermore, it has been closely associated with 
metabolic dysfunction including type 2 diabetes mellitus 
(T2DM), dyslipidemia, and obesity, which can result in 
the development of liver fibrosis, cardiovascular disease 
(CVD), and increased liver-related and cardiovascular 
mortality [2–4].

In 2020, a panel of international experts proposed a 
new definition called metabolic dysfunction-associated 
fatty liver disease (MAFLD), which includes causes of 
chronic liver disease, such as viruses and excessive alco-
hol intake [5]. The definition of MAFLD is based on the 
presence of hepatic steatosis as a prerequisite and one of 
the following three features, including: (1) T2DM, (2) 
overweight or obesity, or (3) lean or normal weight with 
at least two metabolic risk abnormalities [5]. Based on 
the new nomenclature of MAFLD, comparative studies 
on clinical implication with NAFLD have been active 
recently [6]. In several studies, patients with MAFLD 
were more likely to have metabolic comorbidities, fibro-
sis progression, and incident cardiovascular disease risk 
analyzed using the traditional risk-scoring models [7–10].

Coronary artery calcium scoring with computed 
tomography (CT) is a noninvasive, reliable marker of 
coronary atherosclerotic burden [11]. The association 
between coronary artery calcification (CAC) and the risk 
of CVD has been well evaluated in the general population 
as well as in patients with NAFLD [12]. Additionally, 
the progression of coronary artery calcium scores was 
also associated with worsening coronary atherosclerosis, 
which predicts future CVD events, including myocardial 
infarction, ischemic stroke, and/or cardiovascular mor-
tality, even in patients with NAFLD [13, 14]. However, 
little is known about the association between CAC and 
MAFLD.

This study aimed to investigate the association of the 
risk of CVD estimated by CAC with NAFLD and MAFLD. 
Furthermore, the association of CVD risk was investigated 
according to the three subgroups of MAFLD.

Patients and methods

Patients

This cross-sectional, retrospective study included indi-
viduals who underwent a medical checkup, including 
abdominal ultrasound and cardiac CT, from January 2017 
to December 2021 at a health center in South Korea. The 
exclusion criterion was documented history of significant 
CVD, such as acute coronary syndrome, stable angina, 
history of angioplasty or stent placement, cerebrovascu-
lar disease, and peripheral vascular disease. However, no 
patient had significant CVD, because all relatively healthy 
individuals underwent medical checkups.

Data collection

We obtained medical records, including demographic vari-
ables, anthropometric measurements, laboratory findings, 
abdominal ultrasound, and coronary calcium scan at the 
time of the medical checkup. Variables, such as age, sex, 
comorbidities, history of alcohol, smoking, and medica-
tion use, were obtained based on self-reporting and direct 
interviews using standardized health questionnaires. 
Anthropometric assessments, including height, weight, 
waist circumference (WC), and blood pressure, were per-
formed and recorded by trained nurses. Overweight and 
obesity were defined as a body mass index (BMI) ≥ 23 kg/
m2 and ≥ 25 kg/m2 based on the Asia–Pacific region cri-
teria, respectively [15]. Hypertension and T2DM were 
defined as current guideline [16, 17]. Metabolic syndrome 
was defined as the presence of three or more of the follow-
ing factors by proposed criteria [18].

Blood biochemical tests and abdominal ultrasound were 
performed after overnight fasting. The patients’ liver pro-
files, including serum aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), total bilirubin, and albu-
min levels; lipid profiles, including total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), HDL-C, and 
TG levels; and platelet count, FPG, and HbA1c levels were 
measured.

The AST to platelet ratio index (APRI), fibrosis-4 (FIB-
4) index, NAFLD fibrosis score (NFS), and noninvasive 
fibrosis score were calculated according to previous publi-
cations, and low cut-off values of APRI ≥ 0.5, FIB-4 ≥ 1.3, 
and NFS ≥ -1.455 were used for dichotomous analysis[19, 
20].
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Diagnosis of NAFLD and MAFLD

The fatty liver was evaluated by experienced radiologists 
using abdominal ultrasonography based on the standard cri-
teria [21]. A diagnosis of NAFLD was made by the clinical 
practice guidelines of European Association for the Study 
of Liver Diseases and American Association for the Study 
of Liver Diseases for the Management of NAFLD [22, 23]. 
A diagnosis of MAFLD was based on the criteria proposed 
by an international expert panel [5]. The criteria include 
evidence of fatty liver on ultrasonography in addition to one 
of the following three criteria: overweight/obesity, presence 
of T2DM, or evidence of metabolic dysregulation. Meta-
bolic dysregulation was defined as the presence of at least 
two metabolic risk abnormalities defined by an international 
expert panel (supplementary file 1) [5]. BMI and WC were 
determined using cut-off values for Asians, as all patients 
were Asian. Although the homeostasis model assessment 
of insulin resistance score ≥ 2.5 is one of the metabolic risk 
abnormalities, it was excluded in our study, because values 
of fasting insulin were unavailable.

Cardiac computed tomography for CAC​

Non-contrast cardiac prospective electrocardiogram-trig-
gered volumetric CT was performed using a 320-slice CT 
scanner (SOMATOM Force, Siemens Healthineers). At 
the end of inspiration, the patients held their breath as the 
scan ranged from the base of the heart to the carina; the 
field of view was 220 mm, whereas the scan collimation 
was 320 × 0.75 mm. As determined by the CARE Dose4D 
scanner software, a tube current ranging from 288 mA to 
100–120 kVp was administered. The rotation time was 
0.25 s. Using five filter revolutions, 3-mm-thick reconstruc-
tion slices were obtained. The Agatston scoring method, 
previously described by a fellowship-trained cardiac radiolo-
gist using independent post-processing software (Syngo.via, 
Siemens Healthineers), was used to quantify the coronary 
artery calcium scores. The presence of CAC was defined as 
a coronary artery calcium score > 0.

Statistical analysis

Data are presented as median with interquartile range (IQR) 
or number (%), as appropriate. No imputation was conducted 
for the missing data. Categorical variables were compared 
using the Chi-square test (or Fisher’s exact test), whereas the 
Student’s t test (or Mann–Whitney U test) after Shapiro–Wilk 
normality testing was used to compare continuous variables. 
Factors associated with CAC were identified using logistic 
regression analysis with stepwise backward elimination. 
Odds ratios (OR) and 95% confidence intervals (CI) were 
also calculated. A probability value of two-tailed p < 0.05 was 

considered statistically significant. Statistical analyses were 
performed using the R software (version 3.0, http://​cran.r-​
proje​ct.​org/​,insta​ll.​packa​ges(“devto​ols’)). Logistic regression 
model-based plotting for the probability of CAC presence was 
generated using ggplot2.

Results

Baseline characteristics

A total of 2133 individuals who underwent cardiac CT for 
coronary artery calcium and ultrasonography were included 
in this study. All cardiac CT and ultrasound examinations 
were performed on the same day. The median age and body 
mass index were 58 years and 22.0 kg/m2, respectively. 
Overall, 911 (42.7%) individuals had fatty liver disease, 
and 794 (37.2%) had CAC with a median coronary artery 
calcium score of 46.4 [9.5–164.5]. The baseline character-
istics of patients with and without fatty liver are shown in 
Table 1. Compared to individuals without fatty liver, those 
with fatty liver were predominantly male and more likely to 
have hypertension, T2DM, metabolic syndrome, and higher 
metabolic abnormality counts. Positivity of anti-HCV was 
not different with individuals with fatty liver and those with-
out. The positivity of HBsAg is higher in individuals without 
fatty liver compared to those with it. However, ALT and 
FIB-4 is higher in those had HBsAg but not fatty liver com-
pared to those had HBsAg and fatty liver (supplementary 
file 2).

Association of CAC with NAFLD and MAFLD

Prevalence of CAC in patients with NAFLD and MAFLD 
were 40.6% and 43.6%, respectively (Fig. 1a). The asso-
ciation between CAC and the type of fatty liver disease 
is shown in Table 2. In the unadjusted analysis, NAFLD 
(OR = 1.4, 95% CI = 1.05–1.85) and MAFLD (OR = 1.55, 
95% CI = 1.29–1.86) were significantly associated with 
CAC. However, fatty liver without MAFLD was not asso-
ciated with CAC. In sex- and age-adjusted analyses, only 
MAFLD was independently associated with CAC (adjusted 
OR [aOR] = 1.38, 95% CI = 1.14–1.69, p = 0.001).

Association of CAC with the metabolic subgroups 
of MAFLD

The baseline characteristics of MAFLD subgroups are 
shown in Table 3. Each subgroup had different clinical 
characteristics and values in the noninvasive fibrosis test. 
Of these, diabetic MAFLD had higher coronary artery 
calcium and noninvasive fibrosis test scores. Prevalence 
of CAC in patients with diabetic MAFLD was 57.0% 
(Fig. 1a). Though prevalence of CAC in patients with 

http://cran.r-project.org/,install.packages(“devtools’))
http://cran.r-project.org/,install.packages(“devtools’))
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nondiabetic MAFLD was increasing up to three (Fig. 1b), 
mean coronary artery calcium score was constantly 
increasing according to number of metabolic risk abnor-
malities (Fig. 1c) in patients with nondiabetic MAFLD. In 
the unadjusted analysis, the subgroups of diabetic MAFLD 
and nondiabetic normal-weight/lean MAFLD with at least 
two and three metabolic risk abnormalities were signifi-
cant factors associated with CAC, but nondiabetic over-
weight/obesity MAFLD was not (Table 2). In the sex- and 
age-adjusted analysis, the subgroup of diabetic MAFLD 

(aOR = 1.93, 95% CI = 1.42–2.64, p < 0.001) and nondia-
betic normal-weight/lean MAFLD with at least three met-
abolic risk abnormalities were independently associated 
with CAC (aOR = 1.35, 95% CI = 1.02–1.77, p = 0.034), 
but those with at least two metabolic risk abnormalities 
were not (aOR = 1.18, 95% CI = 0.94–1.49, p = 0.156).

Table 1   Baseline characteristics 
of entire study population

*1028 patients who could be assessed history of alcohol were evaluated
§ Metabolic abnormalities include (1) WC ≥ 90/80  cm in male and female, (2) BP ≥ 130/85  mmHg or 
specific drug treatment, (3) plasma TG ≥ 150 mg/dL or specific drug treatment, (4) plasma HDL-choles-
terol < 40 mg/dL for male and < 50 mg/dL for female or specific drug treatment, and (5) prediabetes (fast-
ing glucose levels 100–125 mg/dL or 2-h post-load glucose levels 140–199 mg/dL or HbA1c 5.7–6.4%)

Control Fatty liver p Value
(N = 1222) (N = 911)

Male 698 (57.1%) 673 (73.9%)  < 0.001
Age, years 58.0 [51.0–63.0] 58.0 [51.0–64.0] 0.234
SBP, mmHg 123.0 [112.0–134.0] 129.0 [120.0–140.0]  < 0.001
DBP, mmHg 74.0 [67.0–82.0] 79.0 [72.0–86.0]  < 0.001
Coronary artery calcium score 0.0 [0.0–8.1] 0.0 [0.0–37.2]  < 0.001
Presence of CAC​ 407 (33.3%) 387 (42.5%)  < 0.001
BMI, kg/m2 22.0 [21.0–22.0] 22.0 [22.0–22.0]  < 0.001
Use of hypertensive drug 82 (6.7%) 132 (14.5%)  < 0.001
T2DM 150 (12.3%) 221 (24.3%)  < 0.001
Smoking 255 (45.2%) 271 (58.9%)  < 0.001
Total cholesterol, mg/dL 187.0 [164.0–211.5] 196.0 [166.5–222.0]  < 0.001
HDL, mg/dL 58.0 [49.0–70.0] 51.0 [43.0–60.0]  < 0.001
LDL, mg/dL 126.0 [103.0–150.0] 134.0 [106.0–160.5]  < 0.001
Triglycerides, mg/dL 91.0 [63.0–125.5] 128.0 [92.0–186.0]  < 0.001
AST, U/L 24.0 [19.0–31.0] 26.0 [21.0–35.0]  < 0.001
ALT, U/L 20.0 [15.0–29.0] 28.0 [20.0–42.0]  < 0.001
Total bilirubin, mg/dL 0.7 [0.5–0.9] 0.7 [ 0.6–1.0] 0.008
Albumin, g/dL 4.8 [4.6–4.9] 4.8 [ 4.6–5.0]  < 0.001
Platelet × 109/L 236.0 [203.0–275.5] 240.0 [205.0–281.0] 0.048
hsCRP, mg/dL 0.1 [0.0–0.1] 0.1 [ 0.0–0.1]  < 0.001
Fasting glucose, mg/dL 99.0 [91.0–107.5] 105.0 [95.0–120.0]  < 0.001
HbA1c, % 5.5 [5.3–5.8] 5.7 [5.4–6.1]  < 0.001
Positivity of HBsAg 59 (4.8%) 25 (2.7%) 0.020
Positivity of anti-HCV 11 (0.9%) 8 (0.9%) 1.000
Use of statin 85 (7.0%) 98 (10.8%) 0.003
Use of fibrate 0 (0.0%) 12 (1.3%)  < 0.001
Fatty liver without MAFLD 99 (10.9%)
MAFLD Subtype
 T2DM 223 (27.5%)
 Overweight/obese 82 (10.1%)
 Normal weight/lean 507 (62.4%)

NAFLD* 566 (100%) 335 (72.5%)
Metabolic abnormality counts§ 2 [1–3] 3 [2–4]  < 0.001
Metabolic syndrome 266 (21.8%) 488 (53.6%)  < 0.001
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Association between CAC and number of metabolic 
risk abnormalities in individuals without T2DM

Sex- and age-adjusted analyses were performed to evalu-
ate the association between CAC and the number of meta-
bolic risk abnormalities among the control and nondiabetic 
MAFLD groups. In this analysis, the number of metabolic 
risk abnormalities was independently associated with CAC, 
irrespective of MAFLD (aOR = 1.23, 95% CI = 1.12–1.34, 
p < 0.001, Fig. 2).

Association between CAC and liver fibrosis 
in patients with MAFLD

To evaluate the association between CAC and liver fibro-
sis by FIB-4, multivariable-adjusted analysis, including 
values of the Framingham risk score, was performed in 
patients with MAFLD. In this analysis, liver fibrosis was 
independently associated with CAC (aOR = 2.08, 95% 
CI = 1.55–2.79, p < 0.001; Table 4). After further adjusted 
by positivity of HBsAg or anti-HCV, the association of CAC 
and liver fibrosis is not different (supplementary file 3).

Discussion

In this relatively healthy cohort, we demonstrated that 
MAFLD was independently associated with CAC using sex- 
and age-adjusted analyses. Among the three subgroups in the 
diagnostic criteria for MAFLD, only diabetic MAFLD was 
an independent predictor of CAC. However, when the mini-
mal number of metabolic risk abnormalities increased to 
three, nondiabetic normal/lean MAFLD was associated with 
CAC, unlike the proposed diagnostic criteria of nondiabetic 
normal/lean MAFLD. Additionally, in nondiabetic MAFLD, 
the number of metabolic risk abnormalities was an inde-
pendent predictor of CAC. In addition to these associations, 
liver fibrosis by FIB-4 was still an independent predictor 
of CAC using adjusted analysis of multiple cardiovascular 
risk factors.

These findings demonstrate that MAFLD is a better pre-
dictor of high-risk CVD phenotypes than NAFLD. However, 
most of these effects do not come from nondiabetic MAFLD 
but from diabetic MAFLD. We found that two metabolic 
risk abnormalities, which were defined as metabolic dys-
regulation in the proposed definition, were insufficient to 

Fig. 1   Coronary artery calci-
fication and coronary calcium 
score: a presence of coronary 
artery calcification according to 
presence of different fatty liver 
diseases, b presence of coronary 
artery calcification in patients 
with nondiabetic metabolic 
dysfunction-associated fatty 
liver disease, and c coronary 
artery calcium score in patients 
with nondiabetic metabolic 
dysfunction-associated fatty 
liver disease

Table 2   Association of presence 
of coronary artery calcification 
with NAFLD, MAFLD, and 
metabolic subtype of MAFLD

*Adjusted by sex and age
§ Nondiabetic

Unadjusted analysis Multivariable-adjusted 
analysis*

OR (95% CI) p Value OR (95% CI) p Value

NAFLD 1.4 (1.05–1.85) 0.019 1.21 (0.88–1.65) 0.241
MAFLD 1.55 (1.29–1.86) 0.046 1.38 (1.14–1.69) 0.001
Fatty liver without MAFLD 1.00 (0.64–1.53) 0.996
MAFLD, type 2 DM 2.65 (1.98–3.55)  < 0.001 1.93 (1.42–2.64)  < 0.001
§MAFLD, overweight/obesity 1.22 (0.76–1.92) 0.404
§MAFLD, lean at least 2 metabolic risks 1.26 (1.26–3.29) 0.023 1.18 (0.94–1.49) 0.156
§MAFLD, lean at least 3 metabolic risks 1.48 (1.14–1.90) 0.003 1.35(1.02–1.77 0.034
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determine the high-risk CVD phenotype in nondiabetic 
normal-weight/lean MAFLD, but instead three metabolic 
risk abnormalities were required. Thus, in terms of CVD 
risk, the number of metabolic risk abnormalities in normal-
weight/lean nondiabetic MAFLD in the proposed diagnostic 
criteria may need to be further investigated. Furthermore, 
the addition of metabolic risk abnormalities in overweight/
obese nondiabetic MAFLD may be considered. Consistent 
with a previous study on NAFLD, liver fibrosis remains 
an independent predictor of high-risk CVD phenotypes 
in MAFLD. As patients with diabetic MAFLD had higher 

scores on noninvasive fibrosis tests, liver fibrosis may inde-
pendently increase the risk of CVD in diabetic MAFLD, 
which is consistent with a previous study on NAFLD.

Several studies have reported an association between 
NAFLD and CAC [14, 24, 25]. Although this association 
has been well evaluated in relatively large cohorts, it was not 
shown after adjusting for sex and age in the current study. A 
recent study reported that the association between NAFLD 
and CAC could be affected by sex and obesity [26]. This 
indicates that the impact of NAFLD on the risk of CAC 
could vary in cohorts with different BMIs. Unlike in other 

Table 3   Baseline characteristics of subgroups of MAFLD

§ Metabolic abnormalities include (1) WC ≥ 90/80  cm in male and female, (2) BP ≥ 130/85  mmHg or specific drug treatment, (3) plasma 
TG ≥ 150 mg/dL or specific drug treatment, (4) plasma HDL-cholesterol < 40 mg/dL for male and < 50 mg/dL for female or specific drug treat-
ment, and (5) prediabetes (fasting glucose levels 100–125 mg/dL or 2-h post-load glucose levels 140–199 mg/dL or HbA1c 5.7–6.4%)

MAFLD subgroup T2DM Nondiabetic overweight/obese Nondiabetic normal weight/lean p Value
(N = 223) (N = 82) (N = 507)

Male 167 (74.9%) 78 (95.1%) 349 (68.8%)  < 0.001
Age, year 60.6 ± 9.5 51.6 ± 10.8 57.2 ± 10.1 0.001
SBP 130.0 [122.0; 141.0] 128.0 [120.0; 137.0] 132.0 [121.0; 141.0] 0.201
Coronary artery calcium score 4.2 [0.0; 140.2] 0.0 [0.0; 25.1] 0.0 [0.0; 23.3]  < 0.001
Presence of CAC​ 127 (57.0%) 31 (37.8%) 196 (38.7%)  < 0.001
BMI, kg/m2 22.0 [22.0; 22.0] 24.0 [23.6; 24.7] 22.0 [21.5; 22.0]  < 0.001
Use of hypertensive drug 51 (22.9%) 12 (14.6%) 67 (13.2%) 0.004
Smoking 73 (61.3%) 22 (66.7%) 142 (55.3%) 0.307
Total cholesterol, mg/dL 181.0 [147.5; 208.5] 191.0 [170.0; 219.0] 198.0 [171.0; 225.0]  < 0.001
HDL, mg/dL 50.0 [43.0; 59.0] 46.5 [40.0; 53.0] 51.0 [44.0; 60.5]  < 0.001
LDL, mg/dL 121.0 [91.5; 151.0] 132.0 [112.0; 164.0] 136.0 [110.0; 161.0]  < 0.001
Triglycerides, mg/dL 131.0 [94.5; 196.5] 154.0 [113.0; 213.0] 130.0 [90.0; 192.0] 0.059
AST, U/L 29.0 [23.0; 38.5] 25.0 [22.0; 32.0] 26.0 [21.0; 34.0] 0.002
ALT, U/L 31.0 [21.5; 47.0] 31.5 [22.0; 52.0] 27.0 [20.0; 39.5] 0.001
Total bilirubin, mg/dL 0.7 [0.5; 0.9] 0.8 [0.7; 1.1] 0.7 [0.6; 1.0]  < 0.001
Albumin, g/dL 4.9 [4.7; 5.1] 4.8 [4.7; 4.9] 4.8 [4.6; 5.0] 0.029
Platelet × 109/L 230.0 [193.0; 273.5] 238.5 [205.0, 270.0] 247.0 [215.0; 289.0] 0.001
hsCRP, mg/dL 0.1 [0.0; 0.1] 0.1 [0.1; 0.2] 0.1 [0.1; 0.1] 0.150
Fasting glucose, mg/dL 137.0 [127.0; 169.0] 103.0 [98.0; 113.0] 102.0 [93.5; 109.0]  < 0.001
HbA1c, % 6.8 [6.4; 7.6] 5.5 [5.3; 5.7] 5.6 [5.4; 5.8]  < 0.001
Positivity of HBsAg 8 (3.6%) 1 (1.2%) 13 (2.6%) 0.501
Positivity of anti-HCV 3 (1.3%) 1 (1.2%) 4 (0.8%) 0.762
Use of statin 39 (17.5%) 9 (11.0%) 50 (9.9%) 0.014
Use of fibrate 6 (2.7%) 0 (0.0%) 6 (1.2%) 0.200
Metabolic abnormality counts§ 3.0 [2.0; 4.0] 3.0 [2.0; 4.0] 3.0 [2.0; 3.0] 0.021
MetS 153 (68.6%) 56 (68.3%) 279 (55.0%) 0.001
Noninvasive fibrosis test
 APRI 0.3 [0.2; 0.5] 0.3 [0.2; 0.4] 0.3 [0.2; 0.4]  < 0.001
 APRI ≥ 0.5 45 (20.2%) 7 (8.5%) 58 (11.4%) 0.002
 FIB-4 1.5 [1.0; 1.9] 1.0 [0.8; 1.3] 1.2 [0.9; 1.6]  < 0.001
 FIB-4 ≥ 1.3 139 (62.3%) 22 (26.8%) 212 (41.8%)  < 0.001
 NFS − 3.5 [− 4.2; − 2.9] − 4.5 [− 5.2; − 3.8] − 4.3 [− 5.1; − 3.5]  < 0.001
 NFS ≥ − 1.455 6 (2.7%) 0 (0.0%) 5 (1.0%) 0.141
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cohorts (mean or median BMI of 23–26 kg/m2), patients 
in our study cohort were relatively lean (median BMI was 
about 22 kg/m2) [14, 24–26]. Especially, among patients 
with nondiabetic MAFLD, only 1.5% of patients were diag-
nosed with nondiabetic overweight/obese MAFLD. Thus, 
we believe that these differences may have been due to the 
relatively lean cohort in this study.

Some recent studies have reported that in terms of pre-
diction of the risk of CVD, the definition of MAFLD is bet-
ter than that of NAFLD [10, 27]. In these studies, patients 
with MAFLD were more likely to have higher CVD risk as 
assessed by the Korean 10-year atherosclerotic cardiovascu-
lar disease (ASCVD) risk score, Siuta score, or Framingham 
risk score (FRS). In addition, the incidence of CVD events, 
including myocardial infarction, ischemic stroke, heart fail-
ure, and CVD-related death assessed by reimbursement 

claim data, was higher in MAFLD than in NAFLD [10]. 
However, no study has evaluated the clinical characteristics 
of relevant subgroups. Thus, to overcome the heterogeneity 
of the disease, further studies are required to precisely define 
subgroups of MAFLD. A large-scale cohort study demon-
strated that regardless of BMI, metabolically unhealthy indi-
viduals had higher CVD risk than did healthy individuals 
[28]. However, regardless of metabolic health, overweight/
obese individuals had higher CVD risk than did lean indi-
viduals, and the hazard ratio of metabolic factors was much 
greater than that of related factor [28]. Furthermore, the 
association between metabolic dysregulation and severity 
of NAFLD has also been demonstrated in a biopsy-proven 
NAFLD cohort study [29]. In this previous study, the number 
of metabolic risk factors, including impaired fasting glucose 
or T2DM, hypertension (HTN), hypertriglyceridemia, and 

Fig. 2   Sex and age-adjusted predicted probability of the presence of coronary artery calcification (defined as coronary artery calcium score > 0) 
according to number of metabolic risk abnormalities in patient with metabolic dysfunction-associated fatty liver disease

Table 4   Association of presence 
of coronary artery calcification 
with liver fibrosis in patients 
with MAFLD*

*Number of patients reduced from 812 to 409 owing to lack of smoking data
§ Age was excluded in multivariable-adjusted analysis, because the formula of FIB-4 included age, AST, 
ALT, and platelet count

Unadjusted analysis Multivariable-adjusted analysis§

OR (95% CI) p Value OR (95% CI) p Value

Age 1.08 (1.06–1.10)  < 0.001
Male 0.88 (0.64–1.20) 0.421
Use of hypertensive drug 1.76 (1.21–2.58) 0.003 1.48 (1.00–2.19) 0.053
T2DM 2.17 (1.58–2.97)  < 0.001 1.82 (1.31–2.52)  < 0.001
Smoking 1.18 (0.79–1.76) 0.417
Total cholesterol, mg/dL 1.00 (0.99–1.00) 0.034
HDL, mg/dL 0.99 (0.98–1.00) 0.024 0.98 (0.97–1.00) 0.007
FIB-4 ≥ 1.3 2.23 (1.68–2.96)  < 0.001 2.08 (1.55–2.79)  < 0.001
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low HDL-C, were also associated with the NAFLD activity 
score and fibrosis stage [29]. A recent large-scale retrospec-
tive cohort study demonstrated that at least two metabolic 
traits among obesity, dyslipidemia, HTN, and T2DM were 
associated with cirrhosis or HCC in patients with NAFLD 
[30]. However, the definition of metabolic health is hetero-
geneous and is not the same as factors in metabolic syn-
drome or traditional CVD risk assessments, such as FRS or 
ACC/AHA ASCVD risk estimator in various studies. In our 
study, patients with nondiabetic MAFLD had a relatively 
lower cardiovascular risk than those with diabetic MAFLD. 
According to a recently proposed definition of nondiabetic 
MAFLD, only normal-weight/lean MAFLD includes crite-
ria for metabolic risk dysregulation, and overweight/obese 
MAFLD also have a relatively lower cardiovascular risk. 
Thus, we believe that additional metabolic criteria to define 
nondiabetic overweight/obese MAFLD are needed to deter-
mine the high-risk CVD phenotype.

The association between liver fibrosis and the risk of 
CVD in NAFLD has been reported in multiple studies 
[31–36]. The association between CAC and the risk of CVD 
has also been reported in many cohort studies; therefore, 
it can be an alternative option to assess the risk of CVD 
when traditional risk-scoring models, such as the FRS, are 
unclear [12, 37]. Additionally, because CAC is a highly 
specific feature of subclinical CVD, these associations are 
shown in early stage (stage ≥ 2) than in advanced fibrosis 
(stage ≥ 3) in patients with NAFLD regardless of their FRS 
[36]. In the current study, CAC was still an independent risk 
factor after adjusting for multiple risk factors, which were 
included in the FRS, and was consistent with the findings of 
a previous study. Recently, several studies have reported that 
changing NAFLD to MAFLD identifies more patients with 
significant liver fibrosis [7–9, 21]. In these previous stud-
ies, non-overlapping MAFLD had higher FIB-4 levels than 
non-overlapping NAFLD. Furthermore, one study reported 
higher CVD-related mortality in non-overlapping MAFLD 
than in non-overlapping NAFLD [8]. Thus, we think that 
liver fibrosis is an important risk factor for predicting CAC 
in MAFLD, as this study showed.

The strength of this study is that the risk of CVD and 
diagnosis of fatty liver were not assessed by a score-based 
test, such as the FRS and fatty liver index, but by imaging 
modalities, such as ultrasound and cardiac CT [10, 27]. Fur-
thermore, although this was a single-center retrospective study, 
a well-organized cohort with no missing value was used to 
analyze the data. In this cohort, all values in the definition of 
MAFLD were included except fasting insulin levels and cur-
rent medications, including antihypertensive, antidiabetic, and 
lipid-lowering agents. The present definition of nondiabetic 
lean/normal-weight MAFLD is relatively complicated and 
includes nonclinical friendly variables, such as fasting insulin 

and hsCRP; therefore, most previous studies did not include 
these metabolic risk abnormalities [10, 27].

This study has some limitations. First, almost all partici-
pants in this study were Korean. Thus, further studies are 
required to delineate our results in a multi-ethnic, multi-racial 
cohort. Second, the study population was relatively healthy 
and had normal weight or were lean, because this study was 
conducted using data from a health checkup center. Therefore, 
further studies are required in the general population.

In conclusion, changing from NAFLD to MAFLD could 
better predict the high-risk CVD phenotype. Of the three 
subgroups of MAFLD, diabetic MAFLD best predicted an 
increased risk of CVD. The number of metabolic risk abnor-
malities in patients with nondiabetic MAFLD was indepen-
dently associated with the risk of CVD. The proposed diag-
nostic criteria for nondiabetic MAFLD may need to be further 
investigated in terms of CVD risk.
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