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Metabolic dysfunction-associated
steatotic liver disease increases
cardiovascular disease risk in young
adults

Goh Eun Chung¥?9, Su Jong Yu*?, Jeong-Ju Yoo?, Yuri Cho*, Kyu-na Lee®, Dong Wook Shin®7,
Yoon Jun Kim?, Jung-Hwan Yoon?, Kyungdo Han®" & Eun Ju Cho?™*

Although a robust association between metabolic dysfunction-associated fatty liver disease (MASLD)
and cardiovascular disease (CVD) has been established, the impact of MASLD on CVD risk in young
adults has not been fully evaluated. This population-based study included adults aged 20-39 years
who underwent health screening examinations from 2009 to 2012 based on Korean National Health
Insurance Service database. MASLD was defined as a fatty liver index =30 without any other cause of
steatosis, and presence of one or more cardiometabolic risk factors. The primary outcome was newly
developed CVD, including myocardial infarction, ischemic stroke, and congestive heart failure. During
the median 10.6 years of follow-up, MASLD was observed in 1,435,659 (25.3%) of the 5,666,728
participants. Cumulative incidence of major adverse cardiovascular events was significantly higher in
individuals with MASLD compared those without steatosis (P <0.001). The adjusted hazard ratio (HR)
for myocardial infarction was 1.23 [95% Cl (confidence interval): 1.18-1.27] in individuals with MASLD
compared to those without steatosis. The HR for ischemic stroke and congestive heart failure were
higher in individuals with MASLD compared to those without steatosis (HR, 1.12; 95% Cl, 1.07-1.17
and HR, 1.18; 95% Cl, 1.15-1.21, respectively]. In the subgroup analysis, the elevated HR for CVD

in the MASLD group was prominent among individuals who were female and obese. MASLD was
associated with an increased risk of CVD in young adults. These findings highlight the need for early
intervention in patients with MASLD before they reach middle to reduce the risk of CVD, particularly
among young adults in South Korea.
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CI Confidence interval

CVD Cardiovascular disease

eGFR Estimated glomerular filtration rate

FLI Fatty liver index
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ICD-10 International Classification of Diseases,10th revision
MACE Major adverse cardiovascular events
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MASLD  Metabolic dysfunction-associated steatotic liver disease

MI Myocardial infarction

NAFLD  Nonalcoholic fatty liver disease

NHIS Korean National Health Insurance System
PY Person-year

TG Triglyceride

WwC Waist circumference

Background

Among the Korean population, the prevalence of obesity among young adults has increased to 30.4% and 41.4%
in those in their 20s and 30s, respectively'. Accordingly, the incidence of cardiovascular disease (CVD) in young
adults is also increasing®’. The global age-standardized incidence rate (per 100,000 population) moderately
increased from 126.80 in 1990 to 129.85 in 2019 in youths and young adults aged 15-39 years®. CVD in young
adults is associated with an associated deterioration in its prognosis, including reduced life expectancy or
quality of life®>. Considering the importance of economic activity among young people, the impact of long-term
complications, and the serious potential loss of quality of life, it is important to identify risk factors and intervene
early to prevent CVD in this population. Onset of cardiovascular risk factors in young age is associated with a
higher risk of CVD events®.

A recent multinational consensus introduced metabolic dysfunction-associated steatotic liver disease
(MASLD) to more accurately reflect the disease’s underlying pathophysiology’. MASLD was defined as the
presence of hepatic steatosis in conjunction with one cardiometabolic risk factor and no other discernible cause.
Given that MASLD is closely associated with CVD risk factors, such as obesity, insulin resistance, dyslipidaemia,
and hypertension, there is an evident significant association between MASLD and CVD. Recently, Wang et
al. has reported that young adults with overweight/obesity-related MASLD have a higher risk of developing
coronary artery calcification by middle age®. However, the association between MASLD and CVD in young
adults has not yet been fully evaluated. Assessing the association between MASLD and CVD in young adults
is important for the early prevention and identification of individuals susceptible to CVD. Thus, we aimed to
investigate the association between MASLD and CVD outcomes in young adults in a nationally representative
South Korean study population.

Methods

Ethics statement

The study protocol was approved by the Institutional Review Board (IRB) of Seoul National University Hospital
(IRB no. 2401-130-1505). This study conformed to the ethical guidelines outlined in the Declaration of Helsinki
and its later amendments. The requirement for patient informed consent was waived as the data used in this
study were anonymised in accordance with confidentiality guidelines.

Data source

The present study obtained data from the Korean National Health Insurance System (NHIS), as published
previously®. The NHIS is a national insurer managed by the South Korean government and covers approximately
97% of the South Korean population. The NHIS database contains health records, including demographic data,
anthropometric measurements, laboratory tests, lifestyle behaviours, medical diagnostic codes based on the
10th revision of the International Classification of Diseases (ICD-10), and treatment data.

Study population

We analysed the data of 6,891,401 adults aged 20-39 years who underwent health screening examinations
between 2009 and 2012. To focus on the primary disease under the new consensus criteria for MASLD, we
excluded individuals with concomitant liver disease, excessive alcohol consumption, or cryptogenic SLD
who had a distinct etiological background. Thus, individuals with any other competing liver disease (e.g.
hepatocellular carcinoma and liver transplantation, n=622), excessive alcohol consumption (=30 g for men and
220 g for women of alcohol/day, n=647,868), concomitant specific liver disease (n=184,800, Supplementary
Table 1), cryptogenic SLD defined as SLD without cardiometabolic risk factors (n="7,385), history of myocardial
infarction (MI) (ICD-10 code 121, 122, n=21,333), ischaemic stroke (ICD-10 code 163, 164, n=12,876) or heart
failure (ICD-10 code 150, n=15,662) before the index year. In addition, those with incomplete information
(n=330,334), and those who were newly diagnosed with primary outcomes or who died within 1 year of the
health screening (n=3,793) were excluded from the study. We ascertained outcome events after a lag of 1
year to avoid the reversal of any causal relationship. As a result, data of 5,666,728 young adults were analysed
(Supplementary Fig. 1).

Measurement of hepatic steatosis

Although imaging studies or biopsy results are required to define SLD’, they are not included in the NHIS
mass screening program. Therefore, the fatty liver index (FLI), a surrogate marker of hepatic steatosis, was
used to define SLD. FLI was calculated based on the following equation, using body mass index (BMI), waist
circumference (WC), triglyceride (TG), and gamma-glutamyl transferase (GGT) data!®. The lower cutoff of

FLI>30 was used in this study'"!2.
FLI = [(e0,953 x In triglyceride + 0.139 x BMI + 0.718 x In GGT[gamma-glutamyl transferase] + 0.053 x WC[waist circumference] - 15.745) /

(1 + 0953 xIn triglyceride + 0.139 x BMI + 0.718 x In GGT + 0.053 x WC - 15745)] % 100
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Definitions of MASLD

MASLD was defined as the presence of SLD without any other cause of steatosis, along with one or more of the
following cardiometabolic criteria: (i) BMI>23 kg/m? or WC>90 cm for men and >85 cm for women13, (ii)
blood pressure > 130/85 mmHg or specific antihypertensive drug treatment, (iii) fasting plasma TG > 150 mg/dL
or lipid-lowering treatment, (iv) plasma high-density lipoprotein cholesterol <40 mg/dL for men and <50 mg/
dL for women or specific drug treatment for high cholesterol, and (v) fasting glucose>100 mg/dL or type 2
diabetes or treatment for type 2 diabetes’.

Study outcomes

The study endpoint was a composite of newly developed major adverse cardiovascular events (MACE), including
MI, ischaemic stroke, and heart failure, during the follow-up period. MI was defined as an in-hospital diagnosis
using ICD-10 codes 121-22. Ischaemic stroke was defined as a diagnosis during admission using ICD-10 codes
163-64, with at least one claim for brain imaging studies, including magnetic resonance imaging/angiography or
computed tomography'4. Congestive heart failure was defined as hospitalization with the ICD-10 code 150'°. The
study population was followed from baseline to the date of clinical events, death, or until December 31, 2021.

Covariates

A standardised self-administered questionnaire was used to collect data at the time of enrolment, as described
previously'®. Briefly, smoking status (non-smoker, ex-smoker, or current smoker), alcohol consumption (none
or mild [<30 g for men and <20 g for women per day]), and physical activity were evaluated. Physical activity
was assessed by regular exercise defined as >5 days of 30-min moderate workouts/week or >3 days of 20-min
intense workouts/week. Comorbidities were defined using ICD-10 diagnosis codes, prescription information
in the year prior to the health screening, and health screening results. The criteria for hypertension were
110-13 or I15 claim codes with a prescription of antihypertensive medications or a systolic/diastolic blood
pressure reading > 140/90 mmHg. The criteria for diabetes were E11-14 claim codes with a prescription of oral
antidiabetic drugs or insulin, or a fasting glucose level 2126 mg/dL. The criterion for dyslipidaemia was the
E78 claim code in conjunction with lipid-lowering drugs or a total cholesterol level > 240 mg/dL. The estimated
glomerular filtration rate (eGFR) was calculated from serum creatinine levels using an equation derived from
the Modification of Diet in Renal Disease Study'”.

Statistical analysis
Data were presented as meansz+standard deviations for normally distributed continuous variables and as
proportions for categorical variables (unless otherwise indicated). Comparisons of baseline characteristics were
conducted using analysis of variance for continuous variables and chi-square tests for categorical variables.
Incidence rates of CVD were calculated by dividing the number of incident cases by the total follow-up period
and are presented as rates per 1,000 person-years (PY). Hazard ratios (HRs) and 95% confidence interval (CI)
values for MI, ischaemic stroke, and heart failure according to MASLD were analysed using Cox proportional
hazards models. We selected potential prognostic factors a priori based on their clinical relevance and a
comprehensive literature review. These factors included age, sex, household income, BMI, smoking, alcohol
consumption, regular exercise, total cholesterol, fasting glucose, systemic blood pressure, and eGFR. Stratified
analysis was conducted according to age (20-29 vs. 30-39 years), sex, and obesity (BMI<25 vs.>25 kg/m?)3.
Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Two-sided P-values of
<0.05 were considered the threshold for statistical significance.

Results

Baseline characteristics

The median follow-up duration was 10.6 (interquartile range, 9.5-11.2) years, and the prevalence of MASLD
was 25.3%. The baseline characteristics of individuals according to the presence of MASLD are shown in Table 1.
Individuals with MASLD (MASLD group) were older, more likely to be male and current smokers, had higher
household income and had higher alcohol consumption and physical activity, compared with those without
MASLD (non-MASLD group) (P<0.001 for all). Additionally, individuals in the MASLD group were more likely
to have diabetes, hypertension, and dyslipidaemia than were those in the non-MASLD group (P<0.001). Most
anthropometric and laboratory variables (including BMI, systolic/diastolic blood pressure, fasting glucose, total
cholesterol, HDL cholesterol, low-density lipoprotein cholesterol, and TG) were less metabolically favourable in
the MASLD group compared with the non-MASLD group (all P<0.001).

Association of MACE with MASLD

The incidence rates of MACE in young adults were 1.33 and 2.56 per 1,000 PY in the no-MASLD and MASLD
groups, respectively. The cumulative crude incidence of MACE was significantly higher in individuals with
MASLD compared those without steatosis (P <0.001, log-rank test) (Fig. 1). In the age- and sex-adjusted model,
the HR for MACE was significantly higher in the MASLD group compared to individuals without steatosis (HR,
1.67; 95% CI: 1.65-1.70). In the multivariable-adjusted model, this elevated HR for MACE remained significant
(HR, 1.18;95% CI: 1.16-1.20, Table 2).

Regarding each disease, the HR for MI was 1.23 (95% CI 1.18-1.27) times higher in individuals with MASLD
compared to those without steatosis, after multivariable adjustment. Additionally, the HR for ischemic stroke
and heart failure were elevated in the MASLD group compared to individuals without steatosis (HR, 1.12; 95%
CI, 1.07-1.17 and HR, 1.18; 95% CI, 1.15-1.21, respectively, Fig. 2).
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No steatosis MASLD
(n=4,231,069) | (n=1,435,659) P-value

Age, years 30.2+5.0 32.7+44 <0.001
Male 1,934,136 (45.7) | 1,298,656 (90.5) <0.001
Incomet, lowest quartile (%) 993,757 (23.4) 231,649 (16.1) <0.001
Smoking (%) <0.001
Non-smoker 2,840,090 (67.1) | 477,997 (33.3)

Ex-smoker 345,314 (8.2) 207,702 (14.5)

Current smoker 1,045,665 (24.7) | 749,960 (52.2)

Alcohol consumption (%) <0.001
None 1,942,180 (45.9) | 425,075 (29.6)

Milde 2,288,889 (54.1) | 1,010,584 (70.4)

Regular exercise (%) 516,905 (12.2) 194,193 (13.5) <0.001
Diabetes (%) 36,460 (0.9) 63,299 (4.4) <0.001
Hypertension (%) 136,183 (3.2) 235,168 (16.4) <0.001
Dyslipidemia (%) 133,343 (3.2) 228,569 (15.9) <0.001
Body mass index (kg/m?) 21.5+2.5 27.0£3.1 <0.001
Systolic blood pressure (mmHg) | 114.5+12.0 125.2+12.8 <0.001
Diastolic blood pressure (mmHg) | 71.6+8.6 78.7+9.4 <0.001
Fasting glucose (mg/dL) 88.7+12.7 96.0£22.6 <0.001
Total cholesterol (mg/dL) 177.3+30.1 203.6+35.6 <0.001
HDL cholesterol (mg/dL) 59.7+20.7 49.8+£24.0 <0.001
LDL cholesterol (mg/dL) 101.2+31.2 116.1£39.9 <0.001
Triglyceride (mg/dL) * 76.2 (76.1-76.2) | 174.9 (174.8-175.1) | <0.001
eGFR (mL/min/1.73m?) 96.9+47.9 93.8+53.6 <0.001

Table 1. Baseline participant characteristics according to MASLD. Data are presented as means + standard
deviations for continuous variables and n (%) for categorical variables. MASLD, metabolic dysfunction-
associated steatotic liver disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR,
estimated glomerular filtration rate. Proxy for socioeconomic status based on the insurance premium of the
National Health Insurance Service. § <30 g for men and <20 g for women per day. *Geometric means (95%
confidence interval).

Stratified analysis

We further performed subgroup analyses stratified by age group, sex, and BMI. The increased HR for MACE
in the MASLD group was particularly prominent in individuals who were female, and BMI>25 kg/m? (P for
interaction <0.05, Fig. 3). Women with MASLD showed higher relative risks for MACE, ischemic stroke, and
heart failure versus men, although their risk of MI was slightly lower than that of men. Additionally, individuals
with a higher BMI (=25 kg/m?) and MASLD generally exhibited a greater risk for overall cardiovascular events
(Table 3).

Discussion

In this large nationwide population-based cohort study, we demonstrated an association between MASLD and
cardiovascular outcomes among young adults using a database of health insurance claims in Korea. The HR of
MACE increased significantly in young adults with MASLD compared with those without hepatic steatosis,
independent of traditional cardiovascular risk factors. This significant association of MASLD with the risk of
CVD remained consistent across different types of MACE, including MI, ischaemic stroke, and heart failure.

The close association between MASLD and CVD outcomes has been previously investigated. A recent study
by Lee et al. reported that the cumulative incidence of CVD events, including MI, heart failure, or cardiovascular
death, was higher in participants with MASLD than in those without the condition, during a median follow-
up of 12.3 years. After multivariable adjustment, the risk of CVD was 1.39 (95% CI 1.38-1.40) times higher in
participants with MASLD and associated SLD than in those without the condition'®. Another study showed that
the risk of MI and stroke was higher among patients with MASLD than among non-MASLD patients (HR, 1.19;
95% CI: 1.15-1.24)"%. However, these studies primarily evaluated cohorts with middle-aged individuals and did
not focus on younger populations.

This study evaluated the association between MASLD and CVD outcomes in young adults and showed that
the incidence of MACE increased significantly in young adults with MASLD compared with those without
hepatic steatosis. Our findings are consistent with those of a previous study conducted in China, which reported
a significant association between metabolic dysfunction-associated fatty liver disease and heart failure in
participants aged <45 years®. In addition, Swedish children and young adults aged <25 years with histologically
confirmed NAFLD had significantly higher rates of incident MACE, including ischemic heart disease and
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Fig. 1. Kaplan-Meier curves for the cumulative incidence of MACE between MASLD and non-MASLD
groups. Statistical significance was determined using the log-rank test MACE, major adverse cardiovascular
events; MASLD, metabolic dysfunction-associated steatotic liver disease.

congestive heart failure, compared with a matched control population?!. These findings highlight the importance
of early detection and management of CVD risk in young patients with MASLD.

Although the exact pathogenesis of the increased risk of CVD in young adults with MASLD remains
unclear, it is believed that increased systemic inflammation, increased sympathetic activity, oxidative stress, and
endothelial dysfunction leading to earlier atherosclerosis may contribute to CVD development?. Additionally,
the local necro-inflammatory changes of steatohepatitis may exacerbate systemic metabolic inflammation, and
concurrent fibrogenesis in both the liver and the myocardium could further contribute to CVD progression?’.

When stratified by age, sex, and BMI, the increased HR of MACE in individuals with MASLD was prominent
in those who were aged >30 years, female, and BMI>25 kg/m?. This increased risk across age groups may
be attributed to the cumulative effect of cardiovascular risk factors and the progressive nature of metabolic
dysfunction. Moreover, the increased HR of MACE among individuals with obesity reflects the well-established
association between obesity and cardiovascular risk factors. Notably, women with MASLD exhibited higher
relative risks of MACE, ischemic stroke, and heart failure despite showing a slightly lower risk of MI, compared
with men. This observation is consistent with a prior study showing that women with nonalcoholic fatty liver
disease (NAFLD) had more CVD events (18% vs. 9%) and mortality (9% vs. 6%) than did men with the same
condition?!. Furthermore, a recent study reported a higher risk of cardiovascular mortality among young
and middle-aged (<60 years) women with NAFLD, compared with their male counterparts?. Additionally,
traditional metabolic risk factors, such as type 2 diabetes®®, hypertension, and dyslipidemia?’, have a stronger
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Follow-up duration | Incidence rate Adjusted HR (95% CI)
Variable Number of events | (person-years) (per 1,000 p-y) | Model 1 ‘ Model 2 Model 3
Primary outcome
Major adverse cardiovascular events
No steatosis 57,906 43,494,804 1.33 1 (Ref) 1 (Ref) 1 (Ref)
MASLD 37,906 14,817,235 2.56 1.91(1.88,1.93) | 1.67 (1.65, 1.70) | 1.18 (1.16, 1.20)
Secondary outcome
Myocardial infarction
No steatosis 14,824 43,611,749 0.34 1 (Ref.) 1 (Ref)) 1 (Ref))
MASLD 12,046 14,894,172 0.81 2.36(2.30,2.42) | 1.83(1.78,1.88) | 1.23 (1.18,1.27)
Ischemic stroke
No steatosis 9,642 43,625,889 0.22 1 (Ref.) 1 (Ref)) 1 (Ref))
MASLD 7,272 14,909,739 0.49 2.19(2.13,2.26) | 1.76 (1.70, 1.82) | 1.12 (1.07, 1.17)
Heart failure
No steatosis 38,798 43,565,164 0.89 1 (Ref) 1 (Ref) 1 (Ref)
MASLD 23,717 14,873,384 1.59 1.77 (1.74, 1.80) | 1.64 (1.61, 1.67) | 1.18 (1.15, 1.21)

Table 2. The association between MASLD and cardiovascular disease. Model 1: Non-adjusted. Model 2:
Adjusted for age and sex. Model 3: Adjusted for age, sex, household income, body mass index, smoking,
alcohol consumption, regular exercise, total cholesterol, fasting glucose, systolic blood pressure, and estimated
glomerular filtration rate. MASLD, metabolic dysfunction-associated steatotic liver disease; p-y, person-year;
HR, hazard ratio; CI, confidence interval.

1.23
(1.18,1.27) 118
112
(1.07,1.17) (115,1.21)
1(Ref.) 1(Ref.) 1(Ref.)
No steatosis
W MASLD
Myocardial infarction Ischemic stroke Heart failure

Fig. 2. Hazard ratio (95% confidence interval) for cardiovascular event according to MASLD. Adjusted for age,
sex, household income, body mass index, smoking, alcohol consumption, regular exercise, total cholesterol,
fasting glucose, systolic blood pressure, and estimated glomerular filtration rate. MASLD, metabolic
dysfunction-associated steatotic liver disease.

effect on CVD risk in women than in men. Unlike the cardiovascular protection conferred by the female sex in
the general population?®, women with MASLD may lose this advantage owing to their high metabolic burden.
Conversely, men tend to engage in more unhealthy lifestyles, including smoking, alcohol consumption, and a
high-calorie diet, which are known to contribute to increased CVD morbidity and mortality?®, and these factors
may obscure the association between conventional metabolic risk factors and incident CVD in men™.

Our study has three major clinical implications. First, identifying MASLD in young patients allows for early
detection and intervention, which can help prevent the progression of CVD-related complications later in life.
Second, the effective management of MASLD in young patients can improve their quality of life by reducing
the risk of CVD complications, improving metabolic health, and potentially preventing other chronic diseases
associated with MASLD. Third, given the rising global prevalence of MASLD, addressing the disease in young
patients is essential to reduce the overall burden on healthcare systems and improve long-term health outcomes.
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Variable Group HR[95% CI] P for interaction
No steatosis [ | 1(Ref.)
Age < 30
MASLD —— 1.16(1.12,1.19)
0.104
No steatosis | | 1(Ref.)
Age 230
MASLD —- 1.19 (1.16,1.21)
No steatosis | 1(Ref.)
Male
MASLD - 1.17 (1.15,1.20)
0.013
No steatosis | | 1(Ref.)
Female
MASLD —— 1.23(1.18,1.28)
No steatosis [ | 1(Ref.)
BMI < 25
MASLD - 1.15(1.12,1.17)
<0.001
No steatosis | 1(Ref.)
BMI 2 25
MASLD —-— 1.22 (1.19, 1.26)

Fig. 3. The association between MASLD and major adverse cardiovascular events in different subgroups:
age <30 vs. 230 years; male vs. female; non-obese (BMI <25) vs. obese (BMI=25). MASLD, metabolic
dysfunction-associated steatotic liver disease; HR, hazard ratio; CI, confidence interval; BMI, body mass index.

Hazard ratio (95% confidence interval)
Variable Group | MACE MI Ischemic stroke | Heart failure
No
Age<30 steatosis 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.)
MASLD | 1.16 (1.12,1.19) | 1.10(1.04, 1.17) | 1.18 (1.09, 1.28) | 1.20 (1.15,1.24)
No
Age>30 steatosis 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.)
MASLD | 1.19 (1.16,1.21) | 1.27(1.22,1.32) | 1.11 (1.06, 1.16) | 1.17 (1.14, 1.20)
P for interaction 0.104 <0.001 0.103 0.326
No
Male steatosis 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.)
MASLD | 1.17 (1.15, 1.20) | 1.25(1.21, 1.30) | 1.10 (1.05, 1.15) | 1.17 (1.14, 1.20)
No
Female steatosis 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.)
MASLD | 1.23(1.18,1.28) | 1.10(1.01, 1.30) | 1.27 (1.16, 1.39) | 1.26 (1.20, 1.32)
P for interaction 0.013 0.001 0.002 0.002
No
BMI<25 steatosis 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.)
MASLD | 1.15(1.12, 1.17) | 1.15(1.10, 1.20) | 1.11 (1.05,1.18) | 1.15(1.12, 1.19)
No
BMI225 steatosis 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.)
MASLD | 1.22(1.19,1.26) | 1.37(1.29, 1.45) | 1.14(1.07,1.22) | 1.21 (1.17, 1.25)
P for interaction <0.001 <0.001 0.540 0.032

Table 3. Stratified analysis by age group, sex, and BMI. Adjusted for age, sex, household income, BMI,
smoking, alcohol consumption, regular exercise, total cholesterol, fasting glucose, systolic blood pressure, and
estimated glomerular filtration rate. MASLD, metabolic dysfunction-associated steatotic liver disease; MACE,
major adverse cardiovascular events; MI, myocardial infarction; BMI, body mass index.

However, we acknowledge some limitations of the present work. First, although histological or radiological
methods are more accurate for detecting hepatic steatosis than non-invasive biomarkers, we used FLI as
a surrogate marker of fatty liver and, thus, did not accurately quantify liver steatosis®'. However, the use of
FLI has been acknowledged in epidemiologic studies®?. Second, because the Korean NHIS database does not
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include information regarding platelet count or albumin level, we could not assess the degree of liver fibrosis
such as the Fibrosis-4 index. Further studies are needed to evaluate the impact of liver fibrosis on CVD risk in
MASLD. Third, because of its population-based observational design, our study could not establish a causal
relationship, and there might be residual confounding factors. Fourth, to focus on major diseases in the new
consensus criteria for MASLD, we excluded individuals with concomitant liver disease, excessive alcohol use, or
cryptogenic SLD with distinct etiological backgrounds. Therefore, we could not assess the differential prognosis
of the different SLD subgroups. Fifth, it is possible that the evaluated conditions were over- or underestimated
because the diagnoses were based on claims data (ICD-10 codes). That is, if the patient does not list all diagnoses
in the clinical presentation, but only the main diagnosis. Further research is warranted to validate and elucidate
the mechanisms underlying our results. Finally, because we could not assess regional or racial/ethnic diversity,
the findings may not generalize to non-Korean populations or regions with different socioeconomic or genetic
factors influencing MASLD and CVD risk.

In conclusion, this study demonstrated that MASLD is associated with MACE in young adults, attributable
to metabolic dysfunction. These findings underscore the necessity for early intervention in individuals with
MASLD prior to reaching middle age to mitigate the risk of CVD.

Data availability

The dataset (NHIS-HEALS) supporting the conclusions of this article is available in the homepage of National
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rently, use of NHIS data is allowed only for Korean researchers.
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