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ABSTRACT

Background: Metabolic dysfunction—associated fatty liver disease (MAFLD) is widely acknowledged as a multisystem
condition linked to increased cardiovascular morbidity and mortality. However, data remain scarce on whether liver
steatosis severity correlates with specific cardiovascular manifestations. This study examines the association between
liver steatosis extent and CVD, including CAD, heart failure, and arrhythmia in MAFLD.

Methods and findings: This observational cross-sectional study included 152 patients with MAFLD at a tertiary care
center between July 2025 and March 2026. Liver steatosis was assessed by transient elastography (FibroScan) with
Controlled Attenuation Parameter (CAP) and classified as mild—moderate (<289 dB/m) or severe (=290 dB/m).
Cardiovascular outcomes were CAD, heart failure, and arrhythmia. Severe steatosis occurred in 57.2% and
cardiovascular disease in 36.2%; CAD was most common (23.0%). Severe steatosis was associated with CAD (p=0.020;
OR=2.65, 95% CI: 1.14-6.15) and CVD (adjusted OR=3.29; 95% CI: 1.51-7.16), but not heart failure or arrhythmia. No
significant associations were observed for either outcome.

Conclusion: Severe liver steatosis is associated with increased cardiovascular risk in patients with MAFLD, particularly
coronary artery disease, and may support cardiovascular risk stratification in clinical practice.
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The pathophysiology of MAFLD involves metabolic
dysregulation leading to hepatic lipid accumulation,
oxidative stress, mitochondrial dysfunction, and chronic
inflammation.>® These processes extend beyond hepatic
injury and contribute to systemic vascular damage and
cardiometabolic complications.>%” Consequently, MAFLD
is increasingly recognized as a multisystem disease with

INTRODUCTION

Metabolic dysfunction—associated fatty liver disease
(MAFLD) is a chronic liver disease characterized by
hepatic steatosis in the presence of metabolic dysfunction,
including obesity, type 2 diabetes mellitus (T2DM), or
metabolic syndrome.' Hepatic steatosis is defined as

excessive lipid accumulation exceeding 5% of liver
parenchyma and currently represents the most common
cause of chronic liver disease worldwide.** The global
prevalence of MAFLD has been estimated to exceed one-
third of the general population and continues to increase in
parallel with the growing burden of obesity and T2DM,
particularly in Asia.>?

substantial cardiovascular implications.’

Cardiovascular disease (CVD), including coronary artery
disease, heart failure, arrhythmia, and cerebrovascular
disease, remains the leading cause of mortality among
patients with MAFLD, exceeding liver-related mortality.®’
Several studies have demonstrated that hepatic steatosis
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independently predicts cardiovascular outcomes through
mechanisms involving insulin resistance, endothelial
dysfunction, atherogenic dyslipidemia, and systemic
inflammation.>!*!! A large cohort study in Korea reported
that severe hepatic steatosis assessed using the Fatty Liver
Index was associated with increased risk of heart failure,
while evidence from North America demonstrated a
higher incidence of coronary artery disease among
patients with hepatic steatosis.'">'

Although MAFLD has been consistently associated with
an increased risk of cardiovascular disecase (CVD),
including coronary artery disease, heart failure, and
arrhythmia, evidence regarding the relationship between
the severity of hepatic steatosis and specific
cardiovascular manifestations remains limited, particularly
in Indonesia and other Southeast Asian populations.>!®!!
Since CVD represents the leading cause of mortality
among patients with MAFLD, identifying the
cardiovascular burden across different stages of hepatic
steatosis may improve risk stratification and support
earlier preventive strategies.” Therefore, this study aimed
to analyze the relationship between mild, moderate, and
severe liver steatosis and the occurrence of coronary artery
disease, heart failure, and arrhythmia among patients with
MAFLD. In addition, this study evaluated the distribution
of cardiovascular disease across each stage of hepatic
steatosis in MAFLD patients.

MATERIALS AND METHODS

Study design, setting, and participants

This observational analytical cross-sectional study used
secondary data obtained from medical records. The study
was conducted at the outpatient and inpatient units of a
tertiary care hospital. Data collection was performed from
July 2025 to March 2026 until the required sample size
was achieved.

The study population consisted of all adult patients
diagnosed with MAFLD who attended outpatient or
inpatient services during the study period. Eligible
participants were selected using purposive sampling. The
minimum sample size was estimated using a comparative
analytical formula based on the expected standard
deviation (SD = 1.90), estimated mean difference (0.85), a
level of 0.05, and statistical power of 80%, resulting in a
minimum required sample of 77 patients.

Eligibility criteria

Patients were included if they were aged >18 years,
fulfilled the diagnostic criteria for MAFLD, and had

complete  medical records including laboratory
examination and at least one imaging modality for hepatic
steatosis  assessment  (abdominal  ultrasonography,

computed tomography, transient elastography/FibroScan,
or liver biopsy if available), as well as cardiovascular
evaluation data including electrocardiography,
echocardiography, or coronary imaging. Patients with
incomplete clinical records or unavailable hepatic steatosis
assessment were excluded from analysis.

Liver steatosis and cardiovascular disease assessment
The primary independent variable was liver steatosis
severity, while the primary outcome variable was CVD.
Hepatic  steatosis was assessed using transient
elastography (FibroScan®) with CAP, expressed in
decibels per meter (dB/m). CAP values were categorized
into mild-moderate steatosis (S1-S2: <289 dB/m) and
severe steatosis (S3: >290 dB/m), based on validated
thresholds against histological findings.'3

Cardiovascular disease was defined as the presence of at
least one of the following conditions: coronary artery
disease, heart failure, or atrial fibrillation. Coronary artery
disease was diagnosed based on clinical presentation and
supporting investigations including electrocardiography,
echocardiography, previous percutaneous coronary
intervention history, or coronary angiography findings.
Heart failure was identified based on clinical symptoms
with echocardiographic confirmation, while arrhythmia
was defined as atrial fibrillation documented on
electrocardiography. Patients were categorized as having
CVD if one or more cardiovascular conditions were
identified.

Covariates

Demographic and clinical variables included age, sex,
body mass index (BMI), and waist circumference. Age
was categorized into <60 years and >60 years. BMI
classification followed the Asia—Pacific criteria:
underweight (<18.5 kg/m?), normal (18.5-22.9 kg/m?),
overweight (23.0-24.9 kg/m?), and obesity (>25.0 kg/m?).
Waist circumference was obtained from anthropometric
records and used as an indicator of visceral adiposity.

Data collection procedure

Medical records of eligible patients were reviewed
systematically using a standardized extraction form.
Information collected included demographic
characteristics, metabolic parameters, FibroScan results,
cardiovascular evaluations, and supporting laboratory
findings. Data completeness and consistency were verified
before statistical analysis.

Statistical analysis

Data were analyzed using IBM SPSS Statistics version 30.
Continuous variables were summarized as mean =+
standard deviation or median with interquartile range
depending on distribution, while categorical variables
were presented as frequency and percentage. The
association between liver steatosis severity and
cardiovascular disease was evaluated using Chi-square or
Fisher’s exact test where appropriate. Statistical
significance was defined as a two-tailed p-value <0.05.
Variables associated with cardiovascular disease in the
bivariate analysis were further examined using
multivariable binary logistic regression, adjusting for age,
sex, hypertension, and type 2 diabetes mellitus; results
were expressed as adjusted odds ratios (aOR) with 95%
confidence intervals. Coronary artery disease was
modelled separately, adjusting for age and sex only owing
to the limited number of events.

1JDDT, Volume 16 Issue 7, 2026

Page:373



Severe Liver Steatosis and Cardiovascular Disease in Patients with Metabolic Dysfunction-Associated Fatty Liver Disease

Ethics Approval and Consent to Participate

This study was approved by the Biomedical Research
Ethics Committee, Faculty of Medicine, Universitas
Hasanuddin, Indonesia (Approval No.
577A/UN4.6.4.5.31/PP36/2025). The study was conducted
in accordance with the ethical principles of the
Declaration of Helsinki. As this study used retrospective
medical record data, patient confidentiality and anonymity
were maintained throughout the study.

RESULTS

Characteristics of study participants

A total of 152 patients with metabolic dysfunction—
associated fatty liver disease (MAFLD) met the eligibility
criteria and were included in the analysis. Baseline
characteristics are summarized in Table 1. The study
population showed a relatively balanced sex distribution,
comprising 77 males (50.7%) and 75 females (49.3%).
Most participants were aged <60 years (77.6%). Based on
body mass index (BMI), overweight was the predominant
category (57.2%), followed by obesity (33.6%) and
normal BMI (9.2%). Central obesity based on waist
circumference was observed in 91.4% of participants.
Most participants were non-smokers (69.1%) and had no
family history of cardiovascular disease (70.4%).
Hypertension and type 2 diabetes mellitus were each
identified in 46.1% of participants. Transient elastography
(FibroScan) showed that severe liver steatosis was more
frequent than mild—moderate steatosis (57.2% vs. 42.8%).
Cardiovascular disease (CVD) was identified in 36.2% of
participants, with coronary artery disease being the most
common manifestation (23.0%), followed by heart failure
(10.5%) and arrhythmia (2.6%).

Coronary artery disease across liver steatosis severity in
patients with MAFLD

Table 2 presents the distribution of coronary artery disease
(CAD) according to liver steatosis severity among patients
with metabolic dysfunction—associated fatty liver disease
(MAFLD). Among patients without CAD (n=117), 56
(47.9%) had mild-moderate steatosis and 61 (52.1%) had
severe steatosis. In contrast, most patients with CAD had
severe steatosis (n=26, 74.3%), whereas only 9 patients
(25.7%) had mild—moderate steatosis. Chi-square analysis
demonstrated a significant association between liver
steatosis severity and CAD occurrence (p=0.020). Patients
with severe steatosis had a 2.65-fold higher odds of
developing CAD compared with those with mild-
moderate steatosis (OR=2.65; 95% CI: 1.14-6.15). After
adjustment for age and sex, severe steatosis remained
independently associated with CAD (adjusted OR=2.58;
95% CI: 1.11-6.02; p=0.0238).

Heart failure across liver steatosis severity in patients
with MAFLD

Table 3 presents the distribution of heart failure according
to liver steatosis severity among patients with metabolic
dysfunction—associated fatty liver disease (MAFLD).
Among patients without heart failure (n=136), 61 (44.9%)
had mild—moderate steatosis and 75 (55.1%) had severe

steatosis. Among patients with heart failure, most had
severe steatosis (n=12, 75.0%), while 4 patients (25.0%)
had mild-moderate steatosis. Although heart failure was
more frequently observed in patients with severe steatosis,
Chi-square analysis showed no statistically significant
association between liver steatosis severity and heart
failure occurrence (p=0.129).

Arrhythmia across liver steatosis severity in patients with
MAFLD

Table 4 presents the distribution of arrhythmia according
to liver steatosis severity among patients with metabolic
dysfunction—associated fatty liver disease (MAFLD).
Among patients without arrhythmia (n=148), 64 (43.2%)
had mild-moderate steatosis and 84 (56.8%) had severe
steatosis. Among patients with arrhythmia, most had
severe steatosis (n=3, 75.0%), whereas only 1 patient
(25.0%) had mild—moderate steatosis. Despite the higher
proportion of arrhythmia observed in patients with severe
steatosis, Fisher’s exact test demonstrated no statistically
significant association between liver steatosis severity and
arrhythmia occurrence (p=0.636).

Cardiovascular disease across liver steatosis severity in
patients with MAFLD

Table 5 presents the association between liver steatosis
severity and overall cardiovascular disease (CVD) among
152 patients with metabolic dysfunction—associated fatty
liver disease (MAFLD). Among patients without CVD, 51
(52.6%) had mild—moderate steatosis and 46 (47.4%) had
severe steatosis. In contrast, among patients with CVD,
severe steatosis was more predominant, affecting 41
patients (74.5%), whereas 14 patients (25.5%) had mild—
moderate steatosis. Chi-square analysis demonstrated a
significant association between liver steatosis severity and
CVD occurrence (p=0.001). Patients with severe steatosis
had 3.25-fold higher odds of developing cardiovascular
disease compared with those with mild—moderate steatosis
(OR=3.25; 95% CI: 1.57-6.71). In the multivariable
logistic regression model adjusting for age, sex,
hypertension, and type 2 diabetes mellitus, severe liver
steatosis remained independently associated ~ with
cardiovascular disease (adjusted OR=3.29; 95% CI: 1.51—
7.16; p=0.003), while type 2 diabetes mellitus was also an
independent predictor (adjusted OR=4.51; 95% CI: 1.99—
10.19; p<0.001) (Table 6).

DISCUSSION

This study demonstrated a significant association between
liver steatosis severity and CVD among patients with
MAFLD. Patients with severe steatosis had 3.25-fold
higher odds of CVD and 2.65-fold higher odds of CAD
compared with those with mild—moderate steatosis. In
contrast, no statistically significant associations were
observed for heart failure and arrhythmia. The baseline
characteristics reflected a metabolically high-risk
population, characterized by high proportions of
overweight/obesity, central obesity, hypertension, and type
2 diabetes mellitus. These findings align with previous
evidence showing that obesity and insulin resistance are
central drivers of MAFLD progression and major
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contributors to cardiovascular risk through chronic
inflammation, endothelial dysfunction, and oxidative
stress.>!“!> The predominance of severe steatosis in this
cohort further supports the concept that advanced hepatic
fat accumulation represents a marker of systemic
metabolic burden.

The strongest association in this study was observed for
CAD. This finding is consistent with studies showing that
hepatic steatosis assessed using Controlled Attenuation
Parameter (CAP) correlates with coronary disease burden
and cardiovascular risk. Sardjan et al. (2024)
demonstrated a positive association between CAP values
and SYNTAX score, suggesting that greater steatosis
severity parallels increasing coronary lesion complexity.'¢
Similarly, Li et al. (2025), using NHANES data, reported
that liver steatosis measured by transient elastography was
independently associated with coronary heart disease after
adjustment for conventional cardiovascular risk factors.!’
Our findings also support observations by de Sousa
Magalhaes et al. (2021), who identified severe steatosis as
an independent predictor of cardiovascular events.'$

Several biological mechanisms may explain this
relationship. Excessive hepatic lipid accumulation
promotes lipotoxicity, insulin resistance, and release of
pro-inflammatory mediators, resulting in endothelial
dysfunction and accelerated atherosclerosis.'*!* In
addition, MAFLD contributes to an atherogenic lipid
profile characterized by increased very low-density
lipoprotein and reduced HDL cholesterol, further
increasing coronary plaque formation.!* Although heart
failure and arrhythmia were more frequently observed in
patients with severe steatosis, the associations did not
reach statistical significance. Previous studies suggest that
MAFLD contributes to myocardial remodeling, fibrosis,
and electrical conduction abnormalities that may
predispose to heart failure and arrhythmia.?*?! However,
these outcomes may involve more complex and longer
disease  pathways than coronary atherosclerosis,
potentially reducing detectability in a cross-sectional
design.

These findings suggest that transient elastography with
CAP may have utility beyond liver assessment and could
support cardiovascular risk stratification in patients with
MAFLD. Early identification of severe steatosis may help
identify individuals requiring further cardiovascular
evaluation. This study has several limitations. First, the
cross-sectional design precludes causal inference. Second,
cardiovascular manifestations may coexist in the same
individual, introducing potential outcome overlap and
classification bias. Third, liver steatosis was assessed
using FibroScan without histopathological confirmation.

CONCLUSIONS

Among 152 patients with MAFLD, severe liver steatosis
assessed using transient elastography (FibroScan) was
more  prevalent than  mild-moderate  steatosis.
Cardiovascular disease was identified in more than one-
third of patients, with CAD being the most common

manifestation. This study demonstrated a significant
association between liver steatosis severity and
cardiovascular disease. Patients with severe steatosis had
3.25-fold higher odds of cardiovascular disease and 2.65-
fold higher odds of coronary artery disease compared with
patients with mild-moderate steatosis. No significant
associations were observed for heart failure and
arrhythmia. These findings suggest that severe liver
steatosis in MAFLD may serve as a marker of increased
cardiovascular risk, supporting the potential role of
transient elastography not only for liver assessment but
also for cardiovascular risk stratification and early clinical
evaluation. This association remained significant after
adjustment for age, sex, hypertension, and type 2 diabetes
mellitus, indicating that severe steatosis is independently
associated with cardiovascular disease rather than merely
reflecting shared metabolic risk factors.
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Table 1. Demographic Characteristics of Study Subjects

2025;14(12):4181.

Variable Category n (%)

Sex Female 75 (49.3%)
Male 77 (50.7%)
Age <60 years 118 (77.6%)
> 60 years 34 (22.4%)

Body Mass Index (BMI) Normal 14 (9.2%)
Overweight 87 (57.2%)
Obesity 51 (33.6%)

Waist Circumference Normal 13 (8.6%)
Central Obesity 139 (91.4%)
Hypertension No 82 (53.9%)
Yes 70 (46.1%)
Type 2 Diabetes Mellitus No 82 (53.9%)
Yes 70 (46.1%)
Smoking Status No 105 (69.1%)

Yes 47 (30.9%)
Family History of Cardiovascular Disease No 107 (70.4%)
Yes 45 (29.6%)

Degree of Hepatic Steatosis Mild—-Moderate 65 (42.8%)
Severe 87 (57.2%)

Cardiovascular Disease No 97 (63.8%)

Yes 55 (36.2%)

Type of Cardiovascular Disease Coronary Artery Disease (CAD) 35 (23.0%)
Heart Failure 16 (10.5%)

Arrhythmia 4 (2.6%)

Table 2. Coronary Artery Disease (CAD) Across Different Degrees of Hepatic Steatosis in Patients with MAFLD
Degree of Hepatic Steatosis | No CAD (n=117) | CAD (n=35) | p-value OR (95% CI)
Mild—Moderate 56 (47.9%) 9 (25.7%) 0.020 2.65 (1.14-6.15)
Severe 61 (52.1%) 26 (74.3%)

Chi-square test; OR = odds ratio; CI = confidence interval,

significance at p < 0.05.

Table 3. Heart Failure Across Different Degrees of Hepatic Steatosis in Patients with MAFLD

Degree of Hepatic Steatosis

No Heart Failure (n=136)

Heart Failure (n=16) | p-value

Mild—Moderate

61 (44.9%)

4(25.0%) 0.129

Severe

75 (55.1%)

12 (75.0%)

Chi-square test; significance at p < 0.05.

Table 4. Arrhythmia Across Different Degrees of Hepatic Steatosis in Patients with MAFLD

Degree of Hepatic Steatosis | No Arrhythmia (n=148) | Arrhythmia (n=4) | p-value
Mild—Moderate 64 (43.2%) 1 (25.0%) 0.636
Severe 84 (56.8%) 3 (75.0%)

Fisher’s Exact test; significance at p < 0.05.

Table 5. Cardiovascular Disease (CVD) Across Different Degrees of Hepatic Steatosis in Patients with MAFLD

Degree of Hepatic Steatosis

No CVD (n=97) | CVD (n=55)

p-value

OR (95% CI)

Mild—Moderate

51(52.6%) 14 (25.5%)

0.001

3.25(1.57-6.71)

Severe

46 (47.4%) 41 (74.5%)

Chi-square test; OR = odds ratio; CI = confidence interval; significance at p < 0.05.

Table 6. Multivariable Logistic Regression of Factors Associated with Cardiovascular Disease in Patients with MAFLD

Variable

Adjusted OR (95% CI)

p-value

Severe steatosis (vs mild—-moderate)

329 (1.51-7.16)

0.003
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Age (per year) 0.99 (0.95-1.03) 0.589
Male sex 1.23 (0.59-2.55) 0.581
Hypertension 1.18 (0.53-2.65) 0.682
Type 2 diabetes mellitus 4.51(1.99-10.19) <0.001

Multivariable binary logistic regression; outcome = cardiovascular disease; aOR = adjusted odds ratio; CI = confidence
interval; reference category for steatosis = mild—moderate; significance at p < 0.05.

Table 7. Multivariable Logistic Regression of Factors Associated with Coronary Artery Disease in Patients with MAFLD

Variable Adjusted OR (95% CI) | p-value
Severe steatosis (vs mild—moderate) 2.58 (1.11-6.02) 0.028
Age (per year) 0.99 (0.96—-1.03) 0.741
Male sex 1.34 (0.62-2.92) 0.456

Multivariable binary logistic regression; outcome = coronary artery disease; adjusted for age and sex; aOR = adjusted
odds ratio; CI = confidence interval; reference category for steatosis = mild—moderate; significance at p < 0.05.
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