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Abstract: Fatty liver index (FLI) is a simple and useful index that evaluates non-alcoholic fatty liver
disease (NAFLD), particularly in large epidemiologic studies. Heart failure (HF) is becoming a
burden to public health as the global trend toward an aging society continues. Thus, we investigated
the effect of FLI on the incidence of HF using large cohort data from the Korean National Health
Insurance health database. Methods and Results: A total of 7,958,538 subjects aged over 19 years
without baseline HF (men = 4,142,264 and women = 3,816,274) were included. Anthropometric and
biochemical measurements were evaluated. FLI scores were calculated and FLI ≥ 60 was considered
as having NAFLD. Hazard ratios (HRs) and 95% confidence intervals (CIs) for HF incidence were
analysed using multivariable time-dependent Cox proportional hazard models. During a mean
follow up of 8.26 years, 17,104 participants developed HF. The FLI components associated with the
incidence of HF and FLI showed a causal relationship with HF; the FLI ≥ 60 group had a higher HR
for HF (HR 1.493; 95% CIs 1.41–1.581) than the FLI < 30 group. Subgroup analysis showed that fatty
liver (FLI ≥ 60) with age ≥ 65 years or women displayed higher HR for HF than fatty liver with age
< 65 or men, respectively. An increase in FLI score significantly increased the HR for HF except for
those with a FLI score change from <30 to 30–60. Conclusion: NAFLD defined by FLI and increase in
FLI score were associated with the incidence of HF. Further detailed prospective studies are needed.

Keywords: heart failure; non-alcoholic fatty liver disease; fatty liver index; waist circumference;
obesity

1. Introduction

The prevalence of heart failure (HF) is about 1% to 2% in developed countries and
increases to more than 10% in individuals over 85 years of age [1]. The prevalence of
HF continues to increase, and approximately 6.5 million people who were ≥20 years of
age in the USA had HF between 2011 and 2014 compared with approximately 5.7 million
individuals between 2009 and 2012 based on data from the National Health and Nutrition
Survey (NHANES) [1]. In Korea, the prevalence of HF has doubled from 0.75% in 2002
to 1.53% in 2013 [2]. Once diagnosed with HF, patients suffer from both the medical and
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financial burden of illness. For instance, the hospitalization rates due to HF account for
2–3% of total healthcare costs [3]. Known risk factors for HF include hypertension (HTN),
left ventricular hypertrophy, coronary heart disease, valvular heart disease, dyslipidaemia,
albuminuria, smoking, low physical activity, glucose intolerance, and obesity [4–6].

Non-alcoholic fatty liver disease (NAFLD) is one of the common chronic liver dis-
eases and has increased and affected a quarter of the whole global population [7]. In
Asian countries, the pooled prevalence of NAFLD was about 27.4%, which was similar
to Western countries [7,8]. In Korea, the prevalence of NAFLD was about 27% in the
general population [9] and was 16.1% (21.6% in men, 11.2% in women) when diagnosed
with ultrasnography [10]. NAFLD is a risk factor for major adverse cardiovascular events
(MACE) and is a multisystem disease [11]. The gold standard diagnosis for NAFLD and
non-alcoholic steatohepatitis (NASH) is biopsy, but being an invasive technique [12], vari-
ous non-invasive indices have been developed especially for the purposes of public health
check-up studies [13]. Fatty liver index (FLI) is one of the indices used to non-invasively
evaluate fatty liver disease, which has been validated in Asian and Caucasian general
populations [14–16]. Thus, many researchers are studying the Korean population using
FLI [17,18].

Interestingly, a cohort study from Simon et al. demonstrated that biopsy-proven
NAFLD in the Swedish population was correlated with a 65% increase in the risk of incident
major adverse cardiac events, which includes HF, regardless of cardiometabolic risk factors
(n = 10,422 and 13 years of follow-up) [19]. In addition, using a sample cohort from the
national database (n = 308,578 and 5.4 years of median follow-up), Roh et al. demonstrated
that FLI > 30 was related to higher risk of incident HF risk in healthy Koreans [20].

Evidence supporting the association between NAFLD and HF is available. However,
the use of FLI in analysing the relationship between NAFLD and HF with a comprehensive
population database in Korea has been limited in the past. We hypothesize that NAFLD,
defined by FLI, is an independent risk factor for incident HF in the general population.
Therefore, we examined the incidence of HF in subjects with or without NAFLD as defined
by FLI using Korean National Health Insurance Service (NHIS) health check-up data.

2. Methods
2.1. The NHIS Database and NHIS Health Check-Up Program

The NHIS is an insurer that manages the National Health Insurance (NHI) program,
which contains medical information that covers approximately 50 million Koreans [21].
Patient data that includes age, sex, area of residence, insurer payment coverage, and
claims and deductions data sources can be obtained from the Health Insurance Review
and Assessment (HIRA) service after permission. The HIRA database covers about 97.0%
of the Korean population, and the details of the NHIS database have been previously
described [22]. The NHIS provides a biannual or annual health check-up program that
includes anthropometric measurements, blood tests, and health surveys including general
health behaviours and past medical histories for all insured Koreans.

2.2. Subjects

We used the NHIS health check-up database from 2002 to 2017 and selected subjects
aged ≥20 years old and those who had undergone the health check-ups in 2009. The
year 2009 was selected because waist circumference measurements, a requisite for FLI
calculation, was available starting from 2009. Additionally, we aimed to confirm that
the participants were free of HF from 2002 and 2009, while maximizing the follow-up
period. A total of 10,490,491 subjects were followed up to 31 December 2017. The following
participants were excluded: subjects who drank heavily (drinking ≥30 g/day in men and
≥20 g/day in women) (n = 877,389), subjects who were diagnosed and claimed for HF
prior to the index date (n = 210,433), subjects with a history of liver cirrhosis (n = 990,315),
and subjects with missing data (n = 453,816). Finally, 7,958,538 subjects were included
in this study (men = 4,142,264 and women = 3,816,274), and mean observation time was
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8.26 ± 0.78 years. This study was approved by the Institutional Review Board of the Korea
University Anam Hospital (IRB No. 2019AN0001), and permission for the use of health
check-up data was granted by the NHIS (NHIS-2018-1-049).

2.3. General Health Behaviours

Self-reported questionnaires were obtained from the participants with respect to
general health behaviours that included smoking status (no, ex-smoking, and current
smoking), alcohol drinking (no and mild to moderate; drinking <30 g/day in men and
<20 g/day in women), and regular exercise, defined as vigorous physical activity for at
least 20 min/day. The frequency of exercise was categorized into 0, 1–4, ≥5 times/week.

2.4. Anthropometric and Biochemical Measurements

Anthropometric measurements such as weight (kg), height (cm), waist circumference
(WC) (cm), systolic blood pressure (SBP) (mmHg), and diastolic blood pressure (DBP)
(mmHg) were measured by trained examiners. Body mass index (BMI) (kg/m2) was
calculated using weight (kg) divided by the square of the height (m). We defined obesity
as a BMI ≥ 25 kg/m2, according to the World Health Organization recommendation for
Asians [23].

The NHIS health check-up also includes laboratory tests, such as fasting blood glucose
(mg/dL), total cholesterol (mg/dL), triglycerides (TG, mg/dL), high-density lipoprotein
cholesterol (mg/dL), aspartate aminotransferase (AST, IU/L), alanine aminotransferase
(ALT, IU/L), gamma-glutamyl transferase (GGT, IU/L), serum creatinine levels (mg/dL),
and urine analyses. The Korean Association of Laboratory Quality Control warranted the
quality of the laboratory tests, and the health check-up performing hospitals were certified
by the NHIS.

2.5. Definition of Fatty Liver Index

We used the FLI, a surrogate marker of NAFLD, which was calculated based on a report
by Bedogni et al., as follows: FLI = (e 0.953 × loge (triglycerides) + 0.139 × BMI + 0.718 × loge (ggt) +

0.053 × waist circumference − 15.745)/(1 + e 0.953 × loge (triglycerides) + 0.139 × BMI + 0.718 × loge (ggt) + 0.053

× waist circumference − 15.745) × 100 [14]. We categorized the study participants into 3 groups
according to their FLI score (FLI < 30, 30 ≤ FLI < 60, and FLI ≥ 60) [24]. An FLI ≥ 60 was
defined as having fatty liver [14].

2.6. Incidence of HF

Incidence of HF was defined according to the International Classification of Diseases
(ICD-10) code I50 and an admission history with the HF code from 1 January 2009 to 31
December 2017 for each participant.

2.7. Definition of Chronic Diseases

Diabetes mellitus (DM) was defined as a fasting plasma glucose ≥126 mg/dL or at
least one claim for antidiabetic medication prescription with the ICD-10 codes E11–E14.
Hypertension was defined as an SBP ≥ 140 mmHg or a DBP ≥ 90 mmHg, or having at
least one claim for antihypertensive medication prescription with ICD-10 codes I10–I15.
Dyslipidaemia was defined by a total serum cholesterol level ≥ 240 mg/dL or having at
least one claim for an anti-dyslipidaemic medication prescription with ICD-10 code E78.
Cardiovascular disease (CVD) was identified when the subject gave an affirmative answer
to the following question: “Do you have a history of acute myocardial infarction?”.

2.8. Statistical Analysis

Subject general characteristics are expressed as mean ± standard deviation (SD) for
continuous variables and percentages (SD) for categorical variables. Variables which did
not have a normal distribution (TG, AST, ALT, and GGT) are expressed as geometric means
and interquartile ranges. The hazard ratios (HRs) and 95% confidence intervals (CIs) for the
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incidence of HF according to FLI group were assessed by multivariable Cox proportional
hazard models using the FLI < 60 group as the reference group. Other variables were
adjusted: age, sex, smoking, alcohol, and exercise in model 1 and age, sex, smoking,
alcohol, exercise, HTN, dyslipidaemia, DM, and BMI in model 2. The HR and 95% CI
for the incidence of HF according to each subgroup was also obtained by constructing a
multivariable Cox model: age ≥ 65 years old, sex, history of cardiovascular diseases, and
obesity. Interaction p for each subgroup was calculated for subgroup analysis. We also
calculated the HR for the incidence of HF according to the change in FLI level during the
four-year follow-up with stable FLI < 30 (no change in FLI < 30 during the four-year follow
up) as the reference, using multivariable Cox proportional hazard models after adjusting
for all covariables.

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA), and a two-tailed p-value less than 0.05 was considered statistically significant.

3. Results

Table 1 shows the participant general characteristics according to the presence of fatty
liver (FLI ≥ 60). Of the total 7,958,538 subjects, 17,104 had HF. Subjects with fatty liver were
older and had increased BMI, WC, SBP, DBP, fasting glucose, total cholesterol, LDL-C, TG,
AST, ALT, and GGT, but decreased HDL-C (all p < 0.001). The proportion of men, current
smoking, mild alcohol drinking, DM, HTN, dyslipidaemia, and history of CVD was higher
in the subjects with fatty liver, but the proportion of income (Q1) and regular exercise was
lower in the subjects with fatty liver than subjects without fatty liver (all p < 0.001).

Table 1. General characteristics of participants according to fatty liver index ≥ 60 or not.

Variables
FLI < 60 FLI ≥ 60

p
(n = 7,065,123) (n = 893,415)

Age (years) 46.65 ± 14.2 47.23 ± 12.65 <0.001
Men (n, %) 3,410,822 (48.28) 731,442 (81.87) <0.001

BMI (kg/m2) 23.04 ± 2.77 27.94 ± 2.98 <0.001
Waist circumference (cm) 78.13 ± 8.01 92.12 ± 6.74 <0.001

SBP (mmHg) 120.89 ± 14.63 129.77 ± 14.43 <0.001
DBP (mmHg) 75.27 ± 9.71 81.41 ± 9.85 <0.001

Fasting blood glucose (mg/dL) 95.09 ± 20.19 106.53 ± 31.23 <0.001
Total cholesterol (mg/dL) 192.93 ± 35.55 212.69 ± 38.74 <0.001

HDL-C (mg/dL) 56.22 ± 18.33 48.64 ± 19.81 <0.001
LDL-C (mg/dL) 114.07 ± 32.71 114.27 ± 38.65 <0.001

TG (mg/dL) * 100.06 (100.02–100.1) 229.04 (228.8–229.27) <0.001
ALT (IU/L) * 19.12 (19.11–19.13) 37.3 (37.26–37.34) <0.001
AST (IU/L) * 22.03 (22.02–22.03) 30.22 (30.19–30.24) <0.001
GGT (IU/L) * 21.65 (21.64–21.66) 62.69 (62.6–62.78) <0.001

Smoking (n, %) <0.001
Non 4,637,491 (65.64) 345,997 (38.73)
Ex 883464 (12.5) 179317 (20.07)

Current 1,544,168 (21.86) 368,101 (41.2)
Alcohol drinking (n, %) <0.001

No 4,054,305 (57.38) 342,949 (38.39)
Mild 3,010,818 (42.62) 550,466 (61.61)

Regular exercise (n, %) 1,261,560 (17.86) 152,993 (17.12) <0.001
Income (Q1) (n, %) 1,934,364 (27.38) 207,658 (23.24) <0.001

Diabetes mellitus (n, %) 462,520 (6.55) 157,135 (17.59) <0.001
Hypertension (n, %) 1,509,918 (21.37) 383,064 (42.88) <0.001
Dyslipidaemia (n, %) 1,087,937 (15.4) 301,584 (33.76) <0.001

History of cardiovascular disease (n, %) 105,968 (2.42) 17,017 (2.82) <0.001
Heart failure (n, %) 14,414 (0.2) 2690 (0.3) <0.001

Values presented as mean ± standard error or percentage (%) (standard error). * Geometric mean (95% confidence
interval). BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density
lipoprotein cholesterol; TG, triglyceride; ALT, alanine transaminase; AST, aspartate transaminase; and GGT,
gamma-glutamyl transferase.

Figure 1 shows the incidence rate per 1000 persons and HR for the incidence of HF
by FLI components. BMI was divided into five categories and WC was also divided into
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eight categories by 5 cm increase. TG and GGT were divided into two categories (TG ≥ 150
mg/dL or not and GGT ≥ 50 mg/dL or not). Incidence rate for HF increased as each FLI
component increased, but BMI showed a J-shaped incidence rate for HF (Figure 1a). After
adjusting for all covariates, as GGT and WC increased so did the HR for HF (Figure 1b).
The highest HR of HF was associated with a WC of more than 110 cm in men and 105 cm
in women (HR = 2.80 and 95% CI = 2.39–3.285). However, for BMI, subjects who were
underweight (BMI < 18.5 kg/m2) had the highest HR for HF (HR = 1.718 and 95% CI =
1.678–1.758), and overweight (23 < BMI < 25 kg/m2) subjects had the lowest HR for HF
(HR = 0.884 and 95% CI = 0.838–0.933) among the five BMI categories, and the HR for HF
had a U-shaped curve (Figure 1b).
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Figure 1. The incidence rate (per 1000 persons) and hazard ratio for heart failure by the components
of the fatty liver index. * Statistically not significant. Adjusted for age, gender, smoking, drinking,
exercise, diabetes mellitus, hypertension, dyslipidaemia, and BMI. BMI, body mass index; WC, waist
circumference; TG, triglyceride; GGT, gamma-glutamyl transferase; Q, quintiles (Q1, Q2, Q3, Q4,
and Q5). (a) Incidence rate for heart failure per 1000 persons, (b) Hazard ratio for the incidence of
heart failure.
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Table 2 shows the HR for the incidence of HF according to FLI level. We used FLI < 30
as a reference, and the HR of HF was 1.212 (95% CI = 1.077–1.167) for FLI 30–60 and 1.493
(95% CI = 1.41–1.581) for FLI ≥ 60 after adjusting for all covariables.

Table 2. Adjusted hazard ratios for the incidence of heart failure according to the level of fatty liver
index.

Level of Fatty
Liver Index

Model 1 Model 2

N Event Duration IR (per 1000) HR (95% CI) HR (95% CI)

<30 5,282,514 9265 43,688,896.61 0.212 1 (Ref.) 1 (Ref.)
30~60 1,782,609 5149 14,703,192.49 0.350 1.304 (1.26–1.349) 1.121 (1.077–1.167)
≥60 893,415 2690 7,351,950.24 0.366 1.939 (1.856–2.025) 1.493 (1.41–1.581)

Model 1: adjusted for age, gender, smoking, drinking, and exercise; Model 2: adjusted for age, gender, smoking,
drinking, exercise, diabetes mellitus, hypertension, dyslipidaemia, and body mass index. IR, incidence rate; HR,
hazard ratio; and CI, confidence interval.

In subgroup analysis, women with fatty liver (FLI ≥ 60) showed a higher HR for HF
than men (each HR = 1.481 and 1.276, respectively, and p for interaction = 0.001). The
subjects who were older than 65 years also showed an increased HR compared with the
subjects who were younger than 65 years (each HR = 1.353 and 1.26, respectively, and p
for interaction <0.001). However, fatty liver without the history of CVD or without obesity
had higher HRs for HF than those with a history of CVD or with obesity (p for interactions
were 0.002 and 0.049, respectively) (Table 3).

Table 3. Adjusted hazard ratios for the incidence of heart failure in the subjects with fatty liver
stratified to subgroups.

Subgroup HR (95% Cl) p for Interaction

Men 1.276 (1.193,1.364)
0.001Women 1.481 (1.379,1.592)

Age < 65 1.26 (1.159,1.371)
<0.001Age ≥ 65 1.353 (1.273,1.438)

No CVD 1.396 (1.316,1.481)
0.002CVD 1.238 (1.083,1.416)

No obesity 1.308 (1.169,1.463)
0.049Obesity 1.203 (1.134,1.277)

Adjusted for age, gender, smoking, drinking, exercise, diabetes mellitus, hypertension, dyslipidaemia, and body
mass index. CVD, cardiovascular diseases; HR, hazard ratio; CI, confidence interval.

In Figure 2, we calculated the HR for the incidence of HF according to change in FLI
during the four-years of follow-up, with stable FLI < 30 (no change in FLI < 30 during the
four-year follow-up) as the reference. After adjusting for all covariables, participants with
a change in FLI showed significantly increased HR for HF, except for those with an FLI
change from <30 to 30–60. An increase in FLI from <30 to ≥60 and 30–60 to ≥60 showed
higher HRs (HR = 1.373 and 1.443, respectively) than those with a decrease in FLI (from
30–60 to <30 and from ≥60 to <30 and 30–60) (HRs = 1.161, 1.472, and 1.443, respectively).
Even participants with a stable FLI 30–60 and stable FLI ≥ 60 showed increased HRs for HF
and participants with a stable FLI ≥ 60 showed the highest HR for HF among all changes
in FLI groups. (HR = 1.195 for stable 30–60 and 1.7 for stable ≥ 60).
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4. Discussion

In this study, NAFLD as defined by FLI was associated with an increased HR for HF
in the Korean population independent of conventional CVD risk factors, confirming the
initial research hypothesis. The subgroup analysis revealed that subjects aged ≥65 years
and the female sex had a higher increase in HR of HF than subjects aged <65 years and the
male sex, respectively, by FLI group. Increase in FLI score correlated significantly with an
increased HR for HF except for FLI score change from <30 to 30–60.

There has been a controversy over the relationship between NAFLD and CVD—
namely, is NAFLD a precursor for future CVD or is it a passenger biomarker in the overall
course of CVD development? The confusion arises partly because most NAFLD patients are
also diabetic patients [25], and the relationship between NAFLD and LV structure/function
or between NAFLD and subclinical diastolic function has been obscured in obese pa-
tients [26]. Such data may imply that NAFLD is on the passenger side in CVD development;
nonetheless, researchers should not prematurely conclude that NAFLD and CVD are end
organ damage due to metabolic syndrome [25].

A growing body of evidence is suggesting a strong association between NAFLD and
cardiac complications, which may lead to HF development. Simon et al. have provided
important evidence that biopsy-proven NALFD may act as a risk factor for new-onset
HF [19]. Moreover, other studies that utilize noninvasive liver fibrosis scores in studying HF
patients have reported higher prevalence of NAFLD in the patients with heart failure with
preserved ejection fraction (HFpEF), further supporting the association between NAFLD
and HF [27,28]. Patients with computed tomography-detected NAFLD reported a higher
prevalence of coronary microvascular dysfunction and lower coronary flow reserve than
those without NAFLD in a retrospective cohort study in patients without coronary artery
disease and with preserved LV ejection fraction [29]. Patients with NAFLD displayed higher
levels of impairment in heart rate variability, diastolic variability, and systolic variability
than the controls in a study using magnetic resonance spectroscopy [30]. Arrhythmias can
contribute to HF development, while permanent atrial fibrillation (AF), QTc prolongation,
left anterior hemlock, and right bundle branch block have all been reported to be associated
with NAFLD [31–33].
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Cardiac remodelling is a well-understood and crucial component in the disease course
of HF. Accumulating evidence suggests a link between NAFLD and new-onset HF with
respect to cardiac remodelling. Many studies have reported an association between NAFLD
and LV diastolic dysfunction or greater LV hypertrophy, regardless of metabolic risk
factors [25,32,33]. NAFLD was related with subclinical cardiac remodelling independent of
cardiometabolic risk factors [34].

Possible mechanisms underlying the increased risk of HF in NAFLD may involve
hepatic and extrahepatic pathways [11]. The hepatic pathway could involve the progression
of NAFLD and its intermediary factors contributing to increased risk of cardiovascular
disease. Circulating atherogenic lipoprotein phenotype is one such component where
pro-atherogenic lipid changes are observed in NAFLD [32]. Another component is the
increased activation of the renin–angiotensin–aldosterone system (RAAS) in NAFLD [35].
RAAS activation is known to drive the progression of HF. In addition to that, hepatic
mitochondrial dysfunction [36], and possibly myocardial mitochondrial dysfunction [37],
coupled with the production of reactive oxygen species (ROS) may together contribute
cardiac remodelling [38]. The extrahepatic pathway may deal with visceral adipose tissue
and intestinal dysbiosis. Expanded visceral adipose tissue produces less serum adiponectin
but secretes more pro-inflammatory cytokines, such as serum interleukin (IL)-6, which has
been linked to subclinical atherosclerosis and atrial fibrillation [39,40]. Additionally, insulin
resistance may promote the development and worsening of NAFLD and further encourage
negative changes in coronary arteries to bring about cardiac disease [39]. Lipopolysaccha-
ride, ethanol, short-chain fatty acids, and incretins from the gastrointestinal tract may lead
to liver fibrosis [41–44] and directly affect the cardiovascular system. [45] Increase in Gram-
negative bacteria can increase the endotoxin’s chance to enter the portal circulation and also
cause inflammatory response in the liver [46]. Additionally, an increase in proteobacteria in
the gut may promote higher production of endogenous alcohol and can perhaps contribute
to liver fibrosis, inducing cardiac dysfunction [44].

Subgroup analyses with those with FLI ≥ 60 showed that both men and women
exhibited increased risk of HF (1.28 and 1.48, respectively, p for interaction 0.001). Many
epidemiological studies have confirmed that women are more likely to suffer from HFpEF
than men. Researchers suspect that the female-specific pathway is involved; however, the
precise mechanism is yet to be found [47,48]. Additionally, both obese (BMI ≥ 25) and non-
obese subgroups with FLI ≥ 60 displayed a higher risk of HF (1.28 and 1.48, respectively,
p for interaction 0.001). The obesity paradox may contribute to higher incidence of HF in
the obese subgroup. In contrast, the “lean paradox” may explain the higher HR related to
the non-obese subgroup. The lean paradox proposes that low BMI is associated with less
physiologic reserve against cardiac mass loss, or cachexia, and therefore low body fat and
low BMI are associated with more CVD outcomes [49,50].

This present study displays how NAFLD defined by FLI was associated with the
increased risk of HF. Hence it is crucial that future studies focus on NAFLD treatment
options, especially on how, and to what degree, NAFLD treatment can prevent HF and/or
CVD. Current NAFLD treatment includes lifestyle modification, vitamin E, pioglitazone,
and weight loss, including metabolic surgery [12]. However, new drugs to treat NAFLD
are currently being developed to improve LV remodelling [51,52].

There are several limitations in our study. First, this study only included Korean
participants, and results cannot be generalized to other ethnicities. Second, FLI is an
indirect indicator of NAFLD, and NAFLD was not histologically confirmed in this study.
Third, biomarkers that mediate FLI and HF—such as adiponectin, leptin, and dimethyl
arginine—were not investigated [53,54]. Fourth, we did not distinguish NAFLD from
NASH in subjects with fatty liver. Fifth, we defined HF based on the ICD-10 code and
admission history for HF, so we could not determine the precise classification of HF (HFpEF
or HFrEF) in this study. It is difficult to confirm the diagnosis of HF with echocardiography
due to limitations in the NHIS health screening database. Nonetheless, the authors believe
that the combination of the ICD-10 code and concurrent admission history is stringent
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and also the most viable means of confirmation, considering the study design. Similar
definitions have been utilized in research regarding HF using the NHIS database [55,56].
Sixth, CVD events could have happened during the follow-up period prior to HF. Seventh,
FLI was only applicable to the NHIS database starting from the year 2009 for the reason
mentioned in Materials and Methods under the Subjects subheading, and it is possible
some participants prior to enrolment may already have had NAFLD. It is worth noting that
because there is a lack of treatment options for NAFLD physicians do not often enter the
diagnostic code for NAFLD in South Korea. Lastly, NHIS data does not provide HbA1c
values or a full list of medications for participants, so it is difficult to study any effects from
medications or how well the comorbidities were controlled.

However, to the best of our knowledge, this is the first study to examine the relation-
ship between NAFLD defined by FLI and incidence of HF in a comprehensive database
of the Korean adult population. Second, we believe this is the first study to present how
HF risk increases as NAFLD severity changes in the Korean population. Third, we con-
ducted a nationwide study that involved a homogeneous participant group. Furthermore,
we analysed various subgroups while adjusting for covariates that potentially affect HF
incidence.

In conclusion, FLI was associated with increased HF incidence in national-scale epi-
demiological data. Although the FLI does not reflect the status of liver fibrosis, FLI could
be used as one of the risk factors that predicts the risk of HF. Further detailed prospective
studies that can confirm fatty liver by biopsy or at least with ultrasonography are needed
to examine the relationship between fatty liver and HF. In addition, change in FLI was
associated with increased HR for HF, thus developing medication or managing risk factors
for NAFLD may be helpful in decreasing the incidence of HF in subjects with NAFLD.

Author Contributions: Conceptualization, all authors; Data curation, K.E.S., Y.-G.P. and K.-D.H.;
Formal analysis, Y.-G.P. and K.-D.H.; Investigation, G.B.L.; Methodology, S.Y.Y. and Y.-H.K. Project
administration, Y.-H.K.; Supervision K.-H.C., J.-H.K., Y.-H.K.; Writing—original draft, B.H. and
G.B.L.; Writing—review & editing, B.H., G.B.L. and Y.-H.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was supported by Alvogen Korea.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Korea
University Anam Hopital (approval code 2019AN0001).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data request can be made to NHIS at the following website address.
https://nhiss.nhis.or.kr/ accessed on 3 January 2022.

Acknowledgments: We thank the Korean National Health Insurance Corporation and all the partic-
ipants of the study for participating in the health check-up. This study was supported by a grant
from the Korean Health Technology and Research and Development project, Ministry of Health and
Welfare, Republic of Korea (HC16C2285).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Benjamin, E.J.; Virani, S.S.; Callaway, C.W.; Chamberlain, A.M.; Chang, A.R.; Cheng, S.; Chiuve, S.E.; Cushman, M.; Delling, F.N.;

Deo, R. Heart Disease and Stroke Statistics—2018 Update: A Report from the American Heart Association. Circulation 2018, 137,
e67–e492. [CrossRef]

2. Youn, J.-C.; Han, S.; Ryu, K.-H. Temporal trends of hospitalized patients with heart failure in Korea. Korean Circ. J. 2017, 47, 16–24.
[CrossRef]

3. Heidenreich, P.A.; Albert, N.M.; Allen, L.A.; Bluemke, D.A.; Butler, J.; Fonarow, G.C.; Ikonomidis, J.S.; Khavjou, O.; Konstam,
M.A.; Maddox, T.M. Forecasting the impact of heart failure in the United States: A policy statement from the American Heart
Association. Circ. Heart Fail. 2013, 6, 606–619. [CrossRef]

https://nhiss.nhis.or.kr/
http://doi.org/10.1161/CIR.0000000000000558
http://doi.org/10.4070/kcj.2016.0429
http://doi.org/10.1161/HHF.0b013e318291329a


Diagnostics 2022, 12, 663 10 of 12

4. Hubert, H.B.; Feinleib, M.; McNamara, P.M.; Castelli, W.P. Obesity as an independent risk factor for cardiovascular disease: A
26-year follow-up of participants in the Framingham Heart Study. Circulation 1983, 67, 968–977. [CrossRef]

5. Gerstein, H.C.; Mann, J.F.; Yi, Q.; Zinman, B.; Dinneen, S.F.; Hoogwerf, B.; Hallé, J.P.; Young, J.; Rashkow, A.; Joyce, C. Albuminuria
and risk of cardiovascular events, death, and heart failure in diabetic and nondiabetic individuals. JAMA 2001, 286, 421–426.
[CrossRef]

6. He, J.; Ogden, L.G.; Bazzano, L.A.; Vupputuri, S.; Loria, C.; Whelton, P.K. Risk factors for congestive heart failure in US men and
women: NHANES I epidemiologic follow-up study. Arch. Intern. Med. 2001, 161, 996–1002. [CrossRef]

7. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef]

8. Fan, J.-G.; Kim, S.-U.; Wong, V.W.-S. New trends on obesity and NAFLD in Asia. J. Hepatol. 2017, 67, 862–873. [CrossRef]
9. Chang, Y.; Jung, H.S.; Yun, K.E.; Cho, J.; Cho, Y.K.; Ryu, S. Cohort study of non-alcoholic fatty liver disease, NAFLD fibrosis score,

and the risk of incident diabetes in a Korean population. Am. J. Gastroenterol. 2013, 108, 1861–1868. [CrossRef]
10. Park, S.H.; Jeon, W.K.; Kim, S.H.; Kim, H.J.; Park, D.I.; Cho, Y.K.; Sung, I.K.; Sohn, C.I.; Keum, D.K.; Kim, B.I. Prevalence and risk

factors of non-alcoholic fatty liver disease among Korean adults. J. Gastroenterol. Hepatol. 2006, 21, 138–143. [CrossRef]
11. Mantovani, A.; Byrne, C.D.; Benfari, G.; Bonapace, S.; Simon, T.G.; Targher, G. Risk of Heart Failure in Patients With Nonalcoholic

Fatty Liver Disease: JACC Review Topic of the Week. J. Am. Coll. Cardiol. 2022, 79, 180–191. [CrossRef]
12. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, E.M.; Sanyal, A.J. The diagnosis

and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver
Diseases. Hepatology 2018, 67, 328–357. [CrossRef]

13. Sirbu, O.; Floria, M.; Dascalita, P.; Sorodoc, V.; Sorodoc, L. Non-alcoholic fatty liver disease-From the cardiologist perspective.
Anatol. J. Cardiol. 2016, 16, 534–541. [CrossRef]

14. Bedogni, G.; Bellentani, S.; Miglioli, L.; Masutti, F.; Passalacqua, M.; Castiglione, A.; Tiribelli, C. The Fatty Liver Index: A simple
and accurate predictor of hepatic steatosis in the general population. BMC Gastroenterol. 2006, 6, 33. [CrossRef]

15. Calori, G.; Lattuada, G.; Ragogna, F.; Garancini, M.P.; Crosignani, P.; Villa, M.; Bosi, E.; Ruotolo, G.; Piemonti, L.; Perseghin, G.
Fatty liver index and mortality: The Cremona study in the 15th year of follow-up. Hepatology 2011, 54, 145–152. [CrossRef]

16. Carvalhana, S.; Leitao, J.; Alves, A.C.; Bourbon, M.; Cortez-Pinto, H. How good is controlled attenuation parameter and fatty liver
index for assessing liver steatosis in general population: Correlation with ultrasound. Liver Int. 2014, 34, E111–E117. [CrossRef]

17. Cho, E.J.; Jung, G.C.; Kwak, M.S.; Yang, J.I.; Yim, J.Y.; Yu, S.J.; Chung, G.E. Fatty Liver Index for Predicting Nonalcoholic Fatty
Liver Disease in an Asymptomatic Korean Population. Diagnostics 2021, 11, 2233. [CrossRef]

18. Im, H.J.; Ahn, Y.C.; Wang, J.H.; Lee, M.M.; Son, C.G. Systematic review on the prevalence of nonalcoholic fatty liver disease in
South Korea. Clin. Res. Hepatol. Gastroenterol. 2021, 45, 101526. [CrossRef]

19. Simon, T.G.; Roelstraete, B.; Hagstrom, H.; Sundstrom, J.; Ludvigsson, J.F. Non-alcoholic fatty liver disease and incident major
adverse cardiovascular events: Results from a nationwide histology cohort. Gut 2021. [CrossRef]

20. Roh, J.H.; Park, J.H.; Lee, H.; Yoon, Y.H.; Kim, M.; Kim, Y.G.; Park, G.M.; Lee, J.H.; Seong, I.W. Higher fatty liver index is
associated with increased risk of new onset heart failure in healthy adults: A nationwide population-based study in Korea. BMC
Cardiovasc. Disord. 2020, 20, 204. [CrossRef]

21. Cheol Seong, S.; Kim, Y.-Y.; Khang, Y.-H.; Heon Park, J.; Kang, H.-J.; Lee, H.; Do, C.-H.; Song, J.-S.; Hyon Bang, J.; Ha, S. Data
resource profile: The national health information database of the National Health Insurance Service in South Korea. Int. J.
Epidemiol. 2016, 46, 799–800. [CrossRef]

22. Song, S.O.; Jung, C.H.; Song, Y.D.; Park, C.Y.; Kwon, H.S.; Cha, B.S.; Park, J.Y.; Lee, K.U.; Ko, K.S.; Lee, B.W. Background and data
configuration process of a nationwide population-based study using the korean national health insurance system. Diabetes Metab.
J. 2014, 38, 395–403. [CrossRef]

23. World Health Organization. The Asia-Pacific Perspective: Redefining Obesity and Its Treatment; Health Communications: Sydney,
Australia, 2000.

24. Lee, Y.H.; Bang, H.; Park, Y.M.; Bae, J.C.; Lee, B.W.; Kang, E.S.; Cha, B.S.; Lee, H.C.; Balkau, B.; Lee, W.Y.; et al. Non-laboratory-
based self-assessment screening score for non-alcoholic fatty liver disease: Development, validation and comparison with other
scores. PLoS ONE 2014, 9, e107584. [CrossRef]

25. Stahl, E.P.; Dhindsa, D.S.; Lee, S.K.; Sandesara, P.B.; Chalasani, N.P.; Sperling, L.S. Nonalcoholic Fatty Liver Disease and the Heart:
JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2019, 73, 948–963. [CrossRef]

26. VanWagner, L.B.; Wilcox, J.E.; Ning, H.; Lewis, C.E.; Carr, J.J.; Rinella, M.E.; Shah, S.J.; Lima, J.A.C.; Lloyd-Jones, D.M. Longitudinal
Association of Non-Alcoholic Fatty Liver Disease With Changes in Myocardial Structure and Function: The CARDIA Study. J.
Am. Heart Assoc. 2020, 9, e014279. [CrossRef]

27. Packer, M. Atrial Fibrillation and Heart Failure with Preserved Ejection Fraction in Patients with Nonalcoholic Fatty Liver Disease.
Am. J. Med. 2020, 133, 170–177. [CrossRef]

28. Miller, A.; McNamara, J.; Hummel, S.L.; Konerman, M.C.; Tincopa, M.A. Prevalence and staging of non-alcoholic fatty liver
disease among patients with heart failure with preserved ejection fraction. Sci. Rep. 2020, 10, 12440. [CrossRef]

29. Vita, T.; Murphy, D.J.; Osborne, M.T.; Bajaj, N.S.; Keraliya, A.; Jacob, S.; Martinez, A.J.D.; Nodoushani, A.; Bravo, P.; Hainer,
J.; et al. Association between Nonalcoholic Fatty Liver Disease at CT and Coronary Microvascular Dysfunction at Myocardial
Perfusion PET/CT. Radiology 2019, 291, 329–336. [CrossRef]

http://doi.org/10.1161/01.CIR.67.5.968
http://doi.org/10.1001/jama.286.4.421
http://doi.org/10.1001/archinte.161.7.996
http://doi.org/10.1002/hep.28431
http://doi.org/10.1016/j.jhep.2017.06.003
http://doi.org/10.1038/ajg.2013.349
http://doi.org/10.1111/j.1440-1746.2005.04086.x
http://doi.org/10.1016/j.jacc.2021.11.007
http://doi.org/10.1002/hep.29367
http://doi.org/10.14744/AnatolJCardiol.2016.7049
http://doi.org/10.1186/1471-230X-6-33
http://doi.org/10.1002/hep.24356
http://doi.org/10.1111/liv.12305
http://doi.org/10.3390/diagnostics11122233
http://doi.org/10.1016/j.clinre.2020.06.022
http://doi.org/10.1136/gutjnl-2020-322786
http://doi.org/10.1186/s12872-020-01444-x
http://doi.org/10.1093/ije/dyw253
http://doi.org/10.4093/dmj.2014.38.5.395
http://doi.org/10.1371/journal.pone.0107584
http://doi.org/10.1016/j.jacc.2018.11.050
http://doi.org/10.1161/JAHA.119.014279
http://doi.org/10.1016/j.amjmed.2019.09.002
http://doi.org/10.1038/s41598-020-69013-y
http://doi.org/10.1148/radiol.2019181793


Diagnostics 2022, 12, 663 11 of 12

30. Houghton, D.; Zalewski, P.; Hallsworth, K.; Cassidy, S.; Thoma, C.; Avery, L.; Slomko, J.; Hardy, T.; Burt, A.D.; Tiniakos, D.;
et al. The degree of hepatic steatosis associates with impaired cardiac and autonomic function. J. Hepatol. 2019, 70, 1203–1213.
[CrossRef]

31. Targher, G.; Tilg, H.; Byrne, C.D. Non-alcoholic fatty liver disease: A multisystem disease requiring a multidisciplinary and
holistic approach. Lancet Gastroenterol. 2021, 6, S78–S88. [CrossRef]

32. Byrne, C.D.; Targher, G. Non-alcoholic fatty liver disease-related risk of cardiovascular disease and other cardiac complications.
Diabetes Obes. Metab. 2021, 24, 28–43. [CrossRef]

33. Anstee, Q.M.; Mantovani, A.; Tilg, H.; Targher, G. Risk of cardiomyopathy and cardiac arrhythmias in patients with nonalcoholic
fatty liver disease. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 425–439. [CrossRef]

34. Borges-Canha, M.; Neves, J.S.; Libanio, D.; Von-Hafe, M.; Vale, C.; Araujo-Martins, M.; Leite, A.R.; Pimentel-Nunes, P.; Carvalho,
D.; Leite-Moreira, A. Association between nonalcoholic fatty liver disease and cardiac function and structure—A meta-analysis.
Endocrine 2019, 66, 467–476. [CrossRef]

35. Simoes, E.S.A.C.; Miranda, A.S.; Rocha, N.P.; Teixeira, A.L. Renin angiotensin system in liver diseases: Friend or foe? World J.
Gastroenterol. 2017, 23, 3396–3406. [CrossRef]

36. Afolabi, P.R.; Scorletti, E.; Smith, D.E.; Almehmadi, A.A.; Calder, P.C.; Byrne, C.D. The characterisation of hepatic mitochondrial
function in patients with non-alcoholic fatty liver disease (NAFLD) using the (13)C-ketoisocaproate breath test. J. Breath Res. 2018,
12, 046002. [CrossRef]

37. Aung, L.H.H.; Jumbo, J.C.C.; Wang, Y.; Li, P. Therapeutic potential and recent advances on targeting mitochondrial dynamics in
cardiac hypertrophy: A concise review. Mol. Ther.-Nucleic Acids 2021, 25, 416–443. [CrossRef]

38. Climent, M.; Viggiani, G.; Chen, Y.W.; Coulis, G.; Castaldi, A. MicroRNA and ROS Crosstalk in Cardiac and Pulmonary Diseases.
Int. J. Mol. Sci. 2020, 21, 4370. [CrossRef]

39. Simon, T.G.; Trejo, M.E.P.; McClelland, R.; Bradley, R.; Blaha, M.J.; Zeb, I.; Corey, K.E.; Budoff, M.J.; Chung, R.T. Circulating
Interleukin-6 is a biomarker for coronary atherosclerosis in nonalcoholic fatty liver disease: Results from the Multi-Ethnic Study
of Atherosclerosis. Int. J. Cardiol. 2018, 259, 198–204. [CrossRef]

40. Wu, N.; Xu, B.; Xiang, Y.; Wu, L.; Zhang, Y.; Ma, X.Y.; Tong, S.F.; Shu, M.Q.; Song, Z.Y.; Li, Y.F.; et al. Association of inflammatory
factors with occurrence and recurrence of atrial fibrillation: A meta-analysis. Int. J. Cardiol. 2013, 169, 62–72. [CrossRef]

41. Jennison, E.; Byrne, C.D. The role of the gut microbiome and diet in the pathogenesis of non-alcoholic fatty liver disease. Clin.
Mol. Hepatol. 2021, 27, 22–43. [CrossRef]

42. Jacob, J.S.; Ahmed, A.; Cholankeril, G. The impact of alteration in gut microbiome in the pathogenesis of nonalcoholic fatty liver
disease. Curr. Opin. Infect. Dis. 2021, 34, 477–482. [CrossRef]

43. Loomba, R.; Seguritan, V.; Li, W.Z.; Long, T.; Klitgord, N.; Bhatt, A.; Dulai, P.S.; Caussy, C.; Bettencourt, R.; Highlander, S.K.; et al.
Gut Microbiome-Based Metagenomic Signature for Non-invasive Detection of Advanced Fibrosis in Human Nonalcoholic Fatty
Liver Disease. Cell Metab. 2017, 25, 1054–1062. [CrossRef]

44. Zhu, L.X.; Baker, S.S.; Gill, C.; Liu, W.S.; Alkhouri, R.; Baker, R.D.; Gill, S.R. Characterization of Gut Microbiomes in Nonalcoholic
Steatohepatitis (NASH) Patients: A Connection between Endogenous Alcohol and NASH. Hepatology 2013, 57, 601–609. [CrossRef]

45. Zhao, Y.; Wang, Z. Impact of trimethylamine N-oxide (TMAO) metaorganismal pathway on cardiovascular disease. J. Lab. Precis.
Med. 2020, 5, 16. [CrossRef]

46. Chopyk, D.M.; Grakoui, A. Contribution of the Intestinal Microbiome and Gut Barrier to Hepatic Disorders. Gastroenterology
2020, 159, 849–863. [CrossRef]

47. Sotomi, Y.; Hikoso, S.; Nakatani, D.; Mizuno, H.; Okada, K.; Dohi, T.; Kitamura, T.; Sunaga, A.; Kida, H.; Oeun, B.; et al. Sex
Differences in Heart Failure with Preserved Ejection Fraction. J. Am. Heart Assoc. 2021, 10, e018574. [CrossRef]

48. Den Ruijter, H.; Pasterkamp, G.; Rutten, F.H.; Lam, C.S.; Chi, C.; Tan, K.H.; van Zonneveld, A.J.; Spaanderman, M.; de Kleijn, D.P.
Heart failure with preserved ejection fraction in women: The Dutch Queen of Hearts program. Neth. Heart J. 2015, 23, 89–93.
[CrossRef]

49. Elagizi, A.; Kachur, S.; Lavie, C.J.; Carbone, S.; Pandey, A.; Ortega, F.B.; Milani, R.V. An Overview and Update on Obesity and the
Obesity Paradox in Cardiovascular Diseases. Prog. Cardiovasc. Dis. 2018, 61, 142–150. [CrossRef]

50. Powell-Wiley, T.M.; Poirier, P.; Burke, L.E.; Despres, J.P.; Gordon-Larsen, P.; Lavie, C.J.; Lear, S.A.; Ndumele, C.E.; Neeland, I.J.;
Sanders, P.; et al. Obesity and Cardiovascular Disease: A Scientific Statement from the American Heart Association. Circulation
2021, 143, e984–e1010. [CrossRef]

51. Younossi, Z.M.; Loomba, R.; Rinella, M.E.; Bugianesi, E.; Marchesini, G.; Neuschwander-Tetri, B.A.; Serfaty, L.; Negro, F.; Caldwell,
S.H.; Ratziu, V.; et al. Current and future therapeutic regimens for nonalcoholic fatty liver disease and nonalcoholic steatohepatitis.
Hepatology 2018, 68, 361–371. [CrossRef]

52. Ratziu, V.; Sanyal, A.J.; Loomba, R.; Rinella, M.; Harrison, S.; Anstee, Q.M.; Goodman, Z.; Bedossa, P.; MacConell, L.; Shringarpure,
R.; et al. REGENERATE: Design of a pivotal, randomised, phase 3 study evaluating the safety and efficacy of obeticholic acid in
patients with fibrosis due to nonalcoholic steatohepatitis. Contemp. Clin. Trials 2019, 84, 105803. [CrossRef]

53. Francque, S.M.; van der Graaff, D.; Kwanten, W.J. Non-alcoholic fatty liver disease and cardiovascular risk: Pathophysiological
mechanisms and implications. J. Hepatol. 2016, 65, 425–443. [CrossRef]

54. Kasumov, T.; Edmison, J.M.; Dasarathy, S.; Bennett, C.; Lopez, R.; Kalhan, S.C. Plasma levels of asymmetric dimethylarginine in
patients with biopsy-proven nonalcoholic fatty liver disease. Metabolism 2011, 60, 776–781. [CrossRef]

http://doi.org/10.1016/j.jhep.2019.01.035
http://doi.org/10.1016/S2468-1253(21)00020-0
http://doi.org/10.1111/dom.14484
http://doi.org/10.1038/s41575-018-0010-0
http://doi.org/10.1007/s12020-019-02070-0
http://doi.org/10.3748/wjg.v23.i19.3396
http://doi.org/10.1088/1752-7163/aacf12
http://doi.org/10.1016/j.omtn.2021.06.006
http://doi.org/10.3390/ijms21124370
http://doi.org/10.1016/j.ijcard.2018.01.046
http://doi.org/10.1016/j.ijcard.2013.08.078
http://doi.org/10.3350/cmh.2020.0129
http://doi.org/10.1097/QCO.0000000000000759
http://doi.org/10.1016/j.cmet.2017.04.001
http://doi.org/10.1002/hep.26093
http://doi.org/10.21037/jlpm.2020.01.01
http://doi.org/10.1053/j.gastro.2020.04.077
http://doi.org/10.1161/JAHA.120.018574
http://doi.org/10.1007/s12471-014-0613-1
http://doi.org/10.1016/j.pcad.2018.07.003
http://doi.org/10.1161/CIR.0000000000000973
http://doi.org/10.1002/hep.29724
http://doi.org/10.1016/j.cct.2019.06.017
http://doi.org/10.1016/j.jhep.2016.04.005
http://doi.org/10.1016/j.metabol.2010.07.027


Diagnostics 2022, 12, 663 12 of 12

55. Lee, J.H.; Lim, N.K.; Cho, M.C.; Park, H.Y. Epidemiology of Heart Failure in Korea: Present and Future. Korean Circ. J. 2016, 46,
658–664. [CrossRef]

56. Seo, S.R.; Jang, S.Y.; Cho, S.I. Trends in Incidence and Case Fatality Rates of Heart Disease and Its Subtypes in Korea, 2006–2015.
Int. J. Environ. Res. Public Health 2020, 17, 8451. [CrossRef]

http://doi.org/10.4070/kcj.2016.46.5.658
http://doi.org/10.3390/ijerph17228451

	Introduction 
	Methods 
	The NHIS Database and NHIS Health Check-Up Program 
	Subjects 
	General Health Behaviours 
	Anthropometric and Biochemical Measurements 
	Definition of Fatty Liver Index 
	Incidence of HF 
	Definition of Chronic Diseases 
	Statistical Analysis 

	Results 
	Discussion 
	References

