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Abstract

related mortality.

Background: Non-alcoholic fatty liver disease (NAFLD) is a well-known risk factor for cardiovascular (CV) disease
(CVD) and mortality. However, whether the progression or regression of NAFLD can increase or decrease the risk of
heart failure (HF) and mortality has not been fully evaluated. We investigated the association between changes in
hepatic steatosis and the risks of incident HF (iHF), hospitalization for HF (hHF), and mortality including CV- or liver-

Methods: Using a database from the National Health Insurance Service in Korea from January 2009 to December
2012, we analyzed 240,301 individuals who underwent health check-ups at least twice in two years. Hepatic steatosis
was assessed using the fatty liver index (FLI), with an FLI > 60 considered to indicate the presence of hepatic steatosis.
According to FLI changes, participants were divided into four groups. Hazard ratios (HRs) and 95% confidence inter-
vals (Cls) were estimated using multivariable Cox proportional hazards regression models.

Results: Persistent hepatic steatosis increased the risk of iHF, hHF, and mortality including CV- and liver-related
mortality compared with the group that never had steatosis (all P <0.05). Incident hepatic steatosis was associated
with increased risk for iHF and mortality including CV- or liver-related mortality (all P <0.05). Compared with persistent
steatosis, regression of hepatic steatosis was associated with decreased risk for iHF, hHF, and liver-related mortality (iHF,
HR [95% Cl], 0.800 [0.691-0.925]; hHF, 0.645 [0.514-0.810]; liver-related mortality, 0.434 [0.223-0.846]).

Conclusions: FLI changes were associated with increased or decreased risk of HF outcomes and mortality.

Keywords: Fatty liver index, Heart failure, Mortality, Non-alcoholic fatty liver disease

Background

Non-alcoholic fatty liver disease (NAFLD) is defined as
excessive hepatic fat accumulation confirmed by imag-
ing or histology in the absence of a secondary cause of
hepatic steatosis such as excessive alcohol consumption

TJiyun Park and Gyuri Kim have equally contributed to this work

*Correspondence: jaehyeon@skku.edu

3 Department of Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, 81, Irwon-Ro, Gangnam-Gu, Seoul 06351,
Republic of Korea

Full list of author information is available at the end of the article

B BMC

[1, 2]. NAFLD represents a spectrum of disease ranging
from simple steatosis to steatohepatitis, advanced fibro-
sis, and cirrhosis [3]. Hepatic fat accumulation induces
insulin resistance, which impairs hepatic metabolism and
induces inflammation in the liver [4], and those processes
are key in explaining the associations among NAFLD,
metabolic disease, and cardiovascular disease (CVD)
[5]. NAFLD has traditionally been regarded as hepatic
manifestation of metabolic syndrome; however, bidirec-
tional relationship between NAFLD and metabolic syn-
drome, diabetes, and CVD respectively, has recently been
highlighted [5-8]. Those studies reported that NAFLD
plays an important role in the development of metabolic
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syndrome, diabetes, and CVD independent of other met-
abolic and cardiovascular risk factors.

According to reports evaluating the natural course of
NAFLD in the general population, NAFLD incidence
is 18.5-36.7% and established NAFLD can persist or
improve, with a reported remission rate of 24.6-46.1%
during 6-8 years [9-11]. In shorter 1.1-year follow-up
study in Japan, incidence rate was 10% and remission rate
was 16% [12]. Several studies have reported that resolu-
tion of a fatty liver is associated with a decrease in inci-
dent diabetes and improved lipid profiles but not with a
decrease in incident hypertension [13-15]. However, it
has not been determined whether incident, sustained,
or remitted NAFLD is associated with CVD, especially
heart failure (HF) which is one of the most important
global health problems.

The fatty liver index (FLI) is a useful marker of fatty
liver and it was validated in predicting fatty liver con-
firmed by ultrasound [16, 17]. It was previously reported
that an increased FLI is associated with an increased
risk of CVD and related mortality [18, 19]. In our previ-
ous study, we reported that the FLI was associated with
incident HF (iHF), hospitalized HF (hHF), and related
mortality in both the general population and patients
with pre-existing HF [20]. In this study, we evaluated the
association between changes in FLI over two years and
the risk of iHF, hHF, and cardiovascular- or liver-related
mortality in a general population.

Methods

Data source from the national health insurance service

We used a database from the National Health Insurance
Service (NHIS) in Korea from January 2009 to December
2012. The NHIS covers 100% of the Korean population,
providing medical services and health screenings and
collecting necessary information on patient demograph-
ics and medical utilization/transactions in a series of
databases [21, 22]. We used claims and health check-up
data. The claims database contains the principle diagno-
sis and first additional diagnosis in the form of Interna-
tional Classification of Disease 10th revision (ICD-10)
codes, number of days on which patients visited a medi-
cal facility, hospitalizations, and prescriptions. The health
check-up database contains the responses to question-
naires about medical history, current medications, and
lifestyle habits; anthropometric measurements; and lab-
oratory test results [22]. Information about the cause of
death, which was classified using the Korean Standard
Classification of Disease and Cause of Death, was pro-
vided by the Korean National Statistical Office. This study
was approved by the Institutional Review Board of Sam-
sung Medical Center (approval no. SMC 2019-11-051),
Seoul, Republic of Korea, who granted an exemption to
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the need for informed consent because all data provided
to the researchers were de-identified.

Study population

We requested the data of individuals aged 40-80 years
the most common group of NAFLD [23], who underwent
regular health check-ups at least between January 2009
and December 2012 from NHIS. Due to the large amount
of data, we could use the data on subjects who were strat-
ified by age and sex and extracted 10% (n=1,710,144).
Among them, we selected individuals who received at
least two health check-ups within 2 years (n=578,348).
We excluded 153,898 individuals who had hepatitis or
a liver disease other than NAFLD; 171,170 individuals
who consumed alcohol at least two days per week or con-
sumed more than seven units of alcohol for males or five
units for females per day (daily unit x number of times
per week > 14 in men and > 10 in women) [19, 20]; 9,151
individuals who had cancer of any type; 31 individuals
who did not have data for calculating the FLI; 930 indi-
viduals who had rheumatic mitral valve disease or car-
diac/vascular implants or grafts; and 2,327 individuals
who had pre-existing HF (Fig. 1). In that way, we included
240,301 individuals in this analysis.

Measurements of clinical and biochemical parameters

The information acquired from questionnaires was age,
sex, smoking, alcohol consumption, regular exercise,
and income. Regular exercise was determined as high-
intensity physical activity for at least 20 min at least three
times per week or moderate-intensity physical activ-
ity performed for at least 30 min at least 5 times per
week [24, 25]. Income was divided by quartile based on
monthly income. Body mass index (BMI) was calculated
as BMI=body weight (kg)/height®> (m?). Waist circum-
ference (WC) was measured at the midpoint between
the lower costal margin and the iliac crest. Blood sam-
ples were collected after overnight fasting and analyzed
for fasting glucose, total cholesterol, triglycerides, low-
density lipoprotein cholesterol, high-density lipoprotein
cholesterol, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and y-glutamyl transferase
(GGT). The estimated glomerular filtration rate (eGFR)
was calculated according to the Chronic Kidney Disease
Epidemiology Collaboration equation. The definitions of
hypertension, diabetes, dyslipidemia, and metabolic syn-
drome were based on previous studies [20, 26].

Definitions of hepatic steatosis and steatosis status
changes
Hepatic steatosis was defined according to the well-val-

idated FLI [16, 17], which was calculated as (e * 1°8,
(triglyceride) + 0.139 x BMI + 0.718 x log (ggt) + 0.053 x WC — 15.745)/
e
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between January 2009 and December 2012

1,710,144 40-80 year old individuals underwent national health check-ups

(n=578,348)

Individuals without a follow-up examination within 2 years

153,898 had viral hepatitis, alcoholic hepatitis, toxic hepatitis, liver cirrhosis and
other liver disease except for NAFLD

171,710 had alcohol consumption (> 2 days per week, and more than seven
units of alcohol for men and five units for women per day)

9,151 had any cancer

31 with missing data for calculating fatty liver index

930 had rheumatic mitral valve disease and cardiac/vascular implants or grafts
2,327 had heart failure

240,301 were included

Fig. 1 Flow diagram of the study population. NAFLD, Non-alcoholic fatty liver disease

(1 +e0.95 x log (triglyceride) + 0.139 x BMI + 0.718 x log (ggt) + 0.053
e €

* WC — 15745y 5 100. Individuals with FLI<60 were con-
sidered to have a low probability of hepatic steatosis, and
those with FLI > 60 were considered to have a high prob-
ability of hepatic steatosis [16, 27]. In addition, using FLI
results from two examinations in two years, we divided
the participants into four groups: (1) non-NAFLD,
FLI<60 at the first exam and FLI <60 at the second exam,
(2) regressed NAFLD, FLI>60 at the first exam and
FLI <60 at the second exam, (3) incident NALFD, FLI <60
at the first exam and FLI > 60 at the second exam, (4) per-
sistent NAFLD, FLI> 60 at the first exam and FLI> 60 at
the second exam.

Outcomes

iHF was defined as a first hospital visit of at least two
outpatient hospital visits or a first event of hHF with the
ICD-10 disease code 150 [20]. iHF included both pri-
mary and secondary diagnoses. hHF was defined as a
first hospitalization with a primary diagnosis of ICD-10
disease code 150 [20, 28]. CV mortality was defined as
death caused by ischemic heart disease, HF, cerebrovas-
cular disease, or cardiac arrest, as shown by the relevant
ICD-10 codes (120-125, 150, 160-69, G45, 146) [29]. Liver-
related mortality was caused by alcoholic liver disease,
liver cirrhosis, unclassified chronic hepatitis, liver failure,
or hepatocellular carcinoma (HCC), as shown by the rel-
evant ICD-10 codes (K70, K72-76, C22) [29, 30].

Statistical analysis

Continuous variables are expressed as the means £ stand-
ard deviations. Categorical data are expressed as
numbers with percentages. Group comparisons were
performed using a one-way analysis of variance for con-
tinuous variables and chi-square testing for categorical
variables. Multivariable Cox proportional hazards regres-
sion models were used to evaluate hazard ratios (HRs)
and 95% confidence intervals (95% ClIs) for HF outcomes
and mortality during follow up, including CV mortality.
The covariates for adjustment were (1) Model 1, crude;
(2) Model 2, age, sex, and body weight; (3) Model 3,
covariates in Model 2+ alcohol consumption, smoking,
regular exercise, and income status; (4) Model 4, covari-
ates in Model 3+ hypertension, diabetes, dyslipidemia,
and eGFR. Since the FLI can be changed during subse-
quent periods after the first two years, subjects whose
FLI categories were subsequently changed were censored
for sensitivity analysis. The p-values for interaction were
evaluated through an analysis stratified by age (<60 years
vs.> 60 years) [31] and BMI (<25 kg/m2 vs.> 25 kg/m2)
[20, 32]. A p-value less than 0.05 was considered statis-
tically significant. Statistical analyses were performed
using the SAS software program (version 9.4; SAS Insti-
tute, Cary, NC, USA).

Results

Baseline characteristics of the study population

Among the 240,301 subjects included in our study,
206,538 (85.95%) were in the non-NAFLD group, 9212
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(3.83%) were in the regressed NAFLD group, 9641
(4.01%) were in the incident NAFLD group, and 14,910
(6.20%) were in the persistent NAFLD group. The base-
line characteristics of the study population according
to FLI changes are presented in Table 1, which shows
that the mean values of BMI, WC, systolic blood pres-
sure, fasting glucose, AST, ALT, GGT, and triglycer-
ides all increased through the groups in the order of
non-NAFLD, regressed NAFLD, incident NAFLD,
and persistent NAFLD. The proportion of the subjects
with dyslipidemia, metabolic syndrome and eGFR <60
was increased in order of the groups mentioned above.
Hypertension and diabetes occurred most frequently in
the persistent NAFLD group and were least frequent in
the non-NAFLD group.
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The associations between FLI changes and iHF and hHF

During a median follow-up period of 6.7 years, 6,186
(2.57%) subjects developed iHF, and 2579 (1.07%) devel-
oped hHF. Table 2 shows the crude and multivariable
adjusted HRs and ClIs for iHF and hHF according to FLI
changes. Compared with the non-NAFLD group, the
other three groups had a significantly increased risk of
iHF and hHF in the crude model. In the fully adjusted
model 4, the HR of the regressed NAFLD group was
attenuated and lost its significant association with iHF
(adjusted HR (aHR), 1.049; 95% CI 0.935-1.178). How-
ever, the significant association between FLI changes
and iHF remained in the incident and persistent NAFLD
groups (FLI<60/FLI>60, 1.150 [1.024—1.292]; FLI > 60/
FLI>60, 1.316 [1.194-1.450]). Only the persistent
NAFLD group had a significant association with hHF
in the fully adjusted model (FLI>60/FLI>60, 1.666

Table 1 Baseline characteristics of the study population according to FLI change (n=240,301)

Non-NAFLD Regressed NAFLD Incident NAFLD Persistent NAFLD p-value
n (%) 206,538 (85.95) 9212 (3.83) 9641 (4.01) 14,910 (6.20) <0.001
Age (years) 52.69+942 53.62+£952 5235+9.16 51.76 £893 <0.001
Males 103,081 (49.91) 7444 (80.81) 7614 (78.98) 12,797 (85.83) <0.001
Income level, lowest 25% 47,125 (22.82) 1821 (19.77) 1966 (20.39) 2843 (19.07) <0.001
Current smoker 38,815 (18.79) 3,049 (33.10) 3,075 (31.90) 5855 (39.27) <0.001
Regular exercise 51,489 (24.93) 2,389 (25.93) 2,012 (20.87) 3130 (20.99) <0.001
Body weight (kg) 6147+£9.13 71.8848.17 74601863 79.854+9.73 <0.001
BMI (kg/m?) 23224253 25974229 2694+257 28324290 <0.001
Waist circumference (cm) 78.784+7.50 86.66+5.58 90.39+5.79 93.28+6.68 <0.001
In males 81.66+6.34 86.79+538 90.27+£5.52 92.98+£6.50 <0.001
In females 7590+£7.45 86.11+6.33 90.83+£6.66 95.084+7.48 <0.001
SBP (mmHq) 121.004+14.53 126.814£14.26 1284841427 130.17£14.50 <0.001
DBP (mmHg) 75.60+9.73 79.20+9.64 80.81+£9.70 81.97+£10.07 <0.001
Fasting plasma glucose (mg/dl) 96.60+ 1942 104.82+27.93 105.64 4+ 26.12 1104943225 <0.001
AST (1U/L) 2339+11.74 25.54+£1045 325244861 31.88+2067 <0.001
ALT (1U/L) 21.08+£15.13 2706+ 14.24 39.13+£4042 39.42£26.00 <0.001
GGT (IU/L) 2640+£21.94 4492 +£35.08 739447599 82.80+£79.60 <0.001
Total cholesterol (mg/dl) 1973243479 200.70437.44 2127443797 211.44440.01 <0.001
Triglycerides (mg/dl) 112.534+61.01 51.20£7042 246.09439.52 249.82 +£54.52 <0.001
HDL-C (mg/dl) 56.58+16.04 5023+£14.77 48.89415.07 47.504£14.33 <0.001
LDL-C (mg/dl) 11863 +36.83 120.87 +41.85 117424+42.92 117.28+49.05 <0.001
eGFR <60 (ml/min/1.73m?) 40,258 (19.49) 2908 (31.57) 3051 (31.65) 4974 (33.36) <0.001
Comorbidities
Hypertension 52,227 (25.29) 4112 (44.64) 4205 (43.62) 7565 (50.74) <0.001
Dyslipidemia 43,821 (21.22) 3316 (36.00) 3532 (36.64) 6047 (40.56) <0.001
Diabetes mellitus 4 (6. 83) 1623 (17.62) 9(14.72) 3118 (20.91) <0.001
Metabolic syndrome? 66 (24.77) 4786 (51.95) 7247 (75.17) 11,976 (80.32) <0.001

Continuous variables are expressed as means + standard deviations. Categorical data are presented as frequencies and percentages

AST alanine aminotransferase, ALT aspartate aminotransferase, BMI body mass index, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, FLI fatty
liver index, GGT gamma-glutamyl transferase, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SBP systolic blood pressure

? Metabolic syndrome was defined as three or more of the following five risk factors: Waist circumference > 90 in males and > 80 in females, triglycerides > 150 mg/dl,
HDL <40 in males and < 50 in females, blood pressure > 130/ > 85, and fasting glucose > 100 mg/d|
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[1.434-1.935]). When we further compared the regressed
NAFLD group with the persistent NAFLD group for
development of HF or mortality during follow up, the
HRs for iHF and hHF were significantly lower in the
regressed NAFLD group (iHF, 0.800 [0.691-0.925]; hHF
0.645 [0.514-0.810]).

The associations between FLI changes and all-cause, CV-,
and liver-related mortality

Within our study population, 4,756 (1.98%) subjects
died from any cause, including 673 (0.28%) of CVD-
related death and 217 (0.09%) of liver-related deaths.
Table 3 shows the crude and multivariable adjusted HRs
and ClIs for mortality during follow up according to FLI
changes. Compared with the non-NAFLD group, the
risk of all-cause and liver-related death during follow up
increased through the groups in the order of regressed
NAFLD, incident NAFLD, and persistent NAFLD in the
fully adjusted model (all p<0.05). The incident and per-
sistent NAFLD groups were also associated with CV
mortality in the fully adjusted model (FLI<60/FLI> 60,
1.673 [1.199-2.333]; FLI>60/FLI>60, 1.421 [1.028-
1.963]). Compared with the persistent NAFLD group, the
regressed NAFLD group was associated with a decreased
risk of liver-related mortality but not with a decreased
risk of CVD-related or all-cause mortality during follow
up (liver-related mortality, 0.434 [0.223-0.846]).

Sensitivity analysis

After the first two years of FLI change, 33,736 of 240,301
individuals showed changed FLI categories in subsequent
follow-up periods (Changes in FLI categories in 3rd
exam, 17,445; in 4th exam, 8376; in 5th exam, 4307; in 6th
exam, 1863; in 7th exam, 1063; 8th exam, 601; 9th exam,
81). Median follow-up period was 5.9 years in sensitiv-
ity analysis, the results is presented in Additional file 1:
Table S1. The results of sensitivity analysis were similar in
HR and statistical significance to the results of the entire
population.

Subgroup analyses

In subgroup analyses stratified by age and BMI and using
the non-NAFLD group as the reference, iHF showed
a tendency to increase through the groups in the order
of regressed NAFLD, incident NAFLD, and persistent
NAFLD (Fig. 2, A and B). The association between FLI
changes and all-cause death during follow up remained
significant only in subjects younger than 60 years, but FLI
changes were associated with all-cause mortality during
follow up regardless of BMI (Fig. 2C and D).
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Discussion
This is the first study to evaluate the association
between changes in FLI over two years and iHF, hHF,
and all-cause mortality during follow up (including
CVD- and liver-related mortality) in a large, nation-
wide, population-based cohort. Compared with the
non-NAFLD group, who maintained an FLI less than
60 for two years, the incident NAFLD group, whose FLI
changed from less than 60 to 60 or more, and the per-
sistent NAFLD group, who maintained an FLI of 60 or
more for two years, had an increased risk of develop-
ing iHFE. For hHF, the persistent NAFLD group had an
increased risk compared with the non-NAFLD group.
All-cause and liver-related mortality during follow up
increased through the groups in the order of regressed
NAFLD, incident NAFLD, and persistent NAFLD
compared with the non-NAFLD group. The incident
NAFLD and persistent NAFLD groups were associated
with a higher risk of CVD-related mortality than the
non-NAFLD group. Furthermore, compared with the
persistent NAFLD group, iHF, hHEF, and liver-related
mortality occurred less frequently in the regressed
NAFLD group. To the best of our knowledge, this is the
first study to establish that FLI changes are significantly
associated with development of iHF and hHF and the
two most common causes of death in NAFLD patients.
NAFLD has been gathering attention as an important
risk factor for development of CVD and related mortality
independent of traditional risk factors. The precise mech-
anism explaining that association remains unknown,
but insulin resistance, inflammation, endothelial dys-
function, oxidative stress, and intestinal dysbiosis, all of
which affect myocardial or vascular structure directly or
indirectly, are considered to play crucial roles [33-36].
Much evidence links NAFLD with CVD outcomes, but
NAFLD is a state of continuously changing processes, so
there is limited value in predicting CVD results from any
particular state at a single point in time. A few previous
reports considered changes in fatty liver status and meta-
bolic outcomes. Those studies reported that resolution of
fatty liver confirmed by ultrasound was associated with
a decreased incidence of diabetes and improved lipid
profiles [9, 37]. In addition, one study reported that FLI
scores that were repeatedly elevated for up to four times
were associated with an increased risk of myocardial
infarction (MI), stroke, and mortality [38]. In addition,
when the first and last exams in a previous study were
compared, the incident NAFLD group showed a higher
risk of CVD and mortality during follow up than did the
group without NAFLD, and the group with improved
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Fig. 2 Subgroup analyses stratified by age and body mass index. A, B: Risk for incident heart failure according to change in fatty liver index C, D:
Risk for mortality according to change in fatty liver index. BMI body mass index; Cl confidence interval FLI, fatty liver index, HR hazard ratio

NAFLD had lower risk of CVD and all-cause mortality
during follow up than did the persistent NAFLD group
[38]. Consistent with that previous result, our study addi-
tionally showed an association between FLI change and
not only MI or stroke, but also development and progres-
sion of HF and CVD-related mortality, the most common
cause of death in patients with NAFLD [39].

Although FLI is not a direct measurement for hepatic
steatosis, FLI is a well-validated, non-invasive diagnosis
of patients at risk of NAFLD. The area under receiving
operating characteristic curves (AUROC) of FLI was 0.84
for hepatic steatosis in ultrasound [16]. In addition, sev-
eral studies showed that FLI had reasonable accuracy for
detecting hepatic steatosis in Asian [40-42]. Our study
results show that ‘changes’ of FLI also can be used for risk
stratification for HF in general population. HF is most
important public health problem worldwide because it is
common causes of morbidity and mortality [43]. Because
there is not specific treatment for HF, its risk factors
should be monitored closely. NAFLD is one of the well-
known risk factors for development and progression of
HF [20, 36, 44]. In addition to established bidirectional

relationship between NAFLD and HF with reduced ejec-
tion fraction (HFrEF), recently the association between
HF with preserved ejection fraction (HFpEF) was also
highlighted [43, 45, 46]. These evidences mean that
NAFLD affect subclinical changes of left ventricular
structures and function and determine the onset and
phenotype of HF [47]. However, whether changes in
NAFLD status can affect HF outcomes was not evaluated
yet. Since it is difficult to serially follow biopsy or imag-
ing diagnostic methods, our study result is meaningful
because it provides important clues for future prospec-
tive studies about the relationship between regression
or progression of hepatic steatosis and CVD and related
mortality.

In this study, we also evaluated death from NAFLD-
related liver complications, such as liver cirrhosis and
HCC. The risk factors for development of liver cirrhosis
and HCC in NAFLD are evaluated in several previous
studies [48, 49]. The improvements of risk factors such as
body weight loss or reduction in alcohol intake have been
reported to regression of hepatic steatosis or fibrosis [9,
10], but few studies have shown that these improvements
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directly reduce liver cirrhosis or HCC. Our study showed
persistent increased hepatic steatosis increased risk of
liver-related mortality and regression of hepatic stea-
tosis decreased liver-related mortality. These findings
proposed that the fact NAFLD should be considered in
changing process and its prevention and treatment is
important.

Treatment strategies for NAFLD involve identifying
and treating related metabolic conditions, such as obe-
sity, diabetes, and hypertension, and improving insulin
resistance through weight loss, exercise, or pharmaco-
logical treatment [50]. Lifestyle modifications such as a
hypocaloric diet, exercise, and weight loss have also been
recommended to treat NAFLD in the general population
because they improve hepatic steatosis [1]. This study
emphasizes the importance of improving and prevent-
ing the progression of hepatic steatosis by showing that
changes in FLI affect HF outcomes, including mortality.
It also provides evidence supporting the need for lifestyle
modifications to improve hepatic steatosis and prevent
HF and mortality in the general population. Also with
regard to drugs, our study supports that glucagon-like
peptide 1 receptor agonists (GLP-1RAs) and sodium-glu-
cose cotransporter-2 (SGLT-2) inhibitors may be attrac-
tive therapeutic options for patients with NAFLD and
HE. Because GLP-1 RAs and SGLT-2 inhibitors signifi-
cantly reduced hHF and improved histologic resolution
of steatohepatitis [36]. Potential mechanisms of GLP-1
RAs and SGLT-2 inhibitors for NAFLD and HF are
explained by weight reduction, improvement of insulin
resistance, reduction of metabolic dysfunction, improve-
ment of lipotoxic effects, and inflammation [51, 52].
However, during our study period from 2009 to 2012,
SGLT-2 inhibitor was not released and the use of GLP-
RA was almost insignificant in Korea [53], therefore we
could not evaluate the effects of these drugs on HF and
CV mortality. Future studies on the effect of the use of
SGLT-2 inhibitors or GLP-1 RAs in patients with NAFLD
on HF outcome are warranted.

Strengths and limitations

The strength of this study is that it is a large popula-
tion-based longitudinal study evaluating the asso-
ciation between changes in FLI, a readily available
surrogate marker for NAFLD, over 2 years and HF out-
comes, including mortality. In addition, we are the first
to analyze the causes of death most likely to be related
to NAFLD in terms of FLI changes in a general popu-
lation. However, this study also has several limitations.
First, our NAFLD diagnosis is based on FLI rather than
imaging or biopsy. The Korean NHIS database we used
does not include ultrasound data; therefore, we could
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not match FLI scores with the extent of hepatic stea-
tosis based on ultrasound. However, many studies have
validated FLI as a marker for hepatic steatosis [16, 17].
Second, we diagnosed HF using diagnostic codes in the
NHIS claims dataset. We could not evaluate symptoms,
signs, or echocardiography, so misdiagnoses could be
included. However, we tried to reduce the effects of
misdiagnosis using the strictest possible criteria for
iHF and hHEF, following the lead of previous studies
[20]. Third, we adjusted many risk factors for outcomes
such as age, sex, body weight, and other metabolic fac-
tors, however, we could not adjust for unmeasured con-
founding factors such as NAFLD severity, inflammation
markers, and degree of insulin.

In summary, the group with persistent hepatic steato-
sis for 2 years, as assessed by FLI, was associated with
an increased risk of iHF, hHF, and mortality during fol-
low up compared with the group never diagnosed with
steatosis. Incident hepatic steatosis increased the risk
of iHF and mortality during follow up. Furthermore,
compared with persistent hepatic steatosis, regressed
hepatic steatosis decreased the risk for iHF, hHF, and
liver-related mortality. This study examined hepatic
steatosis in terms of dynamic changes and could help
physicians to identify patients at high risk of HF or
mortality so that they can actively provide education
about lifestyle interventions that can prevent or amelio-
rate hepatic steatosis in those patients.
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