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Abstract 

Background: Research on the association of non‑alcoholic fatty liver disease (NAFLD) with prognosis in COVID‑19 
has been limited. We investigated the association between the fatty liver index (FLI), a non‑invasive and simple marker 
of NAFLD, and the severe complications of COVID‑19 patients in South Korea.

Methods: We included 3122 COVID‑19‑positive patients from the nationwide COVID‑19 cohort dataset in South 
Korea between January and June 2020. The FLI was calculated using triglyceride, body mass index, glutamyl trans‑
peptidase, and waist circumference, which were obtained from the national health screening program data. Severe 
complications related to COVID‑19 were defined as the composite of mechanical ventilation, intensive care unit treat‑
ment, high‑oxygen flow therapy, and death within 2 months after a COVID‑19 infection. We performed a multivariate 
logistic regression analysis for the development of severe complications in COVID‑19 patients.

Results: The mean ± standard deviation of FLI were 25.01 ± 22.64. Severe complications from COVID‑19 occurred in 
223 (7.14%) patients, including mechanical ventilation in 82 (2.63%) patients, ICU admission in 126 (4.04%), high‑flow 
oxygen therapy in 75 (2.40%), and death in 94 (3.01%) patients, respectively. The multivariate analysis indicated that 
the highest tertile (T3) of FLI was positively associated with severe complications from COVID‑19 (adjusted odds ratio 
(OR): 1.77, 95% confidence interval (CI) (1.11–2.82), P = 0.017) compared with the lowest tertile (T1).

Conclusions: Our study demonstrated that FLI, which represents NAFLD, was positively associated with an increased 
risk of severe complications from COVID‑19. FLI might be used as a prognostic marker for the severity of COVID‑19.
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Background
The coronavirus disease of 2019 (COVID-19) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) became the greatest health and economic threat 
in the twenty-first century [1, 2]. The prognosis of most 
patients infected with COVID-19 is good, though a sig-
nificant proportion of patients experience critical com-
plications. COVID-19 patients with complications may 
require mechanical ventilation or hospitalization in 
intensive care units, and some can become fatal. As of 
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July 30, 2021, over 196  million global cases of COVID-
19 infection had occurred, leading to more than 4  mil-
lion COVID-19-related deaths [3]. Previously, there 
have been several studies investigating those at higher 
risk of a COVID-19 infection alongside the patients at 
risk of severe complications from COVID-19. Elderly 
age, hypertension, diabetes mellitus, insulin resistance, 
cancer, lung disease, chronic kidney disease, and cardio-
vascular disease are known factors related to severe com-
plications from COVID-19 [4–6]. Furthermore, the risk 
of severe COVID-19 increases in conjunction with the 
number of underlying health conditions [7].

Non-alcoholic fatty liver disease (NAFLD) is the most 
prevalent chronic liver disease worldwide and a meta-
bolic condition in which fat accumulates in the liver 
related to insulin resistance [8]. Moreover, it is not pro-
moted by excessive alcohol consumption [8]. NAFLD 
was previously considered the intrahepatic phenotype 
of metabolic syndrome. Recently, however, NAFLD has 
been presented as an independent risk factor for several 
diseases. Indeed, NAFLD is closely associated with cardi-
ovascular diseases as well as hypertension, diabetes melli-
tus, and chronic kidney disease [9–12], which are closely 
related to a poor prognosis after COVID-19 infection. 
Meanwhile, the fatty liver index (FLI) is a simple algo-
rithm based on body mass index (BMI), waist circum-
ference, triglycerides, and gamma-glutamyl transferase 
(GGT), which has been proposed as a useful surrogate 
marker and predictor of NAFLD [13]. Previous studies 
have shown that the presence, severity, and progression 
of NAFLD are significantly associated with FLI [14, 15].

Thus, we hypothesized that FLI levels could predict 
the severe complications occurring from COVID-19. 
Therefore, this study aimed to investigate the association 
between FLI levels and severe complications in patients 
infected with COVID-19 in a nationwide retrospective 
cohort.

Methods
Study design and data
A retrospective cohort study was performed with a 
nationwide population-based COVID-19 dataset in 
South Korea. During the COVID-19 pandemic, the 
South Korean government gathered health insurance 
data of people who underwent SARS-CoV-2 PCR test-
ing between 2020.1 and 2020.6 for academic purposes 
(https:// hira- covid 19. net/). This COVID-19 dataset 
included people living in South Korea who had under-
gone a real-time RT PCR assay of either a nasal or phar-
yngeal swab. The real-time PT PCR assay kit followed 
the WHO guidelines and was validated by the Korean 
Centers for Disease Control and Prevention [16]. Since 

NHIS is a single-payer public health care system in South 
Korea, the COVID-19 dataset contains data on demo-
graphics, national health screening examinations, hospi-
tal visits, diagnoses, medications, procedures, and death 
[17].

To calculate the FLI index, data collected from the 
South Korean national health screening program between 
January 2015 and December 2019 was used, which was 
directly linked to the COVID-19 database [18–21]. It 
should be noted that if the health screening examination 
was performed twice or more during this period then 
the most recent result was used in this study. The NHIS 
provides a biannual complimentary nationwide health 
checkup program to all Koreans aged ≥ 40 years [18]. The 
health screening program dataset includes information 
on demographics, physical examinations, blood tests, 
lifestyle, and health history questionnaires [21].

Ethics statement
This study was approved by the Institutional Review 
Board of our institute (Seoul Hospital Ewha Woman’s 
University College of Medicine 2020-10-021). Further-
more, the requirement for informed consent was waived 
due to the retrospective analysis, which was performed 
on a fully anonymized dataset.

Participants
In the nationwide COVID-19 cohort dataset from South 
Korea, there were 212,678 participants aged ≥ 20 who 
underwent a real-time reverse transcription-polymerase 
chain reaction (RT-PCR) test for COVID-19. Among 
them, 7713 patients returned a positive COVID-19 RT-
PCR test. From the 7713 patients who suffered a COVID-
19 infection, there was data available from the national 
free health screening program for 3931 of them, from 
which the FLI was calculated. Patients who either had 
incomplete or no data for the variables used in the analy-
sis were excluded. Additionally, 809 patients who either 
conducted heavy alcohol consumption (alcohol drink-
ing ≥ 2 days per week or alcohol intake of > 30 g/day), or 
had a previous history of liver cirrhosis (International 
Classification of Diseases 10th Revision (ICD)-10 codes: 
K70.2, K70.3, K70.4, and K74.6), alcoholic hepatitis 
(K70.1), chronic viral hepatitis B with delta-agent (B18.0), 
chronic viral hepatitis B without delta-agent (B18.1), 
and chronic viral hepatitis C (B18.2), liver and intrahe-
patic bile duct (C22) were excluded [22, 23]. Finally, 3122 
patients were included in this study (Fig. 1).

Covariate
FLI was calculated by applying the following formula 
[24].

https://hira-covid19.net/
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Data on the sex, age, household income level (four 
quartiles), alcohol consumption, smoking habits, physical 
activity, BMI, blood pressures, presence of comorbidities, 

FLI = (e0.953×Ln(triglycerides)+0.139×BMI+0.178×Ln(GGT)+0.053×waist circumference−15.745)

/(1+ e0.953×Ln(triglycerides)+0.139BMI+0.178×Ln(GGT)+0.053×waist circumference−15.745)× 100

and blood laboratory findings were collected. The data 
for smoking status (current, former, and never), alcohol 
consumption (frequency per week), and physical activity 

Fig. 1 Flow chart depicting patient selection. COVID-19 coronavirus disease 2019, RT-PCR real‑time reverse transcription‑polymerase chain reaction
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(days per week) were acquired. The BMI was expressed 
as one’s weight (kg) divided by the square of their height 
 (m2). Hypertension was outlined when the participants 
had health claims of blood pressure-lowering agents by 
diagnostic codes of hypertension (ICD 10: I10–15), blood 
pressure ≥ 140/90  mmHg, or through a self-report ques-
tionnaire regarding hypertension [25]. Diabetes mellitus 
was defined when participants had either health claims 
of anti-diabetic drug use with diagnostic codes of diabe-
tes mellitus (ICD 10: E11–14), fasting blood glucose of 
> 7.0  mmol/L, or positive checking in a self-report ques-
tionnaire for diabetes mellitus [26]. Stroke was defined 
when participants had health claims with ICD-10 of 
I60–63, I69. Coronary artery disease was defined when 
participants had health claims with ICD-10 of I20–25 
[27]. Dyslipidemia was defined when participants had 
health claims of lipid-lowing agents with diagnostic codes 
of dyslipidemia (ICD 10: E78) [28]. Atrial fibrillation was 
defined when participants had health claims with ICD-10 
of I48 [25]. Heart failure was defined when participants 
had more than 2 health claims with ICD-10 of I10.0, I13.0, 
I13.2, I25.2, I42.0, I42.9, I43, and I50 [29]. Asthma was 
defined when participants had more than 2 health claims 
with an ICD-10 of J45–46 or when participants had health 
claims of asthma-related agents with ICD-10 codes (J45–
46) [30]. Renal disease was defined when participants had 
health claims with ICD-10 of N17–19, E082, E102, E112, 
E132, or I12–13 [31]. Malignancy was defined when par-
ticipants had health claims with an ICD-10 of C00-97 and 
cancer-specific deductible insurance codes of V027, V193, 
and V194 [32]. Laboratory findings (aspartate aminotrans-
ferase, alanine aminotransferase, GGT, fasting glucose, 
total cholesterol triglyceride, high-density lipoprotein cho-
lesterol, and low-density lipoprotein cholesterol) were col-
lected from the nationwide health checkups dataset.

Outcome
The primary outcome was defined as the composite of 
mechanical ventilation, admission to the intensive care 
unit (ICU), high-flow oxygen therapy, and mortality dur-
ing the 2 months after being proven positive for COVID-
19. High-flow oxygen therapy was defined as the presence 
of procedure code with high-flow nasal cannula therapy 
(M0046). Mechanical ion was either (M5850, M5857, 
M5858, M5860). The admission to the intensive care unit 
was described as the presence of the claims code for the 
intensive care unit (AH110, AH150, AH180-95 AH190-
5, AH210, AH250, AH280-9, AH28A, AH290-9, AH380-
9, AH38A, AH390-9, AH501, AJ001–AJ011, AJ020-1, 
AJ031, AJ100–390, AJ2A0, AJ3A0, AJ500–590, V5100, 
V5200, V5210-20, V5500–5520). Mortality and the tim-
ing of death are provided by NHIS and have previously 
been validated [33, 34].

Statistical analysis
Since the Asian population is known to have a lower 
waist circumference and BMI than other races, there is 
limited data for the optimal cut-off of FLI in the Korean 
population [35]. Therefore, the statistical analysis was 
performed by dividing FLI values into tertiles. To evalu-
ate the trend of parameters according to the tertiles of 
FLT, a Chi-square test was performed to calculate the 
trend and Jonckheere’s trend test for categorical and con-
tinuous variables, respectively.

To investigate the association between FLI levels and 
the risk of severe complications from COVID-19 infec-
tion, univariable and multivariable binary logistic regres-
sion were performed. In the multivariable analysis, sex, 
age, household income level, alcohol consumption, 
smoking habits, physical activity, BMI, blood pressures, 
presence of comorbidities, and total cholesterol level 
were entered as covariates. The results were presented as 
an odds ratio (OR) and 95% confidence interval (CI). Tri-
glyceride and gamma-glutamyl transferase were already 
included in the FLI and concerned for multicollinearity 
among the laboratory parameters, so only alanine ami-
notransferase and total cholesterol were adjusted.

Secondary outcome analyses were performed by con-
structing models that had individual severe complications 
(mechanical ventilation, intensive care unit admission, 
high-flow oxygen therapy, and death) from COVID-19 as 
a dependent variable. The subgroup analyses were con-
ducted according to the alcohol intake and BMI (≥ 25 kg/
m2 vs. < 25 kg/m2). In the subgroup analysis, overfitting 
occurred in the multivariable logistic regression when 
FLI was entered as tertiles. Consequently, we investigated 
the OR, 95% CI, and P for interaction relating to an FLI 
of 60 or higher compared to an FLI less than 60 (as a ref-
erence), based on the original classification for non-alco-
holic fatty liver disease (NAFLD) with FLI values [36]. To 
help understand the association between the FLI values 
and severe complications of COVID-19, we illustrated 
spline curves representing OR according to the continu-
ous level of FLI values. Statistical analyses were executed 
using R software, version 3.3.3 (R Foundation for Statis-
tical Computing, Vienna, Austria), and SAS 9.4 version 
(SAS Inc., Cary, NC, USA). Two-sided P-values of less 
than 0.05 were considered significant.

Results
Participants and demographic data
Among the 212,678 participants who underwent COVID-
19 testing, this study finally included 3122 COVID-19 
patients who had available data for blood laboratory find-
ings. Among the 3122 COVID-19 patients, 959 (30.72%) 
were male, and 1232 (39.46%) were over 60  years of 
age. The primary outcome for severe complications of 



Page 5 of 10Chang et al. BMC Infectious Diseases          (2022) 22:384  

Table 1 Risk factors for severe complications in COVID‑19 patients

Variable Patients without severe 
complication (N = 2899)

Patients with severe 
complication (N = 223)

Univariate OR [95% CI] P-value Adjusted OR [95% CI] P-value

Sex, male 838 (28.91) 121 (54.26) 2.92 [2.22–3.84] < 0.001 1.15 [1.47–3.13] < 0.001

Age, years

 < 60 1844 (63.61) 46 (20.63) 1 (Ref ) – 1 (Ref ) –

 ≥ 60 1055 (36.39) 177 (79.37) 6.73 [4.82–9.38] < 0.001 3.62 [2.49–5.27] < 0.001

Household income

 Q1, lowest 1064 (36.70) 61 (27.35) 1 (Ref ) – 1 (Ref ) –

 Q2 704 (24.28) 45 (20.18) 1.12 [0.75–1.66] 0.591 1.21 [0.79–1.86] 0.376

 Q3 491 (16.94) 40 (17.94) 1.42 [0.94–2.15] 0.095 1.35 [0.86–2.11] 0.189

 Q4, highest 640 (22.08) 77 (34.53) 2.10 [1.48–2.98] < 0.001 1.66 [1.13–2.43] 0.010

Alcohol consumption, frequency per week

 None 2310 (79.68) 200 (89.69) 1 (Ref ) – 1 (Ref ) –

 About 1 time per week 589 (20.32) 23 (10.31) 0.45 [0.29–0.70] < 0.001 0.50 [0.31–0.82] 0.006

Smoking habits

 None 2473 (85.31) 152 (68.16) 1 (Ref ) – 1 (Ref ) –

 Former smoker 297 (10.24) 59 (26.46) 3.23 [2.34–4.47] < 0.001 1.68 [1.09–2.59] 0.020

 Current smoker 129 (4.45) 12 (5.38) 1.51 [0.82–2.80] 0.186 1.03 [0.52–2.06] 0.928

Physical activity

 < 1 day per week 603 (20.80) 60 (26.90) 1 (Ref ) – 1 (Ref ) –

 1–4 days per week 1268 (43.74) 84 (37.67) 0.67 [0.47–0.94] 0.021 0.77 [0.52–1.13] 0.186

 ≥ 5 days per week 1028 (35.46) 79 (35.43) 0.77 [0.54–1.10] 0.148 0.80 [0.54–1.17] 0.250

Body mass index (kg/m2) 23.83 ± 3.33 24.61 ± 3.49 1.07 [1.03–1.11] < 0.001 –

Systolic blood pressure, 
mmHg

120.24 ± 15.09 128.74 ± 14.74 1.04 [1.03–1.04] < 0.001 –

Diastolic blood pressure, 
mmHg

74.22 ± 9.80 78.08 ± 10.03 1.04 [1.03–1.05] < 0.001 –

Comorbidities

 Hypertension 882 (30.42) 141 (63.23) 3.93 [2.96–5.22] < 0.001 1.36 [0.96–1.92] 0.084

 Diabetes mellitus 390 (13.45) 73 (32.74) 3.13 [2.32–4.22] < 0.001 1.40 [0.98–2.00] 0.068

 Stroke 99 (3.41) 27 (12.11) 3.90 [2.49–6.11] < 0.001 1.37 [0.82–2.28] 0.231

 Coronary artery disease 132 (4.55) 29 (13.00) 3.13 [2.04–4.81] < 0.001 1.03 [0.62–1.71] 0.926

 Atrial fibrillation 40 (1.38) 21 (9.42) 7.43 [4.30–12.84] < 0.001 2.21 [1.16–4.21] 0.016

 Heart failure 116 (4.00) 43 (19.28) 5.73 [3.92–8.39] < 0.001 1.85 [1.15–2.96] 0.011

 Asthma 157 (5.42) 23 (10.31) 2.01 [1.27–3.18] < 0.001 1.14 [0.68–1.90] 0.627

 Chronic kidney disease 168 (5.80) 33 (14.80) 2.82 [1.89–4.22] < 0.001 1.21 [0.76–1.92] 0.429

 Malignancy 212 (7.31) 32 (14.35) 2.12 [1.42–3.17] < 0.001 1.37 [0.88–2.14] 0.169

Aspartate aminotransferase, 
U/L

24.15 ± 11.92 24.97 ± 10.68 1.01 [0.99–1.02] 0.318 –

Alanine aminotransferase, 
U/L

22.98 ± 17.94 23.76 ± 14.77 1.00 [0.99–1.01] 0.528 0.99 [0.98–1.00] 0.140

Glutamyl transpeptidase, 
U/L

25.47 ± 26.44 30.58 ± 26.24 1.01 [1.00–1.02] 0.012 – –

Fasting glucose, mmol/L 5.53 ± 1.55 6.17 ± 1.77 1.17 [1.09–1.24] < 0.001 – –

Total cholesterol, mmol/L 5.06 ± 0.97 4.82 ± 1.04 0.89 [0.83–0.95] < 0.001 0.95 [0.88–1.02] 0.203

Triglyceride, mmol/L 1.32 ± 0.93 1.58 ± 0.89 1.04 [1.02–1.07] 0.001 – –

HDL cholesterol, mmol/L 1.47 ± 0.50 1.33 ± 0.35 0.58 [0.48–0.71] < 0.001 – –

LDL cholesterol, mmol/L 2.96 ± 0.86 2.76 ± 0.92 0.86 [0.80–0.93] < 0.001 – –

Fatty liver index, tertile

 T1 4.74 ± 2.23 5.81 ± 2.28 1 (Ref ) – 1 (Ref ) –

 T2 16.52 ± 4.92 17.16 ± 4.48 2.13 [1.40–3.24] < 0.001 1.24 [0.79–1.97] 0.354

 T3 48.05 ± 17.76 49.76 ± 17.50 3.82 [2.58–5.65] < 0.001 1.77 [1.11–2.82] 0.017
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COVID-19 occurred in 223 (7.14%) patients (Table  1). 
Patients with severe complications were predominantly 
either the male sex, aged ≥ 60 years, undertook frequent 
alcohol consumption, exhibited atrial fibrillation, and 
heart failure. The tertiles of FLI were categorized into 
T1: 0–< 9.14, T2: 9.14–26.23, and T3: > 26.23. Presence 
in T3 of FLI was more frequent in patients with severe 
complications (Table  1). Demographics, comorbidities, 
and laboratory findings are presented in Table  2. The 
mean ± standard deviation of FLI was 23.20 ± 21.25. 
Across the three tertiles of FLI, T3 showed an increased 
proportion of males, ≥ 60 age, higher house income, for-
mer and current smoking history, non-exerciser, higher 
BMI, and accompanying comorbidities (Table 2).

Association of FLI with severe complications of COVID-19
Among the severe complications of COVID-19, mechan-
ical ventilation was applied to 82 (2.63%) patients, ICU 
admission in 126 (4.04%) patients, high-flow oxygen 
therapy in 75 (2.40%) patients, and death in 94 (3.01%) 
patients, respectively. The distribution of FLI according 
to the presence of severe complications of COVID-19 
was demonstrated in Fig. 2.

In the multivariate logistic analysis, T3 of FLI was 
positively associated with the risk of severe complica-
tions from COVID-19 (adjusted odds ratio (OR): 1.77, 
95% confidence interval (CI) (1.11–2.82), P = 0.017) 
compared to T1 (Table  2). Following the construction 
of the secondary outcome models regarding individual 
complications of COVID-19, T3 of FLI was significantly 
related to mechanical ventilation (adjusted OR: 2.38, 95% 
CI (1.06–5.35), P = 0.035) and ICU admission (adjusted 
OR: 1.92, 95% CI (1.06–3.50), P = 0.032) (Table 3). In the 
subgroup analysis according to alcohol consumption and 
body mass index, there was no interaction effect on the 
association of FLI with severe complications of COVID-
19 (Table 4).

Discussion
The key finding of our study is that increased FLI, which 
represents NAFLD, was associated with a higher risk of 
severe complications in COVID-19 patients in a general 
population-based cohort.

In a Chinese hospital-based cohort study with 202 
patients, COVID-19 infected patients with NAFLD had a 
higher risk of disease progression [37]. In a Chinese mul-
ticenter retrospective registry study with 66 patients, it 

was also reported that patients with NAFLD and obesity 
also presented with severe complications of COVID-19 
[38]. In a recent meta-analysis, NAFLD patients had an 
increased risk of severe COVID-19 infection and admis-
sion to the intensive care unit. However, there was no dif-
ference in mortality due to COVID-19 among patients 
with and without NAFLD [39]. Our results correspond 
with these studies and are important since our key find-
ings demonstrate an association between NAFLD and the 
development of severe complications from COVID-19 in 
a large cohort and a general population-based dataset. 
Conversely, a retrospective study of 155 COVID-19 posi-
tive patients in Mexico demonstrated that fatty liver dis-
ease and significant liver fibrosis were frequently found in 
COVID-19 patients but were not independently associ-
ated with clinical outcomes [40]. These differences have 
likely occurred from the differences in the study designs, 
population type, and ethnicity. Further studies should 
ultimately be performed to conclude these discrepancies.

Although our study does not investigate the mecha-
nism, some hypotheses may explain the association 
between FLI and severe COVID-19 outcomes. The 
receptor of the angiotensin-converting enzyme has a 
high affinity for the spike protein of COVID-19. Further-
more, the angiotensin-converting enzyme receptor is 
widely distributed, both in the lung and in hepatobiliary 
cells. Additionally, it is known that the expression of the 
angiotensin-converting enzyme receptor increases espe-
cially after COVID-19 infection [41]. Therefore, hyper-
activation of the receptor of the angiotensin-converting 
enzyme-mediated immune system elicited by pulmonary 
infarction can cause collateral damage to hepatocytes [42, 
43]. Although data was not collected on insulin resist-
ance, for example, the HOMA index, NAFLD is closely 
related to insulin resistance. Since insulin resistance is 
related to various comorbidities and the inflammatory 
cascade associated with the cytokine storm, hyper-acti-
vation of the systemic inflammatory reaction caused by 
COVID-19 infection may be triggered in insulin resist-
ance situations, which may lead to serious complications 
[44].

Our study has limitations. Firstly, the retrospective 
cohort design of this study led to an inability to prove 
the causal relationship. Secondly, in the health screening 
cohort, young people under the age of 40 could not be 
included, which led to the introduction of selection bias. 
Thirdly, it is difficult to generalize our results for overall 

Table 1 (continued)
Data are derived from logistic regression analysis for the development of severe complications in COVID-19 patients. Severe complications of COVID-19 is a composite 
of mechanical ventilation, intensive care unit care, high-flow oxygen therapy, and death. OR odds ratio, CI confidence interval, T tertile, Q quartile, HDL high-density 
lipoprotein, LDL low-density lipoprotein. Multivariate model is adjusted with sex, age, household income, alcohol consumption, smoking habits, physical activity, 
body mass index, hypertension, diabetes mellitus, stroke, coronary artery disease, atrial fibrillation, heart failure, asthma, chronic kidney disease, malignancy, alanine 
aminotransferase, total cholesterol, and tertile of fatty liver index
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Table 2 Baseline characteristics of COVID‑19 patients according to outcome fatty liver index

Variable Total Fatty liver index P-value*

T1 (< 9.14) T2 (9.14–26.23) T3 (> 26.23)

N 3122 1040 1041 1041

Fatty liver index, mean 23.20 ± 21.25 4.77 ± 2.24 16.57 ± 4.89 48.24 ± 17.73 < 0.001

Sex, male 959 (30.72) 150 (14.42) 312 (29.97) 497 (47.74) < 0.001

Age, years < 0.001

 < 60 1890 (60.54) 793 (76.25) 567 (54.47) 530 (50.91)

 ≥ 60 1232 (39.46) 247 (23.75) 474 (45.53) 511 (49.09)

Household income 0.115

 Q1, lowest 1125 (36.03) 383 (36.83) 386 (37.08) 356 (34.20)

 Q2 749 (23.99) 273 (26.25) 235 (22.57) 241 (23.15)

 Q3 531 (17.01) 171 (16.44) 178 (17.10) 182 (17.48)

 Q4, highest 717 (22.97) 213 (20.48) 242 (23.25) 262 (25.17)

Alcohol consumption, frequency per week 0.790

 None 2510 (80.40) 838 (80.58) 842 (80.88) 830 (79.73)

 About 1 time per week 612 (19.60) 202 (19.42) 199 (19.12) 211 (20.27)

Smoking habits < 0.001

 None 2625 (84.08) 967 (92.98) 900 (86.46) 758 (72.81)

 Former smoker 356 (11.40) 54 (5.19) 101 (9.70) 201 (19.31)

 Current smoker 141 (4.52) 19 (1.83) 40 (3.84) 82 (7.88)

Physical activity 0.001

 < 1 day per week 663 (21.24) 185 (17.79) 218 (20.94) 260 (24.98)

 1–4 days per week 1352 (43.31) 479 (46.06) 438 (42.07) 435 (41.79)

 ≥ 5 days per week 1107 (35.46) 376 (36.15) 385 (36.98) 346 (33.24)

Anthropometric measurements

 Body mass index (kg/m2) 23.89 ± 3.34 21.08 ± 1.96 23.76 ± 1.96 26.62 ± 3.06 < 0.001

 Systolic blood pressure, mmHg 120.85 ± 15.22 113.74 ± 13.66 121.30 ± 14.19 127.49 ± 14.58 < 0.001

 Diastolic blood pressure, mmHg 74.49 ± 9.86 70.57 ± 9.12 74.57 ± 9.59 78.33 ± 9.32 < 0.001

Comorbidities

 Hypertension 1023 (32.77) 142 (13.65) 351 (33.72) 530 (50.91) < 0.001

 Diabetes mellitus 463 (14.83) 49 (4.71) 146 (14.02) 268 (25.74) < 0.001

 Stroke 126 (4.04) 22 (2.12) 45 (4.32) 59 (5.67) < 0.001

 Coronary artery disease 161 (5.16) 26 (2.50) 64 (6.15) 71 (6.82) < 0.001

 Atrial fibrillation 61 (1.95) 13 (1.25) 17 (1.63) 31 (2.98) 0.011

 Heart failure 159 (5.09) 26 (2.50) 58 (5.57) 75 (7.20) < 0.001

 Asthma 180 (5.77) 41 (3.94) 57 (5.48) 82 (7.88) < 0.001

 Chronic kidney disease 201 (6.44) 32 (3.08) 68 (6.53) 101 (9.70) < 0.001

 Malignancy 244 (7.82) 80 (7.69) 79 (7.59) 85 (8.17) 0.873

Laboratory findings

 Aspartate aminotransferase, U/L 24.21 ± 11.83 21.07 ± 8.61 23.19 ± 8.36 28.35 ± 15.75 < 0.001

 Alanine aminotransferase, U/L 23.04 ± 17.73 15.85 ± 9.29 20.93 ± 10.61 32.32 ± 24.54 < 0.001

Glutamyl transpeptidase, U/L 25.84 ± 26.46 15.12 ± 7.01 22.11 ± 12.60 40.27 ± 39.43 < 0.001

 Fasting glucose, mg/dL 100.32 ± 28.28 92.94 ± 16.92 99.16 ± 29.03 108.86 ± 33.82 < 0.001

 Total cholesterol, mg/dL 194.86 ± 37.60 184.57 ± 32.96 197.79 ± 37.75 202.22 ± 39.56 < 0.001

 Triglyceride, mg/dL 118.56 ± 82.09 71.95 ± 27.46 109.52 ± 44.97 174.15 ± 52.65 < 0.001

 HDL cholesterol, mg/dL 56.62 ± 18.98 63.38 ± 13.63 56.74 ± 25.42 49.75 ± 12.50 < 0.001

 LDL cholesterol, mg/dL 115.00 ± 33.65 106.58 ± 29.79 119.57 ± 33.67 118.93 ± 35.68 < 0.001

Severe complications of COVID‑19

 Mechanical ventilation 82 (2.63) 9 (0.87) 26 (2.50) 47 (4.51) < 0.001

 Intensive care unit care 126 (4.04) 19 (1.83) 42 (4.03) 65 (6.24) < 0.001

 High‑flow oxygen therapy 75 (2.40) 9 (0.87) 24 (2.31) 42 (4.03) < 0.001

 Death 94 (3.01) 14 (1.35) 25 (2.40) 55 (5.28) < 0.001

 Composite of outcome 223 (7.14) 34 (3.27) 70 (6.72) 119 (11.43) < 0.001
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Table 2 (continued)
Data are represented as number of participants (%) or mean ± standard deviation

T tertile, Q quartile, HDL high-density lipoprotein, LDL low-density lipoprotein, TG triglyceride
* P-value is derived from the Jonckheere’s trend test or Chi’s square trend test in patient groups according to tertiles of fatty liver index

Fig. 2 Distribution of fatty liver index according to the presence of severe complications from COVID‑19. The vertical dotted lines present the mean 
values for the fatty liver index in each group with and without severe complications of COVID‑19

Table 3 Secondary outcome analysis of individual outcomes by fatty liver index

Data are derived from logistic regression analysis for each outcome

Multivariable analysis was adjusted for sex, age, household income, alcohol consumption, smoking habits, physical activity, hypertension, diabetes mellitus, stroke, 
coronary artery disease, atrial fibrillation, heart failure, asthma, chronic kidney disease, malignancy, alanine aminotransferase, and total cholesterol

Odds ratio (OR) and 95% confidence interval (CI) of each outcome in the third tertile (T3) of fatty liver index (FLI) were compared to the first title (T1) of FLI

Outcome Case Univariate OR [95% CI], T3 
versus T1 of FLI

P-value Adjusted OR [95% CI], T3 
versus T1 of FLI

P-value

Mechanical ventilation 82 5.42 [2.64–11.11] < 0.001 2.38 [1.06–5.35] 0.035

Intensive care unit care 126 3.58 [2.13–6.01] < 0.001 1.92 [1.06–3.50] 0.032

High‑flow oxygen therapy 75 4.82 [2.33–9.95] < 0.001 1.84 [0.81–4.19] 0.148

Death 94 4.09 [2.26–7.40] < 0.001 1.43 [0.70–2.92] 0.329
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ethnicity because our dataset consists of only the Korean 
general population. Fourth, our dataset checked the lipid 
profile before COVID-19 infection, therefore, the serial 
change of the lipid profile following COVID-19 infec-
tion could not be confirmed. Fifth, the body mass index 
and waist circumference, which are major components 
of FLI were retrospectively acquired. Moreover, the time 
gap between body measurements in health screening and 
COVID-19 infection may cause the body mass index and 
waist circumference to fluctuate. Sixth, the various times 
of acquisition for the information/data from which FLI 
was calculated before COVID-19 infection represents 
another limitation. Finally, our dataset did not directly 
confirm NAFLD through biopsy or ultrasound.

Conclusions
Our study demonstrated that FLI, which represents 
NAFLD, was positively associated with an increased risk 
of severe complications of COVID-19. FLI might be used 
as a prognostic marker for the severity of COVID-19.
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