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Background: Based on recent evidence on the importance of the presence of diabetes mellitus (DM) and fibrosis-4 (FIB-4) index in
coronavirus disease 2019 (COVID-19) mortality, we analyzed whether these factors could additively predict such mortality.
Methods: This multicenter observational study included 1,019 adult inpatients admitted to university hospitals in Daegu. The demo-
graphic and laboratory findings, mortality, prevalence of severe disease, and duration of quarantine were compared between patients
with and without DM and/or a high FIB-4 index. The mortality risk and corresponding hazard ratio (HR) were analyzed using the
Kaplan-Meier method and Cox proportional hazard models.

Results: The patients with DM (n=217) exhibited significantly higher FIB-4 index and mortality compared to those without DM.
Although DM (HR, 2.66; 95% confidence interval [CI], 1.63 to 4.33) and a high FIB-4 index (HR, 4.20; 95% CI, 2.21 to 7.99) were
separately identified as risk factors for COVID-19 mortality, the patients with both DM and high FIB-4 index had a significantly
higher mortality (HR, 9.54; 95% CI, 4.11 to 22.15). Higher FIB-4 indices were associated with higher mortality regardless of DM. A
high FIB-4 index with DM was more significantly associated with a severe clinical course with mortality (odds ratio, 11.24; 95% ClI,
5.90 to 21.41) than a low FIB-4 index without DM, followed by a high FIB-4 index alone and DM alone. The duration of quarantine
and hospital stay also tended to be longer in those with both DM and high FIB-4 index.

Conclusion: Both DM and high FIB-4 index are independent and additive risk factors for COVID-19 mortality.
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INTRODUCTION

Since the first report of coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), it has spread worldwide, with more than 100
million individuals infected. COVID-19 has a broad spectrum
of clinical manifestations, ranging from no symptoms at all to
critical illness. Most COVID-19 cases are mild; however, ac-
cording to reports, approximately 20% of cases progress to se-
vere cases [1]. Old age and presence of comorbidities, such as
diabetes mellitus (DM) or cardiovascular disease, have been re-
ported as risk factors for progression to severe cases and mortal-
ity [2,3]. In addition, a recent report showed that patients with
severe disease have abnormal liver function test results as well
as inflammation markers, and abnormal liver function test re-
sults are reported as risk factors for progression to severe dis-
ease [4,5].

Non-alcoholic fatty liver disease (NAFLD) is one of the most
common liver diseases worldwide and is a leading cause of ad-
vanced liver disease, cirrhosis, and hepatocellular carcinoma
[6]. It is associated with overweightness/obesity or the presence
of type 2 DM or evidence of metabolic dysregulation [7].
Therefore, some experts have proposed a change in nomencla-
ture into metabolic-associated fatty liver disease (MAFLD)
[7,8]. Recent studies have shown that metabolic abnormalities
related to NAFLD, such as obesity and DM, are associated with
severe COVID-19 [2,3,6,9] and MAFLD has also been reported
as a risk factor for severe COVID-19 [10,11]. Moreover, among
patients with MAFLD with a high fibrosis-4 (FIB-4) index,
noninvasive fibrosis markers are associated with a high risk for
severe COVID-19 irrespective of metabolic comorbidities [12].
Our previous observation was consistent with other findings;
high aspartate aminotransferase (AST) levels were found to be
related to both severe clinical course and mortality, irrespective
of the history of DM [9]. In addition, FIB-4 was independently
associated with risks of all-cause mortality in atrial fibrillation
patients [13,14], and even in the general population [15]. Re-
cently, there have been reports that FIB-4 may be a predictor of
prognosis in COVID-19 patients [16] regardless of the presence
of NAFLD/non-alcoholic steatohepatitis (NASH), but the re-
sults were not conclusive [17,18]. This prompted us to deter-
mine whether the FIB-4 index affects the severity of or mortali-
ty from COVID-19 in patients with and without DM.
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METHODS

Study design and participants

This study was a multicenter, retrospective, observational study.
The study protocol was approved by the Institutional Review
Boards of Keimyung University Dongsan Hospital (2020-04-
111) and each participating hospital. The need for informed
consent was waived by the ethics boards of the hospitals be-
cause of the retrospective study design.

The study participants comprised adult patients (age >18
years) with laboratory-confirmed COVID-19 between February
18, 2020 and March 31, 2020. They were recruited from tertiary
hospitals (Daegu Catholic University Hospital, Keimyung Uni-
versity Dongsan Medical Center [Dongsan Hospital and Daegu
Dongsan Hospital], Kyungpook National University Hospital,
Kyungpook National University Chilgok Hospital, and Yeung-
nam University Hospital) in Daegu.

COVID-19 was diagnosed using a reverse transcription-poly-
merase chain reaction (RT-PCR) assay of nasal and pharyngeal
swab specimens, and a confirmed case was defined by a posi-
tive RT-PCR result, irrespective of the clinical signs and symp-
toms present. A total of 1,100 patients were initially included in
this study. Patients who were diagnosed with COVID-19 re-in-
fection were excluded from the study. Patients who were admit-
ted to more than two hospitals because of referral within the co-
hort were counted as a single case. To exclude the effect of
acute liver injury, we also excluded patients who had an ALT
level of =80 IU/L at the time of admission or died within 3 days
from diagnosis with COVID-19. After exclusion, 1,019 patients
were finally enrolled in the study (Table 1).

Data collection and definitions

We collected data from the electronic medical records of the pa-
tients, including age, sex, vital signs, comorbidities (hyperten-
sion, cerebrovascular disease, cardiovascular disease, chronic
kidney disease [CKD], chronic pulmonary disease, dialysis re-
quirement, and cancer), medication, laboratory findings, pres-
ence of pneumonia on chest radiography or computed tomogra-
phy, treatment modality, and hospitalization outcomes. The ma-
jor symptoms present (fever, cough, sputum, rhinorrhea, sore
throat, myalgia, diarrhea, and shortness of breath) were also re-
corded. The laboratory findings included routine blood test re-
sults, glycated hemoglobin Alc level, blood glucose level, C-re-
active protein level, procalcitonin level, and serum indicators of
liver or kidney injury. The presence of DM was defined based
on the participants’ medical history and the diagnostic criteria
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Table 1. Baseline Characteristics in Patients with COVID-19

Characteristic Non—DM DM P value
(n=802) (n=217)
Age, yr 56.4%18.0 68.7£11.2 <0.01
Male sex 257 (32.0) 95 (43.8) <0.01
FIB-4 index 1.95+2.19 2.93+3.76 <0.01
High FIB-4 index 181 (22.6) 88 (40.6) <0.01
Co-morbidity
Hypertension 220(27.4) 136 (62.7) <0.01
Heart disease 47(5.9) 27 (11.1) <0.01
Cerebro-vascular disease 40(5.0) 22(10.2) <0.01
Chronic kidney disease 14 (1.7) 18 (8.3) <0.01
Chronic lung disease 54(6.7) 16(7.4) 0.41
Cancer 42(5.2) 17(7.8) 0.10
Laboratory findings on admission
HbAlc, % 5.74£0.62 7.63+1.75 <0.01
Glucose, mg/dL 109.1+29.7 184.7+103.1 <0.01
WBC, 10°/uL 5.52+2.35 6.90£3.68 <0.01
Hb, g/dL 12.7£1.60 122+1.71 <0.01
PLT, 10°/uL 226.24+83.1 232.5£101.5 0.35
CRP, mg/dL 6.7£20.5 10.9£19.5 <0.01
Total protein, g/dL 6.77£0.55 6.69+0.70 0.12
Albumin, g/dL 3.95+£0.48 3.65+0.56 <0.01
eGFR, mL/min/1.73 m* 98.4+33.9 79.0+£33.7 <0.01
AST, IU/L 27.9+15.7 33.0+£224 <0.01
ALT, IU/L 23.0+£13.7 23.3+13.7 0.79
LDH, IU/L 443.8+1774  530.7+£415.7  <0.01
Treatment
ICU 62(7.7) 50(23.0) <0.01
High flow O 45 (5.6) 30(13.8) <0.01
Ventilator 31(3.9) 31(14.3) <0.01
CRRT 5(0.6) 13(6.0) <0.01
ECMO 4(0.5) 8(3.7) <0.01
Duration
Confirmation-release’, day ~ 29.3+13.5 32.5£14.0 <0.01
Hospital length®, day 245+13.3 28.7£14.6 <0.01
Outcome
Release 726 (90.5) 170 (78.3) <0.01
Severe clinical course 80 (10.0) 57 (26.3) <0.01
Death 32(4.0) 39 (18.0) <0.01

Values are expressed as mean+standard deviation or number (%). All P val-
ues were calculated using the Student’s 7 test or the chi-square test.
COVID-19, coronavirus disease 2019; DM, diabetes mellitus; FIB-4, fibro-
sis-4; HbAlc, hemoglobin Alc; WBC, white blood cell; Hb, hemoglobin;
PLT, platelet; CRP, C-reactive protein; eGFR, estimated glomerular filtration
rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH,
lactate dehydrogenase; ICU, intensive care unit; CRRT, continuous renal re-
placement therapy; ECMO, extracorporeal membrane oxygenation.

*Only includes patients who had been released from quarantine.
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for type 2 DM of the Korean Diabetes Association [19]. Release
from quarantine was defined using the instructions from the
Korean Central Disease Control Headquarters: (1) absence of a
fever, without the need for an anti-pyretic agent, and an im-
provement in symptoms; (2) negative results of RT-PCR tests
performed twice at a 24-hour interval (http:/ncov.mohw.go.kr/
baroView); and (3) severe disease defined as the necessity for
the use of a high-flow nasal cannula, mechanical ventilation,
continuous renal replacement therapy, or extracorporeal mem-
brane oxygenation or admission to an intensive care unit.

The FIB-4 index was calculated using the following equation
[ageX AST level (IU/L)]/[(platelet countx 10°) X VALT level
(IU/L)] based on the blood test results obtained at the time of
hospital admission, before starting any specific COVID-19
therapies. Specifically, a FIB-4 index of over 3.25 or 2.0 and an
age of >65 years were associated with a high risk for advanced
fibrosis; the patients meeting these criteria were categorized into
the high FIB-4 index group. Conversely, those with a FIB-4 in-
dex of below 3.25 or 2.0 aged >65 years were assigned to the
low FIB-4 index group [20].

Quantification and statistical analysis

Statistical analyses were performed using SPSS Statistics ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). Continuous data were
presented as mean=standard deviation and categorical data as
frequency rates and percentages. Comparisons between the two
groups were performed using Student’s ¢ test for continuous
data and the chi-square test for categorical data. The risk of
mortality and the corresponding hazard ratio (HR) were ana-
lyzed using the Kaplan-Meier method and Cox proportional
hazard models. A multivariate logistic analysis of the initial lab-
oratory findings was performed to identify the prognostic fac-
tors for severe disease and mortality from COVID-19. Differ-
ences were considered to be statistically significant at a two-sid-
ed o of <0.05.

RESULTS

Baseline characteristics, including the FIB-4 index,
according to the presence of DM

The baseline characteristics of the patients are presented in Ta-
ble 1. Based on recent literature indicating higher mortality in
patients with DM [21-23] and the FIB-4 index as a novel indi-
cator of COVID-19 mortality [16,24], we measured the FIB-4
index in the patients with COVID-19. As expected, the patients
with DM had a significantly higher FIB-4 index (2.93+£3.76 vs.

Copyright © 2021 Korean Endocrine Society



FIB-4 and DM as Risk Factors in COVID-19 E n M

1.95+2.19, P<0.01) as well as a higher mortality (Table 1). Ac-
cordingly, the proportion of patients with a high FIB-4 index
was significantly higher among those with DM (40.6% vs.
22.6%, P<0.01) (Table 1).

High FIB-4 index and presence of DM are predictors of
severe clinical course and mortality in patients with
COVID-19

Next, we determined the risk factors for mortality among the pa-
tients with COVID-19. The multivariate logistic analysis showed
that the presence of hypertension and cancer was a risk factor for
a severe clinical course and chronic lung disease for mortality.
Meanwhile, old age, male sex, presence of DM and CKD, and
high FIB-4 index were found to be the risk factors for both se-
vere clinical course and mortality (Table 2). The patients were
further classified into four groups depending on the presence of
DM and the FIB-4 index (Table 3). The patients with a high FIB-
4 index with DM were the oldest, followed by those with a high
FIB-4 index without DM, low FIB-4 index with DM, and low
FIB-4 index without DM (Table 3). The rates of mortality and
severe clinical course, as well as the duration of hospital stay and
quarantine, followed the same trend (Table 3). The patients with
DM and patients with a high FIB-4 index exhibited a higher
mortality than did those without DM and those with a lower
FIB-4 index, respectively, as illustrated by the cumulative mor-
tality (HR, 2.66 and 4.20, respectively) (Fig. 1A, B).

Synergistic contribution of a high FIB-4 index and the
presence of DM as a predictor of COVID-19 mortality
Notably, the patients with both DM and high FIB-4 index (n=
88) had a significantly higher mortality than the other patients
(Table 3, Fig. 1C). To determine the independent effect of the
presence of DM on mortality, we evaluated mortality according
to the presence of DM in the patients with a low FIB-4 index
(Fig. 2A) and a high FIB-4 index (Fig. 2B). In the low FIB-4 in-
dex group, the presence of DM did not affect the mortality (HR,
0.98; 95% confidence interval [CI], 0.28 to 3.46) (Fig. 2A).
However, in the high FIB-4 index group, the presence of DM
was associated with a higher mortality (HR, 3.28; 95% CI, 1.84
to 5.83) (Fig. 2B). In the analysis of mortality according to the
FIB-4 index in the patients without DM (Fig. 3A) and those
with DM (Fig. 3B), we observed that a high FIB-4 index in-
creased the mortality in the patients with DM (HR, 6.09; 95%
CIL, 2.38 to 15.56) compared with that in those without DM (HR,
2.63;95% CI, 1.05 to 6.60).

FIB-4 index and presence of DM affect the severity and
clinical course in patients with COVID-19

In addition, the odds ratio (OR) for a severe clinical course (Fig.
4A) and the composite of severe clinical course and mortality
(Fig. 4B) was the highest in the patients with a high FIB-4 index
and DM (OR, 7.61; 95% CI, 3.95 to 14.65 for severe clinical
course; and OR, 11.24; 95 % CI, 5.90 to 21.41 for composite of

Table 2. Multivariate Model for Severe Clinical Course and Death in COVID-19 Patients

Univariate model

Multivariate model

Severe clinical course Death

Cerebrovascular disease
Chronic kidney disease
Chronic lung disease
Cancer

DM

FIB-4 index

1.42 (0.72-2.79)
476 (2.29-9.88)"
1.52 (0.81-2.85)

2.83 (1.56-5.14)"
3.22(2.20-4.70)"
1.55 (1.41-1.70)"

1.09 (1.07-1.12)*
3.61(2.19-5.97)
2.58 (1.58-4.20)"
1.51(0.67-3.43)
1.47 (0.61-3.53)
4.89 (2.11-11.32)*
3.12(1.59-6.13)"
3.01 (1.45-6.23)°
527 (3.21-8.65)°
1.43 (1.30-1.57)"

Variable
Severe clinical course Death
Age 1.06 (1.05-1.08)"
Gender 2.38 (1.66-3.43)"
Hypertension 3.19(2.21-4.62)"
Heart disease 1.65 (0.89-3.05)

1.04 (1.02-1.06)*
1.90 (1.25-2.89)"
1.64 (1.05-2.58)"
0.64 (0.31-1.31)

0.61 (0.28-1.33)

2.67(1.17-6.12)°
1.32(0.64-2.71)

2.05 (1.03-4.11)°
1.69 (1.08-2.64)"
1.35 (1.23-1.48)

1.09 (1.06-1.12)*
3.82 (2.08-7.00)"
0.97 (0.52-1.80)
0.50 (0.19-1.30)
0.61 (0.22-1.69)
3.16 (1.14-8.75)
3.00 (1.30-6.94)
1.94 (0.79-4.79)
3.33 (1.83-6.05)"
1.29 (1.18-1.41)"

4P<0.01;°P<0.05.

Data were analyzed using multivariate logistic regression and values are expressed as odds ratio (95% confidence interval). Model was adjusted for age,
sex, and underlying diseases. Severe clinical course defined as necessity for the use of a high-flow nasal cannula, mechanical ventilation, continuous re-
nal replacement therapy, or extracorporeal membrane oxygenation or admission to an intensive care unit.
COVID-19, coronavirus disease 2019; DM, diabetes mellitus; FIB-4, fibrosis-4.

Copyright © 2021 Korean Endocrine Society
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Table 3. Baseline Characteristics in Patients Stratified According to Diabetes Mellitus and FIB-4 Index
Chareterietic Low FIB-4 index High FIB-4 index P
Non-DM (n=621) DM (n=129) Non-DM (n=181) DM (n=88)
Age, yr 5124163 64.6+10.8 74.2+10.6 74.8+8.8 <0.01
Male sex 178 (28.7) 61(47.3) 79 (43.6) 34 (38.6) <0.01
FIB-4 index 1.22+0.63 1.41£0.65 4.44+£345 5.15+5.11 <0.01
Co-morbidity
Hypertension 138 (22.2) 69 (53.5) 82(45.3) 67 (76.1) <0.01
Heart disease 17 (2.7) 16 (12.4) 30 (16.6) 8(9.1) <0.01
Cerebro-vascular disease 17 (2.7) 15 (11.7) 23 (12.8) 7 (8.0) <0.01
Chronic kidney disease 6(1.0) 11 (8.5) 8(4.4) 7 (8.0) <0.01
Chronic lung disease 38(6.1) 6(4.7) 16 (8.8) 10 (11.4) 0.08
Cancer 27 (4.3) 9(7.0) 15(8.3) 8(9.1) 0.01
Laboratory findings on admission
HbAlc, % 5.6810.48 7.72+£1.94 5.81+0.77 7.51+£1.47 <0.01
Glucose, mg/dL 107.2429.1 186.3+105.4 116.2+30.9 182.4£100.1 <0.01
WBC, 10°/uL 5.25+1.95 6.97+3.60 6.02+3.34 6.79+3.80 <0.01
Hb, g/dL 129+1.54 12.2£1.66 123£1.72 122+1.79 <0.01
PLT, 10°/uL 24341814 276.0+£96.5 167.2£58.0 168.8+70.4 0.35
CRP, mg/dL 49+18.0 10.2+22.7 12.8426.6 12.0+£13.5 <0.01
Total protein, g/dL 6.8410.51 6.78+0.65 6.5410.61 6.56+0.76 <0.01
Albumin, g/dL 4.05+£0.42 3.78+0.51 3.57+0.46 3.46+0.57 <0.01
¢GFR, mL/min/1.73 m* 103.3+£31.9 84.1+34.2 81.8+35.1 71.5+31.6 <0.01
AST, IU/L 243+10.3 257+12.7 40.3£23.0 43.7£28.6 <0.01
ALT, IU/L 2294133 232+129 234+£15.0 23.4+14.7 0.96
LDH, IU/L 427.5+158.8 446.9+223.7 501.44222.9 656.3+£577.3 <0.01
Treatment
ICU 22 (3.5) 16 (12.4) 40 (22.1) 34 (38.6) <0.01
High flow O, 11 (1.8) 8(6.2) 34 (18.8) 22 (25.0) <0.01
Ventilator 9(1.4) 9(7.0) 22(12.2) 22 (25.0) <0.01
CRRT 3(0.5) 3(2.3) 2(1.1) 10 (11.4) <0.01
ECMO 2(0.3) 2(1.6) 2(1.1) 6(6.8) <0.01
Duration
Confirmation-release®, day 28.0+13.2 31.5£13.0 348+13.4 34.8+16.1 <0.01
Hospital length?®, day 23.0£12.7 26.8+£12.5 309+134 33.0£17.9 <0.01
Outcome
Release 584 (94.0) 118 (91.5) 142 (78.5) 52(59.1) <0.01
Severe clinical course 28 (4.5) 18 (14.0) 52 (28.7) 39 (44.3) <0.01
Death 8(1.3) 6(4.7) 24 (13.3) 33(37.5) <0.01
Values are expressed as mean=standard deviation or number (%). All P values were calculated using the analysis of variance or the chi-square test.
FIB-4, fibrosis-4; DM, diabetes mellitus; HbA I¢c, hemoglobin Alc; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; CRP, C-reactive protein;
eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ICU, intensive
care unit; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation.
*Only includes patients who had been released from quarantine.
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to the presence of diabetes mellitus (DM) or fibrosis-4 (FIB-4) index. Data were analyzed using multivariate logistic regression and all data
are expressed as OR (95% confidence intervals). Model was adjusted for age, sex, and underlying diseases. HR, hazard ratio.

severe clinical course and mortality). The duration of quaran-
tine, defined as the period from confirmation of COVID-19 to
release from quarantine, and the duration of hospital stay were
compared among the four groups. The duration of quarantine
was the longest in the high FIB-4 index with DM group, al-
though no significant difference was observed (32.5+1.9 days)
(Fig. 5A). Meanwhile, the duration of hospital stay was signifi-
cantly longer in the high FIB-4 index groups (28.5+1.2 and
30.81+ 1.9 days for those without DM and with DM, respective-
ly) than in the low FIB-4 index group without DM (23.8+0.6
days), even after adjusting for multiple confounding factors
(Fig. 5B). Collectively, the presence of DM and a high baseline
FIB-4 index were related with worse COVID-19 clinical out-
come in a complementary and independent manner.
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DISCUSSION

Herein, we showed that both presence of DM and high FIB-4
index are related with higher mortality of COVID-19 infection.
This study was an extension of our previous report, which
showed that patients with DM have a higher mortality [9]. In
addition to these results, we identified that the patients with DM
had a higher FIB-4 index, and among those with a low FIB-4
index, DM exhibited a minimal relationship with mortality. In
contrast, regardless of the presence of DM, a high FIB-4 index
reflected a higher mortality. In particular, the patients with DM
with a high FIB-4 index tended to show the most severe clinical
course and mortality than did those with DM only or a high
FIB-4 index only, suggesting a complementary role in predict-
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Fig. 5. The estimated mean of duration of confirmation to (A) release and (B) hospital length. Data were analyzed using general linear mod-
el and all data are expressed as the mean+standard error. Model was adjusted for age, sex, and underlying diseases. NS, not significant;

DM, diabetes mellitus; FIB-4, fibrosis-4. *P<0.01; *P<0.05.

ing COVID-19 mortality.

Several pieces of evidence suggest the prognostic value of the
FIB-4 index in COVID-19 cases [12,16,24,25]. Liver injury in
COVID-19 cases has been observed more frequently in severe
cases [26]. Although the mechanism remains elusive, it is very
likely that liver enzyme level elevation may be related to aber-
rant cytokine release, which is frequently observed in severe
pneumonia [27]. Angiotensin-converting enzyme 2 (ACE-2) re-
ceptors have been reported to be present in both cholangiocytes
and hepatocytes. Therefore, it is likely that this leads to cellular
injury [28]. Conversely, advanced liver disease accompanies
persistent stimulation of immune cells by pathogen-associated
molecular patterns or damage-associated molecular patterns that
are responsible for the activation of immune cells [29]. Immune
cell-driven upregulation of cytokine production activates addi-
tional inflammatory cells, forming a low-grade inflammatory
milieu [29].

FIB-4 index is a non-invasive panel to assess underlying liver
fibrosis, and recently widely accepted as inexpensive and accu-
rate tool in patients with hepatic disorders such as viral hepatitis
and NAFLD/NASH. Especially, NAFLD/NASH encompass
various stages from simple steatosis to cirrhosis, and progres-
sion to advanced stage such as steatohepatitis and fibrosis is
known to increase morbidity and mortality as well as cardiovas-
cular risk. Recent guideline recommended scoring for advanced
fibrosis in NAFLD suspected individuals [20,30], and FIB-4 is
one of the constitute predictive models. Interestingly, FIB-4 was
closely associated with the disease severity and mortality of ex-
trahepatic disorders as well as liver stiffness in previous studies
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[13-15]. As we commented above, worse outcomes have been
reported in patients with underlying liver disease and cirrhosis,
it is easily speculated the subjects having higher FIB-4 are vul-
nerable to SARS-CoV-2 infection. Consistently to our results,
Park et al. [16] demonstrated that the survival rate was signifi-
cantly lower in high FIB-4 group compare to the low FIB-4
group. These findings supported the predictive role of FIB-4 as
we shown in our study, and would be useful to effective deliv-
ery of healthcare resources in COVID-19 pandemic era.

Our results show that although DM alone is a critical risk fac-
tor, the addition of the FIB-4 index can more specifically predict
COVID-19 mortality and severity. This trend was valid even af-
ter adjusting for age, sex, and underlying disease. This is consis-
tent with recent findings from previous studies in which the
proportion of severe COVID-19 cases was higher in patients
with MAFLD [31]. The risk was reported to have a wide range
of OR (1.10 to 31.2), and this variability among studies is prob-
ably attributed to the different study designs, prevalence of CO-
VID-19, quarantine strategies, and definitions of MAFLD or
NAFLD/NASH. Nevertheless, the findings from all relevant
studies indicate that hepatic fibrosis is a crucial factor in deter-
mining the outcomes of patients with SARS-CoV-2 infection,
and the risk is synergistically increased in the presence of DM.
In this regard, it can be postulated that among patients with DM,
those with a high FIB-4 index are at a higher risk of developing
a more severe inflammatory status.

Because of the considerable increase in the number of patients
with COVID-19 in Daegu, we had no opportunity to examine the
prevalence of NAFLD among them either via medical history-
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taking or via abdominal ultrasonography. Therefore, we were un-
able to discriminate NAFLD from infection-related acute liver
injury. Although we excluded patients who had ALT levels of =
80 IU/L at the time of admission or died within 3 days from diag-
nosis with COVID-19 who were more likely to have COVID-
19-related liver injury, these arbitrary criteria cannot fully ex-
clude acute liver injury. Nevertheless, it has been reported that
even in populations that are clinically not diagnosed with
NAFLD, the FIB-4 index correlates with disease severity [32,33],
suggesting that apart from the presence of NAFLD or NASH, the
FIB-4 index per se might serve as a disease severity marker.

Our study had some limitations. First, because of a shortage
of infrastructure and medical staff, there was incomplete docu-
mentation regarding exposure history and lack of timely labora-
tory examinations being conducted. In particular, as mentioned
above, the acquisition of demographic information to account
for NAFLD/NASH as a comorbidity was not performed. Sec-
ond, of the confirmed cases of COVID-19 in Daegu, 65.6%
were associated with a single religious group, and these patients
were admitted to university hospitals because of their disease
severity; therefore, the data are more likely to be representative
of patients with COVID-19 with moderate-to-severe disease,
which indicates a lack of heterogeneity. Lastly, other prognostic
markers, such as the D-dimer, lactate dehydrogenase, or ferritin
level, were not measured and compared with the FIB-4 index.

Nevertheless, our study findings strongly suggest that DM
and the FIB-4 index can play independent roles in the prediction
of COVID-19 mortality and disease severity. Patients with DM
and a high FIB-4 index could have an almost 10-fold higher
mortality risk than those without DM and a low FIB-4 index.
Furthermore, it is noteworthy that among patients with DM, the
FIB-4 index could be used in further stratifying the risk. There-
fore, special attention is required for patients with DM and a
high FIB-4 index upon admission.
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