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A B S T R A C T   

Objectives: To alleviate the overflow of coronavirus disease 2019 (COVID-19) patients in hospitals, less invasive 
and simple criteria are required to triage the patients. We evaluated the relationship between COVID-19 severity 
and fatty liver on plain computed tomography (CT) scan performed on admission. 
Methods: In this retrospective cohort study, we considered all COVID-19 patients at a large tertiary care hospital 
between January 31 and August 31, 2020. COVID-19 severity was categorized into severe (moderate and severe) 
and non-severe (asymptomatic and mild) groups, based on the Japanese National COVID-19 guidelines. Fatty 
liver was detected on plain CT scan. Multivariate logistic regression analysis was performed to evaluate factors 
associated with severe COVID-19. 
Results: Of 222 patients (median age: 52 years), 3.2%, 58.1%, 20.7%, and 18.0% presented with asymptomatic, 
mild, moderate, and severe COVID-19, respectively. Although 59.9% had no fatty liver on plain CT, mild, 
moderate, and severe fatty liver occurred in 13.1%, 18.9%, and 8.1%, respectively. Age and presence of fatty 
liver were significantly associated with severe COVID-19. 
Conclusion: Our study showed that fatty liver on plain CT scan on admission can become a risk factor for severe 
COVID-19. This finding may help clinicians to easily triage COVID-19 patients.   

1. Introduction 

Since its emergence in December 2019, coronavirus disease 2019 
(COVID-19), which is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has infected approximately 200 million 

people worldwide, with 4.2 million deaths as of July 21, 2021 [1,2]. 
COVID-19 is characterized by a unique appearance of pneumonia on 
computed tomography (CT) scan, with a spectrum of clinical severity 
[3]. While some COVID-19 patients are asymptomatic with no apparent 
appearance of pneumonia on CT scan, it could be fatal in others, 
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requiring both hemodynamic and respiratory support. 
Many studies have attempted to elucidate the risk factors for COVID- 

19 severity and fatality. In many case series, older patients [4], patients 
with hypertension, diabetes, and cardiovascular diseases [3] were more 
likely to develop acute respiratory distress syndrome (ARDS) and 
receive mechanical ventilation. One theory for the mechanism of its 
severe presentation is hyperinflammation and cytokine storm induced 
by SARS-CoV-2. In a study involving 1,484 patients in New York, high 
serum interleukin-6 (IL-6), IL-8, and tumor necrosis factor (TNF)-α levels 
at the time of hospitalization were strong predictors of patient survival, 
suggesting that hyperinflammatory response is a major cause of disease 
severity and death [5]. 

Interestingly, accumulating evidence has shown that obesity and 
metabolic-dysfunction-associated fatty liver disease (MAFLD), which 
are closely related to comorbidities, such as hypertension and diabetes, 
are other risk factors for severe COVID-19 [6,7]. This is plausible 
considering numerous reports indicating adipose tissue as a key player 
in immune function [8]. Adipocytes and triglycerides accumulation in 
the liver trigger the production of inflammatory cytokines. In fact, there 
have been several studies that reported the relationship between 
COVID-19 and fatty liver on CT scan [9–11]. For example, two studies 
have shown that low Hounsfield units (HU) of the liver on CT scan was 
significantly associated with severe COVID-19 [9,10]. However, none of 
these previous studies provided practical suggestion for the quick triage 
of COVID-19 patients by using CT scan in real life situations. 

Even without the concomitant metabolic disorders or histopatho-
logical diagnosis by liver biopsy, fatty liver can be diagnosed on plain CT 
scan [12,13], which is one of the common radiological examinations 
required for patients with COVID-19 when they are admitted to the 
hospital. In this study, we hypothesized that a more robust classification 
of fatty liver on plain CT scan, instead of meticulously calculating liver 
HU, on admission may be able to predict severe COVID-19. We therefore 
evaluated the relationship between the clinical outcome of COVID-19 
and fatty liver on plain CT scan. 

2. Materials and methods 

2.1. Ethics 

This study was approved by the ethics committee of the National 
Center for Global Health and Medicine (NCGM) (approval no: NCGM-G- 
003665-00) and was implemented in accordance with the Declaration of 
Helsinki. Patient data were anonymized prior to the analysis. Due to the 
retrospective nature of the study, the requirement of patient consent was 
waived. 

2.2. Study design and participants 

This retrospective cohort study of all COVID-19 patients was con-
ducted between January 31 and August 31, 2020, at the NCGM, Tokyo, 
Japan. NCGM has approximately 780 inpatient beds and serves as one of 
the four designated medical institutions for specific infectious diseases 
such as Ebola virus disease in Japan. All COVID-19 patients were diag-
nosed by quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR) for SARS-CoV-2 using nasopharyngeal swabs, according to 
the recommended protocol by the Japanese National Institute of Infec-
tious Disease [14]. Enrolled patients were over 20 years of age, and they 
underwent plain CT scan on admission. 

2.3. Data collection 

All COVID-19 patients’ data were extracted from the COVID-19 
REGISTRY JAPAN (COVIREGI-JP) of the NCGM with permission. The 
study data were collected and managed using the Research Electronic 
Data Capture (REDCap), a secure, web-based data capture application 
hosted at the Japan Clinical Research Assist Center data center of the 

NCGM [15]. The parameters retrieved from the database included the 
following: (i) demographics including age, sex, height, weight, smoking 
status, drinking habit, and comorbidities; (ii) number of days from 
symptom onset to hospital admission and number of days from symptom 
onset to CT scan; (iii) clinical symptoms; (iv) laboratory findings; (v) 
radiological findings on CT scan including fatty liver on CT scan [10,13], 
and COVID-19 severity score [16,17]; (vi) COVID-19 severity (asymp-
tomatic/mild or moderate/severe); and (vii) clinical outcomes (in-hos-
pital mortality and total length-of-hospital stay). 

2.4. Plain CT scan acquisition and interpretation 

Plain CT examinations were performed from the chest to the upper 
abdomen, using one of two multidetector CT (MDCT) systems: a 320- 
MDCT system (Aquilion ONE, Canon Medical Systems) or a 128-dual- 
source MDCT system (SOMATOM Definition Flash, Siemens Health-
care) without administration of contrast medium. The section thickness 
was 5 mm, and the scanning parameters were 120 kVp, with automat-
ically set mAs values. In the visual analysis, liver steatosis was evaluated 
as follows: (i) no fatty liver, hepatic vessels show lower attenuation than 
that for the liver parenchyma; (ii) mild, hepatic vessels show lower 
attenuation than that for the liver parenchyma, but the contours are 
blurred; (iii) moderate, hepatic vessels show the same attenuation as 
that for the liver parenchyma; and (iv) severe, hepatic vessels show 
higher attenuation than that for the liver parenchyma (Fig. 1) [12,13]. 
In the quantitative analysis, HUs of the liver parenchyma were calcu-
lated using a 1 cm2-circle region of interest. In addition, CT severity 
score, which represents the severity of COVID-19 pneumonia on CT 
scan, was calculated by a radiologist based on the extent of the lobar 
involvement (0:0%; 1: <5%; 2:5–25%; 3:26–50%; 4:51–75%; 5, >75%; 
range 0–5; total score 0–25) [16,17]. 

2.5. Definitions of the variables 

Based on the Japanese National COVID-19 guidelines [18], we 
divided the COVID-19 patients based on the four severity categories: (i) 
asymptomatic; (ii) mild (patients with symptoms but do not require 
oxygen therapy); (iii) moderate (patients require oxygen therapy either 
via nasal canula or by facial mask); and (iv) severe (patients require 
either high flow nasal canula, noninvasive ventilation, or tracheal 
intubation). The moderate and severe COVID-19 groups were further 
grouped into the severe COVID-19 group, while the asymptomatic and 
mild groups were the non-severe COVID-19 group. Mild to severe fatty 
liver on CT scan was defined as fatty liver on CT scan [12,13]. 
In-hospital mortality was defined as death occurring during the hospital 
stay. 

2.6. Statistical analysis 

Continuous variables are shown as median and interquartile range 
(IQR) and compared using the Mann-Whitney U test. Categorical vari-
ables are shown as absolute and relative frequencies and compared 
using the χ2 test or Fisher’s exact test. Using logistic regression and 
univariate analyses reported as odds ratios (OR) and 95% confidence 
intervals (CI), the association between COVID-19 severity (non-severe 
and severe groups) and background factors including fatty liver on CT 
were evaluated. Multivariate logistic regression analysis was performed 
to calculate the adjusted odds ratio of fatty liver on CT scan for severe 
COVID-19. We considered potential risk factors with a p-value less than 
0.05 in the univariate analysis, or a priori variables hypothesized to be 
clinically or epidemiologically important. Statistical significance was 
defined as a two-sided p-value of <0.05, and all statistical analyses were 
performed with R software version 3.4.0. 
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3. Results 

3.1. Description of COVID-19 patients during the study period 

During the study period, 270 patients with laboratory-detected 
SARS-CoV-2 infection were hospitalized at the NCGM, Japan. We 
excluded 48 patients for having no plain CT scan: (i) no CT scan (n = 47) 
and (ii) only contrast-enhanced CT scan (n = 1). The remaining 222 
patients were included in the final analysis (Fig. 2). The median age of 
this cohort was 52 (IQR 38.0–67.8) years, and 144 (65.2%) were males. 
In total, 108 patients (48.6%) had a history of smoking, and 44 patients 
(19.8%) had regular drinking habits. Major comorbidities were hyper-
tension (n = 59, 26.6%), followed by diabetes (n = 38, 17.1%) and 
respiratory disorders (n = 26, 11.7%). The median durations from 
symptom onset to hospital admission and to undergoing plain CT scan 

were 6 (IQR 4–9) and 6 (IQR 4–8) days, respectively. The COVID-19 
severity score among study population was significantly associated 
with lower prevalence of liver attenuation, with a dose-response rela-
tionship (r = − 0.51; 95% CI = − 0.60 to − 0.41; p < 0.001) (Fig. 3). 
Although 133 patients (59.9%) had no fatty liver on plain CT, the pro-
portions of those with mild, moderate, and severe fatty liver were 29 
(13.1%), 42 (18.9%), and 18 (8.1%), respectively. In terms of COVID-19 
severity, 7 patients (3.2%) were asymptomatic while 129 (58.1%), 46 
(20.7%), and 40 (18.0%) had mild, moderate, and severe disease, 
respectively (Table 1). Table 2 shows the number of patients in each 
COVID-19 severity group stratified by the severity of fatty liver on CT 
scan. There were no patients with moderate or severe fatty liver among 
the asymptomatic COVID-19 patients. 

Fig. 1. Fatty liver of each severity diagnosed by plane CT scan 
Fig.1 shows the representative plain CT scan images of fatty liver for each severity category: (a) normal, (b) mild fatty liver, (c) moderate fatty liver, and (d) severe 
fatty liver. 

Fig. 2. Flow diagram of study enrollment.  
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3.2. Risk factors for severe COVID-19 

In the univariate analysis, age (median 64.5 [IQR 47.5–74.0] vs. 46 
[IQR 30.8–58.2] years; p < 0.001), male sex (OR = 2.23; 95% CI =
1.18–4.29; p = 0.009); higher body mass index (BMI) (median 25.0 [IQR 
22.1–27.6] vs 22.9 [IQR 20.1–25.8] kg/m2; p < 0.001); and history of 

smoking (OR = 1.86; 95% CI = 1.04–3.35; p = 0.028) were significantly 
associated with severe (moderate and severe), compared to non-severe 
(asymptomatic and mild) COVID-19. Hypertension (OR = 5.31; 95% 
CI = 2.69–10.79; p < 0.001), diabetes (OR = 6.03; 95% CI =
2.63–14.88; p < 0.001), and cardiovascular disease (OR = 4.22; 95% CI 
= 1.32–15.90; p = 0.0081) were significantly associated with the severe 
COVID-19, although the prevalence of cardiovascular disease in the 
overall cohort was only 7.7%. Compared to the non-severe group, the 
severe group had a significantly longer duration from the onset of their 
symptoms to hospital admission and to undergoing plain CT scan (me-
dian 7 [IQR 5–9] vs. 5 [IQR 3–8] days; p = 0.015) and (median 7 [IQR 
5–9] vs. 6 [IQR 3–8]; p = 0.039) days, respectively. Radiological find-
ings on CT showed that the severe group had significantly higher 
COVID-19 severity score (median 13 [IQR 9–16] vs. 3 [IQR 1–8]; p <
0.001); higher prevalence of fatty liver (OR = 6.33; 95% CI =
3.37–12.14; p < 0.001); and lower prevalence of liver attenuation 
(median 47.4 [IQR 36.1–55.6] vs 59.8 [IQR 52.1–65.6]; p < 0.001). On 
the other hand, drinking habit was not significantly associated with 
COVID-19 severity (p = 0.73) (Table 3). Multivariate analysis showed 
that age (OR = 1.05; 95% CI = 1.02–1.07; p < 0.001) and fatty liver on 
CT scan (OR = 6.20; 95% CI = 2.82–13.62; p < 0.001) were significantly 
associated with severe COVID-19 (Table 4). 

Overall, there was no in-hospital death among the non-severe group, 
while seven (8.1%) died during hospitalization among the severe group, 
and the severe group had significantly longer total length-of-hospital 
days (median 10 [IQR 8–13] vs. 18 [IQR 11–30] days; p < 0.001) 
(Table 3). Among the seven patients who died, three patients had no 
fatty liver, one patient had mild and moderate fatty liver, respectively, 
and two patients had severe fatty liver. 

4. Discussion 

Our study showed that fatty liver on CT scan performed on admis-
sion, along with age, was a risk factor for severe (moderate and severe) 
COVID-19 in patients that require oxygen therapy. Some studies have 
reported that older patients are at a high risk of severe COVID-19 [4,17]. 
Our study included fatty liver on CT scan, on admission, as a risk factor 
for severe COVID-19. Higher BMI values, hypertension prevalence, and 
diabetes prevalence were significantly associated with severe COVID-19 
in univariate analysis in this study, but this association was lost in the 
multivariate analysis. In previous studies, obesity and MAFLD, which 
are closely related to comorbidities such as hypertension and diabetes, 
were reported as risk factors of severe COVID-19 [6,19]. Moreover, 
several studies have reported the relationship between low HU of the 

Fig. 3. The relationship the COVID-19 severity score and attenuation of the 
liver COVID-19 severity score among the study population was significantly 
associated with lower attenuation of the liver with a dose-response relationship 
(r = − 0.51; 95% CI = − 0.60 to − 0.41; p < 0.001). 

Table 1 
Baseline characteristics of COVID-19 patients (n¼222).   

All patients (n = 222) 

Age, years 52.00 (38.00–67.75) 
Male 144 (64.86) 
Body mass index, kg/m2 23.73 (20.73–26.77) 
Smoking 108 (48.65) 
Alcohol 44 (19.82) 
Comorbidities 
Hypertension 59 (26.58) 
Diabetes 38 (17.12) 
Respiratory disorders 26 (11.71) 
Cardiovascular diseases 17 (7.68) 
Malignancy 7 (3) 
Chronic renal failure 4 (1.80) 
Days from symptom onseta 

Days from onset to hospital admission 6 (4–9) 
Days from onset to CT scan 6 (4–8) 
Severity of fatty liver on CT scan 
No fatty liver 133 (59.91) 
Mild 29 (13.06) 
Moderate 42 (18.92) 
Severe 18 (8.11) 
Attenuation of the liver, HU 55.65 (44.70–62.15) 
COVID-19 severity 
Asymptomatic 7 (3.15) 
Mild 129 (58.11) 
Moderate 46 (20.72) 
Severe 40 (18.02) 

Unless otherwise stated, data are presented as n (%). 
Continuous variable data are presented as median (interquartile range). 
COVID-19; coronavirus disease 2019, CT; computerized tomography, HU; 
Hounsfield unit. 

a Asymptomatic patients were excluded. 

Table 2 
COVID-19 severity of the patients stratified by the severity of fatty liver on CT 
scan (n = 222).   

Severity of COVID-19  

Non-severe group Severe group  

Asymptomatic 
n = 7, 3.15% 

Mild n 
= 129, 
58.11% 

Moderate 
n = 46, 
20.72% 

Severe 
n = 40, 
18.02% 

Severity 
of fatty 
liver on 
CT scan 

No fatty 
liver n =
133, 
59.91% 

6 (85.71) 98 
(75.97) 

17 (36.96) 12 
(30.00) 

Mild n =
29, 
13.06% 

1 (14.29) 9 (6.98) 8 (17.39) 11 
(27.50) 

Moderate 
n = 42, 
18.92% 

0 (0.00) 17 
(13.18) 

14 (30.43) 11 
(27.50) 

Severe n =
18, 8.11% 

0 (0.00) 5 (3.88) 7 (15.22) 6 
(15.00) 

Data are presented as n (%). 
COVID-19; Coronavirus disease 2019, CT; computerized tomography. 
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liver and the severity of COVID-19 [9,10]. However, these studies had 
several limitations. For example, the number of patients included in one 
study from Japan was only 35 [9]. In addition, this study did not adjust 
for other confounding factors such as hypertension and BMI. The other 
study required calculation of liver attenuation index, the subtraction of 
HU of the liver from that of the spleen, to assess the relationship between 
fatty liver and COVID-19 severity [10]. Compared with these previous 
studies, our study with a larger sample size (n = 222) showed that the 
simple criteria of fatty liver on CT, with no calculation required, 
remained associated with severe COVID-19 after adjusting for several 
confounding factors. 

One hypothesis behind the association of fatty liver with COVID-19 

pathophysiology is that inflammatory cytokine production triggered 
by adipose tissue or triglyceride accumulation in the liver exacerbates 
clinical severity. Dysfunctional hypertrophic adipocytes produce an 
excessive number of cytokines such as IL-6, IL-8, leptin, and plasmin-
ogen activator inhibitor-1 (PAI-1), which leads to increased recruitment 
of macrophages [8]. These macrophages, in turn, produce high amounts 
of proinflammatory molecules such as IL-1, IL-6, IL-8, and TNF-α. 
Kupffer cells, hepatic stellate cells, and sinusoidal endothelial cells also 
contribute to producing the proinflammatory status [20]. The presence 
of fatty liver might aggravate COVID-19 severity by producing this 
hyperinflammatory status. 

In our study cohort, the overall in-hospital case fatality rate was 
3.2% (7/222), with all deaths (8.1% [7/86]) occurring in the severe 
group. This is relatively higher than the case fatality rate of 1.5% 
(2,944/200,658) among the overall COVID-19 patients in Japan [21]. 
Because our hospital is one of the four designated hospitals for infectious 
diseases in Japan, we admitted several patients with severe COVID-19 
during the earlier stages, when the treatment strategies were not well 
established globally. Moreover, the overall Japanese data included 
asymptomatic and mild COVID-19 patients who did not require hospi-
talization. This might have led to the relatively high case fatality rate in 
our study. 

Although several studies have reported the association between 
MAFLD and severe COVID-19 [19], diagnosis of MAFLD requires that 
metabolic disorders, such as diabetes and plasma cholesterol levels, be 

Table 3 
Comparison of the clinical factors between non-severe (asymptomatic/mild) and severe (moderate/severe) COVID-19 patient groups (n¼222).   

Non-severe group n = 136, 61.26% Severe group n = 86, 38.74% OR 95% CI p-value 

Age, years 46.0 (30.75–58.25) 64.5 (47.50–74.00)   < 0.001 
Male 79 (58.09) 65 (75.58) 2.23 1.18–4.29 0.0093 
Body mass index, kg/m2 22.86 (20.14–25.75) 24.95 (22.15–27.62)   < 0.001 
Smoking 58 (42.65) 50 (58.14) 1.86 1.04–3.35 0.028 
Alcohol 26 (19.12) 18 (20.93) 1.12 0.54–2.30 0.73 
Comorbidities      
Hypertension 19 (13.97) 40 (46.51) 5.31 2.69–10.79 < 0.001 
Diabetes 10 (7.35) 28 (32.56) 6.03 2.63–14.88 < 0.001 
Respiratory disorders 16 (11.76) 10 (11.63) 0.98 0.38–2.45 1.00 
Cardiovascular diseases 5 (3.68) 12 (13.95) 4.22 1.32–15.90 0.0081 
Malignancy 5 (3.68) 2 (2.33) 0.62 0.058–3.92 0.71 
Chronic renal failure 2 (1.47) 2 (2.33) 1.59 0.11–22.35 0.64 
Days from symptoms onseta      

Days from onset to hospital admission 5 (3–8) 7 (5–9)   0.015 
Days from onset to CT scan 6 (3–8) 7 (5–9)   0.039 
Signs and Symptoms 
Fever 81 (59.56) 72 (83.72) 3.98 1.91–8.83 < 0.001 
Cough 77 (56.62) 56 (65.12) 1.62 0.88–3.06 0.11 
Dyspnea 32 (23.53) 49 (57.98) 5.08 2.62–10.1 < 0.001 
Dysosmia 29 (21.32) 7 (8.14) 0.42 0.14–1.10 0.068 
Radiological findings on CT scan 
COVID-19 severity score 3 (1–8) 13 (9–16)   < 0.001 
Fatty liver on CT scan 32 (23.53) 57 (66.28) 6.33 3.37–12.14 < 0.001 
Attenuation of the liver, HU 59.75 (52.08–65.58) 47.35 (36.13–55.63)   < 0.001 
Laboratory findings on admission 
AST, U/L 26 (20–36) 38 (27–71)   < 0.001 
ALT, U/L 23 (15–36) 33 (21–55)   < 0.001 
LDH, U/L 200 (172–247) 345 (251–442)   < 0.001 
C-reactive protein, mg/dL 0.93 (0.22–3.5) 8.42 (4.6–13)   < 0.001 
White blood cell count, ×

103/μL 
4.5 (3.7–5.6) 5.2 (4.3–7.2)   < 0.001 

Lymphocyte count, % 26 (19–33) 16 (9.3–23)   < 0.001 
Platelet count, × 103/μL 195 (162–247) 179 (144–259)   0.30 
D-dimer, μg/mL 0 (0–550) 600 (0–1600)   < 0.001 
Outcome      
In-hospital mortality 0 (0) 7 (8.14)   < 0.001 
Total length of hospital stay, days 10 (8–13) 18 (11–30)   < 0.001 

Unless otherwise stated, data are presented as n (%). 
Continuous variable data are presented as median (IQR). 
COVID-19; coronavirus disease 2019, OR; odds ratio, CI; confidence interval, CT; computerized tomography, HU; Hounsfield unit; AST; aspartate aminotransferase, 
ALT; alanine aminotransferase, LDH; lactate dehydrogenase, IQR; interquartile range. 

a Asymptomatic patients (n = 7) were excluded. 

Table 4 
Risk factors for severe COVID-19 patients by multivariate analysis (n = 222).   

OR 95% CI p-value 

Age, years 1.05 1.02–1.07 <0.001 
Male 1.50 0.65–3.46 0.34 
Body mass index, kg/m2 1.00 0.92–1.09 0.99 
Smoking 1.70 0.82–3.50 0.15 
Hypertension 1.56 0.66–3.72 0.32 
Diabetes 2.06 0.78–5.41 0.14 
Fatty liver on CT scan 6.20 2.82–13.62 <0.001 

COVID-19; coronavirus disease 2019, OR; odds ratio, CI; confidence interval, CT; 
computed tomography. 
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diagnosed, in addition to the presence of fatty liver on imaging. Other 
risk factors of severe COVID-19, such as cytokines or biological markers 
[5], also require specific assays that are unavailable in most facilities 
worldwide. In contrast, our findings are less invasive and simple, and 
require nothing other than plain CT scan on admission, which is uni-
versally performed in most symptomatic COVID-19 patients. Among our 
severe groups (n = 86), 29 patients did not have fatty liver, and three 
patients without fatty liver died. Therefore, we concluded that it is 
difficult to establish a perfect, safe, and simple criteria. Recently, in 
many countries, medical staff and facilities are overwhelmed with the 
overflow of patients [22]. Thus, availability of a quick and simple 
criteria to identify those who are at a low risk of severe COVID-19 is 
imperative; such patients can then be followed up at the facilities for 
patients with less severe COVID-19 instead of hospitals equipped with 
ICU for severe patients. Our finding may be practical in identifying those 
patients and can aid in decision-making in clinical settings. In fact, in our 
cohort, there was no death reported in the non-severe group, which 
leads to the conclusion that our findings might be reliable in identifying 
patients who can be safely followed-up outside the hospitals. 

This study has several limitations. First, the sample size of our cohort 
was relatively small. This might have led to overestimate the effect of 
fatty liver among other factors. Also, there might be some unmeasured 
confounding factors, such as time-dependent variables, due to the 
retrospective nature of the study. Because the COVIREGI-JP database 
used in this study did not include cholesterol and triglycerides levels on 
admission, we were also not able to include dyslipidemia as one of the 
confounding factors, which is another probable cause of fatty liver. We 
consider this as one of potential biases in this study. Second, we did not 
perform liver biopsy when diagnosing fatty liver. However, liver biopsy 
is highly invasive and impractical in terms of infection prevention and 
control. In addition, it was already demonstrated that CT scan reflects 
the histological diagnosis of fatty liver [13]. Therefore, we assume that 
fatty liver can be safely diagnosed on plain CT scan. Third, our study did 
not directly prove the impact of fatty liver on COVID-19 pathophysi-
ology. Although we hypothesized that fatty liver aggravates the host 
immune response by producing inflammatory cytokines, we did not 
measure the cytokine levels in our patients. Lastly, our study did not 
consider the causality of COVID-19 inducing fatty liver. Several studies 
have shown that COVID-19 itself disrupts the mitochondrial activity, 
resulting in lipid accumulation in the liver [23]. Because our study 
focused on the CT scan on admission, it is not clear whether the fatty 
liver seen on admission is a pre-existing exacerbating factor or a result of 
the infection. However, as the aim of this study is simply to assess the 
relationship between fatty liver on admission and the outcome of 
COVID-19 regardless of the causality, we did not take that point into 
consideration. 

In conclusion, our study showed that fatty liver on CT scan on 
admission may be one of the risk factors of being in the severe COVID-19 
group of people that require oxygen therapy. With this ongoing COVID- 
19 pandemic, we need less invasive and simple criteria for a quick 
decision-making in managing the patients and in efficiently utilizing our 
limited medical resources. We believe that the presence of fatty liver on 
CT scan on admission may help the clinicians with decision-making. 
Further studies, adjusted for the treatment strategies, and with a 
larger number of patients, are required. 
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