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Previous studies reported that coronavirus disease 2019 (COVID-19) was likely to result in liver injury. However, few
studies investigated liver injury in patients with COVID-19 with chronic liver diseases. We described the clinical fea-
tures in patients with COVID-19 with nonalcoholic fatty liver disease (NAFLD). Confirmed patients with COVID-
19 from hospitals in 10 cities of Jiangsu Province, China, were retrospectively included between January 18, 2020,
and February 26, 2020. The hepatic steatosis index (HSI) was used to defined NAFLD. A total of 280 patients with
COVID-19 were enrolled. Eighty-six (30.7%) of 280 patients with COVID-19 were diagnosed as NAFLD by HSI.
One hundred (35.7%) patients presented abnormal liver function on admission. The median alanine aminotransferase
(ALT) levels (34.5 U/L vs. 23.0 U/L; P < 0.001) and the proportion of elevated ALT (>40 U/L) (40.7% vs. 10.8%;
P < 0.001) were significantly higher in patients with NAFLD than in patients without NAFLD on admission. The
proportion of elevated ALT in patients with NAFLD was also significantly higher than patients without NAFLD
(65.1% vs. 38.7%; P < 0.001) during hospitalization. Multivariate analysis showed that age over 50 years (odds ratio
[OR], 2.077; 95% confidence interval [CI], 1.183, 3.648; P = 0.011) and concurrent NAFLD (OR, 2.956; 95% CI,
1.526, 5.726; P = 0.001) were independent risk factors of ALT elevation in patients with COVID-19, while the atom-
ized inhalation of interferon a-2b (OR, 0.402; 95% CI, 0.236, 0.683; P = 0.001) was associated with a reduced risk of
ALT elevation during hospitalization. No patient developed liver failure or death during hospitalization. The complica-
tions and clinical outcomes were comparable between patients with COVID-19 with and without NAFLD. Conclusion:
Patients with NAFLD are more likely to develop liver injury when infected by COVID-19. However, no patient devel-
oped severe liver-related complications during hospitalization. (Hepatology Communications 2020;4:1758-1768).

n December 2019, a novel respiratory infection China, and rapidly spread from Wuhan to other
disease caused by severe acute respiratory syndrome  regions.? As of June 16, 7,941,791 laboratory con-

coronavirus 2 (SARS-CoV-2) emerged in Wuhan, firmed cases and 434,796 deaths had been reported.(3)

Abbreviations: ALE alkaline phosphatase; ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate
aminotransferase; BMI, body mass index; CI, confidence interval; CLD, chronic liver disease; COVID-19, corona virus disease 2019; CT; computed
tomography; DM, diabetes mellitus; FBG, fasting blood glucose; GGT; gamma-glutamyl transpeptidase; HSI, hepatic steatosis index; ICU, intensive
care unit; IFN, interferon; IQR, interquartile range; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; SARS-ColV=-2, severe acute respiratory
syndrome coronavirus 2; Tbil, total bilirubin.
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The clinical characteristics of corona virus disease
2019 (COVID-19) have been reported in several
studies."*® Despite atypical pneumonia being the
primary symptom of COVID-19, liver impairment
has also been commonly observed in patients with
COVID-19.®) Chen et al.) reported that 28% and
35% of patients with COVID-19 had increased ala-
nine aminotransferase (ALT) and increased aspartate
aminotransferase (AST), res%)ectively, on admission.
In the study by Guan et al,"”) which analyzed clin-
ical characteristics of 1,099 patients with confirmed
COVID-19 in China, 21.3% and 22.2% of patients
presented elevated ALT and AST, respectively. These
studies indicated that liver injury is common in
patients with COVID-19.

It is reported that 2%-11% of patients with
COVID-19 had comorbidities of chronic liver dis-
eases (CLDs).® Currently, nonalcoholic fatty liver
disease (NAFLD), which affects a quarter of the
global population, has emerged as the most common
CLD.”) However, the clinical features of patients
with COVID-19 with NAFLD are not clear. This
study investigated the clinical features and liver injury
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in patients with COVID-19 with NAFLD in a mul-
ticenter cohort of patients with COVID-19 in Jiangsu
Province, China.

Patients and Methods
PATIENTS

A total of 342 consecutive patients with confirmed
COVID-19 were retrospectively enrolled from 10
designated hospitals in 10 cities of Jiangsu Province,
China, between January 18, 2020, and February 26,
2020. The follow-up data of clinical outcomes were
obtained up to February 29, 2020. The diagnosis of
COVID-19 was based on guidance provided by the
World Health Organization (WHO)."? A1l patients
with COVID-19 tested positive for SARS-CoV-2 in
throat swab samples by real-time polymerase chain
reaction in accordance with guidance provided by the
WHO.™

Patients with the following comorbidities were
excluded: viral hepatitis (defined by positive serum
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hepatitis B surface antigen and/or hepatitis C anti-
body and/or a known history of chronic hepatitis B
or chronic hepatitis C), significant alcohol consump-
tion (defined by >30 g/day in men and >20 g/day in
women), autoimmune hepatitis, primary biliary cirrho-
sis, primary sclerosing cholangitis, or any other CLD.
Our study was approved by the ethics committee of
these hospitals, with a waiver of informed consent.

DATA COLLECTION

The epidemiologic, clinical, laboratory, radio-
logic, treatment, and outcomes data were collected
from medical records of all the patients. All relevant
data were entered into a computerized database and
checked to avoid errors. The upper limit of normal
(ULN) of ALT, AST, total bilirubin (Tbil), gamma-
glutamyl transpeptidase (GGT), and alkaline phos-
phatase (ALP) were 40 U/L, 40 U/L, 20 pmol/L,
50 U/L, and 150 U/L, respectively. Abnormal liver
function was defined as any parameter (ALT, AST,
GGT, ALP, or Tbil) higher than the ULN.

DEFINITION OF NAFLD
We defined NAFLD using the published hepatic

steatosis index (HSI) in the absence of other causes
of CLD."? This index has been validated and used in
several studies,>?® and was calculated by using the
following equation: HSI = 8 x ( ALT/AST ratio) +
body mass index (BMI) (+2, if a female patient; +2, if
diabetic)."? Serum ALT and AST results of the first
test after admission were used for the calculation of
the HSI. A cutoff of 36 was used to define the pres-
ence of NAFLD; this value has been validated and

used in several studies. 12>

STATISTICAL ANALYSIS

All data were analyzed using IBM SPSS, version
22.0 (IBM, Armonk, NY). Continuous data were
presented as median (interquartile range [IQR]).
Categorical data were shown as counts and percent-
ages. Continuous variables between the two groups
were analyzed using two-sample 7 tests or the Mann-
Whitney U test, as appropriate, while categorical vari-
ables were analyzed by chi-square tests or Fisher’s
exact tests. Logistic regression was performed to select
independent risk factors of elevated ALT (>40 U/L).

Variables having P < 0.05 in univariate analysis were
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used for multivariate input logistic regression analysis.
P < 0.05 was considered statistically significant.

Results

DEMOGRAPHIC
CHARACTERISTICS AND ONSET
SYMPTOMS

Of the 342 patients with COVID-19, 34 patients
without BMI data and 7 patients with insufficient
biochemistry data were excluded; 7 patients with alco-
hol abuse and 14 patients with other CLDs, such as
chronic hepatitis B, were also excluded (Fig. 1). A total
of 280 patients with COVID-19 were included for
the final analysis; 52.1% of the patients were men, and
the median age was 43.0 (IQR, 32.0-56.0) years. The
median BMI was 24.2 (IQR, 21.9-26.2) kg/m?, and 38
(13.6%) of 280 patients met the diagnostic criteria of
obesity (BMI 228 kg/m?). The median time from symp-
tom onset to admission was 5.0 (IQR, 2.0-8.0) days.

Fever (187 [66.8%]) and cough (156 [55.7%]) were
the most common symptoms, followed by fatigue (58
[20.7%]), sore throat (32 [11.4%]), muscle ache (28
[10.0%]), shortness of breath (23 [8.2%]), and head-
ache (19 [6.8%]). Seventy-one (25.4%) patients had
one or more underlying medical conditions, includ-
ing hypertension (45 [16.1%]), diabetes (21 [7.5%]),
chronic lung diseases (10 [3.6%]), and malignant
tumor (4 [1.4%]). More than half of the patients
(58.6%) had contact with suspected or confirmed
patients within 2 weeks of onset symptoms (Table 1).

Eighty-six (30.7%) of 280 patients with COVID-
19 were diagnosed as having NAFLD by HSI in our
study. BMI levels (median, 27.1 kg/m? vs. 23.1 kg/m?
P < 0.001) and the proportion of obesity (40.7% vs.
1.5%; P < 0.001) in patients with NAFLD were sig-
nificantly higher than patients without NAFLD;
however, age and sex were comparable between the
two groups. There were also no significant differences
in symptoms, comorbidities, and exposure history
between the two groups (Table 1).

LABORATORY AND RADIOLOGY
EXAMINATION

On admission, the baseline white blood cells and
lymphocyte levels were 4.9 (IQR, 3.9-6.2) x 10°/L and
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[342 confirmed patients with COVID-19 between January 18, 2020,]

and February 26, 2020

Excluded

« Insufficient body mass index data (n =34)
« Insufficient biochemistry data (n=7)

« Alcohol abuse (n=7)

+ Combine chronic hepatitis B (n=12)

« Combine chronic hepatitis C (n=1)

+ Combine Dubin-Johnson syndrome (n=1)

[ 280 patients with COVID-19 were enrolled ]
194 patients with COVID-19 86 patients with COVID-19
without NAFLD NAFLD

FIG. 1. Flow chart of patient selection.

1.2 (IQR, 0.9-1.6) x 10°/L,, respectively. Leukopenia
and lymphopenia were observed in 25.4% and 26.8%
of patients, respectively. One hundred (35.7%)
patients presented with abnormal liver function on
admission. Serum ALT (56 [20.0%]) was the most
frequent abnormal parameter, followed by GGT (42
[15.0%]), AST (38 [13.6%]), Thil (26 [9.3%]), and
ALP (7 [2.5%]) on admission. The median baseline
levels of ALT, AST, GGT, Tbil, ALP, fasting blood
glucose, triglyceride, and total cholesterol were 25.0
(IQR, 19.0-37.0) U/L, 24.8 (IQR, 20.0-32.0) U/L,
25.0 (IQR, 15.0-39.0) U/L, 10.2 (IQR, 7.1-15.0)
pmol/L, 63.0 (IQR, 51.0-75.0) U/L, 5.7 (IQR, 5.0-
6.4) mmol/L, 1.2 (IQR, 0.9-1.6) mmol/L, and 3.8
(IQR, 3.3-4.5) mmol/L, respectively. A total of 255
(91.1%) patients presented abnormal chest computed
tomography (CT) images (Table 2).

The proportion of leukopenia (29.9% vs. 15.1%;
P = 0.009) and lymphopenia (31.4% vs. 16.3%;
P = 0.008) was higher in patients without NAFLD
than with NAFLD. The median ALT levels (34.5 U/L
vs. 23.0 U/L; P < 0.001) and the proportion of ele-
vated ALT (40.7% vs. 10.8%; P < 0.001) in patients
with  NAFLD were significantly higher than in
patients without NAFLD. Patients with NAFLD also
presented higher GGT levels (34.0 U/L vs. 21.0 U/L;

P < 0.001) and a higher proportion of GGT eleva-
tion (22.3% vs. 11.3%; P = 0.01) than patients without
NAFLD. However, there were no significant differ-
ences in the median serum AST, Tbil, and ALP levels
between the two groups. The proportion of abnormal-
ities of chest CT images was also similar between the

two groups (Table 2).

DYNAMIC CHANGES OF LIVER
FUNCTION TESTS DURING
HOSPITALIZATION

The highest levels of liver function tests for each
patient during hospitalization were selected for the
analysis. During hospitalization, 176 (62.9%) patients
presented abnormal liver function tests, including 131
(46.8%) patients with elevated ALT, 92 (32.9%) with
elevated GGT, 74 (26.4%) with elevated AST, 72
(25.7%) with elevated Thil, and 10 (3.6%) with ele-
vated ALP. Among these patients, 76 (43.2%) patients
had normal liver function on admission. The median
peak values of ALT, AST, GGT, Tbil, and ALP were
39.0 (IQR, 24.0-66.0) U/L, 28.0 (IQR, 22.0-42.0)
U/L, 34.0 (IQR, 18.0-60.0) U/L, 14.7 (IQR, 10.4-
20.5) pmol/L, and 68.0 (IQR, 56.0-84.0) U/L during
hospitalization, respectively.
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TABLE 1. DEMOGRAPHIC AND EPIDEMIOLOGIC CHARACTERISTICS OF PATIENTS WITH COVID-19
WITH AND WITHOUT NAFLD

Variables (n [%] or Median [IQR]) All Patients (N = 280) Non-NAFLD (n = 194) NAFLD (n = 86) PValue
Age (years) 43.0 (32.0-56.0) 42.5(31.8-57.3) 43.5 (32.8-53.3) 0.924
Age range 0.747
<50 years 185 (66.1) 127 (65.5) 58 (67.4)
>50 years 95(33.9) 67 (34.5) 28 (32.6)
Sex 0.181
Male 146 (52.1) 96 (49.5) 50 (58.1)
Female 134 (47.9) 98 (50.5) 36 (41.9)
BMI (kg/m?) 24.2 (21.9-26.2) 23.1(21.0-24.8) 27.1 (25.3-29.7) <0.001
BMI range <0.001
<28 kg/m? 242 (86.4) 191 (98.5) 51 (59.3)
>28 kg/m? 38 (13.6) 3(1.5) 35 (40.7)
Onset signs and symptoms
Fever 187 (66.8) 132 (68.0) 55 (64.0) 0.503
Cough 156 (55.7) 109 (56.2) 47 (54.7) 0.812
Fatigue 58 (20.7) 42 (21.6) 16 (18.6) 0.562
Sore throat 32(11.4) 22(11.3) 10 (11.6) 0.944
Muscle ache 28 (10.0) 21 (10.8) 7(8.1) 0.49
Shortness of breath 23(8.2) 16 (8.2) 7(8.1) 0.976
Headache 19 (6.8) 16 (8.2) 3(3.5) 0.144
Comorbidities
Any comorbidity 71 (25.4) 44 (22.7) 27 (31.4) 0.122
Hypertension 45(16.1) 27 (13.9) 18 (20.9) 0.118
Diabetes 21(7.5) 11(5.7) 10 (11.6) 0.081
Chronic lung diseases 10 (3.6) 8(4.1) 2(2.3) 0.454
Malignant fumor 4(1.4) 2(1.0) 2(2.3) 0.4
Exposure history
Contact with suspected or confirmed 164 (58.6) 114 (58.8) 50 (58.1) 0.922
patients
Contacted with people from Wuhan or 102 (36.4) 77 (39.7) 25(29.1) 0.088
non-Wuhan areas of Hubei Province
Visited Wuhan or non-Wuhan areas of 97 (34.6) 67 (34.5) 30 (34.9) 0.955
Hubei Province
Time from symptom onset to admission 5.0 (2.0-8.0) 5.0 (3.0-8.0) 4.5(2.0-8.0) 0.258

(days)

During hospitalization, the proportion of elevated
ALT in patients with NAFLD was significantly
higher than in patients without NAFLD (65.1% vs.
38.7%; P < 0.001), while the proportion of elevated
Thil, AST, GGT, and ALP was comparable between
the two groups. The median peak values of ALT
(54.0 U/L vs. 33.0 U/L; P < 0.001) and GGT
(43.0 U/L vs. 28.0 U/L; P < 0.001) were significantly
higher in patients with NAFLD than in those without
NAFLD during hospitalization. However, the median
peak values of AST, Tbil, and ALP were comparable
between the two groups (Table 3).
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RISK FACTORS OF ELEVATED ALT
DURING HOSPITALIZATION

Logistic regression analysis was performed to iden-
tify the risk factors of elevated ALT (>40 U/L) in
patients with COVID-19. Univariate analysis revealed
that age >50 years (odds ratio [OR], 1.847; 95% con-
fidence interval [CI], 1.120, 3.047; P = 0.016), male
sex (OR, 1.753; 95% CI, 1.090, 2.819; P = 0.021),
BMI >28 kg/m” (OR, 2.467; 95% CI, 1.205, 5.052;
P = 0.014), concurrent NAFLD (OR, 2.962; 95% CI,
1.745, 5.028; P < 0.001), severe illness (OR, 6.133;
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TABLE 2. BASELINE LABORATORY PARAMETERS AND CHEST CT OF PATIENTS WITH COVID-19 WITH

AND WITHOUT NAFLD
Variables (n [%] or Median [IQR]) All Patients (N = 280) Non-NAFLD (n=194) NAFLD (n = 86) PValue
WBC (x10°/L) 4.9 (3.9-6.2) 4.7 (3.7-5.8) 5.5(4.2-6.8) <0.001
Decreased 71 (25.4) 58 (29.9) 13 (15.1) 0.009
Lymphocytes (x10°/L) 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.4 (0.9-1.8) 0.041
Decreased 75 (26.8) 61 (31.4) 14 (16.3) 0.008
ALT (U/L) 25.0(19.0-37.0) 23.0(15.8-30.0) 34.5 (25.0-50.5) <0.001
>40 UL 56 (20.0) 21(10.8) 35 (40.7) <0.001
AST (U/L) 24.8 (20.0-32.0) 24.0(19.0-32.0) 26.0(20.0-33.3) 0.222
>40 UL 38 (13.6) 24 (12.4) 14 (16.3) 0.378
GGT (UL) 25.0(15.0-39.0) 21.0(14.0-33.0) 34.0 (19.8-48.3) <0.001
>50 UL 42 (15.0) 22(11.3) 20 (23.3) 0.01
Thil (umol/L) 10.2 (7.1-15.0) 10.1 (7.0-14.3) 10.9 (7.8-16.3) 0.077
>20 pmol/L 26 (9.3) 13 (6.7) 13 (15.1) 0.025
ALP (UL) 63.0 (51.0-75.0) 62.0 (51.0-77.0) 63.0 (51.3-72.8) 0.617
>150 UL 7 (2.5) 7 (3.6) 0 0.074
FBG (mmol/L) 5.7 (5.0-6.4) 5.6 (4.9-6.2) 5.7 (5.1-7.0) 0.116
TG (mmol/L) 1.2 (0.9-1.6) 1.1 (0.8-1.5) 1.4(1.0-1.9) 0.004
TC (mmol/L) 3.8 (3.3-4.5) 3.7 (3.2-4.4) 3.9 (3.4-4.6) 0.078
Chest CT 0.727
No pneumonia 25(8.9) 19 (9.8) 6(7.0)
Unilateral pneumonia 37(13.2) 26 (13.4) 11(12.8)
Bilateral pneumonia 218 (77.9) 149 (76.8) 69 (80.2)

Abbreviations: TC, total cholesterol; TG, triglyceride; WBC, white blood cells.

TABLE 3. LABORATORY PARAMETERS IN PATIENTS WITH COVID-19 PATIENTS WITH AND WITHOUT

NAFLD DURING HOSPITALIZATION

Variables (n [%] or Median [IQR]) All Patients (N = 280) Non-NAFLD (n = 194) NAFLD (n = 86) PValue
ALT

>40 UL 131 (46.8) 75 (38.7) 56 (65.1) <0.001

Median peak levels (U/L) 39.0 (24.0-66.0) 33.0 (22.0-58.8) 54.0 (31.7-78.0) <0.001
AST

>40 UL 74 (26.4) 51 (26.3) 23(26.7) 0.936

Median peak levels (U/L) 28.0 (22.0-42.0) 27.5(22.0-42.0) 31.0(23.0-42.0) 0.255
GGT

>50 UL 92 (32.9) 57 (29.4) 35 (40.7) 0.063

Median peak levels (U/L) 34.0 (18.0-60.0) 28.0 (16.0-54.8) 43.0 (31.2-66.5) <0.001
Thil

>20 pmol/L 72 (25.7) 49 (25.3) 23 (26.7) 0.793

Median peak levels (pmol/L) 14.7 (10.4-20.5) 14.8 (10.3-20.4) 14.7 (10.8-20.9) 0.569
ALP

>150 U/L 10 (3.6) 9 (4.6) 1(1.2) 0.148

Median peak levels (U/L) 68.0 (56.0-84.0) 67.5 (55.0-84.8) 68.0 (58.0-81.5) 0.905

95% CI, 2.259, 16.652; P < 0.001), intensive care
unit (ICU) admission (OR, 4.338; 95% CI, 1.391,
13.530; P = 0.011), and atomized inhalation of inter-
feron (IFN)a-2b (OR, 0.389; 95% CI, 0.239, 0.633;

P < 0.001) were associated with elevated ALT levels
(Table 4). Further multivariate analysis showed that
age over 50 years (OR, 2.077; 95% CI, 1.183, 3.648;
P =0.011) and concurrent NAFLD (OR, 2.956; 95%
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TABLE 4. RISK FACTORS OF ELEVATED ALT (>40 U/L) DURING HOSPITALIZATION IN PATIENTS WITH

COVID-19
Univariate Multivariate

Variables OR (95% ClI) PValue OR (95% Cl) PValue
Age

<50 years Reference

>50 years 1.847 (1.120, 3.047) 0.016 2.077 (1.183, 3.648) 0.011
Sex

Female Reference

Male 1.753 (1.090,2.819) 0.021 1.646 (0.975,2.778) 0.062
BMI

<28 kg/m? Reference

>28 kg/m? 2.467 (1.205,5.052) 0.014 0.901 (0.360, 2.258) 0.825
NAFLD

No Reference

Yes 2.962 (1.745,5.028) <0.001 2.956 (1.526,5.726) 0.001
Severe illness

No Reference

Yes 6.133 (2.259,16.652) <0.001 4.009 (0.966,16.638) 0.056
ICU

No Reference

Yes 4.338 (1.391,13.530) 0.011 0.931 (0.175, 4.946) 0.933
Hypertension

No Reference

Yes 0.576 (0.297,1.116) 0.102
Diabetes

No Reference

Yes 0.842 (0.343,2.067) 0.708
Atomized inhalation of

[FNo-2b

No Reference

Yes 0.389 (0.239,0.633) <0.001 0.402 (0.236,0.683) 0.001
Lopinavir/ritonavir

No Reference

Yes 1.244(0.733,2.111) 0.418
Arbidol

No Reference

Yes 1.218 (0.761,1.949) 0.411

CI, 1.526, 5.726; P = 0.001) were two independent
risk factors of ALT elevation, while atomized inhala-
tion of IFNa-2b (OR, 0.402; 95% CI, 0.236, 0.683;
P = 0.001) was related to a reduced risk of ALT

elevation.

TREATMENT AND CLINICAL
PROGNOSIS

Atomized inhalation of IFNa-2b,lopinavir/ritonavir,
and arbidol were the most commonly used antiviral
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drugs in our study; these account for 57.1%, 72.5%,
and 49.3% of the patients, respectively (Table 5),
while 73.6% of patients received empirical antibiotic
treatment. In addition, 73 (26.1%) patients were given
corticosteroids, and 35 (12.5%) patients were treated
with gamma globulin. Up to February 29, 2020, a
total of 22 (7.9%) patients developed respiratory fail-
ure and 4 (1.4%) patients progressed to acute respira-
tory distress syndrome (ARDS). However, no patient
developed liver failure and death. Twenty-eight
(10.0%) patients were transferred to the ICU during
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TABLE 5. TREATMENT, COMPLICATIONS, AND OUTCOMES OF PATIENTS WITH COVID-19 WITH AND

WITHOUT NAFLD
Variables (n [%]) All Patients (N = 280) Non-NAFLD (n = 194) NAFLD (n = 86) PValue
Drug freatment
Atomized inhalation of IFNa-2b 160 (57.1) 116 (59.8) 44 (51.2) 0.178
Lopinavir/ritonavir 203 (72.5) 144 (74.2) 59 (68.6) 0.331
Arbidol 138 (49.3) 92 (47.4) 46 (53.5) 0.349
Antibiotic 206 (73.6) 141 (72.7) 65 (75.6) 0.612
Glucocorticoid 73 (26.1) 47 (24.2) 26 (30.2) 0.291
Gamma globulin 35(12.5) 21(10.8) 14 (16.3) 0.203
Complications
Respiratory failure 22(7.9) 12 (6.2) 10 (11.6) 0.118
ARDS 4(1.4) 2(1.0) 2(2.3) 0.4
Liver failure 0 0 0
Outcomes
Remained in hospital 69 (24.6) 46 (23.7) 23(26.7) 0.587
Hospital discharge 211 (75.4) 148 (76.3) 63 (73.3) 0.587
Severe illness 28 (10.0) 16 (8.2) 12 (14.0) 0.142
Admission fo ICU 18 (6.4) 13 (6.7) 5(5.8) 0.78
Death 0 0 0

hospitalization. As of February 29, 2020, 69 (24.6%)
patients were still hospitalized. The treatment drugs,
complications, and clinical outcomes were comparable
between patients with and without NAFLD.

Discussion

In our study, 30.7% of patients with COVID-
19 had NAFLD. The global prevalence of NALFD
is 6.3%-45% in the general population.(9’17) In
most Asian countries, the prevalence of NAFLD is
above 25%.”) A recent meta-analysis of NAFLD in
Mainland China reported that the overall prevalence
of NAFLD is about 30%.1® Thus, the rate of con-
current NAFLD in patients with COVID-19 in our
study is consistent with the prevalence of NALFD in
the general population in China, indicating that con-
current NAFLD may not be a risk factor of SARS-
CoV-2 infection.

Consistent with other studies,(6’7) the most com-
mon symptoms were fever (66.8%) and cough (55.7%).
However, the common symptoms were not signifi-
cantly different between NAFLD and non-NAFLD
groups. The most common laboratory abnormalities
that we observed were leukopenia and lymphopenia.
Fewer patients with COVID-19 with NAFLD had
leukopenia and lymphopenia compared with patients

without NAFLD. These findings need to be validated
in the future, and the mechanisms deserve further
investigation.

We found that 37.3% of patients presented abnor-
mal liver function on admission; the most common
included elevated ALT, AST, and GGT. Previous
research also reported that 14%-53% of COVID-19
cases reported abnormal levels of ALT and AST.®
In the study by Zhang et al,*®) elevated GGT was
observed in 30 (54%) of 56 patients with COVID-
19. Thus, the proportions of elevated ALT, AST, and
GGT in our study were consistent with reported data.
However, we found that median levels of ALT and
GGT as well as the proportion of elevated ALT and
GGT were higher in patients with NAFLD com-
pared to patients without NAFLD on admission.
Furthermore, patients with NAFLD had a higher
proportion of elevated ALT levels and higher peak
ALT levels during hospitalization compared to those
without NAFLD. Logistic regression analysis also
confirmed that NAFLD was associated with elevated
ALT in our study. These results indicate that patients
with NAFLD are more likely to develop abnor-
mal liver function after infection by SARS-CoV-2.
However, the levels of elevated ALT, AST, and GGT
were generally not high on admission or during hospi-
talization in our study. All patients with NAFLD with

abnormal liver function tests showed mild to moderate
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liver damage; severe liver injury and liver failure were
not observed in patients with or without NAFLD.
Previous studies also reported that few patients devel-

oped severe liver-related complications.”"?)

Currently, the mechanisms of COVID-19-related
liver injury are not clear. It is reported that SARS-
CoV-2 may directly cause liver injury through angio-
tensin converting enzyme 2 (ACE2) expressed in
cytomembranes.*”) Both liver cells and bile duct cells
express ACE2.%% Thus, both hepatocyte and cholan-
giocyte injury may occur in COVID-19. In our study,
besides ALT and AST, increased GGT, which is a
diagnostic biomarker for cholangiocyte injury, was also
observed. Drug-induced liver injury may be another
possible contributing factor to the observed abnor-
mal liver function test because some patients devel-
oped liver function abnormalities after therapeutics
began.(lg) However, mild elevations of liver enzymes,
such as ALT, are also common in NAFLD.?" Further
investigations are needed to understand the mecha-
nisms of liver injury caused by the interaction between
existing NAFLD and COVID-19.

We analyzed the risk factors of liver injury in
COVID-19. Age over 50 years was a risk factor of
ALT elevation. Thus, more attention should be paid
to elderly patients. We found atomized inhalation
of IFNa-2b to be related to a reduced risk of ALT
>40 U/L. One interpretation may be that atomized
inhalation of IFNa-2b suppresses SARS-CoV-2 and
reduces liver impairment caused by the virus. However,
turther studies are needed to confirm our hypothesis.

In our study, only 7.9% of patients developed respi-
ratory failure and 1.4% progressed to ARDS; 6.4% of
patients were transferred to the ICU during hospital-
ization, but no patient died. However, the complica-
tions and clinical outcomes were comparable between
patients with and without NAFLD. Although more
patients with NAFLD presented abnormal liver
function, concurrent NAFLD is not associated with
adverse clinical outcomes in patients with COVID-
19. Most of our patients were young, and the propor-
tion of comorbidities was relatively low in our study,
which may be associated with the good prognosis
of our cohort. Ji et al.?? reported the prevalence of
NAFLD in progressive patients with COVID-19 was
higher than stable patients (87.2% vs. 25.8%); how-
ever, the median age and comorbidities in progres-
sive patients with COVID-19 were also significantly
higher than stable patients. Another study revealed
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that concurrent NAFLD increased the risk of pro-
gression to severe COVID-19 in patients without
diabetes, but the sample size was relatively small.®
Thus, the impacts of NAFLD on the prognosis of
COVID-19 deserve further investigation.

In general, the prevalence of diabetes mellitus (DM)
is higher in patients with NAFLD than those with-
out NAFLD.?¥ We found the incidence of DM in
patients with NAFLD (11.6%) to be higher than those
without NAFLD (5.7%). However, there was no sig-
nificant difference of incidence of DM between these
two groups (P = 0.081). A possible reason may be the
relatively small sample size with only 21 patients (7.5%)
having DM in our study. We found fasting blood glu-
cose (FBG) levels to be comparable between patients
with NAFLD and those without NAFLD. However,
all patients were diagnosed with DM before SARS-
CoV-2 infection. These patients have been treated
with hypoglycemic drugs, which may partially interpret
the comparable FBG levels between the two groups.

This study has some limitations. First, using the
HSI to define NAFLD in the absence of known liver
disease may misclassify and under/overestimate the
presence of NAFLD. However, HSI was proposed by
Lee et al."? as a diagnostic tool for NAFLD and has
been validated by several studies with acceptable diag-
@527 Due to the emergency situation,
liver histology and/or radiologically for the diagnosis of
NAFLD was not available in our study. Although liver
histology is considered to be the gold standard for the
diagnosis of NAFLD, it cannot be conducted on the
general population or for patients with COVID-19.
Second, patients with NAFLD have been reported to
have a greater chance of developing drug-induced hep-
atotoxicity, and this may have contributed to the greater
AST/ALT values and impact the HSI scores. %83
Third, the fibrosis stages of patients were not assessed
in our cohort. FibroScan is a promising measurement
to assess the presence of NAFLD and fibrosis stages in
CLDs.3%% However, FibroScan is not a routine test
for patients with COVID-19, and the information was
not available for our study. Prospective studies using
imaging or even histology to determine the presence
of NAFLD and fibrosis stages of patients are needed
to confirm the impacts of NAFLD on COVID-19.

In conclusion, patients with NAFLD are more
likely to develop liver injury when infected by SARS-
CoV-2. However, no patient with COVID-19
with NAFLD developed severe liver injury during

nostic accuracy.
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hospitalization. Further prospective studies are needed

to confirm our findings.
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