Received: 7 April 2020

First decision: 11 April 2020

Accepted: 23 June 2020

DOI: 10.1111/apt.15962

APLT Alimentary Pharmacology & Therapeutics WILEY

The association between markers of liver injury and clinical
outcomes in patients with COVID-19 in Wuhan

Haijun Huang! | Shanshan Chen'? | HonglLi'® | Xian-Long Zhou* | Yining Dai® |

JiaWu! | JunZhang® | LinaShao! | RongYan®! | Mingshan Wang! | Jiafeng Wang! |

Yuexing Tu! | Minghua Ge!

'Hangzhou, China
2Bengbu, China
3Qingdao, China
4Wuhan, China

Correspondence

Minghua Ge and Yuexing Tu, Zhejiang
Provincial People's Hospital Hangzhou,
Hangzhou, China.

Emails: geminghua@hmc.edu.cn (M. G.) and
tuyuexing1988@163.com (Y. T.)

Funding information

National Natural Science Foundation of
China, Grant/Award Number: 81672115 and
81800507; Emergency Response Project of
Hubei Science and Technology Department,
Grant/Award Number: 2020FCA023

Summary

Background: The outbreak of coronavirus disease 2019 (COVID-19) is a critical chal-
lenge for public health. The effect of COVID-19 on liver injury has not been fully
established.

Aims: To evaluate the dynamic changes in liver function and the relationship between
liver damage and prognosis in patients with COVID-19.

Methods: Retrospective analysis of clinical data of 675 patients with COVID-19 in
Zhongnan Hospital of Wuhan University from January 3 to March 8, 2020. Patients
were classified as having normal or abnormal liver function and liver injury.

Results: Of 675 patients, 253 (37.5%) had abnormal liver function during hospitali-
sation, and 52 (7.7%) had liver injury. The dynamic changes of ALT and AST levels
were more significant in patients with liver injury and in those who died. AST >3-fold
upper limit of normal (ULN) had the highest risk of death and mechanical ventilation.
Compared to patients with normal AST levels, mortality and risk of mechanical ven-
tilation significantly increased 19.27-fold (95% confidence interval [Cl], 4.89-75.97;
P < 0.0001) and 116.72-fold (95% Cl, 31.58-431.46; P < 0.0001), respectively, in
patients with AST above 3-fold ULN. Increased leucocytes, decreased lymphocytes
and female sex were independently associated with liver injury.

Conclusions: The dynamic changes in liver function may have a significant correla-
tion with the severity and prognosis of COVID-19. Increased index of liver injury was
closely related to mortality and need for mechanical ventilation. Therefore, these

indicators should be closely monitored during hospitalisation.
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1 | INTRODUCTION

In December 2019, unexplained pneumonia cases emerged in
Wuhan, Hubei Province, China,”? which spread rapidly throughout
the country and became a public health emergency of international
concern. On January 7, a novel coronavirus was detected in a swab
sample of a patient by the China Center for Disease Control and
Prevention (CDC). The disease was subsequently named the novel
coronavirus disease 2019 (2019-nCoV).%

The pathogen of COVID-19 pneumonia is severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2),%*

which mainly causes
respiratory, intestinal, liver and nervous system diseases.>® A study
showed that more than 50% of patients with COVID-19 have differ-
ent degrees of liver injury.7 Some studies have reported the clinical
characteristics of patients with coronavirus disease 2019 (COVID-
19), including some factors that may lead to COVID-19-related liver
damage and the relationship between liver function damage and dis-
ease prognosis.1'3’8'11 In these studies, different degrees of elevated
levels of alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were reported.>>®1? However, the effect of COVID-19
on liver injury has not been fully presented.

Liver injury is related to the severity and mortality of COVID-
19.13%6 Caij et al systematically described the clinical characteristics
of COVID-19 patients with liver injury and revealed that liver injury
was related to disease severity.! In addition, a study reported that
liver injury was related to death in patients with COVID-19, and mor-
tality was related to an increase in liver enzyme levels.'® However,
mechanical ventilation, which is the main auxiliary treatment for
critical patients and an important clinical outcome of COVID-19,
was not involved. On the other hand, dynamic changes in liver func-
tions may indicate a certain relationship between liver injury and
mortality. There were few studies on the dynamic changes of liver
functions in COVID-19-related liver injury.’®'” Nevertheless, the dy-
namic changes in liver function based on fatal and nonfatal individ-
uals have never been reported. Moreover, there is little research on
what abnormalities occur at what time and how those may relate to
clinical outcomes. Therefore, we retrospectively analysed the clini-
cal characteristics and dynamic changes in liver function based on
different liver function levels at admission and different prognosis,
in the purpose of finding out risk factors related to liver injury, and
associations between markers of liver injury and clinical outcomes in

COVID-19, including mortality and mechanical ventilation.

2 | MATERIALS AND METHODS
2.1 | Patients

From January 3 to March 8, 2020, the medical records of in-pa-
tients diagnosed with COVID-19 were analysed retrospectively at
Zhongnan Hospital of Wuhan University. Information on epide-
miological, demographic, clinical symptoms or physical signs and

comorbidities was extracted from the electronic medical records.
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This retrospective study was approved by the Research Ethics
Commission of Zhongnan Hospital of Wuhan University and the
Ethics Committee of Zhejiang Provincial People's Hospital. The re-
quirement for informed consent was waived due to its retrospective
design.

According to the diagnosis and treatment standard of COVID-
198 issued by the National Health Committee, the disease severity
was divided into three groups: mild, severe and critical. Patients with
mild type might have fever and respiratory symptoms, and pneumo-
nia was revealed by imaging. Severe COVID-19 was defined when
the patients met any of the following criteria: (a) respiratory distress
(230 breaths/min); (b) resting oxygen saturation <93%; and (c) arte-
rial blood oxygen partial pressure (Pa02)/FiO2 <300 mm Hg. In the
critical group, at least one of the following three diagnostic criteria
should be met: (a) respiratory failure requiring mechanical oxygen-
ation; (b) shock; and (c) the development of other organ failure that
necessitated intensive care unit (ICU) care. We defined liver abnor-
malities as any parameter being greater than the upper limits of the
normal (ULN) values of ALT (40 U/L), AST (40 U/L) and total bilirubin
(TBIL) (21 umol/L). We defined liver injury as the level of serum ALT
being at least 3-fold greater than the ULN.%3

2.2 | Data collection

Clinical data of patients were collected: demographic (including
age and gender), history of illness, clinical symptoms or signs and
laboratory examination. Laboratory tests included blood routine,
C-reactive protein (CRP), coagulation function, serum biochemical
indicators (ALT, AST and alkaline phosphatase [AKP], gamma-gluta-
myl transpeptidase [GGT], TBIL and albumin, etc), lactate dehydro-
genase, procalcitonin and other data as well as specific drug use. The
clinical characteristics, disease severity and laboratory examinations
of patients in the liver injury group, abnormal liver function and nor-
mal liver function groups were compared; the related factors and

prognosis of liver injury were analysed.

2.3 | Statistical analysis

Statistical analyses of the data were performed with SPSS software
(version 21.0, SPSS Inc, IBM). Classified variables were represented
by frequency. Continuous variables were described as the median
(interquartile range [IQR]). If the data were normally distributed,
a t test was used to compare the continuous variables; otherwise,
the Mann-Whitney test was used. The Chi-squared test was used
to compare the proportion of classified variables. The proportions
of categorical variables were compared by the Chi-squared test or
Fisher's exact test. Dynamic changes in liver function based on dif-
ferent liver function levels at admission and different prognosis were
presented using locally weighted scatterplot smoothing (LOESS). The
mixed-effect Cox proportional risk regression model was used to

study the relationship between liver enzyme level and mortality and
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mechanical ventilation. The mixed-effect Cox model was adjusted
for gender, age, smoking, chronic liver disease and comorbidities (in-
cluding hypertension, diabetes mellitus, coronary heart disease and
chronic obstructive pulmonary disease). To explore the factors asso-
ciated with COVID-19-related liver injury, logistic regression analysis
was performed. The variables with P < 0.1 in a univariate analysis
were then included in a forward stepwise regression model. A two-
sided P of less than 0.05 was considered statistically significant.

3 | RESULTS

3.1 | Demographic and epidemiological
characteristics

A total of 726 patients with confirmed COVID-19 were recruited in
the study, and 51 patients were excluded because of incomplete rele-
vant data and delayed admission from symptom onset. Ultimately, 675
patients with COVID-19 were included in the study (Figure 1). The
clinical characteristics of patients grouped according to liver function
upon admission are shown in Supplementary Table. There were 52 pa-
tients with liver injury, 25 of whom had liver injury at admission, while
the other 27 developed liver injury during hospitalisation.

The baseline characteristics of patients grouped according to
liver function during hospitalisation are shown in Table 1. Among
the 675 patients, 370 (54.8%) patients had normal liver function, 253
(37.5%) patients had abnormal liver function and 52 (7.7%) patients
had liver injury. In patients with liver injury, the median age was
51.50 (35.75-60.25), and the ratio of males to females was 4:1. The
body mass index (BMI) of patients with liver injury was 24.66 (23.14-
26.37), which was higher than that of patients with normal and
abnormal liver function. The incidences of hypertension, diabetes
mellitus (DM), coronary heart disease (CHD) and chronic obstructive
pulmonary disease (COPD) were 12 (23.08%), 6 (11.54%), 6 (11.54%)
and 1 (1.92%), respectively, in these patients with liver injury.

Among 52 patients with liver injury, 42 (80.77%) patients had
fever, and 20 (38.46%) had dyspnoea, which were significantly higher
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than those of patients without liver injury (P < 0.001). Twenty-eight
(53.85%) patients with liver injury were in the mild group, 8 (15.38%)
patients were in the severe group and 16 (30.77%) patients were
in the critical group. The median values of ALT, AST and TBIL were
105.00 (49.25-159.50), 58.50 (45.00-90.50) and 12.55 (9.50-17.67),
respectively, which were much higher than those of patients with
normal and abnormal liver function (P < 0.001 for all). The number of
lymphocytes in patients with liver injury was 1.08 (0.58-1.63), which

was significantly lower than that in patients without liver injury.

3.2 | Dynamic changes in liver function in patients
with COVID-19

Figure 2 depicts the dynamic changes of ALT, AST and TBIL in pa-
tients with normal, abnormal liver function and liver injury. The ALT,
AST and TBIL levels in patients with normal liver function at admis-
sion were always within the normal range during hospitalisation.
With regard to those with abnormal liver function at admission, the
ALT and AST levels generally fluctuated in a range of 1-2 times of
ULN. In the group of liver injury, ALT and AST levels increased gradu-
ally during the course of disease, reaching their peaks in the third
week after symptom onset. Along with the conditions of COVID-
19 improved, ALT and AST concentrations gradually returned to the
levels at admission. Among the three groups, TBIL level fluctuated
slightly within the normal range.

Figure 3 illustrated the trajectories of ALT, AST and TBIL in the
nonfatal and fatal groups. The models showed significant differences
between the ALT, AST and TBIL of the two groups, as the range-
ability was significantly greater, and most of the time, the values
were higher in the fatal group. In the first week, both the fatal and
nonfatal groups had a normal range of ALT levels. Subsequently, the
ALT rose rapidly until it peaked and exceeded the ULN at the third
week in the fatal group. In addition, slightly elevated ALT levels oc-
curred during the 2-3 weeks after the onset of fever in the nonfatal
groups. Figure 3B illustrated the slight elevation of AST on the first
day of symptom onset in the fatal group, which was maintained at

study period¢

726 Patients with COVID-19 were enrolled during the

51 Were excluded<
37 Were more than 30
days from symptom onset

v

to admission¢

14 Were lack of records
from symptom onset to
admission<

v

FIGURE 1 Flow diagram of the
exclusion criteria. COVID-19, coronavirus
disease 2019

analysis¢

675 Patients were included in the retrospective
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TABLE 1 Clinical Characteristics of COVID-19 Patients with normal, abnormal and injury liver function during hospitalisation

Characteristics
Number (%)
Age (y)
Males (%)
BMI (kg/m?)
Comorbidities (%)
Hypertension
DM
CHD
COPD
Chronic liver disease
Symptom (%)
Fever
Cough
Dyspnoea
Muscle ache
Hypodynamic
Chest distress
Blood biochemistry
ALT (U/L)
AST (U/L)
TBIL (umol/L)
ALP (U/L)
GGT (U/L)
Disease severity (%)
Mild
Severe
Critical
Blood tests
WBC (x109/L)
Lymphocytes (x109/L)
HB (g/L)
PLT (x109/L)
CRP (mg/L)
IL-6 (pg/mL)

Liver function

Normal

370 (54.8%)
53.50 (37.00-64.00)
122 (32.97%)
23.44 (21.30-25.25)

(21.08%)
(9.73%
(5.14%

(2.70%)
10(2.70%)

78
36 )
19 )
10

233 (62.97%)
192 (51.89%)
45 (12.16%)
42 (11.57%)
113 (30.54%)
67 (18.11%)
18.00 (13.00-26.00)
20.00 (16.00-24.00)
10.60 (8.50-13.30)
81.00 (65.00-102.00)
21.00 (14.00-31.00)

322 (87.03%)
43 (11.62%)
5(1.35%)

5.20(4.13-6.23)

1.39 (1.02-1.68)
127.70 (117.40-136.65)
201.00 (169.00-244.00)

2.62(1.27-9.63)

1.60(0.00-4.53)

HUANG ET AL.
Abnormal Injury P value
253 (37.5%) 52 (7.7%)
58.00 (47.00-67.00) 51.50 (35.75-60.25) <0.001
149 (58.89%) 42 (80.77%) <0.001
24.22 (22.31-26.17) 24.66(23.14-26.37) 0.025
71(28.06%) 12 (23.08%) 0.132
25(9.88%) 6(11.54%) 0.92
15 (5.93%) 6(11.54%) 0.187
4(1.58%) 1(1.92%) 0.64
14(5.53%) 3(5.77%) 0.131
192 (75.89%) 42 (80.77%) <0.001
134 (52.96%) 27 (51.92%) 0.964
62 (24.51%) 20 (38.46%) <0.001
33 (13.47%) 7 (14.89%) 0.69
92 (36.36%) 19 (36.54%) 0.275
70 (27.67%) 18 (34.62%) 0.002
42.00 (24.00-58.00) 105.00 (49.25-159.50) <0.001
34.00 (24.00-48.00) 58.50 (45.00-90.50) <0.001
13.00 (9.80-18.90) 12.55 (9.50-17.67) <0.001
81.00 (64.00-106.00) 81.50 (65.00-103.75) 0.56
35.00(23.00-63.00) 53.50(32.75-85.25) <0.001
<0.001
173 (68.38%) 28 (53.85%)
48 (18.97%) 8(15.38%)
32 (12.65%) 16 (30.77%)
5.66 (4.48-7.09) 6.08 (4.91-7.88) <0.001
1.23(0.78-1.72) 1.08 (0.58-1.63) 0.002
132.60 (122.30-142.60) 139.00 (125.85-150.00) <0.001
196.00 (155.00-240.00) 196.50 (142.00-236.25) 0.451
11.60 (2.10-56.05) 25.22(2.12-74.18) <0.001
3.70(0.30-18.93) 7.89 (0.10-47.98) 0.774

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; CHD, coronary
heart disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; GGT, glutamyl transpeptidase; HB,
haemoglobin; IL-6, interleukin-6; PLT, platelet count; TBIL, total bilirubin; ULN, upper limit of normal; WBC, white blood cell.

high levels. Furthermore, the AST increased rapidly in the fatal group
until it peaked and exceeded the 3ULN value at the third week. In

contrast, the change in AST levels in the nonfatal group remained in

the normal range for 30 days. Figure 3C depicted that the fluctuation
in TBIL levels was mild and normal in the nonfatal group, and the TBIL
levels increased much more slowly than the ALT and AST in the fatal
group. Nevertheless, TBIL continued to rise slowly until it surpassed
the ULN at the third week.

3.3 | Associations between liver function and
clinical outcomes

Kaplan-Meier survival curves were used to evaluate the survival
probability and mechanical ventilation-free survival probability
during hospitalisation in patients of COVID-19 with different lev-
els of ALT, AST and TBIL. Among these indexes of liver function,

AST over 3-fold ULN had the highest risks of death and mechanical
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FIGURE 3 Smooth trajectories and scatter represent the median values (A) ALT; (B) AST; and (C) TBIL in the fatal and nonfatal groups

ventilation. In addition, abnormal levels of ALT and TBIL were also
significantly associated with the risk of death and mechanical ven-
tilation (Figures 4 and 5). The relationship between impaired liver
function, mortality and mechanical ventilation was evaluated by a
mixed-effect Cox model adjusted for age, gender, smoking, chronic
liver disease and comorbidities, with the hazard ratios of ALT, AST
and TBIL to mortality and the risk of mechanical ventilation showed
in Table 2. Compared with patients with normal AST, the risks of
death and mechanical ventilation increased by 19.27-fold (95% confi-
dence interval [Cl], 4.89-75.97; P < 0.0001) and 116.72-fold (95% ClI,
31.58-431.46; P < 0.0001), respectively, in patients with AST above
3-fold ULN.

3.4 | Predictors of liver injury in COVID-19

Logistic regression analysis of the influencing factors of liver injury,
such as epidemiological and clinical characteristics, and laboratory
variables was performed to select the predictor parameters of COVID-
19 patients. Factors significantly associated with liver injury were in-

creased leucocytes, decreased lymphocytes and female (Table 3).

4 | DISCUSSION

In this study, we retrospectively and systematically analysed the

clinical characteristics of patients with normal, abnormal liver

function and liver injury in 675 patients with COVID-19 in Wuhan.
It demonstrated that the dynamic changes of ALT and AST levels
were more significant in patients with liver injury and in the fatal
group. The AST levels had the highest correlation with mortality
and mechanical ventilation, and mortality and risk of mechani-
cal ventilation were the highest when the AST level >3 times of
the ULN. Moreover, the predictors of liver injury included fe-
male, an increased level of leucocytes and a decreased level of
lymphocytes.

There were few studies on the dynamic changes of liver func-
tions in COVID-19-related liver injury.*®'” One study had sug-
gested that the dynamic changes in liver enzyme levels in severe
patients were more significant, and AST was the parameter most
correlated with mortality.'® Another study indicated that the pat-
tern of liver biochemical was consistent with the damage of he-
patocytes, especially AST. The correlation between AST and ALT
was very strong on admission and throughout the hospitalisation.
This suggested that liver injury was the predominant source of
aminotransferase elevation.'” It is in agreement with our findings.
In our study, the dynamic changes of ALT and AST levels were
more significant in patients with liver injury and in the fatal group.
Moreover, AST over 3-fold ULN had the highest risks of death and
mechanical ventilation.

In the group of patients with liver injury, ALT and AST levels
increased gradually with the course of disease, reaching their
peaks in the third week after symptom onset and decreased grad-

ually when patients are getting better. Furthermore, this group
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of patients had liver injury in the early stage of disease, before
the use of any antiviral agents, which excluded the possibility of
drug-induced liver injury. A previous study indicated that SARS-
CoV-2 might enter hepatocytes, then propagate and damage the
hepatocytes, so it is presumed that early liver injury might be a
result of direct attack of viruses.'? Further research is needed to
verify this hypothesis.

To our knowledge, this is the first study to fully elucidate
the dynamic changes in liver function among fatal and nonfatal

groups in COVID-19, and the association between liver function

and mechanical ventilation. It demonstrated that the dynamic
changes of markers of liver injury in the fatal and nonfatal groups
were significantly different, especially the AST level in the fatal
group, which indicated a relationship between impaired liver
function, especially the AST levels, and severity of COVID-19
disease. The sight increase of AST levels in the early stage of
disease may be related to immune-mediated inflammation in
the liver.® On the other hand, a multicentre study has reported
that the incidence of increased TBIL in COVID-19 was 10%.12

In our study, level of TBIL increased only in the later stage of
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disease in the fatal group, and this might be a result of multiple
organ failure. Severe immune response leads to the release of
a large amount of inflammatory cytokines, resulting in systemic
inflammatory response syndrome, with hepatic ischaemia and
hypoxia, and further hepatic cell damage and necrosis.?C In the
nonfatal group, ALT increased slightly with the course of disease
and then returned to normal, while AST and TBIL levels were
almost within the normal range, which suggested that elevated
ALT might be related to liver injury caused by the virus itself.!4
Further analysis suggested that AST over 3-fold ULN, along with
abnormal ALT and TBIL, was correlated with the highest risk of
death as well as mechanical ventilation. Therefore, it is neces-
sary to monitor the dynamic changes of liver function closely,
especially in patients with severe COVID-19, and liver protective
agents should be given ahead of time in patients with mechanical

ventilation.

Increased leucocytes and decreased lymphocytes were proved
to be risk factors for liver injury.2¥2® This occurred because of in-
flammatory response having some effect on the occurrence of
COVID-19-related liver injury.?® A study has showed that lymphope-
nia may be a key factor related to disease severity and mortality,24
and this is consistent with the conclusion of our research.

The study has several limitations. Firstly, this is a retrospective
study. The data are not able to assess the causality of COVID-19-
related liver injury and poor clinical outcomes. Secondly, some cases
did not have enough clinical data on past liver injury. Thirdly, the
sample size of this study is small. A large cohort study is needed to
clarify the association of dynamic changes in liver function and clin-
ical outcomes.

In conclusion, the dynamic changes in the markers of liver injury
have a significant correlation with severity and prognosis of COVID-

19. Elevated liver function was closely related to mortality and risk of
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TABLE 2 Determining associations

AT R el e e between liver function and clinical
Mortality outcomes

ALT HR 95% Cl P value HR 95% ClI P value

0-40 U/L Ref Ref

40-120 U/L 2.17 0.78-6.08 0.1385 3.18 1.05-9.67 0.0412

>120 U/L 5.57 1.88-16.55 0.002 10.50 2.94-37.48 0.0003
AST

0-40 U/L Ref Ref

40-120 U/L 9.00 2.49-32.55 0.0008 9.16 2.40-34.92 0.0012

>120 U/L 23.86  6.34-89.87 <0.0001 19.27 4.89-75.97 <0.0001
TBIL

0-21 pmol/L Ref Ref

21-63 umol/L 791 3.15-19.86 <0.0001 5.29
>63 umol/L 20.03 4.86-82.64  <0.0001 7.01

Mechanical ventilation

ALT
0-40 U/L Ref Ref
40-120 U/L 6.31 2.53-15.75 <0.0001 702
>120 U/L 17.54  6.73-45.72  <0.0001  24.52
AST
0-40 U/L Ref Ref
40-120 U/L 2244  6.66-75.58  <0.0001  25.68
>120 U/L 99.65  29.17- <0.0001  116.72
340.43
TBIL
0-21 pmol/L Ref Ref
21-63 umol/L  9.27 4.74-18.15 <0.0001  8.18
>63 umol/L 38.03 12.47- <0.0001 19.56
116.01

2.00-14.01 0.0008
1.24-39.63 0.0275

2.74-18.02 <0.0001
8.86-67.90 <0.0001

7.49-88.07 <0.0001

31.58- <0.0001
431.46

4.03-16.61 <0.0001
5.21-73.44 <0.0001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence

interval; HR, hazard ratio; TBIL, total bilirubin.

TABLE 3 Multivariate analysis of factors significantly associated
with liver injury for the COVID-19 patients

Risk factors OR 95% ClI P value

Female sex 0.1045 0.03513-0.3109 0.000049
WBC 1.1052 1.02099-1.19635 0.013371
Lymphocytes 0.50872 0.26006-0.99514 0.048357

Abbreviations: Cl, confidence interval; OR, odds ratio; WBC, white
blood cell.

mechanical ventilation. Therefore, these indicators should be closely

monitored and evaluated during hospitalisation.
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