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Abstract

BACKGROUND

Severe acute respiratory syndrome coronavirus 2, or coronavirus disease-2019
(COVID-19), has infected millions worldwide since its discovery in Wuhan, China
in December 2019, but little is still known about the disease process. Preliminary
research in China notes liver function tests (LFTs) abnormalities are common in
COVID-19 patients, suggesting decreased hepatic function, and that abnormalities
in LFTs are related to complicated disease course and negative outcomes.
However, there has been limited large-scale data assessing COVID-19’s
association with liver dysfunction and negative outcomes.

AIM
To investigate how COVID-19 affects the liver function and disease course in

patients infected with the virus treated at Henry Ford Hospital from March to
September 2020.

METHODS

A total of 8028 patients infected with COVID-19 were identified and included in
the study at a single academic center. Data from medical charts on laboratory
testing including aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (AP), and bilirubin levels, past history of liver
disease, and disease course indicators including hospital admission, intensive care
unit (ICU) admission, intubation, and death were recorded and analyzed.
Elevated liver enzymes were defined as ALT/AST greater than 60, AP greater
than 150, or bilirubin greater than 1.5, super-elevated liver enzymes were defined
as ALT/AST greater than 120, AP greater than 300, or bilirubin greater than 3.0.

RESULTS
A total of 8028 COVID-19 patients were identified and included in the study. Data
from medical charts on LFTs (namely, AST, ALT, AP, and bilirubin levels), past
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history of liver disease, and disease course indicators (hospital/ICU admission,
intubation, death) were recorded and analyzed. LFTs from 3937 patients were
available for interpretation. 45% were found to have elevated or super-elevated
LFT. When compared to COVID-19 patients without elevated LFTs, this cohort
was found to have significantly higher odds of hospital admittance, ICU
admission, intubation, and death (all P < 0.001). 248 (3.1%) had a history of liver
disease. Those with elevated and super elevated LFTS had significantly higher
odds of having a past history of liver disease (P < 0.001).

CONCLUSION

The findings from this study suggest that in patients who have tested positive for
COVID-19, those with elevated and super elevated liver enzyme levels have
significantly higher odds of hospital admittance, ICU admittance, intubation and
death in comparison to those COVID-19 patients without elevated liver enzyme
levels.

Key Words: COVID-19; Hepatology; Liver damage; Complications; Elevated liver
function test

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study suggests that in coronavirus disease-2019 (COVID-19) positive
patients, those with elevated and super elevated liver function tests (LFTs) have
significantly higher odds of hospital admittance, intensive care unit admittance,
intubation, and death in comparison to those COVID-19 patients without elevated
LFTs (all P <0.001). LFT elevations may serve as an indicator for medical profes-
sionals in the treatment of COVID-19 patients and may allow for proactive treatment
of those patients at increased risk of complications.

Citation: Currier EE, Dabaja M, Jafri SM. Elevated liver enzymes portends a higher rate of
complication and death in SARS-CoV-2. World J Hepatol 2021; 13(9): 1181-1189

URL: https://www.wjgnet.com/1948-5182/full/v13/i9/1181.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i9.1181

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), or coronavirus
disease-2019 (COVID-19), was first reported in Wuhan, China in December 2019, and
as of March 2020, the World Health Organization declared COVID-19 a global
pandemic[1]. While millions of people have been infected and have died from COVID-
19 worldwide, still much is unknown about COVID-19’s disease process and the
systemic effects of the disease[1]. However, preliminary research on COVID-19 shows
that the disease may have a significant impact on the gastrointestinal and hepatic
systems.

Early studies have shown that gastrointestinal (GI) symptoms are common in
COVID-19 patients and symptoms such as nausea, diarrhea, efc, are present in approx-
imately 10% of cases[2,3]. It has been noted that liver function test (LFT) abnormalities
are common, however, the incidence has ranged widely from preliminary data, from
14.8% to 78%[2-5]. Abnormal LFTs, namely increases in aspartate aminotransferase
(AST), alanine aminotransferase (ALT), bilirubin, and alkaline phosphatase (AP), have
been reported, which indicates decreased hepatic functions[2-11]. Thus, these noted
LFT abnormalities in COVID-19 patients suggest that COVID-19 may negatively
impact liver function[4-6,8]. Furthermore, three meta-analyses have both shown that
patients presenting with abnormal LFTs had a significant association with an
increased risk of complication risk course [i.e. intensive care unit (ICU) admission,
intubation, death][2,8,10]. Little is still known about the impact of pre-existing hepatic
conditions on COVID-19 outcomes (i.e. cirrhosis, post-liver transplant, etc)[4].
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The current hypothesis behind COVID-19’s involvement of the hepatic system is
multifactorial liver damage, secondary to systemic inflammatory response syndrome,
hypoxia-reperfusion injury, cytokine-storm induced damage, drug-induced liver
damage, sepsis-mediated damage, and/or multiorgan failure[2,4,5,11,12]. However,
little is known about the mechanism behind hepatic damage.

The current available research is limited in that almost all of the data was obtained
from China, as few studies, especially large-scale studies, outside China have been
published[2,3,10]. Furthermore, most of the current research published is limited in the
study sample sizes, leading to current meta-analyses receiving data from a large
number of hospitals. In these studies patients were held to different clinical cutoffs
when advancing medical interventions, which could have negatively impacted the
accuracy of the data and determination of the significance of abnormal LFTs and its
impact on disease complications. To date, there has been no published large-scale
research investigating the relationship between COVID-19 patient’s LFTs and their
relationship to a complicated disease course in the United States. Additionally,
epidemiologic studies of COVID-19’s impact have shown that Black and minority
populations are disproportionally represented in the number of cases, complications,
and deaths due to the virus[13,14]. While this is postulated to be due to increased
incidence of comorbidities, increase odds of living in high-density areas, and lack of
access to healthcare, more studies with populations that reflect demographics of
COVID infection are needed to assess COVID-19’s association with liver dysfunction
across a diverse population[15].

The significance of this research is to investigate how SARS-CoV-2/COVID-19
affects liver function and disease course in patients infected with the virus treated at
Henry Ford Hospital from March to September 2020. As studies have linked liver
dysfunction with severe disease and negative disease outcomes, it is important to
confirm the preliminary research currently available. If COVID-19 is continued to be
linked to liver dysfunction, this information can help clinicians determine the level of
care patients need and proactively treat potentially complicated disease processes.

We hypothesize that COVID-19 patients with elevations in LFTs will have higher
chances of a complicated and severe disease process.

MATERIALS AND METHODS

With approval from the institutional review board at Henry Ford Health System
(HFHS), the study used the medical records of patients treated at HFHS to identify
patients who tested positive for COVID-19. Medical records from individuals who had
tested positive from the beginning of the pandemic until September 2020 were isolated
and included in the study. No individuals were excluded from the study. For this type
of study formal consent is not required.

After isolating the patient population, all records of liver enzyme levels (AST, ALT,
AP, bilirubin), medical history of liver disease (defined as medical documentation of
alcoholic liver disease, toxic liver disease, hepatic failure, hepatitis, inflammatory liver
disease, hepatic fibrosis, liver transplant, and other liver diseases- not elsewhere
classified), and complicated disease course (designated by a hospital admission, ICU
admission, intubation, and death) were recorded. Individuals with a past medical
history of liver disease were screened through retrospective chart review and
identified by a prior diagnosis of one of the above conditions; details on disease
severity, length, etc were not recorded. However, those with history of liver disease
were separated into another cohort due to the possibility of liver enzyme elevation
secondary to liver disease and not the COVID-19 disease process.

Descriptive statistics of demographic variables and hospital-related outcomes are
provided. Continuous data are reported as mean + SD, while categorical data are
reported as counts and column percentages [n (%)]. Prevalence rates for elevated and
super elevated liver enzymes are computed using binary indicator variables. Logistic
regression is used to calculate odds ratios and their 95%ClIs for the outcomes of
interest. Statistical significance is set at P < 0.05. All analyses are performed using SAS
9.4 (SAS Institute Inc., Cary, NC, United States).

RESULTS

There is a total of 8028 unique patient medical record numbers used in this descriptive
analysis. Table 1 displays the descriptive statistics of these patients. Of the 8028

WJH | https://www.wjgnet.com 1183 September 27,2021 | Volume13 | Issue9 |



Currier EE et al. Liver enzymes linked to COVID-19 complications

Table 1 Patient demographics

Variable

Response All patients (n = 8028)

Sex

Race

Hispanic

Female

Male

4638 (58%)

3389 (42%)

Unknown 1(0%)

Black

Other

White

No

4268 (53%)
1219 (15%)
2541 (32%)

6921 (86%)

Unknown 768 (10%)

Yes

339 (4%)

Jaishideng®

patients included, 4638 (57%) are female, 3389 (42%) are male, and 1 (0%) is unknown.
Additionally, 4268 (53%) are Black, 2541 (32%) are White, and 1219 (15%) are another
race; 6921 (86%) are not Hispanic, 339 (4%) are Hispanic, and 768 (10%) are unknown.
Patients were classified by Hispanic vs non-Hispanic to identify those who are Central
or South American/Latino who are considered “White” on this hospital’s
demographic information but are of Hispanic descent.

Binary indicator variables for history of liver disease, death, hospital admission, ICU
admission, and intubation were created. Table 2 displays the counts, percentages, and
95%Cls for these hospital-related outcomes. ICU admission and intubation are
recorded for only those patients who were admitted to the hospital, noted by the
change of n. Of the 8028 patients, 245 (3.1%) had a history of liver disease, 673 (8.4%)
died, and 5199 (64.8%) were admitted to the hospital. Of the 5199 admitted to the
hospital, 807 (15.5%) were admitted to the ICU, and 637 (12.3%) were intubated.

Table 2 displays the descriptive statistics for elevated liver enzymes. There was a
total of 115846 lab values from 3937 patients. When we assessed elevated liver
enzymes, we looked at this at the patient level - if they have ever had elevated liver
enzymes. Binary indicator variables were created for ever having any elevated liver
enzyme, and this was further broken down by specific enzymes (AST, ALT, AP, and
bilirubin). Elevated liver enzymes are defined as an AST greater than 60, ALT greater
than 60, AP greater than 150, or a bilirubin greater than 1.5.

There are 1722 patients who had elevated liver enzymes, 2114 who never had an
elevated liver enzyme, and 101 patients who were indeterminable. Approximately 45%
of patients had an elevated liver enzyme level, 34% of patients had an elevated AST,
27% of patients had an elevated ALT, 10% of patients had an elevated AP, and 12%
had an elevated bilirubin.

In Table 2, we looked at super elevated liver enzyme levels, which is double the
elevated threshold (AST greater than 120, ALT greater than 120, AP greater than 300,
or a bilirubin greater than 3). There were 714 patients who had super elevated liver
enzymes, 3116 who never had super elevated liver enzymes, and 107 patients who
were indeterminable. Approximately 19% of patients had a super elevated enzyme
level, 12% with AST, 12% with ALT, 2% with AP, and 3% with bilirubin.

Lastly, Figure 1 displays the logistic regression models examining the effect of
elevated and super elevated liver enzymes on each outcome. Presence of elevated liver
enzymes and super elevated liver enzymes are associated with increased odds of liver
disease, hospital admittance, death, intubation and ICU admittance (all P < 0.001).

DISCUSSION

The findings from this study suggest that in patients with a positive COVID-19 test,
those who have elevated and super elevated liver enzyme levels have significantly
higher odds of hospital admittance, ICU admittance, intubation and death in
comparison to those COVID-19 patients without elevated liver enzyme levels. While
little is known about COVID-19’s effect on organ systems during infection and
recovery, the link between elevated LFTs and poor outcomes is important and
suggests that COVID-19 negatively impacts liver function; this is also consistent with
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Table 2 Hospital outcomes and elevated liver enzyme prevalence rates

Outcome

Count (%) (95%Cl)

n= 28028

History of liver disease
Death
Hospital admission

Outcome

ICU admit

Intubation

Outcome

Any elevated liver enzyme
Elevated AST

Elevated ALT

Elevated AP

Elevated bilirubin

Any super elevated liver enzyme
Super elevated AST

Super elevated ALT

Super elevated AP

245 (3.1) (2.7, 3.5)

673 (8.4) (7.8, 9.0)
5199 (64.8) (63.7, 65.8)
Count (%) (95%CI)
n=5199

807 (15.5) (14.6, 16.5)
637 (12.3) (114, 13.2)
Count (%) (95%CI)
1722 (44.9) (43.3, 46.5)
1297 (33.5) (32.0, 35.0)
1052 (26.7) (25.4, 28.2)
392 (10.1) (9.2, 11.1)
468 (12.0) (11.0, 13.1)
714 (18.6) (17.4,19.9)
480 (12.4) (114, 13.5)
468 (11.9) (10.9, 13.0)

94 (2.4) (1.9, 3.0)

ICU: Intensive care unit; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AP: Alkaline phosphatase.

[ Elevated [ ] Super Elevated

84— — — — — — — — — — — — —

66— — — — — — — — — — [ = — = — = — - = — — — — — — — — — — — — -

4+ — — — — — — — — — 4 ——— — — — — — — o — -~ — - - - =

QOdds ratio

Liver disease Hospital admit

ICU admit

Intubation Death

Figure 1 Logistic regression for elevated and super elevated liver enzyme levels with 95%ClI. °P < 0.001.

early data from other studies[2-11].

Of the 8028 patients identified in this study, LFTs from 3937 patients were available
for statistical interpretation. Of this cohort, 45% were found to have elevated or super-
elevated LFTs and when compared to COVID-19 patients without elevated LFTs, this
cohort was found to have significantly higher odds of hospital admittance, ICU
admission, intubation, and death (all P < 0.001). The data suggest that the risk of
hospital admission and the necessity for more aggressive medical interventions (i.e.
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intubation, ICU admission) are more common in those with elevated LFTs. Thus,
elevations in LFTs may serve as an indicator for medical professionals in the
preventative treatment of complicated COVID-19 patients. By identifying those
patients who have poor liver function and are thus linked to a more complicated
disease course, providers may be able to monitor, proactively treat patients at
increased risk, and mitigate disease complications.

Interestingly, however, this data does not show that elevation in LFTs is linearly
correlated with outcomes, as seen by the odds ratio of ICU admission, intubation, and
death in patients with super elevated enzyme levels being less than those with
elevated enzyme levels (Figure 1). The cause of this relationship is unknown; however,
we hypothesize that those with super elevated liver enzymes may have been clinically
identified as severe COVID-19 cases earlier and been treated more aggressively.
Retrospective research has shown that those with LFT elevations at time of admission
were more likely to receive aggressive mediation interventions than those with normal
LFTs (58% compared to 31%)[15]. Therefore, this lack of linear relationship may be
related to early clinical treatment of patients who present with LFT abnormalities,
compared to those who develop elevations throughout their hospital stay or who have
moderate elevations.

Little is still known about COVID-19’s effect on liver function, however, the findings
from this study indicating COVID’s negative impact on liver function is consistent
with the limited preliminary COVID studies in China on outcomes and predictive
markers of disease[16]. As noted in the previous studies, abnormal LFTs are seen as
predictive markers of a complicated disease process, thus indicating hepatic
dysfunction. A weakness in previously available research is the homogeneity of the
population studied, with most research being derived from almost solely Asian and
South Asian populations. This study, however, consisted of 53% Black, 32% white, 15%
other, and 4% Hispanic persons. Therefore, this cohort is more closely representative
of the current demographics affected by COVID-19 in the United States, where Black
people are more likely to be infected and die from COVID-19[17,18]. Thus, these
findings suggest that the relationship between LFT elevations and disease complic-
ations is not limited to race and can be applied to populations outside of the Asian
community and countries.

Of the 8028 patients identified in the study, 248 (3.1%) had a history of liver disease.
Those with elevated and super elevated LFTs had significantly higher odds of having
a past history of liver disease (P < 0.001). This is important as previous research on
underlying liver disease and COVID-19 infection has been limited due to sparse data
on persons with underlying liver disease[19]. This data indicates that LFT
abnormalities are consistent with complicated disease process in those who have a
history of liver dysfunction, as seen in those without liver disease. While it is unclear if
LFT elevations were due to the effects of the COVID-19 disease process or is secondary
to their underlying liver disease, we do hypothesize the COVID'’s negative impact on
liver function exacerbates already lowered liver function in these patients, thus
increasing their odds for complications.

This study does have several weaknesses. While over 8000 patients were treated for
COVID-19 at the hospital, liver enzymes were only available for about half of those
included in the study. This discrepancy may be due to a high number of ambulatory
patients who were tested for COVID-19, but whose disease process was self-limited
and did not require medical intervention beyond diagnoses and supportive care.
Furthermore, this research did not investigate the medications patients in the study
received and as some medications used to treat COVID-19 have been linked to
elevation in LFTs, this may confound some of the elevations seen in this study[20].
Additionally, as the study was retrospective, there were a variable number of lab tests
available to analyze for each patient (i.e. some had multiple LFTs available while
others had a single test). Thus, some patients may have had high LFTs during the
disease course, but this was not captured on the available lab results. In research going
forward, an area for improvement would be to find consistent lab values to compare
and limit the possibility of missed LFT fluctuations. In addition, capturing and
assessing LFTs from ambulatory patients not requiring hospitalization.

CONCLUSION

In conclusion, abnormal liver biochemistry, namely AST, ALT, AP, and bilirubin, is
very common in COVID-19 patients, noted in 45% of our patient population.
Abnormal LFTs are closely linked to disease complications and the prognosis for
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COVID-19 patients. These findings are consistent with other early research and
support that COVID-19 is related to hepatic dysfunction. Importantly, as LFT elevation
has been linked to severe disease outcomes, patients with elevations should be
monitored closely and treated prophylactically to mitigate disease complications.
Going forward, chronic effects of COVID-19 infection of hepatic function will be
important to monitor as indicators of acute liver dysfunction is common in COVID-19
patients.

ARTICLE HIGHLIGHTS

Research background

Preliminary research on coronavirus disease-2019 (COVID-19) shows that the disease
may have a significant impact on the gastrointestinal and hepatic systems. Namely,
early research shows that liver function test (LFT) abnormalities are common,
however, the incidence has ranged widely from preliminary data, from 14.8% to 78%.
Furthermore, three meta-analyses have both shown that patients presenting with
abnormal LFTs had a significant association with an increased risk of complication risk
course [i.e. intensive care unit (ICU) admission, intubation, death], but there is
currently limited single-site, large scale research on the link between LFT
abnormalities and COVID outcomes.

Research motivation

The motivation of this research is to identify a link between LFT abnormalities and
COVID-19 outcomes.

Research objectives

The objective of this research was to identify if there was a link between LFT elevation
and outcomes in COVID-19 patients. This study did support the hypothesis that those
with LFT abnormalities are at increased risk of complicated disease processes and
death. Clinically, this is very important as LFT abnormalities may identify patients at
risk for disease complications and may lead to early medical intervention.

Research methods

Of 8028 patients infected with COVID-19 were identified and included in the study at
a single academic center. Data from medical charts on laboratory testing including
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (AP), and bilirubin levels, past history of liver disease, and disease course
indicators including hospital admission, ICU admission, intubation, and death were
recorded and analyzed. Elevated liver enzymes were defined as ALT/AST greater
than 60, AP greater than 150, or bilirubin greater than 1.5, super-elevated liver
enzymes were defined as ALT/AST greater than 120, AP greater than 300, or bilirubin
greater than 3.0.

Research results

Of 8028 COVID-19 patients were identified and included in the study. Data from
medical charts on LFTs (namely, AST, ALT, AP, and bilirubin levels), past history of
liver disease, and disease course indicators (hospital/ICU admission, intubation,
death) were recorded and analyzed. LFTs from 3937 patients were available for
interpretation. 45% were found to have elevated or super-elevated LFT. When
compared to COVID-19 patients without elevated LFTs, this cohort was found to have
significantly higher odds of hospital admittance, ICU admission, intubation, and death
(all P <0.001). 248 (3.1%) had a history of liver disease. Those with elevated and super
elevated LFTS had significantly higher odds of having a past history of liver disease (P
<0.001).

Research conclusions

The findings from this study suggest that in patients who have tested positive for
COVID-19, those with elevated and super elevated liver enzyme levels have
significantly higher odds of hospital admittance, ICU admittance, intubation and
death in comparison to those COVID-19 patients without elevated liver enzyme levels.
While this research is unsure of the cause of this relationship, this research supports
that LFT changes could serve as an indicator of COVID-19 outcomes and serve as a
metric for evaluating those at risk for severe complications.
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Research perspectives

In research going forward, an area for improvement would be to find consistent lab
values to compare and limit the possibility of missed LFT fluctuations. In addition,
capturing and assessing LFTs from ambulatory patients not requiring hospitalization
would increase the validity of the link between LFTs and outcomes.
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