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Abstract

BACKGROUND
Coronavirus disease (COVID-19) patients exhibit different patterns of liver
impairment, according to growing evidence.

AIM
In this study, we sought to provide a comprehensive analysis of liver test para-
meters in patients with severe and non-severe COVID-19.

METHODS

We performed a meta-analysis of published liver manifestations and described
the liver damage in COVID-19. We searched PubMed, Google Scholar, Embase,
Cochrane Library, medRxiv, bioRxiv, and three Chinese electronic databases
through April 18, 2020, in accordance with the Preferred Reporting Items for
Meta-Analyses. We analyzed pooled data on liver chemistries stratified by
COVID-19 severity using a fixed or random-effects model.

RESULTS

A meta-analysis of 56 studies, including 11052 patients, found that the pooled
mean alanine aminotransferase (ALT) in severe COVID-19 cases was 35.9 IU/L
whereas in non-severe COVID-19 cases was 27.3 IU/L. Average aspa-rtate
aminotransferase (AST) levels were 44.3 IU/L in severe cases compared to 27.9
IU/L in non-severe cases. In addition, AST levels are often higher than ALT levels
regardless of disease severity. The severe cases tended to have a higher gamma-
glutamyltransferase level but a lower albumin level than the non-severe cases.

CONCLUSION
Severe COVID-19 was more likely to be associated with abnormal liver test
results. Monitoring liver chemistry closely can help detect disease progression
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early.
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Core Tip: Data on abnormal liver chemistries related to coronavirus disease (COVID-19) are cumulating
but are potentially confusing. We performed a meta-analysis of 56 studies that included a total of 11052
patients with COVID-19. We noted that patients with abnormal liver test results are at higher risk of
progression to severe disease and close monitoring of liver chemistries provides early warning against
disease progression.

Citation: Dong X, Zeng DY, Xing QQ, Hong MZ, Pan JS. Liver chemistries in severe or non-severe cases of
COVID-19: A systematic review and meta-analysis. World J Hepatol 2022; 14(12): 2012-2024

URL: https://www.wjgnet.com/1948-5182/full/v14/i12/2012.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i12.2012

INTRODUCTION

According to World Health Organization, as of April 18, 2020, 2160207 coronavirus disease (COVID-19)
cases were confirmed globally, of which 146088 led to deaths[1]. Although effectively controlled in
mainland China, COVID-19 has spread and risen dramatically in most other countries. Similarly, the
other two previously identified coronaviruses, namely severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East Respiratory Syndrome-CoV, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) causes severe viral pneumonia in humans. As no specific acquired
immunity exists in the general population, SARS-CoV-2 has high infectivity, which has resulted in an
ongoing global health crisis.

Apart from the respiratory system, gastrointestinal tract, the urinary system, and even the central
nervous system are the probable target organs of SARS-CoV-2, which utilizes the angiotensin-
converting enzyme 2 (ACE2) receptors located in the respiratory and gastrointestinal tracts as the entry
point for epithelial cells[2]. Among patients” common complaints related to COVID-19 are gastr-
ointestinal symptoms, including nausea/vomiting, diarrhea, and abdominal pain[3-6]. Abundant ACE2
protein expression in the glandular cells of gastrointestinal tract supports the entry of SARS-CoV-2 into
the host epithelial cells[7]. Single-cell RNA sequencing has revealed a specific ACE2 expression in
cholangiocytes[8]. Thus, performing liver chemistry tests for a number of patients with COVID-19
seems reasonable. In fact, several studies have found liver injury in patients with COVID-19[9-12]. In
Cai’s study 76.3% had abnormal liver test results, total bilirubin (TBIL), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and y-glutamyltransferase (GGT) levels elevated to more than 3% the
upper limit of normal.

Furthermore, there are differences in liver chemistry between patients with severe and non-severe
COVID-19 based on cumulative observations. Although liver manifestations of COVID-19 pose an
immense diagnostic challenge to clinicians when treating patients with symptoms related to COVID-19,
these are potentially useful for recognizing severe cases of COVID-19 in the early stage.

Considering the diverse clinical manifestations and increasing number of reported COVID-19 cases, a
systematic summary of the liver manifestations of COVID-19 is urgently needed. Liver chemistries
generally consist of hepatocellular injury-related indexes, including ALT and AST; cholestatic injury-
related indexes, comprised of alkaline phosphatase (ALP) and GGT; and hepatocellular function-related
indexes such as albumin (ALB) level and prothrombin time (PT)[13]. In general, international
standardized ratio (INR), TBIL, direct bilirubin (DBIL), and globulin (GLB) levels, and are also assessed
in clinical practice. However, there are few observations to comprehensively analyze liver chemistries in
patients with COVID-19 patients. We therefore aimed to provide a comprehensive overview of liver test
parameters in patients with severe and non-severe COVID-19. It is possible to develop more effective
therapies and holistic approaches to care with a better understanding of the disease.
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MATERIALS AND METHODS

Studies selection

The following databases were searched from December 1, 2019, through April 18, 2020: PubMed, Google
Scholar, Embase, Cochrane Library, medRxiv, bioRxiv, and three Chinese electronic databases (CQVIP,
Wanfang Data, and Chinese National Knowledge Infrastructure). “Coronavirus,” “COVID-19,” “2019-
nCoV-2,” “SARS-CoV-2,” or novel coronavirus were used as search keywords. Potential studies were
retrieved in accordance with the Systematic reviews and Meta-Analyses guideline[14]. Details of the
database search are listed in the Supplementary file. The retrieved articles were imported to Endnote
X9.3 (Thompson and Reuters, Philadelphia, Pennsylvania), and duplicates were removed. The Reference
Citation Analysis had be used to further improve the manuscript content when revised the manuscript (
https:/ /www.referencecitationanalysis.com/).

Selection criteria

The eligibility of the potential studies was determined independently by two authors (XD and DYZ),
and dissonance was arbitrated by the third author (JSP). The inclusion criteria were as follows: (1) Study
population: adult COVID-19 patients; (2) study design: case series, case report, prospective cohort
study, retrospective cohort study, case-control study, and randomized controlled trial; and (3) language:
Studies published in English or Chinese. The exclusion criteria were as follows: (1) Pediatric patients or
pregnant women; (2) patients without nucleic acid data or serology evidence of SARS-CoV2 infection;
(3) asymptomatic patients with SARS-CoV2 infection; and (3) study design: Review article, meta-
analysis, editorial, or commentary. Studies that only reported the percentages of the indexes related to
liver chemistries rather than the mean or median values of the corresponding indexes were also
excluded.

Data extraction

For the eligible articles, we recorded the following items: first author, study location, sample size,
patient age and sex, and liver chemistry-related indexes such as ALT, AST, TBIL, DBIL, GGT, ALP, and
ALB levels. The severity of COVID-19 was also recorded. Severe disease was defined according to the
American Thoracic Society and Infectious Disease Society of America guidelines for community-
acquired pneumonia, and the guidelines for diagnosis and management of COVID-19 released by

National Health Commission of China, need of intensive care unit admission, mechanical ventilation[15,
16].

Data analysis

The statistical analyses were performed using the R version 3.2.3 statistical software (R Foundation for
Statistical Computing). The continuous variables that showed a normal distribution were expressed as
mean * SD, while those that conformed to a skewed distribution were expressed as median
[interquartile range (IQR)]. For the studies that provided summary data of median, minimum, and
maximum values, we used the method developed by Luo et al[17] to estimate the sample mean and SD
for the continuous outcomes. The online tool used is provided at http://www.math.hkbu.edu.hk/
~tongt/papers/median2mean.html. The 95% confidence interval (CI) was presented as a Forest plot.
The Cochran Q test was used to detect the heterogeneity among studies, with a p value of < 0.10
indicating significant heterogeneity. The I* statistics was calculated to measure the proportion of total
variation among the studies to which the heterogeneity was attributed. I* values of < 25%, 25%-75%, and
> 75% represent low, moderate, and high heterogeneity, respectively[18]. Publication bias was evaluated
using a funnel plot. A subgroup analysis was performed according to disease severity.

RESULTS

Characteristics of the enrolled studies

Screening process of the potential studies was shown in Figure 1. The meta-analysis consisted 56
studies, whose characteristics were listed in Supplementary Table 1. Information, including the study
location, sample size, patient age and sex, disease severity, TBIL, DBIL, ALB, GLB, ALT, AST, GGT,
ALP, INR, and PT levels, was recorded. The mean ages of patients with non-severe and severe COVID-
19 were 50.1 and 63.2 years, respectively (Supplementary Figure 1). Male patients accounted for 50.7 %
in the enrolled studies. Among the studies that reported disease severity, severe disease accounted for
25.3% of the cases.

Hepatocellular injury-related abnormalities in liver chemistries

Of the enrolled studies, 56 reported assays of ALT or AST in a total of 6235 patients with COVID-19. The
pooled mean ALT level was 35.9 IU/L in the patients with severe COVID-19 and 27.3 IU/L in the
patients with non-severe COVID-19 (95%Cl: -9.7 to -5.9, P < 0.0001; Figure 2A), with significant hetero-
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Figure 1 Study selection flow diagram. If all the liver chemistry indexes were not reported, these were regarded as “not available” and excluded from the
meta-analysis. However, this study still enrolled studies that reported individual liver chemistry indexes if the severity of coronavirus disease 2019 was reported in
relation with the index.

Jaishideng®

geneity among the studies (I = 70%, P < 0.01). Similarly, the pooled mean AST level was 44.3 IU/L in
the severe cases and 27.9 IU/L in the non-severe cases (95%CI: -13.9 to -9.9, P < 0.0001; Figure 2B).
Among the studies, significant heterogeneity for the AST levels was observed (I? = 74%, P < 0.01). Using
a funnel plot, potential publication bias was evaluated (Supplementary Figure 2). Average AST level
tended to be higher than average ALT level in both the severe and non-severe groups. Furthermore, the
severe group showed an even greater difference between levels of AST and ALT (44.3 and 36.1 IU/L,
respectively; Figure 3). Supplementary Figure 3 presented the evaluation of publication bias.

Cholestasis-related abnormalities in liver chemistries

Compared with the studies that frequently reported ALT and AST levels, cholestasis-related indexes
such as ALP, GGT, and DBIL levels were presented in rather fewer studies. Among the enrolled studies,
10 reported ALP assays and 6 studies reported GGT measurements. The pooled mean ALP level was
67.8 IU/L in the patients with severe COVID-19 and 61.8 IU/L in those with non-severe COVID-19
(95%CI: -11.2 t0 0.9, P = 0.02; Figure 4A). Figure 4B showed that the pooled mean GGT level was 44.2
IU/L in the severe group while 30.5 IU/L in the non-severe group. As compared with the non-severe
group, the severe group had a slightly higher pooled mean TBIL level. However, TBIL levels remained
within normal ranges in both groups (Figure 4C). Even fewer studies reported DBIL values in patients
with COVID-19. In fact, no significant difference in mean DBIL level was found between the 2 groups
(Figure 4D). In terms of TBIL levels, the studies showed low heterogeneity (I> = 29%, P = 0.06).
Supplementary Figure 4 showed a funnel plot of TBIL levels.

Hepatocellular function-related abnormalities in liver chemistries

27 studies compared the mean ALB levels according to COVID-19 severity, between 1232 and 4475
severe and non-severe cases, respectively (Figure 5A). Across the studies, a significant heterogeneity
was observed (I = 96%, P < 0.01). Average ALB level in the patients with severe disease was
significantly lower than that in the patients with non-severe disease. No significant difference in GLB
level was found between the groups (P = 0.14; Figure 5B). However, PT and INR, the coagulation-
related indexes, showed no significant differences were found between the severity groups. The patients
in the severe group tended to have longer PT or higher INR (Figure 5C and D). An evaluation of
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0.3% 0.9%
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Lu H 2020 243 247 89 22 410 189 ] -16.3 [-243; -83] 13% 2.2%
Mo P 2020 70 309 114 85 426 30.2 - -11.7 [-18.7; -4.7] 1.7% 2.4%
Wang Q 2020 39 242 102 11 416 244 _':.L -17.4 [-322; -26] 04% 1.2%
Shang H 2020 282 288 14.2 162 398 217 - -11.0 [-14.7, -7.3] 59% 3.0%
Petrilli CM 2020 932 415 215 650 555 31.2 ] -14.0 [-16.8; -11.2] 10.8% 3.2%
Frederick SB 2020 54 281 129 51 415 267 - -134 [-215; -53] 13% 2.2%
Gao YJ 2020 43 267 77 19 427 376 — -17.0 [-34.1; 0.1 0.3% 1.0%
Liu W 2020 120 230 9.0 20 295 140 E'- -6.5 [-128; -0.2] 2.0% 2.5%
Macarena RV 2020 70 278 10.7 18 309 151 rr -31 [-105; 4.3] 15% 2.3%
Wang RR 2020 100 26.7 105 25 297 102 & 80 [ -75 15] 41% 2.9%
Yang LH 2020 171 317 105 29 46.7 242 - -15.0 [-23.9; -6.1] 1.0% 2.0%
YiP 2020 51 218 99 49 285 183 : -8.7 [-125; -09] 25% 2.6%
Yin Zw 2020 282 195 7.0 192 233 134 -38 [ -59; -1.7] 19.4% 3.3%
Wang W 2020 34 309 237 20 400 26.2 as 9.1 [-23.1; 49] 04% 1.3%
Zheng SH 2020 1684 215 7.4 598 371 240 - -15.6 [-21.7; -95] 22% 2.6%
Zhang YF 2020 84 244 98 31 389 226 -va- -145 [-227, 63] 12% 2.2%
Hong KS 2020 85 375 26.6 183 1003 97.0 ———+—— -62.8 [-1158; -9.8] 00% 0.1%
Wang D 2020 72 433 20.0 71 640 329 - -20.7 [-29.6: -11.8] 1.0% 2.0%
Aliye B 2020 145 33.1 40.2 46 425 344 —H -9.4 [-213; 25] 06% 1.6%
Cao ZH 2020 53 302 171 27 377 219 —;t- -75 [-17.0; 20] 09% 2.0%
Total 7307 279 159 2557 44.3 29.7 ;

Fixed effect model ) -9.9 [-10.8; -9.0] 100.0% -
Random effects model ¢ -11.9 [-13.9; -9.9] - 100.0%
Heterogeneity: 1P =74%, % =32 1602, p <0.01
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Figure 2 Forest plot of the association between serum alanine aminotransferase/aspartate aminotransferase level and disease severity.
A: Pooled levels of alanine aminotransferase; B: Pooled levels of aspartate aminotransferase in the patients with coronavirus disease 2019. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase.
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publication bias in relation to ALB level and PT is shown in Supplementary Figure 5. Supplem-
entary Figure 5 illustrated an evaluation of publication bias related to ALB level and PT.

DISCUSSION

In this meta-analysis, 56 studies that consisted a total of 11052 patients with COVID-19 from China,
United States, Chile, Iran and South Korea were enrolled. According to the pooled analysis, hepato-
cellular injury, hepatocellular dysfunction, and cholestasis, three patterns of liver impairment, can
develop in quite a part of patients with COVID-19 at variable severity. In brief, the patients with severe
COVID-19 tended to have higher ALT/AST, ALP/GGT, and TBIL levels; higher INR; and prolonged
PT. However, the severe cases had lower ALB levels than the non-severe cases. Particularly in severe
cases of COVID-19, the AST levels were often higher than the ALT levels. We also observed a tendency
of the severe cases to arise in the elderly.

Although the liver may act as the latent target of SARS-CoV-2, the actual prevalence of abnormal liver
chemistries could be underestimated since many studies did not report cholestasis-related indexes such
as ALP and GGT levels, and synthetic function-related indexes such as ALB level and INR. Moreover,
most studies reported ALT/AST levels on the day of admission while not the entire disease course. This
issue further compromises the role of liver chemistries in disease monitoring and provides an early
warning against severe cases. As SARS-CoV-2 can lead to bile duct damage by conquering the ACE2
expressed on cholangiocytes and induce a subsequent cholestatic liver injury[8], cholestasis-related
abnormalities could be overlooked.

Cumulating studies have linked abnormal liver chemistries to the severity of COVID-19[9]. It is more
likely that patients with abnormal liver test results will progress to severe cases[9]. In fact, coronavirus
infection can cause direct damage to liver cells[11]. Moreover, several underlying diseases,
comorbidities, and complications that develop in the course of the disease, such as sepsis and multiple-
organ failure, and drugs that can cause potential liver damage also increase the risk of liver injury.
Lopinavir/ritonavir use during hospitalization has been reported to possible lead to liver damage[9,19].
The liver chemistry tests in the enrolled studies were all performed on admission, which suggests that
the influences of the drugs on the liver tests, if any, should be minor.

ALB level and PT are known to reflect hepatocellular function. Albumin, which has a circulating half-
life of 3 weeks, is a plasma protein exclusively synthesized by the liver[20]. Hypoalbuminemia results
from and reflects the inflammatory state, which leads to inflammatory exudate. Effective nutrition
support helps to correct hypoalbuminemia[21]. Our meta-analysis revealed that ALB level was lower in
the severe cases than in the non-severe cases, which indicated that the severe cases tended to have more
intense inflammation and require more solid nutrition support. PT is a far more sensitive measure of
hepatocellular function than ALB level because PT may be prolonged in patients with severe liver
disease duration of < 24 h[13]. In accordance with the alteration of the ALB level, PT was prolonged in
the severe cases, which further indicated impairment of hepatocellular function in the severe cases[20].

According to our meta-analysis, another interesting feature of liver impairment related to COVID-19
is that the AST level often overrides the ALT level, especially in severe cases. By contrast, in patients
with chronic hepatitis B or nonalcoholic fatty liver disease, the ALT level is generally higher than the
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A ALT AST Non-Severe Weight Weight
Study Number Mean SD Number Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Cao M 2020 176 233 133 176 254 105 -ft -2.1 [-4.6; 04] 3.0% 2.4%
Cao W 2020 107 289 318 107 280 289 —— 09 [-7.2;90] 0.3% 1.4%
Chen G 2020 10 176 58 10 242 41 —) -6.6 [-11.0;-22] 1.0% 21%
Han Y 2020 23 216 93 23 245 133 — -29 [-95; 37] 04% 1.7%
Huang C 2020 28 29.0 16.0 28 328 129 —_—— -38 [-114; 38] 03% 1.5%
Chen X 2020 241 215 111 241 241 79 - -26 [-4.3;-09] 64% 2.5%
Fu L 2020 211 238 157 211 271 1.2 -tﬁ -33 [-59;-07] 28% 2.4%
Liu L 2020 44 215 13.8 44 221 100 -t -06 [-56; 44] 0.7% 2.0%
Wang D 2020 102 248 158 102 294 128 = -46 [-85;,-07] 12% 2.2%
Wang Y 2020 72 222 134 72 208 8.0 Ap— 14 [-22; 50] 15% 2.2%
Xie H 2020 51 316 17.2 51 330 19.8 —p:l— 14 [-86; 58] 04% 1.6%
Xu'Y 2020 44 217 136 44 326 132 —_— -10.9 [-16.5; -5.3] 0.6% 1.9%
Zhao W 2020 57 312 19.0 57 29.1 129 H— 21 [-3.9; 8.1] 05% 1.8%
Zhang Y 2020 84 212 127 84 244 98 —4 -32 [-6.6; 02] 1.6% 2.3%
Zhang H 2020 29 279 211 29 261 11.7 —ﬁ-o— 18 [-7.0;106] 0.2% 1.3%
Zhang G 2020 166 23.1 14.2 166 28.4 135 = -53 [-83;-23] 21% 2.3%
Qu R 2020 27 336 245 27 436 210 —_— -10.0 [-22.2; 22] 0.1% 0.9%
Wu C 2020 117 289 176 117 309 109 —i -20 [-58; 18] 1.3% 2.2%
Zheng F 2020 131 171 24 131 238 74 :: -6.7 [-8.0;-5.4] 10.6% 2.5%
Wan S 2020 95 246 166 95 233 10.2 H— 13 [-26; 52] 1.2% 2.2%
Gao 'Y 2020 28 261 17.2 28 332 182 —_— 7.1 [-164; 22] 0.2% 1.3%
Xiang TX 2020 40 207 11.8 40 251 1083 —4 -44 [-93; 05] 0.8% 2.0%
Li D 2020 63 272 11.8 63 333 120 —'—:: -6.1 [-10.3;-1.9] 1.1% 21%
Lu ZL 2020 67 248 213 67 262 146 —— -14 [-76; 48] 05% 1.8%
Liu J 2020 27 195 98 27 259 -6.4 [-115;,-13] 0.7% 2.0%
Xiong J 2020 58 222 124 58 257 -35 [-7.8,08] 1.0% 21%
Cai Q 2020 233 43.1 313 233 354 —_— 7.7 [33121] 1.0% 21%
Lei S 2020 19 295 304 19 377 — -8.2 [-28.2;11.8] 0.0% 0.5%
Ma J 2020 17 249 89 17 237 — 12 [-36; 6.0] 08% 2.0%
Qian Z 2020 298 229 127 298 241 97 e -12 [-38.0; 06] 57% 2.5%
Liu C 2020 28 256 164 28 229 6.1 -ﬁ-'— 27 [-38;92] 04% 1.7%
Lu H 2020 243 231 134 243 247 89 - -16 [-36; 04] 4.6% 2.4%
Mo P 2020 70 228 136 70 309 114 —— | -8.1 [-12.3; -39] 1.1% 21%
Wang Q 2020 79 236 155 39 242 102 —i— -0.6 [-5.3; 41] 09% 2.0%
Shang H 2020 282 312 201 282 288 142 ::-‘— 24 [-05; 53] 23% 2.3%
Petrilli CM 2020 932 355 223 932 415 215 - -6.0 [-8.0;-40] 4.8% 2.5%
Frederick SB 2020 54 220 137 54 281 129 ——4 -6.1 [-11.1;-1.1]  0.7% 2.0%
Gao YJ 2020 43 241 16.9 43 257 7.7 —al— -16 [-72 40] 06% 1.9%
Liu W 2020 120 228 15.0 120 230 9.0 -:-.1— -0.2 [-33;29] 19% 2.3%
Macarena RV 2020 70 275 179 70 278 107 vt -03 [-52; 46] 0.8% 2.0%
Wang RR 2020 100 25.1 1886 100 26.7 105 — -16 [-58; 26] 11% 21%
Yang LH 2020 171 271 12.7 171 317 105 - 46 [-7.1;-21] 3.1% 2.4%
Yi P 2020 51 250 214 51 218 99 1'5-0— 32 [-83; 97] 05% 1.7%
Yin Zw 2020 282 232 155 282 195 7.0 e 37 [17;57] 48% 25%
Wang W 2020 34 290 179 34 309 237 —— -19 [-11.9; 8.1] 0.2% 1.2%
Zheng SH 2020 1684 279 185 1684 215 74 o 6.4 [ 54, 74] 209% 2.5%
Zhang YF 2020 84 212 127 84 244 98 —v{ -32 [-66,02] 1.6% 2.3%
Hong KS 2020 85 30.1 26.3 85 375 266 | -7.4 [-154; 06] 0.3% 1.5%
Wang D 2020 72 335 215 72 433 20.0 —— -9.8 [-16.6; -3.0] 0.4% 1.7%
Aliye B 2020 145 295 261 145 33.1 40.2 — -36 [-11.4; 42] 0.3% 1.5%
Cao ZH 2020 53 312 198 53 302 171 T 1.0 [-6.0; 80] 04% 1.6%
Total 7347 27.5 19.2 7307 27.9 15.9

Fixed effect model -0.8 [-1.2; -0.4] 100.0% -

Random effects model -2.2 [-3.7; -0.7] - 100.0%
Helerogeneily: I = 89%, ° = 22.2736, p <0.01 I T
-20 -10

B ALT AST Severe Weight  Weight
Study Number Mean SD Number Mean SD Mean Difference MD 95%~Cl (fixed) (random)
Cao M 2020 19 275 120 19 37.0 200 -] 95 [-200; 1.0] 12% 2.3%
Cao W 2020 21 439 478 21 44.1 363 —'l— 0.2 [-25.9; 255] 0.2% 0.7%
Chen G 2020 11 414 149 11 510 283 T -96 [-285; 93] 04% 1.2%
Han Y 2020 24 495 426 24 54.4 221 —— 4.9 [-24.1; 143] 04% 1.1%
Huang C 2020 13 658 714 13 484 332 —H—— 17.4 [-254; 602] 01% 0.3%
Chen X 2020 50 245 12.7 50 342 159 e 97 [-153; -41] 42% 3.2%
Fu L 2020 139 309 25.7 139 428 293 -'! -11.9 [-184; -54] 3.2% 3.1%
Liu L 2020 7 215 184 7 252 184 - -3.7 [-23.0; 156] 0.4% 1.1%
Wang D 2020 36 37.1 29.3 36 50.6 309 —H -135 [-27.4; 04] 07% 1.7%
Wang Y 2020 38 256 149 38 365 132 -2 109 [-17.2; -4.6] 3.4% 3.1%
Xie H 2020 28 422 422 28 386 234 T 36 [-14.3; 21.5] 0.4% 1.2%
Xu'Y 2020 25 250 158 25 485 304 — -23.5 [-36.9; -10.1] 0.7% 1.8%
Zhao W 2020 20 367 31.1 20 43.9 383 —— -7.2 [-28.8; 144] 0.3% 0.9%
Zhang Y 2020 31 3879 32.2 31 389 226 S -1.0 [-14.8; 128] 0.7% 1.7%
Zhang H 2020 14 362 255 14 377 198 —!<— -15 [-18.4; 154] 05% 1.3%
Zhang G 2020 55 373 266 55 528 373 —1 -155 [-27.6; -34] 0.9% 2.0%
Qu R 2020 3 36.0 195 3 453 129 —7— -93 [-368; 17.2] 0.2% 0.7%
Wu C 2020 84 364 234 84 406 17.0 H 4.2 [-10.4; 20] 35% 3.1%
Zheng F 2020 30 257 138 30 359 183 - -102 [-18.4; -2.0] 2.0% 2.7%
Wan S 2020 40 24.7 145 40 346 142 - -99 [-16.2; -36] 3.4% 3.1%
Gao Y 2020 15 299 164 15 278 114 - 21 [ -80; 122] 1.3% 2.3%
Xiang TX 2020 9 320 11.2 9 381 157 B -6.1 [-18.7; 65] 0.8% 1.9%
Li D 2020 17 405 225 17 470 21.2 - -6.5 [-21.2; 82] 06% 1.6%
Lu ZL 2020 34 181 89 34 256 122 - -75 [-126, -24] 52% 3.4%
Liu J 2020 13 339 224 13 512 187 — -17.3 [-332; -14] 05% 1.5%
Xiong J 2020 31 222 130 31 280 132 b 58 [-123; 07] 32% 3.1%
Cai Q 2020 85 716 40.0 85 64.3 39.2 1T 73 [ -46; 19.2] 1.0% 2.0%
Lei S 2020 15 239 236 15 335 285 — -96 [-283; 91] 04% 1.2%
Ma J 2020 20 365 359 20 345 279 —— 20 [-17.9; 219] 03% 1.1%
Qian Z 2020 26 264 124 26 37.2 216 - -108 [-20.4; -1.2] 15% 2.4%
Liu C 2020 4 56.0 306 4 415 476 —!-—'— 145 [-41.0; 70.0] 0.0% 0.2%
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Lu H 2020 22 296 79 22 410 189 -11.4 [-20.0; -28] 18% 26%
Mo P 2020 85 29.1 18.9 85 426 30.2 - -135 [-21.1; -59] 24% 2.8%
Wang Q 2020 26 282 15.1 11 416 244 : -134 [-28.9; 21] 06% 1.5%
Shang H 2020 162 42.4 254 162 39.8 21.7 i 26 [ -25 77] 51% 3.3%
Petrilli CM 2020 650 375 215 650 555 31.2 H -18.0 [-20.9; -15.1] 15.9% 3.7%
Frederick SB 2020 51 350 275 51 415 26.7 6.5 [-17.0; 40] 12% 2.3%
Gao YJ 2020 19 40.8 45.7 19 427 376 -19 [-285; 247] 02% 0.7%
Liu W 2020 20 35.1 27.3 20 295 14.0 ; 56 [ -7.8; 190] 07% 1.8%
Macarena RV 2020 18 27.3 1838 18 309 15.1 -36 [-147; 75] 1.1% 2.1%
Wang RR 2020 25 266 15.3 25 29.7 10.2 - 31 [-10.3; 41] 26% 2.9%
Yang LH 2020 29 432 437 29 467 242 —H— 35 [-21.7, 147] 04% 1.2%
YiP 2020 49 265 19.1 49 285 183 L s -20 [ -94; 54] 25% 2.9%
Yin Zw 2020 192 232 136 192 233 134 -01 [ -28; 26] 185% 3.8%
Wang W 2020 20 437 339 20 400 262 H— 37 [-151; 225] 04% 1.2%
Zheng SH 2020 59 47.5 33.0 59 37.1 24.0 Hass 104 [ 00; 208] 1.2% 2.3%
Zhang YF 2020 31 379 322 31 389 226 -!'— -1.0 [-14.8; 128] 07% 1.7%
Hong KS 2020 13 588 936 13 100.3 97.0 f— -415 [-114.8; 318] 0.0% 0.1%
Wang D 2020 71 520 36.3 71 640 329 — -12.0 [-23.4; -06] 1.0% 21%
Aliye B 2020 46 345 16.1 46 425 34.4 4 -8.0 [-19.0; 30] 1.1% 2.2%
Cao ZH 2020 27 34.8 27.4 27 377 219 -i-- -29 [-16.1; 10.3] 08% 1.8%
Total 2572 36.1 27.6 2557 44.3 29.7 ;

Fixed effect model { -7.0 [ -8.2; -5.8] 100.0% -
Random effects model [ -6.3 [ -8.7; -3.9] —  100.0%
Heterogeneity: 1 = 67%, ©° = 38.6376, p < 0.01 T T T 1
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Figure 3 Forest plot for the comparison of alanine aminotransferase and aspartate aminotransferase levels in the patients with
coronavirus disease 2019 stratified by disease severity. A: Forest plot for the comparison of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels in the non-severe cases of coronavirus disease 2019 (COVID-19); B: Forest plot for the comparison of ALT and AST levels in the
severe cases of COVID-19. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
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AST level. While ALT is primarily present in the liver and is a more specific indicator for hepatocellular
injury, the distribution of AST is far wider than that of ALT, including the cardiac muscle, skeletal
muscle, kidney, and brain[13]. An elevated AST level accompanied by a normal ALT level often
suggests cardiac or muscle disease. In fact, cardiac injury is frequent in severe cases of COVID-19,
especially in deceased patients[22,23].

This study has some substantial merits. First, acomprehensive review of COVID-19 literature, which
is rapidly developing and sometimes confusing, was presented in this meta-analysis regarding the
manifestation of liver chemistries. The extensive coverage of 37 studies allowed a more precise
evaluation of the abnormalities of liver chemistries. Our subgroup analysis revealed that the abnormal
liver chemistries were associated with a more severe disease course. It is imperative that liver
chemistries should be monitored more closely for diagnostic and prognostic purposes.

Second, this analysis extensively covered hepatocellular injury, hepatocellular dysfunction, and
cholestasis, three patterns of liver impairment. Most observations focused on ALT, AST, and ALB levels.
However, cholestasis-related impairment (e.g., abnormal ALP and GGT levels) tended to be
inadvertently ignored. Moreover, we also compared hepatocellular dysfunction between the severe and
non-severe cases. The alarmingly high prevalence of hypoalbuminemia in the severe cases prompts
further nutrition support in severe cases. In addition, coagulation dysfunction in severe cases requires
vigilance. Third, the enrolled studies included multiple observations not only from mainland China but
also from other ethnic groups. This facilitates the assessment of abnormal liver chemistries related to
COVID-19 in a broader ethnic context. Fourth, eligible studies preprinted in medRxiv and bioRxiv were
also covered. As a result, our analysis has a clear leading position. However, our study has a few
limitations. As mentioned earlier, cholestasis-related indexes such as ALP/GGT level may be under-
reported in quite a number of studies, which may lead to less precise pooled data. Second, most studies
were conducted in mainland China. It was difficult to determine if liver chemistry was abnormal in
other ethnic groups. Most of the studies that came from mainland China seem to have an adverse
impact. On the contrary, this helps to abate the heterogeneity caused by the disease grouping, as some
potential discrepancies may exist in the definition of severe and non-severe cases of COVID-19 between
different countries.

CONCLUSION

In this meta-analysis, we comprehensively described hepatocellular injury, hepatocellular dysfunction,
cholestasis, three patterns of liver impairment, related to COVID-19. Severe COVID-19 was more likely
to be associated with abnormal liver test results. A close monitoring of liver chemistries can provide an
early warning of disease progression.
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A Non-Severe Severe AKP
Study Number Mean SD Number Mean SD Mean Difference
Fu L 2020 211 634 194 139 67.2 248 -.\;
Xie H 2020 51 85.1 414 28 759 26.6 s
Zhang Y 2020 84 716 241 31 795 24.6 —
Zhang H 2020 29 53.1 156 14 60.0 23.1 —
Xiang TX 2020 40 15.7 157 9 80.1 40.7 —+— i
Cai Q 2020 233 71.8 23.9 85 80.8 29.4 -—f
Qian Z 2020 298 574 142 26 59.1 17.5 ™
Shang H 2020 282 538 17.1 162 54.4 18.0
Huang TT 2020 23 689 13.1 13 99.0 77.7  ——t——
Zhang YF 2020 84 716 24.1 31 795 246 —~,-I-
Total 1335 67.8 23.5 538 67.8 28.5 H
"
Fixed effect model 9
Random effects model R
Heterogeneity: 1> = 71%, 1° = 38.0007, p <0.01 r
-50 0 50
B Non-Severe Severe GGT
Study Number Mean SD Number Mean SD Mean Difference
Fu L 2020 211 26.8 19.4 139 405 383 —
Xie HS 2020 51 484 60.1 28 482 461 B S
Zhang YF 2020 84 285 249 31 569 73.3—'—i—
Zhang HZ 2020 29 368 273 14 501 544 ——7—
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Zhang YF 2020 84 285 249 31 569 733 i
Total 741 30.5 27.1 405 44.2 44.7 |
|
Fixed effect model <
Random effects model <
Heterogeneity: ?=0%, =0, p =0.50 1
40 -20 0 20 40
C Non-Severe Severe TBIL
Study Number Mean SD Number Mean SD Mean Difference
Cao M 2020 176 83 29 19 99 43 bra
Chen G 2020 10 82 38 1 112 64 —_—
Han'Y 2020 23 148 13 24 169 129 —-‘L—
Huang C 2020 28 108 23 13 201 17.4 ————1
Chen X 2020 241 117 63 50 119 6.1 -
Ful 2020 211 109 54 189 124 58 b
Wang D 2020 102 101 35 36 133 69 -T
Xie H 2020 51 138 75 28 120 57 T
Zhang 'Y 2020 84 103 43 31 141 64 —+
Zhang H 2020 29 149 76 14 154 47 —;-—
Zhang G 2020 166 105 4.4 55 125 67 -
Wu C 2020 117 109 38 84 132 57 +
Zheng F 2020 131 114 53 30 130 60 -f-
Wan S 2020 95 94 63 40 112 60 -1
Xiang TX 2020 40 75 34 9 115 40 —r
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=0.2923, p <0.01
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Figure 4 Forest plot for the association of the cholestasis-related indexes and disease severity. A: Pooled levels of alkaline phosphatase; B:
Pooled levels of y-Glutamyltransferase; C: Pooled levels of total bilirubin; D: Pooled levels of direct bilirubin in the patients with coronavirus disease 2019. ALP:
Alkaline phosphatase; GGT: y-Glutamyltransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin.
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Non-Severe
Study Number Mean SD
Cao M 2020 176 411 3.4
Chen G 2020 10 376 4.0
Huang C 2020 28 337 49
Chen X 2020 241 38.1 45
Fu L 2020 211 404 54
Liu L 2020 44 410 4.6
ZhangY 2020 84 404 3.2
Zhang H 2020 29 429 43
Wu C 2020 117 33.6 4.0
Wan S 2020 95 433 47
Xiang TX 2020 40 443 45
Li D 2020 63 388 29
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Mo P 2020 70 390 45
Wang Q 2020 39 421 5.2
Shang H 2020 282 320 5.1
Macarena RV 2020 70 41.4 338
Yang LH 2020 171 382 39
Yin Zw 2020 282 401 5.1
Wang W 2020 34 326 3.1
Zheng SH 2020 1684 38.8 4.1
Huang TT 2020 23 416 3.7
Zhang YF 2020 84 404 32
Hong KS 2020 85 39 05
Wang D 2020 72 386 23
Aliye B 2020 145 458 5.1
Cao ZH 2020 53 36.8 43
Jota/ 4475 383 7.0

Fixed effect model
Random effects model
Heterogeneity: /2 = 96%, ° = 8.5888, p < 0.01

Non-Severe
Study Number Mean SD
Chen X 2020 241 268 43
Fu L 2020 211 294 5.2
Zhang Y 2020 84 28.4 35
Wu C 2020 117 303 3.2
Xiang TX 2020 40 27.0 34
Mo P 2020 70 29.0 45
Shang H 2020 282 308 43
Yin Zw 2020 192 27.1 51
Wang W 2020 20 30.2 49
Zhang YF 2020 31 313 46
Total 1288 28.9 4.7

Fixed effect model
Random effects model
Heterogeneity: I = 80%, v = 2.1428, p < 0.01

Non-Severe
Study Number Mean SD
Cao M 2020 176 13.3 0.6
Chen G 2020 10 134 1.0
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Huang C 2020 28 109 18
Wang D 2020 102 129 0.8
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Zhang H 2020 29 104 05
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Wan S 2020 95 10.8 0.7
Gao Y 2020 28 120 1.2
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Li D 2020 63 136 09
Liu J 2020 27 13.1 06
Lei S 2020 19 115 14
Lu H 2020 243 134 06
Frederick SB 2020 54 145 2.4
Gao YJ 2020 43 121 0.8
Yang LH 2020 171 110 0.7
Zhang TJ 2020 16 11.3 1.0
Reza S 2020 102 153 2.4
Wang W 2020 34 133 1.0
Huang TT 2020 23 114 16
Wang D 2020 72 113 14
Aliye B 2020 145 124 11
Cao ZH 2020 53 12.7 0.7
Total 1980 72.5 1.6

Fixed effect model
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Heterogeneity: I = 62%, t* =0.1249, p <0.01
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Figure 5 Forest plot for the association of the synthetic function-related indexes and disease severity. A: Pooled albumin levels; B: Globulin
levels; C: Prothrombin times; D: International standardized ratios in the patients with coronavirus disease 2019. ALB: Albumin; GLB: Globulin; PT: Prothrombin time;
INR: International standardized ratio.
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ARTICLE HIGHLIGHTS

Research background
According to the World Health Organization released situation report, many of people were confirmed
coronavirus disease (COVID-19) globally.

Research motivation
Severe COVID-19 was more likely to be associated with abnormal liver test results.

Research objectives
A close monitoring of liver chemistries can provide an early warning of disease progression.

Research methods
We used 56 studies, which included a total of 11052 patients for Meta-Analyses to explored the
difference of liver chemistries from severe cases of COVID-19 to non-severe cases.

Research results

This article showed that severe cases of COVID-19 tended to have higher alanine aminotransferase or
aspartate aminotransferase, alkaline phosphatase/y-glutamyltransferase, and total bilirubin levels;
prolonged prothrombin time; and higher international standardized ratio. However, the severe cases
had lower albumin levels than the non-severe cases.

Research conclusions
Severe COVID-19 was more likely to be associated with abnormal liver test results.

Research perspectives
In the future, more targeted therapies and holistic care approaches may be developed as a result of
better knowledge.
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