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ABSTRACT
Recognizing hepatic manifestations of  COVID-19 and their impact on the severity and outcome is crucial in manag-
ing this emerging pandemic. However, we lack such reported data in Saudi Arabia regarding this clinical entity. This 
is a retrospective observational study conducted on 387 patients with COVID-19 disease who were hospitalized at 
King Fahad Hospital of  the University from March-September 2020. The total cohort was divided into two groups: 
liver and non-liver involvement. Then, the frequency of  hepatic manifestations was determined, followed by com-
paring severity and outcome among the two study groups. A total of  387 patients were included, of  which 72.87% 
had hepatic manifestations. The most prevalent abnormalities were high LDH in 308 (79.58%) followed by AST 205 
(52.97%), GGTP 124 (31.26%), ALT 74 (19.12%), PT/INR 66 (17.05%), direct bilirubin 51 (12.40%), total bilirubin 
46 (11.88%), and low albumin 48 (12.4%). Univariate analyses showed that liver involvement was significantly associ-
ated with severe (31.91%) and critical (34.75%) presentation (P<0.001). Multivariate regression analysis showed that 
the presence of  liver involvement was an independent risk factor for severe or critical COVID-19 disease (OR 2.44; 
P<0.001), longer hospitalization (OR 2.27; P=0.001), and ICU admission (OR 2.27; P=0.006). The current study 
showed that liver involvement is common in the setting of  COVID-19 disease. Such patients had a higher disease 
severity and a worse clinical outcome.
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INTRODUCTION

World Health Organization (WHO) announced Coronavi-
rus disease 2019 (COVID-19) as a pandemic in March 2020 [1]. 
There were 250 million cases infected globally by COVID-19, 
with 5 million deaths as of  15th November 2021 [2]. Saudi Ara-
bia is highly affected by COVID-19 disease. Since the beginning 
of  the pandemic, 549,000 confirmed cases had been reported to 
WHO, with almost 8,800 deaths at the time of  writing this report 
[3]. The earliest reports from China reported respiratory symp-
toms as the most common presentation of  COVID-19, primarily 
cough, fatigue, and shortness of  breath [4]. This could progress 
into acute respiratory distress syndrome (ARDS) and lead to 
the need for intensive care unit (ICU) admission and mechani-
cal ventilation [4]. However, extra pulmonary manifestations of  
COVID-19 are currently well recognized, such as cardiac, gas-
trointestinal, hepatic, and hematological manifestations [5].

Hepatobiliary manifestations of  COVID-19 disease are 
common, being reported in 21–53% of  COVID-19 cases [4–6]. 
High bilirubin, alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) levels were the most commonly report-
ed manifestations [4–6]. Several studies found a link between 
hepatic dysfunction and the severity of  COVID-19 disease [4, 
5]. Guan et al. noticed that liver derangement was greater in pa-
tients with severe disease [4]. Additionally, Huang et al. reported 
a higher percentage of  liver enzyme elevation in ICU patients 
[5]. The evidence about the impact of  hepatic dysfunction on the 
outcome of  COVID-19 is heterogeneous. For instance, a retro-
spective case series of  113 deceased cases found that the concen-
tration of  liver enzymes was higher in deceased than recovered 
patients [7]. However, According to Yang et al., there was no dif-
ference in hepatic dysfunction between COVID-19 survivors and 
non-survivors [8]. 

Recognizing COVID-19 hepatic manifestations and their 
impact on the severity and outcome is crucial in managing such 
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a pandemic. However, we lack such evidence in the Middle East. 
Therefore, we believe that our study could contribute to a better 
understanding of  such an important and common manifestation 
of  COVID-19 in the region. Furthermore, we expect that this 
study will help clinicians to manage their patients accordingly 
and, as a result, improve their outcomes.

MATERIAL AND METHODS

Data Collection

This is a retrospective observational study of  patients hos-
pitalized with COVID-19 at King Fahd Hospital of  the Imam 
Abdulrahman Bin Faisal University, Eastern Province, Saudi 
Arabia, from March-September 2020. A total of  387 patients 
were included in the study. Exclusion criteria included cancer, 
immunodeficiency disorders, human immunodeficiency virus in-
fection, and pregnancy. 

The following data was divided into six sections. The first sec-
tion included baseline data (age, gender, nationality, and comorbid 
conditions). The second section represented baseline laboratory 
investigations, including white blood cell (WBC) count with lym-
phocyte and neutrophils count, haemoglobin, platelets, creatinine, 
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), 
ferritin and D-dimer. The third section included the liver profile 
data: (total bilirubin, direct bilirubin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma-glutamyl trans-
peptidase (GGTP), alkaline phosphatase (ALP), and lactate dehy-
drogenase (LDH)). The fourth section included data on synthetic 
liver function (albumin level and prothrombin time (PT)/interna-
tional normalized ratio (INR)). Liver enzyme abnormalities were 
graded based on the followings: mild: less than 2 times above the 
upper limit of  normal, moderate: 2–5 times the upper limit of  
normal, and severe: more than 5 times the upper limit of  nor-
mal. Albumin level was graded based on the followings: mild: 
3.0–3.5 g/dl, moderate: 2.9–2.0 g/dl, severe: less than 2.0 g/dl. 
PT/INR level was graded based on the following: mild: less than 
1.7, moderate: 1.7–2.3, severe: more than 2.3. The fifth section in-
cluded the severity of  COVID-19, data classified according to the 
guidelines published by the Saudi Arabian Ministry of  Health in 
2020 [9]: A) mild-moderate: negative pneumonia on chest X-ray 
and no oxygen requirement. B) severe disease: oxygen saturation 
<93% on room air, respiratory rate ≥30/minute, partial pressure 
of  oxygen/fraction of  inspired oxygen<300 or lung infiltrates 
>50% of  the lung field within 24–48 hours. C) critical disease can 
be classified if  any of  the following is present: acute respiratory 
distress syndrome (ARDS), sepsis, altered level of  consciousness, 
multi-organ failure, or with risk factors of  cytokine storm syndrome 
defined as ferritin more than 600 ug/L at initial presentation and 
LDH more than 250 U/L or high D-Dimer more than 1 mcg/ml. 
The final section was about the outcome of  COVID-19 disease, 
which was defined by the length of  hospital stay, the requirement 
for ICU admission, mechanical ventilation, and death. 

Then, the frequency of  hepatobiliary manifestations was 
determined. After that, we divided the total population into two 
groups: the first one was the group with liver involvement, de-
fined as any elevation of  total bilirubin, direct bilirubin, ALT, 
AST, ALP, GGTP, PT/INR above the upper limit of  reference 
range or low albumin below the lower limit of  the reference 
range. High LDH was not included as a parameter of  liver in-
volvement since it can be caused by COVID-19 itself  and not 
necessarily liver involvement [10]. The second group is the one 

without liver involvement. After that, the severity and outcome 
of  both groups were investigated.

Statistical analysis

Means and standard deviations (SD) or medians and in-
ter-quartile ranges (IQR) were used to report continuous data, 
while absolute numbers and percentages were used to report cat-
egorical data. Groups were compared using student t-test, Mann 
Whitney u test for continuous data, Chi-square test, or Fisher's 
exact test for categorical data. Multiple logistic regression was 
used to study the multivariate association between study outcome 
and risk factors. All statistical analyses were done using SAS ver-
sion 9.2 (SAS Institute, Inc, Cary, NC) and (R Foundation for 
Statistical Computing, Vienna, Austria). A significant P value was 
set at less than 0.05. 

RESULTS

Demographics and comorbidities

A total of  387 patients were included. The median age 
was 52.18±15.66 years. 104 (26.87%) were females, and 283 
(73.13%) were males. 214 (55.30%) had Saudi nationality, and 
173 (44.70%) were non-Saudis. Diabetes mellitus (DM) was the 
most prevalent comorbidity in 184 (47.55%), followed by hyper-
tension in 148 (38.24%). Pre-existing liver diseases were found 
in 8 patients (2.07%) (Table 1). Liver involvement was found in 
282 cases (72.87%). A comparison of  age and comorbidities be-
tween the two study groups showed that the majority of  the liver 
involvement group were males (79.79% vs. 55.24%; P<0.001) 
and of  non-Saudi nationality (50% vs. 30.48%; P<0.001). Al-
though it did not reach statistical significance, they tended to be 
older (53.18±15.00 vs. 50.23±16.81). 

Description of liver enzymes abnormalities

The most prevalent liver enzyme abnormality was high 
LDH in 308 (79.58%) followed by AST 205 (52.97%), GGTP 
121 (31.26%), ALT 74 (19.12%), direct bilirubin 51 (12.40%) 
and total bilirubin 49 (11.88%). ALP elevation was the least prev-
alent in 26 (6.7%). Low albumin was found in 48 (12.40%), with 
high PT/INR in 66 (17.05%). Liver enzymes elevation was com-
monly mildly elevated, followed by moderate elevation, and least 
commonly severely elevated (Table 2). 

Comparison of laboratory abnormalities between 
the two study groups

Patients with liver involvement had higher median neutro-
phil count (5.0 vs. 3.8; P=0.003), CRP (8.4 vs. 3.00; P<0.001), 
D-dimer (0.95 vs. 0.53; P<0.001) and ferritin (618 vs. 240.7; 
P<0.001), ESR tended to be higher in the liver involvement 
group, but it was statistically insignificant. In addition, the same 
group had lower median lymphocyte count (1.2 vs. 1.4; P=0.016) 
and platelets (199 vs. 228; P=0.002) (Table 3). 

Association of liver involvement with the severity 
and outcome of COVID-19

Univariate analysis was done to compare the severity of  
COVID-19 pneumonia between the two groups. The group of  
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Liver involvement  
N=282 (72.87%)

No Liver involvement 
N=105 (27.13%)

Total  
N=387 P-value

Age 53.18±15.00 50.23±16.81 52.18±15.66 0.096

Gender

Female 57 (20.21%) 47 (44.76%) 104 (26.87%)
<0.001

Male 225 (79.79%) 58 (55.24%) 283 (73.13%)

Nationality

Saudi 141 (50.00%) 73 (69.52%) 214 (55.30%)
<0.001

Non-Saudi 141 (50.00%) 32 (30.48%) 173 (44.70%)

Diabetes Mellitus 128 (45.39%) 56 (53.33%) 184 (47.55%) 0.164

Hypertension 109 (38.65%) 39 (37.14%) 148 (38.24%) 0.786

Chronic Respiratory Diseases 14 (4.96%) 8 (7.62%) 22 (5.68%) 0.316

Chronic Kidney Diseases 10 (3.55%) 8 (7.62%) 18 (4.65%) 0.091

Gastrointestinal Diseases 9 (3.19%) 3 (2.86%) 11 (2.84%) 0.45

Chronic liver diseases 6 (2.13%) 2 (1.9%) 8 (2.07%) 0.015

Table 1. Demographics and comorbidities.

N – Number. Significant P-value is shown in bold.

Table 2. Descriptive analysis of liver abnormalities.

IQR – Interquartile range; NA – Not applicable; ALT – Alanine aminotransferase; AST – Aspartate aminotransferase; ALP – Alkaline phosphatase; 
GGTP – Gamma-glutamyl transpeptidase; LDH – Lactate dehydrogenase; PT/INR – Prothrombin time/International normalized ratio.

Parameter Normal range Frequency 
(Percentage) Median (IQR)

Severity, Frequency (Percentage)

Mild Moderate Severe

Total Bilirubin (0.2–1.2 mg/dl) 46 (11.88%) 0.60 (0.50) 40 (10.34%) 6 (1.55%) NA

Direct Bilirubin (0.1–0.5 mg/dl) 51 (12.40%) 0.30 (0.20) 38 (9.82%) 8 (2.07%) 2 (0.52%)

ALT (7–55 U/L) 74 (19.12%) 29.00 (26.00) 56 (14.47%) 15 (3.88%) 3 (0.78%)

AST (5–34 U/L) 205 (52.97%) 36.00 (35.00) 127 (32.82%) 71 (18.35%) 7 (1.81%)

ALP (40–150 U/L) 26 (6.71%) 71.00 (38.00) 20 (5.17%) 5 (1.29%) 1 (0.26%)

GGTP (12–64 U/L) 121 (31.26%) 43.00 (51.00) 78 (20.16%) 36 (9.30%) 7 (1.81%)

LDH (81–234 U/L) 308 (79.58%) 358.0 (259.0) 189 (48.84%) 109 (28.17%) 10 (2.58%)

Albumin (3.2–5.2 g/dl) 48 (12.40%) 3.70 (0.70) 26 (6.74%) 16 (4.15%) 1 (0.26%)

PT/INR ≤1.1 66 (17.05%) 1.00 (0.15) 47 (14.51%) 3 (0.93%) 16 (4.94%)

Table 3. Comparison of laboratory values between the liver and non-liver involvement groups.

IQR – interquartile range; WBCs – White blood cells; ESR – Erythrocyte sedimentation rate; CRP – C-reactive protein. Significant P-value is shown 
in bold.

Laboratory Test Normal Range Liver involvement 
Median (IQR)

No Liver involvement 
Median (IQR) Total Median (IQR) P-value

WBC (4.0–11 k/ul) 7.00 (5.30) 6.00 (4.10) 6.70 (5.00) 0.154

Haemoglobin Males (13.0–18.0 g/dl)  
Females (12.0–16.0 g/dl) 13.30 (2.60) 13.00 (2.40) 13.20 (2.70) 0.144

Platelets (140–450 k/ul) 199.0 (105.0) 228.0 (91.00) 209.0 (104.0) 0.002

Neutrophils (2.0–7.5 k/ul) 5.00 (4.60) 3.80 (2.90) 4.70 (4.10) 0.003

Lymphocytes (1.0–5.0 k/ul) 1.20 (0.87) 1.40 (0.75) 1.20 (0.80) 0.016

Creatinine (0.6–1.2 mg/dl) 0.95 (0.42) 0.90 (0.37) 0.94 (0.41) 0.174

ESR (0–20 mm/hour) 44.00 (35.00) 39.00 (44.00) 43.00 (37.00) 0.085

CRP (0.1–0.5 mg/dl) 8.40 (10.78) 3.00 (8.82) 7.40 (11.22) <0.001

D-dimer (≤0.5 ug/ml) 0.95 (1.38) 0.53 (0.83) 0.85 (1.24) <0.001

Ferritin (21.81–274.66 ng/ml) 618.0 (1072) 240.7 (396.9) 524.0 (814.7) <0.001



© 2022 JOURNAL of  MEDICINE and LIFE. VOL: 15 ISSUE: 8 AUGUST 2022990

JOURNAL of MEDICINE and LIFE

liver involvement was significantly associated with a severe and 
critical presentation in 31.91 and 34.75% of  cases, respectively 
(P<0.001). In addition, we found a significant association with all 
the severe and critical MOH severity criteria (P<0.05) (Table 4, 
Figure 1). Moreover, the group with liver involvement had a lon-
ger hospital stay, higher requirement for ICU admission, me-
chanical ventilation, and death (P<0.05) (Table 4, Figure 1). 

Multivariate analysis showed that age (OR 1.05; P<0.001), 
non-Saudi nationality (OR 1.86; P<0.017), and DM (OR 1.76; 
P<0.037) were independent risk factors for severe or critical 
COVID-19 pneumonia. It also confirmed that liver involvement 
increased the odds of  severe or critical COVID-19 disease by 
2.44 times (P<0.001) (Table 5). In addition, the same analysis 
was done to examine the association with the outcome variables. 
There was a statistically significant association between older age 
and longer hospitalization (OR 1.02; P=0.009), a higher need 
for ICU admission (OR 1.04; P<0.001), mechanical ventilation 
(OR 1.05; P<0.001), and death (OR 1.07; P<0.001). In addition, 
non-Saudi nationality was associated with a significantly higher 
need of  ICU admission (OR 2.09; P=0.005), mechanical ventila-
tion (OR 2.67; P<0.001) and death (OR 3.46; P<0.001). More-
over, liver involvement increased the odds of  prolonged hospital-
ization and ICU admission by 2.27 times (P=0.001 and 0.006, 
respectively). Although the liver involvement group had a higher 
likelihood of  mechanical ventilation and death, the difference 
was statistically insignificant (Table 6).

DISCUSSION

This is an observational study of  387 hospitalized 
COVID-19 patients describing hepatic manifestations associ-
ated with COVID-19 disease and examining their impact on 
the severity and outcome of  the disease. Our study shows the 
following key findings: first, 72.87% of  our cohort had liver in-
volvement, most commonly high LDH, followed by AST, GGTP, 
ALT, PT/INR, bilirubin, and low albumin. Second, the group 
with liver involvement had greater neutrophil, CRP, D-dimer, 
and ferritin levels but lower lymphocyte and platelet counts. Fol-
lowing that, the presence of  liver involvement increased the odds 
of  severe or critical COVID-19 disease. Furthermore, it was an 
independent risk factor for prolonged hospitalization and ICU 
admission. Finally, older age and non-Saudi nationality were 
linked to severe or critical COVID-19 pneumonia, as well as 
poor outcomes. DM increased the likelihood of  severe or critical 
COVID-19 infection.

Our study is in line with a previous report of  417 COVID-19 
patients that looked at the frequency of  liver involvement sec-
ondary to COVID-19 disease. They found that 76.3% of  their 
population had an abnormal liver profile [11]. However, earli-
er studies reported a lower prevalence, ranging between 14 and 
54% at the beginning of  the pandemic [12]. A meta-analysis 
by Wu et al. of  45 studies showed that the pooled incidence of  
any abnormal liver enzyme was 27.2% at admission and 36% 

Table 4. Comparison of severity and outcome between the two study groups (univariate analysis).

Liver involvement No Liver involvement Total P-value

MOH Severity Criteria

Mild/Moderate 94 (33.33%) 60 (57.14%) 154 (39.79%)

<0.001Severe 90 (31.91%) 30 (28.57%) 120 (31.01%)

Critical 98 (34.75%) 15 (14.29%) 113 (29.20%)

Severe

Pneumonia on chest x ray 231 (82.21%) 66 (62.86%) 297 (76.94%) <0.001

Respiratory rate greater 
than 30/minute 126 (44.68%) 22 (20.95%) 148 (38.24%) <0.001

Oxygen saturation less 
than 93% on room air 192 (68.09%) 43 (40.95%) 235 (60.72%) <0.001

PaO2/FiO2 ratio  
less than 300 127 (48.29%) 22 (23.16%) 149 (41.62%) <0.001

Lung infiltration greater 
than 50% of lung fields 
within 24–48 hours

118 (41.84%) 19 (18.10%) 137 (35.40%) <0.001

Critical

Adult Respiratory  
distress syndrome 91 (32.27%) 18 (17.14%) 109 (28.17%) 0.003

Sepsis 60 (21.28%) 7 (6.67%) 67 (17.31%) <0.001

Altered mental status 54 (19.15%) 8 (7.62%) 62 (16.02%) 0.006

Multiorgan failure 47 (16.67%) 5 (4.76%) 52 (13.44%) 0.002

Cytokine storm syndrome 102 (37.78%) 10 (9.80%) 112 (30.11%) <0.001

Outcome

Length of hospital stay 14.79±16.17 10.51±12.12 13.54±15.25 0.014

Need for ICU admission 117 (41.49%) 22 (20.95%) 139 (35.92%) <0.001

Need for ventilation 86 (30.50%) 16 (15.24%) 102 (26.36%) 0.002

Death 53 (18.79%) 8 (7.62%) 61 (15.76%) 0.007

PaO2/FiO2 – Partial pressure of Oxygen/Fraction of inspired oxygen. Significant P-value is shown in bold.
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during hospitalization [13]. Looking into the prevalence of  in-
dividual liver enzyme abnormalities, our study shows that high 
LDH was the most prevalent abnormality in 79.58%, followed 
by AST at 52.97%, GGTP at 31.26%, ALT at 19.12%, direct 
bilirubin at 12.40%, total bilirubin 11.88%, and least commonly 
ALP elevation in 6.71%. We must look at LDH very carefully 
because it could be secondary to COVID-19 itself  and not nec-
essarily liver injury [10]. Therefore, we excluded high LDH from 
the definition of  the liver involvement group. Most other studies 
looked specifically at ALT and AST elevation. For example, a 
study of  69 patients treated for SARS-CoV2 infection in early 
2020 reported an increase in ALT and AST in 33% and 28% of  
patients, respectively [14]. Guan et al. evaluated 1099 COVID-19 
patients and showed that 22.2% had elevated AST and 21.3% 
had elevated ALT. Furthermore, in a research of  5700 individu-
als from New York, USA, the prevalence of  raised AST and ALT 
was shown to be greater, at 58.4% and 39.0%, respectively [15]. 
Another study was conducted in China on 2,922 patients and 
found that 48.6% of  COVID-19 patients developed abnormal 
liver profiles: high ALT in 22.7%, AST in 7.6%, ALP in 4.6%, 
and GGTP in 18.5% [16]. However, Wu et al. reported abnor-

mal albumin as the most common liver manifestation in patients 
with COVID-19, followed by GGTP, AST, ALT, total bilirubin, 
and ALP [13]. Our findings showed that liver enzyme elevation 
was commonly mildly elevated, consistent with evidence show-
ing that ALT and AST levels were commonly elevated below 
100 U/L [14].

According to our findings, the group with liver involve-
ment had higher neutrophil, CRP, D-dimer, and ferritin levels 
with lower lymphocyte and platelet counts. Similarly, Fan et al. 
reported that patients with abnormal liver profiles had high-
er procalcitonin (P=0.0001) and CRP levels (P=0.0105) [17]. 
In addition, Zhang et al. found higher levels of  WBCs, neutro-
phils, CRP, and D-dimer in patients with abnormal liver profiles 
secondary to COVID-19 disease (P<0.05) [18]. Another study 
found that the levels of  cytokines such as interleukins were more 
elevated in patients with high ALT than patients with normal 
ALT (P<0.05) [19].

In our study, 31.91% and 34.75% of  patients with liver in-
volvement had severe-critical COVID-19 pneumonia, respec-
tively (P=0.001). Regression analysis showed that liver involve-
ment increases the likelihood of  severe or critical COVID-19 

24 
 

 

 

Figure 1: Comparison of severity and outcome between the two study groups (univariate 
analysis). 

 

 

 

 

 

 

 

Figure 1. Comparison of severity and outcome between the two study groups (univariate analysis).

Covariate Severe or critical OR (95% CI) P-Value

Age 1.05 (1.034–1.08) <0.001

Gender (Male) 1.23 (0.698–2.16) 0.476

Nationality (Non-Saudi) 1.86 (1.116–3.12) 0.017

Diabetes Mellitus 1.76 (1.035–3.00) 0.037

Hypertension 1.00 (0.549–1.82) 0.999

Respiratory Diseases 0.79 (0.281–2.21) 0.650

Chronic kidney diseases 1.86 (0.583–5.92) 0.295

Pre-existing GI and liver diseases 1.60 (0.523–4.89) 0.410

Liver Involvement 2.44 (1.432–4.16) <0.001

Table 5. Logistic regression of severity of COVID-19 disease with demographics and liver involvement.

OR – Odds ratio; CI – Confidence interval; GI – gastrointestinal. Significant P-value is shown in bold. 
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Table 6. Logistic regression of association of outcome of COVID-19 disease with demographics and liver involvement.

OR – Odds ratio; CI – Confidence interval; GI – gastrointestinal. *Length of hospitalization: (we used a cut-off of more than 7 days) correlated with 
the reported median duration of hospital stay in Saudi Arabia. Significant P-value is shown in bold. 

Covariate

Outcome

*Length of 
hospitalization 

OR (95% CI)
P-value

ICU 
admission 

OR (95% CI)
P-value

Mechanical 
ventilation 
OR (95% CI)

P-value Death  
OR (95% CI) P-value

Age 1.02  
(1.006–1.04) 0.009 1.04  

(1.023–1.06) <0.001 1.05  
(1.025–1.07) <0.001 1.07  

(1.043–1.10) <0.001

Gender 1.16  
(0.681–1.96) 0.589 1.41  

(0.778–2.55) 0.258 1.99  
(0.998–3.98) 0.051 2.13  

(0.872–5.21) 0.097

Nationality 1.59  
(0.981–2.57) 0.060 2.09  

(1.256–3.47) 0.005 2.67  
(1.52–4.70) <0.001 3.46  

(1.661–7.20) <0.001

Diabetes 
mellitus

1.39  
(0.844–2.30) 0.194 1.38  

(0.832–2.29) 0.212 1.57  
(0.906–2.71) 0.108 1.48  

(0.761–2.90) 0.247

Hypertension 1.19  
(0.673–2.09) 0.555 1.17  

(0.671–2.05) 0.579 1.10  
(0.603–1.99) 0.765 1.10  

(0.542–2.23) 0.792

Respiratory 
diseases 

0.71  
(0.27–1.87) 0.487 1.32  

(0.481–3.64) 0.588 1.35  
(0.457–3.99) 0.587 1.96  

(0.579–6.64) 0.279

Chronic kidney 
diseases 

2.68  
(0.814–8.84) 0.105 2.13  

(0.745–6.12) 0.158 1.35  
(0.441–4.13) 0.599 2.25  

(0.652–7.76) 0.199

Pre-existing GI  
and liver diseases 

1.97  
(0.664–5.83) 0.222 1.75  

(0.597–5.11) 0.308 1.93  
(0.614–6.06) 0.261 3.08  

(0.824–11.53) 0.094

Liver 
involvement 

2.27  
(1.379–3.74) 0.001 2.27  

(1.264–4.07) 0.006 1.83  
(0.949–3.52) 0.071 2.37  

(0.966–5.82) 0.060

infection by 2.44 times (P<0.001). Similarly, previous studies have 
linked liver injury to severe COVID-19 infection [4, 20]. The 
same study by Guan et al. reported that patients with severe dis-
eases had higher transaminitis than the non-severe disease (ALT 
28.1% vs. 19.8%, AST 39.4% vs. 18.2%) [4]. Similar results were 
also confirmed in a meta-analysis of  20 retrospective studies 
of  3428 patients with SARS-COV2 infection, where 1455 pa-
tients had severe disease [21]. They also had statistically higher 
AST, ALT, and total bilirubin [21]. Huang et al. found that high 
liver enzymes (AST, ALT, GGTP, and LDH) were substantial-
ly linked with the severity of  COVID-19 disease from baseline 
to 30 days after admission in a retrospective cohort analysis of  
1003 COVID-19 hospitalized patients in China (P=0.05) [22]. 
The same meta-analysis by Wu et al. found that severe and/or 
critical COVID-19 patients had a significantly higher pooled in-
cidence of  abnormal liver biochemical indicators at admission 
than mild and/or moderate patients [13]. Furthermore, Cai et al. 
found that the prevalence of  abnormal liver tests and liver injury 
in the Chinese population was linked to the progression to severe 
COVID-19 infection [11]. On the other hand, some studies re-
ported no significant variation in ALT levels of  COVID-19 pa-
tients based on disease severity [23].

In our report, multivariate analysis proved that liver involve-
ment increased hospitalization length and ICU admission odds by 
2.27 times (P<0.05). Similarly, in January of  2020, a study from 
Wuhan, China, showed that AST was elevated in 62% of  ICU 
patients vs. 25% of  non-ICU patients [4]. In addition, another 
study found that the mean hospital stay was longer in COVID-19 
patients with impaired liver function (15.09±4.79 days) than in 
patients with normal liver function (12.76±4.14 days) (P=0.021) 
[17]. Moreover, Yip et al. found that elevation of  transaminas-
es and acute hepatic injury was independently related to worse 
outcomes in COVID-19 patients, including ICU admission, 
mechanical ventilation, and mortality in a large cohort of  1040 

COVID-19 patients from Hong Kong [24]. Wu et al. reported 
a higher incidence of  abnormal liver enzyme abnormality in 
non-survivors compared to survivors of  COVID-19 (RR 1.34, 
P=0.04) [13]. The odds of  mechanical ventilation and death in 
our cohort were higher in the liver involvement group. However, 
it did not reach statistical significance.

Several mechanisms for COVID-19-related hepatic damage 
have been proposed. Direct hepatic infection by SARS-CoV-2, 
which enters hepatocytes via ACE 2 receptors, is one probable 
reason for the liver injury reported in COVID-19 patients [25]. 
Post-mortem studies confirmed ultrastructural and histological ev-
idence of  typical viral infection of  hepatocytes [26]. Another pro-
posed mechanism is bile duct alteration, shown in a post-mortem 
analysis of  40 COVID-19 patients who developed liver injury. The 
most common observation was macrovesicular steatosis, followed 
by mild lobular necroinflammation, portal inflammation, and vas-
cular pathology, including sinusoidal microthrombi. Additionally, 
55% of  patients had positive PCR of  SARS-CoV2 from liver tissue 
[27]. Moreover, the activation of  innate immune cells and the pro-
duction of  cytokines is a well-known cause of  liver injury from vari-
ous sources [28]. Likewise, patients with COVID-19 disease present 
an activation of  inflammatory markers and cytokines [29]. Thus, 
deregulation of  the immune system may be a possible mechanism.

Finally, we found that non-Saudi nationality and older age 
were associated with severe or critical COVID-19 pneumonia, 
as well as poor outcomes. DM increased the likelihood of  severe 
or critical COVID-19 infection. Similarly, earlier research es-
tablished a link between advanced age and an increased risk of  
ICU hospitalizations, intubations, and mortality [30]. Moreover, 
Aleanizy et al. reported that non-Saudi COVID-19 patients had 
a higher chance of  severe to critical disease [31]. Possible expla-
nations that could contribute to the worse outcomes in non-Saudi 
populations are genetic variations and the low socioeconomic 
status of  such patients that contribute to their late presentation 
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to hospitals. Similar to our findings, several studies found a link 
between DM and an increased risk of  severe COVID-19 disease 
[32, 33]. 

Our study has two strong points. First, up to the date of  writ-
ing this report, this was the first study conducted in Saudi Arabia 
and the Middle East investigating COVID-19 hepatic manifesta-
tions and their impact on the severity and outcome. Second, the 
data were collected systematically by a predetermined protocol 
to reduce extraction errors and missing data. However, being 
an observational research from a single center limits the results 
of  our study. Future randomized controlled trials to support our 
results are still needed to improve the therapeutic outcome of  
COVID-19 patients.

CONCLUSION

Liver involvement secondary to COVID-19 disease is a com-
mon clinical manifestation. Such patients are more susceptible to 
severe-critical disease and a worse clinical outcome in the form 
of  longer hospitalization and greater need for ICU admission. It 
is of  great importance to pay attention to hepatic manifestations 
in COVID-19 patients to categorize their disease severity and 
predict their outcome.
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