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Introduction
In December 2019, patients with pneumonia-

like symptoms in Wuhan, China, most of whom 
had been in contact with live animal vendors, 
presented to healthcare facilities. On December 

31st, China announced the outbreak, and 
by January 7th, the virus was identified as a 
SARS-like coronavirus. With increased travel, 
cases were reported in other countries, and 
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Introduction: The Coronavirus disease 2019 (COVID-19) pandemic has posed 
significant challenges to healthcare systems worldwide. This cross-sectional study 
aimed to investigate the relationship between inflammatory markers, liver enzymes, 
lung involvement severity, and mortality in 841 COVID-19 patients admitted to Imam 
Reza Hospital affiliated with the Mashhad University of Medical Sciences, Mashhad, 
Iran.
Methods: The study included demographic information, physical and clinical 
symptoms, laboratory findings, computed tomography (CT) scan scores, and final 
outcomes. 
Results: Mean age of the patients was 58.23 ± 16.44 years, and 39.2% of them were 
female. The most common underlying disease was hypertension (51.3%), and the 
most frequent symptom at presentation was shortness of breath (87.1%). It should 
also be mentioned that the mortality rate was 33.8%. The results showed a significant 
direct correlation between CRP and LDH levels (r=0.129, P<0.001) as well as between 
CRP levels and CT scores (r=0.322, P<0.001). There was also a significant inverse 
correlation between CRP levels and patients’ SPO2 (r=-0.309, P<0.001). Erythrocyte 
sedimentation rate (ESR) levels had no significant correlation with SPO2, LDH, AST, 
ALT, or CT scores. Expired patients had significantly lower SPO2 levels (P<0.001) and 
ALT (P=0.044), while CRP (P<0.001), LDH (P<0.001), and CT scores (P<0.001) were 
significantly higher in them, compared to the discharged patients.
Conclusion: The findings suggest that serum CRP levels at admission can be used 
as a predictive factor for the severity of lung involvement and mortality in COVID-19 
patients. Liver damage was also associated with worse clinical outcomes. However, 
ESR levels had no significant relationship with lung involvement severity and 
mortality, possibly due to the delay in ESR elevation in response to inflammation.
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screening and quarantining of individuals from 
China began (1). Coronavirus disease 2019 
(COVID-19) is the seventh human coronavirus, 
with the most important transmission route 
being coughing, sneezing, talking in close 
proximity as well as contact with an infected 
person (2). Some individuals may be more 
susceptible to COVID-19 infection due to risk 
factors (3). Few studies have addressed risk 
factors associated with COVID-19 infection, 
including advanced age, travel to high-risk 
areas, and contact with a severely symptomatic 
individual. Compared to the young age group 
(20-29 years old), children and the elderly are 
more susceptible to COVID-19, and children are 
more likely to contract the disease if they have 
contact with a patient aged 30-39 or 50-59 years 
old (3, 4). Moreover, women have a higher risk 
of infection than men, and those in close contact 
with a patient have the highest risk (5-8). 

The interval between symptom onset in one 
family member and another (known as the 
serial interval) is 4-8 days (9). Social contacts, 
contact in public transportation, and contact 
in healthcare facilities increase the chance of 
infection; moreover, contact with a patient within 
the first five days especially at the peak of clinical 
symptoms leads to the highest chance of infection 
(8). The incubation period is usually 14 days, 
but symptoms often begin within the first 4-5 
days, including fever, cough, dyspnea, bilateral 
pneumonia, myalgia, diarrhea, anosmia, and 
gastrointestinal symptoms (10-14).

Laboratory findings include lymphopenia, 
increased aminotransferases, lactate 
dehydrogenase (LDH), and inflammatory 
markers, such as ferritin, C-reactive protein 
(CRP), and erythrocyte sedimentation rate (ESR) 
(10, 15). Clinical symptoms, including fever, chills, 
shortness of breath, and laboratory signs, such 
as decreased lymphocytes and increased CRP 
can predict the chance of hospitalization (16). 
Older age, male gender, autoimmune disease, 
bilateral pulmonary infiltrates, decreased arterial 
blood oxygen saturation, increased lactate 
dehydrogenase, CRP, and D-dimer can predict 
Intensive Care Unit (ICU) admission (16). 

In detail, CRP is a pattern recognition molecule 
that increases in inflammation and activates 
the immune system (17, 18). High CRP levels 
have been reported in COVID-19 and can 
assist in triage, diagnosis, and prognosis (19, 
20). Although COVID-19 primarily affects the 
respiratory system, evidence of liver damage 
exists, resulting from systemic inflammation and 
endotheliopathy (21, 22). The most common 
pattern of liver damage is increased liver 

aminotransferases (23). Some individuals may 
be more susceptible to COVID-19 infection due 
to risk factors (3). Initially, radiography is normal 
in 18% of cases (24). The most common CT scan 
findings include ground-glass opacities, crazy 
paving, consolidation, bronchiectasis, vascular 
dilatation, and sub-pleural bands (25). 

Some studies have also shown that male 
gender, middle age, underlying disease, oxygen 
deficiency, renal dysfunction, microvascular 
disorders, coagulation activation, association of 
coagulation activity markers, and microvascular 
dysfunction with renal dysfunction are factors 
that increase the risk of mortality and treatment 
failure in the ICU (26). Although respiratory 
failure is the most common cause of death in 
COVID-19 patients, cardiac damage following 
cytokine storm and secondary infection have also 
been suggested as fatal factors in this disease 
(27). Despite numerous studies on this disease, 
many unknowns still exist, and further research 
is essential. One issue that does not seem to have 
been thoroughly investigated is the relationship 
among inflammatory markers and liver enzymes, 
lung involvement severity, and mortality in these 
patients; therefore, the present study aimed to 
determine the relationship among inflammatory 
markers and liver enzymes, lung involvement 
severity, and mortality in COVID-19 patients.

Materials and Method
The present cross-sectional study included 

individuals who were admitted to Imam Reza 
Hospital affiliated with the Mashhad University 
of Medical Sciences, Mashhad, Iran and were 
identified as COVID-19 patients based on reverse 
transcription polymerase chain reaction (RT-PCR). 
However, in the early stages of the outbreak, due 
to the unavailability of PCR testing, the diagnosis 
of COVID-19 was made using clinical findings 
and CT scans, but later, when PCR testing became 
available, all patients underwent PCR testing. 
Sampling was performed by census strategy; for 
this purpose, the records of patients admitted to 
the hospital from February 2020 to November 
2020 were studied and reviewed, and the 
necessary information was extracted. It should be 
noted that patients with a known history of liver 
disease, such as viral or autoimmune hepatitis or 
cirrhosis, were excluded from the present study.

Outcomes
The information recorded and evaluated in this 

project included the following:
1.Demographic information checklist, including 
gender, age, and underlying diseases (such as 
diabetes, hypertension, and cardiovascular 
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diseases).
2.Physical and clinical symptoms of patients, 
including fever, cough, fatigue, headache, 
hemoptysis, diarrhea, vomiting, nausea, shortness 
of breath, and oxygen saturation (SPO2).
3.Laboratory findings, including ESR, CRP, 
aspartate transaminase (AST), alanine 
transaminase (ALT), alkaline phosphatase (ALP), 
and lactate dehydrogenase (LDH).
4.CT score
5.Final outcome (discharge or death).

The CT scans of patients were reported by two 
expert radiologists. The CT score of patients was 
calculated as follows: the extent of involvement 
of each of the 5 lung lobes was determined with 
a score of 0 to 5, and then the scores of the 5 
lobes were summed. Accordingly, the lowest and 
highest scores were 0 and 25, respectively. The 
higher the score of the patient, the greater the 
lung involvement. In each lobe, a score of 0 to 5 
was determined as follows (28):

• 0: No involvement.
• 1: Less than 5% involvement.
• 2: 5-25% involvement.
• 3: 25-50% involvement.
• 4: 50-75% involvement.
• 5: 75% involvement and above.

Statistical Analysis
Qualitative descriptive data were reported using 

frequency tables, and quantitative descriptive 
data were reported using central and dispersion 
indices. Independent t-tests were used to 
compare quantitative data between two groups, 
and chi-square or Fisher’s exact tests were used 
to compare qualitative data. The samples of this 

study were selected using the census sampling 
method, and there was no need to calculate the 
sample size. Data analysis was performed in SPSS 
software (version 26). A P-value less than 0.05 
was considered as the significance level.

Ethical Considerations
The present research project was proposed 

to and approved by the Organizational Ethics 
Committee of Mashhad University of Medical 
Sciences on February 1 (code: IR.MUMS.
REC.1399.598). In all stages of the study, the 
ethical principles of the Helsinki Declaration 
were followed.

Results
During the study period, a total of 841 patients 

with COVID-19 were hospitalized, 329 (39.2%) 
of whom were female. Mean age of the patients 
included in the study was 58.23 ± 16.44 years. 
Demographic characteristics of the patients are 
examined in Table 1. It should be mentioned that 
280 (33.8%) participants in this study died.

The underlying diseases of the patients 
included in the study are shown in Figure 1. 

Table 1. Demographic characteristics of patients included in 
the study

Variable Frequency (%)/Mean±SD

Gender
Male 511 (60.8%)

Female 329 (39.2%)

Age (years) 58.23±16.44

Smoking 261 (31.1%)

Addiction 101 (12%)

Figure 1. Underlying diseases of study participants
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P<0.001). There was also a significant and 
inverse correlation between CRP levels and SPO2 
of patients (r=-0.309, P<0.001).

*Pearson correlation test, SPO2: oxygen 
saturation, ESR: erythrocyte sedimentation 
rate, CRP: C-reactive protein, AST: aspartate 
transaminase, ALP: alkaline phosphatase, LDH: 
lactate dehydrogenase, CT: computed tomography

In Table 4, the relationship between laboratory 
findings, SPO2, and CT scores with patient 
outcomes was examined. As can be seen, in 
expired patients, SPO2 levels (P<0.001) and ALT 
(P=0.044) were significantly lower, compared 
to those in discharged patients. Moreover, 
CRP (P<0.001), LDH (P<0.001), and CT score 
(P<0.001) were significantly higher in expired 
patients in comparison with those in discharged 
patients.

*Independent t-test, SPO2: oxygen saturation, 
ESR: erythrocyte sedimentation rate, CRP: 
C-reactive protein, AST: aspartate transaminase, 
ALP: alkaline phosphatase, LDH: lactate 
dehydrogenase, CT: computed tomography

Discussion
In the present study, 841 patients with 

COVID-19 who were hospitalized at Imam Reza 
Hospital in Mashhad over a 9-month period were 
examined to assess the relationship between 
inflammatory markers and liver enzymes, 
severity of lung involvement, and mortality. This 
study investigated the relationship between two 
well-known inflammatory markers, ESR and CRP, 
with the desired factors. The findings indicated 
that ESR levels of patients at admission had no 
significant correlation with SPO2, LDH, AST, ALT, 
and CT scores. The only laboratory marker that 

As can be seen, the most common underlying 
disease was hypertension, which was present in 
431 patients (51.3%).

Figure 2 illustrates the signs and symptoms of 
patients at the time of referral. As can be seen, the 
most common symptom patients presented with 
was shortness of breath, which was reported in 
732 patients (87.1%).

Table 2 tabulates the laboratory findings, SPO2 
levels, and CT scores in patients included in the 
study. As can be seen, the mean SPO2 of patients 
was 79.59±8.94, and the mean CT score in 
patients was 14.11±5.32.

SPO2: oxygen saturation, ESR: erythrocyte 
sedimentation rate, CRP: C-reactive protein, 
AST: aspartate transaminase, ALP: alkaline 
phosphatase, LDH: lactate dehydrogenase, CT: 
computed tomography

Table 3 summarizes the correlation between 
the levels of inflammatory markers (including 
ESR and CRP) with liver enzymes, CT scores, 
and SPO2 of patients. As can be seen, there was 
a significant and direct correlation between CRP 
levels and LDH levels (r=0.129, P<0.001) as well 
as between CRP levels and CT scores (r=0.322, 

Figure 2. Signs and symptoms of patients at the time of referral

Table 2. Laboratory findings, SPO2 levels, and CT scores of 
patients included in the study
Characteristic Mean±SD Min Max
SPO2 (%) 79.59±8.94 45 98
ESR (mm/h) 50.89±30.83 1 196
CRP (mg/dl) 118.26±84.81 0.1 554
AST (u/L) 64.30±160.04 4 2458
ALT (u/L) 65.88±207.11 5 3764
ALP (u/L) 221.03±131.52 21 1712
LDH (u/L) 843.06±754.09 4.20 10980
CT score 14.11±5.32 0 24
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had a significant correlation with ESR was ALP, 
but the correlation was weak. Furthermore, the 
ESR level at admission did not differ significantly 
between patients who eventually died and those 
who recovered.

In the present study, serum CRP of patients 
at admission had a significant and inverse 
correlation with SPO2, meaning that patients with 
lower SPO2 at admission had higher CRP levels. 
The liver enzymes of patients in the present study 
had no significant correlation with CRP. However, 
a significant and direct correlation was observed 
between CT scores of patients and CRP, indicating 
that patients with higher CRP at the beginning of 
admission also had more severe lung involvement 
on CT scans. Finally, the relationship between 
CRP levels and the final outcomes of patients 
was also significant, and CRP at admission was 
significantly higher in expired patients, compared 
to discharged patients. The mortality rate of 
patients in this study was higher than the average 
reported mortality rate in patients hospitalized 
due to COVID-19. The reason for this is that Imam 
Reza Hospital, where the present study was 
conducted, serves as a referral hospital at the city 
and provincial levels; therefore, many critically 
ill patients are transferred to this hospital from 
other areas. This issue has led to an increase in 
mortality statistics in this study.

In a study conducted by Yazdi et al. in 2021, 
the results showed that CT scores of patients had 
no significant relationship with their ESR levels. 
However, the mean CT score in patients with CRP 
> 90 was significantly higher than that in other 
patients (29). This was similar to the findings of 
the present study, where there was no significant 
correlation between ESR levels of patients at 
admission and their CT scores. Therefore, it 
seems that the severity of lung involvement in 
patients is not significantly related to their ESR. 

The probable reason for this is that it takes a 
few days for ESR to increase from the onset of 
inflammation in the body, while CRP usually 
increases rapidly. Therefore, it can be expected 
that if ESR levels of patients are re-checked during 
the course of the disease, their relationship with 
the extent of lung involvement can be observed.

In another study conducted by Beydoğan et 
al. in Turkey on 974 patients with COVID-19, 
the results showed a significant correlation 
between CRP levels of patients and the severity 
of lung involvement on CT scans. Additionally, 
CRP at admission was significantly higher in 
patients requiring ICU, compared to those who 
did not require ICU, and there was a significant 
correlation between CRP and CT scores of 
patients (30), which confirmed the results of the 
present study. Based on these findings, it can be 
concluded that in patients with COVID-19, CRP 
can be used as an inexpensive test to predict the 
severity of lung involvement and the likelihood of 
a patient requiring intensive care.

In a study conducted by Krishnan et al. in 2022 
on 3,380 patients with COVID-19 in a hospital 
in the United States, the results showed that the 
most common abnormality among liver function 
tests was observed in ALT, with 70% of patients 
having elevated ALT. Furthermore, the analyses 
showed that higher levels of AST, ALT, and ALP 
were associated with greater disease severity. In 
addition, higher levels of AST and total bilirubin 
were associated with the need of patients for 
mechanical ventilation (31). This is inconsistent 
with the results obtained in the present study, 
as in this study, the mean ALT level was higher 
in discharged patients, compared to expired 
patients. The exact reason for this cannot be 
determined. It should be noted that the sample 
size of the present study was lower than that of 
the study performed by Krishnan, and this may 
have led to a reduction in the accuracy of the 
results obtained.

In another study conducted by Zhang et al. in 
2021 on 440 patients with COVID-19, the results 

Table 3. Correlation of inflammatory marker levels (including 
ESR and CRP) with liver enzymes, CT score, and SPO2 of 
patients
Characteristic ESR CRP

(%) SPO2
r 0.027 -0.309

P value 0.447 0.001<

AST (u/L)
r -0.029 0.029

P value 0.414 0.403

ALT (u/L)
r -0.068 -0.026

P value 0.057 0.469

ALP (u/L)
r 0.081 0.053

P value 0.025 0.139

LDH (u/L)
r -0.040 0.129

P value 0.268 0.001<

CT score
r 0.041 0.322

P value 0.254 0.001<

 Table 4. Relationship between laboratory findings, SPO2, and
CT score with patient outcomes

Characteristic
Expired Discharged

P value
Mean±SD

SPO2 (%) 71.59±7.60 83.61±6.56 <0.001
ESR (mm/h) 52.06±31.11 50.57±30.61 0.520
CRP (mg/dl) 131.94±88.40 100.44±77.26 <0.001
AST (u/L) 62.10±111.63 65.91±181.24 0.748
ALT (u/L) 50.85±60.25 73.89±252.19 0.044
ALP (u/L) 218.83±109.42 222.42±142.42 0.715
LDH (u/L) 1011.73±756.85 758.98±744.82 <0.001
CT score 17.46±4.28 12.49±5 <0.001
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indicated that the severity of COVID-19 was an 
independent predictor of increased liver damage, 
and higher levels of AST and total bilirubin at 
admission were associated with a higher risk 
of patient mortality (32). In a study carried out 
by Shao et al. in 2021 on 1,520 patients with 
COVID-19 who were hospitalized in Wuhan, 
China, the results showed that 17.9% of patients 
had developed liver damage. Furthermore, the 
analyses showed that patients who developed 
liver damage during hospitalization had higher 
mortality rates and ICU admissions, compared to 
patients without liver damage or liver damage at 
admission, which is consistent with the results 
obtained in the present study (33). 

In a study conducted by Fu et al. in 2021 on 482 
patients with COVID-19 who were hospitalized 
in Wuhan, China, the results showed that about 
one-third of patients (29.5%) had abnormal liver 
enzyme levels at admission, with most cases 
showing mild elevations in ALT, AST, and total 
bilirubin. Additionally, patients with abnormal 
liver enzymes had a higher percentage of severe 
cases and underlying diseases, compared to other 
patients. Shortness of breath, chest pain, increased 
CRP, increased white blood cells, and hemoglobin 
were identified as independent factors associated 
with elevated liver enzymes. Moreover, patients 
with elevated AST or total bilirubin had higher 
rates of severe cases, mortality, acute respiratory 
distress syndrome, and cardiac injury (34). 

In a study performed by Zhang et al. in 2020 on 
218 patients with COVID-19 at a central hospital 
in Wuhan, China, the results showed that 36.2% 
of patients had liver damage at admission, with 
most cases showing mild elevations in AST and 
ALT. Furthermore, patients with liver damage 
were older (with a mean age of 12 years), had 
a higher frequency of males (68.4% vs. 28.8%), 
and had more underlying diseases, compared to 
the group with normal liver function. In addition, 
fever and shortness of breath were significantly 
more common in the group with liver damage, 
indicating that male gender, high D-dimer levels, 
and high neutrophil percentages are important 
predictors of liver damage in patients with 
COVID-19, which is consistent with the results 
obtained in the present study, as in this study, male 
gender was also associated with an increased risk 
of liver damage (35).

Despite the strong evidence that suggests liver 
enzymes increase in COVID-19 patients, some 
others are contrary. A systematic review and 
meta-analysis study by Ebrahimi et al. reported 
no significant abnormality in liver function 
laboratory findings (e.g. AST, ALT, LDH, and 
bilirubin) (36). Kumar et al stated that AST and 

ALP are better indicators of COVID-19 induced 
liver injury than ALT and total bilirubin. In 
their study, mean ALT and total bilirubin levels 
were statistically non-significant (P>0.05) to 
present the COVID-19 severity. Abdul-Husseein 
et al. revealed that the risk of liver function 
abnormalities was not significantly different 
among all age groups and infected males had 
a higher incidence of liver dysfunction with 
significant differences in serum AST and ALT 
levels, compared to females; however, there was 
no significant differences between males and 
females in terms of their ALP and total bilirubin 
levels (37). Despite the fact that these contrary 
findings can be against our hypothesis, strong 
similar results can make us still stay on the 
hypothesis.

Furthermore, it should be stated that COVID-19 
is not the only cause of liver enzyme elevation. 
If fact, several conditions can potnentially 
increase the serum levels of liver enzayms 
which can be categorized as follows: liver 
disease (hepatitis A, B, and C, cirrhosis, liver 
cancer [hepatocellular carcinoma], autoimmune 
hepatitis, primary biliary cholangitis, and 
primary sclerosing cholangitis), pancreatitis 
(acute or chronic pancreatitis and pancreatic 
cancer), muscle damage (rhabdomyolysis 
[muscle breakdown], musculoskeletal disorders 
[e.g., polymyositis, dermatomyositis], trauma, or 
injury), kidney disease (chronic kidney disease, 
acute kidney injury, and nephrotic syndrome), 
heart disease (myocardial infarction [heart 
attack], cardiomyopathy, and congestive heart 
failure), medications (certain antibiotics [e.g., 
tetracycline, erythromycin], anti-inflammatory 
drugs [e.g., ibuprofen, naproxen], statins, 
aspirin, certain antidepressants [e.g., tricyclic 
antidepressants]), nutritional deficiencies 
(vitamin D deficiency, B12 deficiency, and 
iron deficiency), infections (sepsis, bacterial 
infections [e.g., endocarditis, osteomyelitis], 
fungal infections [e.g., histoplasmosis, 
coccidioidomycosis], parasitic infections [e.g., 
toxoplasmosis, cryptosporidiosis]), genetic 
disorders (inherited liver disorders [e.g., Wilson’s 
disease, alpha-1 antitrypsin deficiency], and 
mitochondrial disorders), other causes (shock, 
hypothyroidism, hyperthyroidism, pregnancy, 
and cancer [metastatic disease]). Therefore, it 
could be stated that liver enzyme elevation can 
occur in COVID-19, but it is not the only reason 
(38-41).

Despite the fact that the present study 
investigated a large number of COVID-19 patients, 
it was limited to the assessed factors. Additionally, 
we focused on the COVID-19 in-patients and their 
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to inflammation. Regarding the relationship 
between inflammatory markers and liver enzyme 
levels, the results of the present study showed 
that ESR and CRP had no significant correlation 
with ALT, AST, and ALP, which is consistent with 
some studies and inconsistent with others. 
These inconsistencies may be due to differences 
in sample size, population characteristics, and 
inclusion criteria in the studies. However, similar 
to many other studies, the present study also 
found that liver damage was associated with 
greater disease severity and mortality in patients 
with COVID-19. Overall, the present study showed 
that serum CRP levels in COVID-19 patients at the 
time of hospitalization can be used as a predictive 
factor for the severity of lung involvement and 
mortality. Liver damage is also associated with 
worse clinical outcomes in patients.

Conflict of interest
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laboratory findings. It is suggested that further 
factors be evaluated and the studied population 
be compared with the normal population in 
future studies. 

Conclusion
Overall, the results of the present study showed 

that in hospitalized patients with COVID-19, 
serum CRP levels at admission were significantly 
associated with the severity of lung involvement 
and patient mortality. In fact, the higher the CRP 
levels in patients at the time of hospitalization, 
the higher the likelihood of severe lung 
involvement and mortality, which is consistent 
with the results of similar studies. Therefore, 
CRP can be used as an inexpensive and readily 
available factor in predicting the outcomes of 
COVID-19. Moreover, ESR levels of patients had 
no significant relationship with the severity of 
lung involvement and mortality, which is probably 
due to the delay in ESR elevation in response 
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