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Abstract
Background: The aim of this study is to investigate the relationship between LDH and CRP levels and the 
mortality of COVID-19 (SARS-CoV-2) patients admitted to the SURGERY ICU at Shariati Hospital from 19 
February 2020 to 19 February 2021.
Methods: Our study is a cross-sectional descriptive study. A total of 81 patients were enrolled in this study. 
We examined lab reports, including CBC parameters (WBC, neutrophil count, neutrophil percentage), other 
inflammatory markers ESR and CRP, and also studied the medical records of cases to collect details about age, 
gender, length of stay in SURGERY ICU, BMI, fever, survival status, comorbidity, intubation, and NIV. These 
patients were referred to Shariati Hospital, Tehran, from 19 February 2020 to 19 February 2021, regarding the 
relationship between LDH and CRP levels and the mortality of COVID-19 (SARS-CoV-2) patients admitted to 
the SURGERY ICU. The data obtained was analyzed using SPSS software, and a significance value of < 0.05 
was considered.
Results: In this study, the data of 81 patients were considered. The data were obtained from the medical records of 
Shariati Hospital, Tehran. We used 11 variables to compare data from different patients that were recorded in the 
registry and system of medical records in Shariati Hospital, Tehran. The study population included 81 patients, 
of which 41 were female and 40 were male, ranging in age from 25 to 89. In total, 80.2% had mild disease versus 
18.5% who had severe disease. Sixty-five patients survived, and 16 were admitted to the SURGERY ICU with 
endotracheal intubation and later died. The length of stay in the SURGERY ICU ranged from 1 to 25 days. Out 
of 81 patients, 52 (62.4%) had comorbidity, and 29 (35.8%) did not have comorbidity. Twelve patients (14.8%) 
received NIV, and 69 patients (85.2%) did not receive NIV. Most of the patients did not have a fever. The 
minimum and maximum levels of CRP were 4 and 416, respectively, and for LDH were 9 and 2401, respectively. 
The prognostic factors for the severity of COVID-19 infection identified in this study (CRP and LDH) help 
predict the course of the disease at an early stage. Elevated concentrations of CRP and LDH at admission were 
found to be associated with a higher risk for COVID-19 severity as they were significant (p-value =0.049 and 
0.048, respectively).
Conclusions: This study’s laboratory investigation showed that the SURGERY ICU patients had significantly 
higher values of inflammatory markers CRP and LDH than the non-SURGERY ICU patients. LDH and CRP 
were superior and effective biomarkers in predicting the severity of COVID-19.
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Introduction

At the end of 2019, an outbreak of atypical pneumonia 
of unknown cause was detected in Wuhan, China 
[1, 2]. The etiological agent of this disease was 
identified to be a novel coronavirus, named “severe 
acute respiratory syndrome coronavirus 2” (SARS-
CoV-2) [3]. The disease caused by SARS-CoV-2, 
named COVID-19, has since spread worldwide, 
hence warranting recognition as a pandemic by the 
WHO [4]. It is characterized by the presence of fever, 
cough, and dyspnea, and about 5% of COVID-19 
subjects ultimately develop full-on acute respiratory 
distress syndrome, requiring admittance to an 
intensive care unit (SURGERY ICU) to administer 
invasive mechanical ventilatory support [5]. Given 
the elevated risk of death, it is vital to ascertain the 
patient’s risk for poor outcome, and many laboratory 
tests have been proposed for this purpose [6].

For this purpose, many biomarkers were studied 
to have played a role in detecting the mortality rate. 
However, experts, after going through all the studies, 
concluded that there are two main biomarkers that 
predict the mortality of individual patients more than 
10 days in advance with more than 90% accuracy: 
lactic dehydrogenase (LDH), lymphocyte, and 
high-sensitivity C-reactive protein (hs-CRP) [7,16]. 
Lactate dehydrogenase (LDH) is a hydrogen transfer 
enzyme that catalyzes the oxidation of l-lactate to 
pyruvate with the mediation of NAD+ as a hydrogen 
acceptor, with the reaction being reversible [8]. In 
particular, relatively high levels of LDH alone seem to 

play a crucial role in distinguishing the vast majority 
of cases that require immediate medical attention 
[8]. This finding is consistent with current medical 
knowledge that high LDH levels are associated with 
tissue breakdown occurring in various diseases, 
including pulmonary disorders such as pneumonia 
[8].

The increase in LDH reflects tissue/cell destruction 
and is regarded as a common sign of tissue/cell 
damage [9]. Serum LDH has been identified as an 
important biomarker for the activity and severity 
of idiopathic pulmonary fibrosis [10]. For critically 
ill patients with COVID-19, the rise in LDH level 
indicates an increase in the activity and extent of lung 
injury [11].

The increase in hs-CRP, an important marker 
for poor prognosis in acute respiratory distress 
syndrome, reflects a persistent state of inflammation 
[12]. The result of this persistent inflammatory 
response is large grey-white lesions in the lungs of 
patients with COVID-19, as seen in autopsies [13]. 
In tissue sections, a large amount of sticky secretion 
is also seen overflowing from the alveoli [14]. At the 
early stage of COVID-19, CRP levels were positively 
correlated with lung lesions. C-reactive protein levels 
could reflect disease severity and should be used as a 
key indicator for disease monitoring [15].

Material and methods

This was a cross-sectional study that included 
COVID-19 patients admitted to the SURGERY ICU 

Table 1. Distribution of demographic variables among all patients under study
 

Variables  Mean Standard deviation Min Max 
Age (year) 55.93 19.23 25 89 
Length of stay in SURGERY 
ICU(DAYS) 5.41 4.23 1 25 

CRP 97.31 74.70 4 416 
LDH 792.98 443.66 9 2401 
FEVER 37.07 0.615 34 39 
BMI 28.10 6.94 18 42 

 
Table 1. Distribution of demographic variables among all patients under study 
   

variables Number % 

Sex 
female 41 50.6 
male 40 49.4 

   

survival status alive 65 80.2 
died 15 18.5 

comorbidity yes 52 62.4 
no 29 35.8 

Intubation yes 16 19.8 
no 65 80.2 

NIV yes 12 14.8 
no 69 85.2 

 
Table 2.Distribution of demographic and clinical characteristics among all patients under study 
  

Table 2. Distribution of demographic and clinical characteristics among all patients under study
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in Shariati Hospital from 19 February 2020 (13-11-
1398) to 19 February 2021 (1-12-1399). To execute 
the sampling, medical records for the study were 
collected from the archives of Shariati Hospital. After 
implementing the inclusion and exclusion criteria, a 
total of 80 records were consecutively selected by the 
convenient sampling method.

Inclusion criteria
All patients with severe illness, aged >16 years, and 
COVID-19 positive, admitted to the SURGERY ICU 
in Shariati Hospital from 19 February 2020 (30-11-
1398) till 19 February 2021 (1-12-1399).

Exclusion criteria
Patients who died in less than 5 days.

Statistical analysis
To describe categorical (nominal) variables with 

two or more categories, we used frequency and 

percent. We evaluated the normality of continuous 
variables by the Kolmogorov-Smirnov test and P-P 
and Q-Q plots.

To describe the continuous variable with a normal 
distribution, we used the mean and standard deviation 
(SD), and for non-normally distributed continuous 
variables, we used the median and inter-quartile 
range (IQR).

To assess the relationship between two categorical 
variables with two or more categories, we used the 
Chi-square test, and if necessary, we used the Fisher’s 
exact test.

To evaluate the relationship between normally 
distributed continuous variables with a categorical 
variable with two categories, we used the independent 
sample T-test. Otherwise, we used the non-parametric 
Mann-Whitney U test.

Statistical Analysis
Continuous variables will be described as mean 

 
 Spearman's correlation P-value 

Total (n=81) +0.31 0.014 

Age <=50 yr 0.483 0.011 
>50 yr 0.146 0.394 

sex  female 0.430 0.014 
male 0.173 0.351 

Length of stay in 
SURGERY ICU 

<=5 days 0.338 0.054 
>5 days 0.238 0.205 

survival status  alive 0.270 0.048 
died -0.469 0.203 

comorbidity  yes 0.197 0.211 
no 0.638 0.002 

Intubation yes -0.321 0.365 
no 0.375 0.009 

NIV yes -0.145 0.784 
no 0.331 0.012 

Fever <= 37.2 0.368 0.009 
>37.2 0.110 0.721 

 
Table 3.Association between CRP and LDH levels in total and based on other factors 
  

Table 3. Association between CRP and LDH levels in total and based on other factors

 
Variables CRP P-Value LDH P-Value 

Age <=50 yr 72.25±41.71 0.015 741.64±446.84 0.327 >50 yr 114.43±87.02 832.92±443.32 

sex female 81.61±60.31 0.076 752.53±458.39 0.289 male 112.75±84.51 833.44±431.88 
Length of stay in 
SURGERY ICU 

<=5 days 106.26±86.80 0.415 745.59±413.866 0.711 >5 days 86.34±55.94 846.70±476.54 

survival status alive 92.12±74.97 0.049 758.09±444.58 0.048 died 124.70±70.13 981.50±408.84 

comorbidity yes 104.82±81.12 0.027 776.38±472.44 0.437 no 81.27±57.06 824.68±391.33 

Intubation yes 115.97±84.74 0.273 886.80±238.48 0.092 no 92.98±72.32 775.61±471.54 

NIV yes 100.33±32.57 0.344 1091.00±511.18 0.069 no 96.92±78.73 762.16±429.33 

Fever <= 37.2 93.36±69.67 0.657 814.62±472.49 0.974 >37.2 111.53±91.92 715.71±322.84 
 
Table 4.Comparison CRP and LDH levels among groups 
 

Table 4. Comparison CRP and LDH levels among groups
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(SD) or median (IQR). Categorical variables will be 
reported as number (%). The normality assumption 
will be checked by the Kolmogorov-Smirnov test, and 
parametric (independent t-test, etc.) or nonparametric 
tests (Mann-Whitney test, etc.) will be used to assess 
the aims of the study. A p-value of <0.05 will be 
considered statistically significant. All analyses will 
be performed using SPSS version 27.

Results

In this study, the data of 81 patients were considered. 
The data were obtained from the medical records 
of Shariati Hospital, Tehran. We used 11 variables 
to compare data from different patients that were 
recorded in the registry and system of medical records 
in Shariati Hospital, Tehran.

The study population included 81 patients, of 
which 41 were female and 40 were male, ranging in 
age from 25 to 89. In total, 80.2% had mild disease 
versus 18.5% who had severe disease. Sixty-five 
patients survived, and 16 were admitted to the 
SURGERY ICU with endotracheal intubation and 
later died. The length of stay in the SURGERY 
ICU ranged from 1 to 25 days. Out of 81 patients, 
52 (62.4%) had comorbidity, and 29 (35.8%) did not 
have comorbidity. Twelve patients (14.8%) received 
NIV, and 69 patients (85.2%) did not receive NIV. 
Most of the patients did not have a fever.

The minimum and maximum levels of CRP were 
4 and 416, respectively, and for LDH were 9 and 
2401, respectively.

The prognostic factors for the severity of 
COVID-19 infection identified in this study (CRP 
and LDH) help predict the course of the disease at 
an early stage. Elevated concentrations of CRP and 
LDH at admission were found to be associated with 
a higher risk for COVID-19 severity as they were 
significant (p-value =0.049 and 0.048, respectively).

Discussion

In one study examining the relationship between 
lactate dehydrogenase (LDH) levels and COVID-19 
mortality, it was shown that LDH levels are associated 
with COVID-19 mortality rates, with elevated LDH 
levels significantly impacting patient mortality [16].

Consistent with these findings, our study also 
demonstrated that LDH levels are correlated with 
mortality in COVID-19 patients. Additionally, in 
another study that examined various laboratory 
findings in COVID-19 patients and their relationship 
with mortality rates, similar results were obtained. 
This study, like ours, found that levels of lactate 
dehydrogenase (LDH) and C-reactive protein (CRP) 
are significantly associated with mortality in these 

patients [17].
In another study examining the relationship 

between laboratory findings and mortality rates in 
COVID-19 patients, similar results were obtained. 
This study, like ours, found that lactate dehydrogenase 
(LDH) levels are significantly associated with 
mortality in these patients [18].

In another study, similar to ours, it was found that 
lactate dehydrogenase (LDH) and C-reactive protein 
(CRP) can serve as predictive markers for mortality 
in COVID-19 patients [19].

In conclusion, CRP and lactate dehydrogenase 
(LDH) can generally be considered as predictors of 
mortality in COVID-19 patients admitted to intensive 
care units
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