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ABSTRACT 

Background: COVID-19 is associated with systemic inflammation, coagulation abnormalities, and 

metabolic disturbances that contribute to disease severity. Biomarkers such as D-dimer, C-reactive 

protein (CRP), and lactate dehydrogenase (LDH) have been identified as potential severity 

predictors, yet their combined diagnostic value and the influence of demographic factors remain 

incompletely characterized. Objective: To evaluate inflammatory, coagulation, and metabolic 

biomarkers in patients with moderate-to-severe COVID-19 and assess the influence of age and 

gender on these parameters. Methods: This cross-sectional study enrolled 260 hospitalized COVID-

19 patients confirmed by quantitative reverse transcription polymerase chain reaction (RT-qPCR) 

and 50 healthy controls. Serum and plasma levels of D-dimer, CRP, LDH, and random blood sugar 

(RBS) were measured using fully automated apparatus methods. Statistical analysis included t-tests 

and analysis of variance to compare parameters across groups and demographic strata. Results: 

COVID-19 patients demonstrated significantly elevated D-dimer (863.17 ± 39.06 ng/ml, p < 0.0001), 

CRP (24.31 ± 2.08 mg/L, p = 0.0055), and LDH (443.09 ± 43.88 U/L, p < 0.00001) levels compared 

to controls. RBS levels were also significantly elevated (p < 0.05). Gender had no strong independent 

effect on these biomarkers; however, CRP showed significant age-related differences in males (p < 

0.05), while LDH demonstrated significant age-related elevation in both sexes (p < 0.001). Diabetic 

COVID-19 patients exhibited substantially higher glucose levels independent of gender. Conclusion: 

D-dimer, CRP, and LDH are valuable biomarkers for assessing disease severity in moderate-to-

severe COVID-19, with LDH showing pronounced age-dependent elevation. These markers may 

serve as useful indicators for monitoring clinical progression and identifying high-risk patients, 

particularly among diabetic populations. 
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INTRODUCTION 

          Recent global concern regarding 

coronavirus disease 2019 (COVID-19) has led 

to a formal declaration of its status as a public 

health emergency worldwide by the World 

Health Organization (WHO). Nov 2023 

Updated analysis of cases could inform 

specific characteristic and risk factors for the 

severity of illness density1. Coronovirus 

disease 2019 (COVID-19), which is caused by 

the infection of Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2), has 

become a formidable global public health 

crisis in recent years 2 3. The first case of 

COVID-19 in Iraq was registered during 

March 2020 in the city of Al Najaf, and the 

spread of the virus has been dramatic across the 
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country with a reported total number of around 

51,300 infections and more than 7000 deaths 

based on daily reports announced by Iraqi 

ministry of health. This ubiquity was a 

difficulty for both clinicians and researchers. 

COVID-19 infection can result in a wide range 

of clinical outcomes, where according to 

World Health Organization interim guidance 4 
5, but fever and headache were less common, 

fever, dyspnea, dry cough, and exhaustion are 

among the most common COVID-19 

symptoms, GI symptoms, skin lesions, 

anosmia, headaches, and sore throat, on the 

other hand, are considered minor symptoms 6.  

       Accurate diagnosis relies on a 

combination of molecular testing, clinical 

history, and medical imaging, Age, diabetes, 

CVD, CKD, COPD, malignancy, and stroke 

have all been linked to serious illness and poor 

outcomes  7.  CRP and D-Dimer, and LDH are 

inflammatory indicators that elevated in these 

patients, in addition, there is a high chance of 

mortality, which might have a detrimental 

impact on quality of life and everyday function 
8,9. Patients infected with COVID-19 are 

classified according to the 2019 Diagnosis and 

Treatment Program for Novel Coronavirus 

Pneumonia (trial version seven). Classification 

of COVID-19 as mild, moderate, severe, or 

critical in accordance with interim 

recommendations from the World Health 

Organization1011.  

        What is D-dimer? D-dimer is a soluble 

fragment produced when cross-linked fibrin is 

degraded by plasmin during fibrinolysis after 

fibrin formation, during fibrinolysis, plasmin 

breaks down this stabilized fibrin into soluble 

fragments, including D-dimed, which is 

generated only when cross-linked fibrin is 

present. Therefore, D-dimer reflects both 

coagulation and fibrinolytic activity. It is 

detected using specific monoclonal antibodies 

through various laboratory methods such as 

ELISA, latex agglutination, 

immunofluorescence, chemiluminescence 

assays, and point-of-care tests, each with 

specific advantages and limitations 12;13 ;14. 

CRP is a propeptide, and an acute phase 

reactant synthesized in liver due to 

inflammatory processes; its gene has 

transcriptional regulation by cytokines IL1 and 

IL615 16. 

      LDH is an important biomarker associated 

with disease severity and has been linked to 

poor outcomes in several viral infections 17. In 

covid-19 patients, LDH levels are significantly 

higher in severe cases composed to non-severe 

cases, sever infections can cause cytokine-

mediated tissue damage, leading to the release 

of LDH from damaged cells into the 

bloodstream 18. The lung dominant isoform 

LDH-3 may be released in greater amounts due 

to severe interstitial pneumonia and ARDS19.  

Elevated LDH also increases lactate 

production which may suppress immune 

responses and worsen disease progression20 .   

Elevated LDH levels are inversely related to 

the blood oxygen saturation (P/F ratio) 6 

,meaning that the higher the LDH level, the 

more severe the hypoxemia in the patient. 

Although its elevation is commonly associated 

with severe lung disease, sources indicate that 

it is not solely a lung-specific indicator but 

rather a general response to damage to multiple 

tissues throughout the body21;22,23. CRP is also 

a strong predictor of mortality, particularly in 

certain groups such as diabetic patients with 

COVID-19, and its levels are often higher in 

males than in females 24. 

References referred that combining these 

biomarkers, especially LDH and D-dimer, 

provides greater accuracy in predicting disease 

progression and identifying high-risk patients 
25–27. Elevated levels of these markers are also 

more likely in the elderly, smokers, and those 

with chronic conditions such as obesity, kidney 

disease, and diabetes 23,28;29.  

      Combining LDH and D-dimer helps 

improve the accuracy of predicting the course 

of COVID-19 by providing a more 
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comprehensive picture of the various 

metabolic processes affected in the body, as 

each reflects a different aspect of disease 

progression. While LDH is a key indicator of 

tissue and cell damage, particularly in severe 

interstitial pneumonia, D-dimer serves as a 

precise marker for coagulation disorders and 

vascular complications such as disseminated 

intravascular coagulation (DIC), Therefore, 

combining them allows for the simultaneous 

assessment of pneumonia severity and 

thrombotic risk 17,25. 

      Studies have shown that levels of these two 

factors are significantly higher in non-

survivors compared to survivors, with LDH 

levels being up to twice the normal value and 

D-dimer levels triple the normal value 25. 

Furthermore, concurrent elevations in several 

markers, including LDH and D-dimer, have 

been shown to be associated with significantly 

increased mortality rates and the need for 

mechanical ventilation such as NIV, HFNO, 

CPAP 17. Statistically, LDH exhibits very high 

sensitivity, reaching 100% in some studies for 

predicting mortality, demonstrating a strong 

ability to identify high-risk cases. D-dimer, on 

the other hand, offers a good balance between 

sensitivity and specificity, at approximately 

84.6% and 81.2%, respectively. Combining 

these parameters, especially with the addition 

of ferritin, raises the area under the curve 

(AUC) to 0.959, a very high degree of 

statistical accuracy in predicting mortality. In 

short, combining LDH and D-dimer reduces 

the likelihood of error in assessing case 

severity, as their combined elevation confirms 

the presence of tissue damage accompanied by 

coagulation system dysfunction, a hallmark of 

severe and fatal COVID-19 cases 17,25. 

       Diabetes also plays a significant role in 

modulating patients' responses to COVID-19 

biomarkers, such as CRP, LDH, and D-dimer, 

by promoting inflammation, tissue damage, 

and coagulation disorders. Elevated levels of 

these markers in diabetic patients increase the 

risk of complications and death, making them 

sensitive indicators for monitoring disease 

severity, especially given the already high 

inflammatory and coagulation background in 

this population 24,30. It is also important to 

distinguish whether these elevated levels are 

caused by the viral infection alone or are a 

result of the patient's pre-existing chronic 

conditions 25. 

MATERIAL AND METHODS  

Sample Collection 

     The present study was conducted on (260) 

individuals infected with COVID-19 SARS-

CoV-2 variants (Omicron Variants) include 

two genders and ages between 16 to 79 years. 

Samples were taken from patients suspected to 

have COVID-19 (in whom cough, fever, 

headache, fatigue and gastrointestinal 

symptoms including diarrhea and vomiting had 

been identified) who had been subsequently 

confirmed by diagnosic PCR test. From among 

the 482 patients who tested positive for 

COVID-19 and the possible inclusion 

candidate, we enrolled 260 sick in-hospital 

patients with severe symptoms and complete 

laboratory records. Positive SARS-CoV-2 

quantitative reverse transcription polymerase 

chain reaction (RT-qPCR) molecular assay. 

Data used in the study were gathered from 

patients with severe symptoms PCR This study 

also included a control group of (50) 

apparently healthy individuals of comparable 

ages and sexes. COVID-19 individuals were 

classified into two groups based on the severity 

of their symptoms (moderate, and severe) and 

third group consist with diabetic history (fever, 

cough, respiratory distress, anosmia & ageusia, 

and requiring for ventilation). 

Estimation of plasma D-dimer, C-reactive 

protein, LDH and RBS 

        D-dimer, CRP, LDH and RBS levels were 

measured using automated analyzers 

according to the manufacturers’ instructions. 

D-dimer was measured using the VIDAS® D-

Dimer Exclusion™ II automated 
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immunoassay system (bioMérieux, Marcy-

l'Étoile, France), a highly sensitive assay that 

when used in conjunction with assessment of 

clinical pretest probability enables safe 

exclusion of DVT and PE in low- and 

intermediate-risk outpatients within 20 

minutes. The reference interpretation applied 

was 500 ng/mL for rule-in. CRP levels were 

assessed using the fully automated ABBOTT 

Afinion™ 2 Analyzer (Abbott Laboratories, 

Abbott Park, IL, USA) with dedicated 

Afinion™ CRP test cartridges (Product Code: 

1116787 or equivalences). A rapid in vitro 

diagnostic assay is employed to quantitatively 

determine CRP in human blood; it aids 

clinicians by decreasing diagnostic uncertainty 

and directing antibiotic choices. Cut-off values 

of < 5.0 mg/L were considered negative; the 

measuring range was 5–200 mg/L for whole 

blood and 5–160 mg/L serum and plasma, 

respectively. Serum biochemistry parameters 

LDH and RBS were measured using the FUJI 

DRI-CHEM NX500i automatic biochemical 

analyzer (Fujifilm) according to the 

manufacturer’s instructions. 

 

Statistical Analysis 

           All experiments were performed in 

triplicate, and data were expressed as mean ± 

standard deviation (SE). Statistical analysis 

was carried out using SPSS. Differences 

between groups were analyzed using one-way 

analysis of variance (ANOVA), and T test. A 

p-value < 0.05 was considered statistically 

significant. 

RESULTS 

       The results of this study showed a highly 

significant difference between the studied 

factors in patients compared to control groups, 

particularly D-dimer, which showed the 

highest significant increase compared to CRP 

and LDH (table 1 & table 2), This indicates that 

the disease strongly affects these biomarkers, 

causing increased coagulation activity, 

increased inflammatory activity, and tissue 

damage (lung tissue at the expense of other 

body tissues). Although the results comparing 

males and females in the groups showed 

gender differences in the severity of the 

biomarker elevations (table 6), there was no 

strong independent effect of sex on these 

biomarkers (table 3). 

     The results also showed significant 

differences in CRP selection for male patients 

in the age groups (under 40 years) and (41-59 

years), while no significant difference was 

found for females (table 3). D-dimer test was 

not affected by age in either sex, while there 

was a significant age-related difference in the 

LDH test; the effect on this biomarker 

increased with age for both males and females 

p-value <0.001 (table 6). Diabetic patients, 

those with COVID-19 were particularly 

affected, as the results showed that their blood 

glucose levels were higher compared to those 

without DM (table 4). Diabetes strongly affects 

vital signs regardless of gender (table 5).  

Table (1): Comparison between patients and control according to studied parameters.  

Parameters  Study groups t- test p-value 

Patients 

(Mean ± SE) 

Controls 

(Mean ± SE) 

D-dimer  863.17 ±39.06 202.60 ±24.65 6.49 0.0001* 

CRP 24.31 ±2.08 3.20 ±0.36 2.81 0.0055* 

LDH  443.09 ±43.88 154.10 ±10.17 4.68 0.00001* 
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Table (2): Comparison of biochemical parameters based on gender across study groups.  

Parameters Study groups f- 

test 

p-value 

Patients 

(Males) 

(Mean ± SE) 

Patients 

(females) 

(Mean ± SE) 

Controls 

(males) 

(Mean ± SE) 

Controls 

(females) 

(Mean ± SE) 

D-dimer  763.40 ±131.57 964.90±139.23 161.81 ±26.07 146.00±13.01 11.69 0.000064* 

CRP 35.62±4.75 28.52±5.25 3.21±0.36 3.37±0.30 9.66 0.000061* 

LDH  458.72±64.07 365.11±51.66 154.16±10.69 161.83±10.43 15.31 0.000087* 

 

Table (3): Age group comparation of biomarkers within each gender.  

Gender Comparison Mean 

 1 

Mean 2 Mean Diff t-value p-value Significance 

D-dimer Males <40 vs 41-59 1,124.9 1,234.6 -109.7 -0.42 0.676 

<40 vs >60 1,124.9 1,089.4 35.5 0.14 0.890 

41-59 vs >60 1,234.6 1,089.4 145.2 0.59 0.556 

Females <40 vs 41-59 1,047.8 1,061.3 -13.5 -0.07 0.946 

<40 vs >60 1,047.8 892.7 155.1 0.99 0.324 

CRP Males 41-59 vs >60 1,061.3 892.7 168.6 0.97 0.335 

<40 vs 41-59 26.8 45.3 -18.5 -2.05 0.044* 

<40 vs >60 26.8 54.7 -27.9 -2.48 0.016* 

41-59 vs >60 45.3 54.7 -9.4 -0.76 0.449 

Females <40 vs 41-59 32.4 38.9 -6.5 -0.64 0.524 

<40 vs >60 32.4 47.1 -14.7 -1.35 0.182 

41-59 vs >60 38.9 47.1 -8.2 -0.69 0.493 

LDH Males <40 vs 41-59 263.3 438.8 -175.5 -1.65 0.127 

<40 vs >60 263.3 454.2 -190.9 -1.78 0.105 

41-59 vs >60 438.8 454.2 -15.4 -0.11 0.916 

Females <40 vs 41-59 386.0 384.6 1.4 0.01 0.991 

<40 vs >60 386.0 467.4 -81.4 -0.60 0.560 

41-59 vs >60 384.6 467.4 -82.8 -0.60 0.560 

 

Table (4): Comparison of biomarkers and blood glucose levels between diabetic patients and 

controls.  

Parameters Study groups t- test p-value 

Patients 

(Mean ± SE) 

Controls 

(Mean ± SE) 

D-dimer 597.22 ± 37.84 142.22 ± 12.22 6.02 0.00001* 

CRP 10.89 ± 1.22 3.37 ± 0.30 3.72 0.0006* 

LDH 257.15 ± 18.11 154.17 ± 10.70 4.13 0.003* 

RBS 220.80± 25.29 126.43± 5.28 2.08 0.041* 
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Table (5) : Gender differences in biomarkers levels among diabetic patients and controls. 

Parameters  Study groups f- 

test 

p-value 

Patients 

(Males) 

(Mean ± SE) 

Patients 

(females) 

(Mean ± SE) 

Controls 

(males) 

(Mean ± SE) 

Controls 

(females) 

(Mean ± SE) 

D-dimer  609.03±187.29 662.33±172.85 143±34.65 148.00±39.10 48.06 0.0068* 

CRP 9.49±3.9 10.03±3.69 3.20±1.02 3.37±1.06 20.58 0.000096* 

LDH  265.58±79.53 227.76±86.32 154.16±37.05 161.83±36.13 7.49 0.00020* 

RBS 173.8± 25.29 169.25± 52.8 126.42± 19.75 131.42± 18.64 3.19 0.0304* 

 

Table (6): Effect of age and sex on biochemical parameters.  

Parameter Subgroup Mean SE F 

 (Sex) 

p 

(Sex) 

F 

 (Age) 

p  

(Age) 

D-Dimer Male 41-59 650.07 82.95 0.05 0.82 0.45 0.64 

Male >60 846.90 147.91 
    

Female <40 798.22 157.32 
    

Female 41-59 765.45 81.75 
    

Female >60 935.70 161.13 
    

CRP Male 41-59 17.20 7.84 0.02 0.90 1.20 0.31 

Male >60 21.38 6.96 
    

Female <40 8.36 2.38 
    

Female 41-59 26.35 8.82 
    

Female >60 26.43 12.39 
    

LDH Male 41-59 229.33 29.13 1.85 0.18 12.50 <0.001* 

Male >60 313.86 25.70 
    

Female <40 114.25 19.90 
    

Female 41-59 207.30 23.40 
    

Female >60 321.67 12.02 
    

RBS Male 41-59 278.50 58.47 0.10 0.75 0.65 0.53 

Male >60 198.67 41.77 
    

Female <40 189.78 53.50 
    

Female 41-59 251.62 44.21 
    

F>60 229.75 68.23 
    

 

DISCUSSION  

         The results of this study showed a very 

significant increase in D-dimer levels among 

patients, and this increase is associated with 

mortality rates. The average levels of this test 

were much higher in deceased patients 

compared to pandemic survivors, making this 

test a strong predictor of death 25. In some 

cases, the increase reached nearly four times its 

normal values in the deceased, according to 

statistics 31. D-dimer also showed a significant 

positive correlation with disease severity in 

Iraqi patients, making it a reliable marker and 

indicator for assessing disease progression 32. 

Elevated D-dimer results in this study, for both 

sexes, reflect hypercoagulability. Sources 

indicate that 36.4% of patients in private 

medical clinics have abnormal levels of this 

indicator, necessitating treatment with 

anticoagulants to help reduce symptoms 33. 

This supports theories that mortality is partly 

due to changes in microvascular structures that 
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facilitate clotting, with elevated D-dimer levels 

observed in cases of death 34. 

      Studies also review the importance of the 

D-dimer test in predicting the occurrence of 

pulmonary embolism (PE), Although CT scans 

are the best standard for diagnosing this 

condition, D-dimer is also an aid in assessing 

this condition, the severity of COVID, and 

mortality 34. It is also used as a valuable tool 

for excluding the occurrence of venous 

thromboembolism 14. Our study indicated that 

CRP levels increased significantly, and this 

increase, coinciding with an increase in D-

dimer, was associated with higher mortality 

rates. However, the nature of the association 

between the two differed. Additional results 

also indicated an association between CRP and 

disease severity and mortality risk, although 

the strength of this association was weak in one 

of the studied samples, which may be 

attributed to the exclusion of mild cases 35. On 

the other hand, another study concluded that 

both D-dimer and CRP levels were associated 

with increased mortality rates, with CRP being 

a stronger predictor of death, while D-dimer 

was more strongly associated with the 

occurrence of venous thromboembolism 36. 

Platelet count and CRP levels were also found 

to be critical prognostic markers for 

determining COVID-19 severity, with an 

inverse relationship between them 37. Studies 

show that CRP is a crucial biomarker for the 

early prediction of lung injury and clinical 

deterioration in COVID-19 patients38.  

     CRP is an acute response protein rapidly 

secreted by the liver in response to 

inflammation or tissue damage. Its levels begin 

to rise within 6 to 8 hours and peak within 48 

hours of symptom onset, making it an effective 

early indicator before the appearance of 

obvious clinical changes 35,38. Elevated CRP 

levels are also associated with an increased risk 

of respiratory failure. A higher CRP level 

indicates a more severe disease course 

associated with acute lung injury and a worse 

prognosis 35,39.  Furthermore, it is linked to the 

so-called cytokine storm, resulting from an 

overactive immune system and the release of 

inflammatory cytokines that can lead to lung 

tissue destruction 15,38. In this context, research 

findings indicate a significant correlation 

between CRP levels, disease severity, and 

mortality risk. One study demonstrated a 

strong correlation between CRP levels and 

disease severity in hospitalized patients, 

recommending quantitative CRP testing due to 

its speed and high accuracy 38. Scientific 

discussions have also concluded that both CRP 

and LDH are significantly associated with 

disease severity and can be used individually 

or in combination as biomarkers to aid in 

diagnostic decision-making and patient 

assessment 15. Laboratory results have shown 

that surgical intensive care patients have 

significantly higher CRP and LDH values, 

confirming their effectiveness as biomarkers 

for early prediction of disease severity 40. 

      As with D-dimer and CRP, LDH levels are 

significantly elevated in this study, particularly 

in patients over 40 years of age (predominantly 

in males). This reinforces the notion that this 

enzyme is a strong predictor of mortality. 

Patients are classified as either normal or 

elevated based on their LDH levels, and these 

levels are also used to predict clinical 

progression and disease course 41. The 

discussion highlights that COVID-19 is a viral 

disease associated with a local or systemic 

inflammatory response that can lead to multi-

organ involvement. Studies confirm elevated 

LDH levels in most cases, especially severe 

cases, reflecting the degree of tissue damage 

and inflammation 42. The results indicate that 

levels of both D-dimer and LDH 25. 

       The discussion also confirms a clear and 

significant relationship between LDH levels 

and COVID-19 severity, with findings 

consistent with theories suggesting that LDH 

levels increase proportionally with worsening 

disease severity 43. Elevated LDH levels are 
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also associated with higher mortality rates, 

longer hospital stays, and increased need for 

intensive care unit (ICU) admission, 

particularly in patients with the delta variant, 

further highlighting the prognostic value of 

this biomarker 43. The discussion also explores 

the role of both LDH and lactate as 

biochemical markers reflecting disease 

severity and mortality risk factors, referencing 

the Warburg effect, a metabolic 

reprogramming phenomenon where inflamed 

cells rely on metabolic pathways similar to 

those observed in cancer cells 39.  

      On the other hand, a meta-analysis 

concludes that elevated LDH levels are 

strongly associated with COVID-19 severity, 

including the occurrence of respiratory 

distress, the need for intensive care unit 

admission, and an increased risk of death 44,45. 

One study also concludes that LDH has a 

sensitivity of 80.6% in predicting abnormal 

findings on chest X-rays in children, where 

biochemical changes precede imaging 

changes, thus reinforcing the importance of 

LDH as an early indicator of pathological 

changes 46. Furthermore, the clinical 

characteristics of COVID-19 are similar to 

those of SARS, confirming that an LDH level 

above 283 U/L is an ideal indicator for 

identifying severe cases 47. Some sources also 

reveal that LDH at admission is an independent 

risk factor for disease severity and mortality, 

exceeding the independence of the neutrophil-

to-lymphocyte ratio (NLR) 48. 

       The results of this study, as well as other 

sources, confirm that the presence of chronic 

diseases such as diabetes and its lack of control 

significantly and negatively affects the course 

of COVID-19 30.  These conditions increase 

the likelihood of the disease progressing to 

severe or critical stages and are considered 

among the most important risk factors 

associated with death. Studies have shown that 

diabetic patients are up to 2.75 times more 

likely to develop severe and critical cases 

compared to others. One study also recorded a 

very high mortality rate among diabetic 

patients infected with COVID-19, reaching 

36.7%, compared to only 5.2% among diabetic 

patients not infected with the virus 49; 50.  High 

blood glucose levels promote viral replication 

within immune cells (monocytes) and increase 

the expression of ACE2 receptors, which the 

virus uses to enter cells, Diabetes also leads to 

a stronger inflammatory response, stimulating 

the production of inflammatory cytokines such 

as TNF and IL-6, ultimately leading to lung 

cell death and respiratory deterioration 41 40.  

 

CONCLUSION 

       The present investigation demonstrates 

that moderate-to-severe COVID-19 infection 

is characterized by significant alterations in 

inflammatory, coagulation, and metabolic 

biomarkers. The marked elevation of D-dimer, 

CRP, and LDH levels reflects the underlying 

pathophysiological mechanisms of the disease, 

including systemic inflammation, endothelial 

dysfunction, tissue damage, and 

hypercoagulability. The age-dependent 

elevation of LDH, particularly pronounced in 

patients over 40 years of age, suggests that age 

is a critical determinant of tissue damage 

severity. Furthermore, the exacerbated 

biomarker elevation observed in diabetic 

patients indicates that pre-existing metabolic 

dysfunction substantially amplifies the 

inflammatory and coagulation responses to 

SARS-CoV-2 infection. These findings 

support the clinical utility of combining D-

dimer, CRP, and LDH measurements as a 

comprehensive biomarker panel for early risk 

stratification, prognostic assessment, and 

monitoring of disease progression in COVID-

19 patients.  

 

 

REFERENCES 



Medical Science Journal for Advance Research,   Vol.7, No. 1, March 2026 

 

Copyright © The Author(s)  MSJAR Page 9 

1.  Han Y, Zhang H, Mu S, et al. Lactate 

dehydrogenase, a Risk Factor of Severe 

COVID-19 Patients: A Retrospective and 

Observational Study. March 2020. 

doi:10.1101/2020.03.24.20040162 

2.  The Lancet. Facing up to long COVID. 

The Lancet. 2020;396(10266):1861. 

doi:10.1016/S0140-6736(20)32662-3 

3.  The Lancet. The COVID-19 pandemic 

in 2023: far from over. The Lancet. 

2023;401(10371):79. doi:10.1016/S0140-

6736(23)00050-8 

4.  Wu C, Chen X, Cai Y, et al. Risk 

Factors Associated With Acute Respiratory 

Distress Syndrome and Death in Patients With 

Coronavirus Disease 2019 Pneumonia in 

Wuhan, China. JAMA Intern Med. 

2020;180(7):934-943. 

doi:10.1001/jamainternmed.2020.0994 

5.  Zhang ZL, Hou YL, Li DT, Li FZ. 

Laboratory findings of COVID-19: a 

systematic review and meta-analysis. Scand J 

Clin Lab Invest. 2020;80(6):441-447. 

doi:10.1080/00365513.2020.1768587 

6.  Tjahyadi RM, Astuti T, Listyoko AS. 

COVID-19 :Correlation Between CRP and 

LDH to Disease Severity and Mortality In 

Hospitalized COVID-19 Patients. Medica 

Hosp J Clin Med. 2020;7(1A):144-149. 

doi:10.36408/mhjcm.v7i1A.467 

7.  Wu Z, McGoogan JM. Characteristics 

of and Important Lessons From the 

Coronavirus Disease 2019 (COVID-19) 

Outbreak in China: Summary of a Report of 

72 314 Cases From the Chinese Center for 

Disease Control and Prevention. JAMA. 

2020;323(13):1239-1242. 

doi:10.1001/jama.2020.2648 

8.  Lippi G, Plebani M. The critical role of 

laboratory medicine during coronavirus 

disease 2019 (COVID-19) and other viral 

outbreaks. Clin Chem Lab Med CCLM. 

2020;58(7):1063-1069. doi:10.1515/cclm-

2020-0240 

9.  Ji D, Zhang D, Xu J, et al. Prediction 

for Progression Risk in Patients With COVID-

19 Pneumonia: The CALL Score. Clin Infect 

Dis Off Publ Infect Dis Soc Am. 

2020;71(6):1393-1399. 

doi:10.1093/cid/ciaa414 

10.  Severe Acute Respiratory Syndrome 

(SARS). https://www.who.int/health-

topics/severe-acute-respiratory-syndrome. 

Accessed April 4, 2026. 

11.  Yang L, Jin J, Luo W, Gan Y, Chen B, 

Li W. Risk factors for predicting mortality of 

COVID-19 patients: A systematic review and 

meta-analysis. Serra R, ed. PLOS ONE. 

2020;15(11):e0243124. 

doi:10.1371/journal.pone.0243124 

12.  Adam SS, Key NS, Greenberg CS. D-

dimer antigen: current concepts and future 

prospects. Blood. 2009;113(13):2878-2887. 

doi:10.1182/blood-2008-06-165845 

13.  Francis CW, Marder VJ, Barlow GH. 

Plasmic degradation of crosslinked fibrin. 

Characterization of new macromolecular 

soluble complexes and a model of their 

structure. J Clin Invest. 1980;66(5):1033-

1043. doi:10.1172/JCI109931 



Medical Science Journal for Advance Research,   Vol.7, No. 1, March 2026 

 

MSJAR Page 10   Copyright © The Author(s) 

14.  Al-Shamma S. Role of D-Dimer as a 

Marker of Severity and Long COVID-19. 

Karbala J Med. 2024;17(2):2719-2725. 

doi:10.70863/karbalajm.v17i2.2101 

15.  Jindal P, Kaur P. NLR, CRP, LDH as 

severity markers in Coronavirus Positive 

patients. Natl BOARD Exam J Med Sci. 

2023:357-364. 

doi:10.61770/NBEJMS.2023.v01.i06.005 

16.  Zhang ZL, Hou YL, Li DT, Li FZ. 

Laboratory findings of COVID-19: a 

systematic review and meta-analysis. Scand J 

Clin Lab Invest. 2020;80(6):441-447. 

doi:10.1080/00365513.2020.1768587 

17.  Associate Professor, Department of 

Biochemistry, DY Patil Medical College and 

Hospital, Kasaba Bawada, Kolhapur, 

Maharashtra, India, Patil AR. Clinical 

Outcome in Patients with COVID-19 and 

Comparison to Serum LDH and D-dimer 

Levels. J Commun Dis. 2023;55(01):17-23. 

doi:10.24321/0019.5138.202303 

18.  Erez A, Shental O, Tchebiner JZ, et al. 

Diagnostic and prognostic value of very high 

serum lactate dehydrogenase in admitted 

medical patients. Isr Med Assoc J IMAJ. 

2014;16(7):439-443. 

19.  Guan W jie, Ni Z yi, Hu Y, et al. 

Clinical Characteristics of Coronavirus 

Disease 2019 in China. N Engl J Med. 

2020;382(18):1708-1720. 

doi:10.1056/NEJMoa2002032 

20.  Mangalmurti N, Hunter CA. Cytokine 

Storms: Understanding COVID-19. Immunity. 

2020;53(1):19-25. 

doi:10.1016/j.immuni.2020.06.017 

21.  Serrano-Lorenzo P, Coya ON, López-

Jimenez A, et al. Plasma LDH: A specific 

biomarker for lung affectation in COVID-19? 

Pract Lab Med. 2021;25:e00226. 

doi:10.1016/j.plabm.2021.e00226 

22.  Poggiali E, Zaino D, Immovilli P, et al. 

Lactate dehydrogenase and C-reactive protein 

as predictors of respiratory failure in CoVID-

19 patients. Clin Chim Acta Int J Clin Chem. 

2020;509:135-138. 

doi:10.1016/j.cca.2020.06.012 

23.  Yan L, Zhang HT, Goncalves J, et al. 

An interpretable mortality prediction model for 

COVID-19 patients. Nat Mach Intell. 

2020;2(5):283-288. doi:10.1038/s42256-020-

0180-7 

24.  Ewadh RMJ, Kadhum SA, Omran AM, 

Jameel ZI, Altaie NHA. Alterations of basic 

blood parameters in Iraqi COVID-19 patients 

with hyperglycaemia and acute kidney injury. 

Pharmakeftiki. 2025;37(2S). 

doi:10.60988/p.v37i2S.193 

25.  Hanafi FD, Esa T, Nurulita A, Mumang 

AA. D-Dimer, ferritin, and lactate 

dehydrogenase (LDH) as predictors of 

mortality in hospitalized COVID-19 patients. J 

Infect Dev Ctries. 2024;18(09.1):S27-S32. 

doi:10.3855/jidc.18833 

26.  Qeadan F, Tingey B, Gu LY, Packard 

AH, Erdei E, Saeed AI. Prognostic Values of 

Serum Ferritin and D-Dimer Trajectory in 

Patients with COVID-19. Viruses. 

2021;13(3):419. doi:10.3390/v13030419 



Medical Science Journal for Advance Research,   Vol.7, No. 1, March 2026 

 

Copyright © The Author(s)  MSJAR Page 11 

27.  Terpos E, Ntanasis‐Stathopoulos I, 

Elalamy I, et al. Hematological findings and 

complications of COVID‐19. Am J Hematol. 

2020;95(7):834-847. doi:10.1002/ajh.25829 

28.  Wu M ying, Yao L, Wang Y, et al. 

Clinical evaluation of potential usefulness of 

serum lactate dehydrogenase (LDH) in 2019 

novel coronavirus (COVID-19) pneumonia. 

Respir Res. 2020;21:171. doi:10.1186/s12931-

020-01427-8 

29.  Tan C, Huang Y, Shi F, et al. C-

reactive protein correlates with computed 

tomographic findings and predicts severe 

COVID-19 early. J Med Virol. 

2020;92(7):856-862. doi:10.1002/jmv.25871 

30.  Ashfaq F, Zaka K, Ali N, Hayee S, 

Chaudhry M. Association of Diabetes Mellitus 

with COVID-19 Severity and Prognosis. 

December 2025. doi:10.58932/MULH0031 

31.  Murvanidze I, Nakashidze I, Gogitidze 

T, et al. Correlation of ferritin, D-dimer, and 

CRP with disease severity and outcome in 

COVID-19 patients. Eur Chem Biotechnol J. 

2025;(4):24-39. doi:10.62063/ecb-59 

32.  Salman W. Comparative study 

between LDH, ferritin, and D-dimer in Iraqi 

patients with COVID-19. Epitheorese Klin 

Farmakol Kai Farmakokinetikes – Greek Ed. 

2025;43:33-35. doi:10.61873/DJOM6979 

33.  Yameny AA. D-dimer levels in 

COVID-19 out-hospitalized patients in Egypt. 

J Med Life Sci. March 2021. 

doi:10.21608/jmals.2021.200216 

34.  Beidollahkhani S, Fayedeh F, Shoja A, 

et al. d-dimer as a biomarker for COVID-19-

associated pulmonary thromboembolism: a 

narrative review from molecular pathways to 

the imaging findings. Egypt J Bronchol. 

2023;17(1):44. doi:10.1186/s43168-023-

00221-6 

35.  Suyoso -, Rachmawaty FJ, Prabowo 

BA. Relationship between CRP of COVID-19 

Patients with Severity and Outcome. Int J Hum 

Health Sci IJHHS. 2022;6(4):452-456. 

doi:10.31344/ijhhs.v6i4.488 

36.  Gonçalves FAR, Besen BAMP, Lima 

CA de, et al. Use and misuse of biomarkers and 

the role of D-dimer and C-reactive protein in 

the management of COVID-19: A post-hoc 

analysis of a prospective cohort study. Clinics. 

2021;76:e3547. 

doi:10.6061/clinics/2021/e3547 

37.  Srivastava A, Bharosay A, Manish A, 

Bharosay V. CRP levels and platelet count as 

markers of prognostic index in COVID-19 

patients. Panacea J Med Sci. 2025;15:9-13. 

doi:10.18231/pjms.v.15.i.1.9-13 

38.  Wulansari A, Fajrunni’mah R, Warida 

W. Correlation of CRP Levels with Severity of 

Disease in Hospitalized Patients with 

Confirmed COVID-19: Korelasi Kadar CRP 

dengan Derajat Keparahan Penyakit pada 

Pasien Rawat Inap Terkonfirmasi COVID-19. 

Ahmar Metastasis Health J. 2022;2:1-7. 

doi:10.53770/amhj.v2i1.97 

39.  Gupta GS. The Lactate and the Lactate 

Dehydrogenase in Inflammatory Diseases and 

Major Risk Factors in COVID-19 Patients. 

Inflammation. 2022;45(6):2091-2123. 

doi:10.1007/s10753-022-01680-7 



Medical Science Journal for Advance Research,   Vol.7, No. 1, March 2026 

 

MSJAR Page 12   Copyright © The Author(s) 

40.  Mohammadiafrakoti N, Kahdouei MT, 

Khajehnasiri A, Heroababdi A, Mollarabei SH, 

Aghaei F. To investigate the relation between 

LDH and CRP levels and mortality of COVID-

19 (SARS-CoV-2) patients admitted in 

SURGERY ICU at Shariati Hospital from 19 

February 2020 till 19 February 2021. Acad J 

Surg. 2024;7(2):47-51. 

doi:10.18502/ajs.v7i2.16364 

41.  Mao M, Dian Y, Sun Y, Chen W, Zhu 

W, Deng G. Lactate dehydrogenase predicts 

disease progression outcome in COVID-19 

patients treated with Azvudine. Front Cell 

Infect Microbiol. 2023;13. 

doi:10.3389/fcimb.2023.1237277 

42.  Yameny AA. Lactate dehydrogenase 

level as a COVID-19 biomarker. J Biosci Appl 

Res. March 2021. 

doi:10.21608/jbaar.2021.173662 

43.  Ostadi F, Anzali BC, Mehryar HR. 

Relationship between serum lactate 

dehydrogenase levels and prognosis in patients 

infected with omicron and delta variants of 

COVID-19: A cross-sectional study. Toxicol 

Rep. 2023;11:368-373. 

doi:10.1016/j.toxrep.2023.10.003 

44.  Chen XY, Huang MY, Xiao Z wei, 

Yang S, Chen XQ. Lactate dehydrogenase 

elevations is associated with severity of 

COVID-19: a meta-analysis. Crit Care. 

2020;24:459. doi:10.1186/s13054-020-03161-

5 

45.  Fialek B, Pruc M, Smereka J, et al. 

Diagnostic value of lactate dehydrogenase in 

COVID-19: A systematic review and meta-

analysis. Cardiol J. 2022;29(5):751-758. 

doi:10.5603/CJ.a2022.0056 

46.  Das KM, Alkoteesh JA, AlBastaki 

UM, et al. Serum LDH: a potential surrogate to 

chest radiograph in pediatric Covid-19 patients 

to reduce radiation exposure. Egypt J Radiol 

Nucl Med. 2022;53(1):130. 

doi:10.1186/s43055-022-00805-0 

47.  Han Y, Zhang H, Mu S, et al. Lactate 

dehydrogenase, a Risk Factor of Severe 

COVID-19 Patients: A Retrospective and 

Observational Study. March 2020. 

doi:10.1101/2020.03.24.20040162 

48.  Li C, Ye J, Chen Q, et al. Elevated 

Lactate Dehydrogenase (LDH) level as an 

independent risk factor for the severity and 

mortality of COVID-19. Aging. 

2020;12(15):15670-15681. 

doi:10.18632/aging.103770 

49.  Alsolamy S. Middle East Respiratory 

Syndrome: Knowledge to Date*. Crit Care 

Med. 2015;43(6):1283. 

doi:10.1097/CCM.0000000000000966 

50.  Su G, Li S, Zhang D, et al. Real-world 

effectiveness of azvudine versus nirmatrelvir-

ritonavir in hospitalized patients with COVID-

19 and pre-existing diabetes. iScience. 

2025;28(2). doi:10.1016/j.isci.2025.111907. 

 


