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A B S T R A C T 

The Coronavirus disease of 2019 (COVID-19) has resulted in significant morbidity and mortality 

worldwide. Doctors may use several laboratory tests, such as the biomarkers for hemostasis 

alteration, to assess the severity and prognosis of COVID-19 patients. This study aims to determine 

the association between hemostatic markers [including prothrombin time (PT), international 

normalized ratio (INR), activated partial thromboplastin time (APTT), D-dimer, fibrinogen, 

platelet] and the clinical spectrum of SARS-CoV-2 infected patients (including moderate and 

severe COVID-19, and the non-survivors). This retrospective cohort analyzed the hospital medical 

records of 120 COVID-19 inpatients from January to December 2021 in Medan city, Indonesia. 

This study revealed a significant association between increasing values of PT/INR, APTT, 

fibrinogen, D-dimer, and the clinical spectrum of COVID-19 patients. 

 

© EuroMediterranean Biomedical Journal 2023 

1. Introduction 

COVID-19 is a highly contagious viral infection caused by Severe Acute 

Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), which has caused a 

global pandemic and dramatic loss of human life worldwide [1]. The 

clinical spectrum of COVID-19 varies from asymptomatic or 

presymptomatic infection to various degrees of symptomatic illness (mild, 

moderate, severe, and critical) [2]. COVID-19 was characterized by a 

triad of fever, cough, and shortness of breath, then the Centers for Disease 

Control and Prevention (CDC) added chills, muscle aches, headaches, 

sore throats, and anosmia or ageusia [3].  

The diagnosis of COVID-19 can be reviewed from clinical characteristics 

and supporting examinations. Several laboratory tests may help doctors to 

predict the severity and prognosis of COVID-19 patients.  

A meta-analysis study of COVID-19 patients in Asian populations 

showed significant differences in the results of complete blood count tests, 

liver and kidney function tests, inflammatory markers, serum electrolytes, 

and glucose between COVID-19 patients with high and low severity of 

illness [4]. Coagulation system disorders are more likely to occur in 

severe and critical COVID-19 patients [5].  

D-dimer and prothrombin time (PT) were indicators predicting the risk of 

death from COVID-19 [6].  

 

 

In a retrospective cohort study conducted in Madrid, Spain, patients who 

did not survive COVID-19 had abnormal coagulation parameters such as 

PT, Activated Partial Thromboplastin Time (APTT), elevated D-dimer, 

and high level of fibrinogen compared to the survivors [7]. In this study, 

we analyze the association between the abnormal value of PT, 

international normalized ratio (INR), APTT, D-dimer, fibrinogen, platelet 

and moderate illness, severe illness, and mortality in COVID-19 patients 

hospitalized in Medan, Indonesia.  

 

2. Material and methods 

Study design 

This retrospective cohort study used medical records of COVID-19 

patients hospitalized in teaching hospitals (Haji Adam Malik General 

Hospital and Prof. Chairuddin P. Lubis Hospital) in Medan, Indonesia, 

from January to December 2021. SARS-CoV-2 RNA amplification from 

throat swab samples was the laboratory method used to confirm the 

COVID-19 diagnosis of each patient in both hospitals.  

Patients aged ≥ 18 years, patients with moderate illness, patients with 

severe illness, and patients who died due to COVID-19 were the inclusion 

criteria of this study.  
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Classification of age was based on the American Medical Associations’ 

destinations for adults and older adults [8]. Determination of COVID-19 

severity followed the World Health Organization (WHO) guidelines [9]. 

The term “death due to COVID-19” (or “death” or “non-survivors”) was 

adopted from WHO guidelines.  

WHO guidelines define “death due to COVID-19”  as death of a patient 

who did  not survive the critical illness of confirmed COVID-19 where no 

other unrelated cause of death could be identified (e.g. trauma) [10]. We 

excluded patients without complete laboratory analysis results, patients 

with a history of taking drugs that may affect the value of hemostasis 

function (such as anticoagulants), patients with prolonged use of broad-

spectrum antibiotics, patients with liver dysfunction, and pregnant 

patients.  

We collected the laboratory examination results for PT, INR, APTT, D-

dimer, fibrinogen, and platelet upon hospital admission from each patient. 

The INR levels were calculated as mentioned in the reference [11]. Each 

marker was considered as prolonged or increasing by the following 

values: >15.3 seconds for PT, >1.1 for INR, >38.9 seconds for APTT, 

>500 ng/mL for D-dimer, and >400 mg/dL for fibrinogen. We rated 

platelets between 150-450 x 109/L as normal.  

The Research Ethics Committee at the Faculty of Medicine, Universitas 

Sumatera Utara, approved the ethical clearance with reference number 

725/KEPK/USU/2022 in agreement with the official Declaration of 

Helsinki. 

 

Data processing and analysis 

The statistical analysis included Chi-square test using Statistics Package 

for Social Science (SPSS) 26 and one-way analysis of variance (ANOVA) 

using GraphPad Prism 9. The result was considered significant when the 

P value was less than 0.05. 

 

3. Results 

Demographics of the study population 

There were 120 eligible inpatient medical records, collected from January 

to December 2021 (Table 1). The majority of the COVID-19 patients were 

female 62/120 (51.7%), yet severe illness and death were more frequent in 

males (19.2%, respectively) than in females (14.2%, respectively). Female 

patients mostly suffered from moderate illness 28/120 (23.3%). Adults 

(18-64 years), median age 55 years, dominated COVID-19 incidents 

among hospitalized patients 98/120 (81.7%). The median age of male and 

female patients was 55 and 51 years, respectively. 

Based on Chi-square analysis (P < 0.05), patients’ gender is associated 

with moderate and severe illness and death due to COVID-19 (p = 0.018) 

(Table 2). In contrast, there is no association between age and COVID-19 

clinical spectrum and death (p = 0.626). 

 

 

 

 

 

 

 

 

 

Table 1.  Characteristics of COVID-19 patients 

 

 

Table 2.  Association between patients’ demographics and COVID-19 

clinical spectrum and death 

 

 

Relationships between hemostatic markers and COVID-19 clinical 

spectrum and death 

Table 3 showed statistical analyses (Chi-square, P < 0.05) of some 

hemostatic markers (PT, INR, APTT, D-dimer, fibrinogen, and platelet) 

and their association with moderate and severe COVID-19 and death. We 

found significant associations between PT, INR, APTT, D-dimer, and 

fibrinogen with moderate and severe COVID-19 and death. Prolonged PT 

and INR were found in 34/120 (28.3%) and 12/120 (10%) patients, 

respectively. 

  

Table 3.  Association between the hemostatic markers and COVID-19 

clinical spectrum and death 
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APTT was prolonged in 39/120 (32.5%) patients. D-dimer was increased 

in 89/120 (74.2%) patients. Fibrinogen was elevated in 92/120 (76.6%) 

patients. We found an equal number of patients with abnormal 

(increasing/decreasing) platelets, each in 8/120 (6.6%) patients. 

Further, we analyzed the relationship between PT, INR, APTT, D-dimer, 

fibrinogen, and platelet with COVID-19 clinical spectrum and death.  

Using the one-way ANOVA, we found that elevated D-dimer was 

significantly related to COVID-19 severity and death (P < 0.05) (Figure 

1).  

 

Figure 1.  Relationship between D-dimer and COVID-19 severity and 

death. One-way ANOVA showed D-dimer values in the moderate 

(M), severe (S), and dead (D) COVID-19 patients. Tukey’s multiple 

comparisons tests showed a significant difference in D-dimer level 

between M and S (* p = 0.018) and between M and D (** p = 0.002). 

ns: not significant. 

 

There was a significant difference in D-dimer value between the moderate 

and severe COVID-19 patients (p = 0.018) and between the moderate 

COVID-19 patients and the non-survivors (p = 0.002).  

Conversely, the prolonged PT/INR/APTT, the increase of fibrinogen, and 

the increased/decreased value of platelets were not significantly related to 

COVID-19 severity and death (data not shown). 

4. Discussion 

We found more COVID-19 incidents in females than males, yet more 

frequent severe illness and deaths in male than female hospitalized 

patients. Our results correspond with published data from several 

countries [12, 13, 14]. The hypothesis of gender susceptibility to SARS-

CoV-2 infection is perhaps the most rational explanation for low COVID-

19 severity in females. Theoretically, angiotensin-converting enzyme 2 

(ACE-2) expression could be higher in females than males caused either 

by estrogen or the inactive X chromosome that subsequently supply ACE-

2, the cell surface receptor for SARS-CoV-2 [15]. 

 

However, estrogen may regulate human immune cells (macrophage, 

natural killer cells, T- and B-lymphocytes) as they possess estrogen 

receptors, as well as promote antibodies (Immunoglobulin G and 

Immunoglobulin M) [16, 17]. Males, in contrast, tend to have androgens 

that may increase transmembrane protease serine 2 (TMPRSS2) 

expression that allows COVID-19 progression [15, 18]. Further, due to the 

difference in sex hormones, males have lower immune responses 

(humoral and cell-mediated) compared to females and therefore tend to 

suffer from the harmful outcome of SARS-CoV-2 infection [17, 18]. 

Other factors may play a part in COVID-19 severity, such as gender-

specific behaviors (cigarette smoking, alcohol consumption), co-

morbidities (such as cardiovascular disease, chronic obstructive 

pulmonary disease) and aging [18]. 

According to the Indonesian COVID-19 Handling Task Force, the age 

group of 19-30 years (27.4%), followed by the age group of 31-45 years 

(26.8%) and the age group of 46-59 years (17%), dominated hospitalized 

cases in Indonesia [19]. The hospitalized patients in this study are 

predominantly adults (age group of 18 to 64 years), which means our data 

correspond with the national data reported by COVID-19 Handling Task 

Force. Adults (18-64 years) consist of people who are actively working or 

at their productive age, so adults are considered the most mobile in a 

population. Consequently, adults have a higher risk of exposing themself 

to SARS-CoV-2 in the environment and contracting the disease than the 

other age group. A study of COVID-19 incidence in China found peak 

morbidity in the 50-59 years age group (~22.5%), while data from the 

Korean Republic showed the highest morbidity in 20-29 years (30%) and 

50-59 years (19%) age groups [14]. The authors mentioned a lack of 

compliance with social distancing and self-quarantine to explain the high 

COVID-19 morbidity among those age groups [14]. 

Another explanation for the high incidence of COVID-19 and 

hospitalization in adults could be the emergence of the SARS-CoV-2 

Delta variant in Indonesia around May 2021, which contributed to the 

second (and highest) peak of COVID-19 on July 2021 [19]. In the 

meantime, Indonesian obtained COVID-19 vaccination started in mid-

January 2021, which prioritized healthcare workers, followed by the first 

doses for the elderly in February 2021. By mid-August 2021, only 10% of 

the Indonesian population had been fully vaccinated. Besides the low herd 

immunity against COVID-19 in 2021, the Indonesian population faced the 

nature of the Delta variant which can escape immune response [20]. 

Therefore, the very contagious Delta variant was possibly responsible for 

most COVID-19 cases in the Indonesian population during 2021, 

especially in productive age people. 

Previous studies showed a relationship between aging and COVID-19 

morbidity and mortality [14, 21, 22]. Similarly, COVID-19 Handling Task 

Force data revealed the highest mortality (47.6%) in the Indonesian 

population at age ≥ 60 years [19]. Elderly patients are often associated 

with a decreased physiological function (including the immune system) 

and increased co-morbidities (such as hypertension, diabetes, 

cardiovascular disease, and respiratory disease) that may worsen the 

COVID-19 outcome [22, 23]. Therefore, most studies found the highest 

COVID-19 mortality rate in the elderly [14, 21, 22, 23].  

Most patients in this study are 18-64-year-old adults resulting in a higher 

percentage (bias) of morbidity and mortality rate in adults than the ≥ 65 

years older adults. We consequently found no association between aging 

and COVID-19 severity and death. A future study involving a larger 

population than the current study would be able to analyze the correlation 

between the elderly and COVID-19 mortality in our region.  

Coagulation disorders in COVID-19 patients, known as COVID-19-

associated coagulopathy (CAC), often involve various tissues and organs 

[24]. As part of systemic inflammatory response, CAC is a common 

feature of severe illness, and approximately 20%-55% of COVID-19 

inpatients have hematologic changes in coagulation tests, including 
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prolonged PT, elevated D-dimer, mild thrombocytopenia, and low 

fibrinogen levels) [25]. Moreover, COVID-19 non-survivors frequently 

suffer from disseminated intravascular coagulation (DIC) [26]. Hence, 

monitoring the hemostatic biomarkers is crucial to screen for the degree of 

coagulation activity [27, 28] and DIC outcome in COVID-19 patients [27, 

28, 29].  

This study showed a higher proportion of COVID-19 patients with PT 

prolongation in the severe illness and non-survivor groups compared to 

the moderate illness group (Table 3). APTT prolongation was higher in 

the COVID-19 non-survivors compared to patients in the other groups. 

Patients with D-dimer elevation were higher in the non-survivor group 

than in the other groups. Most patients from each group showed 

increasing fibrinogen. Finally, we found normal platelets and INR in most 

patients, with a notable increase of INR in the non-survivors. Previous 

studies described more PT and APTT prolongation in patients who died 

compared to the surviving patients [26, 30], which presumably indicates 

the hyperactivation of coagulation and consumption of coagulation factors 

by the non-survivors [26, 27, 29]. 

The D-dimer elevation is one of the most common laboratory findings in 

COVID-19 inpatients [28, 31]. D-dimer elevation was significant in 

patients with severe COVID-19 compared to moderate COVID-19, and in 

patients who died, compared to moderate COVID-19 (Figure 1). Previous 

studies found significantly high D-dimer in severe COVID-19 [31, 32, 33] 

and the non-survivors [26, 30]. The elevation of D-dimer in COVID-19 

patients represents an increased inflammation response to SARS-CoV-2 

infection and indicates coagulopathy [30, 31]. Besides, a high level of D-

dimer ( ≥1500 ng/mL) on admission to the intensive care units could be an 

indicator of organ dysfunction as a response to SARS-CoV-2 infection 

[34]. The evidence of multiple organ dysfunction in COVID-19 non-

survivors based on the autopsy result [35] supports the speculation of the 

importance of monitoring D-dimer levels to predict the prognosis of 

patients with severe illness [34]. 

In the screening for classic DIC, such as the DIC caused by bacterial 

sepsis or trauma, checking INR value is not recommended and should be 

monitored only when the patient uses an oral anticoagulant [29]. There are 

findings of mild prolongation of PT in COVID-19 survivors [25, 37], 

which is similar to our results. Thus, there is speculation of non-

significant prolongation of INR value in COVID-19 patients. In contrast, 

some studies revealed significant INR prolongation in severe COVID-19 

[36] and the non-survivors [26, 30, 36], thus suggesting the association 

between INR prolongation and COVID-19 morbidity and mortality. 

Nonetheless, INR prolongation is one of the parameters of coagulopathy 

in COVID-19 patients, and it might still be worth monitoring INR for the 

screening of CAC. 

One of the SARS-CoV-2 acute phase infection features is an increased 

risk of thrombosis, which is related to the elevation of fibrinogen [38]. In 

addition, fibrinogen is possibly involved in leukocyte adhesion via 

integrin to the endothelium and the migration of the adherent cells to the 

inflammation sites [39]. Previous studies found fibrinogen elevation at 

hospital admission of severe COVID-19 patients [26, 32], which 

corresponds to our results. Fibrinogen elevation may reflect the viremia 

following SARS-CoV-2 infection, pro-inflammatory cytokines abundance 

in circulations, and thrombin formation [24, 27].  

Conversely, studies found a significant reduction of fibrinogen in 

COVID-19 non-survivors [26, 30]. The authors revealed a range of 1-12 

days from admission to DIC, and fibrinogen decreased in the non-

survivors at days 10-14 [26]. Nonetheless, abnormality in fibrinogen 

levels may predict COVID-19 severity [26, 30]. Future study to reveal the 

underlying mechanism of uncommon switches in fibrinogen levels 

concerning CAC is necessary. 

Normal platelets at admission are dominant in moderate, severe, and 

deceased COVID-19 patients in this study. In consequence, we found no 

association between platelets and COVID-19 severity and death (Chi-

square analysis, p = 0.855). Thrombocytopenia could be prognostic for 

DIC and death in sepsis [27, 28], yet it is not prominent at hospital 

admission of COVID-19 patients [30, 38, 40]. The proportion of 

thrombocytopenia in COVID-19 non-survivors is higher than in the 

survivors [30, 40], which corresponds with our findings. Despite its low 

specificity, we support the role of platelets as a coagulation marker to 

predict mortality in COVID-19 patients [40]. The limited knowledge of a 

detailed mechanism for low platelet counts during SARS-CoV-2 infection 

and CAC requires further investigation. 

Based on Chi-square analysis (P < 0.05), we found an association between 

the hemostatic biomarkers (PT, APTT, INR, D-dimer, fibrinogen) and 

COVID-19 severity and death. D-dimer elevation was the most notable 

marker related to severe COVID-19 and death. However, there is no 

association between platelets and COVID-19 severity and death. The 

latter is possible due to the data collection in this cohort targeting only 

laboratory examination results of the patients at admission. Future studies 

with different methods and considerable samples may provide more 

reliable results.  

5. Conclusions 

Susceptibility to COVID-19 severity resulted in more frequent severe 

illness and deaths in male than female hospitalized patients. Adults from 

the age group of 18 to 64 years dominated the hospitalized COVID-19 

cases in Indonesia. Abnormal levels of hemostatic markers, especially 

PT/INR and APTT prolongation, high levels of D-dimer, and fibrinogen 

elevation, may have prognostic value for COVID-19 severity and death. 

Our results support D-dimer as a dominant marker for CAC incidents in 

COVID-19 patients. 

 

References 

 

1.  Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19 

infection: Emergence, transmission, and characteristics of human 

coronaviruses. J Adv Res [Internet]. 2020;24:91–8. Available from: 

https://www.sciencedirect.com/science/article/pii/S209012322030054

0 

2.  National Institutes of Health. Clinical Spectrum of COVID-19 

Infection. 2022 Available from: 

https://www.covid19treatmentguidelines.nih.gov/overview/clinical-

spectrum/ 

3.  da Rosa Mesquita R, Francelino Silva Junior LC, Santos Santana FM, 

Farias de Oliveira T, Campos Alcântara R, Monteiro Arnozo G, 

Rodrigues da Silva Filho E, Galdino Dos Santos AG, Oliveira da 

Cunha EJ, Salgueiro de Aquino SH, Freire de Souza CD. Clinical 

manifestations of COVID-19 in the general population: systematic 

review. Wien Klin Wochenschr [Internet]. 2020/11/26. 2021 

Apr;133(7–8):377–82. Available from: 

https://pubmed.ncbi.nlm.nih.gov/33242148 

4.  Ghahramani S, Tabrizi R, Lankarani KB, Kashani SMA, Rezaei S, 

Zeidi N, Akbari M, Heydari ST, Akbari H, Nowrouzi-Sohrabi P, 

Ahmadizar F. Laboratory features of severe vs. non-severe COVID-



EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2023, 18 (10) 48-53                                                                                                             52 

 

19 patients in Asian populations: a systematic review and meta-

analysis. Eur J Med Res [Internet]. 2020 Aug 3;25(1):30. Available 

from: https://pubmed.ncbi.nlm.nih.gov/32746929 

5.  Araya S, Mamo MA, Tsegay YG, Atlaw A, Aytenew A, Hordofa A, 

Negeso AE, Wordofa M, Niguse T, Cheru M, Tamir Z. Blood 

coagulation parameter abnormalities in hospitalized patients with 

confirmed COVID-19 in Ethiopia. PLoS One [Internet]. 2021 Jun 

21;16(6):e0252939. Available from: 

https://doi.org/10.1371/journal.pone.0252939 

6.  Long H, Nie L, Xiang X, Li H, Zhang X, Fu X, Ren H, Liu W, Wang 

Q, Wu Q. D-Dimer and Prothrombin Time Are the Significant 

Indicators of Severe COVID-19 and Poor Prognosis. Quinn FD, 

editor. Biomed Res Int [Internet]. 2020;2020:6159720. Available 

from: https://doi.org/10.1155/2020/6159720 

7. Quintana-Díaz M, Andrés-Esteban EM, Ramírez-Cervantes KL, 

Olivan-Blázquez B, Juárez-Vela R, Gea-Caballero V. Coagulation 

Parameters: An Efficient Measure for Predicting the Prognosis and 

Clinical Management of Patients with COVID-19. J Clin Med. 

2020;9(11). pmid:33126706 

8.  National Institutes of Health (NIH). NIH Style Guide: Age. U.S. 

Department of Health and Human Services. Available online from: 

https://www.nih.gov/nih-style-guide/age   

9.  World Health Organization (WHO). COVID-19 clinical management: 

living guidance, 25 January 21, 2023. Available 

from:  https://apps.who.int/iris/handle/10665/338882. 

10.  World Health Organization (WHO). International Guidelines for 

Certification and Classification (Coding) of COVID-19 as Cause of 

Death. Available from: https://cdn.who.int/media/docs/default-

source/classification/icd/covid-19/guidelines-cause-of-death-covid-

19-20200420-en.pdf?sfvrsn=35fdd864_2&download=true  

11. Riley RS, Rowe D, Fisher LM. Clinical utilization of the international 

normalized ratio (INR). J Clin Lab Anal. 2000;14(3). doi: 

10.1002/(sici)1098-2825(2000)14:3<101::aid-jcla4>3.0.co;2-a. 

12.  Global Health 50/50. The Sex, Gender, and COVID-19 Project. 2020. 

https://globalhealth5050.org/the-sex-gender-and-covid-19-

project/the-data-tracker/ 

13.  Russo C, Morello G, Malaguarnera R, Piro S, Furno D Lo, 

Malaguarnera L. Candidate genes of SARS-CoV-2 gender 

susceptibility. Sci Rep 11, 21968 (2021). 

https://doi.org/10.1038/s41598-021-01131-7 

14. Dudley JP, Lee NT. Disparities in Age-specific Morbidity and 

Mortality From SARS-CoV-2 in China and the Republic of Korea. 

Clin Infect Dis. 2020;71(15):863-865. doi:10.1093/cid/ciaa354 

15. Foresta C, Rocca MS, Di Nisio A. Gender susceptibility to COVID-

19: a review of the putative role of sex hormones and X chromosome. 

J Endocrinol Invest. 2021;44(5):951-956. doi:10.1007/s40618-020-

01383-6 

16.  Klein SL, Marriott I, Fish EN. Sex-based differences in immune 

function and responses to vaccination. Trans R Soc Trop Med Hyg. 

2015;109(1):9-15. doi:10.1093/trstmh/tru167 

17. Ruggieri A, Anticoli S, D'Ambrosio A, Giordani L, Viora M. The 

influence of sex and gender on immunity, infection and vaccination. 

Ann Ist Super Sanita. 2016;52(2):198-204. 

doi:10.4415/ANN_16_02_11 

18. Haitao T, Vermunt J V., Abeykoon J, Ghamrawi R, Gunaratne M, 

Jayachandran M, Narang K, Parashuram S, Suvakov S, Garovic VD. 

COVID-19 and Sex Differences: Mechanisms and Biomarkers. Vol. 

95, Mayo Clinic Proceedings. 2020.  

19.  COVID-19 Handling Task Force. 2022. Distribution Map. Available 

from:  https://covid19.go.id/peta-sebaran. 

20.  Bian L, Gao Q, Gao F, Wang Q, He Q, Wu X, Mao Q, Xu M, Liang 

Z. Impact of the Delta variant on vaccine efficacy and response 

strategies. Expert Rev Vaccines. 2021;20(10):1201-1209. 

doi:10.1080/14760584.2021.1976153  

21.  Statsenko Y, Al Zahmi F, Habuza T, Almansoori TM, Smetanina D, 

Simiyu GL, Neidl-Van Gorkom K, Ljubisavljevic M, Awawdeh R, 

Elshekhali H, Lee M, Salamin N, Sajid R, Kiran D, Nihalani S, 

Loney T, Bedson A, Dehdashtian A, Al Koteesh J. Impact of Age and 

Sex on COVID-19 Severity Assessed From Radiologic and Clinical 

Findings. Front Cell Infect Microbiol. 2022;11.  

22. Wang J, Zhu X, Xu Z, Yang G, Mao G, Jia Y, Xie Z, Wang J, Ao W. 

Clinical and CT findings of COVID-19: differences among three age 

groups. BMC Infect Dis. 2020;20(1):434. Published 2020 Jun 22. 

doi:10.1186/s12879-020-05154-9 

23. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, Li Q, Jiang C, Zhou 

Y, Liu S, Ye C, Zhang P, Xing Y, Guo H, Tang W. Risk factors of 

critical & mortal COVID-19 cases: A systematic literature review and 

meta-analysis. Vol. 81, Journal of Infection. 2020.  

24.  Conway EM, Mackman N, Warren RQ, Wolberg AS, Mosnier LO, 

Campbell RA, Gralinski LE, Rondina MT, van de Veerdonk FL, 

Hoffmeister KM, Griffin JH, Nugent D, Moon K, Morrissey JH. 

Understanding COVID-19-associated coagulopathy. Nat Rev 

Immunol 22, 639–649 (2022). https://doi.org/10.1038/s41577-022-

00762-9 

25.  Lee SG, Fralick M, Sholzberg M. Coagulopathy associated with 

COVID-19. CMAJ. 2020;192(21):E583. doi:10.1503/cmaj.200685 

26. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are 

associated with poor prognosis in patients with novel coronavirus 

pneumonia. J Thromb Haemost. 2020;18(4):844-847. 

doi:10.1111/jth.14768 

27. Wada H, Thachil J, Di NM, Mathew P, Kurosawa S, Gando S, Kim 

HK, Nielsen JD, Dempfle CE, Levi M, Toh CH. Guidance for 

diagnosis and treatment of DIC from harmonization of the 

recommendations from three guidelines. The Scientific 

Standardization Committee on DIC of the International Society on 

Thrombosis Haemostasis. J Thromb Haemost. 2013. 

https://doi.org/10.1111/jth.12155 

28.  Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, Clark 

C, Iba T. ISTH interim guidance on recognition and management of 

coagulopathy in COVID-19. J Thromb Haemost. 2020;18(5):1023-

1026. doi:10.1111/jth.14810 

29.  Levi M, Toh CH, Thachil J, Watson HG. Guidelines for the diagnosis 

and management of disseminated intravascular coagulation. British 

Committee for Standards in Haematology. Br J Haematol. 

2009;145(1):24-33. doi:10.1111/j.1365-2141.2009.07600.x 

30. Wang L, He WB, Yu XM, Hu DL, Jiang H. Prolonged prothrombin 

time at admission predicts poor clinical outcome in COVID-19 

patients. World J Clin Cases. 2020;8(19).  

31.  Yao Y, Cao J, Wang Q, Shi Q, Liu K, Luo Z, Chen X, Chen S, Yu K, 

Huang Z, Hu B. D-dimer as a biomarker for disease severity and 

https://doi.org/10.1111/jth.12155


EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2023, 18 (10) 48-53                                                                                                             53 

 

mortality in COVID-19 patients: a case control study. J Intensive 

Care 8, 49 (2020). https://doi.org/10.1186/s40560-020-00466-z 

32.  Len P, Iskakova G, Sautbayeva Z, Kussanova A, Tauekelova AT, 

Sugralimova MM, Dautbaeva AS, Abdieva MM, Ponomarev ED, 

Tikhonov A, Bekbossynova MS, Barteneva NS. Meta-Analysis and 

Systematic Review of Coagulation Disbalances in COVID-19: 41 

Studies and 17,601 Patients. Front Cardiovasc Med. 2022;9. 

33.  Short SAP, Gupta S, Brenner SK, Hayek SS, Srivastava A, Shaefi S, 

Singh H, Wu B, Bagchi A, Al-Samkari H, Dy R, Wilkinson K, Zakai 

NA, Leaf DE. D-dimer and Death in Critically Ill Patients With 

Coronavirus Disease 2019. Crit Care Med. 2021;49(5). 

34.  Zhang W, Sang L, Shi J, Zhong M, Jiang L, Song B, Kang L, Zhang 

Y, Zhang D, Yu Y, Zheng X. Association of D-dimer elevation with 

inflammation and organ dysfunction in ICU patients with COVID-19 

in Wuhan, China: a retrospective observational study. Aging (Albany 

NY). 2021;13(4):4794-4810. doi:10.18632/aging.202496 

35. Bian XW, and The COVID-19 Pathology Team. Autopsy of COVID-

19 victims in China. National Science Review. 2020; 7:1414–18. 

10.1093/nsr/nwaa123  

36.  Zinellu A, Paliogiannis P, Carru C, Mangoni AA. INR and COVID-

19 severity and mortality: A systematic review with meta-analysis 

and meta-regression. Adv Med Sci. 2021;66(2).   

37. Han H, Yang L, Liu R, Liu F, Liu F, Wu KL, Li J, Liu XH, Zhu CL. 

Prominent changes in blood coagulation of patients with SARS-CoV-

2 infection. Clin Chem Lab Med. 2020;58(7):1116-1120. 

doi:10.1515/cclm-2020-0188 

38. Gómez-Mesa JE, Galindo-Coral S, Montes MC, Muñoz Martin AJ. 

Thrombosis and Coagulopathy in COVID-19. Curr Probl Cardiol. 

2021;46(3):100742. doi:10.1016/j.cpcardiol.2020.100742 

39.  Luyendyk JP, Schoenecker JG, Flick MJ. The multifaceted role of 

fibrinogen in tissue injury and inflammation. Blood. 

2019;133(6):511-520. doi:10.1182/blood-2018-07-818211 

40.  Yang X, Yang Q, Wang Y, Wu Y, Xu J, Yu Y, Shang Y. 

Thrombocytopenia and its association with mortality in patients with 

COVID-19. J Thromb Haemost. 2020;18(6):1469–72. 

doi:10.1111/jth.14848 

 

 

 

 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 


