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Abstract 

Corona virus disease caused by severe acute respiratory virus 2 causes blockage of the blood 

vessel which leads to thrombosis. Thrombotic events in covid-19 patients results to 

hospitalizations and death. And incidence of thrombosis in covid-19 patients have been increasing 

in most regions of the world. Due to the huge inequalities between developed and developing 

countries, incidence rates remain highest in more developed regions, but mortality is relatively 

much higher in less developed countries due to a lack of early detection and access to treatment 

facilities.  The aim of this study was to investigate the incidence of thrombosis in covid-19 by 

performing a systematic review on research articles talking about thrombotic events in covid-19 

patients, carrying out a meta-analysis on the generated data to make an inference on the statistical 

result inorder to create an information concerning complications covid-19 patients suffer from. 

Literatures with cases of covid-19 that reported D-dimer elevation and that followed the WHO 
standard for covid-19 diagnosis were included. Literatures excluded were studies with pregnant 

women, cancer patients and patients undergoing chemotherapy and with no approved ethical 

considerations. Information sources included only original literatures with initial search yielding 

55 results from 4 databases. After reviewing titles and abstracts of all 55 literatures, 35 studies 

were further screened and 10 were included in the analysis representing 3359 patients. A forest 

plot using the R programming language was done, and an overall pooled estimate using the 

random effect model was 20 % (95 % confidence interval 12.0 % - 29.0 %) with heterogeneity of 

96 %, and p <0.01. The incidence of thrombosis among moderate cases of c ovid-19 patients was 

12  % with (95 % confidence interval 8.0 % - 18.0 %) with heterogeneity 93 %, and the incidence 

of thrombosis among severe Covid-19 patients was 22 % (95% confidence 10.0 %-37.0 %) with 

97 % heterogeneity, and p <0.01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Scientific summary 

This project study highlights that there are complications that are associated with covid-19 

infection such as thrombosis as SARS-CoV-2 virus responsible for the infection has a deleterious 

effect on the epithelial tissues in the human body. The complications are mild and can progress to 

life threatening situations with the example of thrombosis which blocks blood flow and oxygen 

transport in covid-19 patients. The aim of this study was to investigate the incidence of thrombotic 

events such as deep vein thrombosis and pulmonary embolism in covid-19 patients for the benefit 

of the global health industry as the SARS-CoV-2 virus disrupts the epithelial tissues unlike any 

other virus. The research started with a library search on different databases namely PubMed, 

Cochrane library, BioRxiv and Google scholar. The MeSH term combination was used in the search 

and the set right strategy was (“Venous thrombosis” or VTE or “deep vein thrombosis” or DVT or 

“Pulmonary embolism” or PE or “Elevated D-dimer). After the search, 55 studies were found and 
after proper screening 20 studies were excluded on the basis of duplication, 13 studies were brief 

reports and 12 studies were reports with pregnant women and cancer patients. Only 10 original 

studies with 3359 patients were used and their data extracted. Proportional meta-analysis was 

performed with a forest plot using R software. The incidence of thrombosis among all hospitalised 

covid-19 patients was 20 % with a heterogeneity of 93 % using the I^2 test and the incidence 

among only moderate or general cases was 12 % and the incidence among patients in the ICU 

facilities was 22 %. The forest plot generated showed that covid-19 patients develop 

complications and such complications are thrombosis which can lead to critical health conditions 

such as stroke according to the world health organisation. The way to deal with thrombosis in 

covid-19 patients is to reduce, or completely eliminate factors that can increase the risk, even 

though it may not be possible at all times. Such factors include age of patients, medical history 

such as cholesterol level, smoking, diabetes and type of medical care received during covid-19 

infection. In conclusion 4 ways were highlighted to help manage thrombotic cases in covid-19 

patients. First way is to administer blood thinners, which are anticoagulants, it prevents the blood 

clots from getting bigger. The second method is by making sure patients stay active by regular 

exercises, avoiding sitting for a long time, trying to get up and move, generally exercises helps the 

muscles to tighten, and the heart rate increases for proper transport of blood around the vein and 

arteries. Thirdly covid-19 patients are to avoid tensions, as it can increase high blood pressure 

which has a diverse effect in the body. The fourth way is to modify effective eating behaviour, this 

can be done by making sure patients eats balanced food and by doing things in a relaxed and 

natural manner, avoiding smoking. This study is very important, as it answers questions 

concerning the incidence of thrombotic events in covid-19 patients and it will further help to 

shape public health opinions as there is increasing evidence that coronavirus disease 2019 leads 

to increased rates of arterial and venous thromboembolic events, a medical term known as 

“COVID-19 associated coagulopathy”. This study further shows the accuracy that covid-19 was 

largely associated with coagulation disorders and patients with covid-19 infection who are in 

critical care were at increased risk of developing more complications.  

 

 

 

 

 

 



 
 

 

List of Abbreviations 

ACE2----------------------Angiotensin converting enzyme 2  

CoV-2---------------------Coronavirus 2 

DVT-----------------------Deep venous thrombosis 

ICU------------------------Intensive care unit 

ISTH----------------------International society of thrombosis and haemostasis 

mRNA--------------------Messenger ribonucleic acid  

PCR-----------------------Polymerase chain reaction 

PE-------------------------Pulmonary embolism 

PERC---------------------Pulmonary embolism rule-out criteria  

PRISMA------------------Preferred reporting items for systematic reviews and meta-analyses  

REML---------------------Random Effects using the restricted Maximum-likelihood Estimator 

RNA-----------------------Ribonucleic acid 

RT-qPCR-----------------Quantitative reverse transcription polymerase chain reaction 

SARS-CoV2--------------Severe acute respiratory syndrome coronavirus 2 

SARS----------------------Severe acute respiratory syndrome 

TIMPRSS2---------------Transmembrane potease serine 2 

VOC------------------------Variants of concerns 

VOI------------------------Variants of interests 

VTE------------------------Venous thromboembolism 

WHO----------------------World health organization. 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

Table of Contents 

Background .................................................................................................................................. 1 

Severe acute respiratory syndrome-CoV-2 structural adaptations ......................................................... 2 

Expression of angiotensin-converting enzyme 2 and organ infection ................................................... 3 

Blood vessel dysfunction, inflammation leading to thrombosis in Covid-19 ...................................... 4 

Pathophysiological aspect of thrombosis ........................................................................................................... 5 

Detection of thrombosis using D-dimer marker .............................................................................................. 5 

Aim and objectives of study .......................................................................................................... 5 

Materials and methods................................................................................................................. 6 

Search strategy. .............................................................................................................................. 6 

Literature screening. ....................................................................................................................... 7 

Data extraction. .............................................................................................................................. 7 

     Proportional Data-analysis .................................................................................................................................. 7 

Results ......................................................................................................................................... 8 

Thrombotic incidence in hospitalized covid-19 patients. ......................................................................... 10 

Test of publication bias. .......................................................................................................................................... 12 

Discussion. ................................................................................................................................. 12 

Conclusions. ............................................................................................................................... 14 

Ethical considerations and impact on society .............................................................................. 15 

Future perspectives .................................................................................................................... 16 

References ................................................................................................................................. 16 

 

 

 

   

 





1 
 

Background 

Thrombotic events are blood clotting disorder that is associated with distinctive microvascular 

complications that occurs in covid-19 patients (Loo et al., 2021). Covid-19 diseases is caused by 

SARS-CoV-2 virus which was first detected in China and has caused over six million deaths and 10 

% of those death cases are as result of thrombotic complications (Zhuo et al., 2020), it caused a  

global pandemic due to its severity and high rate of transmission which has generated a lot of data 

(Anderson et al., 2020). 

Covid-19 has clinical presentations and manifestations ranging from no symptoms to organ 

failure. Thrombotic events can lead to heart failure, stroke and eventually death (Abrams et al., 

2020).  

 

Figure 1. Schematic of SARS-CoV-2 adapted and modified from Mahato et al., 2021. 

Figure 1 demonstrates that covid-19 occur as a result of the viral attachment to the host cell using 

its structural proteins (S, E, M, N- protein respectively). Proteins E, M, N play important role in 

viral assembly, viral release, viral fitness and ion activity respectively within the host cell (Liao et 

al., 2006). 

SARS-CoV-2 also have 16 non-structural proteins (NSP1-16), whose responsibilities are viral 

replication and transcription, modulating host cells, cleavage of viral polyprotein, inducement of 

intracellular catabolic process into the transport system of host cell (Tang et al., 2020). Non-

structural protein 10 and 14 are part of messenger RNA cap methylation (Angelini et al., 2013). 

Covid-19 is very contagious with a reproduction number around 3.28 (Massey & Jones, 2020), 

which means high transmissibility of the virus. About 15 % of the covid-19 cases are mostly severe 

and 5 % requires intensive care support for acute distress in the respiratory tract and for 

multiorgan failure and damages (Cui et al., 2019). 

The lung which is the centerpiece of the respiratory system are considered to be site at which the 

viral replication occur (Iwasawa et al., 2020). Genome analysis found it that SARS-CoV-2 is 

phylogenetically related to severe acute respiratory syndrome found in bats, which supports that 

bats are primary reservoirs of the virus (Cui et al., 2019). 

Clinical manifestations in covid-19 patients reports common symptoms such as tiredness, fever, 

cough and loss of taste. It also presented sore throat, diarrhea and serious symptoms ranging from 
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short of breath to chest pain, suggesting that there is an association of covid-19 with diseases in 

the vital organs and tissues, and in the human system which includes the renal system, 

cardiovascular system, epithelial tissues and other organs (Fu et al., 2020 ; Massey & Jones, 2020). 

In the United States alone, there have been over 8 million cases of covid-19  and 300,000 deaths 

from the SARS-CoV-2 virus and early retrospective studies found that covid-19 patients have 

epithelial disruptions in coagulation parameters including elevated D-dimer levels and 

prothrombin time (CDC, 2020). 

Today, studies of thrombosis in covid-19 patients have focused greatly on events among 

hospitalized patients, with the thrombotic incidence among covid-19 patients not yet known in 

general globally. The effect of thrombosis on health outcomes is yet to be detailed, but it has been 

found to be high among patients admitted in intensive care units (Tan et al., 2021). 

Oxford university researchers reported also that the risk of the rare blood clotting in covid-19 

patients is around 100 times greater than normal, as it has reported over 500,000 covid-19 

patients where thrombotic events such as cerebral venous thrombosis and pulmonary embolism 

occurred in about 10,000 patients (Oxford University, 2021). 

Venous thromboembolism, deep vein thrombosis and pulmonary embolism are the well described 

thrombotic complications associated with covid-19 disease and there is wide perception that 

these complications can occur despite pharmacologic prophylaxis (Iwasawa et al., 2020). 

A report of 184 patients from three healthcare facilities in the Netherlands reported that almost 

1/3 of patients critically ill with covid-19 had pulmonary embolism (Klok et al., 2020). A second 

facility also in the Netherlands reported that 20 % of 198 patients admitted in a hospital care with 

75 admitted to the ICU had a confirmed VTE after a follow up on their cases (Middendorf et al., 

2020). 

Authors from a centre in northern region of Italy found little or no cases of DVT among 388 

patients admitted in a hospital facility showing that most patients with covid-19 may be 

asymptomatic to thrombosis (Cattaneo et al., 2020). The clinical symptoms and signs of 

thrombosis are not specific, but some patients are asymptomatic and others have dyspnoea, 

haemoptysis and hemodynamic instability which can be fatal. 

There are no enough data about the incidence of thrombosis in covid-19 patients for people in 

undeveloped regions of the world, especially in Africa, as little is known about complications and 

its relationship with SARS-CoV-2, as there have been reported case of stroke and seizure in covid-

19  patients (Adebayo, 2020).  

 

Severe acute respiratory syndrome-CoV-2 structural adaptations 

The SARS-CoV-2 under an electron microscope is spherical in nature with diameter of about 80 -

120 nm (Masters, 2006), with genomic 5 and 3 end polyadenylated with multiple open reading 

frames, enveloped, non-segmented, positive sensed and single stranded RNA which infects both 

humans and animals (Peiris et al., 2003).  Four human CoV-2 viruses (human CoV-NL63, human 

CoV-OC43, human CoV-229E and human CoV-HKU1) circulates worldwide causing mild diseases 

at the respiratory tract (Woo et al., 2012). The human to human contact and contacts with infected 

surfaces are the easier ways for the disease transmission. The SARS-CoV-2 like other SARS family 

share 86 % - 90 % genetic similarities with first ever detected SARS-CoV (Chan et al., 2020). 
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Having a genome size of 26 - 32 kb (Liu & Inglis, 1991), it encodes for S glycoprotein, forming 

receptor binding which determines cell tropism (Masters, 2006). The S protein has a 

transmembrane domain responsible for fusion and the S1 domain where the binding receptor is 

located, and the receptor binding process ends when the viral nucleoprotein enters the 

intracellular organelle of the cell (Masters, 2006).  

There are host factors favoring the internalization of the SARS-CoV-2 into host cell and this 

included the availability of proteolytic enzyme which is required to trigger viral protein into 

binding state (Simmons et al., 2005). Cell studies show that human coronaviruses use an endocytic 

entry pathway, thereby causing acidification of the micro environment and activating endosomal 

cathepsin B (cat B) and Cathepsin L (cat L), which effectively prime S protein and helps entry 

(Kawase et al., 2012). 

Expression of angiotensin-converting enzyme 2 and organ infection 

Angiotensin-converting enzyme 2 (ACE2) is a converting enzyme found in the membrane of cells 

in the gastrointestinal tract and respiratory tracts (Hoffman et al., 2020). It is primarily an entry 

receptor for SARS-CoV-2 and of Transmembrane Serine Protease 2 (a spike forming protease) in 

different cell types. Sungnak et al. (2020) evaluated the expression of this enzyme using single cell 

RNA sequencing (scRNA-seq), using data sets from healthy donors generated by the human cell 

atlas consortium, a data center that charts cell types. The evaluation of the expression of ACE2 

was done in blood vessels within the lungs and airways which was low expressed, but was 

expressed by numerous epithelial cells like alveolar type 11, bronchial secretory and basal with 

higher expression levels detected on nasal goblet and ciliated cells. Sungnak et al., 2020 also 

evaluated that the lung considered as SARS-CoV-2 target organ, only 2 % of cells in the lung tissue 

were ACE2 positive.  

ACE2-positive cells have been found in large quantity in the neurons (Alonso et al., 2010), small 

intestine, renal tissues, testes, thyroid gland, gallbladder in the liver, adipose tissues, heart, breast 

and pancreas (Naicker et al., 2020). It is also found that high ACE2 expression was found in 

intestinal epithelium cells and about 30 % of cells were found to be ACE2 positive, with also 7.5 

% positive expression of this protein was found in cardiac muscle cells and 4 % positive 

expression in nephrons (Zhuo, 2020).  This shows that the expression of the ACE2 protein is not 

limited to the respiratory tract alone, explaining the multiorgan damage associated with covid-19. 

The respiratory tract is responsible for gaseous exchange and is easily targeted by SARS-CoV-2 

(Zhang et al., 2020), causing diseases in the respiratory tract which is identified with cough, 

shortness of breath, constant itching of the throat leading to pulmonic pneumonia. Diagnosis using 

bilateral opacity showed that there is damage to the airway tract, diffused alveolar damage which 

is evident in biopsy and autopsy studies (Zhang, et al., 2020). Plaque assay, quantitative reverse 

transcription-PCR (RT-qPCR), and confocal microscopy is used to show that’s SARS-CoV-2 is 

replicated more in the lung (Chu et al., 2020). 

Respiratory failure from acute respiratory distress syndrome causes mortality, as acute 

respiratory distress syndrome can be related to asthma broadly referred as airway remodeling 

which is caused by pulmonary fibrosis and systemic inflammation (Chen et al., 2020; Tindle et al., 

2020). It is known that respiratory tract is an entry point for the SARS virus. Hoffman et al. (2020) 

in its invitro study opined also that pseudoknot in SARS-CoV-2 entered cell lines derived from the 

airways, which includes Calu3, A549, BEAS-2B and H12999 cells, with Calu3 cells being the most 

permissive. SARS-CoV-2 replication in the Calu3 cell line was also demonstrated by others, as 

A549 cells were not found to be permissive, although they were overexpressed (Chu et al., 2020). 
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Blood vessel dysfunction, inflammation leading to thrombosis in Covid-19 

The functions of the blood vessels are to maintain the blood flow with homeostatic mechanisms 

to prevent inflammation and thrombosis (Pober & Sessa, 2007; Teuwen et al., 2020). The 

structure and functionality of the blood vessel is majorly dependent on tissue type, specialized 

functions and localized needs (Gross & Aird, 2000). The blood vessel is flexible, as it can undergo 

proliferation changes as most viral diseases including covid-19 infections affect vascular 

endothelial cells, leading to multiple dysfunctions (Pearson, 2015). 

 

Figure 2. Schematics of what pulmonary embolism in covid-19 patients looks like, adapted and 

modified from Sakr et al., 2020. 

Figure 2 demonstrates pulmonary embolism in covid-19 patients, showing the presence of the 

virus in the blood vessel which leads to lysis of the blood cells, disrupting the cellular membranes 

(Ackerman et al., 2020; Sakr et al., 2020). The cell lysis causes an effect on the fibrinolytic functions 

of blood cells, leading to blockage and blood passage formation (Suzuki et al., 2011). 

Inflammation is part of the host defense mechanism response to harmful and unwanted stimuli, 

which is not only limited to pathogenic infections, but also to cell damage in acute conditions. The 

damage to the blood vessels and alteration of the venous and arterial blood is responsible for 

thrombosis, as damage of the cell wall produces cytokine, which when released in large quantity 

causes a blood condition called lymphopenia (Xu et al., 2020). The cytokine release occurs mostly 

during the 7-14 days incubation period and it is characterized by increased levels of interleukins, 

granulocyte colony stimulating factors, interferon-Ƴ inducible proteins and tumor necrosis 

factors which promote white blood cells apoptosis (Pober & Sesa, 2007; Uramo, 2012). Covid-19 

disease caused by SARS-CoV-2 affects blood flow generally as patients have been found to have an 

increase in plasma viscosity which is a factor in the human organ and cell functions (Forconi et al., 

1987; Maier et al., 2020).  
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There are traditional risk factors for thrombosis development in covid-19 patients, which is 

identified that obese and patients with poorly controlled diabetes that aggravate physiological 

processes are great factors (Martinelli et al., 2020). Pregnant women with coronavirus infection 

have possible risk of developing placental vascular thrombosis as a result of intra vascular fibrin 

deposition (Ahmed et al., 2020; Began & Heller, 2020). 

Pathophysiological aspect of thrombosis 

Occurrence of thrombosis happens when there is an imbalance in endogenous anticoagulation 

and homeostasis through a complex process (Mosevoll et al., 2018). There are three factors 

common in the development of thrombosis and they are listed as damage to blood vessel lining 

wall, hypercoagulable state and non-proper flow of blood in the vein. Virchow Triad in 1856 

described the three factors to be responsible for thrombosis with the damage of the blood vessel 

lining caused by disruption of the blood vessel by catheter replacement, trauma or surgery. 

Hypercoagulable state is a hematological disorder. High level of prothrombotic component in the 

blood system is due to coagulation and homeostatic system which is from inflammation, blood 

and blood component viscosity with symptoms of tachycardia, tachypnea, fever, and low oxygen 

blood concentration (Streiff et al., 2016). 

Furthermore, antithrombin III deficiency, protein C and S deficiencies, activated protein C 

resistance and gene mutation are responsible for hypercoagulable defect which are acquired and 

rarely inherited (Prandoni et al., 2006). Acquired hypercoagulability is common and can result 

from oral contraceptive medication, estrogen and hormonal replacement (Lowe, 2004). 

Inflammatory conditions such as pregnancy, surgery, infection, morbid, rheumatologic diseases 

and smoking are associated also. 

Detection of thrombosis using D-dimer marker 

Detection of thrombosis is not limited to D-dimer test, but D-dimer test has shown to be highly 

sensitive by >95 % in thrombotic cases of covid-19 patients according to the world health 

organization. D-dimer test is a blood sample test which measures d-dimer, a protein fragment 

formed during blood clot dissolve (Lim et al., 2018). Blood clotting is important in body repair 

when there is tissue damage as a biological process is responsible for creating blood clot to limit 

blood loss (Paniccia et al., 2015).  During homeostasis fibrin is produced as a thread weaved 

together to form a net called fibrin net, the net aids the blood platelet to anchor blood clot 

formation and the clots appear as scabs and bruises in the body (Swieringa et al., 2018). An 

enzyme plasmin is responsible for the degradation of the clot into smaller fragments for easier 

removal from the blood system, d-dimer is a product of the degradation. D-dimer test with 

negative result rules out a clot and a positive result indicates blood clotting condition. There is 

also the pulmonary embolism rule-out criteria used for detection of acute thrombosis (Lim et al., 

2018). 

 

Aim and objectives of study 

The main aim of this study was to investigate  the incidence of thrombosis in covid-19 patients by 

performing a systematic review of previously published literatures evaluating thrombosis in 

covid-19 patients, and  to help answer questions relating to the incidence of thrombosis in covid-

19 patient population. This study will further improve the understanding about the various 

thrombotic complications that are associated with covid-19 infection.   
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The following  objectives were followed to actualize this aim:  

• Performed a comprehensive article sourcing and  literature review of published studies that 

evaluted and reported thrombosis due to high D-dimer in covid-19 patients. 

 • Performed a proportional meta-analysis on the generated data in order to make inferencial 

report on the statistical result produced by the forest plot. 

 

Materials and methods 

Proportional Meta-analysis is a tool that statistically synthesize and merge result data of various 

studies to produce pooled estimate of effect (Cochrane Library, 2000). The proportional meta-

analysis used in this study was done according to the steps in Figure 3 below. It allows for 

calculation of pooled and overall proportion from a number of individual proportions, with its 

main goal to generate a single summary estimate and variance. Proportional data synthesis in this 

study was used to investigate and quantify the occurrence of thrombotic events in covid-19 

patient population in order to answer questions of incidence. estimating the burden of thrombosis 

in covid-19 patients (Migliavarca et al., 2020). The meta-analysis in its purpose generally 

examines validity of a hypothesis, as a hypothesis cannot be based solely on a single study, because 

research results often vary in large extents from one study to the other, furthermore meta-

analysis harnesses the data across studies in same research areas (Migliavarca et al., 2020). Meta-

analysis helps to identify questions that have already been answered in which outcome measures 

or populations are mostly likely to yield significant results. Fixed effect and random effects 

modelling approaches were considered in this study. The fixed model assumes that studies are 

equivalent and they share common true effects and the random effect model allows included 

studies to have true effect sizes that are not identical as it takes within and between study 

variations into account (Migliavarca et al., 2020).  Proportional meta-analysis was done with the 

following steps 

 

 

 

 

 

 

 

 

                                                        Figure 3. Flow chat of the meta-analysis process 

 

Search strategy  

The search strategy of the analysis was carried out with the Preferred reporting items for 

systematic reviews and meta-analysis (PRISMA) guidelines (Moher et al., 2009). A search on 

literature articles were carried out using databases PubMed, Cochrane Library, Google scholar 

Research question 

 

Literature search 

 
Systematic review 

 
Data extraction 

Proportional data analysis 



7 
 

and BioRxiv from the date of first publication of covid-19 to January 2022. MeSH term 

combination was used in the search and the set right strategy was (“Venous thrombosis” or VTE 

or “deep vein thrombosis” or DVT or “Pulmonary embolism” or PE or “Elevated D-dimer) AND 

(Covid-19 or “Coronavirus disease 2019”). The language solely used in this search was English 

which is one of the inclusion criteria. 

Literature screening  

Coronavirus disease 2019 (covid-19) were classified as moderate and critical using the WHO 

diagnosis and treatment guidelines (Feng et al., 2020). Patients with covid-19 were further 

classified as moderate (those hospitalized only in general wards) were defined as general covid-

19 and patients who were admitted to an intensive care were classified and defined as having 

critical covid-19 in the study. All studies included were original studies with ethical approvals and 

which followed the WHO standard diagnosis for covid-19 and also reported increased D-dimer. 

The exclusion criteria were studies with pregnant women, studies with patients with stroke, 

studies with active cancer patients, studies containing brief reports, studies without the WHO 

specified method of covid-19 diagnosis as WHO specified method is the most accurate diagnostic 

method and studies with no ethical approvals were not included. 

Data extraction  

Titles of studies were properly read, with proper scrutinization and assessment of the abstract. 

Further the study full-texts were reviewed for inclusion or exclusion. All the studies included were 

extracted for authors names, type of study, diagnostic method and outcome, severity of illness and 

study population. 

Proportional Data-analysis 

For this study, incidence rate with 95 % confidence interval was calculated using the normal 

approximation to the binomial calculation. The incidence rate as effect size changed the study 

from a conventional meta-analysis to a proportional meta-analysis which provides summary 

estimate of the incidence of the condition in the included studies. The proportional data used in 

the meta-analysis required a transformation in order to achieve normality in the distribution. The 

arcsine transformation also called the freeman tukey double arcsine was used because its variance 

is based on sample sizes, unlike the logit transformation which depends additionally on events 

count. The arcsine transformation stabilizes variance (Schwarzer et al., 2019). The proportional 

data analysis was done using R statistical software (R version 4.1.2), installing the two packages 

“metafor” (Naike, 2018) and “meta” (Naike, 2018).  The meta package makes it more convenient 

to employ the forest() function in meta to create forest plots and metafor package to manipulate 

data. 

The packages installed was used by inputting the library functions library(metafor) library(meta). 

The file containing the data extracted was imported as a CSV file and created as an object named 

mydata to store the data in R. This was achieved by running the following code: 

mydata=read.table(file.choose(), header=TRUE, sep=";"). 

The estimate of proportion was done with the escalc () function: meta=escalc(xi=number of cases, 

ni=total population, data=mydata, measure=”PFT”). Individual proportions and their 

corresponding sampling variances were estimated with =”PFT” which is the double arcsine 

transformation. Measure=: dictates which is computational option was used to transform the raw 

proportional to achieve normal distribution. The rma which means estimates using random effect 
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was used taking sampling error into consideration. The variance component using the REML 

estimate function was used to pool the individual effect sizes and their sampling variances based 

on the inverse variance method with the code: rma (yi, vi, data=meta, method="REML"). The 

method=REML (Random effects using the restricted maximum-likelihood estimator argument) 

indicates variance between study. 

The predict function: predict (pes.da,transf.ipft.hm,targ=list (ni=mydata$total population)) was 

used to convert the summary proportion it to its original and non-transformed measurement 

scale ( proportion). 

The heterogeneity of the study was quantified using the I^2 statistic proposed by Higgins et al., 

2003. It estimates the proportion of observed heterogeneity that makes up the true variation 

between studies. The print function and the confint function displays the output of heterogeneity. 

The forest plot which is a graph that shows the point estimates study effects and their confidence 

intervals (Lewis & Clarke, 2001). The forest plot is graph with two perpendicular lines, where the 

horizontal line represents the outcome measure which is a proportion in this present study. The 

vertical line intersects the horizontal line represents the point estimate of the summary 

proportion which is pictured as a diamond at the bottom with the horizontal part of the diamond 

representing the 95 % confidence interval of the summary effect (Lewis & Clarke, 2001). Each 

study effect plotted on a forest plot possess two components to it, a box representing the point 

estimate of each study effect and a horizontal line through the box representing the confidence 

interval around the exact point estimate. The box size gives a representation of the weight of each 

study, meaning the bigger the sample size, the bigger the box, the shorter the horizontal line, as 

shorter horizontal lines depicts a better precision of the study results. Studies are regarded as 

homogeneous if the horizontal lines of all studies are placed over one another or overlap (Ried, 

2006; Petrie et al., 2003). 

The forest plot was created using the code: pes. summary=metaprop (number of cases, authors, 

data=mydata,sm=”PFT”).  Forest(pes.summary).  

For the quality assessment and risk of bias, the proportional meta-analysis does not allow for 

publication bias, therefore funnel plot was not done because funnel plot is not recommended 

when dealing with incidence or prevalence effect sizes due to their non-interpretability (Furuya 

& Barendegt, 2018). 

 

RESULTS 
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PubMed(n=36), Cochrane library(n=12), Google 

scholar(n=1), BioRxiv(n=6) 

Search after removal of duplicated studies 

(n=35) 

Studies screened 

Title/abstract(n=35) 
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Figure 4. PRISMA (preferred reporting items for systematic reviews and meta-analysis) flow diagram 

showing literature screening. 

In Figure 4, the search on 4 databases identified 55 study reports and after the duplicate studies 

were excluded and  abstracts screened, 35 studies remained, and the full text of these was 

reviewed further. Out of the 35 studies, 13 were letters, brief reports, and 12 were reviews and 

works with pregnant women and cancer patients. 10 studies were included in the present meta-

analysis (Figure 4). No additional studies were identified through the manual search. 

 

Table I. Characteristics of 10 included studies 

 

Author.    Covid-19 

Diagnostic 
criteria 

Outcome. Outcome 

definition 

Covid 

Severity 

Number 

of 
Patients 

Study 

population 

Gender 

M, F 

Mumoli et 

al., 2021 

Positive RT-PCR of 

nasopharyngeal 
swab specimen. 

Upper 

extremity 

DVT. 

Elevated D-

dimer. 

Moderate 28 257 184,73 

 

Munoz-
Rivas et al., 
2021 

 

Confirmed RT-PCR 
positive of 
nasopharyngeal 
swab and clinical 

features. 

 

VTE. 

 

Elevated D-
dimer 

 

Moderate 

 
 
69 

 

 

1127 

 

733,394 

Fournier et 

al., 2021 

Positive RT-PCR 

assay of 
nasopharyngeal 
swab and clinical 

feature. 

Thrombosis of 

aorta. 

D-dimer 

elevated 

Critical 30 531 351,200 

             

Riyahi et al., 
2021 

    RT-PCR of 
nasopharyngeal 

swab 

Lower 
extremity 

DVT 

D-dimer 
elevated. 

Moderate 65 451 251,200 

Eligible articles (n=35) 

Studies included in meta-analysis 

(n=10) 

13 = brief reports excluded 

12= studies with pregnant and cancer 

patients excluded 
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Kerbikov et 

al., 2021 

 

    RT-PCR of 

respiratory tract 
sample 

Iliofemoral 

thrombosis 
DVT 

  Elevated D-

dimer              

Moderate 15 75 36,39 

Creel-Bulos 

et al., 2020 

RT-PCR confirmed 

Covid-19 RNA 

VTE 
PE 
DVT 

 

Elevated D-

dimer 

Critical 11 38 24,14 

Mouhat et 

al., 2020 

Positive 

Nasopharyngeal 
Swab for SARS-

CoV-2 

Pulmonary 

embolism 

Elevated D-

dimer 

Critical 68 162 109,53 

Alonso-
Fernandez 

et al., 2020 

Confirmed RT-PCR 
positive. 

Pulmonary 
Embolism. 

Elevated D-
dimer 

Critical 15 30 19,11 

        

Cangemi et 
al., 2021 

Oropharyngeal and 
Nasopharyngeal 

Swab 

VTE Elevated D-
dimer 

Moderate 90 579 318,261 

Maatman et 
al., 2020 

 
RT-PCR 

Pulmonary 
Embolism 

Elevated D-
dimer 

Critical 31 109 62,47 

 

Studies in Table 1 were observational studies, and included 3359 patients. The descriptive 

information and representations of the included studies are summarized. The study periods 

across the studies ranges from January 2020 to January 2021. The included studies in Table 1 

were from France, United States of America, Russia, Spain, and Italy. Covid-19 was diagnosed 

using the polymerase chain reaction assay of nasopharyngeal and oropharyngeal swab specimens  

which is the WHO diagnosis procedure, with all studies reporting DVT, PE and VTE. 

 

Thrombotic incidence in hospitalized covid-19 patients.  

The incidence of thrombotic events in Figure 5 among the hospitalized covid-19 patients were 

reported in 10 studies, with 3359 patient cohorts. The studies had significant heterogeneity of 96 

% using the I^2, the random effects model was used to pool the results. The overall thrombotic 

incidence among hospitalized covid-19 patients was 20 % (95 % CI 12 % - 29 %). In Figure 6, 

forest plot represented overall incidence of thrombosis among moderate case of  hospitalized 

covid-19 patients was  12 % (95 % CI 8 % - 18 %),  and in  Figure 7 the incidence among critically 

ill patients in present in ICU was  22  % (95 % CI 10 % - 37 %). 
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Figure 5. Forest plot representing overall incidence of  thrombosis (VTE, DVT,PE) among severe 

and moderate hospitalized coronavirus disease 2019 (covid-19) patients. The pooled incidence 

rate of was 20%. The gray squares indicate the weights used in the meta-analysis.  

 

 

Figure 6. Forest plot representing overall incidence of  thrombosis (VTE, DVT,PE) among 

moderate hospitalized coronavirus disease 2019 (COVID-19) patients. The pooled incidence was 

12%. The gray squares indicate the weights used in the meta-analysis.  
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Figure 7. Forest plot representing overall incidence of thrombosis (VTE,DVT,PE) among critical 

hospitalized coronavirus disease 2019 (Covid-19) patients. The pooled incidence rate  was 22 %. 

The gray squares indicate the weights used in the meta-analysis. 

 

Test of publication bias. 

The incidence across the studies was not subjected to a test of publication bias using  Egger’s test, 

Begg’s test and funnel plot because there is no evidence that proportional data adequately adjusts 

for these tests. Furthermore, the assumption of positive results being more often published is not 

true for proportional studies, since there is no clear definition or consensus about what a positive 

result in a meta-analysis of proportion is (Barker et al., 2021). 

 

Discussion 

From the outcome of this present study, it can be seen that patients under the ICU care have higher 

incidence of thrombotic events as seen in figure 7 which was 22 % and the incidence is similar to 

other studies that evaluated the incidence of thrombosis in covid-19 patients. The forest plot in 

Figure 5, Figure 6 and Figure 7 showed that thrombotic incidence rates are higher in patients that 

sustained severe covid-19 than patients with moderate case of covid-19 (Demolo-Rodriguez et al., 

2020). 

The male population in this study was (60.1 % ) among the hospitalized covid-19 patients and in 

subgroups of critical cases and moderate cases, the proportion of men were greater than that of 

women. There is a suggestion by Christiansen et al that  a connection exist between male gender 

and thrombosis as elevated thrombotic risk of male gender was well established in medical 

literatures long before the emergence of covid-19 (Christiansen et al., 2010).  

A cohort study by Fauvel et al. (2020) found out that the male gender are primarily  linked with 

pulmonary disorders and Chang et al. (2020) also in its study  found out that the male gender are 
associated with deep vein thrombosis than the females. The aetiology of this sex-based difference 
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in thrombotic risk between the male sex  is linked to the deleterious affect of androgen on the 

vessel walls, as it has been reported to be detrimental (McCredie et al., 1998).  

The overall thrombotic incidence in the present meta-analysis is not conflicting with other 

proportional meta-analysis reports, as Lu et al. (2020) in its proportional meta-analysis of 

thrombotic events in covid-19 patients used 20 studies and reported an overall thrombotic event 

incidence of 21 %. Another meta-analysis of 26 studies reported overall incidence of thrombotic 

event among covid-19 patients at 28 % by Liu et al. (2021). Furthermore, a meta-analysis study 

which included 12 studies reported an outcome incidence among covid-19 patients at 31 % 

(Hasan et al., 2020). Although the studies from Lu et al and Hassan et al did not differentiate the 

incidence of thrombotic events among groups of critical and moderate disease conditions of covid-

19, but this present proportional meta-analysis took into considerations the patient groups, 

distinguishing them into moderate and critical cases which makes the finding a true reflection of 

what is obtainable clinically today. 

According to studies used in this proportional meta- analysis review, pneumonia in covid-19 is 

considered to be a risk factor for pulmonary thrombosis as people in the ICU were associated with 

high pneumonia and it should be prevented and treated adequately (Liu et al., 2021). 

Antiphospholipid antibodies were also frequently reported in covid-19 patients, and this lipids 

increase the risk of thrombosis by inhibiting cellular activation, inhibiting natural anticoagulants 

(Gianna & Krilis, 2013). Studies have shown also that antiphospholipids antibodies are also found 

in persons without covid-19 (Garcia & Erkan, 2018), hence the significance of antiphospholipids 

antibodies in the incidence of thrombosis in covid-19 patients remains uncertain and it is 

important for further studies to repeat and analyze serological markers of thrombosis in covid-

19.  

The incidence of thrombosis among hospitalized patients in this present study is 20 % and is 

considered high, but the real world incidence of thrombotic events  among hospitalized covid-19 

patients may be underestimated and under-reported due to constraints and differences  in various 

clinical diagnosis all over the world. 

Zhang et al. (2020) in their study included in this meta-analysis, identified the risk factors for 

arterial thrombotic events in covid-19 patients, they compared the characteristics of covid-19 

positive patient’s arterial events and the corresponding characteristics showed that D-dimer level 

is predictive for arterial thrombotic events. This further supports the D-dimer marker as an 

important biomarker in the prediction and diagnosis of thrombotic outcomes as all studies 

included in the meta-analysis reported high D-dimer in the patients (Zhang et al., 2020). 

Therefore, a higher D-dimer level is a significant  marker  for thrombosis prognosis. However 

covid-19 patients who have other disease conditions like blood pressure, and age above 65 years 

are considered to be a high risk target of suffering thrombosis also (Zheng et al., 2020). 

One of the constraints in the diagnosis of thrombosis in covid-19 patients is the various isolation 

procedures, assessment and modelling in various health facilities, as  proper standard operating 

procedures are very important to establish uniformity accessing  critically ill patients in the ICU 

care, as strict restrictions occur in covid-19 ICU facilities. 

Studies included in this proportional meta-analysis and review also reported low white blood 

counts and this indicates that a lower white blood count is another marker for thrombosis in 

covid-19 and furthermore the combination of high D-dimer and low blood count is a high clinical 

presentation for anticoagulation. 

Zhang et al. (2020) also found out that SARS-CoV-2 induces platelet activation which leads to 

hyperactivity of the blood platelets and the blood platelets is responsible for expressing  ACE2 and 
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TIMPRSS2 (serine protease) for spike protein which enhances aggregation leading to thrombus 

formation that can trigger cardiovascular disorders. 

There are some limitations with this meta-analysis study. First, the proportional meta-analysis 

review included no study with the delta and omicron variants (variants of concern) of the SARS-

CoV-2  in which the outcome of this study was only dependent on data from L strain which is 

considered the normal covid-19 strain. Secondly, the meta-analysis recorded a substantial 

heterogeneity with a score of (  I2 > 96 %), which might have resulted from inconsistencies of the 

inclusion and exclusion criteria, difference in demographics, clinical presentations, laboratory 

procedures, and time.  

Language restrictions may have affected the identification and inclusion of relevant cases. This is 

especially relevant because many publications related to covid-19 and thrombosis may have been 
published and presented in regional languages such as French, Igbo, and Italian. There is need  to 

establish database that collects data in those regional languages and put them forward in English 

language, reporting clinical characteristics, imaging, treatment, incidence and outcomes,  as it  will 

help to provide platforms providing recommendations, guidelines for follow-up in covid-19 

patients even in post infection stage. 

 

Conclusions 

This meta-analysis highlighted that thrombosis is a complication covid-19 patients suffer from, 

and this complication can become mild and life threatening as clot blocks blood flow in the vein 

and arteries thereby depriving the blood vessel tissues of oxygen which leads to cell deaths. The 

male population having more cases of thrombosis in this study indicates that there could be excess 

male mortality in thrombosis caused by covid-19. 

The most efficient ways to bring thrombosis to a low level in covid-19 patients is by administering 

drugs like blood thinners, which is an anticoagulant. Anticoagulant will help prevent bigger blood 

clots and it can be taking by mouth or by intravenous injection. Patients who take blood thinners 

needs regular blood tests to monitor levels of the drug in the body (WHO, 2020). Covid-19 patients 

must make sure they stay active as sedentary lifestyle can increase clot risk and good exercising 

helps the muscles to tighten, and the heart rate to increase for proper transport of blood around 

the vein and arteries (WHO, 2020). Covid-19 patients are to avoid tensions, as it can increase high 

blood pressure which has a diverse effect in the body and secondly avoiding any activity that 

would lead to high blood pressure, and lastly modifying of their eating behaviour by eating healthy 

and avoiding smoking, as smoking can damage the lining of the blood vessels (WHO, 2020). 

The incidence of thromboembolism is more in critical cases of covid-19, according to the forest 

plot, it is important to encourage vaccinations to avoid the effect of the virus on the layer cells 

which is housing  the blood vessels. 

There is need to remain vigilant to the complications associated with even mild covid-19 

conditions and more data generation will help to explore the need to monitor patients after 

recovery. Patients in hospital cares should be allowed to exercise daily and not be confined to a 

space as good exercising  helps in maintaining the body environment and help the immune system. 

Once clotting dysfunction is found in covid-19 patients, the first step is to determine where the 

thrombus site is and whether it is an acute or chronic thrombus as it would help in the 

management of such. 
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The patients should be able to have access to good food and safe drinking water, as water help the 

patients not to be dehydrated, as dehydration which is a condition that can cause the body to 

overheat and lead to constipation (Zhuo et al., 2020). 

Ethical considerations and impact on society  

In systematic reviews, ethical considerations are not discussed directly (Suri, 2020), because it 

does not deal directly with personal, sensitive and confidential information from various 

participants that participated in the study. Unlike primary researchers who collect such 

information under strict ethical measures approved by relevant body in order to protect the 

participants. Systematic reviewers do not require ethical approvals because the data documents 

used in such reviews are always publicly accessible documents which are available for public 

consumption either in databases or in public libraries. Institutional review boards for ethical 

conduct of research did not provide guidelines for systematic reviews (Suri, 2020). 

In this present meta-analysis, various ethical considerations of different authors included in this 

study are well represented and this research identified the appropriate epistemological 

orientation, appropriate purpose with search of relevant literatures on medical databases based 

on eligibility, proper evaluation, interpretation of the selected and included literatures, thereby 

making an understanding of the research outcome, providing additional informations to public 

health. 

This study is beneficial to the global health institutions, because it is contributing to existing data 

on thrombotic events associated with covid-19.  

The outcome of the study provides and inform decision making institutions in the health sector 

on the right directions towards combating and preventing covid-19.   

This meta-analytic research presents information that helps health research institutes to 

prioritize complications resulting from covid-19 infections, and it will further help current clinical 

trials in trial recruitment, data collection, monitoring patients, and providing supervised 

treatment such as physiotherapy for covid-19 patients.  

This proportional meta-analysis and review provides additional information about the 

association of covid-19 with thrombotic complications such as DVT, VTE and PE, it presented 

studies that diagnosed covid-19 infection using the polymerase chain reaction method only, which 

is the WHO standard diagnostic method. 

This study is beneficial to the public health professionals who are developing vital solutions and 

strategic plans that will help curb thromboembolism in covid-19 patients, as it will help to lower 

the curve. 

This research will further help place strict policies that prioritizes early treatment of patients 

showing covid-19 signs as quickly as possible, it will also offer clinicians and researchers more 

insight into clotting risk profiles of covid-19 patients, thereby offering guidance as to why covid-

19 patients have increased risk of thrombosis than from other viral diseases. 

The outcome of this meta-analysis provides further help to the public, especially in remote and 

underdeveloped nations in the African continent, to know that complications like thrombosis exist 

in covid-19 infections, thereby highlighting  the importance of monitoring and testing regularly 

for covid-19 in order to avoid thrombotic complications.  
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Future perspectives 

The omicron variants  BA.2, BA.4 and BA.5 of SARS-CoV-2 are emerging at this time, and it is giving 

a great concern to the public health researchers. There is need for surveillance, as percentage of 

the new variants are high in Africa (WHO, 2021). There are suggestions that these variants may 

be more transmissible, lethal and may increase thrombotic events than the existing variant. It is 

critical to focus on producing more accurate data in research for broader perspective in 

understanding and evaluating covid-19 cases. More data generation will create more detailed care 

pathway, which will lead to improvements on how covid-19 diseases should be responded to. 

Furthermore, more studies with data on the signalling pathways of SARS-CoV-2 infected cells is a 

good way to understand the molecular mechanism of cell entry, life cycle, host response and 

recovery, as the transduction pathway provides more detailed information into significant targets 

and how to block the pathways that leads to the activation of covid-19 (Ackerman et al., 2020). 

More data is needed more often to accurately risk-assess patients for thrombotic complications 

as it is well known that SARS-CoV-2 targets endothelial cells increasing blood clotting disorders 

and changing blood properties and the new variants may have more serious effect on the blood 

vessels and blood properties (Ostergaard, 2021). 

Gender perspective was reflected in this research project as both male and female genders were 

all recruited in this study as all studies screened and included in the proportional meta-analysis 

had both genders. 
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