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INTRODUCTION

COVID-19 disease began to spread all around the world in December 2019 until
now; and in the early stage it may be related to high D-dimer level that
indicates coagulation pathways and thrombosis activation that can be affected
by some underlying diseases including diabetes, stroke, cancer, and pregnancy
and it also can be associated with Chronic obstructive pulmonary disease
(COPD). The aim of this article was to analyze D-dimer levels in COVID-19
patients, as D-dimer level is one of the measures to detect the severity and
outcomes of COVID-19. According to the results of this study, there is a higher
level of D-dimer as well as concentrations of fibrinogen in the disease onset and
it seems that the poor prognosis is linked to a 3 to 4-fold increase in D-dimer
levels. It is also shown that 76% of the patients with >1 D-dimer measurement,
had elevated D-dimer and were more likely to have critical illness than those
with normal D-dimer. There was an increase in the rates of adverse outcomes
with higher D-dimer of more than 2000 ng/mL and it is associated with the
highest risk of death at 47%, thrombotic event at 37.8%, and critical illness at
66%. It also found that diabetes and COPD had the strongest association with
death in COVID-19. So, it is necessary to measure the D-dimer levels and
parameters of coagulation from the beginning as well as pay attention to
comorbidities that can help control and management of COVID-19 disease.
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diagnosis of venous thrombosis. Any pathologic or non-

SARS-CoV-2 previously known as 2019-nCoV, is a
newly identified B-coronavirus caused by COVID-19 virus
(coronavirus disease-2019). Its clinical spectrum ranges
from no or mild respiratory symptoms to severe acute
respiratory disease (SARS) and Middle East respiratory
syndrome (MERS). Typical COVID-19 symptoms include
fever, cough, dyspnea, diarrhea, muscle aches, severe
lymphopenia, prolonged coagulation profiles, heart
disease, and sudden death (1).

D-dimer is one of the fibrin degradation products in

blood coagulation and its levels are routinely measured in

pathologic process that enhances fibrin production or
breakdown can also increase D-dimer plasma levels. Some
of these processes include disseminated intravascular
coagulation (DIC), arterial thrombosis, deep vein
thrombosis (DVT), pulmonary embolism (PE), and cases
such as pregnancy, inflammation, cancer, chronic liver
disease, posttraumatic states, surgery, and vasculitis (2). D-
dimer is the main degraded production of cross-linked
fibrin by the plasmin that may degrade fibrin monomers
during fibrinolysis and cross-linked fibrin polymers and

likely fibrinogen during the systemic fibrinolysis after the
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depletion of alpha2. All these particles are named fibrin
degradation products (FDPs). It is known that D-dimer
consists of two adjoining cross-linked fibrin 'D' domains
(ends) that are released as an intact fragment and hence
can called be D-dimer (3). First physicians in Wuhan,
China reported that D-dimer can be increased in COVID-
19 when the epidemic began. In a study on COVID-19
patients hospitalized in Wuhan during January 2020, an
increase of D-dimer in many cases was observed and it was
significantly greater in non-survivors (4).

Recent studies confirmed that most patients with
COVID-19 had a mild infectious type of disease (5, 6).
However, severe infection on admission time was
associated with high mortality in some patients. Therefore,
among subjects with COVID-19, it is important to
discriminate accurately the high risk of severe infection
and early guide to the proper use of different therapies.
Elevated D-dimer as an abnormal coagulation function, has
been reported to be more common in dead COVID-19
patients, with D-dimer levels greater than 1 pg/ml
increasing the rate of in-hospital death (7, 8). However, the
relation between D-dimer and COVID-19 severity is
unclear. Therefore, this study intends to review the role of
D-dimer levels in predicting the severity of infection and

outcome of COVID-19 patients.

Value of D-dimer measurement

Although D-dimer is a production of cross-linked fibrin
and is regarded as a sensitive biomarker for the evaluation
of venous thromboembolism, it has low specificity. This is
due to the fact that many other conditions associated with
the continuous activity of the hemostatic system such as
malignancy, pregnancy, trauma, heart disease, liver
disease (reduced clearance), inflammation, sepsis resulting
from hemodialysis, recent surgery or CPR increase D-
dimer levels (9).

Different D-dimer units are reporting the two main
kinds of D-dimer assays. First is the Fibrinogen Equivalent
Unit (FEU) which reports the molecular weight of
fibrinogen (340kDa) based on levels of D-dimer and the

other D-Dimer Unit (DDU) reports it based on its
molecular weight (195kDa), which is almost equal to half
of the fibrinogen (10).

It should be noted that unit reporting is different based
on the manufacturer, leading to 9 various presentations of
results, such as mg/L, mg/mL, ng/dL, ng/L, ng/mL,
mg/dL, pg/L, pg/mL and pg/dL. Low levels of D-dimer
can be used to diagnose thrombotic vascular events such as
DVT and PE. In other words, elevated D-dimer levels
indicate the activity of the coagulation process, followed by
fibrinolysis. The incidence of thrombotic events is one per
one thousand adults and risk factors, such as infections
and inflammatory diseases can contribute to it. before the
coronavirus pandemic, increased D-dimer levels were
reported in influenza as an infection that activates the
coagulation system in the lung (11).

COVID-19 mortality is generally linked with
hypercoagulability and higher venous thromboembolism
(VTE) risk that in severe conditions leads to thrombo-
inflammation (12). Thus, coagulation biomarkers may
detect the severity and mortality rate, and be useful to
determine patient triage, prognosis management, and
therapeutic strategies.

Several studies have evaluated the correlation of higher
D-dimer levels of up to 46.4% with severity as well as the
adverse outcomes (13, 14); as a 20-fold increased mortality
risk has been reported in patients with D-dimer of higher
than 1000 ng/ml compared to the lower values (15).
Therefore, in these patients, D-dimer should be considered
as a potential VTE screening tool, and adjusting
therapeutic anticoagulant doses based on D-dimer
elevation compared to prophylactic doses is more
beneficial for them (16). Thus, monitoring D-dimer levels
in COVID-19 patients early after admission is necessary.

The most well-known use of the D-dimer test is in DVT
and pulmonary embolism suspected patients. It is almost
always increased in these patients, so a natural result is
used commonly and widely to help in eliminating the

diagnosis (7).
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An increased level of D-dimer cannot be useful to
diagnose DVT/PE due to its low specificity and association
with many other conditions of thrombosis defined as
abnormal increased blood coagulation and coagulopathy
which can lead to higher D-dimer levels such as
disseminated intravascular coagulation, aortic dissecting
aneurysm, stroke, cancer, severe infection/sepsis,
myocardial infarction, acute kidney injury and recently
SARS-CoV-2 can be added to the list of such conditions
(17).

A number of recent studies in the world have
suggested that D-dimer is higher in people with severe
COVID-19 and it reached the highest level in people with
more severe illness and non-survivors. Many COVID-19
studies over the past months focused on understanding the
importance of high D-dimer levels and the COVID-19-
induced coagulopathy that is supposed to be responsible
for it. Much of COVID-19 research has been conducted in
recent months to understand the importance of D-dimer
elevation and its associated coagulation, which is thought
to be responsible for this increase (18). In a study on
consecutive COVID-19 positive patients older than 18
years, the D-dimer test was routinely done at admission
and during admission, and the upper level of normal D-
dimer assay was considered 0.23 pg/ml (230 ng/ml). The
evaluated outcomes such as critical illness (death,
discharge to hospice, mechanical ventilation, and intensive
care), death during admission, acute kidney injury, and
thrombotic events. There was an increase in the rates of
adverse outcomes with higher D-dimer and levels of more
than 2000 ng/mL are associated with the highest risk of
death (47%), thrombotic event (37.8%), critical illness (66%)
and acute kidney injury (58.3%) in the patients (4).

The diversity of studies about D-dimer and COVID-19
can be due to the different kits that are used by different
laboratories for measurement and their accuracy and
reliability that may be varied regarding the kit
manufacturer (19). In addition, there are various units of

reporting and this lack of standardization causes possible
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errors in the analysis and interpretation of D-dimer values

in case of COVID-19.

The role of D-dimer in COVID-19

In COVID-19 disease, increased D-dimer levels are
accompanied by a parallel rise in CRP, and in contrast to
DIC which is classically associated with bacterial
infections, there is a slight increase in the partial
thromboplastin time (PTT) and prothrombin time (PT) in
addition to a mild thrombocytopenia (Platelets ~100 x
10710/L) (20).

Several studies conducted in Wuhan; China suggested
that COVID-19 patients with elevated D-dimer levels are at
an increased risk of mortality. Although anticoagulant
therapy for COVID-19 was not common when conducting
these studies, lower levels of D-dimer were observed in
patients receiving anticoagulants (18, 21).

However, there is still no agreement on how D-dimer
levels can be used for patients' management and
monitoring. According to the available COVID-19
experiences, D-dimer cut-off of more than 1 pg/mL may
put the patients at higher risk of poor outcomes. Until now
there is no agreement on how many times D-dimer should
be measured in hospitalized patients or the way of results
application concerning anticoagulation. D-dimer levels are
directly associated with disease severity, the area of lung
involvement shown in the CT images, and the level of
oxygen index. No clear mechanisms could be identified in
systemic inflammatory responses characterized by COVID-
19 infection. In COVID-19 disease, the misalignment of the
coagulation/ anticoagulation cascade leads to worsening
of the complications of the pulmonary pathology (21, 22).

In influenza, pathogenicity occurs by increasing viral
replication and diverting cellular immunity, including
cellular and protein components. The pathological results
of COVID-19 are diffuse alveolar damage (DAD) with
cellular fibrinous exudation, the destruction of the
squamous cell of the lung and the formation of hyaline
membranes, pulmonary edema with hyaline membranes,

infiltration of the single-nucleus inflammatory cells with
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the presence of lymphocytes, similar to what happens in
SARS and MERS. Increased D-dimer levels indicate
increased fibrinolysis, an increase in COVID-19 infections,
and extended anticoagulant therapy with reduced
mortality, especially in mechanically ventilated patients
(18-20). The new International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) guidelines
emphasize the assessment of D-dimer levels in patients
with COVID.

Studies conducted on SARS-CoV-2 infection have
shown a strong association between the disease severity
and its outcome in COVID-19 patients so that DIC can
occur in very severe cases. In a study, increased D-dimer
levels are considered a predictor of the development and
exacerbation of respiratory distress from COVID-19, which
may be due to pulmonary microembolism, especially in
patients with severe COVID-19 infection. Studies
performed in Wuhan, China, demonstrated that a D-dimer
value of more than 2 pg/ml at the time of admission was
related to an elevated chance of mortality (19, 20).

Evaluation of changes in D-dimer levels during
COVID-19 infection and bacterial pneumonia, and
comparative studies between COVID-19 and bacterial
pneumonia have shown that both diseases can increase D-
dimer levels, but this increase is much higher in COVID-19
infection. In COVID patients, the activity of the coagulation
system increases with blood viscosity because of excessive
sweating and high fever. Risk factors such as prolonged
hospitalization, obesity, and aging can also increase the
risk of thrombosis; therefore, with higher levels of D-dimer
need for anticoagulant therapy is increased. D-dimer levels
decrease with lower inflammation and patient recovery,
while the D-dimer value remains high in some of these
patients. This justifies the continued anticoagulant therapy
in these patients to prevent venous thrombosis (23).

The association of D-dimer levels and disease severity
has been examined in several studies and it was reported
as 0.58 pg/ml in mild and 3.55 pg/ml in severe disease
states (21, 22, 24-35).

In a case-control study on COVID-19 patients the
results showed an increase of D-dimer levels in these
patients (36). Another study conducted to evaluate
COVID-19 and influenza patients demonstrated that D-
dimer levels in the first group were higher than the second
(37). Moreover, Yin et al. examined the patients with severe
COVID-19 and pneumonia caused by other pathogens and
concluded that D-dimer levels in non-COVID-19
pneumonia patients were higher than in COVID-19
patients (38).

The results of the mentioned studies showed that in
non-severe conditions the mean value of D-dimers was
significantly lower, and it is suggested that an increase in
this parameter can effectively provide a contrary clinical
picture in the disease progression. Elevated D-dimer up to
more than 1 pg/ml may reflect disease progression and be
applied as an independent risk factor for death in the
patients. The higher levels of D-dimer can help clinicians
effectively forejudge between patients with severe and
non-severe diseases.

Regarding the fact that in severe COVID-19 patients,
thrombosis can happen in various organs and association
with following organ failure, D-dimer measurement is
necessary for evaluating the patients with COVID-19 and
its monitoring should be considered clinically as a critical

approach in this infection.

3.1. D-dimer levels in children with COVID-19

The annual incidence of venous thrombosis is about
1/1000 in adults and 0.07- 0.14/10,000 in children and it
occurs in 5.3/10,000 hospitalized children. The rate of VTE
in children younger than 13 years with COVID-19 is 1.3%
(39). In a cohort study on pediatric patients with COVID-
19, 2% mortality was reported but no incidence of VTE has
been found yet (40). There are inadequate data on the
prognostic factors in pediatrics and D-dimer as a probable
biomarker of severity and mortality has not been tested
regularly. Although some recommendations have been
published for the use of anticoagulation in symptomatic

hospitalized adult patients by several hematological
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societies, because of a few data on pediatric patients, such
guidelines cannot be established for them (41-44).

In Wuhan, D-dimer levels were tested in 79 infants
with COVID-19 at the time of admission in a study and the
COVID-19 children were divided into two groups of severe
type and non-severe type. It was revealed that in the severe
group, the D-dimer levels were higher as well as
intravascular coagulation (43).

In an observational study on 36 students with COVID-
19, D-dimer levels were increased in three children older
than 5 years at the time of admission (43).

Regarding the studies, it has been demonstrated that
higher D-dimer is associated with disease severity and
longer hospitalization of children and prolonged PICU stay
that suggest D-dimer serial measurements provide a
prognostic value in the prediction of the need for critical

care in COVID-19-infected children.

D-Dimer level and Diabetes

Diabetes is associated with a thrombosis-prone status.
Obtained evidence shows that thrombosis activation may
be due to hyperglycemia. Through these two different
pathways, a pro-thrombotic status can be caused by
hyperglycemia: non-enzymatic glycation and oxidative
stress (45). Thrombin generation is increased by acute
hyperglycemia, through oxidative stress (46), while the
functionality of both heparin co-factor II and antithrombin
III is reduced by non-enzymatic glycation (47). In
conclusion, it shows that a pro-thrombotic status may be
produced by hyperglycemia because of an imbalance
between fibrinolysis, anti-coagulation, and pro-coagulation
(45, 46, 48).

Mishra et al. have reported that in COVID-19 diabetic
patients there is an increase of D-dimer compared to non-
diabetic patients (49). Evidence showed that high blood
glucose level correlated with poor prognosis in patients
with COVID-19 disease.(47). Interestingly, increased levels
of D-dimer have been found in people with hyperglycemia
and COVID-19 (48). Additionally, it has been shown that

hyperglycemia reduction is associated with a decreased
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level of D-dimer. It suggests that hyperglycemia might
support thrombosis generation as a complication that is
presented very often in COVID-19 (50).

In some studies, the mean D-dimer levels in two
groups (without and with diabetic groups) were 0.8, and
1.68 (pg/ml), respectively (46, 51).

In another study performed on diabetic patients with
COVID-19 (with no history of other underlying diseases),
the levels of serum ferritin, D-dimer, and CRP could be
significantly increased. This finding indicates that diabetic
patients are more likely to be infected seriously (52). In
addition, Yan et al reported that D-dimer levels in diabetic
people were higher than in non-diabetics (53). Also, a
study by Wang et al. on the COVID-19 patients with
underlying diabetes showed that the difference was
significant between the ICU and the non-ICU patients
regarding the levels of D-dimer (54).

In conclusion, due to the impacts of thrombosis on the
prognosis of COVID-19 patients, it is highly relevant to
understand what increases the risk of thrombotic events.
So, to achieve a better management of COVID-19 it can be
useful to do specific studies to clarify the possible link of

hyperglycemia and thrombosis.

Cancer

The data demonstrate that increase in D-dimer levels
are related to systemic inflammation and endothelial cell
dysfunction due to malignancy; therefor D-dimer levels
higher than 1pg/ml FEU is seen in malignant patients
with COVID-19 disease. It was interestingly similar in
cancer patients with or without COVID-19 and low D-
dimers. This evidence showed that during COVID-19
complement activation may be improved by coagulation
and fibrinolysis activities, and pathways' cross-reaction of
complement and coagulation (55). The results of a
systematic review and meta-analysis to evaluate the cancer
prevalence among the patients with COVID-19 and
complications showed a higher risk of severe COVID-19
and mortality in the cancer patients as well as ICU

admission and mechanical ventilation. A pilot analysis was
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performed to find the differences between the patients
with or without cancer regarding the coagulopathy and
inflammatory (CRP) markers, which are increasingly
considered as mechanisms of organ injuries in COVID-19
patients. It was reported that prothrombin time, CRP, and
D-dimer were significantly higher in these patients, and in
a single-arm analysis, it was shown that there were high
serum IL-6 levels in cancer patients compared to reference
values (55).

Yang et al. performed a study on cancer patients with
COVID-19. They reported 19.2% lung cancer, 17.3% breast
cancer, 15.4% rectal cancer, and 9.6% colon cancer, and the
remaining 38.5% reported other types of cancer. The
survey showed that 33 patients had mild cases of COVID-
19 and 19 patients had severe conditions and the results
demonstrated that the D-dimer level was 1.0 (0.6-2.3) and
2.8 (1.7-6.6) (pg/ml) in mild and critical patients at the
time of admission, respectively (56).

Since endothelial cell damage and thrombosis are also
symptoms of cancer thrombosis, it is not surprising that
increased complement activation has been observed in
cancer patients without COVID-19 but with high levels of
D-dimers. Additionally, it would be increased significantly
in COVID-19 and thromboinflammation combination.
These findings are in accordance with the report of
Bernard et al., on respiratory failure in non-cancer patients
(57), which show complement activation is a general
indicator of critical illness, but increases respiratory failure
associated with COVID-19.

The cancer patients are at a higher risk for
complications of COVID-19 due to significantly lower
levels of platelet and higher prothrombin time, D-dimer
and C-reactive protein, and also they of need particular
preventive care approaches and aggressive supervision for

early detection of the disease.

Pregnancy
Pregnant women are needed to be managed more

carefully in such a pandemic, due to their physiological

changes, susceptibility to infections, immunological and
mechanical differences.

In a study comparing pregnant and non-pregnant
COVID-19 infected women laboratory test results found
significant higher levels of inflammatory markers
including D-dimer, procalcitonin, C-reactive protein,
neutrophil and white blood cell count. The mean of
lymphocyte percentage in pregnant women was
significantly lower (58).

One study was conducted on the D-dimer levels in
pregnant COVID-19 women. A study was performed in
Wuhan, by Qiancheng et al., on the same age pregnant and
non-pregnant women with COVID-19. The findings
revealed that the D-dimer level was significantly elevated
in pregnant women in comparison with the non-pregnant
women on admission (59).

However, for the first time in the study of Uzel et al it
showed that in PCR (+) pregnant women there were a
lower D-dimer levels and fever compared to whom with
PCR (-) and it may be due to the inclusion of suspected
COVID-19 patients. In fact, fever is a symptom that raises
the suspicion of COVID-19 infection. However, it is not
clear why D-dimer was lower in pregnant women with
PCR (+). It can be related to an undetectable infection with
similar symptoms to COVID-19 among the pregnant
women with negative PCR. The situation can be explained
more with further studies in a similar population (60).

Concerningly, in recent reports elevated D-dimer levels
were considered as an indicator of poor prognosis in non-
pregnant women. Huang et al. pointed to the higher levels
of D-dimers in patients requiring ICU admission with
median D-dimer of 2.4 mg/L in comparison with those
who did not (0.5 mg/L) (3). Tang et al. compared the D-
dimer level in non-survivors vs. survivors and reported the
higher D-dimers in non-survivors as 2.12 ug/mL (range
0.8-5.3 ug/mL) vs. 0.6 ug/mL (0.4-1.3 ug/mL) in survivors
(7). Given the typical increase of D-dimer during gestation
(5), it is not obvious what threshold of D-dimer would
indicate unfavorable prognosis in pregnancy. It is

suggested that those with significant raise of D-dimer
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levels (more than 3-4 fold of normal range) should be
hospitalized even without any other important symptoms.
(61).

Finally, it should be noted that in pregnant patients
there is a hypercoagulable state coinciding with increased
levels of D-dimer that make it important to not use D-
dimer to assign the severity of COVID-19 infection among

them (62).

Stroke

Research into the mechanisms by which SARS-CoV-2
causes ischemic stroke has become an interesting research
topic. SARS-CoV-2 has been shown to lead to systemic
hypercoagulation which leads to increased levels of
fibrinogen and D-dimer, as the trigger of ischemic stroke
(63). As a result, some researchers have hypothesized that
COVID-19 causes ischemic stroke by causing excessive
coagulation in patients, but the mechanisms by which
COVID-19 increases coagulation are unclear and it is
important for the targeted treatment of COVID-19-induced
ischemic stroke (64).

In the early stages of COVID-19 some of Acute
ischemic stroke (AIS) cases have been reported by Fara et
al. (65). Mao et al. concluded that 18.7% of patients with
COVID-19 are in need of ICU admission due to treatment
of severe neurological symptoms, and AIS has been
reported in 5.7% of them with severe COVID-19 (64).
Beyrouti et al. found that AIS might happen 8-24 days after
the early symptoms of COVID-19 and the laboratory tests
revealed the significant increase of C-reactive protein, D-
dimer levels, lactate dehydrogenase and fibrinogen (66). Li
et al. reported the presence of SARS-CoV-2 in patients'
cerebrospinal fluid, indicating that the virus could
penetrate the barrier of blood-brain and damage tissue
(67).

A study was conducted on 3,556 hospitalized COVID-
19 patients; 32 received a diagnosis of ischemic stroke after
performing a radiological test, as compared with 46 non-
COVID patients with ischemic stroke. In COVID-19
patients the mean of D-dimer level was 3,913 pg/ml at the
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closest time to diagnosis of stroke, whereas 0.526 pg/ml
was reported in group without COVID-19 infection.
Furthermore, during treatment, the D-dimer level in the
COVID-19 patients was elevated by more than 10 pg/ml.
However, no increase in the D-dimer level was observed
during treatment of the patients without COVID-19 (68).
The AIS pathogenesis includes artery-to-artery
embolization, hypoperfusion, thrombosis and also COVID-
19. Patients with secondary AIS and COVID-19 at
admission were shown to have an increased National
Institutes of Stroke Scale score, high D-dimer levels, and a
poor prognosis compared to non-COVID-19 stroke
patients, indicating blood coagulation plays a key role in
COVID-19 secondary AIS(68). The secondary AIS cases in
young COVID-19 patients of increased D-dimer and
fibrinogen were studied and some of them had no stroke
risk factors, indicating that COVID-19 causes AIS through
the increase of blood clotting (69). However, the exact
mechanisms by which COVID-19 causes excessive

coagulation in patients still remain unclear.

Venous thromboembolism (VTE)

DVT and PE are considered as the keys to manifesting
VTE, and they may be fatal (70-72). Some studies show an
elevated risk of DVT and PE in patients with COVID-19 (8,
21,73, 74).

Zhang et al. conducted a retrospective study on 143
COVID-19 patients in Wuhan, China. The patients were
divided into DVT and non-DVT groups. The results
showed that in the elderly, the prevalence of DVT was
higher than the younger patients. Furthermore, the D-
dimer levels in COVID-19 and DVT patients were
significantly higher than those without DVT during
hospitalization (75). It is important to know DVT was
related to poor prognosis and elevated mortality.
Additionally, 88.5% of DVT patients and 47.1% of non-
DVT cases showed D-dimer levels higher than 1 (pg/ml)
(76). Another study performed on the hospitalized patients
found that the D-dimer levels were elevated in COVID-19

patients with DVT as compared with non-DVT cases.
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Furthermore, Demelo-Rodriguez et al. found that D-dimer
with 1.57 pg/ ml cutoff point and showed a sensitivity and
specificity of 95.7% and 29.3% respectively. Such criteria
can be used to diagnose the asymptomatic DVT (73).
Evaluation of the prevalence of VTE in the patients
admitted to the ICU due to the COVID-19 was done by Cui
et al. According to the results of a study D-dimer with
cutoff point of 1.5 (pg/mL) showed a sensitivity of 85%
and a specificity of 88.5% for prediction of VTE. In this
study, D-dimer levels in patients with PE were higher than
those in people without PE and were more potential to
have an aggressive type. COVID-19 patients were treated
in severe cases of low-weight molecular heparin (LMWH)
or unfractionated Heparin (UFH) (77).

In a study on diagnostic value of D-dimer, the three
levels of D-dimer have been identified that classified the
patients into three groups of low-probability (<1000
ng/mL), intermediate-probability (1000-7500 ng/mL), and
high-probability (>7500 ng/mL). With a 16% of VTE
prevalence, the post-test possibilities of VTE at each level
were 3%, 18%, and 43%, respectively. In critically ill
COVID-19 patients D-dimer levels were evaluated using
intermediate-dose thromboprophylaxis and showed that
D-dimers level less than 2000 ng/mL had a 100% negative
predictive value for VTE and more than 8000 ng/mL had a
significantly elevated likelihood ratio, suggesting that cut-
off points of 2000 ng/mL and 8000 ng/mL seems to be
useful to identify patients with low and high chance of
developing VTE (9). The same cut-off points have been
identified that may be useful for detection of the patients
with different possibilities of developing VTE. Regarding
the lowest D-dimer level of less than 1000 ng/mL, we are
still identifying some VTE patients. The clinicians should
be cautious about the only use of low D-dimer to VTE in
these patients. (78, 79).

In a retrospective cohort study on consecutive non-ICU
hospitalized patients with COVID-19 and adequate
thromboprophylaxis, undergone systematic low limb
venous duplex ultrasonography, the results showed that

D-dimers were significantly higher at the baseline in DVT

patients. For asymptomatic DVT, the negative predictive
value of 1000 ng/ml baseline D-dimer level was screened
using complete compression doppler ultrasound (73, 80).
So, in COVID-19 patients, higher cut-off levels of D-dimer
may be necessary for DVT diagnose. In fact, autopsy
studies have reported the occurrence of diffuse
microthrombosis that is not detectable by routine
ultrasound or radiological methods, but instead is
expressed by multiorgan dysfunction (81). Therefore, not
only the high values of D-dimer in patients with COVID19
disease, does not necessarily indicate the DVT diagnosis,
but also a significant increase in D-dimer values of COVID-
19 patients' needs further investigation in order to prevent

the possible DVT.

Chronic obstructive pulmonary disease (COPD)

Regarding COVID-19 which can infect older
individuals with comorbidities more easily, it is also
expected to be more common in these patients. However,
data on COPD prevalence among them is highly restricted
and inconsistent and it has been stated to be 2-3% at the
onset of pandemic, in China (82, 83), but later publications
reported a higher rate between 8-16% (83, 84).

During this pandemic, most studies demonstrated the
relation between COPD with worse outcomes. In a meta-
analysis, it has been reported that in COPD patients
compared to the general population it is more possible to
have severe disease and higher risk of mortality (85).

There may be several reasons why COVID-19 course is
worse in COPD patients. First, COPD patients are usually
older and have more co-morbidities that may increase the
severity of COVID-19 (86, 87). It should be noted that
respiratory failure and hypoxemia are more common in
COPD patients as well as the most significant cause of
death in this group of patients (88). However, there is a few
data on prognosis of COVID-19 patients with COPD.

Although data confirmed that approximately 5% of
SARS-CoV-2 patients were diagnosed with COPD, but
there are some symptomatic, radiological, laboratory and

demographic differences between COPD and non-COPD
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COVID-19 infected patients. The studies showed no
statistical difference in total survival rates between
COVID-19 patients with or without COPD, although there
were some poor prognostic features in COPD patients with
COVID-19. Hypoxemia and presence of pneumonia were
reported as the significant predictors of mortality as well as
the high age among them (89).

High blood level of D-dimer and low lymphocyte count
were the laboratory parameters that are significantly
associated with COVID-19 mortality and lymphopenia at
the admission time which has been related to poor
outcomes in these patients. In a cohort study a higher rate
of COVID-19 positivity was found in the COPD patients
with an absolute lower lymphocyte count (90). In the
Turkish National Guideline for COVID-19, D-dimer cut-off
of more than 1000 ng/L has been considered as a poor
prognostic criteria (90). D-dimer levels may be increased in
both situations of COPD and COVID-19 due to association
of these chronic diseases with inflammatory processes
which is illustrated by a hypercoagulable state.

In some studies, the significant association of COPD
with the higher risk of adverse effects in the COVID-19
patients has been reported (91). Zhao et al. reported a 4.4-
fold elevated risk of severe COVID-19 and also poor
outcomes in the patients with COPD (85). Because patients
with COPD have poor prognosis due to pathological
changes such as emphysema and chronic airway
inflammation, low lung function, abnormal lung
structures, and immune system, infection with SARS-CoV2
may lead to a poor prognosis (92).

A higher mortality rate has been reported in COPD
patients with COVID-19 (13.2% vs. 7%); therefore COPD is
a mortality risk factor in the severe cases of COVID-19(93).
It has been approved that old age is a risk factor for
COVID-19 death (94). Graziani et al. revealed that COPD
and COVID-19 patients with mean age of 75 years have
significantly higher risk of death than non-COPD patients
with the mean age of 66 (95). So, it is suggested to
hospitalize and monitor the COVID-19 patients older than

50 years, considering the high risk of severe disease and
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outcomes such as mortality. So, in order to prevent the
COVID-19 poor prognosis in the elders there is need of
careful observation and early intervention (96).

Finally, it can be said that COPD not only is one of the
most common COVID-19 patients’ comorbidities; but it can
also worsen the prognosis in these patients. Although there
are some poor prognostic features in COPD patients with
COVID-19, but overall no significant difference was seen in
survival rates of COVID-19 patients with or without
COPD. The high serum D-dimer level, hypoxemia, old age,
presence of pneumonia and low lymphocyte count are
among the important predictors of mortality in

hospitalized COVID-19 patients.

Outcomes

According to earlier studies, there is a significant
connection between the increased rates of D-dimer and
mortality (4, 7, 10-15).

Some papers investigated the association od D-dimer
levels and survival rate. The relative results reported that
patients with D-dimer levels of 0.79 (pg/ml) survived and
patients with D-dimer levels of 3.78 (pg/ml) died (4, 7, 9-
15). As it shown in Table 2, the mean D-dimer level in
patients with mild and severe disease was registered as
0.58 (pg/ml) and 3.55 (pg/ml), respectively. There is a
strong association between the incidence of the disease and
mortality with underlying disease (96). Comorbidities such
as diabetes mellitus, malignancy, coronary artery disease,
bronchial asthma, hypertension, and COPD were seen in
most of the patients (79.5%). Diabetes mellitus has been
reported as the most frequent comorbidity (65.1%); the
total of 89.0% death happened in the patients with
underlying disease, among them 70% patients were
diabetics. In median D-dimer levels a significant difference
has been observed between diabetic and nondiabetic
patients (97). In the first group the median D-dimer level
was reported to be 1.68 pg/ml. Recently, it has reported
that there is a relation between diabetes and elevated levels
of D-dimer in moderately ill COVID 19 patients (49).

Mukona and Zvinavashe have focused that diabetic people
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are at a higher risk of COVID-19 infection and would be
infected more severely (98).

Besides the association of D-dimer levels and adverse
clinical outcomes (Table 1), the studies have also tried to
evaluate the relationship between D-dimer level of
admission time and the final outcome in COVID-19
patients including death or survival which is shown in

table 2.

Table 1. Prediction of the outcome regarding the D-dimer level (46, 97)

Stage of Disease D-dimer level (ug/ml)

Hospital admission with COVID 2144
Prediction of mortality during hospital stay 22.01
Admission time mortality 215
Survivor 0.94
Non survivors 6.34

Table 2. D-dimer level in different underlying diseases (44, 46, 56, 68, 73)

Patient group  Cut off value of D-dimer (ug/ml) in the two stage of disease
Severe Non severe

Children 1.19 0.88

Cancer 2.08 1.0

Stroke 10 3.91

VTE 1.57 1.1

Diabetes 2.01 1.68

Abnormalities in D-dimer levels in COVID-19 patients
indicated the higher risk of critical illness and death. In a
meta-analysis an increased D-dimer level in severe versus
non-severe infected patients was noted. A group of 4
studies reported the D-dimer level in the critically ill and
dead patients as 2500 versus <500 ng/mL with a 2-fold
higher risk of critical illness and 4-fold of death. In one
study, Zhou et al. found the association of an 18-fold
higher risk of mortality with the baseline D-dimer of more
than 1000 ng/mL (8). However, there is still much
uncertainty around this association due to the small

sample size and wide ClIs in the provided studies (99, 100).

CONCLUSION
In patients with COVID-19, coagulopathy is an
important complication that is closely related to the clinical

outcome and D-dimer level is one of the measures which is

used to detect thrombosis. Some studies have reported that
in the early stages of COVID-19, a 3 to 4-fold rise in D-
dimer levels and fibrinogen concentrations can be linked to
poor prognosis. It should be noted that underlying
diseases such as stroke, cancer, diabetes, and pregnancy
may cause an elevation of D-dimer levels in patients with
COVID-19. According to the results of this study, D-dimer
is a reliable and convenient coagulation parameter to
predict mortality. It is also reported that a D-dimer
value 22.01 pg/ml can be effectively contributing to
predicting in-hospital mortality, but it is necessary to pay
attention that on admission the value of D-dimer is not an
effective predictor. Finally, it is concluded that early
measurement of the coagulation parameters and D-dimer
at the disease onset can be effective in controlling and

management of COVID-19.
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