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Abstract Background The aim of this meta-analysis is to assess the prevalence of coagulation
dysfunction in Chinese COVID-19 patients and to determine the association of
coagulopathy with the severity and prognosis of COVID-19.
Methods A meta-analysis of the prevalence of different abnormal coagulation
indicators in COVID-19 patients in China was performed. The difference of coagulation
indicators and the incidence of DIC were compared between severe cases and
nonsevere cases as well as nonsurvivors and survivors, respectively.
Results A total of 22 Chinese studies involving 4,889 confirmed COVID-19 inpatients
were included. The average D-dimer value of COVID-19 patients is 0.67 µg/mL (95%
confidence interval [CI]: 0.56–0.78), and 29.3% (95% CI: 20.1–38.5%) of patients
showed elevated D-dimer values. Severe patients had significantly higher D-dimer
levels and prolonged prothrombin time (PT) compared with nonsevere patients.
Nonsurvivors had significantly higher D-dimer levels, prolonged PT, and decreased
platelet count compared with survivors. In total, 6.2% (95% CI: 2.6–9.9%) COVID-19
patients were complicated by disseminated intravascular coagulation (DIC), in which
the log risk ratio in nonsurvivors was 3.267 (95% CI: 2.191–4.342, Z¼ 5.95, p< 0.05)
compared with that in survivors.
Conclusion The prevalence of coagulopathy in Chinese COVID-19 inpatients is high,
and both the abnormal coagulation indicators and DIC are closely associated with the
severity and poor prognosis of these COVID-19 patients. Therefore, attention should be
paid to coagulation dysfunction in COVID-19 patients. Closely monitoring of coagula-
tion indicators and application of appropriate anticoagulation may improve the
prognosis of COVID-19 inpatients in China.
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Introduction

At the end of 2019, a novel coronavirus, named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), resulted
in an acute respiratory illness epidemic in Wuhan, China.1,2

The World Health Organization termed this illness as Coro-
navirus Disease 2019 (COVID-19).3 ByMay 3, 2020, there are
3,349,786 laboratory-confirmed cases of COVID-19 globally
and the global mortality related to COVID-19 has reached
7.11% (238,268 deaths).4

The clinical features of COVID-19 are similar to the charac-
teristics of SARS, primarily manifested as an acute respiratory
illness with interstitial and alveolar pneumonia.5–8 Previous
literatures have shown that SARS patients were always com-
plicated by coagulation disorders, showing prolonged activat-
ed partial thromboplastin time (APTT), thrombocytopenia,
elevated D-dimer, and complications with disseminated in-
travascular coagulation (DIC), and the incidence rates for
whichwere50–63, 40–45, 50, and 2.5%, respectively.9,10Based
on our frontline experience inWuhan, we found that coagula-
tion dysfunction is also common in COVID-19 patients. But
different studies have shown that the inconsistent levels of
change of coagulation indicators in COVID-19 patients are
inconsistent and the incidence of DIC ranges from 0.1 to
8.74%.11–13 To get a more complete understanding of coagul-
opathy in COVID-19 in China, wehere provide ameta-analysis
to not only evaluate the prevalence of coagulation dysfunction
in COVID-19 patients, but also to assess the risk of coagulation
abnormalities in severe patients and nonsurvivors compared
with nonsevere patients and survivors, respectively. The
results are helpful for the Chinese clinicians to standardize
the management of COVID-19 patients complicated with
coagulation dysfunction.

Methods

Data Source, Search Strategy, and Exclusion Criteria
A systematic literature search was performed on PubMed and
Embase from December 2019 to April 2020 to identify all
studies that relate to coagulation dysfunction caused by
COVID-19 infection or provide general clinical features of
COVID-19 patients in China. The keywords for the literature
search were combinations of “COVID-19,” “2019-nCoV,” and
“novel coronavirus” with “clinical characteristics,” “clinical
features,” “coagulation,” “coagulopathy,” and “DIC.” A total of
406 studieswere identified, and the following selectioncriteria
were used to exclude the studies that did not provide useful
information: (1) duplicated studies, (2) studies with sample
sizes smaller than10, (3) studieswithout useful informationon
clinical characteristics or coagulation indicators, (4) studies
that focus only on children or infants, (5) case reports, reviews
of editorials, letters, and comments, and (6) studies written in
Chinese (to prevent data duplication). Two investigators per-
formed the selection process independently, and a third inves-
tigatorhelped to decidewhether the article should be included
if the first two investigators were in disagreement. The data
selection process is illustrated by a flow chart (►Fig. 1), and a
total of 22 articles are included in this study.11–32

Data Extraction
We extract the main characteristic of patients (study popula-
tion, age, sex,mortality, proportion of intensive care unit [ICU]
admission, proportion of severe cases, and proportion of
patients with underlying diseases) and following parameters
from the 22 selected articles: prothrombin time (PT), APTT,
normal range of PT and APTT, D-dimer, fibrinogen, platelet
(PLT), incidence of DIC, and proportion of patients with pro-
longedor shortenedPT, prolongedor shortenedAPTT, elevated
or decreased PLT, elevated D-dimer, and time of measurement
taken (hospital admission or not available). PT and APTTwere
measured in seconds, D-dimer wasmeasured in µg/mL, fibrin-
ogenwasmeasured in g/L, PLT count wasmeasured in�109/L,
and the rest were proportions. Some of the studies did not
provide the mean and standard deviation of coagulation indi-
cator, but provided their median (m) and the lower (q1) and
upper quartiles (q3) instead. An estimation is applied to these
data to get the approximatemean and standard deviationwith
the following formula: mean¼ (q1þmþ q3)/3, and standard
deviation¼ (q3� q1)/1.35.33 We also separate patients into
groups of severe and nonsevere patients or groups of survivor
and nonsurvivors for further analysis. These data are shown
in ►Tables 1 and 2.

Underlying disease was defined as various preexisting
chronic diseases, which included cardiovascular disease,
hypertension, diabetes, chronic heart failure, chronic renal
disease, chronic obstructive pulmonary disease, cancer, and
so on. The definitionwas not explicit in some papers andmay
have varied. DIC was defined as meeting the International
Thrombosis and Hemostasis Association (ISTH) criteria, and
ISTH score >5 is diagnosed as overt-DIC. The severe group
was defined as being admitted to ICU or belongs to severe
and critical cases according to the data in the studies.

Data Analysis
The meta-analysis was performed with R version 3.6.3. Forest
plotsweremade to illustrate themean and corresponding 95%
confidence intervals (CIs) of different coagulation indicators of
COVID-19 patients and the average proportion and 95% CI of
patients with DIC. As the normal ranges of PT and APTTvalues
from different laboratories vary greatly, thus we also calculate
the PT and APTT as the ratio to the upper limit of the
laboratory-specific normal range so that the data entered
into the meta-analysis become more consistent. We also
compared the mean coagulation indicators in severe patients
with those in nonsevere patients, and in survivors with those
in nonsurvivors. The differences of coagulation indicators
between the two groups were illustrated with forest plots of
mean difference and corresponding 95% CI of the indicators
between patients in the two groups as all the data are
measured in the same units. A forest plot of risk ratio (RR
and 95% CI) was also made to analyze the relative risk of
nonsurvivors comparedwith survivors to develop DIC. For the
meta-analysis, the heterogeneity level was defined based on
the I2 indexcalculated: if I2< 25%, the data arehomogenous; if
25%� I2� 50%, there is low heterogeneity within the data; if
50%� I2� 75%, moderate heterogeneity is included; and
I2� 75% represents high heterogeneity.34 Different models
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are used to calculate the weight for each study based on the I2

index and heterogeneity:we incorporated afixed effectmodel
(inverse variance) to pool the data if I2 is� 50%, andwe used a
random effect model (DerSimonian-Laird) to pool the data if
I2> 50%.35Weused0.05as thethreshold for significant tests in
this article: a p-value< 0.05 indicated statistical significance.

Results

Selected Studies and Baseline Characteristics
The literature search initially identified 247 articles from
PubMed and 159 articles from Embase, in which 124 were
identified as duplicates and removed. Eventually, 39 studies

that might fulfill our selection criteria were selected. For the
39 selected studies, the team reviewed the full text and
identified 22 papers that included useful coagulation indi-
cators and clinical features for the meta-analysis. All the 22
papers focused on patients in China from late-Decem-
ber 2019 to late-February 2020 and were published in
2020. The sample size of groups varied from 41 to 1,099,
and a total number of 4,889 patients were included in the 22
studies. The median age was 55.36 years old. The overall
proportion of male is 55.44%, the average proportion of
COVID-19 patients with underlying disease was 42.6% (95%
CI: 35.5–49.6%), and the average mortality rate was 11.8%
(95% CI: 8.7–14.9%) (►Table 1 and ►Supplementary Fig. S1,

Fig. 1 Flow chart of the process to screen and select the 22 studies included in this meta-analysis.
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available in the online version). The degree of severity of
COVID-19 were defined in accordance with the Diagnosis
and Treatment Protocol of COVID-19 released by National
Health Commission of China by all of the articles, except the
article14 which was based on the American Thoracic Society
guidelines for community-acquired pneumonia. Most of the
studies showed that coagulation indicators were measured
on the day of hospital admission, and the data were not
available in four articles.12,16,18,20

Primary Outcomes
The meta-analysis showed that the average PT for COVID-19
patients was 12.20 seconds (95% CI: 11.52–12.84) and the
average APTT was 31.53 seconds (95% CI: 28.46–
34.60; ►Supplementary Fig. S2, available in the online
version). Meanwhile, the average PT and APTT are 92.6%
(95% CI: 87.7–97.5%) and 88.2% (83.5–93.0%) of the upper
limit of the normal range, respectively. The average fibrino-
gen levelwas 4.24 g/L (95% CI: 3.40–5.15;►Fig. 2). The result
also showed that the mean PLT count for COVID-19 patients
was 186.34� 109/L (95% CI: 175.84–196.85), and 10.9% (95%

CI: 8.1–13.6%) of COVID-19 patients on average showed
decreased PLT levels (►Fig. 3). In addition, we found that
the average D-dimer concentration for COVID-19 patients
calculated from the meta-analysis was 0.67 µg/mL (95% CI:
0.56–0.78), and that 29.3% (95% CI: 20.1–38.5%) of COVID-19
patients showed elevated D-dimer values (►Fig. 4). All the
above data showed calculated I2 in the range of 76.35 to
99.50%, except for I2 index of 4.79 for the data of percentage
of patients with decreased PLT. Therefore, the fixed effect
model was applied to the decreased PLT level data, whereas
the random effect model was used to pool all the other data.

Next, we separated the data into groups of severe and
nonsevere COVID-19 patients, and calculated the mean
difference of coagulation indicators including PT, APTT, D-
dimer value, and PLT count between patients of the two
groups. The meta-analysis showed that the average PT for
severe patients was 0.65 seconds (95% CI: 0.36–0.95,
Z¼ 4.35, p< 0.05), longer than that of nonsevere patients
(►Fig. 5A). The mean difference of APTT between severe and
nonsevere patients was �0.01 second (95% CI: �2.58–2.56,
Z¼ 0, p¼ 0.99), indicating no statistical difference between

Fig. 2 (A) Forest plot of the average PTof COVID-19 patients measured in the ratio to the upper limit of the laboratory-specific normal range. (B)
Forest plot of the average APTT of COVID-19 patients measured in the ratio to the upper limit of the laboratory-specific normal range. (C) Forest
plot of average fibrinogen of COVID-19 patients. Heterogeneity is defined based on the I2 index calculated, and random effect models are used to
pool the database on the heterogeneity. APTT, activated partial thromboplastin time; PT, prothrombin time.

Fig. 3 (A) Forest plot of average platelet count of COVID-19 patients. (B) Forest plot of average proportion of COVID-19 patients with decreased
platelet count. Heterogeneity is defined based on the I2 index calculated. A random effect model is used to pool the average platelet count data,
and a fixed effect model is used to pool the decreased platelet count database on the level of heterogeneity.
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these two groups (►Fig. 5B). In addition, the D-dimer value
in severe patients was 0.44 µg/mL (95% CI: 0.23–0.66,
Z¼ 4.04, p< 0.05), higher than that in nonsevere patients
(►Fig. 5C). The PLT count in severe patients was
�14.47� 109/L (95% CI: �33.0–4.06, Z¼�1.5, p¼ 0.126),
which was not significantly lower than that in nonsevere
patients (►Fig. 5D). For all comparisons above, the calculated
I2 indexes were between 68.42 and 86.91%, indicating the
presence of high heterogeneity within all the parameters we
compared, thus random effect models were applied to pool
the data.

Finally, we compared coagulation indicators and DIC
incidence between survivors and nonsurvivors of COVID-
19 patients. The meta-analysis showed that nonsurvivors
had an average PT of 1.23 seconds (95% CI: 0.60–1.86,
Z¼ 3.84, p< 0.05), which is longer than that of survivors
(►Fig. 6A). The mean difference of APTT between nonsurvi-
vors and survivors was 0.25 seconds (95% CI: �2.30–2.80,
Z¼ 0.19, p¼ 0.85), which indicates no significant difference
of APTT between these two groups (►Fig. 6B). Nonsurvivors
also showed a D-dimer value of 5.91 µg/mL (95% CI: 3.56–
8.27), which was significantly higher than that of survivors
(►Fig. 6C). A significant difference was also observed for PLT
count between survivors and nonsurvivors. The mean differ-
ence of PLT count between survivors and nonsurvivors was
38.37� 109/L (95% CI: �55.79 to �20.94, Z¼�4.3, p< 0.05)
(►Fig. 6D). We also analyzed the incidence of DIC and the log
risk ratio incidence of DIC in nonsurvivors compared with
survivors. Based on the three studies that included data of
DIC incidence, we found that 6.2% (95% CI: 2.6–9.9%) of the
COVID-19 patients were complicated by DIC. The log risk
ratio of DIC complicated in nonsurvivors compared with
survivors was 3.267 (95% CI: 2.19–4.34, Z¼ 5.95, p< 0.05),
indicating that DIC is 26.2 times more likely to develop in
nonsurvivors comparedwith survivors (►Fig. 7). All the data
used for the comparisons above showed calculated I2> 50%
except for the DIC risk ratio data. Therefore, the fixed effect

model was applied to the DIC risk ratio data, whereas the
random effect model was used to pool all the other data.

Discussion

Our meta-analysis showed that coagulation dysfunction in
admitted Chinese COVID-19 patients is common, and the
clinical manifestations are diverse, ranging from mild dis-
orders of coagulation indicators to DIC.

D-Dimer
Our meta-analysis showed that the elevation of D-dimer was
themost commoncoagulationabnormality. Aboutone-third of
COVID-19 patients had elevated D-dimer values on admission
and the elevatedD-dimer is closelyassociatedwith the severity
and prognosis of COVID-19. Zhou and his colleagues have
shown that D-dimer >1.0 g/L was an independent risk factor
to identify patients with poor prognosis at the early stage.12 It
wasalso foundthat theD-dimerwasnegativelycorrelatedwith
28-day mortality in multivariate analysis,13 and when the
D-dimer value exceeds 3.0 µg/mL (sixfold of upper limit of
normal [ULN]), heparin or low-molecular-weight heparin
(LMWH) treatment can reduce mortality by approximately
20% (32.8 vs. 52.4%, p¼ 0.017).15 Therefore, a high D-dimer
value above sixfold of ULN may be the appropriate timing for
anticoagulation treatments of Chinese COVID-19 patients,
which needs further prospective study to be confirmed.

APTT and PT
Different from SARS within which 50 to 63% of patients
showed a prolonged level of APTT, ourmeta-analysis showed
that the average PT and APTT in COVID-19 patients remained
in the normal range. Our analysis also showed that severe
patients and nonsurvivors had significantly longer PT than
nonsevere patients and survivors, whereas APTT showed no
significant difference. Chen et al have reported that 16 and
30% COVID-19 patients exhibited shortened APTT and PT on

Fig. 4 (A) Forest plot of average D-dimer concentration of COVID-19 patients. (B) Forest plot of average proportion of COVID-19 patients with
elevated D-dimer concentration. Heterogeneity is defined based on the I2 index calculated, and random effect models are used to pool the
database on the heterogeneity.
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admission, respectively.20 The inconsistency of changes of PT
and APTT may be attributed to the different sample popu-
lations and the different courses of the disease. COVID-19
patients in the early stage showed activation of the exoge-
nous coagulation system, manifested as decreased PT and
hypercoagulable state. Along with the progression of the
disease, especiallywhen patients develop DIC, PTsignificant-
ly prolongs, which is associated with the poor prognosis of
patients.

Platelet
It has been shown that the PLT count reached the level
<144� 109/L in 45% of SARS patients at the time of onset
and the decrease peaked after 1 week.10 Our meta-analysis

showed that only 10.9% (95% CI: 8.1–13.6%) of COVID-19
patients had thrombocytopenia. Autopsy results indicated
that the pathologic change of COVID-19 mainly concentrat-
ed in the lung where hyaline thrombus was observed within
the blood vessels. This fibrinous thrombus is different from
the white thrombus in the lungs of SARS patients, which
might be one of the reasons that thrombocytopenia is less
common in COVID-19 patients compared with SARS
patients. Autopsy also showed that myelopoiesis was de-
creased in bone marrow,36 which is consistent with our
meta-analysis results that the PLT count in nonsurvivors is
significantly lower than that in survivors, indicating that
thrombocytopenia is closely related to the mortality of
COVID-19 patients.

Fig. 5 (A) Forest plot of mean difference of PTof severe patients compared with nonsevere patients. (B) Forest plot of mean difference of APTTof
severe patients compared with nonsevere patients. (C) Forest plot of mean difference of D-dimer concentration of severe patients compared
with nonsevere patients. (D) Forest plot of mean difference of platelet count of severe patients compared with nonsevere patients.
Heterogeneity is defined based on the I2 index calculated, and random effect models are used to pool the database on the heterogeneity. APTT,
activated partial thromboplastin time; PT, prothrombin time.
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Fibrinogen
Our meta-analysis showed that the average fibrinogen con-
centration was in the normal range, which indicated that
instead of hyperfibrinolysis seen in the late stage of DIC,
fibrinolysis shutdown is the main feature along with the
progression of COVID-19. The dysfunction of endothelial
cells induced by infection results in excess thrombin genera-
tion and fibrinolysis shutdown, which lead to a hypercoagu-
lable state in patients with infection.37

DIC Occurrence
Our meta-analysis showed that 6.2% of the COVID-19 patients
were complicated by DIC, and the incidence was over 26-fold
higher in nonsurvivors than in survivors, which indicated that

complication with DIC tends to be restricted to a late-stage
disease. Therefore,monitoring specific coagulation andfibrino-
lysis biomarkers, such as soluble thrombomodulin, thrombin–
antithrombin complex, and plasminogen activator inhibitor-1,
is necessary and helpful for the early diagnosis and a timely
intervention of DIC.38

It has been reported that the incidence of deep venous
thrombosis in SARS patients is approximately 20.5%, and
the incidence of pulmonary embolism is 11.4%.39 COVID-19
patients are also at high risk of venous thromboembolism
(VTE) due to blood hypercoagulability conditions. Cui et al
reported that the incidence of VTE in patients with severe
COVID-19 admitted in the ICU was 25% (20/81), and D-
dimer >1.5 μg/mL was a good indicator for identifying high-

Fig. 6 (A) Forest plot of mean difference of PT of nonsurvivors compared with survivors. (B) Forest plot of mean difference of APTT of nonsurvivors
compared with survivors. (C) Forest plot of mean difference of D-dimer concentration of nonsurvivors compared with survivors. (D) Forest plot of mean
difference of platelet count of nonsurvivors compared with survivors. Heterogeneity is defined based on the I2 index calculated, and random effect models
are used to pool the database on the heterogeneity. APTT, activated partial thromboplastin time; PT, prothrombin time.
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risk groups of VTE.40 Klok et al also found that the cumula-
tive incidence of the thrombotic complications in 184
COVID-19 patients admitted in the ICU was 31% (95% CI:
20–41%), in which CTPA (computed tomography pulmonary
angiography) and/or ultrasonography-confirmed VTE was
27% (95% CI: 17–37%). Age and coagulopathy were indepen-
dent predictors of thrombotic complications.41 Thus, VTE
cannot be ignored during the management of COVID-19,
and VTE risk screening should be applied as early as
possible. For all severe and critical COVID-19 cases and
mild cases with estimation of high thrombus risk, pharma-
cological thrombosis prophylaxis should be applied if there
are no contraindications.42

Based on the results of our meta-analysis and our
frontline experience, we find that the manifestations of
COVID-19-associated coagulopathy mainly include a hyper-
coagulant state, a tendency of thrombosis formation, and
DIC induced by diffuse microvascular injury. Therefore,
anticoagulation may be beneficial for the management of
COVID-19 patients. Tang et al have reported that LMWH
(mostly used in prophylactic rather than therapeutic doses)
did not confer an overall survival advantage but was asso-
ciated with improved survival in the patients with a sepsis-
induced coagulopathy score �4 and in those with D-dimer
levels more than six times of the ULN.15 It was found that
caucasian COVID-19 patients on prophylactic dose of
LMWH treatment did not typically develop overt DIC.43

However, Klok et al suggested increasing the prophylaxis
toward high-prophylactic doses for COVID-19 patients ad-
mitted to the ICU.41 Therefore, it is urgent to conduct
adequately powered randomized controlled studies to de-
termine the appropriate dose and timing of anticoagulation
treatment for COVID-19-associated coagulopathy. At pres-
ent, clinicians can follow the ISTH interim guidance for the
recognition and management of coagulopathy in COVID-

19.44 A more aggressive individualized strategy might be
required in selected cases.45 Bleeding manifestations are
not common despite coagulopathy for COVID-19 patients.
However, Tang et al’s study showed that at the late stages of
COVID-19, 26.8% (6/21) nonsurvivors had significant
decreases in fibrinogen (<1 g/L).15 Therefore, thrombosis
and bleeding may occur simultaneously during the late
stages of overt DIC, and anticoagulation and risk of bleeding
should be balanced in that case. If possible, thromboelasto-
gram is helpful to guide anticoagulation treatment.

Study Limitations
The number of studies included was limited in terms of
sample size, data availability, and methodologic quality, as
all of the patients were from China. Given that thrombotic
risk is significantly impacted by race, it will be better to
include more studies with a broad geographic scope, to get a
more comprehensive understanding of COVID-19-associat-
ed coagulopathy. In addition, all of the articles are retro-
spective studies, and more detailed patient information,
particularly regarding the relationship of comorbidities
with coagulopathy, was not available in most studies at
the time of analyses.

Conclusion

Our meta-analysis identified the high prevalence of coagul-
opathy in Chinese COVID-19 inpatients, which is closely
associated with the severity and prognosis. Therefore, it is
necessary to increase awareness of coagulation dysfunction
in COVID-19 patients. Routinely applying VTE risk screen-
ing, closely monitoring coagulation indicators for early
recognition, and applying appropriate anticoagulation
treatment may improve the prognosis of COVID-19 patients
in China.

Fig. 7 (A) Forest plot of average DIC incidence of COVID-19 patients. (B) Forest plot of log risk ratio of DIC incidence in nonsurvivors compared
with survivors. Heterogeneity is defined based on the I2 index calculated. A random effect model is used to pool the average DIC incidence data,
and a fixed effect model is used to pool the data that compares DIC incidence in nonsurvivors and survivors based on the level of heterogeneity.
DIC, disseminated intravascular coagulation.
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What Is known about this topic?

• Previous literatures have shown that SARS patients
were always complicated by coagulation disorders,
which is associated with the prognosis.

• Coagulation dysfunction is also common in COVID-19
patients. But different studies have shown that
changes of coagulation indicators in COVID-19 patients
are inconsistent and the incidence of DIC ranges from
0.1 to 8.74%.

What does this paper add?

• Our meta-analysis identified the high prevalence of
coagulopathy in COVID-19 patients, which is closely
associated with the severity and prognosis.

• It is necessary to increase awareness of coagulation
dysfunction in COVID-19 patients.

• Routinely applying VTE risk screening, closely moni-
toring coagulation indicators for early recognition, and
applying appropriate anticoagulation treatment may
improve the prognosis of COVID-19 patients.
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