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Abstract 

Background:  The coronavirus disease 2019 (COVID-19) causes extensive coagulopathy and a potential benefit of 
anticoagulation therapy has been documented for prevention of thromboembolic events. Bleeding events has also 
been reported as a notable complication; whereas, the incidence, risks, and clinical impact of bleeding remain unclear.

Method:  The CLOT-COVID Study was a nationwide, retrospective, multicenter cohort study on consecutive hospital-
ized patients with COVID-19 in Japan between April 2021 and September 2021. In this sub-analysis, we compared the 
characteristics of patients with and without major bleeding; moreover, we examined the risk factors for and clinical 
impact of bleeding events.

Results:  Among 2882 patients with COVID-19, 57 (2.0%) had major bleeding. The incidence of major bleeding 
increased with COVID-19 severity as follows: 0.5%, 2.3%, and 12.3% in patients with mild, moderate, and severe COVID-
19, respectively. COVID-19 severity, history of major bleeding, and anticoagulant type/dose were independently and 
additively associated with the bleeding incidence. Compared with patients without major bleeding, those with major 
bleeding exhibited a longer duration of hospitalization (9 [6–14] vs 28 [19–43] days, P < 0.001) and higher mortality 
during hospitalization (4.9% vs. 35.1%, P < 0.001).

Conclusions:  In the real-world clinical practice, the incidence of major bleeding was not uncommon, especially 
in patients with severe COVID-19. Independent risk factors for major bleeding included history of major bleeding, 
COVID-19 severity, and anticoagulant use, which could be associated with poor clinical outcomes including higher 
mortality. Precise recognition of the risks for bleeding may be helpful for an optimal use of anticoagulants and for bet-
ter outcomes in patients with COVID-19.
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Introduction
The coronavirus disease 2019 (COVID-19) causes unique 
and extensive coagulopathy [1], with a high incidence of 
thromboembolic events reported especially in the lungs 
[2–5]. Thus, several current guidelines recommend that 
hospitalized patients with COVID-19 receive antico-
agulation therapy for the prevention of thrombosis [6, 
7]. Alternatively, prior studies have also reported a high 
incidence of bleeding complications among patients with 
COVID-19, especially those receiving a more intensive 
dose of anticoagulant [3, 8–15].

Identification of patients at increased risk for bleed-
ing during anticoagulation therapy is clinically relevant 
in determining the optimal management strategies of 
anticoagulation therapy. However, there remain limited 
real-world data regarding the bleeding events for patients 
with COVID-19. In addition, impact of major bleeding 
on the duration of hospitalization and death in COVID-
19 has been scarcely reported.

In the present study, we aimed to identify risk factors 
of major bleeding and identify the impact of major bleed-
ing on clinical outcomes in hospitalized patients with 
COVID-19 by using a large-scale multicenter observa-
tional database of patients with COVID-19 in Japan. The 
findings of this study could inform optimal anticoagu-
lant use and improve clinical outcomes in patients with 
COVID-19.

Methods
Study population
The CLOT-COVID Study (thrombosis and antiCoaguLa-
tiOn Therapy in patients with COVID-19 in Japan Study: 
UMIN000045800) is a physician-initiated, retrospective, 
multicenter cohort study on 2894 consecutive patients 
hospitalized with COVID-19 in 16 Japanese centers 
between April 2021 and September 2021. The design of 
the study was previously reported in detail [16, 17]. The 
present study was performed by dedicated members of 
the Japanese Task Force for Venous Thromboembolism 
(VTE) and COVID-19 in Japan in a collaborative effort 
with the Japanese Society of Phlebology and the Japanese 
Society of Pulmonary Embolism Research. Using the hos-
pital databases, we included consecutive patients diag-
nosed with COVID-19 via a polymerase chain reaction 
test.

Ethics approval and consent to participate
All procedures were conducted following the Declaration 
of Helsinki. The research protocol was approved by the 

relevant review boards or ethics committees of all par-
ticipating centers. The requirement of written informed 
consent was waived since we used clinical information 
obtained in routine clinical practice. This study protocol 
was in accordance with the guidelines for epidemiologi-
cal studies issued by the Ministry of Health, Labor, and 
Welfare in Japan.

Data collection
Patients’ data and follow-up information were collected 
using an electronic report form. Data regarding the 
patient characteristics, pharmacological thromboprophy-
laxis management, and clinical outcomes were collected 
from the hospital charts or databases based on pre-spec-
ified definitions. Data entry into electronic case report 
forms was performed by physicians at each institution. 
Furthermore, the integrity of the data was manually 
checked at the general office.

Definitions for patient characteristics
Details of the definitions for the diagnosis of complica-
tions have been described in our prior publications [16, 
17]. In brief, hypertension was defined as peripheral 
blood pressure > 140/90  mmHg or the use of medica-
tion for hypertension. Diabetes was diagnosed using 
hemoglobin A1c (HbA1c) or by the use of medication 
for diabetes. Heart disease was defined as heart disor-
ders including heart failure and history of myocardial 
infarction. Respiratory disease was defined as persistent 
lung disorders including chronic obstructive pulmonary 
disease and restrictive lung diseases. Patients with active 
cancer were defined as individuals receiving cancer treat-
ment; individuals scheduled to undergo cancer surgery; 
individuals with metastasis to other organs; and/or indi-
viduals with terminal cancer [18]. Patients with mild, 
moderate, and severe COVID-19 were defined as those 
who did not require oxygen supplementation, those who 
require oxygen supplementation, and those who require 
mechanical ventilation or extracorporeal membrane oxy-
genation, respectively.

Pharmacological thromboprophylaxis was evaluated by 
the usage of any anticoagulants during the hospitalization 
except for their usage for the treatment of thrombosis. 
An unfractionated therapeutic heparin dose was defined 
as the administration of unfractionated heparin targeting 
a therapeutic range with reference to the activated partial 
thromboplastin time (APTT). An unfractionated prophy-
lactic heparin dose was defined as the administration of a 
fixed dose of unfractionated heparin without reference to 
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the APTT. Anticoagulant use was classified into 4 groups 
as follows: no anticoagulant, parenteral prophylactic dose 
(low-molecular-weight heparin [LMWH] or unfraction-
ated heparin [UFH]), oral therapeutic dose (warfarin or 
direct oral anticoagulant [DOAC]), and parenteral thera-
peutic dose (UFH). In Japan, administration of a thera-
peutic LMWH dose is not allowed; therefore, only UFH 
is administered as a parenteral therapeutic dose. We 
considered a therapeutic dose of warfarin or DOAC as a 
single group since patients receiving DOAC have a lower 
incidence of bleeding than those receiving parenteral 
therapeutic anticoagulants [12, 19].

Clinical outcomes
The outcome measure in the current study was major 
bleeding during hospitalization, which was diagnosed 
based on the International Society of Thrombosis and 
Hemostasis (ISTH) criteria, which included a reduction 
in the hemoglobin level by ≥ 2  g/dL, transfusion of ≥ 2 
units of blood, or symptomatic bleeding in a critical body 
region or organ [20].

Statistical analysis
Categorical variables are expressed as numbers and per-
centages. Continuous variables are expressed as the mean 
and standard deviation or the median and interquar-
tile range (IQR) based on the normality of distribution. 
Between-group comparisons of categorical variables 
were performed using the chi-square test, as appropriate; 
otherwise, Fisher’s exact test was used. Continuous vari-
ables were compared using Student’s t-test or Wilcoxon’s 
rank-sum test based on the normality of distribution.

The crude odds ratio (OR) for major bleeding was cal-
culated using univariate analyses of baseline characteris-
tics. Based on previous reports [3, 8–10, 12–14, 21, 22] 
and clinical relevance, we selected 5 baseline character-
istics, namely, age, sex, history of major bleeding, and 
severity of COVID-19 at admission, and pharmacologi-
cal thromboprophylaxis. Subsequently, we estimated the 
adjusted OR and their 95% confidence interval (CI) after 
a constructing the multivariable logistic regression model 
excluding patients with missing thrombophylactic regi-
mens during admission.

Regarding outcome analysis, we compared the hospi-
talization duration and mortality rate between patients 
with and without major bleeding. To adjust for pos-
sible confounding factors, we constructed multivari-
able logistic regression models that comprised age, 
sex, comorbid diseases (hypertension, diabetes melli-
tus, and active cancer), history of major bleeding, body 
mass index > 30  kg/m2, COVID-19 severity at admis-
sion, anticoagulation regiments, and VTE development 
during hospitalization based on clinical relevance and 

previous studies [23, 24]. We then examined whether 
the major bleeding independently affected the hospi-
talization duration and mortality.

All statistical analyses were performed using JMP Pro 
15.0.0 (SAS Institute Inc., Cary, NC, USA). All reported 
P-values were 2-tailed. Statistical significance was set at 
a P-value < 0.05.

Results
Among 2,894 patients, 12 had incomplete data regard-
ing the use of anticoagulants; accordingly, we analyzed 
data from the remaining 2,882 patients. Among them, 
57 (2.0%) experienced major bleeding events. The gas-
trointestinal (GI) tract was the most common bleeding 
site (25/57; 44%), followed by surgery-related/iatro-
genic (11/57; 19%) and intracranial bleeding (4/2,882; 
7%) (Fig. 1). The incidence of major bleeding was 0.5% 
(8/1732), 2.3% (21/922), and 12.3% (28/228) among 
patients with mild, moderate, and severe COVID-19, 
respectively (Fig.  2). As shown in Table  1, there were 
significant differences in age, comorbidities (hyper-
tension, diabetes mellitus, and heart disease), history 
of major bleeding, COVID-19 severity on admission, 
worst COVID-19 severity during hospitalization, 
and pharmacological thromboprophylaxis regimens 
between patients with and without major bleeding.

As shown in Table  2, multivariate analysis revealed 
significant between-group differences in the history of 
major bleeding, COVID-19 severity at admission, and 
pharmacological thromboprophylaxis.

Here, regarding the adjusted OR for major bleeding, 
it was 1.98 (CI 0.77–5.13) for moderate COVID-19 as 
compared with the mild COVID-19 group, whereas it 
was even higher (OR 6.15 [CI 2.24–16.9]) for severe 
COVID-19. Similarly, the adjusted OR for major bleed-
ing was approximately 3 for both groups with a pro-
phylactic dose of parenteral anticoagulant (OR 3.02 
[CI 1.04–8.82]) and a therapeutic dose of warfarin/
DOAC (OR 3.17 [CI 0.84–12.0]), whereas it was even 
higher (13.7 [CI 4.27–44.2]) for patients with a thera-
peutic dose of UFH. Based on these stepwise results, 
we made a preliminary scoring system in which the risk 
was assessed in each patient by adding the risk points 
described below:

–	 History of major bleeding: no, 0 points; yes, 1 point
–	 COVID-19 at admission: mild, 0 points; moderate, 1 

point; severe, 2 points
–	 Anticoagulant regimen: no anticoagulants, 0 points; 

a prophylactic dose of parenteral anticoagulant (UFH 
or LMWH) or therapeutic dose of warfarin/DOAC, 1 
point; a therapeutic dose of UFH, 2 points
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Figure  3 shows the proportion of patients with major 
bleeding based on the calculated risk score, where the 
incidence of bleeding was positively correlated with the 
calculated score.

Patients with major bleeding had a significantly 
longer duration of hospitalization than those without 

major bleeding (28 [19–43] vs 9 [6–14] days, P < 0.001), 
and this difference remained significant in the multiple 
logistic regression analysis (P < 0.001). Similarly, the 
mortality rate was significantly higher among patients 
with major bleeding (20/57, 35.1%) compared to those 
without major bleeding (138/2825, 4.9%) (P = 0.02). In 
the multiple logistic regression analysis, the adjusted 

Fig. 1  Sites of major bleeding. The bleeding sites in the 57 major bleeding events are shown

Fig. 2  Number of major bleeding events according to COVID-19 severity. The proportion of patients with major bleeding among patients with 
mild, moderate, and severe COVID-19 is shown COVID-19, coronavirus disease 2019
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OR and 95% CI for major bleeding for death were 2.27 
and 1.10–4.93, respectively.

Discussion
Our main findings were as follows: 1) the overall inci-
dence of major bleeding was 2.0% (57/2894), which 
reached as high as 12.3% in patients with severe COVID-
19; 2) the GI tract was the most common bleeding site; 3) 
the incidence of major bleeding was independently asso-
ciated with history of major bleeding, COVID-19 sever-
ity at admission, and anticoagulant use; 4) the incidence 
of major bleeding was positively correlated with the 

accumulated risks; and 5) major bleeding was an inde-
pendent risk factor for longer duration of hospitalization 
and higher mortality.

The reported incidence of major bleeding in hospital-
ized patients with COVID-19 ranges from 0.5 to 11.4% 
in prior studies [3, 8–14, 25, 26], which varies depend-
ing on the COVID-19 severity, anticoagulation drugs, 
and geographical differences in the availability of medical 
resources. In our study enrolling consecutive COVID-19 
patients with any disease severities, the overall incidence 
of major bleeding was 2.0%, which was consistent with 
previous reports. However, the incidence rate increased 

Table 1  Comparison of patient characteristics between patients with and without major bleeding

LMWH was used with a prophylactic dose alone since its use as a therapeutic dose is not allowed in Japan. Regarding UFH, its prophylactic dose was defined as the 
administration of a fixed dose without reference to the APTT while the therapeutic dose was defined as administration of a therapeutic dose with reference to the 
APTT

VTE Venous thromboembolism, COVID-19, Coronavirus disease 2019, ECMO Extracorporeal membrane oxygenation, APTT Activated partial thromboplastin time, CT 
Computed tomography, LMWH Low molecular weight heparin, UFH Unfractionated heparin, DOAC Direct oral anticoagulant

Total
(N = 2882)

Patients with major 
bleeding
(N = 57)

Patients without major 
bleeding
(N = 2825)

P value

Baseline characteristics
  Age (years) 52.7 ± 17.9 61.7 ± 14.6 52.5 ± 17.9 <0.001

  Men 1877 (65.1%) 42 (73.7%) 1835 (65.0%) 0.17

  Body weight (kg) 68.8 ± 18.4 70.1 ± 14.4 68.8 ± 18.5 0.62

  Height (cm) 164.3 ± 12.4 164.1 ± 8.7 164.3 ± 12.4 0.88

  Body mass index (kg/m2) 25.3 ± 5.4 25.9 ± 4.6 25.2 ± 5.4 0.39

    Body mass index > 30 kg/m2 456 (15.8%) 11 (19.3%) 445 (15.8%) 0.47

  D-dimer level at admission (μg/mL) 0.8 (0.5–1.3) 1.6 (0.9–4.3) 0.8 (0.5–1.3) 0.05

Comorbidities
  Hypertension 869 (30.2%) 33 (57.9%) 836 (29.6%) <0.001

  Diabetes mellitus 595 (20.6%) 21 (36.8%) 574 (20.3%) 0.002

  Heart disease 254 (8.8%) 12 (21.1%) 242 (8.6%) 0.001

  Respiratory disease 298 (10.3%) 9 (15.8%) 289 (10.2%) 0.17

  Active cancer 60 (2.1%) 2 (3.5%) 58 (2.1%) 0.45

  History of major bleeding 26 (0.9%) 5 (8.8%) 21 (0.7%) <0.001

  History of VTE 15 (0.5%) 0 (0%) 15 (0.5%) 0.58

Severity of COVID-19 at admission
  Mild 1732 (60.1%) 8 (14.0%) 1724 (61.0%) <0.001

  Moderate (Need oxygen) 922 (32.0%) 21 (36.8%) 901 (31.9%)

  Severe (Need mechanical ventilation or ECMO) 228 (7.9%) 28 (49.1%) 200 (7.1%)

Worst severity of COVID-19 during hospitalization
  Mild 1278 (44.3%) 4 (7.0%) 1274 (45.1%) <0.001

  Moderate (Need oxygen) 1225 (42.5%) 14 (24.6%) 1211 (42.9%)

  Severe (Need mechanical ventilation or ECMO) 379 (13.2%) 39 (68.4%) 340 (12.0%)

Pharmacological thromboprophylaxis regimens
  Non-anticoagulants 1649 (57.2%) 6 (10.5%) 1643 (58.2%) <0.001

  Anticoagulants 1233 (42.8%) 51 (89.5%) 1182 (41.8%)

    Prophylactic dose (LMWH or UFH) 889/1233 (72.1%) 20/51 (39.2%) 869/1182 (73.5%) -

    Therapeutic dose (UFH) 161/1233 (13.1%) 26/51 (51.0%) 135/1182 (11.4%) -

    Therapeutic dose (Warfarin or DOAC) 183/1233 (14.8%) 5/51 (9.8%) 178/1182 (15.1%) -
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to 12.3% among patients with severe COVID-19, which 
is higher than previously reported incidence rates in 
severe status of COVID-19 (3.0%–10.6%) [3, 8, 10, 14]. 
This indicates a critical need for an attention against 
bleeding events when managing patients with severe 
COVID-19. Notably, the incidence of major bleeding is 

not significantly higher in COVID-19 than in other criti-
cal illnesses [3, 27]. This is intriguing because thrombotic 
events, especially pulmonary thromboembolism, have 
a higher incidence rate among patients with COVID-19 
than in those with other acute illnesses [28]. This could 
be attributed to a COVID-19-specific coagulopathy 

Table 2   Univariate and multivariable analyses for the risk of major bleeding

Age, sex, history of major bleeding, severity of COVID-19 at admission, and pharmacological thromboprophylaxis were included in the multivariate analysis

OR Odds ratio, CI Confidence interval, COVID-19 Coronavirus disease 2019, LMWH Low molecular weight heparin, UFH Unfractionated heparin, DOAC Direct oral 
anticoagulant, vs Versus

Univariate analysis Multivariable analysis

Crude OR
(95% CI)

P-value Adjusted OR
(95% CI)

P-value

Age (per 1 year) 1.03 (1.01–1.05)  < 0.001 1.01 (0.99–1.04) 0.17

Men 0.66 (0.37–1.20) 0.17 1.20 (0.63–2.29) 0.58

History of major bleeding 12.8 (4.66–35.7)  < 0.001 10.8 (3.16–36.6)  < 0.001

Severity of COVID-19 at admission
  Mild (Reference) – – –

  Moderate 5.02 (2.22–11.4)  < 0.001 1.98 (0.77–5.13) 0.16

  Severe 30.2 (13.6–67.1)  < 0.001 6.15 (2.24–16.9) 0.001

Pharmacological thromboprophylaxis
  No anticoagulants (Reference) – – –

  Prophylactic dose (LMWH or UFH) 6.30 (2.52–15.8)  < 0.001 3.02 (1.04–8.82) 0.04

  Therapeutic dose (Warfarin or DOAC) 7.69 (2.32–25.5)  < 0.001 3.17 (0.84–12.0) 0.09

  Therapeutic dose (UFH) 52.7 (21.3–130.3)  < 0.001 13.7 (4.27–44.2)  < 0.001

Fig. 3  Incidence of major bleeding according to the calculated risk score. The proportion of patients with major bleeding according to the total 
risk score of major bleeding is shown. The risk score was calculated by summing the points described below. History of major bleeding: no, 0 point; 
yes, 1 point. COVID-19 severity at admission: mild, 0 point; moderate, 1 point; severe, 2 points. Anticoagulant regimen: no anticoagulants, 0 point; 
prophylactic dose of parenteral anticoagulant (unfractionated heparin or low molecular weight heparin) or therapeutic dose of warfarin/DOAC, 
1 point; therapeutic dose of unfractionated heparin, 2 points. COVID-19, coronavirus disease 2019; LMWH, low-molecular-weight heparin; UFH, 
unfractionated heparin; DOAC, direct oral anticoagulant
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characterized by in-situ formation of immune-thrombo-
sis in the lungs [1]. Further research on this is required.

In our study, the most common bleeding site was the 
GI tract, followed by surgery-related/iatrogenic and 
intracranial bleeding, which is consistent with previ-
ous reports on patients with COVID-19 [27, 29–32] and 
other patients on anticoagulants [33, 34]. This suggests 
that COVID-19 lacks a disease-specific profile for bleed-
ing sites. Gastric ulcers are the most common cause of 
GI tract bleeding in patients with COVID-19 [35], which 
suggests that preventive medication, such as proton 
pump inhibitors, is especially important in COVID-19. 
This is because diagnostic workup, including endoscopy, 
is substantially limited given the high transmissibil-
ity of the virus. Contrastingly, in our study, intracranial 
bleeding developed only in a small number of patients 
(4 cases), which is consistent with previous reports [12, 
36]. Nevertheless, intracranial bleeding tends to develop 
in young individuals and can be fatal in patients with 
COVID-19 [37]. Therefore, the possibility of intracranial 
bleeding should be carefully considered when handling 
patients with COVID-19.

Previous studies reported that risk factors for major 
bleeding in COVID-19 included high levels of D-dimer 
and ferritin, COVID-19 severity, and anticoagulant use 
[8, 9, 15, 29, 31, 36, 38]; among these, high-dose antico-
agulant administration has been consistently associated 
with an increased risk of major bleeding. This is consist-
ent with our findings, where patients receiving a thera-
peutic dose of anticoagulants showed a markedly higher 
risk for major bleeding compared with those without 
anticoagulation. These findings demonstrate the impor-
tance of an optimal use of anticoagulants in patients 
with COVID-19. Specifically, the administration of a 
therapeutic dose of anticoagulants should be carefully 
considered especially in patients with mild COVID-19 
given their low risk of VTE [39]. Alternatively, as recom-
mended by Kessler et al., de-escalating the anticoagulant 
dose may be considered upon the improvement of the 
COVID-19 severity and reduction of the risk of pulmo-
nary thromboembolism [38].

A recent Spanish study reported an increased bleed-
ing risk among patients with multiple risk factors [8]. 
Further, they proposed a grading system that included 
intensive care unit stay, D-dimer and ferritin levels, and 
therapeutic anticoagulation [9]. Here, high-risk and very-
low-risk patients had a incidence of major bleeding of 
15.4% and 1%, respectively. Consistent with these previ-
ous reports, we observed that the incidence rate of major 
bleeding was positively correlated with the accumulated 
risks. This suggests the importance of evaluating multiple 
bleeding-related risk factors when handling patients with 
COVID-19. However, risk factors related to potential 

bleeding could vary according to disease severity, ethnic-
ity, and geographical areas. Accordingly, further research 
is warranted to establish a method for an easy and pre-
cise estimation of the risk of bleeding in patients with 
COVID19.

Among patients with COVID-19, those with bleeding 
events have a higher mortality rate than those without 
[8, 40–42]. Accordingly, we observed that major bleeding 
was independently associated with higher mortality. Fur-
ther, patients with major bleeding had a longer duration 
of hospital stay than those without. Sex, hospital loca-
tion, and pre-existing kidney or liver disease are factors 
that affect the hospitalization duration [23, 43]; however, 
it remains unclear how bleeding events affect the dura-
tion of hospitalization in patients with COVID-19. Given 
the considerable impact of the hospitalization duration 
on the cost and burden to the medical staff and facili-
ties, further research is warranted on the effect of in-hos-
pital events, including bleeding, on the hospitalization 
duration.

This study has several limitations. First, there was a 
small number of bleeding events; therefore, we only 
included a limited number of variables in the multivari-
able analysis. Second, this was a retrospective obser-
vational study, which could result in various biases. For 
example, the therapeutic decision-making, including 
pharmacological thromboprophylaxis, was left to the 
discretion of the attending physicians, which could have 
affected clinical outcomes such as death and hospitaliza-
tion duration. Finally, we did not examine blood param-
eters, including serum ferritin, which are associated with 
major bleeding [8, 9, 25, 41]. However, the 3 risk fac-
tors identified in our study (history of major bleeding, 
COVID-19 severity, and use of anticoagulants) can be 
readily obtained at the time of hospitalization; therefore, 
they can be applied easily in clinical practice.

In conclusion, our findings demonstrated that among 
hospitalized patients with COVID-19, the overall inci-
dence of major bleeding was 2.0% during hospitaliza-
tion, but increased up to 12.3% in patients with severe 
COVID-19. The independent risk factors for major bleed-
ing were a history of major bleeding, COVID-19 severity, 
and use of anticoagulant. Bleeding events were associ-
ated with a longer duration of hospitalization and higher 
mortality. Accurate recognition of the risk of bleeding, 
along with that of thromboembolic events, is warranted 
to optimize the use of anticoagulants and improve out-
comes in patients with COVID-19.
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