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Abstract 

Background:  Previous studies demonstrate a reduced risk of thrombosis and mortality with anticoagulant treatment 
in patients with COVID-19 than in those without anticoagulation treatment. However, an open question regarding the 
efficacy and safety of therapeutic anticoagulation (T-AC) versus a lower dose, prophylaxis anticoagulation (P-AC) in 
COVID-19 patients is still controversial.

Methods:  We systematically reviewed currently available randomized clinical trials (RCTs) and observational studies 
(OBs) from January 8, 2019, to January 8, 2022, and compared prophylactic and therapeutic anticoagulant treatment 
in COVID-19 patients. The primary outcomes were risk of mortality, major bleeding, and the secondary outcomes 
included venous and arterial thromboembolism. Subgroup analysis was also performed between critically ill and non-
critically ill patients with COVID-19 and between patients with higher and lower levels of D-dimer. Sensitivity analysis 
was performed to decrease the bias and the impact of population heterogeneity.

Results:  We identified 11 RCTs and 17 OBs fulfilling our inclusion criteria. In the RCTs analyses, there was no statisti-
cally significant difference in the relative risk of mortality between COVID-19 patients with T-AC treatment and those 
treated with P-AC (RR 0.95, 95% CI, 0.78–1.15, P = 0.60). Similar results were also found in the OBs analyses (RR 1.21, 
95% CI, 0.98–1.49, P = 0.08). The pooling meta-analysis using a random-effects model combined with effect sizes 
showed that in the RCTs and OBs analyses, patients with COVID-19 who received T-AC treatment had a significantly 
higher relative risk of the major bleeding event than those with P-AC treatment in COVID-19 patients (RCTs: RR 1.76, 
95% CI, 1.19–2.62, P = 0.005; OBs: RR 2.39, 95% CI, 1.56–3.68, P < 0.0001). Compared with P-AC treatment in COVID-19 
patients, patients with T-AC treatment significantly reduced the incidence of venous thromboembolism (RR 0.51, 95% 
CI, 0.39–0.67, P<0.00001), but it is not associated with arterial thrombosis events (RR 0.97, 95% CI, 0.66–1.42, P = 0.87). 

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

†Hong Duo, Yahui Li, Yujie Sun, Liang Wei, Ziqing Wang and Fang Fang 
contributed equally to this work.

*Correspondence:  lluo2@mdanderson.org; Pengzy5@hotmail.com; 
phq2012@whu.edu.cn

4 Clinical Research Center for Critical Care Medicine of Hubei Province, 
Wuhan 430071, China
6 Department of Experimental Radiation Oncology & Surgical Oncology, 
The University of Texas MD Anderson Cancer Center, Houston 77030, USA
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12959-022-00408-9&domain=pdf


Page 2 of 21Duo et al. Thrombosis Journal           (2022) 20:47 

Background
Coronavirus disease 2019 (COVID-19) is an acute 
infectious disease caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) [1]. Later, it 
evolved into a global outbreak and was declared a pan-
demic by the World Health Organization (WHO) on 
March 11, 2020. According to the WHO’s weekly epide-
miological updates until February 22, 2022, 423,437,674 
cases and 5,878,328 deaths have been confirmed, and 
10,407,359,583 doses of vaccines have been administered 
globally [2].

The pathogenesis of COVID-19 infection is associ-
ated with severe inflammation and organ damage [3]. It 
also shows significant pro-thrombotic activity leading 
to widespread thrombosis and microangiopathy, accom-
panied by mucus formation in the alveoli of COVID-19 
patients [4, 5]. The preference for thrombosis in COVID-
19 may be driven by at least two distinct but interre-
lated processes: (1) the hypercoagulable state leading to 
microvascular thrombosis and thromboembolism and 
(2) the direct vascular and endothelial injury leading to 
in situ microvascular thrombosis [6]. Macrovascular and 
microvascular thrombosis with inflammatory reactions 
commonly occurs in hospitalized patients with COVID-
19, associated with poor clinical outcomes. Therefore, it 
is recommended to routinely use anticoagulants in clini-
cal treatment to prevent thrombosis events in COVID-19 
patients. Meanwhile, anticoagulants also show anti-
inflammatory effects, which can reduce lung damage. 
However, the choice of anticoagulants, doses, and the 
standard therapeutic achievement is still inconclusive.

Observational studies (OBs) have shown the benefit of 
prophylactic anticoagulation for hospitalized COVID-
19 patients using various dosing strategies [7, 8]. Anti-
thrombotic treatment, including low molecular weight 
heparin (LMWH) or unfractionated heparin (UFH), has 
been proposed as a potential therapy for COVID-19 

to lower diffuse intravascular clotting activation [9]. 
However, it is unclear whether prophylaxis anticoagula-
tion (P-AC) or therapeutic anticoagulation (T-AC) have 
similar efficacy in the clinical outcomes of COVID-19 
patients. The data of OBs manifested that both T-AC and 
P-AC might be associated with lower all-cause mortality 
compared with no anti-coagulation [10]. However, selec-
tion between T-AC and P-AC is still arduous because 
randomized controlled trials (RCTs) that assess the safety 
and efficacy of P-AC compared with T-AC found con-
trasting results [11–14]. It is worth noting that none of 
these RCTs were powered to test the superiority of indi-
vidual clinical endpoints, such as all-cause death and 
major bleeding.

To examine the currently available evidence regarding 
the effect of anticoagulants in COVID-19 patients, we 
conducted a systematic review and performed a meta-
analysis of published studies (including RCTs and OBs) 
on the effects of different anticoagulant use (therapeutic-
dose versus prophylactic-dose) in the aspects of in-hos-
pital all-cause mortality and other outcomes, providing 
clinical insights for consideration in the management of 
COVID-19 patients.

Methods
This study was performed with adherence to an updated 
guideline for reporting systematic reviews and meta-
analyses (PRISMA) statement [15] (Additional  file  1 for 
PRISMA Checklist). This systematic review protocol 
was registered with PROSPERO (registration number: 
CRD42021293294) (Additional  file  2 for PROSPERO 
Protocol).

Search and select strategy
Two investigators (HD and LW) independently per-
formed a systematic search of PubMed, Embase, and Web 
of Science databases using the keywords “COVID-19” 

The subgroup analysis of OBs shows that the mortality risk significantly reduces in critically ill COVID-19 patients 
treated with T-AC compared with those with P-AC treatment (RR 0.58, 95% CI, 0.39–0.86, P = 0.007), while the mor-
tality risk significantly increases in non-critically ill COVID-19 patients treated with T-AC (RR 1.56, 95% CI, 1.34–1.80, 
P < 0.00001). In addition, T-AC treatment does not reduce the risk of mortality in COVID-19 patients with high d-dimer 
levels in RCTs. Finally, the overall sensitivity analysis after excluding two RCTs studies remains consistent with the 
previous results.

Conclusions:  In our integrated analysis of included RCTs and OBs, there is no significant difference between the 
mortality of T-AC and P-AC treatment in unselected patients with COVID-19. T-AC treatment in COVID-19 patients sig-
nificantly reduced the incidence of venous thromboembolism but showed a higher risk of bleeding than those with 
P-AC treatment. In addition, P-AC treatment was superior to T-AC treatment in non-critically ill COVID-19 patients, the 
evidence supporting the necessity for T-AC treatment in critically ill COVID-19 patients came only from OBs.

Trial registration:  Protocol registration: The protocol was registered at PROSPERO (CRD42021293294).

Keywords:  COVID-19, Anticoagulation, Meta-analysis, Randomized clinical trials, Observational studies
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and “anticoagulation” and obtained a total of 12,329 arti-
cles published from January 8, 2019, to January 8, 2022. 
To include the relevant literatures as comprehensively 
as possible, we did not search the databases with applied 
filters. Restrictions, including age and language, were 
directly verified by reviewing the full text. After remov-
ing duplicates, 9345 articles remained, and 9061 non-
relevant articles were further excluded by browsing the 
titles and abstracts. Regarding the remaining 284 articles 
to be included in the analysis, we have carefully read the 
full texts. A flow diagram for study selection is reported 
in Fig. 1. The search strategies included “COVID-19 OR 
COVID19 OR SARS-CoV-2” and “anticoagulants OR 
heparin OR unfractionated heparin” (Additional file 3 for 

Search Strategies). Meanwhile, we set some restrictions 
on language (only English), limited sample size (simple 
size > 10), indicators (mortality, major bleeding), and 
ages (> 18 years). Our patients included both outpatients 
and inpatients. Studies were included if they compared 
T-AC versus P-AC and available data on at least one of 
our primary outcomes. Case reports, reviews, editori-
als, commentaries, conference abstracts, protocols, and 
practice guidelines were excluded (Additional  file  4 for 
PICOS criteria for inclusion and exclusion). We assessed 
all relevant studies to identify articles for inclusion. We 
included randomized control studies and observational 
studies (prospective or retrospective cohort studies) for 
further analysis.

Fig. 1  Flow diagram for study selection
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Data extraction and risk of Bias assessment
Data extraction was executed independently and sys-
tematically by two reviewers (YHL and HD) using a pre-
specified data extraction form; any controversies were 
resolved by consensus or arbitrated by a third reviewer 
(YJS) until disagreement was resolved. Data collection 
contained study characteristics: first author and year, 
study design, study population, intervention, the total 
number of patients, age, gender, BMI, hypertension, car-
diovascular disease, diabetes mellitus, chronic kidney 
disease, chronic pulmonary disease, chronic liver disease, 
history of smoking, D-dimer, platelet count, mortality, 
major bleeding, ventilator-free days, major thrombotic 
events, any bleeding, VTE, and any thrombotic events.

The methodological quality of the selected articles was 
respectively assessed by two reviewers (YHL and HD) for 
the risk of bias. Review Manager 5.4 software (version 1.0 
of the Cochrane Risk of Bias Assessment Tool) was used 
to evaluate the risk of bias of randomized controlled tri-
als [16] with three levels (low risk, unclear risk, and high 
risk of bias) (Fig.  2). In contrast, the Newcastle-Ottawa 
Scale was used to assess methodological strength in 
observational trials [17] with various scores (9 for total 
score) (Additional file 5).

Definitions and outcomes
The critically ill patient was defined as severe patients 
who received respiratory or cardiovascular organ sup-
port or other ICU-level care. The non-critically ill patient 
was defined as ordinary patients who did not receive 
ICU-level care. It is worth mentioning that each study 
has different definitions of critically ill and non-critically 
ill patients, if it’s not violating our above definition prin-
ciples, we respected the definition of these two types 
of patients by researchers in each study, and directly 
extracted the data of the two types of patients from the 
classified data published in each study. Primary outcomes 
included: mortality (occurring within the first 90 days due 
to any causes). Safety outcomes included: major bleed-
ing (conforming to any of the following: type 3, 4, 5 in 
BARC (Bleeding Academic Research Consortium Defi-
nition for Bleeding) [18], type “major” in TIMI (Throm-
bolysis in Myocardial Infarction bleeding criteria) [18], 
and type “major bleeding” in ISTH (International Soci-
ety on Thrombosis and Haemostasis) [19]). Secondary 
outcomes included venous thromboembolism (VTE) 
and arterial thromboembolism (ATE). We define VTE 
as deep vein thrombosis, pulmonary thromboembolism 
and other venous thromboembolism diseases. We define 
ATE as stroke, myocardial infarctions, peripheral arterial 
thromboembolism, and other arterial thromboembolism 
diseases.

Statistical analyses
Meta-analysis was performed using Review Manager 5.4 
software (Revman, The Cochrane Collaboration, Oxford, 
UK). The dichotomous variable was expressed risk ratios 
(RR), with 95% confidence intervals (CI). As such, pooled 
analyses were performed by Mantel-Haenszel test with 
random effects. The clinical heterogeneity among stud-
ies was assessed qualitatively. In contrast, the statisti-
cal heterogeneity was calculated with the I2 statistic. I2 
values > 0%, > 30%, > 50%, and > 75% were considered to 
indicate low, moderate, substantial, and considerable het-
erogeneity, respectively [20]. Variability between data is 
determined by study design, outcomes, and definitions. 
Subgroup sensitivity analyses were conducted to explore 
potential sources of heterogeneity. According to our 
protocol, we selected all-cause mortality as the primary 
outcome and major bleeding as safety outcome before 
reading the full texts. Other indicators, such as throm-
botic events, are also included as secondary outcomes. 
To decrease the bias and eliminate the impact of popula-
tion heterogeneity, we classified the population into criti-
cal and non-critical groups and conducted a subgroup 
analysis to avoid the bias caused by the offset of the total 
results. A p value < 0.05 was considered significant.

Results
Baseline characteristics of included studies
A flow diagram for study selection was shown in Fig. 1. 
We identified a total of 12,329 original literature records 
through database searching, from inception up to Janu-
ary 8, 2022, which was the date of our final search. After 
removing the duplicate and screening records based on 
titles, 284 full-text articles were assessed for eligibility 
regarding patients’ age, numbers, study design, interven-
tion, and outcomes (Table S2). In the end, 28 studies ful-
filled our inclusion criteria, of which 11 were RCTs, and 
17 were OBs. These 28 clinical studies involved a total of 
16,167 COVID-19 patients (6090 in the T-AC group and 
10,077 in the P-AC group). Patients were recruited from 
the United States, Canada, United Kingdom, Brazil, Mex-
ico, Nepal, Australia, Netherlands, Iran, Italy, Ireland, 
Saudi Arabia, United Arab Emirates, and Spain.

Among the RCTs, 9 were open-label [11–14, 21–25], 
and two were blinded [26, 27]. The Cochrane risk assess-
ment for the low risk of blind subjects and intervention 
providers includes two scenarios: blindness and no blind-
ness with no impact on systematic evaluation. In the case 
of COVID-19 outbreak, there is no clinical evidence to 
prove that the advantages and disadvantages of the two 
treatment strategies will not cause subjective differences 
due to psychological expectation preference, so it will 
not affect the systematic evaluation and can be evalu-
ated as low risk. In our assessment of attrition bias, the 
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experimental group or the control group was judged as 
high risk due to loss of follow-up, withdrawal from non-
responder, violation of the treatment plan, or imbal-
ance in the number and reasons for missing outcome 
data between groups. At the same time, the determina-
tion of reporting bias is based on the systematic differ-
ences between the results reported in the article and the 
measured but unreported results, so there is insufficient 

information to judge low risk or high risk fully. The qual-
ity of all included OBs was good, with a score greater 
than or equal to 5 on the Newcastle-Ottawa Scale (NOS) 
(Additional file 5). Patients in the experimental interven-
tion group received therapeutic anticoagulation from all 
the included studies, while patients in the control group 
received prophylactic anticoagulation. Tables  1 and 2 
summarize the study designs of the 28 included trials 

a

b

Fig. 2  Distribution across studies for each risk of bias item a. Risk of bias graph b. Risk of bias summary
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(more details seen in Additional  file  6: Table  S1-S2). Of 
the 11 RCTs, five studies involved critically ill patients 
[11–13, 21, 27], and six included non-critically ill patients 
[14, 22–26]. Eight of the 11 RCTs compared therapeutic 
versus prophylactic doses of anticoagulants, and three 
trials compared moderate therapeutic versus prophy-
lactic doses of anticoagulants. Seven of the 17 OBs trials 
involved critically ill patients [29, 31–33, 36, 41, 42], and 
ten involved non-critically ill patients [8, 28, 30, 34, 35, 
37–40, 43]. The outcomes of the 28 clinical studies are 
summarized in Tables  3 and  4. The risk of bias, includ-
ing selection bias, performance, detection, attrition, 
and reporting for all RCTs and individual studies, was 
assessed (Fig. 2a and b). The funnel plot showed the pub-
lication bias (Additional file 7: Fig. S8-S11).

Primary efficacy outcomes: mortality
All 28 included studies have reported mortality as an out-
come measure. Overall, the 11 RCTs reported an overall 
mortality rate of 16.1% (490/3042) and 17.0% (500/2947) 
in patients treated with T-AC and P-AC, respectively 
(Fig. 3; Additional file 7: Fig. S1). In the 17 OBs, the mor-
tality of the two groups was 27.2% (828/3048) and 19.8% 
(1409/7130), respectively (Fig.  4; Additional file  7: Fig. 
S2). Our meta-analysis of included RCTs showed that 
T-AC resulted in a non-significant reduction in overall 
mortality compared to P-AC (RR 0.95, 95% CI, 0.78–1.15, 
P = 0.60). (Fig.  3; Additional file  7: Fig. S1). However, 
our meta-analysis of included OBs showed that T-AC 
had a 21% increase in overall mortality compared to 
P-AC, although this trend towards increased mortality 
in the T-AC group did not reach a statistical difference 
(RR 1.21, 95% CI, 0.98–1.49, P = 0.08) (Fig. 4; Additional 
file 7: Fig. S2).

Safety outcomes: major bleeding
The major bleeding event was reported in all included 
RCTs and 11 of the 17 OBs. Overall, in 11 RCTs, the 
incidence of major bleeding in COVID-19 patients 
treated with T-AC and P-AC was 2.3% (70/3037) and 
1.3% (39/2946), respectively (Fig. 3; Additional file 7: Fig. 
S3), while in the 11 OBs studies, the incidence of major 
bleeding in the two groups was 8.1% (161/2000) and 3.2% 
(165/5111), respectively (Fig. 4; Additional file 7: Fig. S4). 
Our meta-analysis of included RCTs showed that T-AC 
resulted in a significant increase in major bleeding com-
pared to P-AC. (RR 1.76, 95% CI, 1.19–2.62, P = 0.005) 
(Fig. 3; Additional file 7: Fig. S3). Similar results were also 
shown in the OBs (RR 2.39, 95% CI, 1.56–3.68, P < 0.0001) 
(Fig. 4; Additional file 7: Fig. S4).

Secondary outcomes: venous thromboembolism 
and arterial thromboembolism
We next studied whether the incidence of arteriovenous 
thromboembolic events was differentially reduced in 
COVID-19 patients with two doses of anticoagula-
tion treatment. Due to limited data on thromboembolic 
events in the OBs, we analyzed 11 RCTs with all reported 
arteriovenous thromboembolic events, with little het-
erogeneity among these studies. The incidence of venous 
thrombosis in COVID-19 patients treated with T-AC and 
P-AC was 2.6% (78/3037) and 5.3% (157/2942), respec-
tively, while the incidence of arterial thrombosis was 
1.6% (50/3037) and 1.8% (53/2942), respectively. Our 
meta-analysis of included OBs showed that VTE was 
reduced by 49% in T-AC compared to P-AC. (RR 0.51, 
95% CI, 0.39–0.67, P < 0.00001, I2 = 2%). However, there 
was a non-significant difference in ATE between T-AC 
and P-AC. (RR 0.97, 95% CI, 0.66–1.42, P = 0.87, I2 = 0%) 
(Fig. 5).

Subgroup analysis: critically ill versus non‑critically ill 
patients
To further study the effect of severity in outcomes of 
patients with two doses of anticoagulation treatment, 
we divided the included population into critically ill and 
non-critically ill patients and performed meta-analysis 
subgroup analyses on mortality, major bleeding, and 
thromboembolic events in the two studies, respec-
tively. Our subgroup analysis of included RCTs showed 
that there was a non-significant difference in mortality 
between T-AC and P-AC in both critically ill (RR 1.00, 
95% CI, 0.87–1.15, P = 0.99) and non-critically ill patients 
(RR 0.97, 95% CI, 0.51–1.87, P = 0.93) (Fig. 3). However, 
our subgroup analysis of included RCTs showed that 
T-AC resulted in a significant increase in major bleed-
ing compared to P-AC in both critically ill patients (RR 
1.71, 95% CI, 1.00–2.93, P = 0.05) and in non-critically ill 
patients (RR 1.82, 95% CI, 1.01–3.27, P = 0.04) (Fig. 3).

Interestingly, our subgroup analysis of included OBs 
showed that T-AC had a significant reduction in mor-
tality compared to P-AC in critically ill patients. (RR 
0.58, 95% CI, 0.39–0.86, P = 0.007). On the contrary, 
T-AC had a significant increase in mortality compared 
to P-AC in non-critically ill patients. (RR 1.56, 95% CI, 
1.34–1.80, P < 0.00001). A random-effects meta-analysis 
model pooled mortality risk, and effect sizes showed 
opposite outcomes in the two groups (Fig. 4). Our sub-
group analysis of included OBs shows T-AC had a sig-
nificant increase in major bleeding compared to P-AC 
in non-critically ill patients. (RR 2.64, 95% CI, 1.74–
4.02, P < 0.00001), while it did not show a statistically 
significant difference in critically ill patients (RR 1.58, 
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Table 2  Characteristics of the 17 OBs

Author-year Study design Intervention Total, n Age, median (IQR), 
year

Male, % BMI, median (IQR), 
kg/m2

Castelnuovo-2021 [28] Retrospective observa-
tional study

Therapeutic (TA): no 
dose data

418 / / /

Prophylactic (PA): no 
dose data

983 / / /

Elmelhat-2020 [29] Observational retro-
spective study

Therapeutic (TA): enoxa-
parin (1 mg/kg BID)

39 47.0 ± 10.5a 74.4 /

Prophylactic (PA): enoxa-
parin (40 mg QD)

20 47.7 ± 10.7a 90.0 /

Gonzalez-Porras-2021 
[30]

Observational study Therapeutic (TA): enoxa-
parin (1 mg/kg BID) or 
bemiparin (115 IU anti-
Xa/kg QD)

120 76.3 ± 11.2a 59.2 28.8 ± 4.8a

Prophylactic (PA): enoxa-
parin (40 mg QD) or 
bemiparin (3500 UQD)

410 71.7 ± 14.1a 58.3 28.9 ± 5.3a

Hamad-2021 [31] Retrospective cohort 
study

Therapeutic (TA): enoxa-
parin (1 mg/kg BID)

29 59 (51–65) 69.0 28.3 (24.8–32.4)

High-dose prophylaxis 
(PA): enoxaparin (40, 50 
or 60 mg BID)

17 59 (46–61) 64.7 32.1 (28.4–40)

Helms-2021 [32] Bi-center cohort study Therapeutic (TA): LMWH 
(100 IU/kg/12 h)

71 64 (53–71) 66.2 31 (27–34)

Prophylactic (PA): LMWH 
(6000 IU/12 h) or UFH 
(200 IU/kg/24 h)

108 61 (51–70) 76.9 29 (26–33)

Martinelli-2020 [33] Observational cohort 
study

High dose (TA): no dose 
data

127 60 (51–69) 64.6 27.0 (24.2–30.2)

Standard (PA): enoxapa-
rin (40 to 60 mg QD)

151 58 (49–66) 65.6 28.1 (25.4–30.2)

Battistoni-2021 [34] European multicentric 
cohort study

Full dose (TA): LMWH 
(40 mg QD)

102 / / /

Prophylactic (PA): LMWH 
(1 mg/kg BID)

550 / / /

Ionescu-2020 [8] Retrospective, multi-
center cohort study

Therapeutic (TA): enoxa-
parin (1 mg/kg BID or 
1.5 mg/kg QD).et

998 68.2 ± 14.6a 55.1 30.4 (14.5,73.3)b

Prophylactic (PA): UFH 
(5000 U BID or TID) or 
enoxaparin (30–40 mg 
QD).et

2121 64.4 ± 16.9a 46.3 30.4 (12.9, 103.9)b

Kaur-2020 [35] Retrospective, multi-
institutional cohort 
study

Therapeutic (TA): no 
dose data

381 / / /

Prophylactic (PA): no 
dose data

652 / / /

Canoglu-2020 [36] Retrospective study Therapeutic (TA): enoxa-
parin (1 mg/kg BID)

56 / / /

Prophylactic (PA): enoxa-
parin (0.5 mg/kg BID)

98 / / /

Qin-2021 [37] A cohort study Therapeutic (TA): LMWH 
(100 U/kg BID)

77 / / /

Prophylaxis (PA): LMWH 
(3000–5000 U QD)

109 / / /

Matli-2021 [38] A propensity matched 
cohort study

Therapeutic (TA): no 
dose data

31 62.55 ± 15.80a 67.7 /

Prophylactic (PA): no 
dose data

51 59.69 ± 17.04a 58.8 /
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95% CI, 0.35–7.06, P = 0.55) (Fig.  4). In addition, our 
subgroup analysis of included RCTs shows T-AC had 
a significant reduction in VTE compared to P-AC in 
both critically ill patients (RR 0.57, 95% CI, 0.35–0.91, 
P = 0.02) and non-critically ill patients (RR 0.51, 95% 
CI, 0.33–0.79, P = 0.003). However, regarding ATE, our 
subgroup analysis of included RCTs showed no statis-
tical difference between P-AC and T-AC in both criti-
cally ill patients (RR 1.14, 95% CI, 0.70–1.85, P = 0.61) 
and non-critically ill patients (RR 0.75, 95% CI, 0.41–
1.39, P = 0.36). (Additional file 7: Fig. S5).

Subgroup analysis (mortality): high d‑dimer levels
Five RCT clinical trials (Lawler [22], Marcos-Jubllar [23], 
Perepu [11], Sadeghipour [27], Sholzberg [24]) included 
COVID-19 patients with high d-dimer levels, so we per-
formed a subgroup analysis of mortality risk. The results 
showed T-AC had a non-significant reduction in mor-
tality compared to P-AC in high d-dimer levels patients. 
(RR 0.86, 95% CI, 0.64–1.17, P = 0.34) (Additional file 7: 
Fig. S6).

Sensitivity analysis
In RCTs and OBs, sensitivity analyses under random-
effects and fixed-effects models showed no significant 
differences between the prophylactic and therapeu-
tic doses of anticoagulation treatment in the results of 
overall and subgroup analyses (Fig.  6; Additional file  8: 
Table S1). However, the mortality in OBs showed a statis-
tically significant difference (RR 1.48, 95% CI, 1.37–1.59, 
P < 0.00001) (Additional file 7: Fig. S7). To further explore 
and address the heterogeneity, we excluded data that may 
have a significant impact on the combined effect size 
according to the following criteria. After excluding rivar-
oxaban, apixaban, and two small-sized data, the com-
bined effect sizes obtained by our analysis (Additional 
file  8: Table  S2) were not different from those before 
(Fig. 6).

Discussion
This comprehensive meta-analysis includes 11 RCTs 
(5989 patients) and 17 OBs (10,178 patients), which 
compared T-AC versus P-AC treatment in a total of 

Abbreviations: BMI Body mass index, IQR Interquartile range, QD Once daily, BID Twice daily, TID Thrice daily, APTT Activated partial thromboplastin time
a Reported as mean ± standard deviation
b Reported as median (range)

Table 2  (continued)

Author-year Study design Intervention Total, n Age, median (IQR), 
year

Male, % BMI, median (IQR), 
kg/m2

Mennuni-2021 [39] Observational study Higher dose (TA): enoxa-
parin (>  4000 IU QD)

149 70.2 ± 13.0a 60.4 /

Prophylactic (PA): enoxa-
parin (4000 IU QD)

287 71.2 ± 15.6a 55.4 /

Kodama-2020 [40] A Multi-Center Retro-
spective Cohort Study

Full dose (TA): no dose 
data

82 / / /

Prophylactic (PA): no 
dose data

498 / / /

Jonmarker-2020 [41] Retrospective study High dose (TA): tinza-
parin (≥175 IU/kg QD) 
or dalteparin (≥200 IU/
kg QD)

37 63 (54–70) 31 (83.8) 28.4 (25.1–32.8)

Low dose (PA): tinzapa-
rin (2500–4500 IU QD) 
or dalteparin (2500–
5000 IU QD)

67 63 (52–71) 59 (88.1) 27.7 (25.5–30.6)

Takayama-2021 [42] Retrospective historical 
control study

Therapeutic (TA): UFH 
(APTT was 1.5–2.5 times 
as the control)

33 62 (54–74) 87.9 /

Prophylactic (PA): enoxa-
parin (40 mg BID)

29 55 (52–65) 86.8 /

Yu-2021 [43] Retrospective cohort 
study

Therapeutic (TA): enoxa-
parin (1 mg/kg BID) or 
apixaban (≥5 mg BID).et

298 61 (54–72) 63.2 /

Prophylactic (PA): no 
dose data

979 62 (50–75) 56 /
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16,167 COVID-19 patients and analyzed all-cause mor-
tality, events of major bleeding, thrombosis, and out-
comes of subgroups. The results showed that: (1) in 
terms of RCTs, T-AC was not associated with a lower 
risk of all-cause mortality in the COVID-19 patients, 
compared to P-AC, and the clinical benefit to patients 
with COVID-19 is unclear. However, the subgroup anal-
ysis of OBs shows that the mortality risk significantly 
reduces in critically ill COVID-19 patients treated with 
T-AC compared with those with P-AC treatment. In 
contrast, the mortality risk significantly increases in 

non-critically ill COVID-19 patients treated with T-AC. 
(2) In RCTs and OBs analyses, T-AC treatment has a 
significantly higher risk of major bleeding than P-AC 
treatment in COVID-19 patients. (3) Compared with 
P-AC treatment in COVID-19 patients, patients with 
T-AC treatment significantly reduce the incidence of 
venous thromboembolism, but it is not associated with 
arterial thrombosis events. (4) T-AC treatment does 
not reduce mortality risk in COVID-19 patients with 
high d-dimer levels in RCTs, consistent with overall 
outcome measures. (5) The overall sensitivity analysis 

Table 4  Outcomes of the 17 OBs

Abbreviations: VTE Venous thromboembolism, TA Therapeutic anticoagulation, PA Prophylactic anticoagulation

Author-year Intervention Death, n/total Major 
bleeding, n/
total

Major thrombotic 
events, n (%)

Any 
bleeding, 
n (%)

VTE, n (%) Any 
thrombotic 
events, n (%)

Castelnuovo-2021 [28] TA 62/418 / / / / /

PA 114/983 / / / / /

Elmelhat-2020 [29] TA 3/39 3/39 / 3 (7.7) / /

PA 0/20 0/20 / 0 (0) / /

Gonzalez-Porras-2021 [30] TA 57/120 6/120 3 / / /

PA 134/410 8/410 7 / / /

Hamad-2021 [31] TA 11/29 6/29 / / / /

PA 6/17 2/17 / / / /

Helms-2021 [32] TA 11/71 / 15 (21.1) / / /

PA 20/108 / 42 (38.9) / / /

Martinelli-2020 [33] TA 24/127 4/127 / / / /

PA 50/151 0/151 / / / /

Battistoni-2021 [34] TA 27/102 9/102 / / / /

PA 105/550 47/550 / / / /

Ionescu-2020 [8] TA 236/998 81/998 / / / /

PA 229/2121 46/2121 / / / /

Kaur-2020 [35] TA 109/381 / / / / /

PA 132/652 / / / / /

Canoglu-2020 [35] TA 10/56 / / / / /

PA 44/98 / / / / /

Qin-2021 [37] TA 25/77) / / / / /

PA 19/109 / / / / /

Matli-2021 [38] TA 7 /31 2/31 / / / 9 (38.7)

PA 5/51 2/51 / / / 5 (9.8)/

Mennuni-2021 [39] TA 40/149 1/149 1 (4.8) / 19 (12.8) /

PA 73/287 1/287 1 (1.5) / 3 (1.1) /

Kodama-2020 [40] TA 38/82 7/70 / / / /

PA 149/498 16/458 / / / /

Jonmarker-2020 [41] TA 5/37 1/37 / / / /

PA 26/67 8/67 / / / /

Takayama-2021 [42] TA 0/33 / 9/29. / 1 (3.0) 0 (0)

PA 5/29 / 1/33 / 4(13.8) 0 (0)

Yu-2021 [43] TA 163/298 41/298 / / / /

PA 298/979 35/979 / / / /
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Fig. 3  Association of two different dosages of anticoagulant (T-AC vs. P-AC) with primary outcomes (mortality and major bleeding) in pre-specified 
subgroups (critically vs. non-critically ill patients) of RCTs. T-AC = therapeutic anticoagulation; P-AC = prophylactic anticoagulation
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Fig. 4  Association of two different dosages of anticoagulant (T-AC vs. P-AC) with primary outcomes (mortality and major bleeding) in pre-specified 
subgroups (critically vs. non-critically ill patients) of OBs. T-AC = therapeutic anticoagulation; P-AC = prophylactic anticoagulation
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results after excluding RCTs data remain consistent 
with the previous results.

Previous clinical studies of patients with COVID-19 
demonstrate that anticoagulant treatment reduces the 
risk of mortality and thrombosis compared to that with-
out anticoagulation, which generally benefits patients 
[44]. Similarly, two previous studies show benefits in 
patients receiving anticoagulation, which is associated 
with increased survival compared with patients without 
anticoagulation treatment [7, 45]. However, there is an 
open question regarding anticoagulation doses treatment 
in COVID-19 patients, and whether therapeutic doses of 
anticoagulants are more effective than low-dose antico-
agulation for prophylaxis is still controversial.

In our meta-analysis, the COVID-19 patients treated 
with T-AC compared with P-AC treatment did not 
reduce mortality risk. However, in the OBs, T-AC 

treatment in COVID-19 patients significantly reduces 
the mortality in critically ill patients compared with 
the patients with P-AC treatment. Surprisingly, in non-
critically ill COVID-19 patients, T-AC treatment can 
increase mortality compared with the patients with 
P-AC treatment. Similar results are reported in another 
meta-analysis of observational studies [45]. In addi-
tion, recently published meta-analyses show no survival 
benefit with higher doses of anticoagulants in COVID-
19 patients, and they both increase the risk of major 
bleeding [46–48]. The results demonstrate that thera-
peutic doses increase bleeding events, while prophy-
lactic doses decrease the risk of bleeding in COVID-19 
patients. It is well known that exposure to high doses of 
anticoagulants can lead to major bleeding events, often 
with fatal consequences [49–51].

Fig. 5  Association of two different dosages of anticoagulant (T-AC vs. P-AC) with secondary outcomes (venous and arterial thromboembolism) in 
RCTs. T-AC = therapeutic anticoagulation; P-AC = prophylactic anticoagulation
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In our meta-analysis regarding arterial and venous 
thrombosis events, T-AC treatment in COVID-
19 patients significantly reduces the risk of venous 

thrombosis compared with P-AC treatment and increases 
the risk of major bleeding. However, the risk of arte-
rial thrombosis did not decrease in COVID-19 patients 

Fig. 6  Sensitivity analysis of primary outcomes (mortality and major bleeding) by excluding 4 studies with high heterogeneity. T-AC = therapeutic 
anticoagulation; P-AC = prophylactic anticoagulation
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treated with T-AC, consistent with previous studies 
[46–48]. The possible mechanisms for these results may 
be related to different pathogenesis of arterial and venous 
thrombosis. Venous thrombosis can be triggered by 
blood stasis, hypercoagulability, and endothelial dysfunc-
tion and occurs most commonly in the valve pockets of 
large veins [52]. However, arterial thrombosis, caused 
by atherosclerosis, is mainly formed by the aggregation 
of platelets [53]. The prophylaxis of arterial thrombosis 
is usually benefited from antiplatelet therapy. Whereas 
recent studies from three larger, open-label, randomized 
controlled trials do not support the addition of antiplate-
let treatment to prevent progressive thromboinflamma-
tory complications in hospitalized COVID-19 patients 
[54–56]. D-dimer levels were identified to be associated 
with vascular thrombosis and a poor clinical outcome in 
critical illness, which might suggest a strategy of d-dimer-
guided anticoagulation [57]. Compared with P-AC treat-
ment in COVID-19 patients, T-AC treatment does not 
reduce mortality risk in patients with high d-dimer levels 
(Additional file 7: Fig. S6). Its efficacy needs to be further 
studied.

Moreover, two included studies used rivaroxaban and 
apixaban as anticoagulant agents: Lopes-2021 [14] and 
Connors-2021 [26]. Both rivaroxaban and apixaban are 
orally available, direct factor Xa inhibitors with a differ-
ent mechanism of action than heparin. They are small 
molecules with a distribution volume exceeding heparin 
[58, 59], potentially allowing them to better access lung 
tissue to prevent alveolar thrombosis. Rivaroxaban and 
apixaban are used in outpatient settings because they are 
limited to non-critically ill COVID-19 patients. How-
ever, it is still unclear whether this diverse mechanism 
reflects a clinical difference between anticoagulant treat-
ment with rivaroxaban or apixaban and LMWH/UFH in 
patients with COVID-19. In addition, due to a small sam-
ple size of two sets of data (Lemos-2020 [13], Marcos-
Jubilar-2021 [23]), we excluded studies of rivaroxaban 
and apixaban treatment in COVID-19 patients from the 
subsequent sensitivity analysis to decrease type II errors. 
The results from the sensitivity analyses after exclusion 
are consistent with previous mortality and major bleed-
ing results. Sensitivity analyses for OBs are not per-
formed due to insufficient baseline characteristics and a 
lack of data integrity.

In addition, UFH prolongs clotting time by enhanc-
ing or activating antithrombin III (AT-III) and antico-
agulant factor Xa. Compared with UFH, LMWH exerts 
an anticoagulant effect by primarily enhancing and acti-
vating anticoagulant factor Xa [9]. There was no signifi-
cant difference in efficacy between UFH and LMWH 
[9]. LMWH has the advantages of a robust anticoagulant 
effect, low risk of major bleeding, and low probability of 

inducing heparin-related thrombocytopenia (HIT), mak-
ing it more preferred in the clinic. However, in critically 
ill patients, especially those with renal insufficiency or 
the elderly, LMWH tends to cause drug accumulation, 
leading to an increased risk of bleeding in these patients 
[60, 61]. In current available studies, many populations 
were unclassified, resulting in increased heterogeneity of 
the study populations and possibly inconsistent results 
between different uses of UFH and LMWH.

The clinical trial of “Therapeutic Anticoagulation ver-
sus Standard Care as a Rapid Response to the COVID-
19 Pandemic” (RAPID) was to determine if therapeutic 
heparin is superior to prophylactic heparin in moderately 
ill patients with COVID-19 [24]. Their results showed no 
significant reduction in the primary outcome of death, 
mechanical ventilation, or length of ICU stay with thera-
peutic heparin. However, therapeutic heparin was asso-
ciated with a significant decrease in all-cause mortality 
and a reduced risk of major bleeding in the patients with 
COVID-19. The results from the RAPID trial suggest 
that therapeutic heparin was beneficial to moderately ill 
patients with COVID-19 who were admitted to hospital 
wards [24]. A large observational study of 3119 patients 
with COVID-19 showed that both prophylactic and ther-
apeutic doses reduced mortality in COVID-19 patients 
with hypercoagulable states [8]. In addition, COVID-19 
patients who received the therapeutic dose had a higher 
survival probability than those with the prophylactic 
dose treatment. But in critically ill patients, there was 
an increased probability of major bleeding [8]. Notably, 
the benefit of high-dose anticoagulants is unclear due to 
active or potential bleeding complications, low baseline 
hemoglobin or platelet counts, and physician practice 
choices.

Based on the above interpretation and analysis, com-
pared without anticoagulants treatment, COVID-19 
patients prone to hypercoagulability have increased clini-
cal benefits of anticoagulation treatment. However, the 
choice of dose between T-AC and P-AC is still controver-
sial. In our integrated analysis of included RCTs and OBs, 
the evidence supporting the necessity for T-AC treat-
ment in critically ill COVID-19 patients came only from 
OBs. Still, close monitoring of the associated bleeding 
risk is also required. A previous study showed a hyperco-
agulable state in the COVID-19 presents during the early 
stage of infection [62]. Therefore, prompt anticoagula-
tion treatment may prevent the disease from progressing 
to severe forms in COVID-19 patients who may present 
with a disseminated intravascular coagulopathy (DIC)-
like state [63], thus preventing an increased risk of major 
bleeding.

Meanwhile, prophylactic anticoagulants may be the 
most beneficial option in non-critically ill patients, 
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reducing the incidence of major bleeding and fatal 
events. Routine use of therapeutic doses of anticoagu-
lants beyond the standard prophylactic dose is not sug-
gested in non-critically ill patients with COVID-19. Even 
though thromboprophylaxis does not reduce mortality 
in patients with acute illness [64], it can be used to pre-
vent venous thrombotic events in patients without indi-
cations for anticoagulation as a guideline-recommended 
[65]. Thromboprophylaxis reduces the risk of thrombo-
sis in patients with risk factors but not the risk of death 
[64]. Therefore, for patients without anticoagulation 
indications, the benefits of venous thrombosis prophy-
laxis outweigh the risks, which may be clinically ben-
eficial. In COVID-19 patients with a hypercoagulable 
state, the prophylactic dose may be less effective than 
the therapeutic dose for preventing venous thrombosis. 
In addition, another concern is the lack of guidance for 
the anticoagulation treatment window timing and symp-
tom onset time, even though the average time window 
for symptoms of COVID-19 patients is about one-week 
[66]. Therefore, further clinical trials are needed to con-
firm the effectiveness of the study on the time window 
of coagulation to prevent thrombosis in patients with 
COVID-19.

Strengths and limitations
The current comprehensive meta-analysis study incorpo-
rated all relevant RCTs and OBs and analyzed more stud-
ies and patients with COVID-19 than previous studies, 
which only included RCTs [46]. In RCTs, we did not find 
a statistical difference between the mortality of T-AC and 
P-AC treatment in patients with COVID-19. However, 
data analysis from OBs demonstrated that T-AC signifi-
cantly increased the survival of critically ill patients with 
COVID-19, but not the non-critically ill patients. In both 
RCTs and OBs, T-AC treatment in COVID-19 patients 
showed a decreased risk of venous thromboembolism 
but increased the risk of bleeding compared to P-AC 
treatment.

Contrasting with merely pooling RCTs, we discovered 
some controversies about the conclusion of the meta-
analysis. Observational studies play an essential role 
in guiding patient care, making medical decisions, and 
providing evidence among representative patients with 
varying severity. Nowadays, policymakers increasingly 
require much real-world data such as electronic medical 
records to conduct observational studies on the medical 
evidence and clinical practice [67]. RCTs provide the pri-
mary evidence for regulatory decisions. Still, as the meth-
ods of real-world research mature, there will be more 
opportunities to supplement the limited aspects of RCTs 
using real-world research [68].

We agree that selection bias and other confounding 
factors are usually caused by imperfect experimental 
design in observational studies. However, our analysis 
and judgment of experimental results are not only based 
on the confounding factors and biases of observational 
studies, but also observational studies have the advantage 
of helping us to clarify the results better. Nevertheless, 
in the context of the COVID-19 pandemic, OBs came 
before a clear rationale for the choice between T-AC and 
P-AC has been produced by rigorous RCTs. For this rea-
son, data from OBs might be influenced or biased by the 
different patient severity which might have affected clini-
cian decisions on treatment and dose assignment due to 
hypothetical benefits or personal expectations. This may 
explain the observed discrepancy between early OBs and 
subsequent RCTs in terms of mortality in critically and 
non-critically ill patients. Of course, future high-quality 
large RCTs and well-conducted OBs based on new real-
world data coming after RCTs results could eventually 
clarify the best anticoagulation therapy in COVID-19 
patients.

However, several limitations to our study should be 
noted. First, due to the limitations of baseline character-
istics, we did not perform detailed subgroup analyses, 
and all analyses were classified into severe and non-
severe cases according to clinical conditions. In addition, 
the quality of the included RCTs varied, and all but two 
trials had an open-label design, which may lead to bias 
in the determination of thrombotic and bleeding events. 
Detailed sensitivity analyses for OBs were not performed 
due to a lack of information. Second, the sample sizes of 
two studies were too small with inadequate representa-
tion, and two used rivaroxaban and apixaban as antico-
agulation treatment in patients with COVID-19. This 
may lead to increased heterogeneity and statistical error 
in type II. But we performed a sensitivity analysis later 
and excluded them. Thirdly, the population definitions 
used in the studies are different, such as critically ill and 
non-critically ill patients, which cannot be summarized 
uniformly, resulting in biased population classification. 
In addition, there was no standardization of prophylac-
tic and therapeutic treatment strategies, and definitions 
of primary and secondary outcomes were inconsistent. 
Therefore, our results should be considered carefully, as 
possible confounding cannot be completely ruled out. 
Fourth, the observation methods and time of outcome 
indicators, such as major bleeding, were inconsistent in 
different studies. There was heterogeneity among study 
populations, settings, experimental designs, interven-
tions, and detection methods. Finally, there was one 
study that used direct oral anticoagulants [25] as its ther-
apeutic anticoagulation, and two other studies used rivar-
oxaban or bemisaban.
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Conclusions
In our integrated analysis of included RCTs and OBs, 
there is no significant difference between the mortal-
ity of T-AC and P-AC treatment in unselected patients 
with COVID-19. T-AC treatment showed a higher risk 
of bleeding than the COVID-19 patients with P-AC 
treatment. Compared to P-AC, T-AC treatment was 
associated with a significantly decreased risk of venous 
thromboembolism in the patients with COVID-19. How-
ever, there was no association with arterial thrombo-
embolism. In addition, P-AC treatment was superior to 
T-AC treatment in non-critically ill COVID-19 patients, 
and the evidence supporting the necessity for T-AC 
treatment in critically ill COVID-19 patients came only 
from OBs.
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