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Abstract

The coronavirus disease 2019 (COVID-19) is associated with prolonged prothrombin time (PT), active partial
thromboplastin time (aPTT), and increased D-dimer levels. Therefore, we aim to investigate if
anticoagulants (AC) and antiplatelet (AP) therapy play a role in mitigating COVID-19 and its associated
thrombosis along with its effect on the mortality rate, the need for mechanical ventilation, and the risk of
hospital admission. Electronic databases were searched from their inception to July 19, 2022. The studies
were divided into two groups: Group A (any dose of AC/AP versus no AC/AP) and Group B (therapeutic dose
of AC (tAC)/AP versus prophylactic dose of AC (pAC)/AP). Review Manager (RevMan) version 5.4.1 (The
Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) was used for all statistical
analyses. Adjusted data ratios were extracted from all included studies and pooled using the random effects
model. A total of 33 studies were taken for the analysis of two groups (Group A: 285,065 COVID-19-positive
patients, Group B: 2,421 COVID-19-positive patients). Overall analysis in Group A showed that the AC/AP
group had a low risk of mortality in COVID-19 patients compared to the control group (risk ratio (RR): 0.77,
95% confidence interval (CI): 0.69-0.86). There was no significant difference in the need for mechanical
ventilation (RR: 0.80, 95% CI: 0.60-1.08) and hospital admission (RR: 1.12, 95% CI: 0.78-1.59) between the
AC/AP and no AC/AP group. Alongside, in Group B, tAC/AP did not demonstrate a significant decrease in
mortality as compared to pAC/AP (RR: 0.62, 95% CI: 0.37-1.06). Treatment with AC and AP drugs can
significantly decrease the mortality rate in COVID-19-infected patients, while AC also significantly reduces
the need for mechanical ventilation.

Categories: Internal Medicine, Infectious Disease, Public Health
Keywords: mortality, antiplatelets, anticoagulants, severe acute respiratory syndrome, covid-19

Introduction And Background

The coronavirus disease 2019 (COVID-19) has a very high mortality rate, and over the course of two and a
half years, the virus has claimed over 6,000,000 lives globally [1]. While the disease is mainly known for its
associated pulmonary complications, it has also been linked with dangerous cardiovascular complications,
mainly thromboembolic events [2]. The hypercoagulable state caused by the virus is corroborated by
prolonged prothrombin time (PT) and active partial thromboplastin time (aPTT), along with increased D-
dimer levels [3]. The coagulopathy seen in COVID-19 patients manifests in the form of venous and arterial
thromboembolism and is associated with a poor prognosis [3].

Considering the thrombogenic effects of COVID-19, it is plausible that anticoagulation benefits patients by
reducing the risk of thromboembolism while also ultimately decreasing the risk of mortality [4]. Therapeutic
anticoagulation (tAC) and prophylactic anticoagulation (pAC) have both been linked with reduced mortality
rates and a decreased need for intubation in COVID-19 patients [5]. Since platelets play an important role in
clotting and contribute to thrombus formation, the use of antiplatelet agents such as aspirin and
dipyridamole in the management of COVID-19 has also proven to be beneficial [6].

Previous meta-analyses have been carried out on unadjusted data [7]. COVID-19 infection is associated with
unique laboratory findings such as thrombocytopenia with elevated fibrinogen and fibrin D-dimer; all these
laboratory abnormalities are associated with poor outcomes. A fine balance of thrombotic prophylaxis is
required to reduce mortality and morbidity without increasing the risk of bleeding [7]. Studies have shown
that adjusted data is more robust than non-adjusted data as it takes into account and minimizes the effect of
cofounders [8]. Our meta-analysis comprises adjusted data from studies evaluating the efficacy of
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anticoagulants (AC) and antiplatelet (AP) agents in the management of COVID-19. We aim to investigate if
AC and AP therapy play a role in mitigating COVID-19 and the thrombosis associated with it while also
evaluating its effect on the COVID-19 mortality rate, the need for mechanical ventilation, and the risk of
hospital admission.

Review
Methods

This study is conducted as per the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [9].

Literature Search

Databases such as PubMed, Medline, Google Scholar, Medrix, and Cochrane CENTRAL were used from their
inception to August 19, 2022, with the help of a search string using the following keywords: COVID-19 OR
Coronavirus OR SARS-CoV-2 OR severe acute respiratory syndrome coronavirus 2 AND Anticoagulants OR
Antiplatelets OR Aspirin OR Warfarin OR Coumadin OR Heparin OR Clopidogrel OR Dabigatran OR
Ticagrelor OR Prasugrel OR Acetylsalicylic acid OR Rivaroxaban OR Heparin OR LMWH OR Cilostazol OR
Apixaban. Furthermore, we looked for any relevant studies or previous meta-analyses for any grey literature.
A detailed literature search is shown in the Appendices.

Inclusion Criteria

The criteria for the included study were as follows: (a) participants aged >18 years who were screened and
tested positive for COVID-19, (b) any dose of AC/AP compared with a placebo, (c) a therapeutic dose of
AC/AP compared with a prophylactic dose, (d) reported at least mortality outcome, and (e) results reported
after adjusting for covariates. We accepted the primary investigators’ definitions of therapeutic and
prophylactic doses.

Studies not meeting the above criteria, review articles, case reports, animal studies, editorials, and
perspective communications were not included. Studies that did not report outcomes for adjusted data and
were in languages other than English were also excluded.

Study Selection and Quality Assessment

Two reviewers independently performed an online search. All the articles were retrieved into the EndNote
Reference Library software X4 to check for repeats. The reviewers assessed and selected the articles that
matched the inclusion criteria. At first, articles were shortlisted based on title and abstract, and then, the full
text of the article was reviewed to confirm the study’s relevance. Another reviewer was consulted for any
discrepancies.

The modified Cochrane Collaboration’s risk of bias tool and the Newcastle-Ottawa Scale were used for
assessing the quality of randomized control trials and observational studies, respectively [10,11]. The
Cochrane tool focuses on different domains ranging from design to conduct, to reporting of the control
trials, while the Newcastle-Ottawa Scale focuses on three areas: selection, comparability, and
ascertainment.

Data Extraction, Groups, and Outcomes

Baseline demographics such as age, gender, and comorbidities (diabetes mellitus (DM), hypertension,
chronic obstructive pulmonary disease (COPD), atrial fibrillation, heart failure, ischemic stroke, chronic
kidney disease, coronary artery disease, and smoking history) and details of anticoagulation were extracted
from each study. Details of variables that were adjusted in each study were also extracted.

The studies were divided into two groups: Group A, which consisted of studies where any dose of AC or AP
(experimental) was compared to no AC or AP (control), and Group B, which consisted of studies that
compared the therapeutic dose of AC or AP (tAC/AP) (experimental) to the prophylactic dose of AC or

AP (pAC/AP) (control).

Only those outcomes were considered that were analyzed based on adjusted data. Adjusted data helps us in
homogenizing the study population and overcomes the problem of missing or uneven data. Mortality, need
for mechanical ventilation, and risk of hospital admission were reported for AC/AP versus no AC/AP (Group
A), and only mortality outcome was reported for tAC/AP versus pAC/AP (Group B).

Statistical Analysis

Review Manager (RevMan) version 5.4.1 (The Nordic Cochrane Centre, The Cochrane Collaboration,
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Copenhagen, Denmark) was used for all statistical analyses. Adjusted data ratios were extracted from all
included studies and pooled into RevMan using the random effects model. Risk ratio (RR) along with 95%
confidence interval (CI) were calculated and reported for all outcomes. Subgroup analysis was done based on
AC and AP type, and a p-value lower than 0.05 was considered significant.

The leave-one-out sensitivity analysis was carried out on the involved outcomes: mortality, ventilation, and

hospital admission risk. In addition, heterogeneity was assessed with the help of Higgins 12; 25%-50% was
considered to be mild heterogeneity, 50%-75% was considered moderate heterogeneity, and >75% was
considered significant heterogeneity [12].

Results
Literature Search Results
A total of 3,550 articles were recruited from all the databases, and 240 studies were shortlisted to satisfy the

eligibility criteria. After screening the 240 studies for adjusted data and outcomes, 33 studies [13-45] were
taken to analyze two groups. The detailed search is summarized in the PRISMA flowchart (Figure 1).

c
.g Records identified through Additional records identified
S database searching through other sources
:;E; (n=3550 ) (n=0)
o
1
=) v v
Records after duplicates removed
(n=1610 )
o
£
<
§ v
b Records screened > Recor:ls excludad
(n=1610 ) (n=1370)
. Full-text articles
Full-text articles d *  excluded, with reasons
E for eligibility (n=207)
3 (n=240) *  Lack of adjusted data
5’ ¢ Casereports
1 ¢ Reviews
s Editorials
) Studies included in o  Animal studies
qualitative synthesis o Casaserias
(n=33) ¢ Systematic reviews
¢  Meta-analyses
2 ¢ Case series
o
% Studies included in quantitative synthesis (meta-
= analysis) (n=33)
* Any dose AC/AP vs. No AC/AP (n=24)
® Therapeutic AC/AP vs. prophylactic AC/AP (n=10)
One study had data of both groups

FIGURE 1: PRISMA flowchart showing the summary of the literature
search

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses, AC: anticoagulant,
AP: antiplatelet

Study Characteristics
Group A (any dose of AC/AP versus no AC/AP) of the meta-analysis included 24 studies with a total of

285,065 COVID-19-positive patients: 190,224 in the AC/AP arm and 94,841 in the placebo (no AC/AP) arm.
The baseline characteristics of the studies are mentioned in Table 1.

Atrial Heart Ischemic Current
Age (years) Male AC or AP DM CKD COPD
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Study name

Paranjpe et al.

(2020) [13]

Russo et al. (2020)

[14]

Tremblay et al

(2020) [15]

Nadkarni et al.

(2020) [16]

Shankaranarayanan

etal. (2020) [17]

Rivera-Caravaca et

al. (2020) 18]

Rentsch et al.

(2020) [19]

Denas et al. (2020)

[20]

Flam et al. (2020)

[21]

Meizlish et al.

(2021) 2]

Di Castelnuovo et

al. (2021) 23]

lonescu et al.

(2020) [24]

Falcone et al.

(2020) [25]

lonescu et al.

(2021) [26)

Chow et al. (2021)

[27]

Al-Samkari et al.

(2021) [28)

Haii Aghajani et al.

(2021) 29]

Rivera-Caravaca et

al. (2021)[30]

The OpenSAFELY
Collaborative et al.

(2021) [31]

Vaughn et al. (2021)

[32]

Spiegelenberg et al.

(2021) [33]

Lund et al. (2022)

(34

Study

location

New York

Italy

New York

New York

Ecuador,
Germany,
Italy, and

Spain

United States

Italy

Sweden

United States

Italy

United States

Italy

Italy

United States

United States

Iran

United

Kingdom

United

Kingdom

Michigan

Netherlands

Denmark and

Sweden

(median

(IQR)/mean  SD)

67.7+15.2

56.6 +18.2

65 (53-77)

67 (59-75)

AC group: 81 (75-
87), control

group: 83 (74-88)

68.3 (58.2-75)

75-84 (44.9%)

73.6 (7.6)

>60 (58.7%)

68 (57-79)

7415

70 (57-80)

64.5+17.0

55 (41-66)

61(53-71)

61.640 £ 17

67.30 £ 15.43

71 (66-75)

64 (52-75)

76 (72-82)

Denmark: 72 (59-
82), Sweden: 60

(47-73)

gender

(%)

115

(59.9)

2,067

(54.8)

2,457

(66)

57(71)

129

(59.1)

8,010

(93.4)

2,546

(54.2)

8,476

(60.3)

1,555

(60.4)

69 (54)

13,416

(51.6)

7

Denmark:
50,

Sweden:

group/control

group (number)

786/1,987

81/111

913/2,859

2,859/1,530

350/152

109/109

4,303/4,273

651/4,046

103,703/36,875

1,624/1,956

1,804/770

PAC: 47, 1AC:

67,no AC: 13

244/838

PAC: 2,121, tAC:

998, no AC: 361

98/314

384/2,425

AC: 336, no AC:

655

13,003 /13,003

52,416/18,048

1,1271162

856/964

Denmark:
7711921,

Sweden:

Hypertension

(number (%))

111 (57.8)

1,526 (34.8)

179 (82.1)

67.80

87.70

52.30

78

41.20

78.60

41.07

18,707 (71.9)

21,851 (41.7)

157 (71.7)

112 (59)

(number

(%))

42 (21.9)

68 (31.2)

42.90

23.60

21.40

51

18.40

55.10

30.58

9,846

(37.9)

6,340

(12.09)

52 (27)

fibrillation
(number

(%))

24 (12.5)

298 (6.8)

10 (4.6)

12,498

(48.1)

Denmark:
15 (2),

Sweden: 12

failure
(number

(%))

20 (10.4)

362 (8.3)

10.90

16.60

25.60

7,564 (29.1)

5,624 (10.7)

40 (21)

Denmark:
57 (7),

Sweden: 56

stroke
(number

(%))

16 (8.3)

42(19.3)

21

5,286 (20.3)

1,029 (2)

37(19)

Denmark:
58 (8),

Sweden: 28

(number

(%))

12(6.2)

493 (11.3)

33 (15.1)

19.50

8.4

22

10.29

8,842 (34)

8,431 (16.1)

68 (31.1)

Denmark:
1(1),

Sweden: 21

CAD

(number (%))

26 (13.5)

541 (12.4)

31(14.2)

34.70

19.58

52 (27)

Denmark: 188
(24), Sweden:

165 (14)

(number

(%))

26 (13.5)

216 (4.9)

40 (18.3)

15.20

4,763

(18.3)

5,216

(10)

smoker
(number

(%))

155 (4.1)

9(4.1)

Denmark:
55 (10),

Sweden: -
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56 1,167/701 ™M (5) () )

Buenen et al. (2021)
Netherlands 72 64 110/387 87 (79) 29(26) - - - 35(32)

[35]

Hara et al. (2021) 121 158
Japan 67 (56-76) 71.95 367/1,381 166 (45.2) - 10 (2.7) 19 (5.2) 2(0.5) - 46 (12.5)

[36] (34.8) (43.1)

TABLE 1: Baseline characteristics for Group A (any dose AC/AP versus no AC/AP) studies

Group A consisted of studies where any dose of AC or AP (experimental) was compared to no AC or AP (control).

AC: anticoagulant, AP: antiplatelet, IQR: interquartile range, SD: standard deviation, DM: diabetes mellitus, CKD: chronic kidney disease, CAD: coronary
artery, COPD: chronic obstructive pulmonary disease, pAC: prophylactic dose of AC, tAC: therapeutic dose of AC

Group B of the meta-analysis includes 10 studies with a total of 2,421 COVID-19-positive patients: 929 in
the therapeutic arm and 1,492 in the prophylactic arm. The baseline characteristics of the included studies
are mentioned in Table 2.
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Pulmonary Kidney

Age (years) Male gender coPD Stroke  CVD
Study Therapeutic/prophylactic DM (number disease disease Hypertension Heart failure
Study name (median (IQR)/mean  (number (number (number  (number
location group (number) (%)) (number (number (number (%)) (number (%))
+SD) (%)) (%)) (%)) (%))
(%)) (%))
Ferguson et Therapeutic: 65 (56-
al. (2020) = 73), prophylactic: 63 78 (56.3) 46/95 34 (24.1) = s - - R R R
137 (52-71)
Pesavento et
Padua,
al. (2020) 70 (57-81) 181 (55.9) 84/240 - - - - - - - -
Italy
[38]
Motta et al.
Fairfield  64.7 (18.1) 220 (58.8) 751299 118 (31.6) 94 (25.1) 40 (10.7) - S o o o
(2020) [39]
Bolzetta et al. PAC: 84.1 + 111, PAC: 13 (54), PAC: 22.8, PAC: 17.5, PAC: 66.7, tAC:  pAC: 3.5, PAC: 7,
Italy 24/57 - - -
(2020) [40] tAC: 87.1£8.0 tAC: 40 (70) tAC: 29.2 tAC: 8.3 61.4 tAC: 4.2 tAC: 4.2
Meizlish etal.  United
o o 191/191 o & - - - - - 237
(2021) [22] States
Martinelli et
al. (2021) - 59 (49-67) 181 (65.1) 1271151 - - - - - - - -
[41]
Trinh et al New
59.6 +13.2 161 (66) 161/83 90 (36.9) - 24 (9.8) 10 (4.1) 122 (50) ° ° °
(2020) [42] York
Jonmarker et
al. (2020) Sweden 61 (52-69) (82.2) 37167 - - - - - - - -
[43]
Prophylactic: Prophylactic: ~ Prophylactic: 20 Prophylactic: Prophylactic:
Prophylactic: 59.69 +
Mati et al. 10 (19.6), 0(0), (39.2), 2(39), 1(2),
Lebanon 17.04, therapeutic: 11(13.4) 31/51 - 4(4.9) -
(2021) [44] therapeutic: 8 i ic: 14t 21 therapeutic:
62.55 £ 15.8
(25.8) 1(32) (45.2) (3.2) 1(32)
Prophylactic: Prophylactic: Pr [ [ ic: 66 Prophylactic: Prophylactic:
Hoogenboom Prophylactic: 56 (48-
United 66.4, 49 (31), 1(7), 4(3), (42), 10 (6), 17 (1),
etal. (2022) 67), therapeutic: 63 153/158 - -
States therapeutic: therapeutic: 43 83 11 therapeutic:
[45] (53-72)
728 (28) 14.(9) 16 (10) (54) @) 26 (17)

TABLE 2: Baseline characteristics for Group B (therapeutic dose of AC/AP versus prophylactic
dose of AC/AP) studies

Group B consisted of studies that compared the therapeutic dose of AC or AP (tAC/AP) (experimental) to the prophylactic dose of AC or AP (pAC/AP)
(control).

AC: anticoagulant, AP: antiplatelet, IQR: interquartile range, SD: standard deviation, DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease,
CVD: cardiovascular disease, pAC: prophylactic dose of AC, tAC: therapeutic dose of AC

Quality Assessment and Publication Bias

The quality assessment showed that the included studies in both groups had a low to moderate risk of bias.

Visual assessment of the funnel plot showed no publication bias, which was also confirmed by Egger’s
regression (p = 0.21) (Figure 2).
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FIGURE 2: Funnel plot of publication bias

Results of Meta-Analysis for Group A (Any Dose of AC/AP Versus No AC/AP)

All-cause mortality: All 24 studies reported mortality outcomes. Overall analysis showed that the AC/AP
group had a low risk of mortality in COVID-19 patients compared to the control group (RR: 0.77, 95% CI:

0.69-0.86; p < 0.00001; 12 = 93%).

On subgroup analysis, the AC subgroup showed a statistically significant decrease in the risk of mortality
(RR: 0.76, 95% CI: 0.66-0.87; p < 0.0001; 2= 89%), whereas in the AP subgroup, a non-significant decrease

in mortality was seen compared to the control group (RR: 0.75, 95% CI: 0.53-1.05; p = 0.10; I% = 77%) (Figure
3).
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AC/IAP No AC/AP Risk Ratio Risk Ratio
Study or log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% C1
1.3.1 Anticoagulant
Al-Samkari H, 2021[28) 0.157 0.1571 384 2425 4.0% 1.17[0.86, 1.59] 3 R
B Flam, 2020 [21] -0.1054 0121 103703 36875  46% 090[0.71,1.14] =
Buenen AG, 2021 [35] -0.4463 0.2149 110 387 31% 064 (0.42,0.99] -
Denas G, 2020 [20] -0.2107 01123 651 4046 4.8% 0.81[0.65,1.01] =
Di Castelnuovo A, 2021[23] -05108 01033 1804 779 49% 060(0.49,0.73] T
Falcone M, 2020 [25] -1.0217 0275 244 838 24% 0.36(0.21,0.62] =
Hara H, 2021 [36] 00198 0124 367 1381 46% 1.02(0.80, 1.30] o
lonescu F, 2020 [24] -1.8971 0.3889 114 13 15% 015[0.07,0.32) +¥———
lonescu F, 2021(26) -1.9661 05253 3119 361 0.9% 014(0.05039 +——
Lund LC, 2022 (Denmark) [34] -0.2744 01379 m 921 4.3% 0,76 (0.58, 1.00) |
Lund LC, 2022 (Sweden) [34] 0.157 0.2269 1167 m 3.0% 117(0.75,1.83) _
Nadkarni GN, 2020 [16] -06349 00835 2859 1530 5.2% 053 [0.45, 0.62] =
Opensafely collaborative, 2021 [31] -0.2485 016 52416 18048 4.0% 078 (0.57,1.07) ST
Paranjpe |, 2020[13] -0.1508 0.0243 786 1987  5.8% 0,86 (0.82, 0.90] =
Rentsch CT, 2020 [19] -0.3147 00514 4303 4273 56% 0.73(0.66, 0.81] e
Rivera-Caravaca JM, 2020 [18] 04253 01777 109 109 37% 153[1.08,217) e
Rivera-Caravaca JM, 2021 (30] 0.239 0.0641 13003 13003 55% 1.27[1.12,1.44] e
Russo V, 2020 [14] 01398 07029 26 111 0.6% 1.15(0.29, 4.56] =
Shankaranarayanan D, 2020 [17] -05276 0.1497 350 152 41% 059 [0.44,0.79] o
Spiegelenberg JP, 2021(33] 00198 0124 164 410 46%  1.02(0.80,1.30] a3
Tremblay D, 2020 [15] 0.189 0.2432 24 2859 2.8% 1.21[0.75, 1.95] o ]
Vaughan VM, 2021[32) -1.0217 0166 970 162 3.9% 0.36 [0.26, 0.50] e
Subtotal (95% CI) 187661 91371  83.8% 0.76 [0.66, 0.87] L
Heterogeneity: Tau®= 0.08; Chi*= 191.23, df= 21 (P < 0.00001); F= 89%
Test for averall effect Z=3.89 (P = 0.0001)
1.3.2 Antiplatelet
Aghajani MH, 2021 [29] 0.0344 0.0045 336 655  5.9% 1.03[1.03,1.04]
Chow JH, 2021[27] -0.6349 0.2736 98 34 24% 053(0.31,0.91]
Meizlish ML, 2021[22] -0.6501 0.2248 319 39 3.0% 052(0.34,0.81] o
Russo V, 2020 [14] -06733 0453 55 1M1 1.2% 051(0.21,1.24)
Tremblay D, 2020 [15] 0.0286 0.1801 672 2859 3.6% 1.03(0.72,1.46) o [aeee
Subtotal (95% CI) 1480 4258 16.2% 0.75[0.53, 1.05] -
Heterogeneity. Tau®= 0.10; Chi*= 17 68, df= 4 (P=0.001); F=77%
Test for overall effect. Z=167 (P=0.10)
Total (95% CI) 189141 95629 100.0% 0.77 [0.69, 0.86] *
Heterogeneity: Tau®= 0.05; Chi*= 348.48, df= 26 (P = 0.00001), F= 93% U‘ 1 032 035 é é 1:0
Test for overall effect: Z= 4.70 (P < 0.00001) & “Favours ACIAP Favours No ACIAP

Testfor subaroup differences: Chi=0.01. df=1 (P =094).F=0%

FIGURE 3: Forest plot of all-cause mortality outcome

Red squares and their corresponding lines are the point estimates and 95% CI per each study. Black diamonds
represent the pooled effect estimate.

IV: inverse variance, SE: standard error, Cl: confidence interval, AC: anticoagulant, AP: antiplatelet

On sensitivity analysis, removing any study did not significantly change the overall results and
heterogeneity.

Need for mechanical ventilation: Out of 24 studies, only four reported mechanical ventilation as one of their
outcomes. There was no significant difference in the need for mechanical ventilation between the AC/AP

group and the no AC/AP group (RR: 0.80, 95% CI: 0.60-1.08; p = 0.15; 2= 62%).

On subgroup analysis, a significant decrease was noted in the AC subgroup (RR: 0.75, 95% CI: 0.62-0.91; p =

0.004; 1% = 0%), but the AP subgroup showed no significant decrease (RR: 0.83, 95% CI: 0.38-1.81; p = 0.64; 12
= 85%) (Figure 4).

ACIAP No ACIAP Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE  Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Anticoagulant
MNadkarni GN, 2020 [16] -0.3285 01103 2859 1530 34.0% 0.72[0.58,0.89] —
Tremblay D, 2020 [15] -0.0998 0235 241 2858 20.8% 0.91[0.57,1.43] —
Subtotal (95% CI) 3100 4389 54.8% 0.75[0.62, 0.91] >

Heterogeneity: Tau®= 0.00; Chi= 0.78, df=1 (P = 0.38); F= 0%
Testfor overall effect: Z= 2.88 (P = 0.004)

1.4.2 Antiplatelet

Chow JH, 2021 127] -0.5798 0.2114 a8 314 230% 056 [0.37,0.85) T
Tremblay D, 2020 [15] 02143 02187 672 2859 223% 1.24(0.81,1.90] o
Subtotal (95% CI) 770 3173 452% 0.83 [0.38, 1.81]

Heterogeneity: Tau®=0.27, Chi®= 6.82, df=1 (P = 0.009);, F= 85%
Testfor overall effect Z= 0.47 (P = 0.64)

Total (95% Cl) 3870 7562 100.0% 0.80 [0.60, 1.08]

Heterogeneity: Tau®= 0.06, Chi*= 7.84, df= 3 (P = 0.05), F= 62% 02 o5 H ‘i? %
Testfor overall effect Z=1.44 (P=0.15) : Favoufé ACIAP Favours No ACIAP
Testfor subaroup differences: Chi*= 0,06, df=1 (P=0.80). F= 0%

FIGURE 4: Forest plot of mechanical ventilation

Red squares and their corresponding lines are the point estimates and 95% CI per each study. Black diamonds
represent the pooled effect estimate.

IV: inverse variance, SE: standard error, Cl: confidence interval, AC: anticoagulant, AP: antiplatelet
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On sensitivity analysis, removing the study by Tremblay et al. (2020) [15] significantly changed the overall

heterogeneity from 62% to 15% and turned the results significant (RR: 0.71, 95% CI: 0.58-0.87; p = 0.001; 12
= 15%).

Risk of hospital admission: Only four studies reported hospital admission as one of their outcomes. The
results did not show a significant difference between the AC/AP group and the control group (RR: 1.12, 95%

CI: 0.78-1.59; p = 0.54; I2 = 91%) (Figure 5).

APIAC  Control Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.5.1 Anticoagulants
B Flam, 2020 [21] 0 01468 103703 36875 20.0% 1.00[0.75,1.33] 2020 =
Tremblay D, 2020 [15) 0.0266 0.2303 913 2859 16.8% 1.03[0.65,1.61] 2020 T
Rivera-Caravaca JM, 2021 (18] 0.5423 00243 13003 13003 23.0% 1.72[1.64,1.80) 2021 =
Opensafely collaborative, 2021 [31] -0.0834 01542 52416 18048 19.8% 0.92[068,1.24] 2021 | P
Subtotal (95% CI) 170035 70785 79.6% 1.45[0.77,1.72] i

Heterageneity: Tau® = 0.15; Chi*= 33.05, df= 3 (P = 0.00001); F=91%
Test for overall effect Z= 069 (P = 0.49)

1.5.2 Antiplatelets
Tremblay D, 2020 [15] -0.0111 04377 913 2859 20.4% 0.99[0.76,1.30] 2020

¢

Subtotal (35% CI) 913 2859 20.4% 0.99 [0.76, 1.30]

Heterogeneity: Not applicable

Testfor overall effect: Z= 0.08 (P = 0.94)

Total (95% CI) 170948 73644 100.0% 1.12[0.78,1.59] -?-'

05 07 1 1.5 2
Favours AC/AP Favours No AC/AP

Heterogeneity: Tau*= 0.14; Chi*= 46.87, df= 4 (P < 0.00001), F=91%
Test for overall effect Z= 061 (P = 0.54)
Test for subaroup differences: Chi*= 038, df=1 (P = 054). F=0%

FIGURE 5: Forest plot of hospital admission

Red squares and their corresponding lines are the point estimates and 95% CI per each study. Black diamonds
represent the pooled effect estimate.

IV: inverse variance, SE: standard error, Cl: confidence interval, AC: anticoagulant, AP: antiplatelet

Removing the study by Rivera-Caravaca et al. (2021) [18] reduced the heterogeneity level from 91% to 0%,
but the results remained insignificant (RR: 0.98, 95% CI: 0.84-1.14; p = 0.78; 2= 0%).

Results of Meta-Analysis for Group B (Therapeutic Dose of AC/AP (tAC/AP) Compared With Prophylactic Dose of
AC/AP (pAC/AP))

All-cause mortality: All 10 studies reported mortality as their outcomes. The usage of the therapeutic dose
does not show a significant decrease in mortality than the prophylactic dose (RR: 0.62, 95% CI: 0.37-1.06; p =

0.08; 12 = 81%) (Figure 6).

ic ACIAP Pr ic ACIAP Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 85% CI IV, Random, 95% CI
Bolzetta F, 2020 [40] -0.1165 05548 24 57 85% 0.88[0.30, 2.64] =
Fergusan J, 2020 [37) 06539 03537 45 95 108%  052(0.26,1.04] —_—
Hoogenboom WS, 2022 [45] 01906 01923 1463 1158 12.4% 1.21(0.83,1.76] B e
Jonmarker 8, 2020 [43] -1.1087 0.4753 37 67 9.4% 0.33[0.13,0.84] -
Martinelli I, 2021 [41] -1.0217 03537 127 151 10.8% 0.36(0.18,0.72] e e
Matli K, 2021 [44] -20715 07674 3 51 6.4% 013[0.03, 057] =
Weizlish ML, 2021 (23] -06578 0.2652 191 191 11.7% 0.52(0.31,0.87] e
Motta JK, 2020 [39] 08755 05004 75 280 Q1% 2.40[090,6.40] |
Pesavento R, 2020 [38] 09517 0.4098 84 240 10.2% 2.59(1.16,5.78) e
Trinh MA, 2020 [42] -1.5654 0.3761 161 83 10.6% 0.21[0.10, 0.44] e
Total (95% CI) 929 2392 100.0% 0.62 [0.37, 1.06] -
Heterogeneity: Tau® = 0.56; Chi* = 47 87, df=9 (P < 0.00001); F= 81% N1 o 70 100

Test for overall effect: Z=1.73 (P = 0.08) Therapeutic AC/AP  Prophylactic ACIAP

FIGURE 6: Forest plot of all-cause mortality outcome

Red squares and their corresponding lines are the point estimates and 95% CI per each study. Black diamonds
represent the pooled effect estimate.

IV: inverse variance, SE: standard error, Cl: confidence interval, AC: anticoagulant, AP: antiplatelet

On sensitivity analysis, removing any study did not significantly decrease the heterogeneity value.

Discussion

Our meta-analysis comprising 34 adjusted data studies and a sample size of 287,486 patients found that any
dose of AC/AP significantly lowered the mortality risk in COVID-19 patients as compared to patients who
received no therapy, with the subgroup analysis demonstrating that the decrease was significant in the AC
group compared to the AP group. Subgroup analysis showed that any dose of AC therapy significantly
decreased the need for mechanical ventilation in COVID-19-positive patients, while any dose of AP agents
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yielded no significant results. Patients treated in the any dose of AC/AP group did not have a reduced risk of
hospital admissions due to COVID-19. Importantly, our results also reveal that the therapeutic dose of
AP/AC was associated with a lower risk of mortality compared to the prophylactic dose, but the results were
non-significant.

Our findings align with those of a prior systematic review and meta-analysis conducted by McBane et al.,
which found that anticoagulation reduced mortality in COVID-19 patients compared to those who did not
receive it [7]. However, when comparing mechanical ventilation, our results differ from those of McBane et
al.’s study since our analysis shows that anticoagulation significantly reduced the need for mechanical
ventilation in COVID-19-positive individuals, compared to their meta-analysis, which reported the contrary.
This significant difference can be attributed to the observational nature of the research employed in McBane
et al’s meta-analysis and the small sample size [7]. Previously conducted meta-analyses evaluating the role
of antiplatelet therapy for COVID-19 patients show conflicting results, with some studies demonstrating
that there is no appreciable decline in mortality following monotherapy with antiplatelet drugs [46-48],
while another meta-analysis found that aspirin, an antiplatelet drug, significantly lowered the risk of
mortality when used for COVID-19-infected patients (RR: 0.56, 95% CI: 0.38-0.81, p = 0.002) [49].

Thrombosis is a key feature of the SARS-CoV-2 infection and is characterized by an inflammatory response
to the virus, endothelium infection, activation, damage, and hypercoagulability [50]. Considering the
thrombogenic nature of the virus, current guidelines recommend that all patients admitted with COVID-19
should receive prophylaxis or therapeutic anticoagulation for venous thromboembolism unless they present
a bleeding risk [51]. The findings of our meta-analysis also corroborate the efficacy of anticoagulants in the
treatment of COVID-19. The infection has also been associated with platelet-derived pro-inflammatory
cytokine release, which contributes to hypercoagulability [52]. Hence, antiplatelet agents can also lower the
mortality rate in COVID-19 patients [52], although current evidence does not suggest a significant mortality
benefit associated with the use of antiplatelet agents [46-48].

Previous data show that patients with COVID-19 admitted to the ICU have a high rate of requiring
mechanical ventilation, with a percentage as high as 89.9% in a study. This is concerning as the fatality for
patients needing mechanical ventilation was found to be 88% [53] and emphasizes the importance of a
treatment agent that would reduce the rate of hospital admission and the need for mechanical ventilation in
COVID-19 patients. Therapeutic anticoagulation and antiplatelet therapy or monotherapy with tAC have
been associated with better outcomes for patients hospitalized for COVID-19 [44]. While our results show
that the AP/AC group did not have a significant advantage over the control group in terms of mechanical
ventilation, the subgroup analysis supports that anticoagulants significantly decrease the mechanical
ventilation rate in patients admitted to the hospital. Currently, there is a paucity of clinical trials evaluating
the association between mechanical ventilation with COVID-19 and anticoagulation/antiplatelet therapy.
More clinical trials are required to fully understand this relationship as it could drastically change the course
of management of hospitalized patients.

The effectiveness of therapeutic versus prophylactic anticoagulation in the treatment of COVID-19 has also
been compared in numerous research. A study shows that tAC does not have superiority over pAC, with the
former also being linked with an increased risk of bleeding [5]. Another demonstrates that there is no
significant difference in the mortality of tAC and pAC, findings which are consistent with the results of our
meta-analysis [54].

To the best of our knowledge, this is the most comprehensive meta-analysis on adjusted data evaluating the
relation between AC/AP in COVID-19 and their effect on mortality, hospital admission, and mechanical
ventilation. The present analysis has several strengths. Firstly, it has a large sample size of 287,486 patients
pooled from 33 studies conducted all across the globe, making the outcomes of our meta-analysis clinically
significant. Secondly, there is no publication bias, as indicated by Egger’s test, and the included studies
exhibit a low to moderate risk of bias. Implementing adjusted data in our analysis has lowered the risk of
confounding variables. The high heterogeneity in our analyses can be explained by the difference in sample
sizes among the studies. However, our research also has a few limitations. While we could incorporate three
outcomes in Group A (AC/AP versus none), Group B evaluated the efficacy of tAC/AP versus pAC/AP, which
only had mortality as its outcome since data on hospital admission and mechanical ventilation was
unavailable for this group. Moreover, we were not able to divide the doses quantitatively and accept the
primary studies’ definition of therapeutic versus prophylactic doses. A meta-analysis that takes into account
the doses in numerical form and analyzes the data would yield more detailed results, but it was beyond the
scope of our study.

Conclusions

Infection with SARS-CoV-2 is associated with a thrombogenic state and hypercoagulability. This can lead to
worse outcomes and increased risk of thromboembolic events such as venous thrombosis, and need for
mechanical ventilation, and mortality. Many drugs are being employed to improve outcomes in COVID-19
patients. Treatment with AC and AP drugs can significantly decrease the mortality rate in COVID-19-
infected patients. In our study, only the AC group significantly reduces the need for mechanical ventilation.
Further studies are needed to assess the efficacy of AP in reducing the need for mechanical ventilation.
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Since the therapeutic dose of AC/AP does not yield major benefits over the prophylactic dose, the
prophylactic dose of AP/AC can be used as a first-line treatment for managing thrombotic events, owing to
its efficacy in combating the thrombogenesis seen in COVID-19. This could prove to form a basis for further
exploration of administering AC and AP drugs in decreasing number of deaths in patients who are suffering
from respiratory illnesses.

Appendices

Table 3 presents a detailed literature search in Google Scholar, PubMed, Medline, Cochrane CENTRAL,
and Medrix databases.

Search
. Thread
engine
Goodle COVID-19 OR Coronavirus OR SARS-CoV-2 OR severe acute respiratory syndrome coronavirus 2 AND Anticoagulants OR
Schc?lar Antiplatelets OR Aspirin OR Warfarin OR Coumadin OR Heparin OR Clopidogrel OR Dabigatran OR Ticagrelor OR Prasugrel

OR Acetylsalicylic acid OR Rivaroxaban

(("covid 19"[All Fields] OR "covid 19"[MeSH Terms] OR "covid 19 vaccines"[All Fields] OR "covid 19 vaccines"[MeSH Terms]
OR "covid 19 serotherapy"[All Fields] OR "covid 19 serotherapy"[Supplementary Concept] OR "covid 19 nucleic acid testing"
[All Fields] OR "covid 19 nucleic acid testing"[MeSH Terms] OR "covid 19 serological testing"[All Fields] OR "covid 19
serological testing"[MeSH Terms] OR "covid 19 testing"[All Fields] OR "covid 19 testing"[MeSH Terms] OR "sars cov 2"[All
Fields] OR "sars cov 2"[MeSH Terms] OR "severe acute respiratory syndrome coronavirus 2"[All Fields] OR "ncov"[All Fields]
OR "2019 ncov"[All Fields] OR (("coronavirus"[MeSH Terms] OR "coronavirus"[All Fields] OR "cov"[All Fields]) AND
2019/11/01:3000/12/31[Date - Publication]) OR ("coronavirus"[MeSH Terms] OR "coronavirus"[All Fields] OR "coronaviruses"
[All Fields]) OR ("sars cov 2"[MeSH Terms] OR "sars cov 2"[All Fields] OR "sars cov 2"[All Fields]) OR ("sars cov 2"[MeSH
Terms] OR "sars cov 2"[All Fields] OR "severe acute respiratory syndrome coronavirus 2"[All Fields])) AND ("anticoagulants"
[Pharmacological Action] OR "anticoagulants"[MeSH Terms] OR "anticoagulants"[All Fields] OR "anticoagulant"[All Fields] OR
"anticoagulate"[All Fields] OR "anticoagulated"[All Fields] OR "anticoagulating"[All Fields] OR "anticoagulation"[All Fields] OR

PubMed "anticoagulations"[All Fields] OR "anticoagulative"[All Fields])) OR ("antiplatelet"[All Fields] OR "antiplatelets"[All Fields]) OR

and ("aspirin"[MeSH Terms] OR "aspirin"[All Fields] OR "aspirins"[All Fields] OR "aspirin s"[All Fields] OR "aspirine"[All Fields])

Medline OR ("warfarin"[MeSH Terms] OR "warfarin"[All Fields] OR "warfarin s"[All Fields] OR "warfarinization"[All Fields] OR
"warfarinized"[All Fields] OR "warfarins"[All Fields]) OR ("warfarin"[MeSH Terms] OR "warfarin"[All Fields] OR "coumadin"[All
Fields] OR "warfarin s"[All Fields] OR "warfarinization"[All Fields] OR "warfarinized"[All Fields] OR "warfarins"[All Fields]) OR
("heparin"[MeSH Terms] OR "heparin"[All Fields] OR "heparine"[All Fields] OR "heparins"[All Fields] OR "heparin s"[All
Fields] OR "heparinate"[All Fields] OR "heparinated"[All Fields] OR "heparines"[All Fields] OR "heparinic"[All Fields] OR
"heparinisation"[All Fields] OR "heparinised"[All Fields] OR "heparinization"[All Fields] OR "heparinize"[All Fields] OR
"heparinized"[All Fields] OR "heparinizing"[All Fields]) OR ("clopidogrel"[MeSH Terms] OR "clopidogrel"[All Fields] OR
"clopidogrel s"[All Fields]) OR ("dabigatran"[MeSH Terms] OR "dabigatran"[All Fields] OR "dabigatran s"[All Fields]) OR
("ticagrelor"[MeSH Terms] OR "ticagrelor"[All Fields]) OR ("prasugrel hydrochloride"[MeSH Terms] OR ("prasugrel"[All Fields]
AND "hydrochloride"[All Fields]) OR "prasugrel hydrochloride"[All Fields] OR "prasugrel"[All Fields] OR "prasugrel s"[All
Fields]) OR ("aspirin"[MeSH Terms] OR "aspirin"[All Fields] OR ("acetylsalicylic"[All Fields] AND "acid"[All Fields]) OR
"acetylsalicylic acid"[All Fields]) OR ("rivaroxaban"[MeSH Terms] OR "rivaroxaban"[All Fields])

COVID-19 OR Coronavirus OR SARS-CoV-2 OR severe acute respiratory syndrome coronavirus 2 AND Anticoagulants OR
Antiplatelets OR Aspirin OR Warfarin OR Coumadin OR Heparin OR Clopidogrel OR Dabigatran OR Ticagrelor OR Prasugrel
OR Acetylsalicylic acid OR Rivaroxaban

Cochrane
CENTRAL

SARS-CoV-2 OR COVID-19 OR severe acute respiratory syndrome coronavirus 2 OR Coronavirus AND Anticoagulants OR
Medrix Antiplatelets OR Aspirin OR Warfarin OR Coumadin OR Heparin OR Clopidogrel OR Dabigatran OR Ticagrelor OR Prasugrel
OR Acetylsalicylic acid OR Rivaroxaban

TABLE 3: Detailed search strategy
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