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Abstract

Background: Coronavirus disease 2019 (COVID-19) is associated with hypercoagulability. It remains uncertain whether
ongoing anticoagulation for atrial fibrillation (AF) in patients who later contract COVID-19 improves clinical outcomes.

Objectives: To compare chronic oral anticoagulation with no previous anticoagulation in patients with AF who contracted
a COVID-19 infection concerning the outcomes of all-cause mortality, COVID-19 mortality, intensive care unit (ICU)
admission, and hospitalization.

Methods: We systematically searched PubMed, Embase, and Cochrane Library for eligible studies from inception to
December 2022. We included studies comparing COVID-19 outcomes in patients with versus without prior chronic
anticoagulation for AF. Risk ratios (RR) with 95% confidence intervals (Cl) were pooled with a random-effects model.
The level of significance was set at p < 0.05. Quality assessment and risk of bias were performed according to Cochrane
recommendations.

Results: Ten studies comprising 1,177,858 patients with COVID-19 and AF were identified, of whom 893,772 (75.9%)
were on prior chronic anticoagulation for AF. In patients with COVID-19, being on chronic anticoagulation for AF
significantly reduced all-cause mortality (RR 0.75; 95% CI 0.57 to 0.99; p = 0.048; I> = 89%) and COVID-19-related
mortality (RR 0.76; 95% CI 0.72 to 0.79; p < 0.001; I> = 0%) when compared with no prior anticoagulation. In contrast,
there was no difference between groups regarding hospitalization (RR 1.08; 95% CI 0.82 to 1.41; p = 0.587; I* = 95%)
or ICU admission (RR 0.86; 95% CI 0.68 to 1.09; p = 0.216; I* = 69%).

Conclusions: In this meta-analysis, chronic anticoagulation for patients with AF who contracted COVID-19 was associated
with significantly lower rates of all-cause mortality and COVID-19-related mortality as compared with no previous
anticoagulation.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
emerged in December 2019, leading to a global pandemic

even in mild cases. The pathophysiology behind this refers
mainly to immune-induced hypercoagulability secondary to the
host’s response to the infection.** Taking this into consideration,
guidelines have recommended that patients with COVID-19 on

with a high burden of morbidity, mortality, and economic
hardship." The World Health Organization reported a total of
767 million confirmed cases and 6.9 million deaths worldwide
as of July 5th, 2023.2

SARS-CoV-2 infection is associated with a wide myriad of
non-respiratory clinical presentations, including pulmonary
microvascular thrombosis and abnormal coagulation function,
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oral anticoagulation for underlying conditions and without any
contraindications for it do not discontinue these interventions.’

Long-term therapy with oral anticoagulant (OAC) is
an essential measure to avoid thromboembolic events in
patients with atrial fibrillation (AF). The hypercoagulability
associated with SARS-CoV-2 infection raises concerns about
how ongoing anticoagulation in patients with AF who later
contract COVID-19 can affect clinical outcomes.® Therefore,
we performed a systematic review and meta-analysis comparing
the outcomes of anticoagulation versus no anticoagulation in
patients with AF who developed COVID-19.

Methods

This systematic review, meta-analysis, and reporting were
performed following the Cochrane Collaboration Handbook
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for Systematic Reviews of Interventions and the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) Statement guidelines.®” This meta-analysis was
prospectively registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under the
protocol number CRD42022341926.

Search strategy and data extraction

We systematically searched PubMed, Embase, and the
Cochrane Library from inception to December 2022. After
removing duplicates, two authors (I.L. and N.F) screened titles
and abstracts and independently assessed full-text articles for
inclusion based on prespecified criteria. Discrepancies were
resolved through consensus between the authors. Additionally,
we used backward snowballing (i.e., review of references) to
identify relevant texts from articles identified in the original search.

Our search strategy included the following medical subject
heading terms: “atrial fibrillation,” “oral anticoagulant,” “OACs,”
“NOAC,” “non-vitamin K,” “novel anticoagulant,” “DOAC,”
“DOACs,” “direct oral anticoagulant,” “dabigatran,” “apixaban,”
“edoxaban,” “rivaroxaban,” “VKA,” “vitamin K antagonist,”
“warfarin,” “LMWH,” “low-molecular-weight heparin,” “low
molecular weight heparin,” “enoxaparin,” “bivalirudin,”
“dalteparin,” “fondaparinux,” “COVID-19,” “coronavirus
disease 19,” “coronavirus disease-19,” “SARS-CoV-2.”

Eligibility criteria
This systematic review and meta-analysis included studies

that: (1) were full-length reports published in indexed journals
or abstracts from major scientific conferences; (2) included

adult patients (aged = 18 years) previously diagnosed with AF
who later contracted COVID-19 confirmed by a validated test;
(3) stratified by patients on versus off chronic anticoagulation
for AF; (4) reported of any of our outcomes of interest,
namely all-cause mortality, COVID-19 mortality, intensive
care unit (ICU) admission, and hospitalization; and (5) were
published in English or Spanish. We excluded (1) studies with
overlapping populations; (2) case reports, case series, letters
to the editor, comments, or editorials; and (3) studies without
control groups.

Quality assessment

Observational studies were appraised using the Risk of Bias
Summary for Non-randomized Studies (ROBINS-I) to assess
the methodological quality of included studies, a tool based
on answers to the signaling questions, judgments for each bias
domain, and for overall risk of bias, which allows labeling each
study as “low,” “moderate,” “serious,” or “critical” risk of bias.®
Small study effect (publication bias) was assessed with funnel
plots and Egger’s regression test.”

" u

Statistical analysis

Binary endpoints were summarized using the Mantel-
Haenszel (MH) random-effects model, with risk ratio (RR)
and 95% confidence interval (Cl) as a measure of effect size.
We used the Sidik-Jonkman estimator (model error variance
method) to calculate the heterogeneity variance T, since the
degree of heterogeneity was expected to be substantial.'

The adjusted hazard ratio (aHR) for multiple confounding
factors, if reported, was pooled using the MH random-
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effects model with 95% Cl and Paule-Mandel estimator
for heterogeneity variance calculation. The heterogeneity
among studies was evaluated with Cochrane’s Q statistic
(and the resulting chi-squared), with p < 0.10 considered
statistically significant. Higgins and Thompson’s |2 statistic
test was used to measure consistency."" A value of 0%
indicates no observed heterogeneity, and values of 1% to
25%, 26% to 50%, and > 50% indicate low, moderate,
and substantial heterogeneity, respectively." Statistical
significance was set at p < 0.05, and all tests were 2-tailed.
We performed all calculations and graphics with R software
version 4.2.2 (R Core Team 2021) using the extension
packages “meta,” “metafor,” and “dmetar.”"*"

Addressing heterogeneity

We performed a graphic display of heterogeneity
(GOSH) analysis for all-cause mortality to identify potential
outliers and influential studies.'® First, a GOSH plot was
generated. Then, three unsupervised machine learning
(ML) algorithms were applied to detect clusters in the
GOSH plot data, as follows: (1) the k-means algorithm;'” (2)
density-based spatial clustering of applications with noise
(DBSCAN);"® and (3) Gaussian mixture models."

Alternatively, we applied “find.outliers” and
“InfluenceAnalysis” functions (R dmetar package) for all-
cause mortality, hospital admission, and ICU admission to
assist in identifying potential outlier(s). The “find.outliers”
function defines the study as an outlier if the study’s
confidence interval does not overlap with the confidence
interval of the pooled effect. The “InfluenceAnalysis”
function, in turn, generates three diagnostic plots: (1)
the Baujat plot, used to identify studies that had high
contributions to the heterogeneity in the meta-analytic
data;?*® (2) the leave-one-out sensitivity analysis by
iteratively removing one study at a time to ensure the results
were not dependent on a single study; and (3) influence
diagnostics according to Viechbauer and Cheung.?'

Results

Study selection and baseline characteristics

As illustrated in Figure 1, a total of 596 studies were
identified, of which 493 were excluded based on title or
abstract review. Twenty-six were fully reviewed based on our
inclusion criteria. After the final appraisal, 10 manuscripts
remained and were eligible for inclusion in this meta-
analysis.?>?" A total of 1,177,858 patients were enrolled,
of whom 893,772 (75.9%) were using anticoagulants for AF
prior to a COVID-19 infection. The mean age ranged from
71 to 82 years, and 629,628 patients were male (55.5%).
Individual study characteristics are reported in Table 1.

Given the non-randomized nature of the studies, we
reported baseline characteristics stratified by use versus no
use of anticoagulation among the 7 studies that reported
such data (Table 2). As expected, there was a higher burden
of comorbidities in patients with AF on OAC as compared
with those not on OAC, including hypertension, heart
failure, renal disease, and prior thromboembolic events.
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Patients on OAC were also older than those who were not
anticoagulated.

Pooled analysis of all studies

Mortality endpoints are summarized in Figure 2A-D. All-
cause mortality (Figure 2A) and COVID-19-related mortality
(Figure 2B) were significantly reduced among patients
receiving OAC therapy compared with those without
prior use of OAC. We conducted a prespecified subgroup
analysis by pooling studies that reported aHR for COVID-19
mortality while taking multiple confounding factors into
account. In this sensitivity analysis, OAC therapy remained
significantly associated with reduced COVID-19-related
mortality (Figure 2C). When stratified by the type of OAC
therapy, there was no significant difference between non-
vitamin K antagonist oral anticoagulant (NOAC) therapy
versus vitamin K antagonist (VKA) therapy for all-cause
mortality (Figure 2D).

The incidences of hospital admission (Figure 3A) and
ICU admission (Figure 3B) were similar between OAC
versus non-OAC therapy, with substantial between-study
heterogeneity in both outcomes. Considering this, we
performed a sensitivity analysis for the endpoint of hospital
admission by including only studies that reported aHR by
multivariable models or propensity score matching, which
retrieved results consistent with the overall analysis and
eliminated between-study heterogeneity (Figure 3C).

Addressing heterogeneity

Considering the significant between-study heterogeneity
retrieved in key outcomes, we performed GOSH analyses
for all-cause mortality, our primary endpoint. The GOSH
plot illustrates the effect size plotted against the I? for all
possible combinations of studies. The 255 possible subsets
of meta-analysis (2©— 1 possible combinations) for all-cause
mortality are presented as a GOSH plot in Figure 4A. By
analyzing the pattern in our data, we find that most values
are concentrated in a cluster with high heterogeneity. The
distribution of 12 is relatively unimodal, although there
seem to be some study combinations sparsely distributed
for which the estimated heterogeneity is slightly lower, with
a pooled effect size reasonably preserved, resulting in an
overall I? distribution skewed down-leftwards.

To identify which studies may have caused this shape,
we applied three unsupervised ML algorithms, detailed in
methods, to detect clusters in the GOSH plot data (Figures
4B-D). Ultimately, one potential outlier was identified by
these ML tools.>' The corresponding subset, including our
potential outlier, is demonstrated in Figure 4E. In summary,
the GOSH analysis showed that heterogeneity did not
significantly change, no matter which publication was
excluded, nor did the overall effect. This is most consistent
with the interpretation that our results are robust and
reliable, although the overall between-study heterogeneity
may be significant.

Because the GOSH analysis remained heterogeneous
for all-cause mortality, we further explored the influence
of each study by performing a leave-one-out sensitivity
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Identification

Screening

Full-text reviewed 26 results

Studies identified through backward
snowballing (n = 0)

Included

Pubmed search: 87 results
Embase search: 496 results
Cochrane seach: 13 results

Records identified in database
seach: 596 results

Duplicate reports (n = 77)

Number screened: 519 results

10 included studies in the qualitative synthesis

10 included studies in the quantitative synthesis
(meta-analysis)

Excluded by title/abstract (n = 493)

Full-text articles excluded after applying
inclusion and exclusion criteria (n = 16)

* No outcomes stratified by AF and/or use of OAC (n = 13)
* Duplicated data (n = 2)

» No endpoints of interest (n = 1)

Figure 1 - PRISMA flow diagram of study screening and selection. AF: atrial fibrillation; OAC: oral anticoagulants.

analysis (Figure 4F), plotting the Baujat plot (Figure 4G), and
performing influence diagnostics (Figure 4H). Leave-one-
out analysis and Baujat plot showed that Zadeh et al. had
the highest contribution to high heterogeneity, consistent
with the results of the GOSH analysis.?" Furthermore, the
pooled effect estimates (RR) in the leave-one-out analysis
ranged from 0.70 to 0.85. By excluding Flam et al.,** Gémez
etal.,”® and Rivera-Caravaca et al.,* the resultant effect size
remained statistically significant. In tandem, we applied the
InfluenceAnalysis function (R dmetar package) to verify if
another influential case recognition approach detected
the same outliers found in the aforementioned analyses.
Influential diagnostics characterized which studies fit well
into our meta-analysis model and which did not.

Quality assessment

The ROBINS-I found 7 studies at a moderate overall
risk of bias, while 3 were identified as having a serious
overall risk of bias (Supplementary Table S1). Funnel
plots for all-cause mortality, hospital admission, and ICU
admission were slightly asymmetrical (Supplementary Table
S2A-C). However, Egger’s test for publication bias was only
statistically significant for the outcome of ICU admission
(p = 0.04) (Supplementary Table S2C).

Discussion

In this systematic review and meta-analysis of 10
observational studies and 1,177,858 patients that
compared chronic oral anticoagulation with no previous
anticoagulation in patients with AF who contracted
COVID-19, our main findings were as follows: (1) all-
cause mortality and COVID-19-related mortality were
significantly lower in patients on chronic OAC therapy;
and (2) the association of OAC therapy with a reduction
in COVID-19-related mortality persisted even after a
pooled analysis of hazard ratios adjusted for multiple
confounding factors.

The association between AF and adverse outcomes is well
documented in the literature, as AF significantly increases
the risk of stroke, systemic embolism, and mortality.32-%°
In this context, oral anticoagulation substantially improves
cardiovascular endpoints and, ultimately, survival in patients
with AR323* Specifically, oral anticoagulation has been shown
to reduce the risk of ischemic stroke by 64% and all-cause
mortality by 26%.%* Since AF is associated with worse outcomes
in patients with COVID-19, the benefit of anticoagulation
may be even greater in patients with AF who are infected with
COVID-19.% How much of the benefits shown in our study
are particular to COVID-19 infected patients versus the benefits
of anticoagulation in AF regardless of COVID-19 cannot be
evaluated in the context of our study design.
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u All-cause mortality
0AC Non-0AC Risk Ratio

Study Year  Events Total Events Total Weight RR 95% CI MH, Random, 95% CI

Ageno et al. 2021 10 43 39 110 8.9%  0.656 [0.360; 1.194]
Denas et al. (1) 2021 148 559 559 14.0% 0.822 [0.685; 0.988]
Flam et al. (2) 2020 911 103703 36875 14.5% 1.042 [0.916; 1.184]
Fumagalli et al. 2022 32 95 82 12.4%  0.542 [0.390; 0.752]
Gomez et al. 2022 572 1361 392 14.3% 1.177 [1.016; 1.363]
Louis et al. 2022 59 361 269 12.6% 0.656 [0.480; 0.897]
Rivera-Carava et al 2022 156 401 4 11.1%  1.063 [0.698; 1.620]
Zadeh et al 2022 38 11410 33368 12.3%  0.360 [0.257; 0.503]

Total (95% CI) 1926 117933 1112 71696  100.0% 0.753  [0.569; 0.997]
Heterogeneity: Tau? = 0.1371; Chi” = 61.96, df = 7 (P < 0.01); I> = 89%
Test for overall effect: Z=-1.98 (P = 0.048) 0.5 1 2
Favors OAC  Favors Non-OAC

Footnotes:

(1) Propensity score-matched cohort.
(2) Included only patients treated with direct oral anticoagulants (NOACs)

B COVID-19-related mortality

A All-cause mortality  oxc Non-0AC Risk Ratio
Study Year Events Total  Events Total  Weight 95% CI MH, Random, 95% CI

Handy et al. 2022 14553 722737 4998 187133 97.7% [0.73; 0.78] -
Wong et al. 2022 130 52832 55 18271 2.3% 0. [0.60; 1.12] T —

Total (95% CI) 14683 775569 5053 205404 100.0% 0. [0.72; 0.79] @

Heterogeneity: Tau? = 0.0004; Chi? = 0.25, df = 1 (P = 0.62); I?= 0%

Test for overall effect: Z=-11.34 (P < 0.001) 0.75 1 15
Favors OAC  Favors Non-OAC

G COVID-19-related mortality (adjusted HR)
Hazard Ratio

Study Year logHR SE Weight HR 95% CI IV, Random, 95% CI

Flam et al. 2020 -0.3285 0.2176 38.0% 0.72 [0.47; 1.10] _._
Zadeh et al. 2022 -0.3011 0.1703 62.0% 0.74 [0.53; 1.03] —.—

Total (95% CI) 100.0% 0.73 [0.56; 0.95] —‘—
Heterogeneity: Tau? = 0; Chi* = 0.01, df = 1 (P = 0.92); I = 0% I

Test for overall effect: Z = -2.32 (P = 0.020) 0.5 2
Favors OAC Favors Non-0AC

Footnotes:
(1) Included only patients treated with novel oral anticoagulants (NOACs)

a All-cause mortality NOAC vs. VKA

NOAC VKA Risk Ratio
Study Year  Events Total Events Total Weight RR 95% CI MH, Random, 95% CI

Fumagalli et al. 2022 25 73 8 23 21.6% 0.98 [0.52; 1.87]
Gomez et al. 2022 212 617 744 27.7% 0.71 [0.62; 0.81]
Louis et al. 2022 38 264 21 97 24.0% 0.66 [0.41; 1.07]
Rivera-Carava et al. 2022 99 162 57 239 26.7%. 2.56 [1.98; 3.32]

Total (95% Cl) 374 1116 446 1103 100.0% 1.06 [0.57; 1.97]

Heterogeneity: Tau? = 0.3592; Chi? = 77.28, df = 3 (P < 0.01); I? = 96%

Test for overall effect: Z=0.17 (P = 0.861) 0.5 2
Favors NOAC Favors VKA

Figure 2 - Meta-analysis of mortality outcomes in patients with atrial fibrillation undergoing OAC therapy. Forest plots presenting the risk ratio (RR), or
hazard ratio (HR), and 95% confidence interval (Cl) on (A) all-cause mortality, (B) COVID-19-related mortality, (C) COVID-19-related mortality (adjusted
HR), and (D) all-cause mortality NOAC versus VKA. Cl: confidence interval; HR: hazard ratio; MH: Mantel-Haenszel; NOAC: non-vitamin K oral antagonist;
OAC: oral anticoagulants; RR: risk ratio; VKA: vitamin K antagonist.
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A Hospital admission
0AC Non-0AC Risk Ratio
Study Year  Events Total Events Total Weight RR 95% ClI MH, Random, 95% CI
Denas et al. (1) 2021 363 559 367 559 20.9% 0.99 [0.91;1.08] -é—
Flam et al. (2) 2020 360 103703 95 36875 18.6% 1.35  [1.08; 1.69] —B—
Handy et al. 2022 26887 722737 7469 187133 21.3% 0.93  [0.91; 0.96] O :
Louis et al. 2022 143 361 63 269 18.1% 1.69  [1.32;2.17] ——
Zadeh et al. 2022 1192 11410 4584 33368 21.1% 076  [0.72;0.81] =]
Total (95% CI) 28945 838770 12578 258204  100.0% 1.08 [0.82;1.41] —t—
Heterogeneity: Tau? = 0.0900; Chi? = 75.97, df = 4 (P < 0.01); I>= 95%
Test for overall effect: Z = 0.54 (P = 0.587) 05 1 2
Footnotes: Favors OAC Favors Non-OAC
(1) Propensity score-matched cohort.
(2) Included only patients treated with direct oral anticoagulants (NOACs).
B Intensive care unit admission
0AC Non-0AC Risk Ratio
Study Year  Events Total Events Total Weight RR 95% CI MH, Random, 95% CI
Denas et al. (1) 2021 49 559 46 559 21.0% 1.07 [0.72; 1.57] —-E—
Flam et al. (2) 2020 40 103703 14 36875 11.3% 1.02 [0.55; 1.87] —
Louis et al. 2022 53 361 38 269 21.0% 1.04 [0.71; 1.53] —~—B—~
Zadeh et al. 2022 760 11410 3201 33368 46.7% 0.69 [0.64; 0.75] =
Total (95% Cl) 902 116033 3299 71071 100.0% 0.86 [0.68; 1.09] —‘—-
Heterogeneity: Tau? = 0.0288; Chi? = 9.56, df = 3 (P = 0.02); I> = 69%
Test for overall effect: Z=1.24 (P = 0.216) 0.75 1 15
F i Favors OAC Favors Non-OAC
‘ootnotes:
(1) Propensity score-matched cohort.
(2) Included only patients treated with direct oral anticoagulants (NOACs).
C Hospital admission (adjusted HR)
Hazard Ratio
Study Year logHR SE  Weight HR 95% CI IV, Random, 95% CI
Flam et al. (1) 2020 0.0000  0.1468 546% 100  [0.75;1.33] —5—E13—
Wong et al. 2022 -0.1625 0.1610 45.4% 085  [0.621.17] ————FF1——
|
1
Total (95% Cl) - 093  [0.751.15] ——E———
Heterogeneity: Tau? = 0; Chi? = 0.56, df = 1 (P = 0.46); I> = 0%
Test for overall effect: Z = 0.68 (P = 0.496) 0.75 1 15
Footnotes: Favors OAC Favors Non-OAC
(1) Included only patients treated with novel oral anticoagulants (NOACs).

Figure 3 - Meta-analysis of hospital outcomes in patients with atrial fibrillation undergoing OAC therapy. Forest plots presenting the risk ratio (RR), or hazard
ratio (HR), and 95% confidence interval (Cl) on (A) hospital admission, (B) intensive care unit admission, and (C) hospital admission (adjusted HR). ClI:
confidence interval; HR: hazard ratio; MH: Mantel-Haenszel; OAC: oral anticoagulants; RR: risk ratio.

Previous randomized trials have assessed the impact
of anticoagulation on patients with COVID-19.37-?
Based on these studies, both the Anticoagulation Forum
and the COVID-19 Treatment Guidelines Panel suggest
providing hospitalized patients with SARS-CoV-2 infection
a prophylactic dose of heparin and a therapeutic dose,
for instance in situations when the patient has high levels
of D-dimer and needs oxygen therapy support.>*° The
American Society of Hematology, however, advises using
a therapeutic dose over a prophylactic one for hospitalized
patients with COVID-19.#

Even so, the optimal anticoagulation regimen and dose for
patients with COVID-19 remains controversial, and its effects
on hard outcomes are uncertain.***! For instance, whether
anticoagulation reduces mortality in patients with COVID-19
admitted to the ICU is yet to be determined.**** In addition, the
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safety profile of OACs in this patient population is still unclear,
with observational data suggesting concerns regarding bleeding
rates.* Moreover, therapeutic enoxaparin may decrease the
need for mechanical ventilation, even though this cannot be
generalized to oral anticoagulation at present.*

Patients already on anticoagulation for underlying conditions
such as AF may be at a lower thromboembolic risk when they
develop COVID-19 infection.? Since there is no consensus about
when exactly the risk of thromboembolism increases throughout
the course of the disease, those who start the anticoagulation
therapy after being diagnosed with COVID-19 may still have
a window of hypercoagulability, with unclear impact on
outcomes.*” This may be particularly important in patients
with AF, who are already at a higher thromboembolic risk
due to disease burden and comorbidities.*® Our meta-
analysis addresses this matter by comparing anticoagulation
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Figure 4 — Addressing Heterogeneity. (4A) GOSH Plot; (4B) K-means algorithm; (4C) DBSCAN algorithm; (4D) Gaussian mixture model; (4E) GOSH plot with
the corresponding subset (Zadeh et al., 2022), including the potential outliers colored in cyan; (4F) Leave-one-out analysis; (4G) Baujat Plot; (4H) Influence
Diagnostics. CI: confidence interval; DBSCAN: density-based spatial clustering of applications with noise; GMM: Gaussian mixture model; GOSH: graphic display
of heterogeneity; OAC: oral anticoagulants; RR: risk ratio.

prior to the acquisition of the SARS-CoV-2 infection with The statistical significance of an outcome may be
no previous anticoagulation in patients with AF who later  affected by several factors, such as sample size, magnitude
contract COVID-19, indicating that ongoing anticoagulation  of effect, random variability of data, and confidence level
may positively affect the outcomes of all-cause mortality ~ used to test the hypothesis.** In this instance, all-cause
and COVID-19-related mortality. mortality has a greater clinical and statistical significance

Arq Bras Cardiol. 2024; 121(3):e20230470
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compared with ICU admission. There are a couple of
explanations for this apparently discordant effect. First,
mortality outcomes are less prone to measurement bias.*
Second, the decision to admit a patient to the ICU is often
influenced by individual and local factors, such as bed
availability, patient comorbidities, overall prognosis, and
priority relative to other acutely ill patients.*!

The increased heterogeneity in our results warrants
discussion. We decided to use the MH random-effects
model because we anticipated considerable between-
study heterogeneity. In addition, in order to address this
heterogeneity, we used three other methods: leave-one-out
sensitivity analysis, Baujat plot, and influence diagnostics.
One study, Zadeh et al., stood out as an outlier.?' This study
only included patients who had both AF and heart failure.
Given the increased risk of thrombotic events in patients
with heart failure, this may explain the exaggerated benefit
of OAC in this study relative to other studies of patients with
AF, but predominantly without heart failure.*?

This meta-analysis has some limitations. First, due to
the nature of the comparison between the presence versus
absence of chronic anticoagulation at the time of COVID-19
diagnosis, only observational studies could be performed
and included, which may introduce inherent selection
bias and confounders. Nevertheless, we performed
multivariable adjusted analyses, when possible, with
overall concordant results. Importantly, patients on OAC
had a higher burden of comorbidities and yet were still
found to have reduced all-cause mortality and COVID-19
related mortality, which increases the confidence in these
findings. Second, we included different classes of OAC
in the pooled analysis, and it is unknown if there are any
differential effects between them in this population. Third,
most studies neither showed nor compared the dosage of
anticoagulants taken chronically, and sensitivity analyses
addressing this limitation could not be performed due to
a lack of individual patient-level data. Additionally, due to
this lack of specific data, analysis to assess the outcome
of mortality per ICU admission could not be performed.
Fourth, between-study heterogeneity among studies was
significant in the key outcomes of our analysis. Different
methods were performed to evaluate this heterogeneity,
and the results remained consistent in those analyses. Fifth,
we were unable to evaluate outcomes that could ascertain
disease severity such as mortality per ICU admission due to
incomplete reporting in the individual results and absence
of patient-level data. Finally, we cannot attribute clinical
outcomes solely to the previous use of OAC therapy, given
that patients often received concomitant therapies both pre-
and post-COVID-19 diagnosis. These factors undoubtedly
contributed to the heterogeneity among studies, limiting
our ability to analyze the isolated effect of anticoagulants
and meta-analyze data on specific subgroups.
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