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Abstract Introduction Atrial fibrillation (AF), the most frequent arrhythmia of older patients,
associates with serious thromboembolic complications and high mortality. Coronavi-
rus disease 2019 (COVID-19) severely affects aged subjects, determining an important
prothrombotic status. The aim of this study was to evaluate mortality-related factors in
older AF patients with COVID-19.
Methods Between March and June 2020, we enrolled�60 year-old in-hospital COVID-
19 patients (n¼ 806) in GeroCovid, a multicenter observational study promoted by the
Italian Society of Gerontology and Geriatric Medicine.
Results The prevalence of AF was 21.8%. In-hospital mortality was higher in the AF
group (36.9 vs. 27.5%, p¼0.015). At admission, 51.7, 10.2, and 38.1% of AF cases were
taking, respectively, oral anticoagulants (OACs), antiplatelet agents, and no antith-
rombotic therapy. During hospitalization, 51% patients switched to low-molecular-
weight heparins. AF patients who survived were younger (81�8 vs. 84�7 years;
p¼0.002) and had a lower CHA2DS2-VASc score (3.9�1.6 vs. 4.4�1.3; p¼0.02) than
those who died. OAC use before (63.1 vs. 32.3%; p<0.001) and during hospitalization
(34.0 vs. 12.7%; p¼0.002) was higher among survivors. Atmultivariable analysis, lower
age, higher self-sufficiency, less severe initial COVID-19 presentation, and the use of
vitamin K antagonists (odds ratio [OR]¼0.16, 95% confidence interval [CI]: 0.03–0.84)
or direct OACs (OR¼0.22, 95% CI: 0.08–0.56) at admission, or the persistence of OAC

� Members of the GeroCovid Working Group are listed in

►Supplementary Appendix A (available in the online version).
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Introduction

Atrial fibrillation (AF) is the arrhythmia most frequently
diagnosed in older subjects.1 In this at-risk segment of
population, AF, through a higher incidence of stroke and
dementia, plays a key role in causing frailty and disability,
and in increasing mortality.2 These negative outcomes are
mainly linked to the upregulation of thrombotic biomarkers
that characterizes AF patients.3,4

Interestingly, a prothrombotic status also qualifies as a
severity factor in severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) disease-2019 (COVID-19).5 Indeed,
disseminated intravascular coagulation and the most impor-
tant clinicalmanifestations of COVID-19 at a pulmonary level
usually derive from complex mechanisms simultaneously
involving inflammation and the coagulation cascade.6 There-
fore, thrombosis and coagulopathy have a central role in the
evolution of COVID-19, and their extent often drives patients’
clinical prognosis.5 Accordingly, in all patients hospitalized
for COVID-19 and not anticoagulated, it is recommended to
start a prophylaxis with low-molecular-weight heparin
(LMWH). Instead, if already started for a medical indication,
therapy with oral anticoagulants (OACs) should be main-
tained in subjects with no or mild symptoms of COVID-19
disease,while a switch to LMWH is recommended in the case
of moderate or severe clinical states.5,7

AF per se seems to be associated with a worse COVID-19
prognosis,8–10 and uncertainty exists about the effects of
chronic OACs on AF patients who develop the infection, as
the available evidence is inconclusive and, often, conflict-
ing.11–14 Clarifying this issue would be of great relevance to
improve the clinical management of people with AF and
COVID-19.

The aim of this study was therefore to identify the factors
associatedwithmortality in older COVID-19 patientswithAF
—anamnestic or diagnosed at ward admission—focusing on
the role of preadmission and in-hospital OAC therapy. To this
purpose, we analyzed data from the GeroCovid study—acute
wards cohort—which enrolled inpatients aged �60 years,
and it is highly representative of the real-world scenario of
COVID-19 at an advanced age.

Methods

Study Population
GeroCovid Observational is a multipurpose and multicenter
initiative promoted by the Italian Society of Gerontology and
Geriatric Medicine that aims at investigating the impact of
SARS-CoV-2 pandemics in older patients in different settings

of care.15 The final endpoint of GeroCovid is to provide high-
quality and comprehensive data, which will help to optimize
COVID-19 prevention and management of patients �60
years. Among the secondary outcomes of the project, special
attention is given to study the effects of the interaction
between virus infection and relevant comorbidities on mor-
tality and other serious unfavorable events. Overall, 66
investigational sites are actively participating. By protocol,
data can be collected retrospectively and prospectively in an
e-Registry since March 1, 2020. The objectives of the project
are specific for each setting of care. GeroCovidwas registered
at ClinicalTrials.gov (NCT04379440) and the participation of
each center was authorized by the corresponding local
ethical committee. In the acute care, in-hospital, population,
we purposed to assess clinical presentation and course, and
to identify the prognostic factors of the disease. The enroll-
ment of new cases in this section of the study ended on
December 31, 2020, and the follow-up will be closed on
June 30, 2021.

For the present study, we included, almost exclusively in a
retrospective way (96.3% of the whole population), the
subjects enrolled during the first wave of the COVID-19
pandemic in the 16 centers participating to the “GeroCovid
acute wards” cohort of the registry.15 On this basis, present
analysis is to be considered retrospective.

Data Collection
For each participant, the presence of AF was derived either
from the medical history or from the hospital record at ward
admission. Complete information on anamnestic chronic
diseases and on pharmacological therapy before and during
hospitalization was obtained from the medical records. In
particular, for the purpose of this study, we considered the
use of OACs (vitamin K antagonists [VKAs] or direct OACs
[DOACs]), antiplatelet agents (APLTs), or no therapy before
hospital admission, and during the hospitalization (also
considering the possible switch to LMWH). In accordance
with admission and in-hospital treatment, patients were
categorized as: no/APLT (no antithrombotic therapy or APLTs
during the hospitalization), LMWH–no OAC (LMWH during
the hospitalization, no anticoagulants at admission), and
LMWH–OAC (LMWH during the hospitalization, anticoagu-
lant therapy at admission).

Similarly, data on vital signs (blood pressure, heart rate)
and biochemical analyses were collected at baseline. We
used a 7-level scale to assess pre-COVID-19 functional status.
For the aims of the study, given the distribution of the
variable in our population, we categorized patients as with-
out versus with functional limitations, by grouping levels 1

during hospitalization (OR¼ 0.05, 95% CI: 0.01–0.24), were associated with a lower
chance of in-hospital death.
Conclusion AF is a prevalent and severe condition in older COVID-19 patients.
Advanced age, dependency, and relevant clinical manifestations of disease character-
ized a worse prognosis. Preadmission and in-hospital anticoagulant therapies were
positively associated with survival.
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and 2 (the patient canwalk independently or using awalking
stick) and levels 3 to 7 (the patient can walk using a walker;
the patient can move around with a wheelchair; the patient
does not move around but he is accompanied outside on the
wheelchair; the patient is confined at home, mostly lying on
thebed; the patient does not autonomously standup or get in
sitting position). According to theWorldHealth Organization
(WHO) classification and patients’ distribution, the severity
of COVID-19 at admissionwas ranked asmildwith no oxygen
support needed, mildwith low-flowoxygen support needed,
and severe or critical (high-flow oxygen support required,
need of noninvasive or invasive mechanical ventilation, or
organ support).16

Statistical Analysis
IBM SPSSversion 26.0 (64-bit edition) formacOSwasused for
statistical analysis. Continuous variables are expressed as
mean� standard deviation, while discrete variables as raw
numbers and percentages. The comparison of continuous
variables by in-hospital mortality was performed with the
Student’s t-test or the Mann–Whitney test, when appropri-
ate. For categorical variables, we used the chi-square test.

Accordingly, age, gender, body size, functional profile, the
most important clinical conditions related to AF, the other
relevant comorbidities, the use of cardiovascular drugs and
antithrombotic therapy, baseline vital signs, laboratory tests
associated with inflammation, arterial blood gas analysis,
and severity of COVID-19 were tested in relation to outcome
in univariate analysis. Then, those clinically plausible and
significantly associated (p<0.05) with prognosis were en-
tered into a multivariable logistic regression analysis model,
provided that the percentage of missing values for each of
themwas not higher than 7.4% (n¼13/176; median propor-
tion of missing values: 5.7%, interquartile range [IQR]:
5.1–7.4%). Because of the relatively low number of AF
patients (n¼176), we did not perform any statistical proce-
dure to input missing data. Also, we excluded factors show-
ing high collinearity with others but a weaker association
with mortality. To increase the stability of the estimates, the
least statistically correlated variables (with p>0.1 as a cut-
off value) were iteratively removed from the model using a
backward deletion process.17 The strength of the associa-
tions between the factors identified as significant and mor-
tality was expressed as odds ratios (ORs) and 95% confidence
intervals (95% CIs). For all analyses, statistical significance
was set at a p-value <0.05.

Results

From March 1 to June 9, 2020, a total of 2,474 consecutive
patients were included in the GeroCovid e-Registry. Of these,
806 (32.6%) were enrolled in hospital settings (age: 78�9
years; men: 50.7%). In this group, the prevalence of AF at
ward admission or in clinical history was 21.8% (n¼176;
men: 51.7%). Gender did not differ by arrhythmia presence
(p¼0.799); patients with AF were older (82�8 vs. 77�9
years; p<0.001) and with a greater prevalence of comorbid-
ities; accordingly, their CHA2DS2-VASc score was higher

(4.1�1.5 vs. 3.2�1.5; p<0.001). Overall, in-hospital mor-
tality in those with arrhythmia was 36.9% (n¼65/176),
higher than that observed in the non-AF subjects (27.5%,
n¼173/630; p¼0.015).

Median length of stay in hospital of the AF group was
14 days (25th–75th percentile: 6–29 days).

When evaluating the use of antithrombotic therapy at
admission, only 91 (51.7%) AF cases were anticoagulated (22
with VKAs, 12.5%, and 69 with DOACs, 39.2%), 18 (10.2%) just
received antiplatelet drugs (APLTs), and 67 (38.1%) were
neither taking antithrombotic drugs nor APLTs. No signifi-
cant differences in antithrombotic therapy at baseline were
observed according to functional status (p¼0.392). During
hospitalization, 79 (44.9%) AF subjects were prescribed
LMWH. Of these, 43 (24.4%) were previously treated with
OACs and 36 (20.5%) were taking APLTs or no antiplatelet/
anticoagulant therapy. In 41 (23.3%) patients, the ongoing
treatment with OACs was confirmed also during the hospi-
talization, while in 35 (19.9%) cases neither OACs nor APLTs
were prescribed. In the remaining 21 (11.9%) patients, ther-
apy was not specified. The frequency of subjects taking OACs
during the hospitalization decreased in the categories with a
more severe clinical condition according to the WHO classi-
fication (mild, no oxygen support needed: 51.2%, n¼21;
mild, low-flowoxygen support needed: 34.1%, n¼14; severe
or critical disease: 14.6%, n¼6; p¼0.003).

Predictors of Mortality in Older AF Patients
Among AF patients, those who died during hospitalization,
when compared with survivors, were older and showed a
higher prevalence of heart failure and chronic obstructive
pulmonary disease. Also, they had been more frequently
hospitalized for a stroke and presented a higher CHA2DS2-
VASc score (►Table 1). Median length of stay in hospital was
17 days (IQR: 7–33 days) in patients who were discharged
and 9 days (IQR: 6–28 days) in those who died (p¼0.086).

Among nonsurvivors, we observed aworse pre-COVID-19
functional status and a more severe disease picture at
admission, according to the WHO classification. As regards
to vital signs and biochemical parameters at baseline, AF
patients who died had higher values of heart rate, white
blood cells, and C-reactive protein. Instead, their lymphocyte
count was lower than in survivors, as were PaO2 and the ratio
between PaO2 and FiO2 (►Table 1).

When analyzing preadmission therapy, we did not find
significant differences in the use of β-blockers and statins
between AF patients who died and those who survived,
while treatment with renin–angiotensin system antagonists
wasmore frequent in the latter group. The use of OACs before
hospitalization, particularly DOACs, was higher in patients
who survived, while antiplatelet therapy was more common
in those who died (►Fig. 1). Taking into consideration in-
hospital therapy, survival was higher in those who were
treated with OACs and LMWH–OAC (►Fig. 2).

In the first multivariable logistic regression analysis
(►Table 2), older AF patients with COVID-19 who had a
more advanced age, a preinfection lower functional profile,
and a more severe clinical presentation of disease at
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admission showed a higher risk of in-hospital mortality. The
predisease use of OACs, both VKAs and DOACs, when com-
pared with the use of APLTs or none, was associated with
lower odds of in-hospital mortality. This effect was similar
for DOACs and VKAs (OR¼0.74, 95% CI: 0.13–4.17, p¼0.734,
considering as exposure DOACs vs. VKAs). No significant
associations with prognosis were observed for heart rate,
history of heart failure, chronic obstructive pulmonary dis-
ease, stroke, and the use of renin–angiotensin system antag-
onists (►Table 2). In the second multivariable logistic
regression analysis, considering in-hospital antithrombotic
therapy, OACs and LMWH–OACwere associatedwith a lower

Table 1 Clinical and laboratory characteristics of AF patients
by vital status

In-hospital mortality

No Yes p

Age (y) 81� 8 84�7 0.002

Women (n, %) 56 (50.5) 29 (44.6) 0.532

Body mass
index (kg/m2)

25.7� 4.7 24.9�6.5 0.601

Functional
limitations (n, %)

39 (37.9) 41 (68.3) <0.001

Arthrosis (n, %) 37 (34.9) 13 (23.2) 0.154

Cardiac
diseases (n, %)

66 (62.9) 46 (73.0) 0.237

CHF (n, %) 29 (27.4) 26 (42.6) 0.043

CKD (n, %) 27 (25.5) 9 (14.8) 0.121

COPD (n, %) 18 (17.1) 19 (31.7) 0.035

Depression (n, %) 12 (11.4) 6 (10.3) 1.000

Diabetes (n, %) 35 (32.7) 23 (36.5) 0.620

Hepatic
diseases (n, %)

2 (1.9) 1 (1.6) 1.000

Hypertension (n, %) 81 (75.0) 44 (72.1) 0.717

Obesity (n, %) 18 (17.5) 11 (19.0) 0.833

Peripheral artery
disease (n, %)

21 (20.8) 16 (27.6) 0.337

Stroke (n, %) 10 (9.6) 13 (21.0) 0.041

CHA2DS2-VASs
(score)

3.9�1.6 4.4�1.3 0.020

Anti-arrhythmic
drugs (n, %)

20 (18.0) 1 (1.5) 0.001

Beta-blockers (n, %) 55 (49.5) 27 (41.5) 0.349

Digitalis (n, %) 8 (7.2) 6 (9.2) 0.774

Diuretics (n, %) 41 (36.9) 24 (36.9) 1.000

RAAS (n, %) 51 (45.9) 18 (27.7) 0.025

Statins (n, %) 28 (25.2) 10 (15.4) 0.135

WHO disease
severity (n, %)

<0.001

Mild, no O2 support 41 (38.7) 9 (14.3)

Mild, O2 support 51 (48.1) 26 (41.3)

Severe/critical 14 (13.2) 28 (44.4)

Heart rate (bpm) 79� 16 87�17 0.003

Systolic arterial
pressure (mmHg)

129� 22 123� 26 0.121

Diastolic arterial
pressure (mmHg)

73� 12 71�15 0.427

pH 7.44� 0.05 7.46�0.07 0.255

PaO2 (mmHg) 84� 40 72�34 0.011

PaCO2 (mmHg) 39� 12 38�13 0.593

HCO3
� (mEq/L) 25.4� 3.6 26.8�4.9 0.170

FiO2 (%) 34.8� 24.0 41.6�25.5 0.059

Table 1 (Continued)

In-hospital mortality

No Yes p

PaO2/FiO2 286� 130 215� 108 0.001

Hemoglobin (g/dL) 12.1� 1.8 11.9�2.3 0.479

Platelets (n� 109/L) 214� 89 217� 98 0.815

WBC (n� 109/L) 7.47� 4.89 9.14�4.74 0.006

Lymphocytes (%) 16.7� 10.4 10.3�6.5 0.001

LDH (U/L) 337� 204 438� 270 0.066

CRP (mg/L) 64� 77 144� 260 0.036

INR 2.1�3.0 1.9�2.2 0.775

Abbreviations: CHF, presence of signs and symptoms of heart failure;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; CRP, C-reactive protein; FiO2, inspired oxygen fraction; Func-
tional limitations, the patient needs a walker or a wheelchair tomove, or
he is bed-ridden; INR, international normalized ratio; LDH, lactate
dehydrogenase; Mild, O2 support, mild disease with low-flow oxygen
support needed; RAAS, renin–angiotensin–aldosterone system antag-
onists; Severe/critical, disease needing high-flow oxygen support,
noninvasive or invasive mechanical ventilation, or organ support; WBC,
white blood cell count; WHO, World Health Organization classification
of severity of COVID-19.
Note: Please note that for some variables raw numbers may be
associated with slightly different percentages due to the presence of
missing values.

Fig. 1 In-hospital vital status in AF patients with COVID-19 by use of
antiplatelet/anticoagulant agents at ward admission. AF, atrial fibril-
lation; All OACs, VKAs and DOACs; DOACs, direct oral anticoagulants;
OAC, oral anticoagulant; VKA, vitamin K antagonist.
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risk of mortality than that observed in subjects receiving
APLTs or no therapy at all (►Table 3).

Discussion

The results of the present analysis from the GeroCovid
initiative demonstrate that many of the older patients hos-
pitalized for COVID-19—in our study>20%—could present AF
at ward admission or in her/his clinical history. The arrhyth-
miawas associatedwith amortality rate approaching 40%, in
proportion >30% higher than that observed in individuals
without AF. Among AF patients with COVID-19, increasing
age, a lower functional profile, and a more severe clinical
status at baseline were related to higher in-hospital mortali-

ty. On the other hand, the preadmission use of OACs—either
VKAs or DOACs—was associated with a significantly higher
survival. Also, in-hospital prescription of oral anticoagula-
tion and LMWH in those previously treated with OACs was
more common in subjects who survived.

The observed prevalence of AF is higher than that found in
a specialized U.S. center (15.8%), in which, however, popula-
tion was younger than ours.18

Among our patients, age was independently associated
with mortality. In an Italian experience, when compared
with the <62 year-old group, subjects aged �75 and 62 to
74 years had a riskof dying 8 and 3 times higher, respectively,
even after adjustment for number of comorbidities, respira-
tory rate and function, renal failure, and number of plate-
lets.19 In the GeroCovid population, the association with age
persisted after the adjustment for functional profile. Im-
paired functional capabilities rather than individual diseases
characterized AF patients with a worse prognosis. In line
with our findings, previous works showed that factors like
history of falls and frailty were associated with both risk and
severity of COVID-19 at older ages.20,21 In 375 consecutive
patients younger than ours (mean age: 66 years), disability in
basic activities of daily living was a significant predictor of
mortality even after adjustment for age, gender, and the
presence of comorbidities. Polypharmacy and the quick
Sequential Organ Failure Assessment score, an index of
disease severity, did not correlate at all with outcome.
Importantly, the effect on survival of a low physical perfor-
mance status was similar to that observed for an age increase
of 15 years. Accordingly, age and declining physical function
variably concur to shape the profile of risk, even if the
importance of other factors cannot be excluded.22

Renin–angiotensin system antagonist therapy was not
associated with an increased mortality in our population.
This is an important finding, because the renin–angiotensin

Fig. 2 In-hospital vital status in AF patients with COVID-19 by use of
antithrombotic agents during hospitalization. No/APLT, no antith-
rombotic therapy or use of APLTs during the hospitalization; LMWH–
no OAC: therapy with LMWHs during the hospitalization, no anti-
coagulants at admission; LMWH–OAC: therapy with LMWHs during
the hospitalization, anticoagulant therapy at admission. AF, atrial
fibrillation; APLTs, antiplatelet agents; LMWH, low-molecular-weight
heparin; OAC, oral anticoagulant.

Table 2 Variables associated with mortality in patients with AF and COVID-19 taking into consideration preadmission oral
anticoagulant (OAC) therapya

β� es p OR 95% CI

Age (D.year) 0.07�0.03 0.042 1.07 (1.00–1.14)

Functional limitations (yes vs. no) 1.40�0.52 0.007 4.04 (1.47–11.11)

COPD (yes vs. no) 1.02�0.53 0.056 2.76 (0.97–7.86)

OACs at ward admission / 0.002 / /

VKAs vs. no OACs �1.83� 0.85 0.031 0.16 (0.03–0.84)

DOACs vs. no OACs �1.53� 0.49 0.002 0.22 (0.08–0.56)

WHO disease severity <0.001

Mild, O2 support vs. mild, no O2 support 0.58�0.55 0.298 1.78 (0.60–5.28)

Severe/critical vs. mild, no O2 support 2.44�0.68 <0.001 11.53 (3.02–43.98)

Abbreviations: AF, atrial fibrillation; CHF, presence of signs and symptoms of heart failure; CI, confidence interval; COPD, chronic obstructive
pulmonary disease; DOACs, direct OACs; Functional limitations, the patient needs a walker or a wheelchair to move, or he is bed-ridden; Mild, O2

support, mild disease with low-flow oxygen support needed; OAC, oral anticoagulant; RAAS, renin–angiotensin–aldosterone system antagonists;
Severe/critical, disease needing high-flow oxygen support, noninvasive or invasive mechanical ventilation, or organ support; VKAs, vitamin K
antagonists; WHO, World Health Organization classification of severity of COVID-19.
Note: Variables backward deleted from the model: CHF (p¼ 0.119); heart rate (p¼ 0.221); RAAS (p¼ 0.119); stroke (p¼ 0.565).
aResults derive from multivariable logistic regression analysis (overall predictivity: 76.5%; p< 0.001).
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system is upregulated when the arrhythmia is present, and
angiotensin-converting enzyme (ACE) inhibitors and angio-
tensin II receptor blockers effectively prevent AF onset in
subjectswith hypertension and left ventricular dysfunction.1

Some evidence suggests that the SARS-CoV-2 can interact
with theACE2 receptors onpericytes andperivascular cells in
lungs and myocardium, leading, through an alteration in
tissue permeability, to changes in extracellular fluid content,
inflammation, and tissue fibrosis. These modifications could
determine the development of AF.23 Importantly, to perpet-
uate a vicious cycle, ACE2 expression is increased by the
presence of the arrhythmia itself.24 In accordance with our
findings, the use of renin–angiotensin system antagonists
did not result in an increase of hospitalizations, need for
intensive care, and mortality for COVID-19 in a recent study
involving a population slightly younger than ours.25

The most interesting result of our analysis was the asso-
ciation between the use of OACs at ward admission and lower
in-hospital mortality. In our patients, in line with guideline
recommendations, DOACs were more frequently used than
VKAs.1 However, the overall proportion of treated older AF
patients, as found in everyday clinical practice,26 was still
low, slightly higher than 50%, a rate found also in U.S. seniors
with AF.27

As previously reported, conflicting evidence exists about
the benefits of OACs in COVID-19 patients. In a small poly-
centric Italian experience, the preadmission use of antico-
agulants did not result in a higher in-hospital survival rate of
subjects with SARS-CoV-2 infection.11 In a Swedish nation-
wide registry analysis, the use of DOACs in AF patients, when
compared with nonuse in both AF and cardiovascular sub-

jects, did not result in a lower rate of hospitalizations and of
the composite outcome of admissions and death in intensive
care unit. Worthy of note, the mean age of the studied
population was lower (73.6 years) than that observed in
the GeroCovid database, and in a sensitivity analysis, all-
cause mortality was reduced in the DOAC cohort.14 In the
HOPE Registry, enrolling COVID-19 patients in South Amer-
ica and Europe, oral anticoagulation at baseline, prescribed
for AF, deep vein thrombosis, or pulmonary embolism, was
correlated with a significantly lower survival. The presence
of comorbidities and the development of respiratory failure
or systemic inflammatory response syndrome greatly com-
promised the outcome of treated patients.12 In a sample of
4,389 AF patients enrolled in New York during the spring
pandemic, both the use of a prophylactic and a therapeutic
regimen of anticoagulation were associated with lower in-
hospital mortality.13 Finally, in linewith our results, a French
experience involving 2,878 COVID-19 patients (mean age: 67
years) found that prehospital oral anticoagulation, pre-
scribed for both AF (68.1%) and venous thromboembolism
or other conditions (31.9%), was correlated to a reduced risk
of intensive care unit admission and/or death. Interestingly,
no benefit was observed for therapeutic or prophylactic
treatment started in hospital.28

COVID-19 patients show frequent alterations of the coag-
ulation system characterized by higher levels of D-dimer,
reduced platelet count, and prolonged prothrombin time.
More relevant changes seem to characterize subjects with a
worse prognosis. AFmay amplify these alterations. Indeed, it
was observed that the incidence of thromboembolic events
considerably increased in patients who developed AF in the

Table 3 Variables associated with mortality in patients with AF and COVID-19 taking into consideration antithrombotic therapy
during hospitalizationa

β� es p OR 95% CI

Age (D.year) 0.07�0.03 0.047 1.07 (1.00–1.14)

Functional limitations (yes vs. no) 1.56�0.57 0.006 4.78 (1.56–14.68)

CHF (yes vs. no) 1.00�0.53 0.062 2.71 (0.95–7.72)

Antithrombotic therapy / <0.001 / /

OAC vs. no/APLT �3.04� 0.82 <0.001 0.05 (0.01–0.24)

LMWH–no OAC vs. no/APLT �0.81� 0.70 0.246 0.45 (0.11–1.74)

LMWH–OAC vs. no/APLT �2.01� 0.68 0.003 0.13 (0.03–0.51)

WHO disease severity 0.001

Mild, O2 support vs. mild, no O2 support 0.34�0.64 0.593 1.41 (0.40–4.97)

Severe/critical vs. mild, no O2 support 2.37�0.75 0.002 10.69 (2.45–46.72)

Abbreviations: AF, atrial fibrillation; APLT, antiplatelet agent; CHF, presence of signs and symptoms of heart failure; COPD, chronic obstructive
pulmonary disease; Functional limitations, the patient needs a walker or a wheelchair to move, or he is bed-ridden; LMWH, low-molecular-weight
heparin; LMWH–no OAC, LMWH during the hospitalization, no anticoagulants at admission; LMWH–OAC, LMWH during the hospitalization,
anticoagulant therapy at admission; Mild, O2 support, mild disease with low-flow oxygen support needed; No/APLT, no antithrombotic therapy or
use of antiplatelet agents during the hospitalization; OAC, oral anticoagulant; RAAS, renin–angiotensin–aldosterone system antagonists;
Severe/critical, disease needing high-flow oxygen support, noninvasive or invasive mechanical ventilation, or organ support; WHO, World Health
Organization classification of severity of COVID-19.
Note: Variables backward deleted from the model: COPD (p¼ 0.149); heart rate (p¼ 0.214); RAAS (p¼ 0.353); stroke (p¼ 0.325).
aResults derive from a multivariable logistic regression analysis (overall predictivity: 79.4%; p< 0.001).
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course of SARS-CoV-2 infection.29 It must be considered that
during COVID-19, venous and arterial thrombosis, throm-
botic microangiopathy, and disseminated intravascular co-
agulation are significant determinants of a worse prognosis.
All these phenomena are variably related to alterations in the
coagulation system, platelet function, and endothelium, and
collectively contribute to the COVID-19-related thromboin-
flammatory status. Age, diabetes, obesity, and cardiovascular
risk factors can exacerbate these alterations, including the
inflammatory response to the infection, and may lead to
further increases in patients’ morbidity and mortality.6,30

Therefore, because of the COVID-19 association with a
hypercoagulable state, our findings let us hypothesize an
additional possible benefit of chronic anticoagulant therapy
in AF patients. The results of some trials that are investigating
the usefulness of anticoagulation for prophylaxis in ambula-
tory or low-risk patients5 will further contribute to verify
such a hypothesis.

Study Limitations and Strengths
This study has some limitations. Given that our patientswere
�60 years, with a mean age of 82 years, our conclusions may
not be generalized to a younger COVID-19 population. Con-
cerning ethnicity, almost all our patients were Caucasian, a
finding in line with present composition of Italian society
and the age criteria for enrollment in GeroCovid. Moreover,
information on socioeconomic status was not available;
therefore, we could not evaluate this factor in our analyses.
However, in the majority of cases, enrolled subjects were
retired, and it is to be considered that the Italian health
system is completely run by the Government, a circumstance
mitigating the effects of economic status on acute care
medical assistance. We must also mention that our results
were obtained analyzing hospitalized patients. Extrapolating
our findings to subjects assisted in different settings of care,
such as the ambulatory or the nursing home, could bring to
inappropriate assumptions. We did not consider incident AF,
but our attention was focused on the presence of AF at ward
admission and on anticoagulant therapy. Furthermore, we
were not able to differentiate the patterns of the arrhythmia
(i.e., first diagnosed, paroxysmal, persistent, long-standing
persistent, and permanent). However, because of advanced
age and the high CHA2DS2-VASc score, the indication to oral
anticoagulation was mandatory in almost all cases. Due to
the high proportion of patients switching their in-hospital
antithrombotic treatment to LMWHs, it was impossible to
separately analyze the effects on survival of VKAs or DOACs,
and of APLTs and no therapy. Furthermore, we did not
differentiate between the prophylactic and the therapeutic
dose of LMWHs. However, it can be hypothesized that
subjects who were treated with OACs prior to admission
received a higher in-hospital dose of the drugs. Because of
the severe clinical conditions of COVID-19-hospitalized older
subjects, their isolation, and the possibility of medical and
nursing staff to contact families only by phone, it was
impossible to perform a complete geriatric multidimension-
al evaluation. Therefore, we cannot rule out that the inclu-
sion in our models of other patients’ health aspects, such as

neurocognitive profile, physical performance, and affective
symptoms, could have influenced our results. The findings of
the present analysis derive from an observational registry.
For this reason, our results do not allow to conclusively
affirm a cause–effect relationship. On the other hand,
strengths of our work lie in the enrolled patients being
highly representative of the real-life older COVID-19 popu-
lation as well as in the large set of anamnestic, clinical, and
biochemical data collected.We did not observe differences in
OACs’ prescription by functional status at baseline. This
finding strengthens our conclusions about the association
between oral anticoagulation use and improved in-hospital
survival, excluding a possible bias in therapy selection and
prognosis linked to a pre-existing condition of disability and
frailty. Last, the research activities implemented by the
GeroCovid initiative, including weekly meetings of the sci-
entific committee and frequent education sessions for the
researchers involved in the project, minimize the risk of bias
due to the multicenter nature of the study.

In conclusion, the results of this study show that AF is a
highly prevalent condition in older patients hospitalized for
COVID-19. The arrhythmia might amplify the effects of the
SARS-CoV-2, further modifying the inflammation cascade
and the coagulation system, especially in the frailest
patients. Importantly, both oral anticoagulation therapy
and the in-hospital switch from OACs to LMWHs are associ-
atedwith a greater chance of survival. These findings suggest
that the use of an effective antithrombotic therapy in the
early phases of disease could positively impact the prognosis
of COVID-19 older patients.

What is known about this topic?

• Atrial fibrillation is a frequent condition in older
patients.

• COVID-19 has a severe prognosis at an advanced age.
• Atrial fibrillation is associated with a worse COVID-19

course.
• Both atrial fibrillation and COVID-19 exert a significant

influence on coagulation cascade.

What does this paper add?

• The use of preadmission and in-hospital oral anti-
coagulation in older patients with atrial fibrillation
and COVID-19 correlates with improved survival.

• In-hospital low-molecular-weight heparin therapy,
when following oral anticoagulation at home, is asso-
ciated with reduced mortality in older patients with
atrial fibrillation and COVID-19.

• A better preadmission functional profile is related to
higher survival in an elderly population with atrial
fibrillation and COVID-19.
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