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The CHA2DS2-VASc score and in-hospital mortality in patients
with COVID-19: A multicenter retrospective cohort study
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ABSTRACT

Objective: Coronavirus disease 2019 (COVID-19) is an in-
fectious disease that was first reported in December 2019
in Wuhan, China, and has since spread rapidly around the
world, resulting in the ongoing COVID-19 pandemic. The
CHA2DS2-VASc score is a well-validated risk stratification
tool for predicting stroke in atrial fibrillation (AFib), as well
as morbidity and mortality in several entities. The aim of
this study was to evaluate the relationship between the
CHA2DS2-VASc score and in-hospital mortality in patients
with COVID-19, regardless of AFib.

Methods: This multicenter, retrospective study included a
total of 349 patients with COVID-19 who were hospitalized
between March 15 and April 15, 2020. The CHA2DS2-VASc
score of each patient was calculated. Mortality outcomes
were followed up until April 25, 2020.

Results: The CHA2DS2-VASc score was significantly
higher in non-survivor COVID-19 patients than in survivor
COVID-19 patients (p<0.001). Forward stepwise logistic
regression analysis demonstrated that a CHA2DS2-VASc
score of =3 (odds ratio [OR]: 12.613, 95% confidence inter-
val [Cl]: 3.092-51.451; p<0.001), and the leukocyte count
(OR:1.327, 95% Cl: 1.145-1.538; p<0.001), C-reactive pro-
tein level (OR: 1.010, 95% CI: 1.002-1.018; p=0.012), and
ferritin level (OR: 1.005, 95% CI: 1.003—1.007; p<0.001) on
admission were independent predictors of in-hospital mor-
tality of COVID-19 patients.

Conclusion: The CHA2DS2-VASc score predicted in-hos-
pital mortality in patients with COVID-19, regardless of AFib.

OzZET

Amac: Koronavirus hastaligi 2019 (COVID-19), ilk kez Ara-
lik 2019’da Cin’in Wuhan kentinde bildirilen ve o0 zamandan
beri diinya ¢capinda hizla yayilan ve devam eden pandemi-
ye neden olan bulasici bir hastaliktir. CHA2DS2-VASc sko-
ru, atriyal fibrilasyonda inmenin yani sira gesitli durumlarda
morbidite ve mortaliteyi tahmin etmek icin iyi dogrulanmig
bir risk siniflandirma skorudur. Bu c¢alismada, COVID-19
hastalarinda CHA2DS2-VASc skoru ile hastane i¢i mortalite
arasindaki iliskiyi degerlendirmeyi amagladik.

Yéntemler: Bu cok merkezli retrospektif calismaya 15 Mart
ile 15 Nisan 2020 tarihleri arasinda hastaneye yatirilan
toplam 349 COVID-19 hastasi dahil edildi. Her hastanin
CHA2DS2-VASc skoru hesaplandi. Oliim sonuglari 25 Ni-
san 2020’ye kadar takip edildi.

Bulgular: Hayatta kalmayan COVID-19 hastalarinda
CHA2DS2-VASc skorlari hayatta kalanlara gére anlamli
olarak yilksekti (p<0.001). ileriye dogru agamali lojistik reg-
resyon analizinde, CHA2DS2-VASc skoru =3 ([odds orani]
00=12.613, %95 GA: 3.092-51.451, p<0.001), baslan-
gictaki I6kosit sayisi (00=1.327, %95 GA: 1.145-1.538,
p<0.001), baslangictaki C-reaktif protein diizeyi (OO=1.010,
%95 GA: 1.002-1.018, p=0.012), ve baslangigtaki ferritin
diizeyinin (O0=1.005, %95 GA: 1.003-1.007, p<0.001)
hastane i¢ci mortalitenin bagimsiz éngoérdardculeri oldugu
saptandi.

Sonuc¢: CHA2DS2-VASc skoru, atriyal fibrilasyondan ba-
gimsiz olarak COVID-19 hastalarinda hastane ici mortali-
teyi Gngérmektedir.
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oronavirus disease 2019 (COVID-19) is an in-

fectious disease caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2),"! which
was first reported in December 2019 in Wuhan, Hubei
province, China " and has since spread rapidly around
the world, resulting in the ongoing COVID-19 pan-
demic. SARS-CoV-2 pneumonia has been extensively
studied.””? Several complications of COVID-19 have
been reported, including acute respiratory distress
syndrome,? cardiac injury,*®! venous thromboembo-
lism, and arterial thrombosis.”” The overall mortality
rate of the patients hospitalized due to SARS-CoV-2
pneumonia in Wuhan, China in 1 report was 4.3%.!'%!
However, different mortality rates have been reported
worldwide.

CHA2DS2-VASc (congestive heart failure, hyper-
tension [HT], age =75 years [doubled], diabetes mel-
litus [DM], prior stroke or transient ischemic attack
[doubled], vascular disease, age 65-74 years, and sex
category [female]) is a well-validated risk stratifica-
tion score for predicting stroke in patients with atrial
fibrillation (AFib).I'!! This score has also been found
to predict mortality in several conditions other than
AFib.">"51 Many individual risk factors included in
this score are also risk factors for COVID-19 mor-
bidity and mortality. The objective of this study was
to assess the relationship between the CHA2DS2-
VASc score and in-hospital mortality in patients with
COVID-19, irrespective of AFib.

METHODS

Study population and design

The diagnosis of COVID-19 was made according to
the World Health Organization’s interim guidance and
confirmed by RNA detection of SARS-CoV-2. The
criteria for hospitalization in the hospitals where the
study was conducted were consistent with those de-
veloped by the Turkish Ministry of Health, including
age >50 years, moderate or severe symptoms, at least
1 risk factor on presentation (HT, DM, chronic pul-
monary disease, chronic heart disease, chronic kidney
failure, or immune deficiency), at least 1 poor prog-
nostic factor (lymphopenia, high levels of C-reactive
protein, ferritin, or D-dimer) and a social indication,
such as inappropriate home conditions or a problem of
compliance with isolation rules. Patients included in
this study were diagnosed with COVID-19 and hospi-

talized between Abbreviations:

March 15, 2020 4z Atrial fibrillation

and April 15, CHA2DS2-VASc Congestive heart failure,

2020 The Crite— hypertension, age =75 years
. : . (doubled), diabetes mellitus,

ria for dlSCharge prior stroke or transient

were the absence

of fever for at

ischemic attack (doubled), and
vascular disease, age 65-74

years, and sex category (female)

least 3 da}’S B Ccl Confidence interval

im provemen t COVID-19 Coronavirus disease 2019

. DM Diabetes mellitus

in both lungs as

g . HT Hypertension

observed with oz Odds ratio

chest Comput_ SARS-CoV-2 Severe acute respiratory
yndrome coronavirus 2

ed tomography, o

clinical remis-

sion of respiratory symptoms, and a throat-swab sam-
ple negative for SARS-CoV-2 RNA. The study was
conducted according to the Declaration of Helsinki
and was approved by an institutional ethics commit-
tee (No: 99, May 15, 2020), as well as the Ministry
of Health. The need for additional written informed
patient consent was waived due to the retrospective
nature of the study.

Data collection

Epidemiological, demographic, clinical, laboratory,
and mortality outcome data were obtained from pa-
tient medical records using admission numbers that
were unique to each patient. Mortality outcomes were
followed through April 25, 2020. The CHA2DS2-
VASc score of each patient was calculated. The
study population was divided into 2 groups based on
in-hospital mortality: a survivor group (n=311) and a
non-survivor group (n=38).

Identification of risk factors

Patients who were previously using oral antidiabetic
and/or insulin therapy or those with a fasting blood
glucose, measured at least twice, that was =126mg/
dL were considered diabetic.'® Patients who were
previously on antihypertensive therapy or those with
a blood pressure reading, measured at least twice, of
>140/90 mmHg were considered hypertensive.'”? The
presence of hyperlipidemia was defined by a mea-
sure of total cholesterol of >200 mg/dL or low-den-
sity lipoprotein cholesterol of >100 mg/dL or when
the patient had previously used lipid-lowering med-
ication."®! Patients who used tobacco products at the
time of admission to the hospital and those who had
quit smoking within the past month were considered
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smokers. Patients who had previously sustained focal
neurological brain damage due to ischemia, including
transient ischemic attack, were identified as patients
with stroke. Patients with a reduced left ventricular
ejection fraction (<40%) were identified as patients
with heart failure."” Patients with prior myocardial
infarction and those with documented obstructive
atherosclerotic disease in the peripheral arteries were
classified as patients with vascular disease. Both par-
oxysmal and chronic AFib were included as AFib.

Statistical analysis

Data analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 22.0 software (IBM
Corp., Armonk, NY, USA). The normal distribution
of continuous variables was assessed using the Kolm-
ogorov-Smirnov test. Continuous variables were ex-
pressed as median (interquartile range). Categorical
variables were expressed as number (percentage). The
Mann-Whitney U-test was used to compare continu-
ous variables. A chi-squared test or Fisher’s exact test
was used to compare categorical variables according
to the fulfillment of statistical assumptions. Survival
outcome according to the CHA2DS2-VASc score was
compared using the Kaplan-Meier survival analysis
and the log-rank test. All of the significant parameters
in the univariate analysis were selected for the multi-
variable model and forward stepwise logistic regres-
sion analysis was used to determine the independent
predictors of in-hospital mortality of COVID-19 pa-
tients. The odds ratio (OR) and 95% confidence inter-
val (CI) of each independent variable were calculated.
A 2-tailed p value of <0.05 was considered significant.

RESULTS

This multicenter, retrospective cohort study includ-
ed a total of 349 hospitalized COVID-19 patients
(153 male, median age: 56.0 years [range: 20.0-80.0
years]). In our study, the mortality rate was 10.8%.
The CHA2DS2-VASc score was significantly higher
in non-survivor COVID-19 patients than in survivor
group patients (p<0.001) (Fig. 1). A comparison of
baseline characteristics of the COVID-19 patients is
shown in Table 1. Kaplan-Meier survival curves ac-
cording to CHA2DS2-VASc scores are shown in Fig-
ure 2.

Forward stepwise logistic regression analysis was
performed to determine the independent predictors of
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Figure 1. CHA2DS2-VASc scores in survivor and non-sur-
vivor COVID-19 patients.
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Figure 2. Kaplan—Meier survival curves according to
CHA2DS2-VASc score in COVID-19 patients.

in-hospital mortality. The analysis demonstrated that
a CHA2DS2-VASc score of =3 (OR: 12.613, 95%
CI: 3.092-51.451; p<0.001), and the leukocyte count
(OR: 1.327,95% CI: 1.145-1.538; p<0.001), C-reac-
tive protein level (OR: 1.010, 95% CI: 1.002-1.018;
p=0.012), and ferritin level (OR: 1.005, 95% CI:
1.003-1.007; p<0.001) on admission were indepen-
dent predictors of in-hospital mortality of COVID-19
patients (Table 2).
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Table 1. Comparison of baseline characteristics of COVID-19 patients
Variable Survivor (n=311) Non-survivor (n=38) pvalue
Gender, (male) n (%) 139 (44.7) 14 (36.8) 0.357
Body mass index (kg/m?) 28.1 (24.7-30.0) 27.3 (24.6-31.9) 0.926
Hyperlipidemia, n (%) 33 (10.6) 12 (31.6) 0.001
Smoking, n (%) 64 (20.6) 20 (52.6) <0.001
Chronic obstructive pulmonary disease, n (%) 18 (5.8) 9 (23.7) 0.001
Atrial fibrillation, n (%) 11 (3.5) 5(13.2) 0.021
Hemoglobin, mmol/L 8.0 (7.0-8.8) 6.2 (5.6-7.2) <0.001
Leukocyte count, x10%uL 5.8 (4.7-7.6) 13.0 (7.5-18.4) <0.001
Platelet count, x103/uL 210.7 (167.9-282.0) 183.0 (101.3—294.3) 0.031
C-reactive protein (nmol/L) 309.5 (106.2—990.4) 1600.0 (1178.5—-2228.4) <0.001
Ferritin (nmol/L) 0.69 (0.54-0.70) 1.7 (1.39-1.80) <0.001
CHA2DS2-VASc score <0.001
0 83 (26.7) 2(5.3)
1 107 (34.4) 8 (21.1)
2 53 (17.0) 5(13.2)
=3 68 (21.9) 23 (60.4)
CHA2DS2-VASc score components
Heart failure, n (%) 7 (2.3) 4 (10.5) 0.023
Hypertension, n (%) 101 (32.5) 20 (52.6) 0.014
Age (years) 55.0 (41.0-61.0) 69.0 (60.0-76.0) <0.001
Age <65, n (%) 266 (85.5) 15 (39.5) -
Age 65-74, n (%) 36 (11.6) 10 (26.3) -
Age =75, n (%) 9 (2.9) 13 (34.2) -
Diabetes mellitus, n (%) 93 (29.9) 13 (34.2) 0.586
Stroke, n (%) 5(1.6) 2(5.3) 0.171
Vascular disease, n (%)
Coronary artery disease 29 (9.3) 14 (36.8) <0.001
Peripheral artery disease 9(2.9) 2(5.3) 0.341
Sex (female), n (%) 172 (55.3) 24 (63.2) 0.357
Treatments, n (%)
Antibiotics 283 (91.0) 36 (94.7) 0.921
Antiviral treatment 302 (97.1) 38 (100.0) 0.973
Hydroxychloroquine 311 (100.0) 38 (100.0) -
Mechanical ventilation, n (%) 60 (19.3) 38 (100.0) <0.001
Admission to intensive care unit, n (%) 58 (18.6) 30 (78.9) <0.001
Cause of death, n (%)
Acute kidney injury = 4 (10.5) =
Acute respiratory distress syndrome — 7 (18.4) -
Multiple organ failure = 24 (63.2) =
Sepsis - 3(7.9) -

Data are presented as number (%) or median (interquartile range). P value was calculated using an independent samples t-test or the Mann-Whitney U-test
for continuous variables and a chi-squared test or the Fisher’s exact test for categorical variables, as appropriate. A p value <0.05 was considered significant.
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Table 2. Univariate and multivariate analysis of in-hospital mortality

Variable

Univariate analysis

Multivariate analysis

OR (95% Cl)

3.888 (1.794-8.426)
4.288 (2.143-8.580)
5.052 (2.082—12.258)
4.132 (1.353-12.621)
5.479 (2.711-11.077)
0.531 (0.429-0.657)
1.335 (1.227-1.452)
0.996 (0.992—1.000)
1.012 (1.008-1.017)
1.005 (1.003-1.007)

Hyperlipidemia, n (%)
Smoker, n (%)

COPD, n (%)

AFib, n (%)
CHA2DS2-VASc score =3
Hemoglobin, mmol/L
Leukocyte count, x103/uL
Platelet count, x10%/uL
C-reactive protein (nmol/L)
Ferritin (nmol/L)

p value OR (95% CI) p value
0.001 - -
<0.001 - -
<0.001 - -
0.013 - -
<0.001 12.613 (3.092-51.451) <0.001
<0.001 - -
<0.001 1.327 (1.145-1.538) <0.001
0.066 - -
<0.001 1.010 (1.002-1.018) 0.012
<0.001 1.005 (1.003-1.007) <0.001

A p value <0.05 was considered significant. AFib: Atrial fibrillation; Cl: Confidence interval; COPD: Chronic obstructive pulmonary disease; OR: Odds ratio.

DISCUSSION

The major finding of our study is that the CHA2DS2-
VASc score predicted in-hospital mortality in patients
with COVID-19 regardless of the presence of AFib.
The CHA2DS2-VASc score is a well-validated risk
stratification score for estimating the risk of ischemic
stroke, thromboembolism, and mortality in patients
with non-valvular AFib.™ This score clusters multi-
ple cardiovascular risk factors and its usefulness has
also been proposed in several other entities.*'** To
the best of our knowledge, this is the first report in
the literature to evaluate the relationship between the
CHA2DS2-VASc score and in-hospital mortality in
COVID-19 patients.

Several studies have reported a substantial asso-
ciation between pneumonia and in-hospital cardio-
vascular events, including acute coronary syndrome,
heart failure, AFib, and mortality.*7 Assessing the
CHA2DS2-VASc score in hospitalized COVID-19
patients can help identify patients at high risk of
death, such as those with a CHA2DS2-VASc score of
>3. This warrants rhythm monitoring to detect pre-ar-
rhythmic states, initiating early treatment with anti-ar-
rhythmic and anticoagulant agents,’*! and caution re-
garding the use of drugs with higher arrhythmogenic
and cardiac event potential, such as fluoroquinolones
and macrolides.-3!!

Many individual risk factors included in the
CHA2DS2-VASc score are risk factors associated

with COVID-19 morbidity and mortality. Chen et
al.’! evaluated 99 patients with COVID-19 and re-
ported that 40% of the patients had underlying car-
diovascular or cerebrovascular disease. Also, Huang
et al.” assessed 41 patients with COVID-19 and
demonstrated that 32% of the patients had underly-
ing diseases, including cardiovascular disease (15%),
HT (15%), and DM (20%). Wang et al "% investigated
a total of 138 hospitalized patients with COVID-19
and revealed that 46.4% had 1 or more comorbidities,
including HT (31%), DM (10%), and cardiovascular
disease (14.5%). Yang et al.®? reported that the rate of
coexisting comorbidities and 28-day mortality among
52 critically ill COVID-19 patients who were admit-
ted to the intensive care unit was 40% and 61.5%, re-
spectively. The incidence of cardiovascular and cere-
brovascular disease in survivors vs. non-survivors
was 20% vs. 53% and 0% vs. 22%, respectively. Also,
Zhou et al.™ reported that the mortality rate among
191 COVID-19 patients was 28.3%. Fatal cases had
a higher rate of comorbidities, including HT (48%
vs. 23%), DM (31% vs.14%), coronary artery disease
(24% vs. 1%), acute cardiac injury (59% vs 1%), and
heart failure (52% vs 12%) when compared with sur-
vivors.*3l Zhang et al.** have recently reported that
older patients and those with chronic disease were
more likely to exhibit severe forms of COVID-19,
show no improvement, and have a higher in-hospital
mortality rate. Moreover, the presence of respiratory,
cardiovascular, and endocrine system diseases was
associated with disease severity. Similarly, cardiovas-
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cular diseases, endocrine system disease, and respira-
tory system disease were the 3 most common coexist-
ing chronic diseases in this study.

In our study, the mortality rate was 10.8%. This
rate was higher than that reported in some other stud-
ies.'>* This heterogeneity is probably due to differ-
ences in the illness severity of the patients. Among
our patients, 25.2% were critically ill and admitted
to the intensive care unit. The incidence of hyper-
lipidemia, HT, coronary artery disease, heart failure,
chronic obstructive pulmonary disease, and AFib was
significantly higher in non-survivors than in survivors
(p<0.05). The CHA2DS2-VASc scores were signifi-
cantly higher in non-survivor COVID-19 patients
than in survivor COVID-19 patients.

It has been demonstrated that increased leukocyte,
C-reactive protein, and ferritin levels on hospital ad-
mission were significantly associated with critical
disease conditions, as well as with higher in-hospital
mortality.*** In our study, elevated leukocyte count,
C-reactive protein, and ferritin levels on admission
were independently associated with in-hospital mor-
tality in COVID-19 patients.

As yet, there is a lack of well-validated scor-
ing systems for risk prediction in COVID-19. The
CHAZ2DS2-VASc scoring system is a simple yet ef-
fective tool for fast risk stratification in different enti-
ties.'>151 Qur study results indicated that, rather than
individual factors of the CHA2DS2-VASc score, the
total score demonstrated a prognostic performance for
mortality in COVID-19 patients. This score may serve
as a simplified means of rapid risk assessment on hos-
pital admission, which could contribute to determin-
ing high-risk patients and guiding early treatment and
close follow-up, including advising the family.

Limitations

Our study has several limitations. First, it should be
noted that our results are based on a retrospective
study with a relatively small number of patients.
Therefore, larger prospective studies are required to
validate the significance of the relationship between
the CHA2DS2-VASc score and mortality in patients
with COVID-19. Second, the vascular disease com-
ponent of the score denotes the presence of prior myo-
cardial infarction, peripheral artery disease, or aortic
plaque. Due to the retrospective design of our study,
information about aortic plaque was not necessarily

available from the patient files. Third, we did not in-
clude information regarding medications used by the
patients, including angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers. Finally,
we have only reported in-hospital mortality, as a con-
sequence of the retrospective design. Further surviv-
al studies are warranted for data regarding short- and
long-term outcomes.

Conclusion

Non-survivor COVID-19 patients had higher
CHA2DS2-VASc scores than survivors. Also, a
CHA2DS2-VASc score of =3 on hospital admission
predicted in-hospital mortality of COVID-19 patients.
Assessing the CHA2DS2-VASc score on hospital ad-
mission may contribute to risk stratification in the
COVID-19 pandemic.
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