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ABSTRACT

Background: As the Modified Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score (M-ATRIA-RS) encompasses
prognostic risk factors of novel coronavirus-2019 (COVID-19), it may be used to predict in-hospital mortality. We aimed to
investigate whether M-ATRIA-RS was an independent predictor of mortality in patients hospitalized for COVID-19 and com-
pare its discrimination capability with CHADS, CHA2DS2-VASc, and modified CHA2DS2-VASc (mCHA2DS2-VASc)-RS.

Methods: A total of 1,001 patients were retrospectively analyzed and classified into three groups based on M-ATRIA-RS,
designed by changing sex criteria of ATRIA-RS from female to male: Group 1 for points 0−1 (n = 448), Group 2 for points 2
−4 (n = 268), and Group 3 for points ≥5 (n = 285). Clinical outcomes were defined as in-hospital mortality, need for high-flow
oxygen and/or intubation, and admission to intensive care unit.

Results: As the M-ATRIA-RS increased, adverse clinical outcomes significantly increased (Group 1, 6.5%; Group 2, 15.3%;
Group 3, 34.4%; p <0.001 mortality for in-hospital). Multivariate logistic regression analysis showed that M-ATRIA-RS, malig-
nancy, troponin increase, and lactate dehydrogenase were independent predictors of in-hospital mortality (p<0.001, per scale
possibility rate for ATRIA-RS 1.2). In receiver operating characteristic (ROC) analysis, the discriminative ability of M-ATRIA-RS
was superior to mCHA2DS2-VASc-RS and ATRIA-RS, but similar to that Charlson Comorbidity Index (CCI) score (AUCM-ATRIA

vs AUC
ATRIA

Z-test=3.14 p = 0.002, AUCM-ATRIA vs. AUCmCHA2DS2-VASc Z-test=2.14, p = 0.03; AUCM-ATRIA vs. AUCCCI Z-
test=1.46 p = 0.14).

Conclusions: M-ATRIA-RS is useful to predict in-hospital mortality among patients hospitalized with COVID-19. In addition,
it is superior to the mCHA2DS2-VASc-RS in predicting mortality in patients with COVID-19 and is more easily calculable than
the CCI score.

Key Indexing Terms: SARS-CoV-2; COVID-19; ATRIA risk score; Risk stratification; Mortality. [Am J Med Sci 2021;362
(6):553–561.]
INTRODUCTION
Novel coronavirus-2019 (COVID-19) caused by
severe acute respiratory syndrome-coronavirus
2 (SARS-CoV-2), has been recently emerged

and rapidly spread to the world, resulting in a devastating
pandemic.1,2 Patients may present with a wide range
of symptoms from asymptomatic infection to severe
pneumonia accompanied by multisystemic failure which
can lead to death, eventually.3 Several studies have
hern Society for Clinical Investigation. Published by Elsev
� www.ssciweb.org
demonstrated that COVID-19 is associated with adverse
clinical outcomes and a higher mortality rate in males,
elderly, and those having comorbidities such as hyper-
tension, cardiovascular disease, diabetes, chronic respi-
ratory disease, and chronic kidney disease.1,4,5 Scoring
systems are developed to identify high-risk patients for
the development of adverse events during COVID-19.6

Both the CHA2DS2-VASc and Anticoagulation and
Risk Factors in Atrial Fibrillation (ATRIA) risk scores are
ier Inc. All rights reserved. 553
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cost-effective and simple scoring systems used to pre-
dict the risk of thromboembolism in non-valvular atrial
fibrillation (AF) patients.7,8 Patients with COVID-19 are
usually at high risk for thromboembolic events.9 Compo-
nents of the scoring systems such as advanced age,
presence of hypertension, and presence of diabetes mel-
litus (DM) are also prognostic risk factors for COVID-19.
Cetinkal et al.10 demonstrated that modified CHA2DS2-
VASc score (mCHA2DS2-VASc), was designed by
changing the sex variable of CHA2DS2-VASc score from
female to male, was a useful tool for predicting prognosis
in COVID-19 patients. In another study, the CHA2DS2-
VASc-RS was found to predict in-hospital mortality in
COVID-19 patients, regardless of AF.11 Recent studies
have shown that the ATRIA-RS, which has been more
recently developed to identify the predisposition to
thromboembolic events in AF, can predict ischemic
stroke better than the CHADS and CHA2DS2-VASc
scores.8,12,13 However, the value of ATRIA and modified
ATRIA-RS (M-ATRIA-RS), in which the sex criterion was
changed from female to male, in predicting prognosis in
patients with COVID-19 still remains to be elucidated.

In the present study, we aimed to investigate whether
M-ATRIA-RS was an independent predictor of mortality
in patients hospitalized for COVID-19 and compare its
discrimination capability with CHADS, CHA2DS2-VASc,
and mCHA2DS2-VASc-RS.
Table 1. Risk factors used in ATRIA-RS.

Risk factor Points without prior
stroke (points)

Points with prior
stroke (points)

Age, years
>85 6 9
75−84 5 7
65−74 3 7
<65 0 0

Female sex 1 1
DM 1 1
CHF 1 1
Hypertension 1 1
Proteinuria 1 1
eGFR <45mL/min/
1.73 m2 or ESRD

1 1

ATRIA-RS: Anticoagulation and Risk Factors in Atrial Fibrillation Risk
Score; DM: diabetes mellitus; CHF: congestive heart failure; eGFR: esti-
mated glomerular filtration rate; ESRD: end-stage renal disease.
MATERIALS AND METHODS
This retrospective study included a total of 1001

patients diagnosed with COVID-19 at Istanbul Medeniyet
University and Goztepe Prof. Dr. Suleyman Yalcin City
Hospital and Umraniye Training and Research Hospital,
Departments of Cardiology and Infectious Diseases and
Clinical Microbiology, Istanbul, Turkey between March
20th, 2020 and November 20th, 2020. Those having
pregnancy or severe frailty based on the attending physi-
cian’s discretion were excluded from the study. Demo-
graphic and clinical characteristics of the patients
including age, sex, presence of hypertension, DM, hyper-
lipidemia, previous cardiovascular disease, congestive
heart failure, chronic obstructive pulmonary disease
(COPD), previous cerebrovascular disease, and length of
hospital stay and laboratory test results were retrieved
from the medical records of the hospital database. Atrial
fibrillation was defined as having both paroxysmal and
chronic AF. A written informed consent was obtained
from each patient. The study protocol was approved by
the Istanbul Medeniyet Univercity and Goztepe Prof. Dr.
Suleyman Yalcin City Ethics Committee. The study was
conducted in accordance with the principles of the Dec-
laration of Helsinki.

For renal failure and proteinuria, laboratory records
were used in addition to diagnostic codes. Renal dys-
function was defined as an estimated glomerular filtration
rate of <60ml/min/1.73 m2 or previously diagnosed renal
failure.14 The laboratory data included the first week of
554
hospitalization consisting of biochemical parameters and
complete blood count analysis.
Scoring systems
The ATRIA-RS, in which age and prior stroke are con-

sidered the major risk factors, was originally developed
to predict the risk of ischemic stroke in patients with AF.
When the ATRIA-RS is calculated in patients with prior
stroke, age is more heavily weighted in the scoring sys-
tem. The ATRIA-RS of the entire study population is cal-
culated based on whether there is a prior stroke
(Table 1).8

The CHADS-RS is calculated by assigning one point
for each factor such as age >75 years, hypertension,
DM, and congestive heart failure and two points for a his-
tory of transient ischemic attack (TIA) and/or stroke. The
CHA2DS2-VASc score is calculated by assigning one
point for each factor such as age between 65 and
74 years, hypertension, congestive heart failure (ejection
fraction <40%), DM, vascular disease (e.g., myocardial
infarction or peripheral arterial disease), and female sex
and two points for age >75 years and history of stroke or
TIA.7 The sex criterion of the ATRIA and CHA2DS2-VASc
scores was arbitrarily switched from female to male, as
the male sex was reported as an important predictor of
mortality in COVID-19 patients according to recent
reports.1 Thus, we attempted to improve the predictive
ability of the ATRIA and CHADS2-VASc scores for mor-
tality. These novel scoring systems were named as the
M-ATRIA and mCHA2DS2-VASc.

The Charlson Comorbidity Index (CCI) is a validated
scoring system to classify each patient based on 19
medical conditions. One point is assigned for each
comorbidity component (i.e., myocardial infarction,
congestive heart failure, peripheral vascular disease,
cerebrovascular disease, chronic pulmonary disease,
rheumatologic disease, dementia, peptic ulcer disease,
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DM, or mild liver disease); 2 points to cerebrovascular
(hemiplegia) event, diabetes with chronic complications,
cancer without metastases, and moderate-to-severe
renal disease; 3 points to moderate or severe liver dis-
ease; and 6 points to metastatic solid tumors or full-
blown acquired immunodeficiency syndrome (AIDS; zero
point was set in this study, as our dataset contained no
AIDS patients).15

The study population was classified into three groups
according to their M-ATRIA scores as follows: Group 1
(n = 448), 0−1; Group 2 (n = 268), 2−4; and Group 3
(n = 285), ≥5. Adverse clinical outcome measures were
defined as the need for invasive mechanical ventilation
(intubation), intensive care unit (ICU) admission, and in-
hospital mortality.
Statistical analysis
Statistical analysis was performed using the SPSS

version 22.0 software (IBM Corp., Armonk, NY, USA).
Descriptive data were expressed in median and inter-
quartile range (IQR) or number and frequency. The nor-
mality of the distribution was analyzed using the
Kolmogorov−Smirnov test. One-way analysis of vari-
ance (ANOVA) with Tukey and Bonferroni post-hoc anal-
yses or Kruskal−Wallis test and chi-square test were
used to compare the study groups based on the M-
ATRIA-RS tertiles for continuous variables and categori-
cal variables, respectively. A logistic regression analysis
was used to identify independent predictors of in-hospi-
tal mortality. The receiver operating characteristic (ROC)
analysis was used to determine the predictive accuracy
and performance of the M-ATRIA-RS, ATRIA-RS,
CHA2DS2-VASc-RS, mCHA2DS2-VASc-RS, CHADS-
RS, and CCI for in-hospital mortality. These ROC curves
were compared using the De-Long method. A good-
ness-of-fit test was calculated using the Hosmer-Leme-
show test and differences between the model-predicted
and observed event rates were determined. C statistics
were calculated to assess of the predictive ability of the
model used in logistic regression analysis. A p value of
<0.05 was considered statistically significant with 95%
confidence interval (CI).
RESULTS
Demographic and clinical characteristics of the

patients and laboratory data are summarized in Tables 2
and 3, respectively. The patients in the high M-ATRIA-RS
tertile were older with a more frequent history of DM,
hypertension, hyperlipidemia, stroke, heart failure, AF,
chronic kidney disease, proteinuria (p<0.001, for all),
COPD (p = 0.004), cardiovascular disease (p = 0.006),
and malignancy (p = 0.16). Troponin I, creatine kinase-
myocardial band (CK-MB), glucose, urea, creatinine, C-
reactive protein (CRP), procalcitonin, lactate dehydroge-
nase (LDH) (p<0.001, for all), alanine aminotransferase
(p = 0.003), aspartate aminotransferase (p = 0.001), D-
dimer (p = 0.002), and ferritin levels (p = 0.004) tended to
Copyright © 2021 Southern Society for Clinical Investigation. Published by Elsev
www.amjmedsci.com � www.ssciweb.org
increase progressively from a lower M-ATRIA to higher
M-ATRIA tertile. However, hemoglobin levels, and lym-
phocyte and neutrophil counts decreased from a lower
M-ATRIA to a higher M-ATRIA tertile (p<0.001). The
median length of hospital stay was 7 (4−12) days, 8 (5
−12) days, and 9 (5−14) days in Group 1, Group 2, and
Group 3, respectively (p<0.001). The choice of in-hospi-
tal medications was similar among the groups, except
for favipiravir and ritonavir therapy (p<0.001 and
p = 0.004, respectively. The high M-ATRIA tertile was sig-
nificantly associated with a higher prevalence of adverse
events compared to the other two groups. The rates of
in-hospital mortality, ICU admission, and requirement for
invasive mechanical ventilation of the groups are illus-
trated in Fig. 1.

The results of univariate and multivariate logistic
regression analysis are shown in Table 4. A multivari-
ate logistic regression analysis was performed for in
hospital mortality based on the following variables: M-
ATRIA-RS, troponin I level, history of coronary artery
disease, COPD, malignancy and AF, serum levels of
LDH, CRP, and ferritin levels. Among these variables,
the M-ATRIA-RS, troponin I, LDH, and history of malig-
nancy were identified as the independent predictors of
in-hospital mortality. As they contained similar varia-
bles with the M-ATRIA, the CCI, ATRIA, CHA2DS2-
VASc, mCHA2DS2-VASc, and CHADS scores were
not included in this model. The predictive ability of our
model was evaluated using the C statistics and
showed a good discriminative capacity in predicting
in-hospital mortality (C statistics=0.86, 95% CI: 0.82
−0.90). The calibrations of both our model and M-
ATRIA-RS to predict mortality were accurate in our
study (p = 0.14 and p = 0.82, respectively).

The ROC analysis results showing the predictive
accuracy of M-ATRIA-RS, ATRIA-RS, mCHA2DS2-
VASc-RS, CHA2DS2-VASc-RS, CHADS2-RS, and CCI
for in-hospital mortality are shown in Fig. 2. Based
on a 95% CI, the areas under the curve (AUC) for
M-ATRIA-RS, ATRIA-RS, mCHA2DS2-VASc-RS,
CHA2DS2-VASc-RS, CHADS-RS, and CCI were 0.74,
0.72, 0.72, 0.68, 67, and 0.71, respectively (p<0.001,
for all). A pairwise comparison of the ROC curves
revealed that the predictive value of M-ATRIA-RS for
in-hospital mortality was superior to the ATRIA-RS,
mCHA2DS2-VASc-RS, CHA2DS2-VASc-RS, and
CHADS-RS, but similar to that of the CCI (AUCM-ATRIA

vs. AUCATRIA Z-test=3.14, p = 0.002; AUCM-ATRIA vs.
AUCmCHA2DS2-VASc Z-test=2.14, p = 0.03; AUCM-ATRIA

vs. AUCCHA2DS2-VASc Z-test=4.23, p<0.001; AUCM-

ATRIA vs. AUCCHADS Z-test=4.15, p<0.001; and AUCM-

ATRIA vs. AUCCCI Z-test=1.46, p = 0.14).
DISCUSSION
The COVID-19 is a new strain which was not previ-

ously described in humans. After its first identification in
Wuhan, Hubei province of China in December 2019, it
ier Inc. All rights reserved. 555
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Table 2. Demographic and clinical characteristics of the patients according to M-ATRIA score.

Variable M-ATRIA 0–1
(n = 448)

M-ATRIA 2–4
(n = 268)

M-ATRIA ≥5
(n = 285)

P value Post-hoc analysis

Age (years) 48.5 (39−56) 60 (53−65) 76 (69−83) <0.001 Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

Male sex 231 (51.6%) 156 (58.2%) 167 (64.4%) 0.1
DM 24 (5.4%) 130(48.5%) 137 (48.1%) <0.001
Hypertension 38 (8.5%) 151 (56.3%) 214 (75.1%) <0.001
Hypercholesterolemia 27 (6%) 68 (25.4%) 68 (23.9%) <0.001
Previous CAD 16 (3.6%) 53 (19.8%) 91 (31.9%) <0.001
Previous CVD 10 (2.2%) 8(3%) 19 (6.7%) 0.006
COPD 40 (8.9%) 44 (16.4%) 48 (16.8%) 0.002
Heart failure 1 (0.2%) 10 (3.7%) 36 (12.7%) <0.001
CKD 3 (0.7%) 18 (6.7%) 43 (15.1%) <0.001
AF 6 (1.3%) 12 (4.5%) 23 (8.1%) <0.001
Previous malignancy 8 (1.8%) 11 (4.1%) 7 (2.5%) 0.16
Proteinuria 11 (2.5%) 30 (10.2%) 70(24.6%) <0.001
Length of hospital stay (days) 7 (4−12) 8 (5−12) 9 (5−14) <0.001* Group1vs2 p 0.005

Group1vs3 p<0.001
Group2vs3 p 0.99

ATRIA-RS 0 (0−1) 3 (1−3) 6 (5−8) <0.001* Group1vs2p< 0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

CHADS-VASc-RS 1 (0−1) 2 (1−3) 4 (3−5) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

mCHADS-VASc-RS 1 (0−1) 2 (2−3) 4 (3−5) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

CHADS-RS 0 1 (0−2) 2 (1−3) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

CCI 1 (0−2) 2(2−4) 4 (3−6) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3p< 0.001

In-hospital mortality 29 (6.5%) 41 (15.3%) 98 (34.4%) <0.001
ICU admission 74 (16.5%) 81 (30.3%) 129 (45.3%) <0.001
Mechanical ventilation 64 (14.3%) 67 (25.3%) 116 (40.7%) <0.001
In-hospital medications
Hydroxychloroquine
Oseltamivir
Favipiravir
Azithromycin
Lopinavir/Ritonavir
Remdesivir

323 (72.3%)
199 (44.6%)
120 (26.8%)
370 (82.8%)
133 (29.8%)
1 (0.2%)

196 (73.7%)
139 (52.5%)
93 (35%)
235 (87.7%)
76 (28.6%)
5 (1.9%)

189 (66.8%)
145 (51.2%)
117 (41.3%)
245 (86.3%)
114 (40.3%)
3 (1.1%)

0.16
0.08

<0.001
0.16
0.004
0.07

Data are given in median (interquartile range) or number and frequency, unless otherwise stated. DM: diabetes mellitus; CAD: coronary artery disease; CVD: cere-
brovascular disease; COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; AF: atrial fibrillation; ATRIA-RS: Anticoagulation and Risk Fac-
tors in Atrial Fibrillation Risk Score; M-ATRIA-RS: modified Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score; CCI: Charlson Comorbidity Index; ICU:
intensive care unit.
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became a global pandemic.1 However, there is still a lack
of well-validated scoring systems for risk prediction in
COVID-19. The ATRIA scoring system is a simple and
effective tool for easy risk stratification in different
entities.16,17

In the present study, we investigated whether M-
ATRIA-RS was an independent predictor of mortality in
patients hospitalized for COVID-19 and compared its
discrimination capability with CHADS, CHA2DS2-VASc,
556
and mCHA2DS2-VASc-RS. Our study results showed
that higher M-ATRIA scores were associated with worse
outcomes in patients with COVID-19. Also, the M-ATRIA
scores had a good discriminative ability to predict in-
hospital mortality in hospitalized COVID-19 patients.
Additionally, the M-ATRIA-RS was found to be superior
to the ATRIA, CHADS, CHA2DS2-VASc, and
mCHA2DS2-VASc scoring systems, but similar to the
CCI in terms of predicting mortality. This scoring system
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
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Table 3. Laboratory data of the patients according to M-ATRIA score.

Variable M-ATRIA 0–1
(n = 448)

M-ATRIA 2–4
(n = 268)

M-ATRIA ≥5
(n = 285)

P value Post-hoc analysis

Troponin I (ng/dL) 6 (3−20) 12.8 (4.1−86.8) 30 (10.1−130) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 0.66

CK-MB (ug/L) 10 (5.9−15.3) 12 (7−28.8) 21 (11−39) <0.001* Group1vs2 p 0.01
Group1vs3 p<0.001
Group2vs3 p<0.001

D-dimer (ug/L) 520 (170−1678) 931 (336−2858) 1000 (146−2740) 0.002* Group1vs2 p 0.37
Group1vs3 p<0.001
Group2vs3 p 0.19

White blood cell (/mm3) 5960 (4380−8260) 6520 (4735−9620) 6800 (4800−9600) 0.001* Group1vs2 p 0.1
Group1vs3 p 0.001
Group2vs3 p 0.55

Neutrophil (/mm3) 4900 (3250−7600) 4500 (3000−6680) 3600 (2400−5800) <0.001* Group1vs2 p 0.16
Group1vs3 p<0.001
Group2vs3 p 0.002

Lymphocyte (/mm3) 1000 (620−1550) 935 (590−1480) 800 (450−1160) <0.001* Group1vs2 p 0.39
Group1vs3 p<0.001
Group2vs3 p<0.001

Hemoglobin (g/dL) 13.1 (12.�14.4) 13 (11.2−13.9) 12.8 (11−14.2) <0.001* Group1vs2 p 0.09
Group1vs3 p<0.001
Group2vs3 p 0.41

Platelet (103/mm3) 204 (167−275) 207 (149−285) 183 (141−268) 0.03 Group1vs2 p 0.99
Group1vs3 p 0.03
Group2vs3 p 0.21

Urea (mg/dL) 25 (20−36.5) 39 (29−59) 53 (38−89) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

Creatinine (mg/dL) 0.8 (0.7−0.98) 0.9 (0.77−1.18) 1.1 (0.86−1.8) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p<0.001

AST (U/L) 32.5 (22−50.8) 41 (24.3−55.8) 31 (23−54) 0.001* Group1vs2 p 0.16
Group1vs3 p 0.001
Group2vs3 p 0.42

ALT (U/L) 28 (18−45) 27.5 (21−50.5) 20 (13−29) 0.003* Group1vs2 p 0.99
Group1vs3 p 0.01
Group2vs3 p 0.005

Glucose (mg/dL) 106 (92−134) 116 (100−237) 138 (104−178) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p 0.66

LDH (U/L) 343 (239−484) 362 (262−507) 377 (281−523) <0.001* Group1vs2 p 0.09
Group1vs3 p<0.001
Group2vs3 p 0.18

Ferritin (ug/L) 306 (100−814) 445 (183−1303) 529 (175−1306) 0.004* Group1vs2 p 0.04
Group1vs3 p 0.007
Group2vs3 p 0.99

CRP (mg/L) 16 (6−53) 18 (8−76) 30 (12−119) <0.001* Group1vs2 p<0.001
Group1vs3 p <0.001
Group2vs3 p 0.19

Procalcitonin (ug/L) 0.1 (0.05−0.55) 0.18 (0.05−1.02) 0.55 (0.11−1.8) <0.001* Group1vs2 p 0.001
Group1vs3 p<0.001
Group2vs3 p 0.03

Albumin (mg/dL) 3.7 (3.3−4) 3.4 (2.9−3.9) 3.4 (2.9−3.8) <0.001* Group1vs2 p<0.001
Group1vs3 p<0.001
Group2vs3 p 0.99

Data are given in median (interquartile range), unless otherwise stated.
* Kruskal-Wallis test.ATRIA-RS: Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score; CK-MB: creatine kinase-myocardial band; AST: aspartate trans-
aminase; ALT: alanine transaminase; LDH: lactate dehydrogenase; CRP: C-reactive protein.
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FIG. 1. The rates of in-hospital mortality, ICU admission, and requirement for invasive mechanical ventilation of the groups. M-ATRIA-RS: modi-
fied Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score; ICU: intensive care unit.

Table 4. Univariate and multivariaate analysis of possible predictors of in hospital mortality.

Univariate Multivariate

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

M-ATRIA-RS 1.39 (1.3−1.48) <0.001 1.26 (1.14−1.40) <0.001
ATRIA-RS 1.32 (1.25−1.41) <0.001
mCHADS-VASc-RS 1.58 (1.43−1.75) <0.001
CHADS-VASc-RS 1.44 (1.31−1.59) <0.001
CHADS-RS 1.70 (1.48−1.95) <0.001
CCI 1.39 (1.29−1.51) <0.001
Troponin I 1.001 (1.001−1.003) <0.001 1.001 (1.000−1.001) <0.001
Male sex 1.47 (1.04−2.07) 0.03
Age 1.05 (1.04−1.07) <0.001
Hypertension 2.22(1.58−3.10) <0.001
DM 1.69 (1.19 �2.39) 0.003
CAD 2.89 (1.97−4.25) <0.001 1.53 (0.78−2.97) 0.21
Heart failure 7.82 (4.27−14.33) <0.001
CVD 1.63 (0.75−3.51) 0.22
CKD 3.32 (1.95−5.69) <0.001
Proteinuria 5.61 (3.69−8.55) <0.001
Atrial fibrillation 2.41 (1.22−4.76) <0.001 0.93 (0.30−2.84) 0.89
COPD 2.1 (1.37−3.20) 0.001 1.12 (0.56−2.23) 0.76
Previous malignancy 5.29 (2.41−11.63) <0.001 3.91 (1.33−11.5) 0.01
D-dimer 1.001 (1.001−1.002) <0.001
LDH 1.003 (1.002−1.004) <0.001 1.002 (1.001−1.004) 0.001
CRP 1.007 (1.005−1.009) <0.001 1.002 (0.99−1.006) 0.15
Procalcitonin 1.19 (1.12−1.26) <0.001
Ferritin 1.001 (1.000−1.002) <0.001 1.001 (1.000−1.001) 0.07

ATRIA-RS: Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score; M-ATRIA-RS: modified Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score;
CCI: Charlson Comorbidity Index; CI: confidence interval; DM: diabetes mellitus; CAD: coronary artery disease; CVD: cerebrovascular disease; COPD: chronic
obstructive pulmonary disease; CKD: chronic kidney disease; LDH: lactate dehydrogenase; CRP: C-reactive protein.
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FIG. 2. ROC analysis results showing the predictive accuracy of M-ATRIA-RS, ATRIA-RS, mCHA2DS2-VASc-RS, CHA2DS2-VASc-RS,
CHADS2-RS, and CCI for in-hospital mortality. ATRIA-RS: Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score; M-ATRIA-RS: modi-
fied Anticoagulation and Risk Factors in Atrial Fibrillation Risk Score; ROC: receiver operating characteristics. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

Modified ATRIA Risk Score and COVID-19
was also an independent predictor of in-hospital mortal-
ity in COVID-19 patients.

Consistent with recent studies investigating the
prognostic risk factors for COVID-19, our study showed
that male sex and age were strongly associated with an
increased risk of in-hospital mortality. Based on this find-
ing, we can speculate that the discriminative perfor-
mance of the M-ATRIA-RS is significantly improved by
simply changing its sex component from female to male.
Advanced age is one of the major risk factors which is
strongly associated with severe COVID-19 and mortal-
ity.18 COVID-19 infection has been shown to be more
severe in older patients, resulting in a high rate of mortal-
ity. Of note, elderly patients with COVID-19 are more
likely to progress to severe disease requiring ICU admis-
sion.19 In a study including 138 hospitalized patients with
COVID-19 pneumonia, the median age of the ICU
patients was 66 years versus 51 years among those not
receiving ICU care.20 In another study conducted in the
United States, the case-fatality rate (CFR) for COVID-19
was found to be 10 to 27% in patients aged above
85 years.21 In the Italian National Institute of Health
report, the overall CFR was found to be <1% in the age
group of <50 years with a rapid increase in the age group
of ≥60 years (16.9% and 24.4% in the age groups of 70
to 79 years and ≥80 years, respectively).22 According to
the Korea Disease Control and Prevention Agency, the
overall CFR was 2.37% in 11,344 patients with confirmed
cases; however, it was much higher in the elderly (10.9%
Copyright © 2021 Southern Society for Clinical Investigation. Published by Elsev
www.amjmedsci.com � www.ssciweb.org
in patients aged 70 to 79 years and 26.6% in patients
aged ≥80 years).23 In another analysis of 44,672 cases in
China, the overall CFR was 2.3%; however, the CFR was
8.0% in patients aged 70 to 79 years and 14.8% in
patients aged ≥80 years.24 However, there is age-based
exponential increase in the fatality rate, regardless of the
geographic region. Unlike CHA2DS2-VASc and CHADS
scores, a more detailed classification was performed for
age in the ATRIA-RS and the points given to age was
higher than the other components. Bringing the age cri-
terion forefront, which is the leading criteria, may explain
the fact that M-ATRIA-RS is an independent predictor of
in-hospital mortality in our study.

Elderly individuals and those having a higher preva-
lence of comorbidities have been shown to be more sus-
ceptible to SARS-CoV-2. The majority of the patients
have at least one comorbidity in severe groups, and car-
diovascular disease, cerebrovascular disease, chronic
kidney disease, hypertension, and diabetes are the most
common comorbidities in this population.25 Although
CCI includes a higher number of risk factors compared
to ATRIA-RS (i.e., malignancy, liver disease, and rheu-
matic disease), our study found that CCI and M-ATRIA-
RS had a similar ability to predict mortality in COVID-19
patients. This can be attributed to the fact that many indi-
vidual risk factors included in the M-ATRIA-RS are also
the factors related to COVID-19 morbidity and mortality.
However, further large-scale, prospective studies are
needed to confirm this concept.
ier Inc. All rights reserved. 559

http://www.amjmedsci.com
http://www.ssciweb.org


Aciksari et al
Furthermore, in a study including COVID-19 patients,
early LDH levels were found to be a good predictor of
lung injury and severity of COVID-19 in the course of the
disease.26 There was also a correlation between higher
LDH levels and worse clinical outcomes in previous
studies.27,28 Abnormal LDH levels may be due to
decreased oxygenation and upregulation of the glyco-
lytic pathway, as well as multiple organ injuries. Similarly,
our study demonstrated that higher LDH levels were
associated with worse outcomes. Myocardial injury is
frequent in patients with COVID-19, showing an associa-
tion with the severity of infection. Although it varies
between COVID-19 studies, myocardial injury is usually
defined as the elevation of high-sensitivity cardiac tropo-
nin (hs-cTn) above the 99th percentile of its upper limit of
normal.29 Increased levels of hs-cTn are associated with
the severity of the disease and mortality rate in COVID-
19.29,30 In our study, elevated LDH and troponin levels
were independently associated with in-hospital mortality
in COVID-19 patients. In addition, patients with malig-
nancies were found to have a higher risk of mechanical
ventilation in the ICU or COVID-19-related mortality.31

Consistent with this finding, malignancy was also one of
the independent predictors of mortality in our study.

Nonetheless, this study has some limitations. First, the
retrospective nature of the study precludes the generalization
of the results to the overall population. Second, COVID-19
may manifest with a diverse clinical spectrum in every
patient, particularly in different ethnic groups and the retro-
spective design may have limited the quality of data col-
lected. Third, the missing data for all prognostic variables
were assumed to be normal in this study, which may have
affected the prognostic value of the scores, particularly of the
CCI. Therefore, further large-scale, prospective studies are
warranted to confirm the relationship between the M-ATRIA
scores and poor outcomes in patients with COVID-19.
CONCLUSIONS
In conclusion, our study results suggest that M-ATRIA-

RS is a useful tool to predict in-hospital mortality among
hospitalized patients with COVID-19. It also shows superior-
ity over the mCHA2DS2-VASc-RS in predicting mortality in
this patient group and is more easily calculable than the CCI
score. Based on these findings, it seems to be a simplified
means of rapid risk assessment at the time of hospital
admission, contributing to identification of identify high-risk
patients and early treatment and close follow-upwith recom-
mendations to the family and/or relatives of the patient.
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