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Mortality prediction using CHADS2/CHA2DS2-
VASc/R2CHADS2 scores in systolic heart failure
patients with or without atrial fibrillation
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Heng-Chia Chang, MDf, Kuan-Cheng Chang, MDg,h, Shih-Hsien Sung, MDi, Kou-Gi Shyu, MDj,
Chun-Chieh Wang, MDb,k, Wei-Hsian Yin, MDl, Jiunn-Lee Lin, MDm, Shyh-Ming Chen, MDa,b,∗,
on behalf of the TSOC-HFrEF Registry investigators and committee
Abstract
The CHADS2, CHA2DS2-VASc, and R2CHADS2 scores are well-known predictors of stroke caused by atrial fibrillation (AF), but no
studies have evaluated their use for stratifying all-cause mortality risk in patients discharged for systolic heart failure (SHF) with or
without AF.
This study analyzed data in the Taiwan Society of Cardiology—heart failure with reduced ejection fraction (TSOC-HFrEF) registry.

These data were obtained by a prospective, multicenter, observational survey of patients treated at 21medical centers in Taiwan after
hospitalization for acute, pre-existing or new onset SHF fromMay, 2013 toOctober, 2014. During 1 year follow-up, 198 patients were
lost follow-up, and final 1311 (86.8%) patients were included for further analysis. During the follow-up period, 250 (19%) patients
died. Multivariate analysis revealed that body mass index, thyroid disorder, valvular surgery history, chronic kidney disease (CKD),
and scores for CHADS2, CHA2DS2-VASc, and R2CHADS2 were significant independent predictors of mortality in the overall
population of SHF patients (all P< .05) The c-indexes showed that CHADS2, CHA2DS2-VASc, and R2CHADS2 scores were
significantly associated with mortality in SHF patients with or without AF (all P<005). However, R2CHADS2 had significantly higher
accuracy in predicting mortality in all SHF patients compared with CHADS2 and CHA2DS2-VASc (DeLong test, P< .0001), especially
in SHF without AF (DeLong test, P= .0003).
Scores for CHADS2, CHA2DS2-VASc, and R2CHADS2 can be used to predict 1-year all-cause mortality in SHF patients with or

without AF. For predicting all-cause mortality in SHF patients, R2CHADS2 is more accurate than CHADS2 and CHA2DS2-VASc.

Abbreviations: ACEI/ARB = angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers, AF = atrial fibrillation, AUC
= area under the curve, BMI = body mass index, CAD = coronary artery disease, CHF = congestive heart failure, CKD = chronic
kidney disease, DM = diabetes mellitus, HF = heart failure, IRB = institutional review board, LVEF = left ventricular ejection fraction,
NRI= net reclassification index, PAOD= peripheral artery occlusion disease, ROC= receiver operating characteristic, SHF= systolic
heart failure, TSOC-HFrEF = Taiwan Society of Cardiology—heart failure with reduced ejection fraction.
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1. Introduction

Various risk scores currently used to predict mortality in systolic
heart failure (SHF) patients have proven to be too complex for
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routine clinical use. The variables used in previous risk
models have been very numerous and heterogeneous. Examples
include clinical status, therapy (pharmacological and devices),
laboratory parameters, and even functional test outcomes, which
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can change during hospitalization and with the progression of
the disease. Some risk models are highly complex and may
require laborious data entry or even the use of an interactive
program.[1,2,4,5] In patients with atrial fibrillation (AF), the most
commonly used predictors of stroke scores are CHADS2
[congestive heart failure (CHF), hypertension, age, diabetes,
stroke (doubled)], CHA2DS2-VASc [CHF, hypertension, age ≥75
(doubled), diabetes, stroke (doubled), vascular disease, Age
65–74, and sex category (female)], and R2CHADS2 [renal
dysfunction (doubled), CHF, hypertension, age, diabetes, stroke
(doubled)]. These scores are easily calculated because they
include common cardiovascular risk factors[6–10] and have been
extended for use in predicting endpoints other than stroke[11–13]

and even for use in patients without AF.[14–17] Some studies have
shown that they can also be used to predict all-cause mortality in
heart failure (HF) patients.[17,18] However, their effectiveness for
stratifying mortality risk in SHF patients with and without AF is
unknown. Therefore, this study investigated the value of these
risk scores for predicting all-cause mortality in patients with SHF.
2. Methods

2.1. Study designs and patients

The Taiwan Society of Cardiology—Heart Failure with reduced
Ejection Fraction (TSOC-HFrEF) registry contains data obtained
by a prospective, multicenter, observational survey of patients
treated for HF at 21 medical centers in Taiwan. The inclusion
criteria for the survey were age older than 18 years and
hospitalization for either acute new-onset HF or acute decom-
pensation of chronic HF with reduced left ventricular ejection
fraction (LVEF). Enrolment criteria included LVEF less than 40%
documented before enrollment by either echocardiography or left
ventriculography during the index hospitalization. The only
exclusion criterion was age less than 18 years old. The patients
were consecutively enrolled at each participating site. Because
this was an observational study, no specific protocol was
established, and no recommendations for HF evaluation and
management were made. Drug prescriptions, diagnostic tests,
and therapeutic managements were left to the discretion of the
attending cardiologists. Data were collected only after partici-
pating patients read the study information and gave written
informed consent. Data collection for the index hospitalization
included the period from the time of initial care to the time of
discharge or death. Follow-up data were collected after 6 and
12 months. The design of this registry study was approved by the
institutional review board (IRB) of each participating institution.
Data were collected with a uniform case report form approved by
the IRB of each medical center. After obtaining written informed
consent to participate from each patient, the hospital investigator
or research coordinator entered the patient data into an online
database. Data collected from medical records included baseline
characteristics, medical history, HF severity, echocardiographic
data, in-hospital mortality, and discharge medications. The body
mass index (BMI) and other echocardiographic data were also
obtained. All other data were self-reported and confirmed by
available medical records. The detailed study protocol is
described in the previous report.[19]
2.2. Definition

Renal dysfunction and chronic kidney disease (CKD) were
defined as an estimated glomerular filtration rate (eGFR)<
2

60mL/min/1.73 m . The eGFR was calculated using the
abbreviated Modification of the Diet in Renal Disease Study
equation: eGFR (mL/min/1.73 m2)=186.3 � (serum creatinine
[mg/dL])�1.154� (age [years])�0.203� (0.742 in females).[20]

Alcoholism were defined as patients whose average daily wine
consumption exceeded 300mL or whose average daily liquor
consumption exceeded 60mL.

2.3. Statistical analysis

The statistical analyses included all enrolled patients. Descriptive
summaries were presented for all patients and for all subgroups of
patients. Quantitative data were expressed as means± standard
deviation; categorical variables were reported as percentages.
Student t test was used to compare continuous data, and x2 test or
Fisher exact test was used to compare categorical data. A
multivariate analysis was performed with a logistic stepwise
regression model to determine the independent predictors of 1-
year mortality. The CHADS2, CHA2DS2-VASc, and R2CHADS2
scores were sequentially entered in 3 different models (CHADS2
in model 1, CHA2DS2-VASc in model 2, and R2CHADS2 in
model 3) for multivariate analysis. All the variables in Table 1,
supplementary Table 1 and supplementary Table 2 http://links.
lww.com/MD/B908 with P value< .05 in predicting mortality by
univariate analysis were enrolled into multivariate analysis
except those variables of the different scoring systems in different
models. The accuracies of CHADS2, CHA2DS2-VASc, and
R2CHADS2 scores for predicting all-cause mortality were
calculated by c-indexes based on receiver operating characteristic
(ROC) curves. Areas under the ROC curves for these 3 scoring
systems were compared using DeLong test. The net reclassifica-
tion index (NRI) was used to quantify the accuracy of the risk
scoring system in classifying subjects, as compared with other
risk-scoring systems when the DeLong test revealed differences in
area under the ROC curves for the 3 scoring systems. A P value
of< .05 was considered statistically significant. The statistical
analyses were performed using SAS statistical software Version
9.4 (SAS Institute, Cary, NC).

3. Results

3.1. Baseline characteristics and 1-year mortality in SHF
patients

The TSOC-HFrEF registry contains data for 1509 patients
treated in 21 medical centers from May, 2013 to October, 2014.
Detailed baseline characteristics are presented in our previous
registry report.[19] The TSOC-HFrEF registry contains data for
an observational survey with no specific protocol for intervention
during follow-up. Patients were free to withdraw their consent
and participation for any reason and at any time. During the first
year, 198 (13.2%) patients were lost to follow-up. Therefore,
1311 (86.8%) patients were included in the final analysis. Of
these, 354 (27%) patients had a history of AF rhythm. During the
1-year follow-up, 250 (19%) patients died. Table 1 compares
SHF patients who died (mortality group) and SHF patients who
survived (survival group) during the 1-year follow-up. The
mortality group was characterized by significantly older age
(68.7±14.2 vs 62.0±16.3 years, P< .001), significantly lower
BMI (23.9±5.1 vs 25.6±5.0, P< .001), and significantly higher
incidences of the following: diabetes mellitus (DM) (52.8% vs
42.1%, P= .002), coronary artery disease (CAD) (47.6% vs
40.7%, P= .047), CKD (47.6% vs 27.3%, P< .001), peripheral
artery occlusion disease (PAOD) (10.8% vs 5.7%, P= .004),
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Table 1

Baseline characteristics of 1-year mortality group and 1-year survival group in 1311 SHF patients.

Variables Total (n=1311) Mortality group (n=250) Survival group (n=1061) P value

Age 63.3±16.2 68.7±14.2 62.0±16.3 <.001
Male 951 (72.5%) 177 (70.8%) 774 (73.0%) .493
Smoking 660 (50.3%) 116 (46.4%) 544 (51.3%) .182
BMI 25.3±5.1 23.9±5.1 25.6±5.0 <.001
AF 354 (27.0%) 82 (32.8%) 272 (25.6%) .026
HTN 445 (33.9%) 76 (30.4%) 369 (34.8%) .207
DM 579 (44.2%) 132 (52.8%) 447 (42.1%) .002
Advanced HF

∗
1162 (88.6%) 228 (91.2%) 934 (88.0%) .183

Dyslipidemia 294 (22.4%) 50 (20.0%) 244 (23.0%) .354
Old stroke 124 (9.5%) 30 (12.0%) 94 (8.9%) .127
Old MI 328 (25.0%) 72 (28.2%) 256 (24.1%) .125
CAD 551 (42.0%) 119 (47.6%) 432 (40.7%) .047
Previous HF admission 525 (40.0%) 108 (43.2%) 417 (39.3%) .258
CKD† 409 (31.2%) 119 (47.6%) 290 (27.3%) <.001
PAOD 88 (6.7%) 27 (10.8%) 61 (5.7%) .004
COPD 139 (10.6%) 40 (16.0%) 99 (9.3%) .002
OSA 36 (2.7%) 4 (1.6%) 32 (3.0%) .284
Thyroid disorder 63 (4.8%) 21 (8.4%) 42 (4.0%) .003
Cancer 38 (2.9%) 10 (4.0%) 28 (2.6%) .249
Previous Valvular surgery 63 (4.8%) 20 (8.0%) 43 (4.1%) .009
Echocardiography‡

LA size (mm) 49.8±9.4 46.7±9.6 46.3±8.6 .512
LVEF (%) 28.5±8.8 28.0±8.9 28.7±8.8 .336

Medication
ACEI/ARB 778 (59.3%) 104 (41.6%) 674 (63.5%) <.001
Beta-blocker 761 (58.0%) 105 (42.0%) 656 (61.8%) <.001
Diuretics 1034 (78.9%) 167 (66.8%) 867 (81.7%) <.001
CCB 152 (11.6%) 24 (9.6%) 128 (12.1%) .323
Digoxin 334 (25.5%) 70 (28.0%) 264 (24.9%) .309
Antiplatelet 750 (57.2%) 126 (50.4%) 624 (58.8%) .016
Anticoagulation 278 (21.2%) 42 (16.8%) 236 (22.2%) .059
Antiarrhythmia 198 (15.1%) 42 (16.8%) 156 (14.7%) .405

Risk scoring system
CHADS2 score 2.3±1.1 2.5±1.1 2.2±1.0 .002
CHA2DS2-VASc score 3.3±1.6 3.7±1.6 3.2±1.6 <.001
R2CHADS2 score 2.9±1.5 3.4±1.7 2.8±1.5 <.001

Data are expressed as means ± SD or % (n).
A= left atrium, ACEI/ARB=angiotensin-converting enzyme inhibitor/ angiotensin-receptor blocker, AF= atrial fibrillation, BMI=body mass index, CAD= coronary artery disease, CCB= calcium channel blocker,
CHA2DS2-VASc=congestive heart failure, hypertension, age ≥ 75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and sex category (female), CHADS2=congestive heart failure,
Hypertension, Age, Diabetes, Stroke (doubled), CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, DM=diabetes mellitus, HF=heart failure, LVEF= left ventricular ejection fraction,
MI=myocardial infarction, OSA= obstructive sleep apnea, PAOD=peripheral artery occlusion disease, R2CHADS2=Renal Dysfunction (doubled), Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke
(doubled), SHF= systolic heart failure.
∗
Advanced HF, New York Heart Association functional class≥3.

† CKD= estimated glomerular filtration rate < 60mL/min/1.73 m2.
‡ Data collected during index hospitalization.
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chronic obstructive pulmonary disease (16% vs 9.3%, P= .002),
thyroid disorder (8.4% vs 4%, P= .003) and previous valvular
surgery (8% vs 4.1%, P= .009). Compared with the survival
group, the mortality group also had significantly lower incidences
of treatment with the following: beta-blocker, angiotensin-
converting enzyme inhibitors/angiotensin-receptor blockers
(ACEI/ARB), diuretics and antiplatelet (all P< .05). Finally,
the mortality group had significantly higher scores for
R2CHADS2, CHADS2, and CHA2DS2-VASc (3.4±1.7 vs 2.8
±1.5, P< .001; 2.5±1.1 vs 2.2±1.0, P= .002; 3.7±1.6 vs 3.2±
1.6, respectively, P< .001).
3.2. Multivariate analysis 1-year all-cause mortality
predictors in SHF patients

Multivariate analysis of all variables with P value less than.05
showed that BMI, thyroid disorder, and valvular surgery history
3

were independent predictors of 1-year mortality in all 3 models
(all P< .05). CKD was a significant independent predictor of
1-year mortality in model 1 andmodel 2 (P< .001). The CHADS2
score (odds ratio 1.148, 95% CI: 1.003–1.315, P= .045),
CHA2DS2-VASc score (odds ratio 1.130, 95% CI: 1.031–1.239,
P= .009), and R2CHADS2 score (odds ratio 1.282, 95% CI:
1.172–1.402, P< .001) were independent predictors of 1-year
mortality in the different models. Table 2 shows the results.
3.3. Baseline characteristics and 1-year mortality in total
SHF patients with or without AF

Table 3 lists the baseline characteristics, in-hospital mortality,
and 1-year mortality in SHF patients with or without AF. Of 354
SHF patients with a history of AF, 82 (23%) patients died during
the 1-year follow-up. Supplemental Table 1 http://links.lww.com/
MD/B908 compares the mortality group and the survival group.
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Table 2

Univariate and multivariate analysis of 1-year mortality in SHF patients.

Univariate analysis Multivariate analysis

OR (95% CI) P value

Model 1 Model 2 Model 3

Variables OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

BMI 0.927 (0.897–0.957) <.001 0.931 (0.901–0.962) <.001 0.937 (0.907–0.969) <.001 0.931 (0.901–0.962) <.001
Thyroid disorder 2.225 (1.293–3.830) .004 2.155 (1.210–3.838) .009 2.122 (1.192–3.777) .011 2.100 (1.181–3.736) .012
Valvular surgery 2.059 (1.188–3.566) .010 1.918 (1.093–3.367) .045 1.926 (1.095–3.386) .023 1.930 (1.100–3.385) .022
CKD

∗
2.415 (1.821–3.204) <.001 2.135 (1.584–2.877) <.001 2.069 (1.533–2.794) <.001 — —

CHADS2 1.231 (1.085–1.396) .001 1.148 (1.003–1.315) .045 — — — —

CHA2DS2-VASc 1.212 (1.114–1.318) <.001 — — 1.130 (1.031–1.239) .009 — —

R2CHADS2 1.300 (1.191–1.419) <.001 — — — — 1.282 (1.172–1.402) <.001

BMI=body mass index, CHA2DS2-VASc= congestive heart failure, hypertension, age ≥ 75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and sex category (female), CHADS2= congestive
heart failure, hypertension, age, diabetes, stroke (doubled), CI= confidence interval, CKD= chronic kidney disease, OR= odds ratio, R2CHADS2= renal dysfunction (doubled), congestive heart failure,
hypertension, age, diabetes, stroke (doubled), SHF= systolic heart failure.
∗
CKD= estimated glomerular filtration rate < 60mL/min/1.73m2.

—=not included inmultivariate analysis in themodel. TheCHADS2, CHA2DS2-VASc, andR2CHADS2 scoreswere sequentially entered in 3 differentmodels (CHADS2 inmodel 1, CHA2DS2-VASc inmodel 2, andR2CHADS2 inmodel
3) for multivariate analysis. All the variables in Table 1 with P value<.05 in predicting mortality by univariate analysis were enrolled into multivariate analysis except those variables of the different scoring system in different models.

Table 3

Baseline characteristics of SHF patients with and without AF.

Variables Total (n=1311) AF (n=354) Non-AF (n=957) P value

Age 63.3±16.2 68.6±14.3 61.3±16.4 <.001
Male gender 951 (72.5%) 254 (71.8%) 697 (72.8%) .697
Smoking 660 (50.3%) 173 (48.9%) 487 (50.9%) .534
Alcoholism 42 (3.2%) 17 (4.8%) 25 (2.6%) .046
BMI 25.3±5.1 24.8±4.8 25.4±5.2 .071
AF type
Paroxysmal 105 (8.0%) 105 (29.7%) –

Nonparoxysmal 249 (19.0%) 249 (70.4%) –
Advanced HF

∗
1162 (88.6%) 329 (92.9%) 833 (87.0%) .002

Previous HF admission 525 (40.0%) 164 (46.3%) 361 (37.7%) .005
HTN 445 (33.9%) 107 (30.2%) 338 (35.3%) .088
DM 579 (44.2%) 145 (41.0%) 434 (45.4%) .168
Dyslipidemia 294 (22.4%) 55 (15.5%) 239 (25.0%) <.001
Old stroke 124 (9.5%) 52 (14.7%) 72 (7.5%) <.001
Old MI 328 (25.0%) 83 (23.4%) 245 (25.6%) .473
CAD 551 (42.0%) 143 (40.4%) 408 (42.6%) .488
CKD† 409 (31.2%) 118 (33.3%) 291 (30.4%) .310
PAOD 88 (6.7%) 21 (5.9%) 67 (7.0%) .536
COPD 139 (10.6%) 56 (15.8%) 83 (8.7%) <.001
OSA 36 (2.7%) 15 (4.2%) 21 (2.2%) .044
Thyroid disorder 63 (4.8%) 25 (7.1%) 38 (4.0%) .020
Hepatitis 81 (6.2%) 23 (6.5%) 58 (6.1%) .771
Depression 22 (1.7%) 5 (1.4%) 17 (1.8%) .810
Cancer 38 (2.9%) 14 (4.0%) 24 (2.5%) .166
Previous valvular surgery 63 (4.8%) 31 (8.8%) 32 (3.3%) <.001

Echocardiography‡

LA size (mm) 46.3±8.8 49.8±9.4 45.1±8.2 <.001
LVEF (%) 28.5±8.8 28.8±8.3 28.4±9.0 .471

Medication
ACEI/ARB 778 (59.3%) 209 (59.0%) 569 (59.5%) .891
Beta-blocker 761 (58.0%) 189 (53.4%) 572 (59.8%) .038
Diuretics 1034 (78.9%) 291 (82.2%) 743 (77.6%) .080
CCB 152 (11.6%) 37 (10.5%) 115 (12.0%) .496
Digoxin 334 (25.5%) 136 (38.4%) 198 (20.7%) <.001
Antiplatelet 750 (57.2%) 157 (44.4%) 593 (62.0%) <.001
Anticoagulation 278 (21.2%) 152 (42.9%) 126 (13.2%) <.001
Antiarrhythmia 198 (15.1%) 70 (19.8%) 128 (13.4%) .004

Risk scoring system
CHADS2 score 2.3±1.1 2.4±1.1 2.2±1.0 .009
CHA2DS2-VASc score 3.3±1.6 3.6±1.7 3.2±1.6 <.001
R2CHADS2 score 2.9±1.5 3.1±1.6 2.8±1.5 .016
Died in hospital 36 (2.7%) 13 (3.7%) 23 (2.4%) .212
Died within 1 year 250 (19.1%) 82 (23.2%) 168 (17.6%) .022

Data are expressed as means ± SD or % (n).
ACEI/ARB= angiotensin-converting enzyme inhibitors/ angiotensin-receptor blockers, AF= atrial fibrillation, BMI=body mass index, CAD= coronary artery disease, CCB= calcium channel blocker, CHA2DS2-VASc=
congestive heart failure, hypertension, age≥ 75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and sex category (female), CHADS2= congestive heart failure, hypertension, age, diabetes, stroke
(doubled), CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, DM=diabetesmellitus, HF=heart failure, LA= left atrium, LVEF= left ventricular ejection fraction, MI=myocardial infarction,
OSA= obstructive sleep apnea, PAOD=peripheral artery occlusion disease, R2CHADS2= renal dysfunction (doubled), congestive heart failure, hypertension, age, diabetes, stroke (doubled), SHF= systolic heart failure.
∗
Advanced HF, New York Heart Association functional class≥3.

† CKD= estimated glomerular filtration rate < 60mL/min/1.73 m2.
‡ Data collected during index hospitalization.
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Table 4

Univariate and multivariate analysis of 1-year mortality in SHF patients with AF.

Univariate analysis Multivariate analysis

Model 1 Model 2 Model 3

Variables OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Paroxysmal AF 1.745 (1.039–2.930) .035
Valvular surgery History 2.283 (1.057–4.928) .036 2.280 (1.023–5.082) .044 2.233 (1.000–4.988) .050 2.327 (1.049–5.163) .038
CKD

∗
2.369 (1.427–3.931) .001 1.874 (1.098–3.200) .021 1.809 (1.055–3.101) .031 — —

CHADS2 1.313 (1.087–1.585) .005 1.243 (1.017–1.518) .033 — — — —

CHA2DS2-VASc 1.266 (1.097–1.460) .001 — — 1.207 (1.036–1.406) .016 — —

R2CHADS2 1.310 (1.139–1.507) <.001 — — — — 1.290 (1.118–1.487) <.001

AF= atrial fibrillation, CHA2DS2-VASc= congestive heart failure, hypertension, age ≥ 75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and sex category (female), CHADS2= congestive
heart failure, hypertension, age, diabetes, stroke (doubled), CI= confidence interval, CKD= chronic kidney disease, OR= odds ratio, R2CHADS2= renal dysfunction (doubled), congestive heart failure,
hypertension, age, diabetes, stroke (doubled), SHF= systolic heart failure.
∗
CKD= estimated glomerular filtration rate < 60mL/min/1.73m2.

—=not included in multivariate analysis in the model. The CHADS2, CHA2DS2-VASc, and R2CHADS2 scores were sequentially entered in 3 different models (CHADS2 in model 1, CHA2DS2-VASc in model 2 and
R2CHADS2 in model 3) for multivariate analysis. All the variables in supplementary Table 1 http://links.lww.com/MD/B908 with P value <.05 in predicting mortality by univariate analysis were enrolled into
multivariate analysis except those variables of the different scoring system in different models.
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Briefly, the mortality group were significantly older than the
survival group (71.9±13.1 vs 67.6±14.5 years, respectively,
P= .011) and were significantly more likely to have DM, CKD,
previous valvular surgery, and paroxysmal AF (all P< .05). The
survival group were also significantly more likely to receive
treatment with beta-blocker, ACEI/ARB, and diuretics (all
P< .05). The mortality group had significantly higher scores
compared with the survival group for CHADS2 (2.7±1.1 vs 2.3
±1.1, respectively, P= .011), for CHA2DS2-VASc (4.1±1.5 vs
3.4±1.7, respectively, P= .001), and for R2CHADS2 (3.7±1.7 vs
2.9±1.6, respectively, P< .001). Multivariate analysis in differ-
ent models showed that valvular surgery history, CKD, CHADS2,
CHA2DS2-VASc, and R2CHADS2 were independent predictors
of 1-year mortality. Table 4 shows the statistical results. In
patients who had SHF but not AF, 168 (17.6%) patients died
during the 1-year follow-up. Supplemental Table 2 http://links.
lww.com/MD/B908 compares the mortality group and the
survival group. Multivariate analysis in different models showed
that independent predictors of 1-year morality were BMI, CKD,
and R2CHADS2. Table 5 shows the statistical results. Compar-
isons of patients with and without CKD showed that the CKD
group had more elderly people with low BMI. Supplemental
Table 3 http://links.lww.com/MD/B908 also shows that the CKD
Table 5

Univariate and multivariate analysis of 1 year mortality in SHF patien

Univariate analysis

Model 1

Variables OR (95% CI) P value OR (95% CI) P

BMI 0.913 (0.878–0.950) <.001 0.922 (0.886–0.960) <

PAOD 1.969 (1.125–3.445) .018
COPD 1.927 (1.154–3.218) .012
Thyroid disorder 2.257 (1.115–4.570) .024
CKD

∗
2.416 (1.717–3.399) <.001 2.033 (1.403–2.945) <

CHADS2 1.169 (0.998–1.369) .053 1.058 (0.890–1.258)
CHA2DS2-VASc 1.177 (1.063–1.304) .002 —

R2CHADS2 1.276 (1.146–1.422) <.001 —

AF= atrial fibrillation, BMI=body mass index, CHA2DS2-VASc= congestive heart failure, hypertension, ag
CHADS2= congestive heart failure, hypertension, age, diabetes, stroke (doubled), CI= confidence interv
PAOD=peripheral artery occlusion disease, R2CHADS2= renal dysfunction (doubled), congestive heart
∗
CKD= estimated glomerular filtration rate < 60mL/min/1.73m2.

—=not included for multivariate analysis in the model. The CHADS2, CHA2DS2-VASc, and R2CHADS2 scor
R2CHADS2 in model 3) for multivariate analysis. All the variables in supplementary Table 2 http://links.lw
multivariate analysis except those variables of the different scoring system in different models.

5

group had more patients with DM, CAD, PAOD, previous
stroke, previous myocardial infarction, and previous hear failure
admission.

3.4. Comparisons of different scoring systems as
predictors of 1-year mortality in SHF patients with or
without AF

Figure 1 compares 1-year mortality rates in SHF patients with or
without AF. The figure shows that, regardless of AF, 1-year
mortality in SHF patients had significant positive associations
with CHADS2, CHA2DS2-VASc, and R2CHADS2 scores (all
P< .05). Figure 2 compares the ROC curves for different risk
scoring systems used to predict 1-year mortality. Figure 2A
shows that, for predicting totally mortality in SHF patients, the
c-indexes based on area under the curve (AUC) were 0.5595
for CHADS2, 0.5898 for CHA2DS2-VASc, and 0.6091for
R2CHADS2. That is, the c-index for R2CHADS2 score was
significantly higher than those for CHADS2 and CHA2DS2-VASc
(DeLong test, P< .0001). Additionally, the R2CHADS2 score had
a significantly higher NRI in comparison with the CHADS2
score (+39.8%; 95% CI: 26.2%–53.3%; P< .0001) and in
comparisons with the CHA2DS2-VASc score (+20.5%; 95% CI:
ts without AF.

Multivariate analysis

Model 2 Model 3

value OR (95% CI) P value OR (95% CI) P value

.001 0.926 (0.889–0.964) <.001 0.922 (0.886–0.960) <.001

.001 1.993 (1.375–2.890) <.001 — —

.521 — — — —

— 1.067 (0.951–1.197) .270 — —

— — — 1.214 (1.084–1.360) .001

e ≥75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and sex category (female),
al. CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, OR= odds ratio,
failure, hypertension, age, diabetes, stroke (doubled), SHF= systolic heart failure.

es were sequentially entered in 3 different models (CHADS2 in model 1, CHA2DS2-VASc in model 2, and
w.com/MD/B908 with P value <.05 in predicting mortality by univariate analysis were enrolled into

http://links.lww.com/MD/B908
http://links.lww.com/MD/B908
http://links.lww.com/MD/B908
http://links.lww.com/MD/B908
http://links.lww.com/MD/B908
http://www.md-journal.com


Figure 1. A, One-year all-cause mortality rate among different CHADS2 scores
in SHF patients with and without AF. SHF patients who had high CHADS2

scores had a high 1-year mortality rate regardless of AF or not (all P< .05). AF=
atrial fibrillation, CHADS2=congestive heart failure, hypertension, age,
diabetes, stroke (doubled), SHF=systolic heart failure, SR=sinus rhythm.
B, One-year all-cause mortality rate among different CHA2DS2-VASc scores in
SHF patients with and without AF. SHF patients who had high CHA2DS2-VASc
scores had a high 1-year mortality rate regardless of AF or not (all P< .05). AF=
atrial fibrillation, CHA2DS2-VASc=congestive heart failure, hypertension, age ≥
75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and sex
category (female), SHF=systolic heart failure, SR=sinus rhythm. C, One-year
all-cause mortality rate among different R2CHADS2 scores in SHF patients with
and without AF. SHF patients who had high R2CHADS2 scores had a high 1-
year mortality rate regardless of AF or not (all P< .05). AF=atrial fibrillation,
R2CHADS2= renal dysfunction (doubled), congestive heart failure, hyperten-
sion, age, diabetes, stroke (doubled), SHF=systolic heart failure, SR=sinus
rhythm.
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6.8%–34.3%; P< .0001). Figure 2B shows that, for predicting
all-cause mortality in SHF patients with AF, the c-indexes based
on AUC did not significantly differ (P= .1436 in DeLong test)
among the 3 scoring systems (0.5878, 0.6055, and 0.6267 for
CHADS2, CHA2DS2-VASc, and R2CHADS2, respectively).
Figure 2C shows that, for predicting all-cause mortality in
SHF patients without AF, the c-index based on AUC was
significantly higher (DeLong test, P= .0003) for R2CHADS2
(0.5987) compared with CHADS2 (0.5409), and CHA2DS2-
VASc (0.5740). Additionally, the R2CHADS2 score obtained a
significantly higher NRI in comparison with CHADS2 (+39.4%;
95% CI: 22.9%–55.8%; P< .0001) and in comparison with
CHA2DS2-VASc (+27.0%; 95% CI: 10.6%–43.4%; P= .0015).

4. Discussion

This SHF cohort study had 3 major findings. First, all 3 scoring
systems are moderately accurate mortality predictors in SHF
patients with or without AF. Second, R2CHADS2 is the best all-
cause mortality predictor in total SHF patients without AF.
However, the predictive accuracy does not significantly differ in
SHF patients with AF. Third, regardless of the risk factors
included in each scoring system, CKD was the only independent
predictor of 1-year all-cause mortality in SHF patients with or
without AF.
Previous studies show that CHADS2 score predicts all-cause

mortality in SHF patients who undergo cardiac resynchroniza-
tion therapy.[17] Lip et al reported that the CHA2DS2-VASc score
was associated with all-cause mortality risk in patients with
incidental HF with or without AF. However, the predictive
accuracy was modest.[18] Our study showed that, for predicting
all-cause mortality in SHF, R2CHADS2 score is more accurate
than CHADS2 and CHA2DS2-VASc. The CKD is an important
component of the R2CHADS2 score. Our study suggested that
advanced age, low BMI, and comorbidity of DM, CAD, and
PAOD are mortality risk factors in CKD. Previous studies show
that renal insufficiency is an independent predictor of all-cause
mortality in patients with diastolic or systolic dysfunction, in
ambulatory patients with congestive HF, in HF patients
(symptomatic or asymptomatic) with left ventricle systolic
dysfunction, and in female patients with HF with systolic
preserved or depressed systolic function.[21–24]Most (73%) of the
HFrEF patients in our study were male, and most were middle
aged. CKD, a major component of R2CHADS2 score, was an
independent predictor of all-cause mortality. The findings of this
study are generally consistent with the literature despite some
differences in patient characteristics. However, no studies have
compared the use of CHADS2, CHA2DS2-VASc, and
R2CHADS2 scores for predicting all-cause mortality in SHF
patients with or without AF. This cohort study showed that, for
predicting all-cause mortality in SHF patients with AF, all 3
scores had moderate accuracy, and predictive accuracy did not
significantly differ. However, R2CHADS2 was the best mortality
predictor specifically in those without AF. This study also showed
CKD is the only independent predictor of all-cause mortality in
SHF patients with or without AF, even when the analysis includes
CHADS2 or CHA2DS2-VASc scores. This study confirmed
previous reports that BMI, thyroid disorder, and valvular surgery
history are independent predictors of all-cause mortality in SHF
patients.[5,25–27] In SHF patients without AF, the only 2
independent predictors of all-cause mortality were CKD and
BMI whereas CHADS2 and CHA2DS2-VASc were not indepen-
dent predictors of all-cause mortality. These data may explain



Figure 2. A, The ROC curves for CHADS2, CHA2DS2-VASc, and R2CHADS2

scoring systems in predicting 1-year all-cause mortality in SHF patients. Based
on AUCs for predicting all-cause mortality in SHF patients, CHADS2,
CHA2DS2-VASc, and R2CHADS2 scoring systems had c-indices of 0.5595,
0.5898, and 0.6091, respectively (DeLong test, P< .0001). AUC=area under
the curve, CHADS2=congestive heart failure, hypertension, age, diabetes,
stroke (doubled), CHA2DS2-VASc=congestive heart failure, hypertension, age
≥ 75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and
sex category (female), R2CHADS2= renal dysfunction (doubled), congestive
heart failure, hypertension, age, diabetes, stroke (doubled), ROC= receiver
operating characteristic, SHF=systolic heart failure. B, The ROC curves of
CHADS2, CHA2DS2-VASc, and R2CHADS2 scoring systems for predicting 1-
year all-cause mortality in SHF patients with AF. Based on AUCs for predicting
all-cause mortality in SHF patients with AF, the CHADS2, CHA2DS2-VASc, and
R2CHADS2 scoring systems had c-indices of 0.5878, 0.6055, and 0.6267,
respectively (DeLong test, P= .1436). AUC=area under the curve, CHADS2=
congestive heart failure, hypertension, age, diabetes, stroke (doubled),
CHA2DS2-VASc=congestive heart failure, hypertension, age ≥ 75 (doubled),
diabetes, stroke (doubled), vascular disease, age 65–74, and sex category
(female), R2CHADS2= renal dysfunction (doubled), congestive heart failure,
hypertension, age, diabetes, stroke (doubled), ROC= receiver operating
characteristic, SHF=systolic heart failure. C, The ROC curves for CHADS2,
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why R2CHADS2 was the superior predictor, especially in SHF
without AF. Notably, this study showed that, in addition to these
3 scores, another independent predictor of all-cause mortality in
SHF with AF is valvular surgery, which is consistent with
previous reports that valvular disease is an independent predictor
of all-cause mortality in HF patients with newly diagnosed
AF.[25,28] The TSOC-HFrEF registry only enrolled patients with
reduced left ventricular function (<40%).[19] During hospitali-
zation, 36.5% of patients used inotropic agents. The use of
inotropic agents may explain why physicians did not prescribe
ACEI/ARB or beta-blocker at discharge. Nevertheless, the results
for the TSOC-HFrEF registry suggest that guideline-directed
medical treatment was under-utilized. This study showed that
physicians managing HF should implement an evidence-based
practice algorithm to improve HF care quality. Nevertheless, this
study showed that, compared with 2 other commonly used risk-
scoring systems, R2CHADS2 score is a better predictor of 1-year
all-cause mortality in HFrEF patients. The patients with high-risk
scores had a high 1-year mortality rate. More aggressive
therapeutic management and frequent clinical follow-up may
be indicated for these patients.
4.1. Study limitations

Some limitations of this study are noted. First, the treatment
strategy and the achievement of therapeutic goal of these risk
factors (e.g., glycated hemoglobin level in diabetic patients and
blood pressure level in hypertensive patients) may influence the
impact of these diseases on all-cause mortality. Further
prospective studies should be conducted to identify if the
treatment of these diseases may influence the outcome of HFrEF
patients. Second, this study did not compare other scoring
systems such as theMAGGICHF survival risk score or the Seattle
Heart FailureModel. Nevertheless, this prospective study was the
first and largest study of HF in Taiwan. Further studies are
needed to survey and stratify HF risk specifically in Asian
populations. Third, the only exclusion criterion in this study was
age less than 18 years old. The percentage of patients with cancer
was quite low in this registry (2.9%), and the patients with cancer
did not show significantly higher mortality (P= .249). Discharge
medications, including anticoagulants for AF, were not consid-
ered in the mortality analysis to avoid selection bias in discharge
medications between mortality and survival (e.g., those with
pulmonary edema, shock status, active bleeding, or other severe
comorbidities during hospitalization or follow-up may not have
had an opportunity for treatment with HF medication or
anticoagulants). Therefore, the impact of medications on
mortality in this retrospective study of registry data would have
been difficult or even impossible. Nevertheless, all these factors
such as cancer status and medications might affect mortality in
SHF patients. Further prospective studies are needed to address
CHA2DS2-VASc, and R2CHADS2 scoring systems used to predict 1-year all-
cause mortality in SHF patients without AF. Based on AUCs for predicting all-
cause mortality in SHF patients without AF, the CHADS2, CHA2DS2-VASc, and
R2CHADS2 scoring systems had c-indices of 0.5409, 0.5740, and 0.5987,
respectively (DeLong test, P= .0003). AUC=area under the curve, CHADS2=
congestive heart failure, hypertension, age, diabetes, stroke (doubled),
CHA2DS2-VASc=congestive heart failure, hypertension, age ≥ 75 (doubled),
diabetes, stroke (doubled), vascular disease, age 65–74, and sex category
(female), R2CHADS2= renal dysfunction (doubled), congestive heart failure,
hypertension, age, diabetes, stroke (doubled), ROC= receiver operating
characteristic, SHF=systolic heart failure.

http://www.md-journal.com
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this issue. Fourth, our study only enrolled patients who had heart
failure with reduced ejection fraction, 73% of whom were
middle-aged (63±16 years old) males. Compared with the
cohorts in other heart failure registries and surveys which also
included some patients with preserved ejection fraction, our
cohort was younger and had a larger percentage of male
patients.[29–31] This difference may limit the generalizability of
our findings and their applicability to other cohorts.
5. Conclusion

The CHADS2, CHA2DS2-VASc, and R2CHADS2 scores are
moderately accurate predictors of all-cause mortality in SHF
patients with or without AF. However, only CKD and
R2CHADS2 scores are independent predictors of 1-year all-
cause mortality in SHF patients with or without AF. In terms of
predicting all-cause mortality in SHF patients, R2CHADS2 is the
best of the three scoring systems, especially in SHF patients
without AF.
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