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Several stroke risk stratification scores have been developed to guide clinical decision-mak-
ing in patients with nonvalvular atrial fibrillation (AF). The aim of this study was to com-
pare the performance of the CHADS2, CHA2DS2-VASc and R2CHADS2 risk scores to
predict stroke. This retrospective cohort study was based on electronic medical records
from Clalit Health Services (CHS), the largest payer provider healthcare organization in
Israel. Data of CHS members with AF diagnosis between 2004 and 2015 were extracted.
Demographic and co-morbidity data were used to calculate the 3 risk scores, and the perfor-
mance of the scores to predict stroke were compared using area under the curve and net
reclassification index. Of the 89,213 CHS members with AF, 52.3% were women and
median age was 76 years. The proportions of patients at high risk were 66.2%, 86.7%, and
71.1% in the CHADS2, CHA2DS2-VASc, and R2CHADS2, respectively, with stroke inci-
dence rates of 2.91, 2.35, and 2.80 per 100 person-years, respectively. Area under the curves
for stroke prediction were 0.61 for both CHADS2 and CHA2DS2-VASc and 0.59 for
R2CHADS2. Net reclassification index analysis demonstrated a net improvement of 0.089 in
the index when CHA2DS2-VASc was compared with CHADS2 and a net reduction of 0.083
when R2CHADS2 was compared with CHADS2. In conclusion, current stroke stratification
scores have comparable but limited ability to predict stroke in patients with AF. Stroke pre-
vention strategies may vary depending on the applied stratification. There is a need for a
better stroke risk stratification score for patients with AF. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;123:1828−1834)
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Nonvalvular atrial fibrillation (AF) is associated with a
substantial risk of ischemic stroke1 depending on the pres-
ence of various risk factors. Different risk stratification
scores have been developed to assess the risk of stroke in
patients with AF, and to guide clinicians toward antithrom-
botic therapy. The CHADS2 score is a tool that is clinically
useful and simple to calculate. The CHA2DS2-VASc score
incorporates additional risk factors beyond the CHADS2
score, and is more likely to identify patients at low risk,
who could be managed without antithrombotic therapy.
The CHADS2

2 and CHA2DS2-VASc
3 risk scores have been

incorporated into various clinical guidelines, and their
potential predictive value has been extended to nonstroke
outcomes including the prediction of mortality.4 Recent
data suggest that incorporating renal dysfunction factors
improves stroke prediction offered by the above mentioned
risk scores, introducing the R2CHADS2 score, which
assigns 2 points to creatinine clearance below 60 ml/min.5

In this study, we compared the incidence of ischemic stroke
and mortality according to the CHADS2, CHA2DS2-VASc,
and R2CHADS2 stratification scores in a large, population-
based cohort of patients with AF, including analyses in a
subpopulation of patients with AF who did not purchase
anticoagulation therapy after AF diagnosis.
Methods

This retrospective cohort study was conducted using the
Clalit Health Services’ (CHS) electronic health record data-
base. CHS is the largest payer provider healthcare organiza-
tion in Israel, with more than 4.3 million insured residents,
that provides care to >50% of the adult population over the
age of 21 and to >60% of adults older than 65 years of age.
The clinical and administrative database is kept in a central
computerized data warehouse and includes demographic
data and clinical diagnoses (based on hospital discharge
diagnoses, as well as community primary care and special-
ist diagnoses). In addition, all laboratory data results, medi-
cal treatments, medical and surgical procedures, and
medication prescription and purchasing information are
recorded in the database.

The study population has been described previously.6

Briefly, the cohort included adults 21 years or older with a
new diagnosis of AF between the dates January 1, 2004 and
December 31, 2015. Members with AF were identified
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using the International Classification of Diseases, Ninth
Revision diagnosis codes 427.3, 427.31, and 427.32. For
the purpose of the present analysis, we did not distinguish
between cases of atrial flutter (427.32) and AF (427.31).
Codes from community clinics were cross validated with
the accompanying text describing the diagnosis. Patients
were considered to have AF only if the text associated with
the diagnosis code supported a new diagnosis of AF.

The date at which the patient was first designated with
any AF code was considered as the AF diagnosis index date.
We excluded members who had an AF diagnosis before Jan-
uary 1, 2004 to ensure that only incident cases were
included. We also excluded patients with a diagnosis of
severe mitral or aortic valve disease, congenital heart dis-
ease, rheumatic heart disease, or those who underwent valve
surgery before the index date. All patients had to be mem-
bers of CHS for at least 1 year before the AF diagnosis.

CHADS2, CHA2DS2-VASc, and R2CHADS2 scores
were assigned to members with AF based on their clinical
characteristics based on the presence of the relevant risk
factors that comprise these scores before the AF diagnosis
(index date). Codes that were used to define the scores’ ele-
ments are described in Appendix 1. In all risk scores, a
score of 0 was considered as low risk, a score of 1 was con-
sidered as moderate risk, and a score of 2 and more was
considered as high risk.

Members with AF were considered to be using anticoa-
gulation therapy if they purchased warfarin or new oral
anticoagulants (new oral anticoagulant (NOACs): dabiga-
tran, apixaban, or rivaroxaban) within 3 months after the
index AF diagnosis date. This approach is akin to an inten-
tion-to-treat analysis in randomized, controlled trials.

The follow-up period began after the initial AF diagno-
sis and ended with stroke, death, or the end of the study
period (December 31, 2015), whichever came first. The
main outcome of interest was first hospital admission for
stroke (International Classification of Diseases, Ninth
Revision codes: 433.01, 433.11, 433.21, 433.31, 433.81,
433.91, 434.01, 434.11, 434.91, and 436). To avoid cap-
turing stroke events that were related to the index AF
diagnosis, events of stroke outcomes were only consid-
ered if they occurred between 30 and 2,500 days after the
index date. Data regarding transient ischemic attacks
were not used for the purpose of analysis, as these diag-
noses are less reliable and difficult to validate. Although
the risk scores were not primarily designed to predict
mortality, some studies have demonstrated their ability to
predict death in both AF and non-AF populations, and
therefore, we also included death as a secondary outcome.
All-cause mortality data were obtained from the Israeli
Ministry of Interior.

Distribution of risk strata (low, intermediate, and high
risk) were described based on the 3 stratification scores:
CHADS2, CHA2DS2-VASc, and R2CHADS2. Descriptive
statistics were used to compare demographic characteris-
tics, co-morbidities, and pattern of oral anticoagulant
(OAC) use of CHS members who were assigned to each
risk strata in the 3 stratification scales. Continuous variables
are presented as medians and interquartile ranges and
dichotomous variables are presented as percentages. Inci-
dence rates of ischemic stroke and mortality rates (30 to
2,500 days post index date) were calculated as the number
of events per 100 person-years and are reported for each
risk strata in the 3 stratification scales.

The measure of the area under the receiver operating
characteristic curve (AUC) was calculated to determine the
ability of each continuous risk score to discriminate
between patients who developed stroke or died and those
who did not. The 95% confidence interval was calculated
using DeLong’s method. We also calculated the net reclas-
sification improvement (NRI) index to assess the relative
proportion of outcome cases correctly reclassified when
using the CHA2DS2-VASc or R2CHADS2 score compared
with the CHADS2 score. Hence, similar to Pencina et al,7

we tested the net up and down movements of the change in
classification of the patients’ predicted outcomes as frac-
tions of their true outcome groups based on the categorical
risks scores.

As it has been previously suggested that stroke risk
scores are best tested in a non anticoagulated population-
based cohort,8 as a sensitivity analysis, we repeated all
analyses in a subpopulation of patients who did not pur-
chase OACs within the first 3 months after the AF diagnosis
(index date). Statistical analyses were conducted using the
R language (version 3.4.3, R Foundation for Statistical
Computing, Vienna, Austria) using the pROC package ver-
sion 1.10.0 and the PredictABEL package version 1.2-23.

The study protocol was approved by CHS’s Central
Ethics Review Board.
Results

The cohort consisted of 89,213 patients with newly diag-
nosed AF between the years 2004 and 2015. Baseline char-
acteristics of this study population are described in Table 1.
The median age at date of AF diagnosis was 76.0 (inter-
quartile range 65.0 to 83.0) years and women comprised
52.3% of the cohort. Common co-morbidities were hyper-
tension, dyslipidemia, and diabetes. One-third of the AF
cohort purchased any OAC treatment within 3 months after
the AF diagnosis. The subpopulation of non-OAC users
was comparable to the general CHS AF cohort in terms of
baseline characteristics (Table 1).

The distribution of patients who were categorized into
the low, intermediate, and high risk categories according to
the different stratification scores are presented in Figure 1.
The percentage of the high-risk group varied considerably
across the risk scales: 66.2% according to the CHADS2
score, 86.7% according to the CHA2DS2-VASc score, and
71.1% according to the R2CHADS2 score. Population char-
acteristics based on the risk strata of the different scores are
presented in Appendix 2. Overall, CHS members who were
classified based on the CHA2DS2-VASc score were youn-
ger, had a lower burden of co-morbidities, and lower rates
of OAC purchasing. In all risk scores, the overall rate of
OAC purchasing increased.

During the follow-up period, we identified 5,752 events
of stroke, with an overall incidence rate of 2.00 per 100
person-years (Table 2). In the subpopulation of patients
who did not purchase OACs within the first 3 months after
AF diagnosis, incidence of stroke rate per 100 person-
years was 1.89. In all risk stratification scales, stroke



Table 1

Baseline demographic characteristics, clinical characteristics, and anticoagulation purchasing information of CHS members with atrial fibrillation

Variables Clalit atrial fibrillation cohort

(n = 89,213)

Non oral anticoagulation users

(n = 60,001)

Age, [median (intra quartile range)], years 76.0 (65.0-83.0) 76.0 (64.0-84.0)

Women 46,640 (52.3%) 31,571 (52.6%)

Socioeconomic status

Low 17,693 (20.1%) 12,460 (21.1%)

Medium 38,644 (43.9%) 25,996 (44.0%)

High 31,605 (35.9%) 20,643 (34.9%)

Missing 1,271 (1.4%) 902 (1.5%)

Sector

Arab 10,055 (11.3%) 7,214 (12.0%)

Jew 79,155 (88.7%) 52,785 (88.0%)

Missing 3 (0.0%) 2 (0.0%)

Co-morbidities

Hypertension 68,435 (76.7%) 43,884 (73.1%)

Diabetes mellitus 28,593 (32.1%) 17,914 (29.9%)

Dyslipidemia* 58,443 (65.5%) 37,392 (62.3%)

Acute myocardial infarction 22,547 (25.3%) 14,994 (25.0%)

Congestive heart failure 17,804 (20.0%) 11,670 (19.4%)

Previous stroke 15,459 (17.3%) 10,424 (17.4%)

Intracranial hemorrhage 1,091 (1.2%) 887 (1.5%)

Gastrointestinal bleeding 3,573 (4.0%) 2,881 (4.8%)

Peripheral vascular disease 4,815 (5.4%) 3,333 (5.6%)

Chronic kidney disease stage

1 17,424 (20.0%) 12,759 (21.9%)

2 42,099 (48.4%) 26,695 (45.8%)

3 22,422 (25.8%) 14,920 (25.6%)

4 3,320 (3.8%) 2,576 (4.4%)

5 1,658 (1.9%) 1,364 (2.3%)

Missing 2,290 (2.6%) 1,687 (2.8%)

Anticoagulation purchasing within 3 months from index date

Warfarin 25,386 (28.5%) -

New oral anticoagulants 4,923 (5.5%) -

Any oral anticoagulation 29,212 (32.7%) -

*Dyslipidemia − defined based on diagnosis codes.
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incidence increased with the increase of risk score. When
compared with the CHADS2 and R2CHADS2 scores,
stroke incidence was lower when using the CHA2DS2-
VASc score within each risk strata. In the high-risk cate-
gory (≥2 points), the incident risk of stroke was 2.91,
2.35, and 2.80 in the CHADS2, CHA2DS2-VASc, and
R2CHADS2, respectively.

In the entire Clalit AF cohort, 29,236 members died
within the follow-up period, with a mortality rate of 9.66
per 100 person-years (Table 2). This rate was lower in
the subpopulation of members who did not purchase
OACs in the first 3 months after AF diagnosis, with an
incidence rate of 6.85 per 100 person-years. In the 3 risk
scores, mortality rates increased with increasing risk, with
a more noticeable increment when shifting from the inter-
mediate risk to high-risk strata. At each risk strata, mor-
tality rates were lower when the risk strata based on the
CHA2DS2-VASc score were compared with the CHADS2
and R2CHADS2 scores. In the subpopulation of members
who did not use OACs, trends were comparable to the
entire population (Table 2).

For the stroke outcome, the 3 scores had a relatively sim-
ilar predictive ability according to the AUC, ranging from
0.59 in the R2CHADS2 to 0.61 in both the CHADS2 and
CHA2DS2-VASc scores (Table 3). The results of the AUC
analyses did not change substantially in the subpopulation
of patients who did not purchase OACs within the 3 months
after the AF diagnosis.

The AUC of the scores to predict mortality outcome was
0.58 according to the CHA2DS2-VASc score and 0.64 in
both the CHADS2 and R2CHADS2 scores. In the subpopu-
lation of members who did not purchase OACs, the AUC
values were 0.67, 0.60, and 0.66 in the CHADS2,
CHA2DS2-VASc, and R2CHADS2, respectively (Table 3).

In the NRI analyses, switching from the CHADS2 score
to the CHA2DS2-VASc score improved the NRI index for
stroke by 0.089, while the NRI of R2CHADS2 versus
CHADS2 score was negative (¡0.083). Among the mem-
bers who did not purchase OACs, using the CHA2DS2-
VASc risk score increased the NRI index by 0.132 com-
pared with the CHADS2 risk score, while the NRI index
decreased by 0.123 when the score was changed from
CHADS2 to R2CHADS2. The NRI index for mortality was
positive for both the CHA2DS2-VASc and R2CHADS2
scores as compared with the CHADS2 score, both in the
general AF population (0.212 and 0.255, respectively) and
in the subpopulation of members who did not purchase
OACs (0.261 and 0.247, respectively).

www.ajconline.org


Figure 1. Distribution of risk strata (low, intermediate, and high) according to the different stratification scales.

Table 2

Incidence rates of ischemic stroke per 100 person-years based on the risk strata in the three stratification scales in the entire population and in the non oral

anticoagulation users

Clalit atrial fibrillation cohort n = 89,213 Non oral anticoagulation users n = 60,001

Population size Number of cases Incidence per 100 py Population size Number of cases Incidence per100 py

Stroke

N 89,213 5,752 2.00 60,001 3,537 1.89

CHADS2
0 Low risk 11,285 216 0.43 9,229 127 0.31

1 Intermediate risk 18,862 873 1.13 12,693 561 1.11

≥2 High risk 59,066 4,663 2.91 38,079 2,849 3.01

CHA2DS2-VASc

0 Low risk 4,381 40 0.20 3,771 28 0.16

1 Intermediate risk 7,591 188 0.55 5,936 115 0.44

≥2 High risk 77,241 5,524 2.36 50,294 3,394 2.38

R2CHADS2
0 Low risk 9,912 177 0.41 8,116 100 0.28

1 Intermediate risk 15,203 671 1.10 10,183 426 1.01

≥2 High risk 61,808 4,766 2.80 40,015 2,923 2.88

Mortality

N 89,213 29,236 9.66 60,001 20,740 6.85

CHADS2
0 Low risk 11,285 851 1.67 9,229 635 1.44

1 Intermediate risk 18,862 3,681 4.66 12,693 2,695 4.14

≥2 High risk 59,066 24,704 14.30 38,079 17,410 9.52

CHA2DS2-VASc

0 Low risk 4,381 208 1.03 3,771 177 1.03

1 Intermediate risk 7,591 626 1.82 5,936 462 1.74

≥2 High risk 77,241 28402 11.45 50,294 20101 13.33

R2CHADS2
0 Low risk 9,912 675 1.53 8,116 506 1.15

1 Intermediate risk 15,203 2,483 3.81 10,183 1,794 2.75

≥2 High risk 61,808 25,435 13.90 40,015 17,978 9.83

Event within 30 to 2500 days post index date of atrial fibrillation diagnosis.

Arrhythmias and Conduction Disturbances/Stroke Risk Stratification Scores for AF 1831



Table 3

Area under the curve of the 3 stratification scales and net reclassification index in comparison to CHADS2 for stroke outcome in the entire population

and in the non oral anticoagulation users

Clalit atrial fibrillation cohort n = 89,213 Non oral anticoagulation users n = 60,001

Area under the curve

(95% CI)

Net reclassification Index

(95% CI)

Area under the curve

(95% CI)

Net reclassification Index

(95% CI)

Stroke

CHADS2 0.61 (0.59,0.61) Ref 0.61 (0.60,0.62) Ref

CHA2DS2-VASc 0.61 (0.60,0.61) 0.089 (0.060, 0.110) 0.61 (0.61,0.62) 0.132 (0.098, 0.166)

R2CHADS2 0.59 (0.58,0.60) ¡0.083 (¡0.110, ¡0.057) 0.60 (0.59,0.61) ¡0.123 (¡0.157,¡0.090)

Mortality

CHADS2 0.64 (0.64, 0.65) Ref 0.67 (0.66, 0.67) Ref

CHA2DS2-VASc 0.58 (0.58, 0.58) 0.212 (0.204, 0.220) 0.60 (0.60, 0.60) 0.261 (0.251, 0.271)

R2CHADS2 0.64 (0.63, 0.64) 0.255 (0.245, 0.265) 0.66 (0.66, 0.66) 0.247 (0.234, 0.259)
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Discussion

In this large cohort study of newly diagnosed AF, the
proportion of patients classified as high, intermediate, or
low risk varied considerably across the CHADS2,
CHA2DS2-VASc, and R2CHADS2 risk scores. Notably, all
scores indicated a limited ability to classify patients into
risk categories that corresponded to rates of both outcomes.

AF is considered to be the underlying cause of a signifi-
cant proportion of all strokes9 and stroke is subsequently
the most feared complication of AF. Co-morbidities have a
great impact on the risk of stroke10 and are, therefore,
incorporated into risk scores.11 As the main purpose of
stroke risk scores in patients with AF is to optimize a stroke
prevention strategy, there is a need for the scores to identify
patients at high risk to target for anticoagulant therapy, and
to identify patients at low risk to prevent unnecessary treat-
ment, with potential risk of bleeding. In practice, there are
great differences across risk scores in assigning patients to
the risk groups. In this study, the proportion of patients
assessed at high risk for stroke increased absolutely by 20%
when changing from the CHADS2 score to the CHA2DS2-
VASc score (66.2% to 86.7%), while moving from
CHADS2 to CHA2DS2-VASc decreased the proportions of
patients designated as at low risk by over 2-fold (from
12.6% to 4.9%). Similar differences in the proportions of
risk strata were also seen in other studies,12−14 and are
translated into substantial variations in OAC treatment rec-
ommendations.

The decision about which tool should be used to assess
stroke risk may vary based on the threshold above which
anticoagulant therapy should be prescribed. It has been pre-
viously demonstrated that the threshold is shifting15; while
previously warfarin was the cornerstone of OAC treatment
in patients with AF, a higher threshold was used, withhold-
ing OAC treatment from patients who might have otherwise
received it, and then more recently to a lower threshold,
after the introduction of the NOACs, which are considered
to have a more favorable risk-benefit profile than warfa-
rin.16 Similar to this and others’ findings,3,17 we found that
the CHA2DS2-VASc score is most likely better in identify-
ing truly low-risk patients who should not be treated with
OACs, suggesting that in an era of NOACs, the CHA2DS2-
VASc score justifiably replaced the CHADS2 score. Our
results support this, as the NRI analyses findings indicated
that CHA2DS2-VASc improved the net reclassification of
patients as compared with the CHADS2 score.

The predictive ability of all 3 scores had only a moderate
capability of predicting stroke. Previous studies have also
estimated the performance of different risk scores for
stroke. Analyses from Denmark18 and Sweden19 found that
the CHA2DS2-VASc score performed better than the
CHADS2 score, but the C-statistic estimates were similar
(0.67 and 0.66, respectively).19 Two other studies found
that the CHADS2 and CHA2DS2-VASc scores performed
similarly in overall prediction of thromboembolism in
patients with AF taking OAC therapy.20,21 Similar to our
study, these studies also demonstrate only a moderate dis-
criminative ability in predicting stroke with C-statistics
ranging between 0.56 and 0.67.22,23 These results high-
light the need for more accurate and reliable stroke stratifica-
tion scores, mainly in light of the low rates of anticoagulation
use seen in this study and other real world studies.24

In this study, based on the AUC analysis, we found that
the R2CHADS2 score did not improve the predictive ability
of CHADS2. It was previously demonstrated that adding
chronic kidney disease to the CHADS2 and CHA2DS2-
VASc risk scores did not independently improve the predic-
tive value of the scores. 25

As all-cause mortality remains a key concern in patients
with AF, we tested the utilization of the stroke risk scores
beyond its initial purpose: to predict mortality. It is pre-
sumed that patients with a high CHADS2 score are at a high
risk for mortality, as its components are all associated with
increased mortality. Indeed, mortality rates increased dra-
matically with increasing scores, but although rates of mor-
tality were higher than stroke, the 3 risk scores only
modestly predicted the mortality outcome, with an AUC of
0.58 for the CHA2DS2-VASc and 0.64 for CHADS2 and
R2CHADS2, suggesting their potential use to predict mor-
tality in patients with AF.

This study had several limitations that should be
acknowledged. First, the study included CHS members
with newly diagnosed AF between 2004 and 2015. During
this study period, policies regarding treatment of AF and its
associated co-morbidities (such as diagnosis of hyperten-
sion and diabetes, along with treatment guidelines) have
changed. These changes may have temporal effects on the
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risk of stroke, which were not taken into account. Addition-
ally, the study period covered periods before and after the
emergence of the NOACs, which might have also changed
treatment patterns and could have altered stroke rates.
Lastly, scores were assessed at the time of the initial AF
diagnosis; however, in practice, clinicians often update the
risk scores from visit to visit and may change their preven-
tion stroke strategy accordingly and thus the updated scores
may have better prediction ability. It is also important to
emphasize the observational nature of this study, where
unknown confounders are impossible to adjust for. Despite
these limitations, the AUCs reported in our study are con-
sistent with results obtained from other populations, and it
is therefore unlikely that the limitations considerably
affected the findings regarding the discriminating ability of
the risk scores.

The available tools to assess stroke risk in patients with
newly diagnosed AF are currently limited. A possible
explanation could be that current risk scores do not account
for the severity, duration, or treatment status of the AF con-
dition or the severity of co-morbidities that are structured
in the scores at the time of assessment. In addition, the
scores may be missing additional factors, whether demo-
graphic or clinical, which may add predictive ability. This
raises the need to build more powerful tools to better guide
clinicians in choosing treatments for stroke prevention.
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