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Aims Better stroke risk prediction is needed to optimize the anticoagulation decision in atrial fibrillation (AF). The ATRIA
stroke risk score (ATRIA) was developed and validated in two large California community AF cohorts. We compared
the performance of the ATRIA, CHADS2, and CHA2DS2-VASc scores in a national Swedish AF (SAF) cohort.

Methods
and results

We examined all Swedish patients hospitalized, or visiting a hospital-based outpatient clinic, with a diagnosis of AF from
July 2005 through December 2010. Variables were determined from comprehensive national databases. Risk scores
were assessed via C-index (C) and net reclassification improvement (NRI). The cohort included 152 153 AF patients
not receiving warfarin. Overall, 11 053 acute ischaemic strokes were observed with mean rate 3.2%/year, higher than
the 2%/year in the California cohorts. Using entire point scores, ATRIA had a good C of 0.708 (0.704–0.713), signifi-
cantly better than CHADS2 0.690 (0.685–0.695) or CHA2DS2-VASc 0.694 (0.690–0.700). Using published cut-points
for low/moderate/high risk, C deteriorated but ATRIA remained superior. Net reclassification improvement favoured
ATRIA 0.16 (0.14–0.17) vs. CHADS2 and 0.21 (0.20–0.23) vs. CHA2DS2-VASc. Net reclassification improvement
decreased when cut-points were altered to better fit the cohort’s stroke rates.

Conclusion In this SAF cohort, the ATRIA score predicted ischaemic stroke risk better than CHADS2 or CHA2DS2-VASc.
However, relative performance of the categorical scores varied by population stroke rates. Score cut-points may
need to be optimized to better fit local population stroke rates.
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Background
Atrial fibrillation (AF) is the most common significant heart arrhyth-
mia, especially among the elderly. Atrial fibrillation is also the stron-
gest, common risk factor for thromboembolism to the brain leading
to acute ischaemic stroke.1 Anticoagulant therapy reduces the risk
of AF-associated thromboembolism by approximately two-thirds.2

The major drawback of anticoagulant therapy is increased risk of
bleeding.3 Of special importance is the risk of intracranial

haemorrhage with often devastating effects for the patient.4 Accur-
ate ischaemic stroke risk scores are needed to help physicians esti-
mate the expected benefit of anticoagulants for patients with AF. In
particular, the CHADS2

5 and CHA2DS2-VASc6 risk scores have
been incorporated into various clinical guidelines to facilitate the an-
ticoagulation decision. However, these scores have only a moderate
ability to estimate the risk of ischaemic stroke.7– 9 The more recent-
ly developed ATRIA risk score performed better than the CHADS2

and CHA2DS2-VASc in two large, community-based cohorts of
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patients with AF in California,10 as well as in a large general practice
database in the UK.11 In the current study, we compare the three
risk scores in a national cohort of AF patients assembled in Sweden,
the Swedish AF (SAF) cohort, a source of patients used previously
to validate the CHA2DS2-VASc score and repeatedly cited in guide-
lines (ESC guidelines).1

Methods

Scores
ATRIA is a recently proposed score aimed to predict risk of ischaemic
stroke among patients with AF not receiving anticoagulant therapy.10

ATRIA is based on the Anticoagulation and Risk Factors in Atrial Fibril-
lation cohort assembled from the Kaiser Permanente Northern Califor-
nia integrated healthcare system. All ATRIA cohort thromboembolic
events were confirmed by clinician review of medical records. The ma-
jor risk factors in the ATRIA score are patient age and prior ischaemic
stroke; increasing age is weighted more heavily among those without
prior stroke. Included but weighted less heavily in the ATRIA score
are female sex, diabetes mellitus, heart failure, hypertension, and renal
dysfunction defined as proteinuria, estimated glomerular filtration rate
(eGFR) ,45 mL/min per 1.73 m2, or end-stage renal disease requiring
renal replacement therapy (Table 1). CHADS2 includes the variables
heart failure, hypertension, age ≥75 years of age, diabetes mellitus,
and previous ischaemic stroke or transient ischaemic attack (TIA), giving
one point to each risk factor with the exception of previous ischaemic
stroke (or TIA), which is assigned two points.5 CHA2DS2-VASc adds fe-
male sex, previous vascular disease defined as previous myocardial in-
farction or peripheral arterial disease, and another age category
between 65 and 74 years of age, to the CHADS2 score. Each of these
added variables is given one point, and age ≥75 years of age renders
two points.6 We did not include ‘complex aortic plaque,’ an imaging
feature sometimes included in the CHA2DS2-VASc score.1 Definitions
of the variables are identical to the definitions given by Friberg et al. in

the paper originally evaluating CHA2DS2-VASc in the Swedish
cohort.9 ATRIA was superior to CHADS2 and CHA2DS2-VASc
when the predictive ability was compared in the derivation cohort
as well as in a separate validation cohort of patients with AF, the
ATRIA-CVRN cohort, and in a general practice database in the United
Kingdom.10,11

Cohort
The SAF Cohort is based on information from two nationwide Swedish
health care registers, the National Patient Register and the Prescribed
Drug Register. The National Patient Register contains individual
information on all hospitalizations and all visits to hospital outpatient
clinics in Sweden since 1987 (http://www.socialstyrelsen.se/register/
halsodataregister/patientregistret/inenglish; 8 April 2015). The Pre-
scribed Drug Register includes all dispensed prescriptions in Sweden
since 1 July 2005, with information on the reason for the prescription
when available.12 Linkage between the registers is possible due to the
personal identification number given to everyone living in Sweden and
used in all the registers.

The cases of AF were identified in the National Patient Register. All
patients with a diagnosis of AF between 1 July 2005 and 31 December
2010 were included. Atrial fibrillation was defined by the ICD-10 code
I489 with or without any of the specifying sub codes A–F. Thus, both AF
and atrial flutter were included. Patients who were taken care of in the
primary care or in other open clinics not affiliated with a hospital during
follow-up were not included. The register also provided information
about co-morbidities assessed from 1987 and up to the date of index
diagnosis of AF, defined by ICD-10 codes. Information about warfarin
therapy was collected from the Prescribed Drug Register. During this
time period, warfarin was the only available registered anticoagulant
in Sweden. A minority of patients was using Marcoumar (phenprocou-
mon) or Sintrom (acenocumarol), which was available only on license.
The current Swedish AF cohort is a continuation of the cohort reported
previously but with two additional years of follow-up.9

The analyses were restricted to patients who did not use anticoagu-
lant therapy during the follow-up period. Acute ischaemic stroke was
the sole outcome event (ICD-10 code I63), excluding TIAs or other
kind of thromboembolism sometimes considered in previous stud-
ies.6,13,14 The outcome diagnosis, ischaemic stroke, was retrieved
from the National Patient Register. A blanking period of 14 days after
the index date was used to avoid including events that were registered
twice or more due to transfer between hospitals, or reflecting events
during the hospital stay possibly occurring prior to the AF diagnosis.
The patients were censored at the date when the outcome event oc-
curred, at the date of death, or at end of follow-up (31 December 2010).

The different variables included in ATRIA were re-evaluated in the
SAF cohort. No information about eGFR or proteinuria was available
for the cohort. Instead, we used the ICD-10 codes for renal failure
(N17, N18 and N19), dialysis (DR016 and DR024), and renal transplant-
ation (KAS00, KAS10 and KAS20) as a substitute for eGFR ,45 mL/min
per 1.73 m2. All patients were given a value of 0 for the proteinuria risk
factor. Only baseline variables were included in the analysis. Uni- and
multivariable Cox-regressions were used for the evaluation. C-index15

was used to quantify discrimination of the ATRIA score in the SAF
cohort and was compared with C-index for the CHADS2 and
CHA2DS2-VASc scores in the same cohort. Both the full range of point
scores and point scores divided into three ordered risk categories were
analysed. In the first categorical analysis, we used cut-points for low,
moderate, and high risk of ischaemic stroke, originally published for
CHADS2.

5 In the ATRIA score, low risk is defined as 0 up to and in-
cluding 5 points, moderate risk as 6 points, and high risk as 7 or more
points.10 In CHADS2, the corresponding values are 0–1, 2–3, and 4

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 ATRIA stroke risk model point scoring
system

ATRIA stroke risk model

Risk factor Points without
prior stroke

Points with
prior stroke

Age ≥85 6 9

Age 75–84 5 7

Age 65–74 3 7

Age ,65 0 8

Female 1 1

Diabetes mellitus 1 1

Chronic heart failure 1 1

Hypertension 1 1

Proteinuriaa 1 1

eGFR , 45 or ESRD 1 1

ATRIA indicates anticoagulation and risk factors in AF; age in years; eGFR,
estimated glomerular filtration rate; ESDR, end-stage renal disease.
aAll patients were given a value of 0 for the proteinuria risk factor in the present
study.
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or more points, and in CHA2DS2-VASc, the cut-points are 0, 1, and 2 or
more points.1,6 Secondly, we adjusted the cut-points of the scores to
optimize their fit for an incidence of ischaemic stroke ,1%/year (low
risk), 1–2%/year (moderate risk), and .2%/year (high risk). Using the
1%/year and 2%/year cut-points for classifying patients as low, moderate,
or high ischaemic stroke risk, we calculated the net reclassification im-
provement (NRI)16,17 for the ATRIA compared with the CHADS2 and
CHA2DS2-VASc risk scores. Most simply, NRI assesses the reclassifica-
tion of cohort patients into a lower or higher risk category when one
risk scheme (here the ATRIA categorical score) is used instead of an-
other risk scheme (here the CHADS2 and CHA2DS2-VASc categorical
scores). It is the sum of the net proportion of patients sustaining an
event who are upclassified plus the net proportion of patients not sus-
taining an event who are downclassified. It has a range of 22 to +2. In
the current paper, we use an extension of the original method adapted
for prospective studies with different length of patient follow-up.17 The
analyses were first performed in the total cohort. We repeated the ana-
lyses on solely primary prevention patients, excluding those with a his-
tory of ischaemic stroke, and further assessed the scores using only fatal
stroke as the outcome. In these subgroup analyses, we only used the
published cut-points. While the primary focus of our analyses were
comparisons between the ATRIA score and the CHADS2 and CHA2-

DS2-VASc risk scores, we also provide in Supplementary material online
C-index and NRI measures for comparisons with the R2CHADS2 and
Framingham Heart Study risk scores, as well as the modification of
the CHADS2 used in the Canadian Cardiovascular Society AF
guidelines.

The statistical analyses were conducted using SAS software 9.3 (SAS
Institute, INC, Cary, NC, USA).

The study complied with the Declaration of Helsinki and the protocol
was approved by the Stockholm local ethics committee (dnr 2010/
852-3173 and 2012/456-32).

Results
The total number of patients with a diagnosis of AF during the de-
fined time period was 307 351. After exclusion of patients with mi-
tral stenosis or valvular surgery (13 039) or death within 14 days
from the index date (10 343), 283 969 patients remained. Further
exclusion of patients given warfarin therapy during the follow-up
or having a diagnosis of ischaemic stroke within 2 weeks of inclusion,
left 152 153 patients for analysis (Figure 1). These patients contribu-
ted 340 223 person-years of follow-up, with a mean follow-up time
of 2.23 years (maximum 5.46 and median 2.06 years, with the 25th
and 75th centile being 0.82–3.73 years, respectively). The total
number of strokes observed during follow-up was 11 053 for an
overall ischaemic stroke rate of 3.25%/year. Table 2 shows baseline
characteristics and incidence rates of ischaemic stroke during
follow-up.

Variables included in the ATRIA score all showed univariable as-
sociations with the outcome of ischaemic stroke. These were par-
ticularly strong for age and prior ischaemic stroke. Patients with a
history of prior stroke were at very high risk of subsequent stroke
even if they were relatively young, a stroke by age interaction also
observed in the original ATRIA analyses. In multivariable analysis,
heart failure and renal failure were not significantly associated
with ischaemic stroke (Table 3). However, these variables were still
included in the final model following the original intention to validate
the actual ATRIA risk score in the Swedish cohort.

Table 4 presents the total number of ischaemic stroke events as
well as the incidence rate/100 person-years stratified by point score
for the three risk schemes. The bold horizontal lines indicate the
published cut-points for low/moderate/high-risk categories for the

Figure 1 The study cohort.
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three scores. Using the published cut-points, the ATRIA study dis-
tributed most patients as either low or high risk. In contrast, the
CHA2DS2-VASc score assigned 82% of patients as high risk while
the CHADS2 score assigned only 15% as high risk (Figure 2A).
When we optimized the scores’ cut-points to fit the 1 and 2% per
year rate thresholds (Figure 2B) the distribution of cases changed
considerably and became much more alike.

Using the entire point score range, the ATRIA score had a
C-index of 0.708 (0.704–0.713), significantly better than the
CHADS2 score of 0.690 (0.685–0.695), or the CHA2DS2-VASc
score of 0.694 (0.690–0.700). Using the categorical, published
cut-points for low, moderate, and high ischaemic stroke risk, the
C-index deteriorated for all scores but ATRIA and CHADS2 were
still superior to CHA2DS2-VASc, 0.668 (0.664–0.672), respectively,
0.663 (0.658–0.668) and 0.593 (0.591–0.595). However, the
C-indices were quite similar when the cut-points in the categorical
score were altered to better fit the Swedish cohort’s ischaemic
stroke rates. ATRIA then had a C-index of 0.633 (0.630–0.635),
CHADS2 0.649 (0.646–0.653), and CHA2DS2-VASc 0.634
(0.631–0.637).

Using published cut-points for the categorical scores, NRI
favoured ATRIA: 0.16 (0.14–0.17) vs. CHADS2 and 0.21 (0.20–
0.23) vs. CHA2DS2-VASc. These improvements resulted from
predominant up-reclassification of the CHADS2 score (with
up-reclassification of events outweighing up-reclassification of
non-events) and exclusive down-reclassification of the CHA2DS2-
VASc score (with down-reclassification of non-events outweighing
down-reclassification of events). Net reclassification improvement
decreased to near zero when using the optimized cut-points, ATRIA
20.088 (20.022 to 0.0041) vs. CHADS2 and 20.00086 (20.0094
to 0.0076) vs. CHA2DS2-VASc.

We evaluated the three risk scores in primary prevention patients
in the SAF cohort. This sub-cohort consisted of 132 487 patients
contributing 307 235 person-years of follow-up. All the C-indices
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Table 3 Univariable and multivariable analysis of risk
factors included in ATRIA for the entire Swedish AF
cohort

Variables Univariable analysis
hazard ratios with 95%
confidence limits

Multivariable
analysis hazard
ratios with 95%
confidence limits

Age, no prior stroke (years)

,65 Reference Reference

65–74 2.75 (2.47–3.05) 2.59 (2.33–2.88)

75–84 5.46 (4.97–5.99) 5.03 (4.57–5.52)

≥85 7.51 (6.84–8.24) 6.86 (6.23–7.54)

Age, prior stroke (years)

,65 13.20 (10.85–16.05) 12.23 (10.05–14.89)

65–74 13.64 (11.97–15.55) 12.37 (10.84–14.11)

75–84 15.70 (14.18–17.37) 13.97 (12.60–15.48)

≥85 15.50 (14.00–17.17) 13.82 (12.45–15.34)

Sex

Female/male 1.54 (1.48–1.60) 1.19 (1.14–1.24)

Diabetes
mellitus

1.34 (1.28–1.41) 1.11 (1.06–1.17)

Heart failure 1.43 (1.37–1.48) 0.98 (0.94–1.02)

Renal failure 1.22 (1.11–1.33) 1.01 (0.93–1.11)

Hypertension 1.60 (1.54–1.66) 1.21 (1.16–1.26)
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Table 2 Baseline characteristics and rates of
ischaemic stroke during follow-up

Variables Patients
(number)

Ischaemic
stroke during
follow-up
(number)

Rate of ischaemic
stroke/100
person-years

Prior stroke

Yes 19 666 3196 9.69

No 132 487 7857 2.56

Age (years)

,65 29 435 642 0.74

65–74 26 817 1487 2.14

75–84 47 792 4466 4.25

≥85 48 109 9144 11.64

Age, no prior stroke (years)

,65 28 787 518 0.61

65–74 24 610 1090 1.68

75–84 40 125 3094 3.39

≥85 38 965 3155 4.81

Age, prior stroke (years)

,65 648 124 8.11

65–74 2207 397 8.47

75–84 7667 1372 9.93

≥85 9144 1303 10.06

Sex

Male 77 249 4578 2.57

Female 74 904 6475 4.00

Diabetes mellitus

Yes 24 044 2029 4.24

No 128 109 9024 3.09

Heart failure

Yes 43 239 3384 4.34

No 108 914 7669 2.92

Renal failure

Yes 8325 516 4.16

No 143 828 10 537 3.21

Hypertension

Yes 66 551 5816 4.22

No 85 602 5237 2.59

Total 152 153 11 053 3.25
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Table 4 Ischaemic stroke event rates by point score for ATRIA, CHADS2, and CHA2DS2-VASc

Points ATRIA CHADS2 CHA2DS2-VASc

Patients
number (%)

Events Person-years Rate/100
person-years

Patients
number (%)

Events Person-years Rate/100
person-years

Patients
number (%)

Events Person-years Rate/100
person-years

0 12 938 (8.5) 164 39 878.12 0.4 29 659 (19.5) 641 87 719.83 0.7 12 266 (8.1) 142 37 839.13 0.4

1 10 868 (7.0) 200 32 175.58 0.6 38 209 (25.1) 2194 93 071.87 2.4 15 694 (10.3) 337 45 581.64 0.7

2 3729 (2.4) 96 10 249.86 0.9 37 525 (24.7) 2750 77 589.04 3.5 21 463 (14.1) 1028 54 540.93 1.9

3 7126 (4.7) 250 19 623.56 1.3 23 915 (15.7) 2405 44 252.45 5.4 29 199 (19.2) 1927 65 875.49 2.9

4 10 155 (6.7) 465 27 282.30 1.7 14 999 (9.8) 2032 25 514.56 8.0 29 479 (19.4) 2499 59 936.04 4.2

5 12 461 (8.2) 694 31 072.06 2.2 6387 (4.2) 840 10 014.83 8.4 21 367 (14.0) 2198 39 387.13 5.6

6 20 429 (13.4) 1473 46 316.00 3.2 1459 (1.0) 191 2060.78 9.3 13 755 (9.0) 1768 23 375.56 7.6

7 26 492 (17.4) 2242 53 322.03 4.2 – – – 6398 (4.2) 840 9974.05 8.4

8 22 304 (14.6) 2205 40 058.40 5.5 – – – 2166 (1.4) 270 3205.68 8.4

9 12 973 (8.5) 1515 21 497.45 7.0 – – – 366 (0.2) 44 507.72 8.7

10 6165 (4.0) 848 9661.04 8.8 – – – – – – –

11 4227 (2.8) 629 6139.73 10.2 – – – – – – –

12 1836 (1.2) 226 2450.04 9.2 – – – – – – –

13 409 (0.3) 42 464.61 9.0 – – – – – – –

14 37 (0.02) 4 32.56 12.3 – – – – – – –

Bold lines indicate thresholds for low-, moderate-, and high-risk categories for the three stroke risk scores, using published cut-points.
The full range score is limited to 14 points for ATRIA since all patients were given a value of 0 for the proteinuria risk factor.
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deteriorated but the full score ATRIA remained superior to
CHADS2 and CHA2DS2-VASc, for ATRIA 0.676 (0.671–0.682),
for CHADS2 0.649 (0.644–0.655), and for CHA2DS2-VASc 0.667
(0.662–0.673). Net reclassification improvement for the categorical
scores using published cut-points still favoured ATRIA, compared
with CHADS2, 0.19 (0.18–0.21), and compared with CHA2DS2-
VASc, 0.14 (0.13–0.16).

Finally, we assessed the performance of the scores in predicting
severe stroke events; with the 2289 fatal strokes classified as
‘severe.’ The analysis included 353 234 person-years of follow-up.
The C-indices improved markedly for all three scores with the
full-point ATRIA score performing best with a C-index of 0.766
(0.758–0.774), compared with CHADS2, 0.738 (0.729–0.748),
and with CHA2DS2-VASc, 0.749 (0.740–0.758). Net reclassification
improvement gave even higher values for ATRIA, compared with
CHADS2, 0.24 (0.21–0.26) and compared with CHA2DS2-VASc,
0.32 (0.30–0.34) respectively, when using the published cut-points
for the categorical scores.

Discussion
This validation study, based on a large, national cohort of Swedish
AF patients, showed that the ATRIA stroke risk score predicted is-
chaemic stroke in patients with AF better than the established risk
prediction scores CHADS2 and CHA2DS2-VASc. Since all AF pa-
tients with a prior ischaemic stroke are at high risk for future stroke,
accurate stroke risk prediction is probably more important for pri-
mary prevention patients where the anticoagulation decision is less
clear. Although the performance of all three risk scores deterio-
rated somewhat in the primary prevention cohort, the ranking re-
mained the same. In contrast, when applied to predicting the most
important outcome, fatal stroke, our indicator of severe stroke, the
scores performed better but again the ATRIA score was the most
accurate. These findings validate those found in the California AF
cohorts10 and in a cohort of patients with AF in the UK.11 Of
note, the Swedish AF cohort used in the current study was based
on the same cohort as that used as an original validation cohort
for the CHA2DS2-VASc score and cited in the ESC guidelines.9

The variables included in the ATRIA, CHADS2 and CHA2DS2-
VASc scores overlap substantially. The superior performance of
the ATRIA score, particularly when comparing the complete range
scores, largely reflects inclusion of more age categories, and a more
complicated but likely more accurate weighting system based on
formal statistical modelling. The ATRIA score is more complicated
than the CHADS2 and CHA2DS2-VASc scores but should pose no
problem for computer or smart device applications for clinical prac-
tice. The ATRIA score assigns particularly high weights to age cat-
egories and prior ischaemic stroke, since these two features
account for a large fraction of stroke risk prediction. In contrast,
both the CHADS2 and CHA2DS2-VASc scores were based on infor-
mal assessment of preceding studies, and not on formal statistical
modelling, and their point scores favoured simplicity over statistical
accuracy. One consequence of this approach is that patients with a
given CHADS2 or CHA2DS2-VASc score may face substantially
different stroke risks. This is a particular concern for patients
at the low-risk threshold of the CHA2DS2-VASc score where a
score of 1 point conferred by, e.g. hypertension, likely corresponds
to a much lower stroke risk than the score of 1 point conferred
by age 65–74 years.18,19 The value of CHA2DS2-VASc 1 point
as the threshold for anticoagulant therapy has recently been
questioned.18,19

For the most part, AF stroke risk scores are applied clinically as
categorical scores: low, moderate, and high risk. It is not certain
what absolute stroke risk best corresponds to low, moderate, and
high risk. Yet, guidelines implicitly and decision modelling explicitly
identify 1 and 2% per year thresholds.1,20 In the ESC guidelines, low
stroke risk is restricted to patients with a CHA2DS2-VASc score of
0. Long-term anticoagulant therapy is recommended for patients
with AF whose CHA2DS2-VASc score is 1 or greater. In our analysis,
a CHA2DS2-VASc score of 1 corresponded to an ischaemic stroke
rate of 0.7% per year. Assuming a two-thirds risk reduction by use of
anticoagulants, the number needed to treat (for 1 year) to prevent 1
stroke is .200, likely conferring little net clinical benefit after bleed
risk is considered. Using the original published point score thresh-
olds, the CHA2DS2-VASc score had a markedly inferior C-index.
However, when we optimized the point score cut-offs for the three

Figure 2 Distribution of cases according to risk categories, pub-
lished cut-points (A) and optimized cut-points (B).
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risk schemes, the C-indices converged and the NRI values moved
towards zero. This finding highlights the fact that point scores may
correspond to different absolute stroke risks in different cohorts of
patients with AF. Methodological differences in assembling cohorts
and identifying stroke outcomes likely explain much of these differ-
ences,18,19 although there may be true differences in stroke risks
across populations. Guideline writers need to carefully consider
how well stroke risk cut-points apply to their targeted populations.

The current study has clear strengths. The Swedish population-
based health care registers allow very large scale, high-quality epi-
demiological research. The National Patient Register covers all
hospitalizations in Sweden and provides the foundation for long-
term, comprehensive follow-up. Our ischaemic stroke outcome,
in particular, is specific and has been validated against a national
stroke registry based on clinical evaluation.21

Study limitations should also be acknowledged. Because the co-
hort is hospital based the absolute rates of stroke may be somewhat
overestimated relative to community-based populations. This limi-
tation applies to most studies based in national registers. Similarly,
there may be undercoding of stroke risk factors, such as hyperten-
sion, in cohorts based on hospital diagnoses but this would apply
across all stroke risk scores. eGFR and proteinuria assessments
were not available. The substitute ICD-10 codes chosen as markers
of renal failure may represent more severely ill patients. This would
bias against the performance of the ATRIA score. However, this
effect is likely not large since renal dysfunction is a relatively modest
component of the ATRIA stroke risk score. We only analysed
patients not taking anticoagulants. This is common practice in devel-
oping and assessing stroke risk scores for AF and is based on con-
cern that anticoagulants may distort the relationship between risk
factors and observed stroke rates. The exclusion may still introduce
selection bias, although the effect on the comparison of the scores is
expected to be minor. Finally, we note that a recent paper using a
national Taiwan database reported a substantially higher C-index
for the CHA2DS2-VASc over than the ATRIA score.22 We find
this result surprising given the inelasticity of C-index23 and the
fact that the ATRIA score includes all significant CHA2DS2-VASc
risk factors plus an additional age category and a formally derived
set of risk factor weights. The event rates reported for the Taiwan-
ese cohort were 2.5 times higher than the rates we report for the
Swedish AF cohort. To reconcile such disparate findings, there
needs to be rigorous standardization of the analysis of national da-
tabases used to develop and assess AF stroke risk scores.19

Conclusion
Accurate ischaemic stroke risk scores are needed to help physicians
estimate the expected benefit of anticoagulants for patients with AF.
In the current analysis of the large, national Swedish AF cohort, we
found that the ATRIA score performed better than the CHADS2 or
CHA2DS2-VASc scores that are currently incorporated into guide-
lines. We also demonstrated that categorical (low/moderate/high
risk) score performance is sensitive to absolute stroke rates which
appear to vary across cohorts, raising the possibility that cut-points
on the multipoint scores may need to be adjusted for different tar-
get AF populations to achieve best ischaemic stroke preventive
benefit from anticoagulant therapy.

Supplementary material
Supplementary Material is available at European Heart Journal online.
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