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Patients without atrial fibrillation (AF) constitute approximately 75% of patients suffering
thromboembolism and major adverse cardiovascular events (MACE), but evidence support-
ing risk stratification in these patients is sparse. We aimed to develop a risk prediction model
for identification of patients without AF at high risk of first-time thromboembolic events. We
included 72,381 coronary angiography patients without AF and without previous ischemic
stroke or transient ischemic attack. The cohort was randomly divided into a derivation cohort
(80%, n = 57,680) and a validation cohort (20%, n = 14,701). The primary thromboembolic
end point was a composite of ischemic stroke, transient ischemic attack, and systemic embo-
lism. MACE was defined as a composite of cardiac death, myocardial infarction, and ischemic
stroke. The final model was compared with 2 validated clinical risk models (CHADS2 and
CHA2DS2-VASc). The risk prediction model assigned 1 point to heart failure, hypertension,
diabetes mellitus, renal disease, age 65 to 74 years, active smoking, and multivessel obstructive
coronary artery disease, and 2 points to age ≥75 years and peripheral artery disease. A C-
index of 0.66 (95% CI 0.64 to 0.69) for prediction of the composite thromboembolic end point
was found in the validation cohort, which was higher than for CHADS2 (C-index 0.63 [95%
CI 0.60 to 0.67]; p < 0.001) and CHA2DS2-VASc (C-index 0.64 [95% CI 0.62 to 0.67];
p = 0.034). The model also predicted MACE (C-index 0.71 [95% CI 0.69 to 0.73]). In conclu-
sion it is possible to identify patients without AF at high risk of first-time thromboembolic
events and MACE by use of a simple clinical prediction model. © 2020 Elsevier Inc. All
rights reserved. (Am J Cardiol 2020;131:40−48)
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Patients without atrial fibrillation (AF) constitute approxi-
mately 75% of patients with thromboembolic events (TE:
ischemic stroke, transient ischemic attack (TIA), and systemic
embolism)1 but evidence supporting risk stratification and pro-
phylactic treatment in these patients is sparse. The latter may
be explained by the lack of an intervention that, beyond treat-
ment of hypertension and cholesterol, reduces TE risk in
patients without AF. However, the Cardiovascular Outcomes
for People Using Anticoagulation Strategies (COMPASS)
trial, that almost exclusively included patients without AF,
showed that the combination of aspirin and low-dose rivaroxa-
ban, compared with aspirin alone, reduced the relative risk of
major adverse cardiovascular events (MACE) by 24% and
stroke by 42%; the latter being the major driver of the reduced
MACE rate.2 Risc scores that can identify non-AF patients at
high risk of TE, therefore have a new and important clinical
relevance. Existing stroke risk scores such as CHADS2 and
CHA2DS2-VASc were developed for identification of AF
patients at high risk of TE, but they also predict TE in patients
without AF.3−6 However, a dedicated prediction model for
prediction of first-time TE in patients without AF may be
superior to CHADS2 and CHA2DS2-VASc and may poten-
tially improve the identification of patients who will benefit
from primary prevention. We developed a clinical prediction
model for prediction of first-time TE and report the discrimi-
nation as well as calibration of this model among patients who
underwent coronary angiography (CAG). Second, we com-
pared the discriminatory ability of this new risk score with
that of the CHADS2 and CHA2DS2-VASc scores. Finally, we
assessed the models’ ability to predict MACE and mortality.
Methods

We conducted a population-based cohort study using
Danish medical registries. Danish residents with a CAG
registered in the Western Denmark Heart Registry

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.06.031&domain=pdf
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(WDHR) between July 1, 2004 and December 31, 2012
were included.7 In case of multiple CAGs during the study
period, the first CAG was defined as index procedure.

The setting in Denmark is a tax-payer funded public
national healthcare system, ensuring free access to health-
care for all Danish residents. At birth or upon immigration,
each resident is assigned a unique 10-digit personal identi-
fier, issued by the Danish Civil Registration System. This
identifier is used throughout every regional and national
registry and ensures accurate cross-linkage of healthcare
information between registries which minimizes loss to
follow-up.

The WDHR contains information about all cardiac pro-
cedures performed in Western Denmark since 1999 and
covers a population of approximately 3.5 million inhabi-
tants. The WDHR holds data on >240,000 CAGs, including
details regarding presence and extent of coronary artery dis-
ease (CAD), procedural indication and priority, procedure
related complications and patient characteristics.7 Addi-
tional information concerning comorbidities was obtained
from the Danish National Patient Registry (DNPR), which
has recorded all hospital-based inpatient and outpatient
diagnoses in Denmark since 1977. Causes of death were
obtained from the Danish Register of Causes of Death, and
medical information from the Danish National Database of
Reimbursed Prescriptions, which contains data on all reim-
bursed prescriptions at Danish pharmacies since 2004.8−10

CAG was performed in 97,321 patients. We excluded
patients <18 years (n = 33), patients with a previous diagno-
sis of AF in the DNPR (n = 13,226), patients treated with
vitamin K-antagonists (n = 3,285) or direct anticoagulants
(n = 48), patients with a diagnosis of ischemic stroke or
TIA before or within 30 days after CAG (n = 6,162), and
patients with <30 days of follow-up (n = 2,186).8,9 Interna-
tional Classification of Diseases, Tenth Revision codes, and
Anatomical Therapeutic Chemical codes used in covariate
definitions are listed in Supplemental Table 1. Follow-up
started 30 days after index CAG to account for immediate
consequences of the CAG examination. We followed each
patient using the DNPR to record the end points ischemic
stroke, TIA, and systemic embolism. We examined avail-
able covariates considered clinically relevant, as described
below.

Comorbidities registered before or within 30 days after
index CAG were ascertained from the WDHR and the
DNPR. We defined congestive heart failure as a diagnosis
of congestive heart failure or left ventricular dysfunction
registered in the DNPR, or a left ventricular ejection frac-
tion ≤40% registered in the WDHR. Hypertension was
defined as a diagnosis of hypertension registered in the
DNPR or treatment with any antihypertensive drug accord-
ing to the WDHR. Age and gender were obtained from
WDHR, and the patients were divided into 3 age groups
(<65 years, 65 to 74 years, and ≥75 years) according to age
at index CAG. Moreover, body mass index was calculated
from height and bodyweight as listed in the WDHR, and
patients were categorized as underweight (≤18.5 kg/m2),
normal weight (18.5 to 25 kg/m2), overweight (25 to 30 kg/
m2), or obese (≥30 kg/m2).

We defined diabetes mellitus as the composite of 1) insu-
lin treatment and/or oral antidiabetic medication use or non-
pharmacological dietary treatment for diabetes registered in
the WDHR, 2) redemption of ≥1 prescription(s) for antidia-
betic medications in the Danish National Database of Reim-
bursed Prescriptions 6 month before CAG or within 30 days
after CAG, or 3) a diagnosis of diabetes mellitus in the
DNPR.

Peripheral artery disease (PAD) was defined as PAD
and/or aortic plaque as registered in the DNPR. CAD was
categorized as 0 vessel disease (VD), 1 VD, 2 VD, 3 VD, or
diffuse VD. Obstructive multivessel disease was defined as
obstructive VD (≥50% stenosis) in ≥2 coronary arteries,
that is, 2 VD and 3 VD. Diffuse VD was defined as non-
obstructive VD (<50% coronary stenosis) in ≥2 coronary
arteries. Diagnoses of previous myocardial infarction were
obtained through the DNPR. Smoking status was defined as
active smoker or former/never smoker as listed in the
WDHR. Moderate to severe renal disease was defined
according to the Charlson Comorbidity Index as registered
in the DNPR.11

The primary study end point was TE, a composite of
ischemic stroke, TIA, and systemic embolism. The model
was developed using TE as outcome. Study end points
examined after model development were ischemic stroke
alone, MACE (cardiac death, myocardial infarction, and
ischemic stroke), and all-cause death. We used primary and
secondary hospital discharge diagnoses registered in the
DNPR. Follow-up started 30 days after CAG and continued
until end point event, death, emigration, 5 years of follow-
up, or end of follow up (December 31, 2012), whichever
came first.

The study cohort was randomly divided into a derivation
cohort representing 80% of the study population, and a vali-
dation cohort representing the remaining 20%. The model
was designed in the derivation cohort and subsequently val-
idated in the validation cohort. We used Pearson’s chi-
square test to assess any statistical difference of categorical
baseline characteristics between the derivation cohort and
the validation cohort. Years of follow-up and age did not
follow a normal distribution in either cohort as illustrated
by histogram and QQ-plot. Thus, the statistical differences
between cohorts of follow-up and age as continuous varia-
bles were tested by the Mann-Whitney U test.

We constructed the model by performing separate uni-
variate Cox regression analyses of all covariates in the deri-
vation cohort using TE as outcome. Covariates with p <
0.20 were selected for further analyses and fitted into a mul-
tivariate Cox regression model.12 Covariates not signifi-
cantly contributing to the model (p > 0.05) were excluded.

We tested for interactions between covariates, and inter-
action terms were added to the model. We compared good-
ness of fit of the models with and without the interaction
terms using likelihood ratio test. If p < 0.05, the interaction
term was included in the model. To assess goodness of fit
of the final model, Cox-Snell residuals were predicted and
plotted against the cumulative hazards. To identify potential
outliers, we estimated Martingale and deviance residuals.
We assessed the Cox proportional hazard assumption, and
finally we used Harrell’s C-statistics to estimate model dis-
crimination.

Weighted model: We assigned either 1 or 2 points to
each covariate in the final model according to the
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covariates’ respective hazard ratios (HR). Covariates with a
HR of 1.00 to 1.99 were assigned 1 point and HRs of 2.00
to 2.99 were assigned 2 points. Each patient’s weighted risk
score was then estimated. Due to low numbers of patients
with high scores, patients with >4 points were classified as
1 group. The Cox proportional hazards assumption was
tested in the weighted model, and Harrell’s C-index was
calculated to estimate discrimination.

Validation: In the validation cohort, we validated the
weighted model by estimating the risk score for each
patient. Patients with >4 points were grouped together. We
estimated event rates per 100 person-years according to the
number of points, and afterwards HRs were calculated
Table 1

Baseline characteristics of the derivation cohort and the validation cohort

Derivatio

(n = 5

Median years of follow-up (IQR) 3.7 years

Sex category

Male 36,005

Median age (IQR) 64 years

Age category (years)

<65 30,538

65−74 16,824

≥75 10,318

Smoking status

Never/former 35,555

Active 16,790

Missing 5,335

Comorbidities

Hypertension 31,607

Diabetes mellitus 8,597

Congestive heart failure 7,793

Previous myocardial infarction 20,053

Peripheral artery disease/aortic plaque 3,810

Renal disease 1,541

Body mass index (kg/m2)

Underweight 706

Normal 16,273

Overweight 20,647

Obese 20,054

Medical treatment

Aspirin 41,932

Statin 42,261

Beta-blocker 38,331

Angiotensin converting enzyme inhibitor 20,502

Angiotensin-II receptor inhibitor 8,744

Adenosine diphosphate inhibitor 16,277

Priority of coronary angiography

Acute 10,097

Subacute 15,312

Elective 32,270

No. of coronary arteries narrowed

0 20,894

Diffuse vessel disease 4,195

1 15,582

2 8,762

3 8,247

Obstructive multivessel disease (≥2 vessel disease) 17,009

Data are numbers and percentages, n (%) unless otherwise stated.

* Categorical variables: Chi-square test. Follow-up and age as continuous variab

IQR = interquartile range.
using patients with 0 points as reference. Harrell’s C-index
was calculated in the validation cohort. Model calibration
was graphically assessed by plotting observed versus pre-
dicted event probabilities over time stratified by the number
of points according to the weighted model.

To assess the model’s discrimination compared with
other risk prediction scores, we calculated the CHADS2 and
CHA2DS2-VASc scores in the validation cohort. Subse-
quently, we estimated Harrell’s C-indices of both risk pre-
diction scores and calculated the absolute difference in C-
index between the CHADS2, the CHA2DS2-VASc, and our
weighted model. We also constructed receiver operating
characteristic curves for each of the 3 models among
n cohort

7,680)

Validation cohort

(n = 14,701)

p-value*

(1.8−5.0) 3.7 years (1.8−5.0) 0.39

0.22

(62%) 9,096 (62%)

(55−72) 64 years (55−72) 0.35

0.004

(53%) 7,770 (53%)

(29%) 4,147 (28%)

(18%) 2,784 (19%)

0.08

(62%) 8,992 (61%)

(29%) 4,261 (29%)

(9%) 1,448 (10%)

(55%) 8,180 (56%) 0.07

(15%) 2,225 (15%) 0.48

(14%) 1,962 (13%) 0.60

(35%) 5,076 (35%) 0.59

(7%) 999 (7%) 0.41

(3%) 429 (3%) 0.10

0.88

(1%) 187 (1%)

(28%) 4,182 (28%)

(36%) 5,258 (36%)

(35%) 5,074 (35%)

(73%) 10,652 (73%) 0.56

(73%) 10,800 (74%) 0.63

(67%) 9,725 (66%) 0.49

(36%) 5,182 (35%) 0.50

(15%) 2,259 (15%) 0.53

(28%) 4,135 (28%) 0.83

0.75

(18%) 2,540 (17%)

(27%) 3,936 (27%)

(56%) 8,225 (56%)

0.76

(36%) 5,367 (37%)

(7%) 1,046 (7%)

(27%) 3,907 (27%)

(15%) 2,257 (15%)

(14%) 2,124 (14%)

(30%) 4,381 (30%)

les: Mann-Whitney U test.
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patients without AF (Supplemental Figure 1). Moreover,
the discrimination of the prediction model was also tested
among CAG patients with AF and compared with the
CHADS2 and CHA2DS2-VASc scores among patients with
AF (Supplemental Table 2).

In the validation cohort, we estimated event rates of
ischemic stroke, MACE, and all-cause death stratified by
number of points in the weighted model. Afterwards HR’s
were calculated using patients with 0 points as reference.
Finally, Harrell’s C-indices of ischemic stroke, MACE, and
all-cause death were estimated. Analyses were performed
using Stata/IC software version 15.1 (StataCorp, College
station, Texas, USA).

The study complies with the Declaration of Helsinki and
was approved by the Danish Data Protection Agency
(record number 2015-57-0002, identification number
AU420).
Results

Baseline characteristics and medication use are shown in
Table 1. The study cohort comprised 72,381 patients, of
which 57,680 were assigned to the derivation cohort and
14,701 to the validation cohort (Figure 1). Baseline charac-
teristics were similar between the 2 cohorts, except for age
category, which was statistically, but not clinically,
Figure 1. Patient flow chart. The flow chart illustrates the inclusion of 72,381 p

angiography between July 1, 2004 and December 31, 2012, as registered in the W

AF = atrial fibrillation; CAG = coronary angiography; DNPR = Danish National

OAC = oral anticoagulant agents; TIA = transient ischemic attack.
different between cohorts (Table 1). There was no differ-
ence in age as a continuous variable.

Univariate analyses of all considered covariates and the
initial multivariate analysis of all variables are presented in
Table 2.

The final model included the following predictors of the
composite end point: congestive heart failure, hypertension,
age category, renal disease, PAD, smoking status (active
smoking vs never/former smoking), obstructive coronary
multivessel disease, and diabetes mellitus. Three interaction
terms were included in the final model; diabetes/renal dis-
ease, hypertension/PAD, and age category/PAD. Harrell’s
C-index of the final unweighted model was 0.67 (95% CI
0.65 to 0.68).

Based on HRs in the final multivariate analysis, patients
were assigned the following points for each risk factor:
congestive heart failure (1 point), hypertension (1 point),
age 65 to74 years (1 point), diabetes mellitus (1 point),
smoking (1 point), PAD (2 points), age ≥75 years (2
points), renal disease (1 point), and obstructive coronary
multivessel disease (1 point). The risk score thus was
termed the CHADS-P2A2RC score (Table 2).

Event rates per 100 person-years and HRs increased with
higher CHADS-P2A2RC scores (Table 3). In the validation
cohort, 5,346 patients (36%) had a CHADS-P2A2RC score
≥3, which conferred a TE rate of >1 per 100 person-years
atients without atrial fibrillation or previous stroke examined by coronary

estern Denmark Heart Registry.

Patient Registry; NOAC =Non-vitamin K antagonist oral anticoagulants;



Table 2

Univariate and multivariate analyses of potential risk factors associated with ischemic stroke, transient ischemic attack, and systemic embolism

Covariates Univariate analyses Primary multi

variate analysis

Final multi

variate analysis

Assigned points

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI)

Sex category

Male 1.05 (0.95−1.16) 0.308

Age category (years)

65−74 1.82 (1.63−2.04) <0.001 1.71 (1.51−1.93) <0.001 1.70 (1.49−1.93) 1

≥75 3.09 (2.76−3.46) <0.001 2.83 (2.49−3.22) <0.001 2.98 (2.60−3.41) 2

Body mass index

Normal 0.99 (0.64−1.55) 0.979

Overweight 0.95 (0.61−1.48) 0.818

Obese 0.93 (0.60−1.45) 0.755

Comorbidities

Congestive heart failure 1.60 (1.42−1.80) <0.001 1.32 (1.16−1.50) <0.001 1.31 (1.15−1.49) 1

Hypertension 1.52 (1.38−1.67) <0.001 1.29 (1.16−1.44) <0.001 1.35 (1.20−1.51) 1

Peripheral artery disease 2.18 (1.89−2.52) <0.001 1.62 (1.39−1.89) <0.001 2.59 (1.81−3.70) 2

Renal disease 2.07 (1.64−2.60) <0.001 1.74 (1.36−2.23) <0.001 1.41 (1.01−1.98) 1

Myocardial infarction 1.16 (1.05−1.27) 0.003 0.99 (0.89−1.10) 0.788

Diabetes mellitus 1.51 (1.35−1.70) <0.001 1.32 (1.17−1.50) <0.001 1.28 (1.12−1.46) 1

Coronary artery disease

Obstructive multivessel disease

(≥2 vessel disease)
1.61 (1.47−1.77) <0.001 1.23 (1.10−1.36) <0.001 1.22 (1.11−1.36) 1

Other

Smoking 1.09 (0.98−1.20) 0.119 1.34 (1.20−1.49) <0.001 1.33 (1.20−1.48) 1

Maximal score 11

Primary multivariate analysis: A primary multivariate Cox-regression analysis without interaction term. Final multivariate analysis: A multivariate Cox-

regression including interaction terms (diabetes/renal disease, hypertension/peripheral artery disease, and peripheral artery disease/age category). All covari-

ates considered clinically relevant were included in the univariate analyses, and all covariates with p < 0.20 were included in the primary multivariate analy-

sis. In the univariate analysis of age category, patients <65 years were used as reference. In the univariate analysis of body mass index, underweight patients

were used as reference. Coronary artery disease was compiled as obstructive multivessel disease (≥2 vessel disease). Before assigning points to the different

variables, interaction analyses were performed. Each covariate was assigned 1 or 2 points according to their HR in the final multivariate analysis, which was

performed in respect to the interactions.

CI = confidence interval; HR = hazard ratio.

Table 3

Clinical end points in relation to CHADS-P2A2RC score for 65,596 patients without atrial fibrillation or previous stroke, and with known smoking status A)

The validation cohort (n = 13,253), B) The derivation cohort (n = 52,343). The clinical end point was a composite of ischemic stroke, transient ischemic

attack, and systemic embolism.

A: The validation cohort

CHADS-P2A2RC score

(points)

Patients

(n)

Events

(n)

Rate per 100

person-years

HR (95% CI)

0 1,446 18 0.36 (0.23−0.57) 1 (reference)

1 3,148 56 0.53 (0.41−0.69) 1.46 (0.86−2.48)
2 3,313 78 0.71 (0.57−0.88) 1.95 (1.17−3.26)
3 2,679 107 1.28 (1.06−1.55) 3.54 (2.15−5.83)
4 1,581 81 1.70 (1.36−2.11) 4.66 (2.80−7.77)
>4 1,086 74 2.41 (1.92−3.02) 6.61 (3.95−11.06)
B: The derivation cohort

CHADS-P2A2RC score

(points)

Patients

(n)

Events

(n)

Rate per 100

person-years

HR (95% CI)

0 5,809 61 0.31 (0.24−0.39) 1 (reference)

1 12,754 250 0.58 0.51−0.65) 1.89 (1.43−2.50)
2 13,377 334 0.76 (0.68−0.84) 2.47 (1.88−3.24)
3 10,172 370 1.14 (1.03−1.26) 3.69 (2.82−4.84)
4 5,945 321 1.77 (1.59−1.97) 5.73 (4.36−7.54)
>4 4,286 274 2.37 (2.11−2.67) 7.61 (5.76−10.04)

Risk factors included in the CHADS-P2A2RC score: Congestive heart failure (1 point), hypertension, age 65−74 years (1 point), diabetes mellitus (1

point), smoking (1 point), peripheral artery disease (2 points), (1 point), age ≥75 years (2 points), renal disease (1 point), and obstructive coronary multivessel

disease (1 point)

CI = confidence interval; HR = hazard ratio.
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Figure 2. Cumulative incidence of end points in relation to CHADS-P2A2RC score.

(A) The composite thromboembolic end point (ischemic stroke, TIA and systemic embolism) in the derivation cohort (n = 57,680). (B) the composite throm-

boembolic end point in the validation cohort (n = 14,701). (C) MACE and (D) Ischemic stroke. All patients were registered in the Western Denmark Heart

Registry after undergoing coronary angiography and were not previously diagnosed with atrial fibrillation or stroke/TIA.

MACE =major adverse cardiovascular events; TIA = transient ischemic attack.
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(Figure 2). The CHADS-P2A2RC score performed similarly
in the validation cohort (C-index 0.66, 95% CI 0.64 to
0.69). According to the calibration curves, showing the
observed versus predicted event probabilities, the CHADS-
P2A2RC score was well-calibrated in the validation cohort,
displaying good fit between predicted and observed out-
comes in each risk strata. Validation curves for TE are
depicted in Figure 3 and validation curves for the secondary
end points in Supplemental Figure 2.

C-indices of the CHADS2 and CHA2DS2-VASc scores
were 0.63 (95% CI 0.60 to 0.67) and 0.64 (95% CI 0.62 to
0.67), respectively. The C-index of the CHADS-P2A2RC
score was higher than those of the CHADS2 (D0.034, 95%
CI 0.016 to 0.051, p < 0.001) and CHA2DS2-VASc
(D0.018, 95% CI 0.001 to 0.035, p = 0.034) scores.

Event rates and HRs of ischemic stroke, MACE, and
all-cause death were higher with increasing CHADS-
P2A2RC scores (Table 4). C-index was 0.68 (95% CI
0.65 to 71) for ischemic stroke, 0.71 (95% CI 0.69 to
0.73) for MACE, and 0.72 (95% CI 0.70 to 0.73) for
all-cause death.
Discussion

In this study we present a novel clinical prediction model
intended for prediction of TE in patients without AF. This
model has several important features. First, the CHADS-
P2A2RC model was able to discriminate patients at different
risks of TE. Second, the model proved to be well-calibrated
in both high- and low-risk patients. Third, the CHADS-
P2A2RC score also predicted ischemic stroke alone,
MACE, and all-cause death, confirming its ability to iden-
tify, beyond TE, patients at risk of adverse cardiovascular
events.2 Fourth, the parameters included in the CHADS-
P2A2RC score differed to some extent from the CHADS2
and CHA2DS2-VASc scores, which were developed for
patients with AF. Female sex was replaced by smoking,
multivessel CAD was included, and PAD was included as



Figure 3. Calibration curves for the validation cohort. The red straight line represents the predicted probability, and the blue dotted line the observed proba-

bility of thromboembolic events (ischemic stroke, transient ischemic attack, and systemic embolism).
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an independent parameter (as compared with part of the
“V” for vascular components in CHA2DS2-VASc) with a
weight of 2 points (as compared with 1 point in CHA2DS2-
VASc). In this regard, it is also important that the CHADS2
and CHA2DS2-VASc scores are used for identification of
patients at low risk, and thus without indication for oral
anticoagulant therapy, whereas the aim of the CHADS-
P2A2RC score is to identify patients at high risk of ischemic
stroke and MACE and whom may benefit from primary
prophylaxis.
Table 4

Rate of ischemic stroke, major adverse cardiovascular events, and all-cause death

CHADS-P2A2RC score (points) Events (n)

Ischemic stroke

0 10

1 35

2 56

3 71

4 64

>4 56

Major adverse cardiovascular events*

0 18

1 88

2 150

3 207

4 179

>4 187

All-cause death

0 35

1 104

2 188

3 287

4 280

>4 294

* End of inclusion December 1, 2011; end of follow-up December 31, 2011.

CI =confidence interval; HR = hazard ratio.
Approximately 75% of all TE are first-time events,
which emphasizes the need for primary prevention strate-
gies including clinical tools to identify patients at particular
high risk of first-time TE.13 Our primary TE end point
included TIA for 2 reasons. First, TIA is a strong predictor
of subsequent stroke and we therefore found it worth
including in the primary end point. Secondly, there is a pre-
cedent for this TE definition in Danish registry-based stud-
ies on AF.6,14−16 However, one may argue against TIA as
part of the primary end point since TIA is a less reliable
in the validation cohort

Rate per 100 person-years HR (95% CI)

0.20 (0.11−0.37) 1 (reference)

0.33 (0.23−0.46) 1.64 (0.81−3.31)
0.51 (0.39−0.66) 2.52 (1.29−4.94)
0.84 (0.67−1.07) 4.20 (2.12−8.14)
1.33 (1.04−1.70) 6.59 (3.38−12.83)
1.80 (1.39−2.34) 8.93 (4.55−17.50)

0.44 (0.27−0.69) 1 (reference)

1.02 (0.82−1.25) 2.32 (1.40−3.86)
1.67 (1.42−1.96) 3.81 (2.34−6.21)
3.08 (2.69−3.53) 6.96 (4.30−11.27)
4.65 (4.01−5.38) 10.45 (6.44−16.97)
7.45 (6.45−8.59) 16.67 (10.28−27.05)

0.70 (0.50−0.97) 1 (reference)

0.97 (0.80−1.18) 1.39 (0.95−2.04)
1.68 (1.46−1.94) 2.40 (1.68−3.45)
3.36 (2.99−3.77) 4.79 (3.38−6.81)
5.70 (5.07−6.41) 8.12 (5.71−11.54)
9.20 (8.21−10.32) 13.07 (9.21−18.56)
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diagnosis than ischemic stroke based on the absence versus
presence, respectively, of documented cerebral infarction.
We therefore reported data for ischemic stroke alone as
well as for MACE and all-cause death and found slightly
higher C-indexes for these parameters than for TE. In the
COMPASS trial, which had CAD as a major inclusion crite-
rium, MACE was the primary end point. In this study, we
included MACE as a secondary end point to document the
potential of the CHADS-P2A2RC score to be used as tool
for identifying patients with CAD and a high risk of
MACE.

The CHADS-P2A2RC score can be used to identify
patients at high risk of TE, ischemic stroke, MACE and all-
cause death. Stroke is particularly important by being the
fifth most frequent cause of death in the USA in 2016, and
because stroke-related physical and/or cognitive deficits
often reduce patients’ quality of life and constitute a major
health burden.17 Among AF patients, protection against TE
using oral anticoagulation is generally considered to out-
weigh the bleeding risk associated with anticoagulant treat-
ment when the annual risk of TE exceeds 1%.18−20

Therefore, AF patients with a CHA2DS2-VASc score of 1
are recommended to be considered prophylactic anticoagu-
lant treatment, whereas patients with CHA2DS2-VASc ≥2
are candidates for prophylactic treatment in absence of a
high bleeding risk according to both European and US
guidelines.18,20 However, along with other risk factors, AF
should be considered a risk factor for TE rather its cause.21

Consequently, patients without AF, but with aggregated
risk factors, may have a similar or higher stroke risk than
AF patients.

Except for hypertension, risk factors included in the
CHADS-P2A2RC score were part of the inclusion criteria
used in the randomized COMPASS trial, in which the vast
majority of patients did not have AF. In the COMPASS
trial, the combination of aspirin and low-dose rivaroxaban,
as compared with aspirin alone, reduced the relative risk of
MACE by 24% and stroke by 42%; the latter being the
major driver of the reduced MACE rate.2 The European
Medicines Agency recently broadened the indication for
rivaroxaban stating that combined therapy with aspirin and
low-dose rivaroxaban is now indicated in high-risk
patients.22 Likewise, the US Federal Drug Agency stated
that combined treatment is indicated in patients with CAD
and PAD.23 Considering these official statements, the
CHADS-P2A2RC score offers a relatively simple tool to
assist patients and clinicians in the shared decision-making
process regarding dual pathway inhibition. Still, a specific
cut-off for potential prophylactic treatment remains to be
defined and will also depend on the individual patient’s
bleeding risk.

This is a hypothesis-generating registry-based cohort
study based on patients who underwent CAG. All patient
characteristics were obtained upon study initiation. There-
fore, some patients’ risk scores might have changed during
follow-up.24,25 Moreover, some patients might have been
diagnosed with AF during follow-up leading to anticoagu-
lant treatment initiation. Of note, patients’ risk scores are
more likely to increase than decrease over time, as most
conditions are chronic. Smoking status was missing in 10%
of the study population, and we might have underestimated
the association between smoking and TE risk. Moreover,
autopsy is no longer routinely performed in Denmark lead-
ing to potential underestimation of the number of fatal
strokes. Finally, we did not have access to information
about the presence of obstructive sleep apnea and patent
foramen ovale, both of which are suggested risk factors for
stroke.13

In conclusion, the CHADS-P2A2RC score is a novel
clinical prediction model that predicts the risk of TE as well
as ischemic stroke, MACE, and all-cause death among
CAG patients without AF. The model discriminates
between patients with low and high risk of TE and is
well calibrated. The CHADS-P2A2RC score are thus able
to identify patients with a high risk of adverse events in
whom prophylactic stroke and MACE prevention may be
considered.
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