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ABSTRACT

Background The CHA,DS,-VASc score predicts poor
prognosis in patients with acute myocardial infarction
(AMI), with or without atrial fibrillation. In this observational
study, we aimed to evaluate the CHA,DS,-VASc score by
itself and extended with clinical data to predict adverse
events in patients after AMI.

Methods In this longitudinal observational study, we
used a cohort of 955 patients hospitalised for AMI at
Vastmanland County Hospital, Vésteras, Sweden, to derive
prediction models. The CHA,DS,-VASc score alone and
combined with clinical data (systolic blood pressure,
creatinine level, ST-segment elevation and diuretic use at
discharge) was analysed using Cox regression to evaluate
the risk of major adverse events (MAE), defined as all-
cause death or hospitalisation due to recurrent MI, heart
failure or ischaemic stroke. Discriminatory performance
was presented as the time-dependent area under the
curve (tdAUC). The prediction models were validated in
416 patients with AMI hospitalised at Uppsala University
Hospital, Uppsala, Sweden.

Results During a median of 2.5 years, 287 (30.1%)
patients experienced MAE. CHA,DS,-VASc scores of 2,

4 and 6 were associated with fourfold, ninefold and 18-
fold increases in the relative risk of MAE, respectively,
with a tdAUC of 0.76 at a 2-year follow-up. Extending

the CHA,DS,-VASc score with clinical data significantly
improved the prediction model (p<0.001), yielding a tdAUC
of 0.81. The models performed well in the validation
cohort, with satisfactory calibration and tdAUC values of
0.70-0.78.

Conclusion The addition of clinical data to the CHA,DS,-
VASc score was superior to a model with CHA,DS,-VASc
alone in predicting adverse events in patients after AMI,
and the model performed well in external validation.

INTRODUCTION

Ischaemic heart disease is a major cause
of morbidity and mortality globally and is
essential to healthcare costs.' ? Patients who
have suffered from acute myocardial infarc-
tion (AMI) are at an increased risk of future
cardiovascular (CV) events and death.

;2 Jonas Selmeryd,’? Christina Christersson,?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= In this study, we developed a refined scoring model
that includes clinical variables in addition to the ex-
isting CHA,DS,-VASc score to predict a dismal prog-
nosis in patients affected by myocardial infarction.
We were able to show that when adding clinical
variables to the CHA,DS,-VASc score, the predictive
ability significantly improved.

The model was tested and validated in a group of
over 400 patients from another hospital.

The results of this study may contribute to a refined
estimation of prognosis and prediction regarding the
risk of adverse events in patients who have been
affected by acute myocardial infarction.

The cohorts comprised patients of European eth-
nicity, which may limit the generalisability to other
populations.

The CHA,DS,-VASc score is an established
score for predicting stroke risk in patients
with atrial fibrillation (AF).> The CHA,DS,-
VASc score is robust and easy to use and
can easily be applied in clinical practice to
help medical decision-making. Recently, this
score has been shown to strongly predict a
dismal prognosis in patients with AMI (with
or without AF).4_7 Most of these studies have
focused on Asian ethnicities, warranting the
evaluation of other ethnicities. Furthermore,
the score does not include other factors
that may influence the outcome of patients
with AMI, such as blood pressure and renal
function.® Therefore, it may be possible to
enhance the predictive value of the CHA,DS,-
VASc score by adding other variables to the
existing score, which could lead to a more
accurate and personalised assessment of
prognosis in patients with AMI.

Our objective was to evaluate the CHA,DS,-
VASc score and to extend it with clinical data
to predict future adverse events after AMI.
We also aimed to validate these prediction
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models in a patient population independent of the orig-
inal cohort.

METHODS

Derivation cohort

The prediction models were designed in a derivation
cohortand externally validated in a validation cohort. The
derivation cohort included patients from the Vistman-
land Myocardial Infarction Study (VaMIS; Clinical Trials.
gov number NCT01452178).” In the VaMIS observational
study, consecutive patients (white Europeans) hospi-
talised in the Vastmanland County Hospital, Visteras,
Sweden, from November 2005 to May 2011 were screened
for inclusion (n=1459). AMI was diagnosed using electro-
cardiogram (ECG) and biomarker according to criteria
from the European Society of Cardiology at the time
of study start: a dynamic rise in serum concentration of
troponin-I to >0.4mg/L, combined with (1) ischaemic
symptoms; (2) development of Q) waves on the ECG; (3)
ECG changes indicative of ischaemia (ST-segment eleva-
tion or depression) or (4) coronary artery intervention.'”
ST-elevation MI (STEMI) required a new or presumed
new ST-segment elevation at the | point in two or more
contiguous leads with the cut-off points 0.2mV in leads
V1,V2 or V3 and 0.1 mV in other leads.

A total of 401 patients were excluded because of
language difficulties (n=57), dementia or confusion
(n=81), other severe diseases (n=62), logistical prob-
lems (n=106) or other reasons (n=95). Furthermore, 50
patients declined to participate.

From the original VaMIS cohort (n=1008), 10 patients
were excluded because of death within 5days of admis-
sion, and 43 (4%) patients were excluded because of
missing data on at least one of the variables included
(diuretic at discharge, systolic blood pressure, creatinine
level and ECG rhythm were missing in 24, 12, 5 and 3
patients, respectively), leaving 955 (641 men) patients for
further analyses.

Validation cohort

The validation cohort consisted of patients from the
observational REBUS (RFElevance of Biomarkers for
future risk of thromboembolic events in UnSelected post-
myocardial infarction patients) study."’ From April 2010
to August 2012, 858 consecutive patients with AMI hospi-
talised in the Department of Cardiology, Uppsala Univer-
sity Hospital, were prospectively screened for inclusion.
The inclusion criteria were MI diagnosed as a dynamic
rise of troponin together with typical symptoms of MI or
development of a significant Q-wave on ECG.

Patients who died within 5days of admission, lived
outside the catchment area of Uppsala University
Hospital, or could not attend the scheduled study
visits were excluded (n=256). Further, 27 patients were
excluded for logistic reasons, and 154 declined participa-
tion. Five patients were excluded from the final REBUS
cohort (n=421) because of missing data on creatinine

level (n=4) and blood pressure (n=1), leaving 416 patients
for validation analyses.

This study was approved by the Regional Ethical Review
Board of Uppsala, Sweden (Dnr 2005/169, 2005/169/5
and 2019-02204).

Variables in the prediction models
The CHA,DS,VASc score was calculated as the sum of
points, where one point each was assigned for the pres-
ence of female sex, heart failure, hypertension, age 65-74
years, diabetes and previous vascular disease (claudica-
tion or MI) and two points each for age >75 years and
history of stroke or transient ischaemic attack (TTA).
Clinical data to be combined with the CHA,DS,-VASc
score in an extended prediction model were based on
risk markers in the GRACE 2.0 (systolic blood pressure,
creatinine level, ST-segment elevation and diuretic at
discharge), excluding age (as it was included in the
CHA,DS,-VASc score), heart rate and cardiac arrest at
admission (as this information was missing in the deriva-
tion or validation cohorts). Additionally, AF was included
in the extended model.

Outcomes

The endpoint was major adverse events (MAE), defined
as a composite of all-cause death or hospitalisation due to
MI (International Classification of Diseases, 10th revision
(ICD-10): 121), heart failure (ICD-10: 150, 125.5 or 111.0)
or ischaemic stroke (ICD-10: 163). In the derivation
cohort, follow-up information was based on the linkage
to the Swedish Population and National In-patient regis-
tries. Patients were followed up from the index examina-
tion until the first endpoint event or 31 December 2013,
whichever came first. The follow-up time was truncated at
2.5 years (the maximum follow-up time for the validation
cohort).

The follow-up data of the validation cohort were based
on regular study visits (3, 12 and 24 months after the index
event) and medical records. After study completion, clin-
ical monitors from the Uppsala Clinical Research Center
scrutinised the medical records of all the patients to iden-
tify potentially missed outcomes.

None of the patients in the derivation and validation
cohorts was lost to follow-up.

Statistical analysis

Data are presented as mean+SD, median (25th, 75th
percentiles) or number (percentage). In the baseline
analyses, variables were compared between cohorts
using student’s t-test, the Kruskal-Wallis test or Fisher’s
exact test. Variable distributions were assessed visually
using frequency histograms and quantitatively by exam-
ining skewness and kurtosis. Formal normality tests
were not performed, as these can be overly sensitive in
large samples. The choice between parametric and non-
parametric tests was based on these observed distribution
characteristics.
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Table 1 Baseline characteristics of the study cohorts
Derivation cohort n=955 Validation cohort n=416 P value

CHA,DS,-VASC score 2.0 (1.0, 4.0) 2.0 (1.0, 3.0) <0.001
Categorised CHA,DS,-VASC score <0.001

0-1 300 (31.4%) 164 (39.4%)

2 194 (20.3%) 108 (26.0%)

3-4 349 (36.5%) 113 (27.2%)

>4 112 (11.7%) 31 (7.5%)
Age (years) 70.3+11.7 67.1+10.3 <0.001
Men 641 (67.1%) 323 (77.6%) <0.001
Current smoking 189 (19.8%) 110 (26.4%) 0.008
Hypertension 474 (49.6%) 223 (53.6%) 0.196
Diabetes 175 (18.3%) 68 (16.3%) 0.421
Previous Ml 230 (24.1%) 86 (20.7%) 0.191
Heart failure 88 (9.2%) 31 (7.5%) 0.336
Stroke 59 (6.2%) 21 (5.0%) 0.487
PAD 62 (6.5%) 11 (2.6%) 0.005
Characteristics during index Ml

STEMI 309 (32.4%) 190 (45.7%) <0.001

Atrial fibrillation 113 (11.8%) 37 (8.9%) 0.131

Systolic BP (mm Hg) 128+21 126+17 0.137

Diastolic BP (mm Hg) 85x17 7310 <0.001

Creatinine (umol/L) 87 (74, 104) 83 (71, 96) <0.001

LV ejection fraction (%) 535138 58+11 <0.001
Medication at discharge

ACE-| or ARB 847 (88.7%) 332 (79.8%) <0.001

Betablocker 887 (93.1%) 386 (92.8%) 0.940

Aspirin 921 (96.4%) 408 (98.1%) 0.148

Statin 915 (95.9%) 392 (94.2%) 0.220

Diuretic 221 (23.1%) 85 (20.4%) 0.300

Values are mean+SD, median (25th, 75th percentiles) or number (percentage).
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; LV, left ventricle; MI, myocardial
infarction; PAD, peripheral artery disease; STEMI, ST elevation myocardial infarction.

The incidence rates of the two cohorts were compared
using the Fisher’s exact test.

The derivation cohort was stratified into four approx-
imately equally sized groups based on quartiles of the
CHA,DS,-VASc score. The Kaplan-Meier method was used
to estimate survival curves, and comparisons between
groups were performed using the log-rank test.

The CHA,DS,-VASc score alone or in combination with
clinical data (STEMI, systolic blood pressure, creatinine,
AF and diuretic treatment at discharge) was assessed
using Cox proportional hazard regression analyses to
evaluate the association with outcome during follow-up.
In these analyses, the CHA,DS,-VASc score was included
as a continuous predictor. All continuous predictors
were assessed by restricted cubic splines with three knots
located at the 10th, 50th and 90th percentiles to relax the

assumption of linear association with the outcome. All
predictors were retained in the models regardless of their
statistical significance. The goodness-offit between two
nested Cox models was compared using the likelihood
ratio test. Goodness of fit between two non-nested Cox
models was compared using Akaike Information Crite-
rion (AIC) values (where lower values suggest better fit).
The proportional hazard assumption was visually verified
using scaled Schoenfeld residuals.

The discriminatory performance of the models (ie, the
ability of the model to differentiate between high- and
low-risk patients) was assessed by the time-dependent
area under the receiver operator characteristics curve
(tdAUC)."? Calibration (ie, the agreement between the
predicted and observed risks of MAE) was evaluated
visually by plotting the observed risk calculated from the
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Figure 1

Follow-up (years)

Kaplan-Meier (KM) estimates of survival free from cardiovascular events by CHA.DS.-VASc score in the derivation

cohort. Solid lines show the KM estimates; shaded bands are 95% pointwise Cls. CV, cardiovascular.

Kaplan-Meier estimator against the predicted risk. We
internally validated the predictive performance of the
models by calculating the optimism-corrected estimates
of discrimination and calibration with 500 bootstrap
replications."”

Table 2 Crude and multivariable Cox regression

analyses of individual risk factors for predicting incident
cardiovascular events or death during a median follow-up
of 2.5 years in the derivation cohort (n=955). Based on 287
events

Crude Multivariable
HR (95% CI) HR (95% CI)
CHA:DS:-VASC score
0 1 (ref.) 1 (ref.)
2 3.77 2.32t06.12)  2.83 (1.75 to 4.58)
4 9.15(5.20 to 16.09) 5.22 (2.94 to 9.27)
6 18.0 (10.6 t0 30.4)  7.87 (4.44 to 13.92)
STEMI 0.64 (0.49t0 0.84) 0.98 (0.74 to 1.30)
Atrial fibrillation  3.25 (2.48 to 4.26) 1.89 (1.43 to 2.50)
Systolic BP
120mm Hg 1 (ref.) 1 (ref.)
100mm Hg 1.32(1.06t0 1.66)  1.31 (1.05 to 1.64)
140mm Hg 1.03 (0.94to 1.14)  0.93 (0.85 to 1.03)
Creatinine
80mmol/L 1 (ref.) 1 (ref.)
100mmol/L  1.46 (1.26t01.68)  1.19 (1.03 to 1.37)
120mmol/L  1.83(1.54t02.18)  1.31 (1.10 to 1.56)
Diuretic 4.20 (3.33 t0 5.30) 2.09 (1.59 10 2.73)

BP, blood pressure; STEMI, ST elevation myocardial infarction.

The generalisability of the prediction models was evalu-
atedin the validation cohort, thatis, in anewset of patients,
independent of the derivation cohort. Patients in the vali-
dation cohort were divided into three risk groups based
on their prognostic index (PI) tertiles. PI corresponded to
the linear predictor calculated from the beta coefficients
of the Cox regression models derived from the derivation
cohort. The discriminatory performance of a model was
assessed by tdAUC. An estimate of the baseline survival
function is required to evaluate the calibration of a Cox
model in an external dataset. In a fractional polynomial
regression, we obtained the following approximation
of the log cumulative hazard function in the derivation

cohort: log (HO (t)) =log (t) +log (t)2 and calculated the

baseline survival function as Sy (t) = e_"IOg(HO(t)).M The

predicted survival function in the validation cohort was

calculated as S(tIPIi) =98 (t) E(Pli), where PI; is the indi-
vidual PI for a patient. The survival curves were aver-
aged over all patients in each of the three risk groups to
obtain the expected survival in each group. The expected
survival curves and observed survival (obtained from the
Kaplan-Meier estimation) were superimposed on a graph.

We performed some sensitivity analyses on the deri-
vation cohort. First, we added smoking to the extended
CHA,DS,-VASc Cox regression model. Second, we eval-
uated the extended CHA,DS,VASc Cox regression
model by removing sex from the CHA,DS,-VASc score (as
suggested by the 2024 European Society of Cardiology
guidelines for the management of AF) o

Statistical significance was set at p<0.05. Statistical
analyses were performed in R V.4.1.0 with the packages
survival, rms, boot and timeROC. 1
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Table 3 Discriminatory performance of prediction models based on Cox proportional hazard regression with predictors
(a) CHA,DS,-VASc only and (b) CHA,DS,-VASc extended with systolic blood pressure, atrial fibrillation, creatinine level, ST-
segment elevation myocardial infarction and diuretics at discharge

Time Apparent Internal validation* External validationt
Model (years) AUC (95% CI) AUC (95% Cl) AUC (95% Cl)
CHA:DS:-VASc

0.5 0.73 (0.69 to 0.77) 0.73 (0.67 t0 0.78) 0.74 (0.64 to 0.84)

1.0 0.75 (0.71 t0 0.78) 0.75 (0.70 to 0.79) 0.70 (0.61 t0 0.78)

1.5 0.75 (0.72 t0 0.79) 0.75 (0.71 to 0.80) 0.72 (0.65 to 0.79)

2.0 0.76 (0.73 t0 0.79) 0.76 (0.71 to 0.80) 0.71 (0.64 to 0.78)
CHA:DS:-VASc extended

0.5 0.78 (0.74 t0 0.82) 0.77 (0.71 t0 0.83) 0.78 (0.69 to 0.86)

1.0 0.80 (0.76 to 0.83) 0.79 (0.74 t0 0.84) 0.73 (0.66 to 0.81)

1.5 0.81 (0.77 to 0.84) 0.80 (0.75 to 0.84) 0.74 (0.67 to 0.81)

2.0 0.81 (0.78 to 0.84) 0.80 (0.75 to 0.85) 0.72 (0.66 to 0.79)

Values are time-dependent areas under the receiver operating characteristic curves (AUCs) and 95% Cls.
*Internally validated in the derivation cohort by estimation in each of the 500 bootstrapped datasets and tested in the original cohort.
TExternally validated by calculating the predicted risk for patients in the validation cohort based on the prediction formula fitted in the

derivation cohort.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Baseline characteristics

Compared with the derivation cohort, patients in the
validation cohort were younger and more often men
(table 1). Apart from the lower prevalence of peripheral
artery disease history in the validation cohort (2.6% vs
6.5%, p=0.005), there were no significant differences in
previous CV disease or diabetes. Lower CHA,DS,-VASc
scores dominated the validation cohort than the deriva-
tion cohort (p<0.001). The index myocardial infarction
(MI) was more often a STEMI in the validation cohort
(46% vs 32%, p<0.001).

Outcome in the derivation cohort

During a median follow-up time of 2.5 years, 287 (30.1%)
patients in the derivation cohort experienced an MAE,
corresponding to an incidence rate of 15.2 per 100
person-years. Kaplan-Meier analysis demonstrated a
significant association between the CHA,DS,-VASc score
stratified into four groups and MAE risk (figure 1).

The results of the crude and multivariable Cox regres-
sion analyses are presented as HRs for individual risk
factors in table 2. CHA,DS,-VASc scores of 2, 4 and 6 were
associated with threefold, fivefold and eightfold increases
in the relative risk of MAE, respectively, after adjusting for
clinical data (STEMI, AF, systolic BP, creatinine level and
diuretic treatment).

The discriminatory performance of CHA,DS,-VASc
score, quantified as the tdAUC at different follow-up

times, was 0.73-0.76 (table 3). When the CHA,DS,-
VASc score was extended with clinical data, the model
fit significantly improved (likelihood ratio test x° 94.9,
p<0.001), and the tdAUGCs increased to 0.78-0.81.
Bootstrap-based internal validation showed a marginal
change in tdAUCs (table 3). Both models were well cali-
brated (online supplemental figure SI).

In a sensitivity analysis, we added smoking to the Cox
regression model in the derivation cohort (online supple-
mental table S1). Compared with the model without
smoking, the model fit did not change significantly (LR
x* 1.1, p=0.299). In another sensitivity analysis, we anal-
ysed the model by excluding sex from the CHA,DS,-VASc
score (online supplemental table S2). The AIC values
suggested a worse model fit when the model included the
CHA,DS,-VASc score calculated without sex (AIC 3614 vs
3607).

External validation

The external validation was based on 712 person-years
and 74 events in the validation cohort. The incidence
rate in the validation cohort was significantly lower than
that in the derivation cohort (10.4 vs 15.2 per 100 person-
years, x* 7.57, p=0.006). The distribution of PIs in the
derivation and validation cohorts for the model with
CHA,DS,-VASc only and the model extended with clinical
data is presented in online supplemental figures S2 and
S3, respectively.

The CHA,DS,-VASC score with and without clinical vari-
ables performed well in the validation cohort, showing
tdAUC values of 0.70-0.78 (table 3). Similarly, the models
yielded satisfactory calibration (figure 2).

The nomogram in figure 3 can be used to easily calcu-
late the 0.5-, 1- and 2-year risks of CV hospitalisation or
death in patients with AMI.
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Figure 2 External calibration of prediction models with (A)
CHA,DS,-VASc score alone and (B) CHA,DS,-VASc score
extended with systolic blood pressure, atrial fibrillation,
creatinine level, ST-segment elevation myocardial infarction
and diuretics at discharge. The risk groups were derived
from tertiles of the prognostic index in the respective model.
The solid lines with 95% Cls represent the Kaplan-Meier
estimates of the observed outcome, and the dashed lines are
the predicted outcomes based on the models.

DISCUSSION

This research showed that the CHA,DS,-VASc score is
a powerful indicator of poor long-term outcomes in
patients with AMI and that adding clinical data could
enhance its predictive ability. The CHA,DS,-VASc score,
alone and in combination with clinical data, was a robust
prediction model in external validations.

This study aimed to develop a simple and accurate
model to predict the risk of MAE in patients with AMI.
The CHA,DS,-VASc score is an established score used
to predict stroke risk in patients with AF."7 However, it
has also been demonstrated that this scoring model and
its predecessor, CHADSQ, also have the potential to be a
strong predictor of MAE in patients with AMI, with or
without AF. 1822 5 systematic review and meta-analysis,

Zhou et al evaluated the impact of the CHADS, score
in predicting ischaemic stroke, TIA and death in eight
cohort studies enrolling more than 30000 patients with
acute or stable coronary artery disease.”” They found that
the pooled relative risk for incident mortality or stroke/
TIA was more than doubled for a CHADS, score >2 versus
<2. These findings are unsurprising, as many risk factors
for acute coronary syndrome are similar to those for
stroke in patients with AF and covered in the algorithm
(eg, age, hypertension, diabetes mellitus and previous CV
disease).

Chua et al compared the CHADS, and CHA,DS,-VASc
scores as predictors of MAE within 1 year of admission in
3000 patients with acute coronary syndrome.* They found
that the CHA,DS,-VASc score had better discriminative
performance than CHADS, and could further predict
the risk of MAE, even in patients with CHADS, scores
of 0 or 1. Previous studies that evaluated CHA,DS,-VASc
score as a risk stratification tool in patients with ACS were
performed mainly in Asian populations, making it uncer-
tain howwell the score would perform in other cohorts. We
extend these findings to a cohort of European ethnicity.
Several differences were observed between the derivation
and validation cohorts. Patients in the derivation cohort
were older, more often women, and had a higher preva-
lence of PAD than those in the validation cohort. These
differences were also reflected in the derivation cohort’s
significantly higher CHA,DS,-VASc scores and outcome
incidence rates. A plausible reason for these differences is
that the recommended diagnostic limit of troponin I was
lowered during the derivation cohort recruitment period.
However, we continued to use the original diagnostic limit
in the derivation cohort to maintain consistency in the
study population. This may have resulted in a lower sensi-
tivity for MI diagnosis in the derivation cohort than in
the validation cohort. Another reason might be the socio-
economic differences between the populations. Despite
the differences between the derivation and validation
cohorts, the extended CHA,DS,-VASc score performed
well in the validation cohort.

It is crucial to determine the appropriate level of
patient care and follow-up for patients with MI. Thus, risk
assessment is an essential component of clinical decision-
making. Refined estimation of prognosis and prediction
of the risk of adverse events enables an individualised
approach to follow-up and, possibly, to a certain extent,
even individualised adjustments in treatment. Extending
the time between follow-up encounters might be feasible
in low-risk patients. On the other hand, a patient with a
higher risk might benefit from more frequent follow-ups,
such as closer monitoring of blood pressure and creati-
nine levels. More personalised and cost-effective health-
care may be attainable in the long term.

Our model was based on the CHA,DS,-VASc, an estab-
lished, easy-to-use and widely spread score. Furthermore,
the variables included in the score are most often avail-
able in clinical practice, as are the variables added to the
extended model. In our study, the CHA,DS,-VASc score
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Figure 3 Nomogram of the extended CHA,DS,-VASc score to predict incident death or cardiovascular hospitalisation in
patients with acute myocardial infarction. The nomogram allows one to estimate the survival probability free from events of

a patient based on their characteristics. Each variable has an axis with a corresponding score. The patient’s value for each
variable is located on the axis, and a line is drawn vertically to determine the score on the point axis. The scores for all variables
are summed, and the total is found on the total point axis. A line is drawn vertically from the total points axis to the survival
axes to determine the expected 0.5-, 1- or 2-year survival rates free from cardiovascular events. BP, blood pressure; CV,

cardiovascular.

extended with clinical data showed good calibration and
discriminatory performance, and the results were consis-
tent when validated externally. Hence, this model shows
promising applicability and potential for guiding clinical
decision-making by healthcare professionals.

The strengths of this study include prospective data
from real-life clinical cohorts and external validation of
the prediction model in an independent cohort. Further-
more, the variables included in the models are available
for most hospitals, making the developed model widely
applicable.

This study had several limitations. The cohorts
comprised patients of European ethnicity, which may
limit the generalisability to other populations. Compared
with the European Society of Cardiology’s EuroHeart
cohort (approximately 40000 patients with AMI from
multiple European countries),” our data demonstrate
very similar characteristics in terms of age, sex distribu-
tion, prior stroke, prior MI and prevalent AF. However,
our cohort exhibited a slightly lower prevalence of hyper-
tension and diabetes than what was reported in the Euro-
Heart registry.

Some variables known to be significant predictors of
outcomes in patients with AMI were missing in the study
cohorts (eg, heart rate and cardiac arrest at admission).
In our analyses, sporadically missing predictors were
handled by complete case analysis. This reduces sample
size and may lower precision. In addition, in complete
case analyses, variables that are not missing at random
(MAR) might introduce selection bias. However, given
the modest proportion of missingness (<4% per vari-
able) in the current study, the risk of bias from excluding
patients is probably limited. Heart rate at admission (not
measured in the validation cohort) and cardiac arrest
at admission (not registered in any cohort) represent a

structural absence rather than data missing at random.
Thus, the MAR assumption is not directly relevant in
these cases.

The scope of this study did not include formal clin-
ical validation. As a result, we could not assess physi-
cian compliance using this score or how it affected the
outcome.

In conclusion, we developed a model based on the
CHA,DS,-VASc score for risk prediction of MAE in patients
with ACS. The model was superior to the CHA,DS,-VASc
score alone and performed well in an external cohort.
A nomogram was developed to facilitate individual prog-
nosis prediction and clinical decision-making.
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