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ABSTRACT

Objectives The CHA,DS,-VASc score is the preferred
risk model for anticoagulation decision-making in atrial
fibrillation (AF) patients. Recent studies have found this
score to have prognostic value in other cardiovascular
diseases. We assessed the relationships between
CHA,DS,-VASc score and long-term mortality in adults
referred for stress testing,

Methods 165 184 consecutive patients from January
1991 to December 2014 from a prospective registry
were studied, with CHA,DS,-VASc score calculated for all
patients, and AF and anticoagulation status were recorded.
The primary endpoint was all-cause mortality.

Results In this cohort, 12450 (7.5%) patients had AF
and mean CHA,DS,-VASc score was 2.2+1.2. There

were 22152 (18.4%) deaths during mean follow-up

of 6.1+4.8 years. In multivariable analysis, CHA,DS -
VASc score, presence of AF and anticoagulation use,
along with end-stage renal failure and smoking were

all independently associated with mortality with HRs
(95% Cls) of 1.23 (1.21 10 1.25),1.18 (1.10 to 1.27) and
1.50 (1.40 to 1.60), respectively. Higher CHA,DS -VASc
score was incrementally associated with worse survival
both in patients with and without AF (log-rank p<0.001).
Anticoagulation use was associated with reduced survival
in non-AF patients with alternative anticoagulation
indications at all CHA,DS,-VASc score categories, and AF
patients with lower CHA,DS,-VASc score 0-2, but was
protective in AF patients with higher CHA,DS -VASc score
4-9.

Conclusion Incrementally higher CHA2DS2-VASc score, a
simple clinical tool, is associated with mortality in patients
regardless of presence of AF and anticoagulation status.
Anticoagulation use was associated with worse survival
in non-AF patients and AF patients with low CHA,DS -
VASc scores, but was protective in AF patients with high
CHA,DS,-VASc scores.

INTRODUCTION

The CHA,DS,-VASc score is the most widely
used and guideline-recommended model
for estimating thromboembolic risk and
deciding on anticoagulation therapy in
atrial fibrillation (AF) patients.l_g A number
of contemporary studies have reported the
CHA,DS,-VASc score to be associated with

Key questions

What is already known about this subject?

» CHA2DS2-VASc score is an establishing throm-
boembolism risk model in atrial fibrillation (AF)
patients, however, its prognostic utility in the oth-
er general and low-risk populations are less well
established.

What does this study add?

» Inthis large cohort study of 165 184 patients referred
for stress tests, the CHA,DS,-VASc score, along with
presence of AF, anticoagulation use and reduced
metabolic equivalent of task were independently
associated with mortality during follow-up. Whereas
CHA,DS,-VASc score was associated with worse
prognosis regardless of AF status, anticoagulation
was associated with reduced survival in all non-AF
patients and AF patients with low CHA,DS,-VASc
score, but was protective in AF patients with higher
CHA,DS,-VASc score.

How might this impact on clinical practice?

» CHA2DS2-VASc is a simple score that adequately
stratifies mortality risk, and can be embedded as
a calculator in electronic medical records for wide-
spread use in adults regardless of AF status.

adverse clinical outcomes in a variety of cardi-
ovascular diseases beyond AF, such as heart
failure, acute coronary syndrome, hyper-
tension, cerebrovascular disease, peripheral
arterial disease and even non-cardiovascular
disease like chronic obstructive pulmonary
disease and COVID-19 infection.*™” Whether
the CHA,DS,-VASc score stratify mortality risk
in both patients with AF and without AF (non-
AF), regardless of the number of co-morbid-
ities, is not well established, but important to
investigate given recent interests in clinical
electronic medical records (EMR) embedded
calculator based risk prediction in general
populations. Patients undergoing stress tests
are a relatively low-risk cohort compared with
those with established cardiovascular disease,
and are often referred for risk stratification.
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This study aimed to evaluate the prognostic utility of
CHA,DS,-VASc score in a large prospective stress testing
registry of patients from a tertiary referral centre and its
interactions with AF and anticoagulation status.

METHODS

Study population

It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of our research. Data are available on
reasonable request. Details regarding the methodology
of patient inclusion and study design have been previ-
ously published."" Briefly, consecutive unique patients
undergoing exercise stress testing (including exercise
ECG, echocardiography or nuclear studies) at our institu-
tion between 1 January 1991 and 31 December 2014 were
identified from the prospective registry for inclusion.
Pharmacologic stress tests were excluded. The main indi-
cations for exercise stress tests were ruling out coronary
artery disease, symptom evaluation, those with cardiovas-
cular risk factors, and follow-up of known coronary artery
disease, with the proportions of each indication reported
in online supplemental eTable of the prior publication."'
The time of the stress test, including the first for patients
with multiple stress test over the time period, was used as
reference point for all clinical characteristics and subse-
quent follow-up.

Clinical characteristics

Patient demographics, relevant history and medication
use at the time of presentation for stress testing and
metabolic equivalent of task (METs) on exercise test were
collected. Patients were classified as having AF if this was
previously documented on at least one prior ECG, at the
time of the test, or a home monitoring device (Holter,
Zio and others). The CHA,DS-VASc score (congestive
heart failure, hypertension, age, diabetes mellitus, stroke
or transient ischemic attack, vascular disease, sex) was
calculated retrospectively for every patient at the time of
presentation for stress testing, with the constituents of
this score and other clinical characteristics obtained from
the stress test registry and clinical records for the docu-
mented history of these factors.! Patients were classified
as taking anticoagulation at time of stress test if they were
prescribed warfarin, rivaroxaban, apixaban, dabigatran,
heparin or edoxaban.

Outcome

The primary outcome was all cause mortality during
follow-up from the time of stress test. For the time period
prior to 1 November 2011, mortality data was obtained
from the Social Security Death Index. Due to access
restrictions implemented after this date, mortality data
after 1 November 2011 was obtained from the Institu-
tional Death Index. The final censoring date was through
31 December 2017.

Statistical analyses

Continuous variables are expressed as mean+SD and cate-
gorical variables as frequency (percentage). Student’s
t-test and Pearson y” tests were used to compare contin-
uous and categorical variables respectively between AF
and non-AF patients. CHA,DS,-VASc score was divided
into 0-1, 2, 3, 4 and 5-9 for analysis. Trend analyses such
as anticoagulation use by AF status and CHA,DS,-VASc
score were determined using the Cochran-Armitage test.
Kaplan-Meier survival curves were constructed to compare
survival by CHA,DS_-VASc score in all patients, and sepa-
rately for patients without AF and patients with AF. They
were also constructed to compare survival by patients
without and with AF and on and not on anticoagulation
medications, separately for different CHA,DS,-VASc score
categories. Survival between groups was compared using
log-rank test. To identify factors associated with mortality
during follow-up in all patients, AF patients and non-AF
patients, univariable Cox proportional hazards regres-
sion analysis was performed for the CHA,DS,-VASc score
and other clinical variables collected that are not compo-
nents of the CHA,DS,-VASc score. Multivariable Cox
proportional hazards regression analysis for the outcome
of death was then performed using all variables having
a p value less than 0.05 on univariable analysis. Statis-
tical analyses were performed using R V.3.1.3 (Vienna,
Austria), and all tests were two tailed, with p values below
0.05 deemed statistically significant.

RESULTS
Baseline characteristics
The study population included 165184 consecutive
patients referred for stress testing. AF diagnosis was
presentin 12450 (7.5%) patients. Baseline characteristics
are shown in table 1, with mean age 55.8+12.9, and 69 412
(42.0%) females. AF patients were older, with greater
proportion being male, and had a higher prevalence
of all comorbidities in the past history and medications
recorded, including anticoagulation use in 6460 (51.9%)
of AF patients and 7397 (4.8%) of non-AF patients. The
mean CHA,DS,-VASc score overall was 2.2+1.2, higher in
AF patients 2.8+1.4 than non-AF patients 2.1+1.2. The
mean METs overall was 9.0+2.8, lower in AF patients
7.4+2.8 than non-AF patients 9.1+2.7. Trends in baseline
age, clinical factors and medication use have been previ-
ously reported.'’ Number of patients per year increased
sharply from 104 in 1991 to 6064 in 1995, and subsequent
steadily to averaging 8857 in 2011-2014; while proportion
of patients on anticoagulation apart from being lower in
1991 and 1992 with stable afterwards at 7.1%-10.3%.
Figure 1 illustrates anticoagulation prescription in
the cohort by AF status and CHA,DS,-VASc score. Anti-
coagulation use increased with the CHA,DS,-VASc score
category in AF and non-AF patients (p<0.001 for trend
in both). In AF patients however, utilisation of antico-
agulation in CHA,DS,-VASc score 3 or higher was only
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Table 1 Cohort characteristics by atrial fibrillation (AF) status

Characteristic All Non-AF AF

No of patients 165184 152734 12450
Demographics

Age (years) 55.8+12.9 55.2+12.8 63.5+11.5
Female 69412 (42.0) 65459 (42.9) 3953 (31.8)
(Delete this row)

Past history

Congestive heart failure 12540 (9.1) 9424 (7.5) 3116 (25.0)
Hypertension 102079 (61.8) 91108 (59.7) 10971 (88.1)
Diabetes 28178 (17.1) 25461 (16.7) 2717 (21.8)
Cerebrovascular event 8563 (5.2) 7076 (4.6) 1487 (11.9)
Coronary artery disease 36622 (22.2) 32120 (21) 4502 (36.2)
Vascular disease 8690 (5.3) 7660 (5.0) 1030 (8.3)
Smoking history 80329 (48.6) 73823 (48.3) 6506 (52.3)
End-stage renal disease 4346 (3.1) 3653 (2.9) 693 (5.6)
CHA,DS,-VASc score 2.2+1.2 21+1.2 2.8+1.4

0-1 80048 (48.4) 77167 (50.5) 2881 (23.1)
2 40730 (24.7) 37552 (24.6) 3178 (25.5)
3 24833 (15) 21895 (14.3) 2938 (23.6)
4 12222 (7.4) 10263 (6.7) 1959 (15.7)
5-9 7351 (4.5) 5857 (3.8) 1494 (12.0)
Medications

Anticoagulation 13857 (8.4) 7397 (4.8) 6460 (51.9)
Aspirin 60096 (36.4) 54707 (35.8) 5389 (43.3)
Statin use 48812 (29.6) 44296 (29.0) 4516 (36.3)
Beta blocker use 49251 (29.8) 42292 (27.7) 6959 (55.9)
ACEi/ARB 47551 (28.8) 42128 (27.6) 5423 (43.6)
Insulin 9343 (5.7) 8411 (5.5) 932 (7.5)
Metabolic equivalent of tasks 9.0+2.8 9.1+2.7 7.4+2.8

All numbers are frequency (percentage) or mean+SD.
ACEIi/ARB, ACE inhibitor/angiotensin receptor blocker.

56%-63%, while in CHA,DS,-VASc score (-1 category it
was 36%.

Survival by CHA,DS,-VASc score, AF and anticoagulation
status
During mean follow-up of 6.1+4.8 years for the cohort,
there were 22152 (13.4%) deaths. Figure 2 (and Central
illustration) displays survival by CHA,DS,-VASc score for
the total cohort, non-AF and AF subgroups. Increasing
CHA,DS,-VASc score was associated with reduced survival
in all three cohorts (log-rank p<0.001). In addition,
for all CHA,DS,-VASc score categories, AF patients had
higher mortality during follow-up than non-AF patients.
Figure 3 shows the survival curves of AF and antico-
agulation status for each CHA,DS-VASc score category.
Patients without AF and no anticoagulation use had
consistently the best prognosis at all CHA,DS,-VASc score
categories. Patients without AF but with anticoagulation

use had the worst prognosis in CHA,DS,-VASc score 0-1
and 2, but were similar to AF patients at higher CHA,DS,-
VASc scores. In patients with AF, anticoagulation use
and survival differed depending on the in CHA,DS,-
VASc score category. Anticoagulation use was associated
with increased mortality during follow-up in AF patients
at CHAQDS2-VASC score 0-1 and 2, no difference in
CHA,DS,-VASc score 3, but lower mortality especially
later on during follow-up at CHA,DS,-VASc score of 4
and 5-9.

Multivariable analysis for long-term mortality

Results of multivariable analysis for all-cause mortality
during follow-up are listed in table 2 in all patients,
AF patients only and non-AF patients only. Increasing
CHA,DS,-VASc score was independently associated with
long term mortality in all three groups of patients, with
adjusted HR (95% CI) of 1.23 (1.21 to 1.25) for the all

Harb SC, et al. Open Heart 2021;8:¢001794. doi:10.1136/openhrt-2021-001794

3



Open Heart 8

. No Atrial Fibrillation (n=152634, P<0.001 for trend)
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Figure 1 Anticoagulation use by atrial fibrillation status and
CHA,DS -VASc score (congestive heart failure, hypertension,
age, diabetes mellitus, stroke or transient ischemic attack,
vascular disease, sex).

patients model. Separate multivariable models in patients
from 1991 to 1995, 1996-2000, 2001-2005, 2006-2010
and 2011-2014 showed similar results, including
CHA,DS,-VASc score being consistently associated with
long-term mortality with HRs 1.17-1.29, p<0.001 for all.
AF was also independently associated with long-term
mortality, adjusted HR (95% CI) of 1.18 (1.10 to 1.27),
as was smoking history and end-stage renal disease. Both
anticoagulation and aspirin use were also independently
associated with increased long-term mortality for the
entire cohort, adjusted HRs (95% CIs) of 1.50 (1.40 to
1.60) and 1.08 (1.03 to 1.13) respectively, while increasing
METs was protective, hazards ratio (95% CI) of 0.73 (0.72
to 0.74). Statin use was associated with lower mortality
during follow-up, adjusted HRs (95% ClIs) 0.73 (0.72
to 0.74). Figure 4 shows the adjusted hazards ratios for
mortality during follow-up by CHA,DS,-VASc score cate-
gory in all patients, non-AF and AF patients. There is a
markedly increase in risk of death as CHA,DS,-VASc score
increased in adjusted analyses whether AF was present or
not.

DISCUSSION

In this prospective cohort of 165184 adults with a
small proportion having AF (7.5%) and on anticoagu-
lation (8.4%) overall, there were important findings:
(1) Increasing CHA,DS,-VASc score was associated with
higher mortality during follow-up in both univariable
and multivariable analysis, and in both AF and non-AF
patients, (2) AF itself was also independently associated
with worse survival, (3) Furthermore, anticoagulation use
in the overall cohort was also associated with mortality

during follow-up, and this was true in CHA,DS-VASc
score categories of non-AF patients but only the lower
CHA,DS,-VASc score categories 0-3 in AF patients and
(4) Other factors adjusting for CHA,DS -VASc score asso-
ciated with reduced survival were identified, including
smoking history, end-stage renal disease, aspirin use and
reduced METs achieved during stress test.

Current guidelines continue to advocate using the
CHA,DS,-VASc score to decide on anticoagulation
in AF patients for stroke prevention.'™ Other recent
studies have also demonstrated the prognostic value of
CHA,DS,-VASc score in various cardiovascular and non-
cardiovascular diseases, for clinical outcomes beyond
stroke such as death, major adverse cardiovascular
events, heart failure hospitalisations and cardiac hospi-
talisations.”™" Most of the patients in these studies have
established cardiovascular diseases, are hospitalised and/
or undergoing cardiovascular procedures, whereas our
study differs with having a large proportion of patients
who are stable outpatients. Even so, the CHA,DS,-VASc
score was an important risk prognosticator in our lower
risk population, and this comes as no surprise given
that most of the CHA,DS,-VASc components are known
cardiovascular risk factors. Importantly, the CHA,DS,-
VASc score which was traditionally used for stroke (and to
lesser extent mortality) risk stratification and anticoagu-
lation guidance in AF patients was shown in our large ‘all
comers’ cohort of stress testing patients to be an elegant
tool for long term mortality risk stratification. Further-
more, the prognostic value of CHA,DS,-VASc score was
present in both AF and non-AF patients.

Given that the CHA,DS-VASc score is simple and based
solely on clinical history and no laboratory or imaging
parameters compared with existing Framingham-based
cardiovascular risk calculators, ACC/AHA ASCVD risk
estimator or SCORE (all of which require either a blood
test, an imaging test, or a geographical European loca-
tion), CHA,DS,-VASc score may provide a simpler clin-
ical alternative for mortality risk stratification.'*™* One
parameter of the CHA,DS,VASc score that is not a
known predictor of mortality is female sex. Indeed, there
was a recent change in AF guidelines to using a gender-
based threshold, where anticoagulation is not recom-
mended for scores of 0 in men and 0 or 1 in women, can
be considered for scores of 1 in men and 2 in women, and
recommended with scores of 2 or more in men and 3 or
more in women. Removing the female sex parameter may
improve the prognostic utility of this score for death as
well. CHA,DS-VASc can be simply imbedded in any EMR
to generate a risk for stroke based on published data,' or
total mortality risk in patients with or without AF based
on the data from this cohort. We believe that this simple
yet informative tool can be used by healthcare providers,
administrators and most importantly patients to assess
treatment strategies, health economics and healthcare/
treatment decision making, respectively.

Another important observation is the association of
AF with mortality during follow-up in our population,
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A. All Patients (log-rank P<0.001)
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Figure 2 Kaplan-Meier survival curves stratified by CHA,DS -VASc score (congestive heart failure, hypertension, age,
diabetes mellitus, stroke or transient ischemic attack, vascular disease, sex) for (A) the entire cohort, (B) patients without atrial

fibrillation (non-AF) and (C) patients with AF.

which reiterates results from prior studies.”” AF is well
known to be associated with multiple adverse cardiovas-
cular outcomes especially stroke and heart failure, which
partly explains the impact on prognosis.” > '* ' Other
reasons include adverse events of the therapies used to
mitigate the consequences of AF such as bleeding risk
associated with anticoagulation and antiarrhythmics.
The association between AF and mortality in our cohort
persisted after adjusting for the clinical CHA,DS,-VASc
score and anticoagulation, so other mechanisms are at
play. AF ablation has been shown to improve cardiovas-
cular outcomes in selected patients meeting inclusion
criteria of recent randomised trials, including as initial
therapy or with concurrent heart failure.**** Our find-
ings again highlight the importance of optimal manage-
ment of AF including risk factor modification, medical
therapy and interventions where indicated, and ongoing
research necessary to further reduce the mortality risk
gap between AF and the general population.”® Our find-
ings also show that AF is a risk marker associated with

other unadjusted co-morbidities (such as obesity, sleep
apnoea, sedentary life style, untreated hypertension and
valvular disease), and potentially contributes to a higher
risk of death rather than just an innocent bystander.

Our findings pertaining to anticoagulation status is
also interesting. In patients without AF, those taking
anticoagulants have worse survival than those without,
and this is related to the other underlying medical
conditions warranting anticoagulation such as pros-
thetic heart valves, venous thromboembolism and
thrombophilia. In AF patients, the association between
anticoagulation use and death is more complex,
whereby anticoagulation use had higher mortality
during follow-up in lower CHA,DS,-VASc scores (0-2),
and lower mortality CHA,DS,-VASc at higher scores (4
or more). Our findings are despite the well-established
role of thromboembolic stroke prevention of antico-
agulants in AF compared with placebo or aspirin, and
suggest that the absolute risk reduction of stroke is only
greater enough to lead to mortality reduction at higher
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Figure 3 Kaplan-Meier survival curves by atrial fibrillation (AF) and anticoagulation (AC) status for (A) CHA,DS,-VASc score 0
or 1, (B) CHA,DS,-VASc score 2, (C) CHA,DS,-VASc score 3, (D) CHA,DS,-VASc score (congestive heart failure, hypertension,
age, diabetes mellitus, stroke or transient ischemic attack, vascular disease, sex) four and (E) CHA,DS,-VASc score 5-9.

CHA,DS,-VASc score.? % Also, other comorbidities and
events that are not adjusted for in our multivariable
analysis may increase the risk of death in those on anti-
coagulation whether AF is present or not, such as malig-
nancy and bleeding. Indeed, most anticoagulation

trials did not show significant reduction in mortality,
except the very original warfarin versus placebo in AF
study, along with apixaban versus warfarin.*” ** Aspirin
use increasing the risk of death is likely related to both
the presence of cardiovascular disease and additional
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Table 2 Multivariable Cox proportional hazards regression analyses for predictors of death in all patients, and patients with
and without atrial fibrillation (AF)

Analysis All patients (n=165184) AF patients (n=12450) Non-AF patients (n=152734)
Parameters HR P value HR P value HR P value
(95% CI) (95% CI) (95% CI)

CHA,DS,-VASc score 1.23(1.2110 1.25) <0.001 1.21(1.16 10 1.26) <0.001 1.23(1.21101.26) <0.001
Atrial fibrillation 1.18(1.10t0 1.27) <0.001 N/A N/A N/A N/A
Smoking history 1.65(1.58 10 1.73) <0.001 1.45(1.30t0 1.62) <0.001 1.69 (1.61101.77) <0.001
End-stage renal disease 2.33(2.10t0 2.59) <0.001 2.12 (1.71 10 2.64) <0.001 2.43(2.151t02.73) <0.001
Anticoagulation 1.50 (1.40 to 1.60) <0.001 1.21(1.08 t0 1.36) <0.001 1.63 (1.51101.77) <0.001
Aspirin 1.08 (1.03t0 1.13)  0.001 0.97 (0.86t0 1.09)  0.569 1.08 (1.03t0 1.14)  0.001
Statin 0.85(0.81t00.9) <0.001 0.83(0.74t00.94) 0.003 0.86 (0.92t0 0.91) <0.001
Metabolic equivalents of task 0.73 (0.721t0 0.74) <0.001 0.74 (0.72 10 0.76) <0.001 0.73(0.721t0 0.74) <0.001

CHA2DS2-VASc, congestive heart failure, hypertension, age, diabetes mellitus, stroke or transient ischemic attack, vascular
disease, sex; N/A, not applicable.

bleeding risk, including when taken together with
anticoagulants.27 % On the other hand, statin use was
associated with improved prognosis, likely related to
a substantial proportion of patients having elevated
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risk of or established cardiovascular diseases.'* Other
factors identified including end-stage renal failure,
smoking history and lower METS at time of test are also
known to signal poor survival.'!
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Figure 4 Forest plot of adjusted HR for mortality during follow-up by CHA DS,-VASc score (congestive heart failure,
hypertension, age, diabetes mellitus, stroke or transient ischemic attack, vascular disease, sex) two or above compared with
0-1in (A) all patients, (B) patients without atrial fibrillation (AF) and (C) patients with AF.
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Study limitations

This study has some expected limitations. It is a single-
centre observational registry but reflects real-world
experience, data were prospectively collected, and is the
largest stress testing registry in the literature. The stress
testing cohort is not equivalent to the general healthy
population to allow direct generalisability, but is of lower
risk than established cardiovascular disease cohorts in the
literature using the CHA,DS-VASc score, and the next
step would be testing the score in a general population.
The time spanning the study is another limitation given
the changes in cardiovascular risk factor burden, defini-
tions of cardiovascular risk factors and diseases, and ther-
apies during the study period. AF diagnosis relied on clin-
ical records without routine monitoring, and AF variables
during follow-up such as antiarrhythmic therapy, abla-
tions, and incident AF were not available to us for eval-
uation. The type of anticoagulation was not available for
analysis which have changed substantially over the study
period, and their use were based on at the time of stress
test, so subsequent use and adherence during follow-up
were also not studied. The cause of death data were not
available, and other outcomes beyond all-cause mortality
such as stroke, myocardial infarction and bleeding were
not assessed.

Conclusion

In conclusion, the CHA,DS,-VASc score was inde-
pendently associated all-cause mortality during follow-up
in this large registry of adult patients undergoing stress
tests. This was true in both patients with and without
AF, and also whether patients were taking anticoagu-
lation medications or not. AF patients also had lower
survival than non-AF patients at the same CHA,DS,-
VASc score category. Anticoagulation use was associated
with lower survival in non-AF patients and AF patients
with low CHAEDSQ-VASC scores 0-2, but protective in AF
patients with high CHA,DS,-VASc scores 4-9. Overall,
the CHA,DS,-VASc score can be embedded in EMR as a
simple clinical tool to assess long term mortality risk in
adults regardless of AF status.
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