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Background and Purpose: CHA2DS2-VASc score is one of the most widely used scoring systems to assess the risk of systemic
embolization and stroke in patients suffering from atrial fibrillation (Afib); furthermore, it is important in guiding their treatment. This
study aimed to evaluate the predictivity of this score in the Jordanian population, build a deeper understanding of patients’
demographic and risk factors, and assess the usefulness of anticoagulation as a preventive measure.

Methods: A total of 2020 patients with Afib registered in the Jordanian Atrial Fibrillation (JoFib) registry were enrolled in this study. All
patients were followed up for 1 year to assess their susceptibility to develop cerebrovascular accident (CVA) and systemic embolism (SE).
The association between CHA2DS2-VASc score and risk of development of stroke or systemic embolization was analyzed based on
bivariate and adjusted multivariate analyses. The ROC curve was used to assess the predictivity of the CHA2DS2-VASc score.
Results: The mean age of the study population was 67.8 years; 45.8% were males, and 81.8% were on anticoagulants. And, 71.8%
had a CHA2DS2-VASc score of >3. During the follow-up period of 1 year; 69 developed new CVA (mean age, 72.8 years), and 9
developed SE. A total of 276 patients died; 18 patients died (6.5% out of all deceased)% from CVA. A moderate predictive power of
the CHA2DS2-VASc score was demonstrated through ROC curve analysis with C statistics of 0.689 CI (0.634 to 0.744) for predicting
the development of SE or CVA at 1 year.

Conclusion: CHA2DS2-VASc showed a moderate predictivity of stroke, SE, and all-cause mortality at 1 year. The study suggested
disregarding gender differences in deciding to initiate anticoagulant therapy.
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Introduction

Atrial fibrillation (AFib) is the most common type of treated cardiac arrhythmia. In fact, the lifetime risk of developing
AFib is 1 in 4 for men and women aged 40 years and older." This risk increases among individuals of European ancestry,
obesity, hypertension, diabetes and ischemic heart disease.”> Moreover, Afib has shown to independently increase the
risk of death. In a nationwide study, all-cause mortality in AFib patients was found to be four times higher than that in the
general population.* In addition, patients with non-valvular AFib have an annual risk of 5% for developing arterial
thromboembolism, including stroke.*
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In order to guide treatment and determine the need for anticoagulant prescription, various clinical risk-scoring systems have
been implemented. The CHA2DS2-VASc score, an updated version of the CHADS?2 score, is widely utilized to approximate the
risk of stroke in patients with non-rheumatic AFib. The score is calculated by summing the points for congestive heart failure,
hypertension, age >75 years, diabetes, prior stroke, vascular disease, age 65—74 years and sex (female) category.”® It is a simple
and effective tool for either low-risk or high-risk patients, but it does not provide the same advantage for AFib patients at an
intermediate risk of stroke.” In AFib patients with a CHA2DS2-VASc score of 1, treatment should be individualized based on
a balance between thromboembolic and bleeding risks.®

With regards to mortality, previous literature have shown that these scores can predict 1-year all-cause mortality in
patients with systolic heart failure with or without AFib and that the CHA2DS2-VASc score is an independent risk factor
for mortality.”' Moreover, even though anticoagulation is recommended for scores of 2 or greater, a previous study
concluded a protective effect on mortality only for scores of 5 or greater.'’

We have come to the realization that the effective performance of scoring systems has not been sufficiently evaluated
in different regions, and we believe that regional differences in terms of genetic and environmental factors may influence
the effectiveness of these scores. Therefore, in this study, we aimed to evaluate the predictive ability of the CHA2DS2-
VASc score for stroke and thromboembolism risk stratification of AFib patients in Jordan. The results of this study
should be considered in conjunction with our previously published paper."'

Methodology
This is a prospective cohort study that employed baseline data from the Jordanian Atrial Fibrillation (JoFib) registry,
which is a multi-centric, prospective, non-interventional, observational study registry. A total of 2020 patients aged 18
and above were consecutively enrolled from 18 hospitals and 11 outpatient cardiology clinics starting from May 25, 2019
to October 25, 2020.

This study has been conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. This
study protocol was reviewed and approved by the Medical Research Ethical Committee and the Institutional Review
Board (IRB) at the University of Jordan, approval number 10/2021/415. In addition, it has been approved by all

Institutional Review Board (IRB) of participating centers, for more information please refer to http://clinicatrials.gov

(unique identifier number NCT03917992). Written informed consent was obtained from the patients prior to study
commencement. Treatment decisions were left to the discretion of the treating cardiologist.

Data were collected using standardized data forms at the time of enrollment, and at one, 6, and 12 months after.
Diagnosis of AFib was confirmed by 12-lead electrocardiogram (EKG), rhythm strip lasting >30 seconds, >1 episode of
AFib on an ambulatory ECG monitor, or a past diagnosis by a treating cardiologist. Baseline data included demographic
and clinical information, laboratory data, medical history as well as history of anticoagulant use. The CHA2DS2-VASc
and HAS-BLED scores were calculated for each participant.

Descriptive statistics were performed using means and standard deviation (SD) to describe the continuous variables, and
percentages were used to describe the categorical variables. Bivariate and adjusted multivariate analyses were employed to
examine the association between CHADS2VASc score and the incidence of cerebrovascular accident or systemic embolism.
Specifically, binary bivariate analysis was utilized to determine the odds ratio of CHADS2VASc score using the optimal cutoff
value derived from the receiver operating characteristic curve (ROC), adjusted for anticoagulation use. Additionally, multivariate
analysis was performed to control for other confounding variables, such as dyslipidemia, smoking, and BMI, that were not
incorporated into the score. These statistical methods enabled us to investigate the independent contribution of the
CHADS2VASc score to the development of cerebrovascular accident or systemic embolism while controlling for other important
risk factors. Predictive value of the CHA2DS2-VASc score was calculated according to the ROC analysis. SPSS 21 was used for
the statistical analyses.
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Results

Sample Characteristics

Of the 2020 patients recruited in this study, 1904 (94.3%) were followed for 1 year. 925 (45.8%) of the patients were males
and the mean age for the patients was 67.8, ranging from 18 to 106 years. Most of the patients were hypertensive (74.6%),
and about 43.6% of the patients were diabetic. In addition, 26.3% of them were known cases of heart failure, and 9% had
chronic kidney disease. Of all the patients, 310 (15.3%) had prior history of stroke, and 31 (1.5) had a prior history of
systemic embolization (SE). A total of 1653 (81.8%) patients were on anticoagulants. The majority of patients had
CHA2DS2-VASc score >3 (71.8%). During the follow-up period, 69 (3.4%) patients developed new cerebrovascular
accidents (CVA), 9 (0.45%) patients developed SE, 63 (3.1%) patients had major bleeding, and 276 (13.7%) patients died.
Among the deceased patients, 6.5% (n=18) had cerebrovascular accident listed as the cause of death. This corresponds to

a mortality rate of 0.9% (n=18) within the study population. Demographic characteristics are summarized in Table 1.

Table | Demographic Characteristics of Study Sample and
Follow-Up Outcomes

N %
Sex
Male 925 458
Female 1095 54.2
Mean age 67.87 (18 to 106)
Age categories
<70 920 45.5
70-74.9 442 219
275 658 32,6
Co-morbidities
HTN 1506 74.6
DM 88l 43.6
Heart failure 532 26.3
CKD 181 9
Dyslipidemia 909 45
Smoker 280 13.9
Hx stroke 310 15.3
Hx of systemic embolization | 31 1.5
Ischemic heart dx 243 12
Sleep apnea 85 42
COPD 71 35
Lung fibrosis I 0.5
Thyroid 202 10
Cancer 122 6

(Continued)
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Table | (Continued).

N %
Medication use
Anti-platelet 904 44.8
Anticoagulant 1653 81.8
BMlcat
Normal 248 235
Overweight 522 355
Obesity 614 41.4
CHA2DSVASC score
0 84 42
[ 195 9.7
2 290 14.4
3 387 19.2
4 430 21.3
5 338 16.7
6 188 9.3
7 78 39
8 25 1.2
9 5 0.2
Follow-up outcomes
NEW CVA 69 34
New SE 9 0.45
Major bleeding 63 3.1
Death any cause 276 13.7
Stroke or SE-related death 18 0.9

New CVA or SE Patients’ Characteristics

Patients who experienced CVA were old with a mean age of 72.8 (p value = 0.000). The development of a new CVA or
SE was significantly higher amongst diabetics, hypertensive patients and patients with prior stroke. However, gender,
obesity, smoking and dyslipidemia were not statistically significantly higher in new stroke or SE patients as summarized
in Table 2. The risk for developing CVA or SE was high in patients with CHA2DS2-VASc score of 4 or more in males
and 5 or more in females with an odds ratio of 3.1 (1.761 to 5.457) after adjusting for dyslipidemia, smoking, and BMI.
Also, the odds ratio was 4.337 (2.579 to 7.294) after adjusting for anticoagulant use only. No other factor was
significantly related to the development of CVA or SE as summarized in Table 3. We found that anticoagulant use
does not provide protection for development of CVA or SE, with an odds ratio of 1.031 CI (0.532 to 1.997), after
adjusting for CHA2DS2-VASc score. However, its use protects from all causes of death and death from stroke with an
odds ratio of 0.530 (0.387 to 0.726), 0.231 (0.087 to 0.613), respectively. ROC curve analysis demonstrated moderate
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Table 2 Characteristics of Stroke Patients

New Stroke No New Stroke P value
or New SE or New SE
Age 728 67.68 0.000
Gender 0.815
Male 36(3.9%) 889(96.1%)
Females 40(3.7%) 1055(96.3%)
HTN 65(4.3%) 1441(95.7%) 0.023
DM 49(5.6%) 832(94.4%) 0.000
Smoking 6(2.1%) 274(97.9%) 0.173
Dyslipidemia 40(4.4%) 869(95.6%) 0.196
Use of anticoagulant 65(3.9%) 1588(96.1%) 0.451
Past stroke 24(7.7%) 286(92.3%) 0.000
BMI, kg/m? 0.553
<25 13(3.8%) 331(96.2%)
225 53(4.5%) 1083(95.3%)

Table 3 Binary Logistic Regression Odd Ratio for
Development of Stroke and SE

OR 95% CI P
Constant 0.024 0.0000
CHA2DVASC 3.100 1.761 to 5.457 0.0000
Dyslipidemia 1.055 0.639 to 1.742 0.833
Smoking 1.166 0.493 to 2.762 0.726
BMI 1.292 0.693 to 2.408 0.421
Anti-coagulant 1.09 0.509 to 2.334 0.825

predictive power of the CHA2DS2-VASc score with C statistics of 0.689 CI (0.634 to 0.744) in predicting the
development of SE or CVA at 1 year, Figure 1. In addition, the C statistics for predicting CVA was 0.673 CI (0.615
to 0.732) and for predicting SE 0.774 CI (0.653 to 0.895) as summarized in Table 4. The optimum cut-off based on the
sensitivity and specificity was 4 in males and 5 in females.

The risk of death from any cause was higher in patients with CHA2DS2-VASc score >4 in males and >5 in females,
with an odds ratio of 2.585 CI (1.914 to 3.493), after adjusting for dyslipidemia, smoking, and BMI. Also, the odds ratio
was 4.023 CI (3.055 to 5.296), after adjusting for anticoagulant use. The C-statistics in predicting all causes of death and
death from stroke for CHA2DS2-VASc score was 0.698 CI (0.666 to 0.730) and 0.798 CI (0.697 to 0.899), respectively.

Vascular Health and Risk Management 2023:19 heeps: 259

Dove!


https://www.dovepress.com
https://www.dovepress.com

Ibdah et al Dove

ROC Curve
10 —
7
/
08+ //
,//'

0.6
" /
c
@
9 4 ;

/’
0.2
/
00 T T T T
00 02 04 06 08 10
1 - Specificity

Figure | ROC cure for CHAD2VASC score and development of stroke or SE at | year.

Discussion

Afib’s association with the development of CVA and SE and their high impact on patients’ lives demanded the development
of a system to assess their risk. One of those scoring systems was CHADS?2 score which assigned 1 point for each of the
following: congestive heart failure (CHF), hypertension (HTN), age >75, diabetes (DM), and 2 points for previous stroke or
transient ischemic attack (TIA); scores range from 0 to 6.'? Later on, the CHA2DS2-VASc score was introduced to be more
inclusive in assessing risk factors than the CHADS?2 score. It included the CHADS?2 components plus the addition of

Table 4 ROC Curve Results

ROC Curve CHAD2VASC Incidence of | Area Under the 95% ClI P value Best Cutoff to
Score and Stroke Curve Give Best Sensitivity and
Specificity

New stroke 3 months 16(0.8%) 0.557 0.413 to 0.701 0.431 -

New stroke 6 months 35(1.9%) 0.708 0.629 to 0.788 0.000 4

New stroke 6—12 months 24(1.4%) 0.722 0.638 to 0.806 0.000 4

Stroke in all follow-up periods 69(3.4%) 0.673 (0.615 to 0.732) 0.000 4

Systemic embolization (0-3) 2(0.1%) 0.743 0.513 to 0.974 0.234 -

SE 3-6 months 6(0.32%) 0.772 0.617 to 0.928 0.021 4

SE 6-12 months 1(0.1%) 0918 0.872 to 0.965 0.184 -

SE all follow-up periods 9(0.45%) 0.774 0.653 to 0.895 0.004 4

SE or stroke all follow-up periods 76(3.76%) 0.689 0.634 to 0.744 0.000 4

Death all cause 0.698 0.666 to 0.730 0.000 4

Death from stroke 0.798 0.697 to 0.899 0.000 5

Males SE or stroke all follow-ups period 36(4.04%) 0.704 0.629 to 0.779 0.000 4

(Continued)
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Table 4 (Continued).

ROC Curve CHAD2VASC Incidence of | Area Under the 95% ClI P value Best Cutoff to
Score and Stroke Curve Give Best Sensitivity and
Specificity

Death stroke 0.779 0.592 to 0.966 0.018 4

Death all cause 0.69 0.644 to 0.737 0.000 4

Females SE or stroke all follow-up periods 40(3.79%) 0.696 0.619 to 0.774 0.000 5

Death from stroke 0.8 0.68 to 0.92 0.000 5

Death all cause 0.729 0.688 to 0.77 0.000 5

vascular disease history, age 6574, and sex category (female) with 1-point assigned to each. It also modified the score
given to age >75 to be 2 points instead of 1. Many studies and guidelines worldwide support its usefulness in stratifying
patients, diagnosed with afib, the risk for development of CVA and SE, and planning their management.>'>'*

This study on 2020 patients diagnosed with Afib who were recruited from multiple hospitals and outpatients’ clinics
throughout Jordan, and were followed up for 1 year, suggests a moderate predictivity of CHADS2VASc score for the
development of new stroke and SE. Also, it suggested a high predictivity for mortality of all causes and mortality from
stroke and SE specifically. This result came in concordance with a meta-analysis that consisted of eight studies, the
C statistics ranging from 0.64 to 0.79 (median 0.673), while in our study 0.689 95 CI (0.634 to 0.744)."> However, Inwu
et al'® reported poor overall performance of the CHADS2VASc score in predicting stroke with C statistics of 0.52 (0.48—
0.57), and for predicting death 0.60 (0.58—0.62). Furthermore, the performance of the score was higher in patients who
were on oral anticoagulants in comparison with patients who were not.'® In this study, patients with CHA2DS2-VASc
scores >2 in males or >3 in females had a greater risk of developing a stroke, having a relative risk of 9.394 (2.316 to
38.104), than patients with CHA2DS2-VASc scores <2 in males and <3 in females. This result came in concordance with
a meta-analysis by Zhu et al,'” who reported a risk ratio of [RR]=5.15; 95% confidence interval [CI], 3.85-6.88 in
patients with scores >2 than patients with score <2, independent of anticoagulant use.

Among factors that were measured in this study DM, HTN, and previous stroke are suggested to be of high
significance as risk factors for the development of new stroke, and SE. However, smoking, dyslipidemia, and obesity
do not seem to impose a significant impact as risk factors for the development of new stroke or SE. These results should
be interpreted with caution due to key limitations in assessing and measuring some of these factors.

Interestingly, the optimal statistical cut points this study suggests, CHA2DS2-VASc score of 4 for males and 5 for females,
raises the question about the significance of the point assigned for the female gender in this scoring system. However,
clinically the cut point is lower as guidelines recommend initiation of anticoagulation therapy for patients with a score of 1 or
greater.'® This study suggested that the exclusion of the gender point and following the guideline of initiation of OAC therapy
at a score of 1 or higher. Many previous studies suggested that the female gender is a risk modifier rather than a true
independent risk factor, and it should be excluded in the decision to start OAC therapy, as the sex category risk component
accentuates the stroke risk in females already eligible for OAC."®?* However, Wagstaff et al** recommend the continuation of
considering the gender point in the decision to use anticoagulants.

Anticoagulant, which is one of the cornerstones in the management of Afib as a preventive measure for new stroke
and SE, was assessed as an important subject in this study. The results suggest that the use of anticoagulants had
a significant association with a decrease in mortality from all causes and mortality from new CVA and SE. However, in
contrast to most previous studies, it does not support that the use of anticoagulants has a significant impact in reducing
the development of new CVA or SE in the study population. These results however should be interpreted with caution.
Based on the study population, most of the patients were on warfarin (39.4%) with 48.2% of the patients having INR less
than 1.8, which does not reach the therapeutic level of INR 2-3, suggesting that they are pharmacologically not
responsive and that could be the reason why anticoagulant did not seem to protect from a new stroke. This finding
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could be attributed to multiple factors such as a diet rich in vit K, and/or drug noncompliance.”® There was no statistically
significant difference in the stroke or systemic embolization rate between patients on novel OAC and patients on warfarin
(3.8%, vs 4.1%, p = 0.796). However, Banerjee et al** reported a higher clinical benefit in patients on dabigatran,
rivaroxaban, and apixaban than in patients on warfarin. It is noteworthy to mention that cardioembolic stroke is
associated with the highest mortality rate and poorest prognosis among all causes of ischemic stroke.”>*® While our
study did not demonstrate a significant reduction in stroke incidence with the use of anticoagulation, it did show
a significant association with lower overall and cerebrovascular accident-related mortality rates. Based on these findings,
it is possible to speculate that even if embolization occurs in anticoagulated patients, it may be less severe and associated
with a better prognosis. Further studies on the use of anticoagulants to prevent new CVA and SE in AFIB patients are
required to unravel more information.

There are several limitations of this study that warrant discussion. Observational studies inherently carry the risk of
potential biases such as residual confounding, data collection inaccuracies, and patient recall bias. However, the
recruitment of consecutive patients from various sectors of the local healthcare system helped mitigate these effects.
Additionally, as the major cardiovascular events analyzed were hard endpoints such as death, stroke, and major bleeding,
they were unlikely to be significantly influenced by recall issues. Although the number of patients lost to follow-up was

27,28

lower in this study (5.7%) compared to other investigations conducted in Europe (>12%), it could still potentially

affect the discriminatory ability of certain analyses and the generalizability of the results.

Conclusion

CHA2DS2-VASc score is a moderately accurate predictor of stroke, systemic embolization and all-cause mortality at
1 year. The female gender is not a risk factor for stroke or systemic embolization, consequently, gender should be
disregarded before proceeding to start anticoagulation. Additional studies are warranted regarding the effect of novel
anticoagulant and warfarin use in atrial fibrillation patients.
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