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Meta-Analysis of CHADS,
versus CHA DS, -VASc

for Predicting Stroke and Thromboembolism in Atrial
Fibrillation Patients Independent of Anticoagulation

Two validated scoring systems for predicting embolic risk, CHADS, and CHA,DS,-VASc,
contribute to optimizing antithrombotic prescription practices in patients who have atrial fi-
brillation. However, data about anticoagulated patients are sparse. We compared CHADS,
and CHA,DS,-VASc, in terms of their predictive risk evaluation, in patients with atrial fibril-
lation who were and were not taking anticoagulants.

We systematically searched the Cochrane Library, PubMed, and Embase databases
for studies of the comparative diagnostic performance of CHADS, and CHA,DS,-VASc.
We identified 12 cohort studies for meta-analysis. With regard to the occurrence of car-
diovascular events individually, patients with CHA,DS,-VASc scores >2 have a greater risk
of stroke (risk ratio [RR]=5.15; 95% confidence interval [Cl], 3.85-6.88; P <0.00001) and
thromboembolism (RR=5.96, 95% CI, 5.50-6.45,; P <0.00001) (P,,=0.34) than do pa-
tients with CHA,DS,-VASc scores <2, independent of anticoagulation therapy (RR=5.76;
95% Cl, 5.23-6.35; P <0.00001 in anticoagulated patients; and RR=6.12; 95% Cl, 5.40—-
6.93, P <0.00001 in patients not taking anticoagulants; P,.=0.45). The pooled RR esti-
mates indicate an approximate 6-fold increase in the risk of endpoint events in patients
with CHA,DS,-VASc scores >2 (RR=5.90; 95% Cl, 5.46-6.37; P <0.0001).

These results clearly indicate the discriminative capacity of the CHA,DS,-VASc score
for stroke, thromboembolic events, or both, independent of optimal anticoagulation. The
CHA,DS,-VASc score enables the identification of patients who are at genuinely high risk
and can direct the selection of appropriate therapeutic approaches. (Tex Heart Inst J
2015;42(1):6-15)

trial fibrillation (AF), the cardiac arrhythmia most frequently identified in

clinical practice, becomes more prevalent as patients age. This condition is

characterized by several devastating sequelae, including stroke and systemic
thromboembolism (TE)."? Atrial fibrillation is a leading cause of neurologic disability
and death depending on the severity of cardioembolic stroke, so oral anticoagulation
is crucial for high-risk patients who have AF. Nonetheless, hemorrhagic sequelae of
long-term anticoagulation are often seen during stroke prevention in patients who
have AF. To date, several risk-scoring systems have shown modest predictive ability for
endpoint events and have been well validated in recent studies. Two of the most widely
used scores for risk prediction, CHADS, and CHA ,DS,-VASc, guide the optimiza-
tion of therapy in patients who have AF, particularly if those patients are artificially
categorized into low-, moderate-, and high-risk groups (Table I).>* The classical and re-
vised CHADS, score is cumulative on the basis of 6 clinical features: congestive heart
failure, hypertension, diabetes mellitus, and age >75 years (counted as 1 point each),
and a history of stroke or transient ischemic attack (2 points).** In comparison, the
CHA,DS,-VASc score, proposed as a complement to the CHADS, score, ranges from
0 to 9 points; the clinical features are congestive heart failure or left ventricular ejec-
tion fraction <0.40, hypertension, age 6574 years, diabetes mellitus, vascular disease,
and female sex (1 point each), and age >75 years and prior stroke, transient ischemic
attack, or thromboembolism (2 points each).® In both systems, patient stratification
into 3 risk categories—wherein a 0 score is low risk, 1 is intermediate risk, and >2 is
high risk—has received particular attention in embolic risk evaluation and is widely
included in guideline recommendations.” The likelihood of an embolic event is closely
related to the total points recorded for a given patient, and anticoagulation is advisable
for patients with a score of 2 or more points.” However, it is unclear whether antico-
agulation should be recommended for intermediate-risk patients. When comparing
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TABLE I. Three Risk-Stratification Methods Used to Predict Thromboembolism in Patients with Atrial Fibrillation

Risk Methods* Low Risk Intermediate Risk High Risk
CHADS, (2001)-classical* Score 0 Score 1-2 Score 3-6
CHADS,-revised® Score 0 Score 1 Score 2-6
CHA,DS,-VASc (2009)° No risk factors Score 1 Score 2-9

One “clinically relevant non-major”
risk factor (congestive heart

failure or LVEF <0.40, hypertension,
diabetes mellitus, vascular disease**,
female sex, or age 65-74 yr)

One “major” risk factor (previous
stroke, TIA, or TE; or age

>75 yr), or >2 “clinically relevant
non-major” risk factors
(congestive heart failure or LVEF
<0.40, hypertension, diabetes
mellitus, vascular disease**,
female sex, or age 65-74 yr)

LVEF = left ventricular ejection fraction; TE = systemic thromboembolism; TIA = transient ischemic attack

*CHADS, score = 1 point each for congestive heart failure, hypertension, age >75 yr, and diabetes mellitus, and 2 points for prior

stroke or transient ischemic attack.

CHA,DS,-VASc score = 1 point each for congestive heart failure or left ventricular ejection fraction <0.40, hypertension, age 65-74 yr,
diabetes mellitus, vascular disease, or female sex, and 2 points for age >75 yr or prior stroke, transient ischemic attack, or thromboem-

bolism.

**Myocardial infarction, peripheral artery disease, or aortic plaque

the 2 scoring systems for stratification, investigators
have reached different conclusions.**” In addition, cur-
rent risk-stratification views are derived from analyses of
patients who were not taking anticoagulants, and real-
world data are sparse in terms of the value of alternative
strategies for thromboprophylaxis in patients who are
undergoing anticoagulation. In this meta-analysis, we
sought to provide a detailed overview of previous stud-
ies in order to determine the comparative diagnostic
accuracy of the CHADS, and CHA DS ,-VASc scoring
systems for risk evaluation in patients who have AF,
independent of anticoagulant therapy.

Patients and Methods

We used the following criteria for study selection: 1)
studies comparing the predictive abilities of CHADS,
and CHA ,DS,-VASc, preferably published in English;
2) type of study (retrospective or prospective); 3) adult
participants who were eligible with an electrocar-
diographically documented record of AF (chronic,
paroxysmal, persistent, permanent, or new-onset); 4)
endpoints of stroke, TE, or both; and 5) either consis-
tent anticoagulation or no anticoagulation at baseline.
We excluded studies including subjects with mitral or
aortic valve heart disease or other specific types of AF
patients (for example, patients who underwent abla-
tion, percutaneous coronary intervention, or pacemaker
placement, or who had lone AF); duplicate studies and
certain publication types (such as letters, case reports,
and comments); and studies with insufficient data.
Literature Search. The data were systematically re-
trieved from the Cochrane Library, PubMed, and Em-
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base databases with the use of search terms restricted to
human beings (“CHADS,,” “CHA,DS,-VASc,” “atrial
fibrillation,” “risk,” “prediction,” “thromboembolism,”
and “stroke”) to identify relevant literature published in
English. An electronic search was performed for articles
published from 1 January 2009 through 1 April 2014,
because the first paper about CHA DS -VASc was pub-
lished in 2009.¢ Further research was performed with
use of reference lists, relevant journals, and conference
abstracts. If necessary, we requested additional data
from the authors of published studies.

Data Extraction and Quality Evaluation. The titles and
abstracts of studies retrieved electronically and manually
were screened independently (by Z-WG and X-QM).
When the necessary information was not apparent, we
comprehensively reviewed the full text. Disagreements
were resolved through discussion or consultation with a
3rd reviewer (HK). Data were extracted according to the
predetermined criteria, and then a quality evaluation of
individual studies was performed in accordance with
the methodologic standards proposed by McGinn and
colleagues."

Risk of Bias in Individual Studies. Two reviewers
(Z-WG and X-QM) independently evaluated the risk
of bias in accordance with the Cochrane Collabora-
tion’s “risk of publication bias” tool. Disagreements were
resolved by consensus.

Consistency Test. The consistency of included studies
was evaluated by means of the Cochrane Q test comple-
mented with the I? statistic: I? values <25% indicated
low heterogeneity, 25% to <50% indicated intermediate
heterogeneity, and >50% indicated high heterogeneity.
If 2 or more studies showed homogeneity or no signifi-
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cant heterogeneity, a fixed-effects model was chosen.
Conversely, we hypothesized that the methodologic dif-
ferences of individual studies, study types, treatments,
follow-up durations, and patients’ underlying clinical
presentations would be associated with the heterogene-
ity. When sufficient comparable studies reported the
same outcome, we performed subgroup analysis.”> We
also performed random-effects model analysis.

Statistical Analysis

Review Manager 5.2 from the Cochrane Collaboration
was used to perform the statistical analyses. The pri-
mary endpoints of AF patients were defined dichoto-
mously and compared between scores <2 and >2 for
both CHADS, and CHA,DS -VASc. For each trial, we
calculated and pooled the risk ratios (RRs) for a com-
parative analysis of the occurrence of adverse events.
The RRs are presented with 95% confidence intervals
(Cls). Subgroup or sensitivity analyses were performed
when appropriate. A P value <0.05 was considered sta-
tistically significant.

« Electronic database

« Manual search (n=5)

search (n=485);

y

Articles excluded after
title/abstract screening
(n=432)

« Articles identified (n=58)

Y

« Articles with all inclusion

criteria (n:1 1 )6,10‘13'18‘20'22

« Article with insufficient

but potentially relevant
data (n=1)"®

Articles excluded based on full-text screening

(n=46)

* Not available in English (n=1)

+ Not a prospective study (n=11)

« Population with no AF or specific types of AF
patients (n=10)

+ Certain unmatched publication types (n=10)

« Death/bleeding as an endpoint (n=6)

* Duplicate studies and insufficient data (n=8)

.

Articles included in the
meta-analysis (n=12)

Articles for which authors were contacted (n=1)"°
Articles that provided relevant data (n=1)"

Fig. 1 Flow-chart shows the number of articles considered
during each stage of the systematic review process.

AF = atrial fibrillation

TABLE Il. Basic Characteristics of All Included Studies

Partici- Follow- Anti-

Female pants Up Time Year of Type of coagu- Endpoint
Reference Origin Age (yr) (%) (N) (yr) Cohort Study lation  Event
Lip GY, etal.® Europe 66+ 14 40.8 1,084 1 2003-2004 Observational No TE
(2010) cohort
Lip GY, etal.” Global 70.3+9° 30.92 7,329 1 NA Trial cohort Yes TE
(2010)
Olesen JB, Denmark >16P 46.1 121,280 1 1997-2006 Cohort No TE
etal'®(2011)
Olesen JB, Denmark  70.6+11.1 38.8 37,425 12 1997-2008 Cohort Yes TE
et al.®(2011)
Lin LY, etal’® China >20° 459 7,920 4.5 1995-1996 Observational No Stroke
(2011) cohort
PoliD, etal.® ltaly 74+77 36.1 662 3.6 NA Prospective cohort ~ Yes TE
(2011)
Van Staa TP,  Britain 73.3+125 497 79,844 2.4 2001-2008 Observational Yes Stroke
et al.2(2011) cohort
Friberg L, Sweden NA NA 90,490 1.5 2005-2008 Cohort No Stroke
etal.®(2012)
GuoY, etal’® China 75 (mean) 271 885 1.9 2007-2010 Observational No Stroke
(2013) cohort
Abraham JM,  WHI 65.9+72 100 5,981 11.8 1993-2010 Prospective cohort  No Stroke
etal (2013)
Singer DE, California >214 42.8 10,927 2.4 2006-2009 Cohort No TE
etal.? (2013)
Aakre CA, Minnesota  73+14 48.5 2,720 4.4 1990-2004 Cohort No TE
et al.® (2014)

NA = not available; TE = systemic thromboembolism; WHI = Women's Health Initiative

aData were pooled from the Stroke Prevention Using an Oral Thrombin Inhibitor in Atrial Fibrillation (SPORTIF) Il trial (mean age,
70.3 + 9 yr; female, 30.9%) and the SPORTIF V trial (mean age, 71.6 + 9.2 yr; female, 31%)
b59.7% of patients were age >75 yr, and 19.8% were age 65—74 yr

€32.4% of patients were age >75 yr, 30.9% were age 65-74 yr, and 36.7% were age 20-64 yr

d416.3% of patients were age >85 yr, 34.1% were age 75-84 yr, 25.8% were age 65-74 yr, and 23.8% were age <65 yr
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Results

We initially retrieved 490 articles; 432 were excluded
after we read the title or abstract. Twelve of the remain-
ing 58 studies were included in the review.*'**2Of
these, 11 articles met all the inclusion criteria, and 1
article contained potentially relevant but insufficient
data on the basis of the full-text article (resolved by con-
tacting the authors) (Fig. 1). Table II shows the charac-
teristics of the 12 studies. Seven studies®*"?' reported
TE outcomes, and the others'**'** included a record
of stroke events. The sum of the heterogeneous popula-
tions in the included studies was 205,939. Some partici-
pants were taking anticoagulants at baseline'”**** and
some were not.*'* 161521

Quality Evaluation. Table I11 shows that the included
studies generally represented a variety of disease severi-
ties and that the patients were generally selected in an
unbiased fashion. Therefore, external validity was ad-
equate. However, mixed results were reported in terms
of internal validity. The follow-up durations of the pa-
tients were acceptable; however, issues relating to blind-
ing were largely unreported.

Bias Analysis and Consistency Test. We used funnel
plots to determine publication bias (Fig. 2). In the pres-

TABLE Ill. Quality Evaluation of the Individual Studies

Reference o1 Q2 Q3 Q4 Q5
Lip GY, et al.® (2010) Yes No Yes NA NA
Lip GY, etal.” (2010) Yes No Yes No No

Olesen JB, et al.® (2011) Yes  No Yes NA NA
Olesen JB, et al.® (2011) Yes No Yes NA NA
Lin LY, et al.® (2011) Yes  No Yes NA NA
Poli D, et al.* (2011) Yes No Yes NA NA
Van Staa TP, et al.22(2011)  Yes No Yes NA NA
Friberg L, et al.® (2012) Yes No Yes No No
GuoYY, etal.® (2013) Yes  No Yes No No
Abraham JM, etal.* (2013) Yes No Yes NA NA
Singer DE, et al.?" (2013) Yes No Yes NA NA
Aakre CA, et al.® (2014) Yes No Yes NA NA

NA = not available; Q = question

Q1 (external validity): Did the patients represent a variety of dis-
ease severities?

Q2 (external validity): Did the included study exhibit bias?

Q3 (internal validity): Was the follow-up percentage of all
enrolled patients greater than 80%?

Q4 (internal validity): Were the predictors to be evaluated blind-
ed to the outcome events?

Q5 (internal validity): Were the outcome events blinded to the
predictors?

ent study, the consistency test showed a different het-
erogeneity for the global effect of the samples (I” value,
0-88%). To explore the sources of the heterogeneity,
we performed a subgroup analysis and a sensitivity
analysis. One study in the meta-analysis did not pro-
vide the basic characteristics of age and sex," and the
female population was 100% in another study." Of
note, these 2 factors were important determinants of
stroke and TE events. We excluded these 2 studies and
performed the meta-analysis again. The RRs were not
significantly changed; however, the corresponding I*
value of the heterogeneity test markedly fell. Therefore,
we concluded that these 2 studies were the main source
of the heterogeneity.

Compared Capacity of
CHADS, Scores <2 versus 22

CHADS, and Endpoint Events. Heterogeneity was
obvious in the global effect of the samples (I’=53% for
the TE subgroup and I’=88% for the stroke subgroup).
After we excluded the 2 studies mentioned above, the
I? value of the stroke subgroup fell to 0. However, het-
erogeneity of the TE subgroup was still high (1*=53%).
This was problematic for diagnostic test accuracy and
for validating the CHADS, score, so we performed
a Mantel-Haenszel dichotomous-weighted random-
effects model analysis. In this regard, the results should
be interpreted cautiously. The occurrence of endpoint
events is shown as a forest plot (Fig. 3). The pooled
RRs indicated good calibration between CHADS,
scores <2 and >2. The incidence of TE in patients with
CHADS, scores >2 was significantly higher than in pa-
tients with scores <2 (RR=3.37; 95% CI, 3.11-3.65; P
<0.00001). Results were similar for stroke (RR=3.36;
95% CI, 2.93-3.85; P <0.00001). There was no sta-
tistically significant difference between the 2 distinct
groups (y’=0, P,;,=0.97). The pooled RRs showed an

important stroke or TE risk in AF patients with scores

o
in T
o]

Standard Error (Log [Risk Ratio])
o

01 1 10 100
Risk Ratio

Fig. 2 Funnel plot shows all studies included in the bias analysis.

Texas Heart Institute Journal
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CHADS, 22 CHADS, <2 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% ClI) M-H, Random (95% CI)
Thromboembolism
Aakre CA, et al.’® (2014) 284 1,654 66 1,066 5.4 2.77 [2.15, 3.58]
Lip GY, et al."” (2010) 153 7,431 31 3801 26 2.52[1.72,3.71] -
Lip GY, et al.? (2010) 15 485 10 599 0.6 1.85[0.84, 4.09] T
Olesen JB, et al."® (2011) 4,098 33,402 1,401 40,136 31.0 3.51[3.31, 3.73] u
Olesen JB, et al.’® (2011) 7,025 57,117 2,269 64,163 34.5 3.48[3.32, 3.64] u
Poli D, et al.2° (2011) 26 496 6 166 0.5 1.45[0.61, 3.46] T
Singer DE, et al.?' (2013) 542 16,399 143 16,210 94 3.75[3.12, 4.50] -
Subtotal 116,984 126,141 84.1 3.37 [3.11, 3.65] )
Total events 12,143 3,926
Heterogeneity: Tau?=0.00; ¥*=12.71, df=6 (P=0.05); I* = 53%
Test for overall effect: Z=29.41 (P <0.00001)
Stroke
Guo Y, et al.’s (2013) 27 590 6 295 0 2.25[0.94, 5.39] I
Lin LY, et al.’® (2011) 63 2,681 39 5139 24 3.10[2.08, 4.60] -
Van Staa TP, et al.?? (2011) 515 7,690 256 13,147 13.0 3.442.97, 3.98] -
Subtotal 10,961 18,581 15.9 3.36 [2.93, 3.85] 4
Total events 605 301
Heterogeneity: Tau?=0.00; x2=1.07, df=2 (P=0.59); I>=0
Test for overall effect: Z=17.43 (P <0.00001)
Total (95% CI) 127,945 144,722 100.0 3.39 [3.18, 3.61] )
Total events 12,748 4,227
Heterogeneity: Tau?=0.00; 42=13.96, df=9 (P=0.12); 12=36% ‘0 o1 0’1 j 1’0 100‘
Test for overall effect: Z=37.52 (P <0.00001) ’ CHAbS2 < CHADS, 22

Test for subgroup differences: ?=0.00, df=1 (P=0.97), I?=0

Fig. 3 Forest plot shows a comparative analysis of the occurrence of thromboembolism and stroke in patients with atrial fibrillation
when evaluated by means of the CHADS, score. P <0.05 was considered statistically significant. The occurrence of thromboembolism
and stroke when evaluated by means of the CHADS, score was not significantly different (P,,=0.97).

AF = atrial fibrillation;, CHADS, = congestive heart failure, hypertension, age >75 yr, diabetes mellitus, and prior stroke or transient

ischemic attack; Cl = confidence interval; M-H = Mantel-Haenszel

>2, indicating an approximately 3-fold greater risk
(RR=3.39; 95% ClI, 3.18-3.61; P <0.0001). Despite
the heterogeneity among studies, all had effects in the
same direction, individually indicating an association
between a score >2 and a greater risk of major cardiovas-
cular events. Given the heterogeneity, the results should
be interpreted cautiously.

CHADS, and Anticoagulation. The incidence of car-
diovascular events in AF patients was described in 2
subgroups: participants who were taking anticoagulants
and those who were not. After exclusion of the 2 above-
mentioned studies,”" a random-effects model analysis
revealed that the increased risk of a cardiovascular event
was higher in AF patients with CHADS, scores >2, in-
dependent of anticoagulation (Fig. 4). In the subgroup
of patients taking anticoagulants, the risk of cardio-
vascular events was significantly higher in those with
scores >2 (RR=3.28; 95% ClI, 2.85-3.77; P <0.00001;
’=54%) than in the subgroup not taking anticoagu-
lants (RR=3.33; 95% CI, 2.96-3.75; P <0.00001;
’=33%). The contrast between the 2 subgroups was
not statistically significant (y*=0.03, P,,=0.86). These
results indicated that the risk of cardiovascular events

10 CHADS, vs CHA,DS,-VASc for Predicting Events in AF Patients

was more than 3-fold greater in individuals with a
CHADS, score 22, independent of anticoagulation.

Compared Capacity of CHA,DS,-VASc
Scores <2 versus >2

CHA,DS ,-VASc and Endpoint Events. All the includ-
ed studies were divided into TE and stroke subgroups.
The result of the consistency test showed high hetero-
geneity of the stroke subgroup (I*=72%). When we
excluded the above-mentioned 2 articles' and again
performed the meta-analysis, the I? value of both the
TE and stroke subgroups fell to 0. We therefore used
a fixed-effects model in the meta-analysis to compare
the predictive ability of CHA,DS,-VASc scores <2 and
>2. Similar to the results for the CHADS, scores, the
incidence of TE (RR=5.96; 95% CI, 5.50—-6.45; P
<0.00001) and stroke (RR=5.15; 95% CI, 3.85-6.88;
P <0.00001) was significantly greater in patients who
had CHA,DS,-VASc scores >2 (Fig. 5). There was no
significant difference between the TE subgroup and the
stroke subgroup (32=0.90, P,,,=0.34). According to the
pooled RR estimates, there was an approximate 6-fold
increase in the risk of endpoint events in patients who
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had CHA,DS,-VASc scores 22 (RR=5.90; 95% CI,
5.46—6.37; P <0.0001).

CHA,DS,-VASc and Anticoagulation. The I* value
of the heterogeneity test fell to 0 after the adjustment
noted above. Similar to the results for CHADS,, this
meta-analysis showed that the increased risk of a car-
diovascular event was higher in AF patients who had
CHA,DS,-VASc scores >2, independent of anticoagu-
lation (Fig. 6). In the subgroup of patients who were
taking anticoagulants, the risk of cardiovascular events
was significantly higher in those with a CHA,DS -
VASc score 22 (RR=5.76; 95% CI, 5.23-6.35; P
<0.00001) than in the subgroup not taking anticoagu-
lants (RR=6.12; 95% CI, 5.40—6.93; P <0.00001). The
difference between the 2 subgroups was not statistically
significant (%*=0.56, P,,=0.45). The results indicated
that the risk of cardiovascular events was approximately
6-fold greater in patients who had CHA,DS,-VASc
scores >2, independent of anticoagulation.

Discussion

Even when AF is not immediately life-threatening, it
substantially raises morbidity and mortality rates. An-

tithrombotic therapy has severe bleeding sequelae and
necessitates intensive monitoring. One reason why pa-
tients with AF have been artificially assigned into low-,
moderate-, and high-risk groups is the inconvenience
and disadvantage of anticoagulation with oral vita-
min K antagonists. It is thought that genuinely low-
risk patients should not be prescribed antithrombotic
therapy, whereas all other patients might need an anti-
coagulant. The CHA DS -VASc classification method,
which extends the validity of CHADS, by incorporat-
ing additional stroke-risk factors, is likely to improve the
prediction of stroke and improve therapeutic decision-
making in high-risk patients, but not as much in pa-
tients who are classified at low or moderate risk.

An earlier meta-analysis® showed the association be-
tween a higher CHADS, score and the risk of stroke
in AF patients. However, CHA,DS,-VASc had not yet
been similarly evaluated. The CHA DS ,-VASc score is
a powerful predictor of stroke and a predictor of the
occurrence of TE. Our study shows that patients with
a CHADS, score 22 and chronic AF have a 3-fold
greater risk of stroke, TE, or both. Of note, our analysis
reveals that the more-than-3-fold increase in TE risk
predicted by means of the CHADS, score is statistically

CHADS, 22 CHADS, <2 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% Cl) M-H, Random (95% CI)
Anticoagulation
Lip GY, et al.'” (2010) 153 7,431 31 3801 26 2.52[1.72,3.71] -
Olesen JB, et al.’® (2011) 7,025 57,117 2,269 64,163 34.5 3.48[3.32, 3.64] u
Poli D, et al.?° (2011) 26 496 6 166 0.5 1.45[0.61, 3.46] T
Van Staa TP, et al.22 (2011) 515 7,690 256 13,147 13.0 3.44[2.97, 3.98] -
Subtotal 72,734 81,277 50.6 3.28 [2.85, 3.77] 4
Total events 7,719 2,562
Heterogeneity: Tau?=0.01; y2= 6.47, df=3 (P=0.09); 1>=54%
Test for overall effect: Z=16.64 (P <0.00001)
Non-anticoagulation
Aakre CA, et al.’® (2014) 284 1,654 66 1,066 5.4 2.77 [2.15, 3.58] -
Guo Y, et al.’s (2013) 27 590 6 295 0.5 2.25[0.94, 5.39] |
Lin LY, et al.’® (2011) 63 2,681 39 5139 24 3.10[2.08, 4.60] -
Lip GY, et al.? (2010) 15 485 10 599 0.6 1.85[0.84, 4.09] T
Olesen JB, et al."® (2011) 4,098 33,402 1,401 40,136 31.0 3.51[3.31, 3.73] u
Singer DE, et al.?' (2013) 542 16,399 143 16,210 94 3.75[3.12, 4.50] -
Subtotal 55,211 63,445 49.4 3.33 [2.96, 3.75] '
Total events 5,029 1,665
Heterogeneity: Tau?=0.01; x*=7.47, df=5 (P=0.19); I>=33%
Test for overall effect: Z=19.83 (P <0.00001)

)
0.01 0.1 1 10 100

Test for subgroup differences: x?=0.03, df=1 (P=0.86), 1>=0 CHADS, <2 CHADS, 22

Fig. 4 Forest plot shows a comparative analysis of the occurrence of cardiovascular events in atrial fibrillation patients, whether taking
or not taking anticoagulants, when evaluated by means of the CHADS, score. P <0.05 was considered statistically significant. The
occurrence of cardiovascular events was approximately 3-fold greater in atrial fibrillation patients with CHADS, scores >2, independent

of anticoagulation (P,,=0.86).

AF = atrial fibrillation;, CHADS, = congestive heart failure, hypertension, age 275 yr, diabetes mellitus, and prior stroke or transient

ischemic attack; Cl = confidence interval: M-H = Mantel-Haenszel
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CHA,DS,-VASc 22 CHA,DS,-VASc <2
Study or Subgroup Events Total Events Total

Thromboembolism

Aakre CA, et al.”® (2014) 344 2,345 6 395
Lip GY, et al.'” (2010) 181 10,578 3 655
Lip GY, et al.? (2010) 24 820 1 264
Olesen JB, et al.’® (2011) 5,201 58,966 215 14,572
Olesen JB, et al.’® (2011) 8,503 96,629 372 24,651
Poli D, et al.?° (2011) 31 615 1 47
Singer DE, et al.2" (2013) 663 26,310 22 6,299
Subtotal 196,263 46,883
Total events 14,947 620
Heterogeneity: ¥2=3.91, df=6 (P=0.69); 1>=0

Test for overall effect: Z=43.90 (P <0.00001)

Stroke

Guo Y, et al.’® (2013) 32 719 1 166
Lin LY, et al.’® (2011) 94 5,794 9 2,126
Van Staa TP, et al.?2 (2011) 754 16,395 38 4,442
Subtotal 22,908 6,734
Total events 880 48
Heterogeneity: ?=0.92, df=2 (P=0.63); I>=0

Test for overall effect: Z=11.08 (P <0.00001)

Total 219,171 53,617
Total events 15,827 668

Heterogeneity: ¥?=5.83, df=9 (P=0.76); 12=0
Test for overall effect: Z=45.29 (P <0.00001)
Test for subgroup differences: ¥?=0.90, df=1 (P=0.34), 12=0

Risk Ratio Risk Ratio
Weight (%) M-H, Fixed (95% ClI) M-H, Fixed (95% Cl)
1.0 9.66 [4.34, 21.49] —
05 3.74[1.20, 11.66] —_—
0.1 7.73[1.05, 56.84]
32.3 598 [5.22, 6.84] u
55.6 5.83 [5.26, 6.46] u
0.2 2.37[0.33, 16.97] —
3.3 7.22 [4.72,11.02] -
93.0 5.96 [5.50, 6.45] '
02 7.39[1.02, 53.68]
1.2 3.83 [1.94,7.58] —
56 538 [3.89, 7.43] -
7.0 5.15 [3.85, 6.88] *
100.0% 5.90 [5.46, 6.37] {
001 01 1 10 100

CHA,DS,-VASc <2 CHA,DS,-VASC 22

Fig. 5 Forest plot shows a comparative analysis of the occurrence of thromboembolism and stroke in patients with atrial fibrillation
when evaluated by means of the CHA,DS,-VASc score. P <0.05 was considered statistically significant. The occurrence of thrombo-
embolism or stroke when evaluated by means of the CHA,DS,-VASc score was not significantly different (P,,=0.34).

diff—

AF = atrial fibrillation; CHA,DS,-VASc = congestive heart failure or left ventricular ejection fraction <0.40, hypertension, age >75 or
65-74 yr, diabetes mellitus, vascular disease, age, female sex, and prior stroke, transient ischemic attack, or thromboembolic event;

Cl = confidence interval; M-H = Mantel-Haenszel

different from the 6-fold increase predicted by means
of the CHA,DS,-VASc score (y*=65.54, P <0.00001).
Our data thus extend the available evidence base of the
CHA,DS,-VASc method in predicting stroke, TE, or
both in patients with AF, and show that the CHA,DS, -
VASc score enables the identification of a larger number
of AF patients for whom oral anticoagulation would be
recommended.**

Our meta-analysis also reveals a powerful predictive
value of both the CHADS, and CHA,DS,-VASc for
the highest-risk stratum of patients, independent of an-
ticoagulation. Our results indicate that cardiovascular
events might also occur in anticoagulated AF patients
and reveal a stepwise increase in stroke or TE events
upon increasing scores across risk strata in anticoagu-
lated patients. This discovery is important because
of the existing uncertainty about whether aggressive
anticoagulation of AF patients might improve clinical
outcomes. Oral anticoagulation is undoubtedly highly
effective in reducing the risk of adverse events in AF pa-
tients. Nonetheless, cardiovascular events still occur in
anticoagulated AF patients, so it is important to identify
risk factors and the performance of current stroke-risk
stratification methods in these patients. The published
risk-stratification schemes arose from studies of patients
who were not taking anticoagulants, and real-world

12 CHADS, vs CHA,DS,-VASc for Predicting Events in AF Patients

data have been sparse with regard to the predictive abili-
ties in anticoagulated patients. Current stroke-risk strat-
ification methods contribute to identifying which kinds
of patients benefit from anticoagulation; however, it is
unclear which method helps to detect those who remain
at higher risk despite anticoagulant therapy at baseline.
Our data show that the CHADS, and CHA DS -VASc
methods have value in stroke-risk evaluation in patients
who have a substantial risk of stroke despite optimal
anticoagulation. Previously, Jover and co-authors® re-
ported that CHA,DS,-VASc meaningfully predicted
cardiovascular events and death among real-world an-
ticoagulated patients with AF.

In addition, our data show the increasing trend to-
ward a risk of endpoint events in AF patients who are
given anticoagulants, supported by the average inci-
dence rates of events across the 3 risk categories (1.66%,
3.88%, and 10.61% for CHADS, and 0.75%, 1.81%,
and 7.62% for CHA,DS,-VASc; both P, , <0.001).
We have shown a clear relationship between increasing
CHADS, or CHA,DS,-VASc scores and higher rates
of endpoint events, even in patients who are given anti-
coagulants. In the comparison of the rates of endpoint
events among low-risk patients (1.67% vs 0.75%; P
<0.001), the findings imply that some CHADS, low-
risk patients might still benefit from anticoagulation.
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The findings further support the superior diagnostic
performance of CHA,DS,-VASc over CHADS, for
identifying genuinely low-risk patients with AF. The
CHA,DS,-VASc method has the more important ad-
vantage of identifying extremely low-risk patients with
AF and dlassifying a lower proportion of patients in the
moderate-risk category.*”” The results of several studies
have indicated that CHADS, stratifies some non-low-
risk patients as low- or intermediate-risk.*** Thus, the
predictive value of CHADS, has been limited to pa-
tients at low and intermediate risk, whereas CHA DS -
VASc has been recommended to identify genuinely
low-risk patients who might not need antithrombotic
therapy.

Implications for Clinical Practice

Our study extends the available evidence base by ex-
amining a broader spectrum of patients with AF who
were diagnosed across all healthcare venues and were
included in different studies. The results of diagnostic
accuracy suggest that the CHA DS -VASc score is help-
ful in terms of clinical decision-making. A CHA DS -
VASc score >2 was better at predicting stroke and TE
events, and this might help clinicians to direct the most

CHA,DS,-VASc 22 CHA,DS,-VASc <2

intensive antithrombotic regimens toward patients who
are genuinely at high risk. In particular, more patients in
the high-risk stracum would receive a clear recommen-
dation for anticoagulation, and fewer patients in the
moderate-risk stratum would be given an ambiguous
recommendation for either antiplatelet or anticoagu-
lant therapy. In addition, the CHA,DS,-VASc score is a
good indicator of stroke risk in anticoagulated patients
who have AF. It is important to emphasize that the pre-
dictive ability of the CHA ,DS,-VASc score is indepen-
dent of anticoagulant therapy—this extends the scope
of the score’s usefulness and appropriately deals with the
matter of anticoagulation.

Limitations of the Meta-Analysis

In the present study, high heterogeneity between 12
studies was observed in both of the calibration analy-
ses. High heterogeneity across studies was problem-
atic for the diagnostic test accuracy, as well as in the
validation of the CHA,DS,-VASc score; the multiple
sources of heterogeneity might have included different
interventions, different follow-up times, and different
anticoagulation intensity. To identify the sources of het-
erogeneity, we continued with subgroup and sensitivity

Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight (%) M-H, Fixed (95% ClI) M-H, Fixed (95% CI)
Anticoagulation
Lip GY, et al.’” (2010) 181 10,578 3 0.5 3.74[1.20, 11.66] -
Olesen JB, et al.”® (2011) 8,503 96,629 372 24,651 55.6 5.83 [5.26, 6.46] u
Poli D, et al.?° (2011) 31 615 1 0.2 2.37[0.33, 16.97] -1
Van Staa TP, et al.?2 (2011) 754 16,395 38 4,442 56 5.38 [3.89, 7.43] -
Subtotal 124,217 29,795 61.9 5.76 [5.23, 6.35] {
Total events 9,469 414
Heterogeneity: ¥2=1.57, df=3 (P=0.67); 12=0
Test for overall effect: Z=35.19 (P <0.00001)
Non-anticoagulation
Aakre CA, et al."® (2014) 344 2,345 6 1.0 9.66 [4.34, 21.49] _'_
GuoY, et al.’® (2013) 32 719 1 0.2 7.39[1.02, 53.68]
Lin LY, et al.’® (2011) 94 5,794 9 2126 1.2 3.83 [1.94,7.58] -
Lip GY, et al.® (2010) 24 820 1 0.1 7.73[1.05, 56.84]
Olesen JB, et al.”® (2011) 5,201 58,966 215 14,572 32.3 5.98 [5.22, 6.84] u
Singer DE, et al.2" (2013) 663 26,310 22 6,299 3.3 7.22[4.72,11.02] -
Subtotal 94,954 23,822 38.1 6.12 [5.40, 6.93] t
Total events 6,358 254
Heterogeneity: ¥?=3.84, df=5 (P=0.57); 12=0
Test for overall effect: Z=28.50 (P <0.00001)

f
0.001 0.1 1 10 1,000

Test for subgroup differences: y?=0.56, df=1 (P=0.45), 12=0

CHA,DS,-VASc <2 CHA,DS,-VASC 22

Fig. 6 Forest plot shows a comparative analysis of the occurrence of cardiovascular events in atrial fibrillation patients, whether taking
or not taking anticoagulants, when evaluated by means of the CHA,DS,-VASc score. P <0.05 was considered statistically significant.
The occurrence of cardiovascular events was approximately 6-fold greater in atrial fibrillation patients with CHA,DS,-VASc scores >2,

independent of anticoagulation (P,,=0.45).

diff—

AF = atrial fibrillation; CHA,DS,-VASc = congestive heart failure or left ventricular ejection fraction <0.40, hypertension, age >75
or 65-74 yr, diabetes mellitus, vascular disease, female sex, and prior stroke, transient ischemic attack, or thromboembolism;

Cl = confidence interval; M-H = Mantel-Haenszel
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analyses, which showed that age and sex were important
determinants of stroke and TE. We excluded 2 studies
that possibly affected these and again performed the
meta-analysis. The I? value of the heterogeneity test fell
to 0 (Figs. 5 and 6), so the main source of the heteroge-
neity was probably those 2 studies.*"

Several limitations of this meta-analysis are as follows.
First, there was a wide variability across different valida-
tion studies secondary to methodologic differences. The
external validity of the included studies was adequate;
however, results were mixed in terms of internal validity,
mostly because of unreported issues relating to blinding.
Second, some studies did not use consistent definitions
for stroke or TE events, which complicated the synthesis
of their findings. Because of the combination of stroke
and TE as primary endpoints, the incidence of event
rates in different risk stratifications was not true despite
consistent reporting. Third, there was not a clear re-
striction of follow-up time across the individual studies
during collection of the samples of endpoint events. A
linear correlation analysis between the average follow-up
time and the statistics of both scoring systems should
be performed. Finally, the variability in the intensity of
anticoagulation across studies might be a further source
of heterogeneity. Future meta-analyses should include
studies that evaluated the predictive role of the interna-
tional standard ratio and its association with stroke risk
in AF patients.

Conclusion

The CHADS, score is simple and easy to use; however,
the CHA,DS,-VASc score enables a substantially more
comprehensive risk evaluation and improves the abil-
ity to identify genuinely low-risk patients who have AF.
This latter method concomitantly places a lower pro-
portion of patients into the intermediate-risk category.
Moreover, the CHA,DS,-VASc score distributes more
patients and a higher incidence of endpoint events into
the high-risk stratum and can identify patients with AF
who are at substantial risk of endpoint events despite
optimal anticoagulation. This approach should there-
fore be used to direct stroke and TE risk stratification
and to guide decision-making for thromboprophylaxis
in patients who have AF.
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