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a b s t r a c t 

Stroke is a notorious complication in patients with atrial fibrillation (AF) and risk stratification is piv- 

otal for stroke prevention strategy. The risk of AF-related stroke is a mixture of complex interaction be- 

tween increasing age and important comorbidities. Therefore, this article aims to provide a comprehen- 

sive review on these important risk factors of stroke in AF patients, mainly focusing on the component 

of CHA 2 DS 2 -VASc score, as well as some other potential risk factors. 

© 2018 Elsevier Inc. All rights reserved. 
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Background 

Atrial fibrillation (AF) is the most common sustained cardiac

arrhythmia with a significant and progressive increase of global

burden [1] . The prevalence of AF is estimated to be 4% in 2050

and the lifetime risk of AF is appropriately 1 in 7 for subjects

aged > 20 years [2] . It is associated with a 2.6-fold risk of mor-

tality, 3.3-fold risk of heart failure, 3.3-fold risk of ischemic stroke,

and 1.6-fold risk of myocardial infarction [2] . Among these dreaded

comorbidities, AF-related stroke is probably the most notorious

one being associated with higher mortality rate, more disability,

longer hospitalization days and worse function recovery as com-

pared to non-AF-related stroke [3] . Therefore, management of AF,

especially stroke prevention, has become an important issue in

modern healthcare system. 

Oral anticoagulant (OAC) with vitamin K antagonist (VKA) re-

duces the risk of ischemic stroke by 64% and all-cause mortality

by 26% compared to control or placebo [4] . Recently, non-vitamin K

antagonist oral anticoagulants (NOAC) have been proven to be non-

inferior, or even superior in some population, to VKA for stroke

prevention with significantly lower risk of bleeding. The use of an-

ticoagulant, either VKA or NOAC, had become the cornerstone of

stroke prevention in high risk AF patients [5] . Therefore, risk fac-

tor identification and stratification become more important than

ever. For 2 decades, risk factors of AF-related stroke were identified

from studies with different populations and designs, and variable

risk stratification schemes have been formulated after weighing
� Disclosures: None. 
∗ Corresponding author at: Division of Cardiology, Department of Medicine, Taipei 

Veterans General Hospital, No. 201, Sec. 2, Shih-Pai Road, Taipei, Taiwan. 

E-mail address: epsachen@ms41.hinet.net (S.-A. Chen). 

o  

o  

t  

A  

f

https://doi.org/10.1016/j.tcm.2018.11.003 

1050-1738/© 2018 Elsevier Inc. All rights reserved. 
he predictive power of each factor, such as the CHADS 2 , CHA 2 DS 2 -

ASc and ATRIA scores [6–11] . ( Table 1 ) The use of risk stratifica-

ion schemes enables classifying patients into low, moderate and

igh-risk categories and guiding stroke prevention. Currently there

s a paradigm shift toward identifying truly low-risk patients who

o not need anticoagulant therapy, rather than focusing on high-

isk patients, and many studies have been conducted to compare

he predictive power of different risk stratification models. The

HADS 2 score is composed of congestive heart failure (CHF), hyper-

ension, age ≥75 years, diabetes mellitus (DM), (1 point for each),

nd stroke (2 points). The CHA 2 DS 2 -VASc score further refined the

HADS 2 score by incorporates age 65–74 years, vascular disease

nd female sex. Olesen et al. used a nationwide cohort to compare

he predictive power in the same population and found that the

HA 2 DS 2 -VASc score had the highest c-statistic value and could

dentify the truly low-risk patients. The finding that the CHA 2 DS 2 -

ASc score outshines CHADS 2 score in predicting AF-related stroke

as consistent in Asian regions [12] . Chao et al. performed a na-

ionwide study enrolling 186,570 Asian AF patients without an-

ithrombotic therapies, showing that the CHA 2 DS 2 -VASc score had

etter predictive power than the CHADS 2 score. Moreover, the

HA 2 DS 2 -VASc score is also superior to the ATRIA score in iden-

ifying patients with a truly low risk [13] . Therefore, the CHA 2 DS 2 -

ASc score is now the recommended risk stratification model by

he European, the United States of America, and the Asia Pacific

egion guidelines [5,14,15] . 

This review article aims to provide a comprehensive overview

n important risk factors of stroke in AF patients, mainly focusing

n the component of CHA 2 DS 2 -VASc score. ECG-documented AF is

he entry criterion in this review and the issue of device-detected

F is not discussed in this review article. Some other potential risk
actors will also be discussed. 
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Table 1 

Components of risk factors in each scoring model. 

Scoring model Age Female sex HTN DM Vascular diseases CHF Stroke/TIA Others Score range 

SPAF, 1999 [6] 

(10,356,104) 

> 75 
√ √ √ √ 

3 categories 

CHADS 2 , 2001 [7] 

(11,401,607) 

2 points for age 

≥75 

√ √ √ √ 

0–6 

Framingham, 2003 

[8] (12,941,677) 

Detailed scales for 

different age 

√ √ √ 

0–31 

CHA 2 DS 2 -VASc, 

2010 [9] , 

(19,762,550) 

2 points for age 

≥75; 1 point for 

age 65–74 

√ √ √ √ √ √ 

0–9 

R 2 CHADS 2 , 2012 

[10] (23,212,720) 

2 points for age 

≥75 

√ √ √ √ 

Renal dysfunction 0–8 

ATRIA, 2013 [11] 

(23,782,923) 

Extended range for 

score assignment 

( < 65, 65–74, 

75–84, ≥ 85) ∗

√ √ √ √ √ √ 

Proteinuria and 

eGFR 

0–12 (without prior 

stroke); 7–15 

(with prior stroke) 

∗ Different roles of score calculation for patients with or without prior stroke. CHF = congestive heart failure, DM = diabetes mellitus, eGFR = estimated glomerular 

filtration rate; ESRD = end-stage renal disease; HTN = hypertension; TIA = transient ischemic stroke. 
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ncreasing age 

While increasing age has been universally recognized as an im-

ortant risk factor of ischemic stroke in AF patients, different cut-

ff values were observed across different studies since age is a con-

inuum. Some studies recommended a clear-cut value of 65 or 75

ears, while others used incremental risk evaluation per 5 years

16] . Overall, increasing age is associated with a 1.4- to 3.3-fold

isk of stroke. Besides, a nationwide cohort study by Chao et al.

ound that the annual risk of stroke for AF patients 50–64 years

ith a CHA 2 DS 2 -VASc score of 0 (male) or 1 (female) was 1.5%,

mplying that a cut-off value of 50 years can further identify lower

isk group among Asian AF patients [17] . ( Table 2 ) 

iabetes mellitus 

The presence of DM was also associated with worse AF symp-

oms and lower quality of life, increased hospitalization and death

n AF patients [18] , and it increased with risk of stroke by 1.3- to

.9-fold with a stroke rate around 4.3% [9] . In a prospective mul-

icenter registry (PREFER), insulin-requiring diabetes contributed 

ost to the overall increase of thromboembolism risk [19] . In the

TRIA study, duration of diabetes rather than glycemic control

ould better predict ischemic stroke [20] . ( Table 2 ) Nevertheless,

he severity of diabetes being possibly associated with a worse risk

f thromboembolic events in AF remains a debated issue [21] . 

ypertension 

Hypertension has been recognized to be a significant risk factor

f AF-related ischemic stroke, but there are slight variations in the

efinition across different studies. Some proposed a cut-off value

f systolic blood pressure more than 160 mmHg, while a broader

pectrum including use of antihypertensive agents or a history of

ypertension was used in most recent studies. One earlier study

bserved a 2.8-fold risk of stroke in chronic AF patients with left

entricular hypertrophy, which was not applied in most risk strat-

fication models [22] . ( Table 2 ) 

ongestive heart failure 

There is a complex interaction between AF and CHF since AF

ay precipitate CHF and CHF is also an important risk factor of

F [23] . Many studies considered CHF an important risk factor but

hether it is an independent risk factor remains disputable. In

he CHADS score, the C represents congestive heart failure, which
2 
as been modified in the CHA 2 DS 2 -VASc score, including moder-

te to severe left ventricular systolic dysfunction with an ejection

raction < 40%, and recent decompensated heart failure irrespec-

ive of ejection fraction [9] . Banerjee et al. also proved that in

F patients with HF, there were no differences in risk of throm-

oembolic events or death between different EF categories [24] .

 Table 2 ) 

ascular diseases 

Vascular diseases include myocardial infarction, peripheral

rtery disease and complex aortic plaque. Myocardial infarction

as an independent risk factor with a 1.42-fold risk of stroke,

nd ischemic heart disease, on the contrary, was not [25] . Both

T-segment elevation myocardial infarction and no-ST-elevation

yocardial infarction were included in this item. Of note, some pa-

ients with coronary artery disease but not myocardial infarction

ay have a CHA 2 DS 2 -VASc score of 0. Moreover, a systemic review

nalyzing 10 observational studies revealed that peripheral artery

isease conferred a 1.3- to 2.5-fold risk of stroke [25] . Complex aor-

ic plaque, diagnosed by transesophageal echocardiography exami-

ation, was associated with a 4-fold risk of stroke as compared to

laque-free patients based on limited data [26] . ( Table 2 ) 

rior stroke, transient ischemic attack or systemic 

hromboembolism 

It is universally acknowledged that prior stroke or transient is-

hemic stroke (TIA) is an independent risk factor, increasing at

east 2-fold risk of AF-related stroke and a stroke rate of 5.9%

9,27] . Only 1 study discussed about systemic thromboembolism

eing associated with increased stroke rate, 2.5% per year [28] .

 Table 2 ) 

ender 

Biological sex is thought to be a risk factor of stroke but there

emains room for discussion regarding which sex weighs more in

isk prediction. Male sex has been proposed to be a risk factor

odds ratio 2.0) in one small, old study incorporating 740 patients

29] , but more recent studies and meta-analysis identified female

ex to be more powerful with a 1.3-fold increased risk of stroke

9,30] . Female sex was thus included in the CHA 2 DS 2 -VASc score.

nterestingly, Nielsen et al. found that female AF patients had sim-

lar thromboembolic risk with male AF patients with no additional

isk factor (i.e. a score of 0), and the thromboembolic risk ratio
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Table 2 

Studies about important risk factors of AF-related ischemic stroke. 

Study Definition Patient number Risk of stroke Comments 

Risk factor: increasing age 

Hart RG, 1999 [6] (10,356,104) incremental risk per decade 2012 RR 1.8 

Inoue H, 20 0 0 [27] (11,024,400) age > 65 years 740 RR 3.33 

Lip GYH, 2010 [9] (19,762,550) age > 75 vs. ≤ 75 years 1577 OR 1.46 stroke rate 3.6% 

Van Staa TP, 2011 [16] age 70–79 vs. 60–69 years 79,844 RR 1.42 

(21,029,359) age ≥ 80 vs. 60–69 years RR 2.22 

Chao TF, 2015 [17] age 50–54 vs. age < 50 years 15,806 HR 4.105 annual stroke 

rate: ≥ 50 vs. < 5 0 

years: 1.78% vs. 0.53% 

age 55–59 vs. age < 50 years HR 4.891 

age 60–64 vs. age < 50 years HR 7.598 

Risk factor: diabetes mellitus 

Hart RG, 1999 [6] (10,356,104) 2012 RR 1.9 

Lip GYH, 2010 [9] (19,762,550) 1577 OR 1.79 stroke rate 4.3% 

Van Staa TP, 2011 [16] (21,029,359) 79,844 RR 1.33 

Risk factor: hypertension 

Hart RG, 1999 [6] (10,356,104) Systolic blood pressure 

> 160 mmHg 

2012 RR 2.3 

history of hypertension 2012 RR 2.0 

Lip GYH, 2010 [9] (19,762,550) history of hypertension 1084 OR 1.01 stroke rate 2.6% 

Risk factor: congestive heart failure 

Lip GYH, 2010 [9] (19,762,550) left ventricular ejection 

fraction < 40% 

1577 OR 0.34 (adjusted with 

other risk factors) 

stroke rate 0.8% 

Lin LY, 2011 [23] ( 21,513,938) CHF 7920 OR 1.611 

Van Staa TP, 2011 [16] (21,029,359) CHF 79,844 RR 1.26 

Risk factor: vascular disease 

SPAF III, 1998 [24] ( 9,537,937) complex aortic plaque 382 Univariate relative risk 

12.3% 

stroke rate 4% 

Lip GYH, 2010 [9] (19,762,550) vascular disease 1577 OR 2.27 stroke rate 3.6% 

Lin LY, 2011 [23] ( 21,513,938) myocardial infarction 7920 OR 1.42 

Lin LY, 2011 [23] ( 21,513,938) peripheral artery disease 7920 OR 1.81 

Risk factor: prior stroke, transient ischemic attack or systemic thromboembolism 

Hart RG, 1999 [6] (10,356,104) 2012 RR 2.9 

Lip GYH, 2010 [9] (19,762,550) 1577 OR 2.22 stroke rate 5.9% 

Van Staa TP, 2011 [16] (21,029,359) 79,844 RR 2.86 

Risk factor: female gender 

Hart RG, 1999 [6] (10,356,104) 2012 RR 1.6 

Inoue H, 20 0 0 [27] (11,024,400) male vs. female 740 OR 2.00 

Lip GYH, 2010 [9] (19,762,550) 1084 OR 2.53 stroke rate 3.6% 

Van Staa TP, 2011 [16] (21,029,359) male vs. female 79,844 RR 0.95 

Chao TF, 2012 [28] (22,871,677) female vs. male 829 HR 7.77 vs 1.27 stroke rate 4.4% vs 

1.6% 

CHF = congestive heart failure; HR = hazard ratio; OR = odds ratio; RR = risk ratio 

Table 3 

Summary of guideline recommendation for stroke prevention. 

Society Risk model Score Antithrombotic strategy 

ACC/AHA/HRS, 2014 [14] CHA 2 DS 2 -VASc 0 No antithrombotic 

24,685,669 1 No antithrombotic or OAC or aspirin 

≥2 VKA or NOAC 

NICE guideline, 2014 [37] CHA 2 DS 2 -VASc 0 No antithrombotic 

25,059,099 1 (female) No antithrombotic 

1 (male) VKA (or NOAC if poor control) 

≥2 VKA (or NOAC if poor control) 

CCS guideline, 2014 [38] CCS algorithm (stepwise 

algorithm) 

Age ≥ 65 NOAC (or VKA) 

25,262,857 Any of the CHADS 2 component 

(except age) 

NOAC (or VKA) 

CAD or arterial vascular disease 

(coronary, aortic, peripheral) 

Aspirin 

None of the above No antithrombotic 

ESC, 2016 [5] CHA 2 DS 2 -VASc 0 No antiplatelet or antithrombotics 

27,567,465 1 (female) No antiplatelet or antithrombotics 

1 (male) OAC should be considered 

≥2 NOAC (or VKA) 

APHRS, 2017 ( 15 ] CHA 2 DS 2 -VASc 0 No antithrombotic 

28,765,771 1 (female) No antithrombotic 

1 (male) NOACs or well controlled VKA 

≥2 NOACs or well controlled VKA 

ACC = American College of Cardiology; AHA = American Heart Association; APHRS = Asia Pacific Heart Rhythm Society; CCS = Canadian Cardiovascular Society; HRS = Heart 

Rhythm Society; NICE = National Institute for Health and Care Excellence; NOAC = non-vitamin K antagonist oral anticoagulant; OAC = oral anticoagulant; VKA = vitamin-K 

antagonist 
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Fig. 1. Hazard ratios of each risk factor in patients with a CHA 2 DS 2 -VASc score 1 from different studies [47–50] . Age 65–74 years was associated with the highest risk of 

stroke in most studies, while variation among different studies was observed for the remaining risk factors. 
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as higher for female patients with a score of 1–6. These obser-

ations implied that female sex acts differently across different

cores and further modified the risk of stroke. Therefore, instead

f an overall risk factor, female sex is more like a risk modifier

31] , which partly underlies the background that the ESC guide-

ine on AF management recommends no anticoagulant use for fe-

ale patients younger than 65 years with no other risk factors [5] .

 Table 2 ) The reasons underlying this observation are not under-

tood yet, but a longer life expectancy of women than men may

artly explain this phenomenon [32] . 

ther risk factors not included in CHA 2 DS 2 -VASc score 

About one third of AF patients had an eGFR < 60 ml/min, and

he presence of renal impairment increased risk of stroke in AF
atients [33,34] . On the other hand, patients with chronic kidney

isease (CKD) had a 2.26-fold increased risk of incident AF, which

lso increased significantly with increasing severity of CKD [35] .

onetheless, controversies remain regarding whether chronic kid-

ey disease is an independent risk factor of AF-related stroke. A

ationwide database analysis revealed no significant association of

hronic renal insufficiency with increased risk of stroke [25] . Also

dding CKD to the CHADS 2 and CHA 2 DS 2 -VASc score failed to im-

rove the prediction power [36] . Therefore, it is essential to eval-

ate renal function for AF patients since it confers a worse overall

rognosis, but more studies are warranted for further exploration

n this issue. 

Hyperuricemia has been recognized as a risk factor of ischemic

troke, but information about its association with AF-related stroke

emains limited [37] . Chao et al. found hyperuricemia significantly
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predicted stroke with a hazard ratio of 1.28 even after adjustment

for CHA 2 DS 2 -VASc score and other comorbidities. Moreover, the

presence of hyperuricemia can identify a higher risk group among

AF patients with a CHA 2 DS 2 -VASc score of 0, with the stroke rate

of 7.1% (p = 0.020) [38] . The detailed mechanism about its inter-

action with ischemic stroke in AF patients remains unclear, but

probably involves increased systemic inflammation, insulin resis-

tance and a large left atrial size [39] . A randomized clinical trial is

needed for the role of hyperuricemia on risk stratification. 

Aside from clinical factors in estimating risk of embolic stroke

in patients with AF, cardiac imaging has been used for risk stratifi-

cation of embolic stroke in AF patients. Most were derived from

echocardiography, while more recent studies also used cardiac

magnetic resonance imaging [40] . The identified parameters in-

cluded LA size, LA volume, LA function derived from tissue Doppler

imaging or speckle tracking analysis, and LA appendage flow veloc-

ity [41,42] . Generally speaking, a larger LA volume and worse LA

function were associated with higher risk of embolic stroke, but

how to incorporate clinical covariates with imaging parameters in

risk prediction warrants more studies. 

Should AF patients with one single risk factor receive 

anticoagulant? 

Although the CHA 2 DS 2 -VASc score was accepted for risk stratifi-

cation in the American College of Cardiology (ACC)/American Heart

Association (AHA)/Heart Rhythm Society (HRS), European Society

of Cardiology (ESC) and Asia Pacific Heart Rhythm Society (APHRS)

guidelines, there are differences regarding the strategy of stroke

prevention in patients with one single risk factor (beyond sex),

possibly due to the lack of randomized controlled trials on this is-

sue. Most evidence about anticoagulant in AF patients with one

single risk factor other than sex comes from observational stud-

ies [43,44] . The ESC and APHRS guideline suggested anticoagu-

lant therapy for AF patients with at least one risk factor other

than sex (class IIaB recommendation, level of evidence B in ESC

guideline), but no anticoagulant for AF females without other risk

factors [5,15] . The 2014 ACC/AHA/HRS guideline, however, leaves

more room in this issue, suggesting no antithrombotic therapy or

treatment with an oral anticoagulant or considering aspirin for pa-

tients with a CHA 2 DS 2 -VASc score of 1 (class IIb recommendation,

level of evidence C) [14] . The detailed recommendations of differ-

ent guidelines are listed in Table 3 [5,14,15,45,46] . Another issue

comes across with this variation of guideline recommendations,

that is, are all risk factors equal in risk prediction? Risk stratifi-

cation schemes were created under the assumption that most risk

factors confer equal risk, but study results are opposite. Several

studies compared the risk of ischemic stroke in patients with one

single risk factor other than sex (i.e., a CHA 2 DS 2 -VASc = 1 in males

or 2 in females) and different weight for each factor was observed.

Overall, most studies agreed that age 65–74 years was associated

with the highest risk of stroke, followed by the presence of DM

[47] . The figure illustrated hazard ratios for each risk factor in dif-

ferent studies [47–50] . ( Fig. 1 ) 

Conclusion 

There is an increasing body of evidence on predictor identifica-

tion and risk stratification as the risk of AF-related stroke has been

well recognized. A judicious assessment of individual risk profile

can aid efficient stroke prevention while avoiding adverse events.

It is also important to recognize that the risk of AF patients is

not static and the CHA 2 DS 2 -VASc score of patients should be re-

assessed regularly [51] . Although many comorbidities have been

found to be important risk factors, including age, gender, CHF, HTN,

DM and prior stroke/TIA, uncertainty persists for other risk factors.
he overall risk of stroke is the result of complicated interaction

ith multiple comorbidities and more studies are warranted for

etter understanding. 
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