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Stroke risk factors in patients with Atrial Fibrillation
Hindricks et al Eur Heart J 2020 doi:10.1093/eurheartj/ehaa612 



The CHA2DS2-VASc score

Lip et al. Chest. 
2010;137:263-72. 



CHA2DS2-VASc Scores of Patients With 
AF ±Ischemic Stroke: Baseline, Follow-
Up, Delta 
Chao, Lip et al J Am Coll Cardiol. 2018;71(2):122–32. 



Incident Co-Morbidities 
in AF Patients Initially 
with a CHA2DS2-VASc 
Score of 0 (Males) or 1 
(Females): Implications 
for Reassessment of 
Stroke Risk in Initially 
‘Low-Risk’ Patients 

Chao .. Lip et al 
Thromb Haemost. 2019 
Jul;119(7):1162-1170. . 

• In 80% of patients who acquired a comorbidity (HF, hypertension, diabetes or vascular 
disease), the new condition occurred after 4.2 months of AF diagnosis.

• Time from incident comorbidity to ischaemic stroke was >4.4 months for 90% of patients 
suffering stroke.

3-4 months may be a reasonable time interval at which stroke risk should be re-assessed, so 
that OACs could be prescribed timely.  



Stroke risk factors in patients with Atrial Fibrillation
Hindricks et al Eur Heart J 2020 doi:10.1093/eurheartj/ehaa612 



Does chronic kidney disease 
improve predictive value of the 

CHADS2 and CHA2DS2-VASc stroke 
stratification risk scores for AF?

Roldan … Lip
Thromb Haemostat 2013

May 2;109(5):956-60.

Evaluating increased predictive ability of Chronic 
Kidney Disease (CKD) adding to clinical risk scores 
(CHADS2 and CHA2DS2-VASc) using C-statistics and 
and IDI indexes.
N=978

Evaluating renal function in AF patients is 
important as CKD would confer a poor overall 
prognosis 

Adding CKD to the CHADS2 and CHA2DS2-
VASc stroke risk scores did not independently
add predictive information.



Metabolically healthy obesity and cardiovascular events: 
A nationwide cohort study 
Fauchier … Lip, Fauchier. Diabetes Obes Metab. 2021 DOI: 10.1111/dom.14492 

Phenotypes defined by 
obesity and three 
metabolic abnormalities 
(diabetes, hypertension 
and hyperlipidaemia)

‘… individuals with MHO did not have a higher risk of myocardial infarction, ischaemic stroke or 
cardiovascular death than metabolically healthy individuals with no obesity. 
By contrast, they had a higher risk of new-onset HF and new-onset AF.'



Metabolically healthy obesity and cardiovascular events: 
A nationwide cohort study 
Fauchier … Lip, Fauchier. Diabetes Obes Metab. 2021 DOI: 10.1111/dom.14492 

‘… individuals with MHO did not have a higher risk of myocardial infarction, ischaemic stroke or 
cardiovascular death than metabolically healthy individuals with no obesity. 
By contrast, they had a higher risk of new-onset HF and new-onset AF.'

Phenotypes defined by 
obesity and three 
metabolic abnormalities 
(diabetes, hypertension 
and hyperlipidaemia)



Risk of outcomes in AF patients with 
COPD vs. non-COPD. 
Romiti .. Lip, Proietti. 
Eur Heart J 2021 doi:10.1093/eurheartj/ehab453 

(A) All-cause death; (B) cardiovascular death; 
(C) ischemic stroke



Stroke risk factors in patients with Atrial Fibrillation
Hindricks et al Eur Heart J 2020 doi:10.1093/eurheartj/ehaa612 



Summary of biomarkers 
associated with atrial 
fibrillation and outcome 
measures. 

Tidbury.. Lip.
Expert Review of Precision Medicine and 
Drug Development 2020 
https://doi.org/10.1080/23808993.2020.1
804864 



Additive Role of Plasma vWf Levels to Clinical Factors for Risk 
Stratification in AF
Lip et al Stroke 2006;37:2294-2300

Annualized Stroke Event 
Rates for Birmingham 

(Birm) and CHADS2 Risk 
Scores by vWf level

…

high plasma vWf level was 
defined as the top tertile

(>158 IU/dL) of vWf levels 
in the study cohort. Low 
plasma vWf levels were 

defined as <158 IU/dL

Risk score level
Annualized Rate

(95% CI)
vWf Level

Annualized Rate
(95% CI)

Ischemic stroke

Birm, low 0 (0–0)
Low
High

0
0

Birm, moderate 1.95 (1.17–2.92)
Low
High

1.44 (0.69–2.48)
3.18 (1.44–5.59)

Birm, high 5.75 (3.68–8.28)
Low
High

4.88 (2.51–8.04)
6.98 (3.59–11.5)

CHADS2, low 0.65 (0.12–1.60)
Low
High

0.54 (0.05–1.56)
1.09 (0.00–4.27)

CHADS2, moderate 2.72 (1.76–3.89)
Low
High

2.24 (1.22–3.56)
3.73 (1.85–6.26)

CHADS2, high 7.03 (3.92–11.0)
Low
High

5.68 (2.04–11.1)
8.37 (3.79–14.7)



ABC (age, biomarkers, clinical history) 
stroke risk score: a biomarker-based risk 
score for predicting stroke in AF
Hijazi et al Eur Heart J 
2016 doi:10.1093/eurheartj/ehw054 

• ABC score derived from a cohort on 
anticoagulant treatment (ARISTOTLE trial) 
and validated in a mixed population 
cohort—some treated with anticoagulation 
and some not (49%). 

• Laboratories and commercial assays have 
variance and differences in reproducibility 
or lower limits of detection.

Biomarkers (whether blood, urine, or imaging-based) will always improve on risk prediction 
scores based on clinical factors … at least statistically [Note c-indexes all <0.70]



Long-Term Stroke Risk Prediction in Patients with AF: Comparison of ABC-Stroke 
& CHA2DS2-VASc Scores 
Rivera-Caravaca .. .. Lip, Marin. J Am Heart Assoc. 2017;6:e006490. DOI: 10.1161/JAHA.117.006490 

• At 6.5 years, 6.64% patients categorized as low-medium risk with ABC-stroke score experienced an 
ischemic stroke, vs 1.59% low-medium risk with CHA2DS2-VASc score. 

• Patients at low-medium risk with ABC-stroke had a median CHA2DS2-VASc score of 3 (IQR 2–4) and a high 
risk of stroke per every CHA2DS2-VASc score point (hazard ratio, 1.3; 95% CI, 1.09-1.70, p=0.007) 

ABC-stroke score did not provide better long term predictive accuracy for stroke in ‘real world’ 
AF patients. CHA2DS2-VASc score performed well in identifying patients at “low risk,” better 
than ABC-stroke 



Refining Stroke and 
Bleeding Prediction 
in Atrial Fibrillation 
by Adding 
Consecutive 
Biomarkers to 
Clinical Risk Scores 
Rivera-Caravaca .. Lip, Roldan. 
Stroke 2019;50(6):1372-1379.

The net benefit and 
clinical usefulness of the 
biomarker-based 
models were marginal 
in comparison to the 
original scores based on 
clinical risk factors. 

Adding consecutive biomarkers, 
the predictive ability of 
CHA2DS2-VASc for ischemic 
stroke was not increased, 
whereas the predictive ability of 
HAS-BLED for major bleeding 
was only slightly enhanced
statistically. 



Predicting Adverse Events beyond Stroke and Bleeding with the ABC-Stroke and 
ABC-Bleeding Scores in Patients with AF:  The Murcia AF Project 
Camelo-Castillo .. Lip et al Thromb Haemost 2020;120(8):1200-1207.

• The ABC-stroke and ABC-bleeding scores demonstrated similar predictive ability for outcomes beyond 
stroke and bleeding, including MI, acute HF, a composite of cardiovascular events, and all-cause deaths. 

Consistent with nonspecificity of biomarkers that predict “sick” patients or poor prognosis overall. 

Decision curve analyses for the primary endpoints. 



‘….. the value of clinical risk scores would be enhanced by biomarkers that can include 
blood markers (e.g. vWf), urine (for example, proteinuria, eGFR or creatinine clearance), 
cardiac imaging (echocardiography, whether transthoracic or transoesophageal) and/or 
cerebral imaging (e.g. CT or MRI imaging) which can offer incremental predictive value 
for the identification of ‘high risk’ subjects. 
…… this would be at the cost of reduced simplicity and practicality, limiting its 
(immediate) ‘quick’ use in everyday clinical practice’



Cause of Death and Predictors of All-Cause Mortality in Anticoagulated 
Patients With Nonvalvular AF: Data From ROCKET AF 

Pokorney et al J Am Heart Assoc. 2016;5: e002197 doi: 10.1161/JAHA.115.002197 

AF patients anticoagulated for nonvalvular atrial fibrillation, ~7 in 10 deaths were cardiovascular, 
whereas <1 in 10 deaths were caused by nonhemorrhagic stroke or systemic embolism. 
Optimal prevention and treatment of heart failure, renal impairment, chronic obstructive pulmonary 
disease, and diabetes may improve survival.

Beyond CHA2DS2VASc ….. there remains a high residual risk



Stroke Risk Factors Beyond 
the CHA2DS2-VASc Score: 
Can We Improve Our 
Identification of “High 
Stroke Risk” Patients With 
Atrial Fibrillation?
Szymanski .. Lip et al Am J Cardiol 2015 
http://dx.doi.org/10.1016/j.amjcard.2015.0
8.049 

Proposed flow chart for thromboembolic risk 
assessment in atrial fibrillation patients

We make it complicated ……



Risk factors tend to 
cluster … leading to 
clinical complexity 
and higher risks

Impact of clinical phenotypes on management and 
outcomes in European AF patients: the ESC-EHRA 

EORP-AF General Long- Term Registry 
Proietti …Lip. BMC Medicine 2021 19:256 

https://doi.org/10.1186/s12916-021-02120-3 



Improving dynamic stroke risk prediction in 
non-anticoagulated patients with and 

without AF: comparing common clinical risk 
scores and ML algorithms 

Lip et al EHJ-QCCO 2021: doi:10.1093/ehjqcco/qcab037 

The best prediction model was derived on the 
basis of non-linear formulations using 
ML criteria, with the highest c-index was obtained 
for logistic regression [0.892; 95% CI 0.886–
0.898] with consistency on external validation 
(0.891; 95% CI 0.882–0.9). 

These were significantly higher than those based 
on the conventional stroke risk scores (CHADS2: 
0.7488, 95% CI 0.746–0.7516; 
CHA2DS2-VASc: 0.7801, 95% CI 0.7772–0.7831) 
and multi-morbid index (0.8508, 95% CI 0.8483–
0.8532). 

The future?  
Complicated …



The default is stroke prevention* 
unless ‘low risk’

…given the limitations of (all) risk scores

*Stroke prevention means oral anticoagulation, 
whether as well managed warfarin with good TTR 
(>70%) or (ideally) NOAC

‘A’ Avoid 

stroke/anticoagulation

Or we can keep it simple and practical ……



Impact of 
adherence to the 
ABC pathway on 
clinical outcomes 
in patients with AF

Romiti .. Lip, Proietti. 
Thromb Haemostat
2022 Mar;122(3):406-414

. 

Thinking outside the CHA2DS2VASc Box …. 
Let me conclude with this:


