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Abstract 
[bookmark: _Hlk517619786]Background: The stroke risk of patients with atrial fibrillation (AF) is not static, since AF patients get older and accumulate more comorbidities after AF is diagnosed. Therefore, the stroke risk of AF patients given certain comorbidities in different age strata should ideally be analyzed using an assessment which considers incident comorbidities and the actual age when ischemic stroke occurred. The goal of the present study is to report the age treatment thresholds for the use of NOACs for AF patients without or with only 1 comorbidity of the CHA2DS2-VASc score, based on an “ideal method” of stroke risk assessments.
Methods and Results: The study cohort included 31,039 and 39,020 AF patients who did not have any or had only 1 risk factor comorbidity of the CHA2DS2-VASc score except for age and sex. The risks of ischemic stroke in each age strata for each comorbidities were analyzed in 3 ways, as follows: (i) the conventional way (based on baseline risk factors and age), (ii) dynamic method (patients were censored when new-comorbidities occurred); and (iii) an ideal method (patients were censored when new-comorbidities occurred and the stroke risk was related to the actual age when stroke happened). The tipping point for the use of NOACs was set at a stroke risk of 0.9%/year. 
The overall risk of ischemic stroke using the conventional way was overestimated compared to the dynamic or ideal assessment with the incidence rate ratio (IRR) of 1.24 for patients with hypertension, 1.22 for heart failure, 1.37 for diabetes mellitus and 1.35 for vascular diseases; all p values < 0.01. The risk of ischemic stroke of for each age strata was generally higher with the conventional or dynamic methods compared to the ideal assessment. With heart failure, the tipping point (age 35 years) of NOACs was similar, irrespetive of methods used for stroke risk assessment. According to the results of ideal assessment, the age thresholds for the use of NOACs for patients with hypertension, diabetes mellitus, and vascular diseases were 50, 50 and 55 years, respectively. 
Conclusions: Ischemic stroke risk in AF is heterogeneous, depending on different risk factors with age being as an important driver of stroke risk. Age thresholds for the use of NOACs were different for AF patients having different single risk factors beyond sex despite the same CHA2DS2-VASc score point (1 for males and 2 for females); that is, 35 years for heart failure, 50 years for hypertension orand diabetes, and 55 years for vascular diseases.
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Introduction
Atrial fibrillation (AF) is associated with an excess of stroke risk but this risk is not homogeneous, and depends on the presence of various stroke risk factors. Current European, American and Asian clinical guidelines recommend use of CHA2DS2-VASc (congestive heart failure, hypertension, age ≥75, diabetes mellitus, prior stroke or transient ischemic attack, vascular disease, age 65–74, female) score for stroke risk stratification, and the strategy about the use of oral anticoagulants (OACs) is determined accordingly.1-3 	Comment by GYH Lip: Antithrombotic Therapy for Atrial Fibrillation: CHEST Guideline and Expert Panel Report.
Lip GYH, Banerjee A, Boriani G, Chiang CE, Fargo R, Freedman B, Lane DA, Ruff CT, Turakhia M, Werring D, Patel S, Moores L.
Chest. 2018 Aug 21. pii: S0012-3692(18)32244-X. doi: 10.1016/j.chest.2018.07.040.

According to the guideline recommendations, OACs should be offered or considered for every AF patients except for those at low risk, ie. males with a CHA2DS2-VASc score of 0 and females with a CHA2DS2-VASc score of 1. . However, there are some debates over the use of OACs for AF patients with single 1 additional risk factor beyond sex (ie. CHA2DS2-VASc score=1 (males) or 2 (females)). Several previous studies have suggested that OACs should be prescribed for these patients,4-7 but another suggested lessthe benefits of OACs in such patientsare unlikely.8 The wide variations of the reported stroke risks for AF patients with a CHA2DS2-VASc score of 1 or 2 make the decisions even more difficult for this population.9 Furthermore, since the association between age and increased risk of ischemic stroke is a continuous curve,10 and whether OACs should be prescribed for young patients with a CHA2DS2-VASc score of 1 (males) or 2 (females)(e.g. a 30-year-old male/female with hypertension) whose stroke risk is probably lower than older patients is a clinical dilemma. Similarly, whether OACs should be considered for patients younger but close to the age criteria of the CHA2DS2-VASc scheme (e.g. 60-64 years old) is another difficult management scenario, especially for Asians where the age threshold for an increased risk of ischemic stroke may be lower.10 	Comment by GYH Lip: Antithrombotic Therapy for Atrial Fibrillation: CHEST Guideline and Expert Panel Report.
Lip GYH, Banerjee A, Boriani G, Chiang CE, Fargo R, Freedman B, Lane DA, Ruff CT, Turakhia M, Werring D, Patel S, Moores L.
Chest. 2018 Aug 21. pii: S0012-3692(18)32244-X. doi: 10.1016/j.chest.2018.07.040.

With the availability of the non-Vitamin K antagonist oral anticoagulants (NOACs) that offer relative efficacy, safety and convenience compared to warfarin, the ‘tippping point’ of offering stroke pevention has been proposed as 0.9%/year.11 This means that NOACs should be offered for patients whose stroke risk without treatment is estimated to be higher than 0.9%/year. 
When assessing the stroke risk of AF patients, age and associated comorbities are conventionally determined at baseline and the outcomes (stroke, thromboembolism, death, etc) are determined after a period of follow up, anything between 1 to 10 years (or more). In reality, AF patients would get older and accumulate more comorbidities after AF has been  diagnosed.12  Therefore, the stroke event could happen many years later when patients are much older and had more comorbidities. Consequently, the reported stroke risk of each CHA2DS2-VAScCs score or age strata could be over estimated if patients were not censored when new comorbidities occur or the risk of stroke was estimated simply based on the “baseline” age. 
In the present study, the risk of ischemic stroke was assessed in 3 ways, as follows: (i) the conventional way (based on baseline risk factors and age), (ii) dynamic method (patients were censored when new-comorbidities occurred); and  (iii) an ideal method (patients were censored when new-comorbidities occurred and the stroke risk was related to the acutal age when stroke happened). We aimed to demonstrate that the stroke risk assessed using the “conventional way” would be overestimated when compared to the “dynamic” or “ideal” methods. Second, we also aimed to report the age thresholds for the use of NOACs for AF patients without or with only 1 risk factor comorbidity of the CHA2DS2-VASc score based on the data analyzed using ideal method, when setting the ‘tipping point’ for treatment at a stroke risk of 0.9%/year. 
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Methods
This study used the “National Health Insurance Research Database (NHIRD)” released by the Taiwan National Health Research Institutes. The National Health Insurance (NHI) system is a mandatory universal health insurance program that offers comprehensive medical care coverage to all Taiwanese residents. NHIRD consists of detailed health care data from >23 million enrollees, representing >99% of Taiwan’s population. In this cohort dataset, the patients’ original identification numbers have been encrypted to protect their privacy, but the encrypting procedure was consistent, so that a linkage of the claims belonging to the same patient was feasible within the NHI database and can be followed continuously. 
Study cohort
[bookmark: _Hlk516008905]The study protocol of the present study was similar to our previous studies.4,10,12-17 From January 1, 1996 to December 31, 2009, a total of 299,902 AF patients with age ≥ 20 years were identified from the NHIRD as the study population. AF was diagnosed using the International Classification of Diseases (ICD), Ninth Revision, Clinical Modification (ICD-9-CM) codes (427.31). To ensure the accuracy of diagnosis, we defined patients with AF only when it was a discharge diagnosis or confirmed for at least 2 times in the outpatient department. The diagnostic accuracy of AF using this definition in NHIRD has been validated previously.18 Among the study population, there were 159,999 patients without use of antiplatelet agents or OACs. The study cohort included 31,039 and 39,020 patients who did not have any or had only 1 comorbidity of the CHA2DS2-VASc scheme except for age and sex. Patients with previous history of ischemic stroke or transient ischemic attack were not included. The diagnostic accuracies of important comorbidities using the ICD-9-CM codes in NHIRD, such as hypertension, diabetes mellitus, heart failure and myocardial infarction have been validated previously.19 The flowchart of study design and patient enrollment is shown in Figure 1.
The clinical endpoint was the occurrence of ischemic stroke with concomitant imaging studies of the brain, such as computed tomography or magnetic resonance imaging. The accuracy of diagnosis of ischemic stroke in Taiwan’s NHIRD has been reported to be around 94%.19 Another validation study also demonstrated that the diagnostic accuracy of ischemic stroke in NHIRD was high, with the positive predictive value and sensitivity of 88.4% and 97.3%, respectively.20 
Assessments of annual risk of ischemic stroke in different age strata 
We assessed the risk of ischemic stroke using 3 different approaches [see Figure 1] which were different from each other regarding the definitions of the age when ischemic stroke occurred and whether patients were censored when they acquired incident comorbidities during the follow up. In all three kinds of assessments, patients were censored when OACs were prescribed before the occurrence of ischemic stroke, mortality or the end of follow up.  
Method 1 Conventional assessment - Patients were not censored when they acquired new comorbidities before the occurrence of ischemic stroke or mortality or December 31, 2011. The occurrence of ischemic stroke was related to “baseline age” when AF was diagnosed even the stroke happened several years later (similar to an ‘intention to treat’ approach).  
Method 2 Dynamic assessment - Patients were censored when they acquired new comorbidities before the occurrence of ischemic stroke or mortality or December 31, 2011. The occurrence of ischemic stroke was related to “baseline age” when AF was diagnosed even the stroke happened several years later.  
[bookmark: _Hlk516440545]Method 3 Ideal assessment - Patients were censored when they acquired new comorbidities before the occurrence of ischemic stroke or mortality or December 31, 2011. The occurrence of ischemic stroke was related to the ‘actual age’ when the ischemic stroke occurred, rather than ‘baseline age’.
Examples of the impacts of different methods of assessments on stroke risk
The examples of the impacts of different methods of assessments on stroke risk are shown in Figure 2. Consider a 50  year old male with newly-diagnosed AF having a CHA2DS2-VASc score of 1 due to hypertension at baseline who experienced ischemic stroke at age 62 years. There are 2 different scenarios described as follows:
[bookmark: _Hlk516440864]Scenario 1 - The patient did not acquire new comorbidities before the occurrence of ischemic stroke (Figure 2A):  The CHA2DS2-VASc score of the patient was still 1 when he experienced ischemic stroke at age 62 years. All three kinds of assessments would correctly calculate the risk of ischemic stroke as a CHA2DS2-VASc score of 1, due to hypertension as the sole risk factor; however, only the “ideal assessment” could correctly count assign the stroke risk to thea correct age (62 years) and age strata (60-64 years). 
Scenario 2 - The patient acquired new comorbidities before the occurrence of ischemic stroke (Figure 2B):  Since the patients developed incident diabetes mellitus when he was 56 years old and experienced ischemic stroke at age 62 years, the CHA2DS2-VASc score would be 2 when the stroke occurred. However, using the ‘conventional method’, this patient was not censored when he got diabetes, and therefore, the risk of ischemic stroke would be “incorrectly” attributed to a CHA2DS2-VASc score of 1. Besides, the occurrence of ischemic stroke would also “incorrectly” be attributed to the ‘wrong’ age (50 years) rather than 62 years. On the contrary, this patient would be censored when he developed diabetes using the dynamic or ideal assessment methods, and the incorrect attribution of the stroke risk to a CHA2DS2-VASc score of 1 could be avoided. 
According to the example scenarios described above, the use of “ideal assessment” was would be able to analyze the risk of ischemic stroke correctly, and would more accurately provide age thresholds for initiations of NOACs and guide clinical decision making for AF patients with one comorbidity.
The“tipping point” of NOACs for stroke prevention
In an analysis of the “tipping point” of NOACs for stroke prevention using a decision analytic model, Eckman et al. estimated the threshold of ischemic stroke risk below which NOACs should be withheld and above which NOACs should be prescribed.11 The results demonstrate that anticoagulation with NOACs is preferred at a stroke rate of above 0.9% per year.11 Therefore, AF patients with an annual risk of ischemic stroke higher than 0.9% in our study cohort would be assumed to be candidates for using NOACs for stroke prevention. 
Statistical analysis
Data are presented as the mean value and standard deviation (SD) for normally distributed continuous variables and proportions for categorical variables. Incidence rates of ischemic stroke of AF patients were calculated by dividing the number of events by person-time at risk, with the 95% confidence interval (CI) estimated by exact Poisson distribution. The incidence rate ratio (IRR) was used to compare the incidence of ischemic stroke analyzed using conventional way compared to dynamic or ideal method. 

Results
Table 1 summarizes the baseline characteristics of study cohort, where our study population (n=70,059) had a mean age of 67.7 years (SD 15.7), with 64.3% being age ≥65 years. Mean baseline CHA2DS2-VASc score was 2.01 (SD 1.19). Among the population with one comorbidity, hypertension wais the most prevalent systemic disease which was noted in 53.6% of patients followed by heart failure (30.2%), diabetes mellitus (11.1%) and vascular diseases (5.3%). The clinical characteristics of patients without any or with only 1 comorbidity of the CHA2DS2-VASc score - except for age and sex - who were excluded from the analysis due to the treatments with antiplatelet agents or OACs at baseline are shown in Supplemental Table 1. 
Among the patients without comorbidities of the CHA2DS2-VASc score except for age and gender (n = 31,039), 3,868 suffered an ischemic stroke during the total follow up of 165,015 person-years, with an incidence of 2.34%/year using the conventional assessment method (Table 2). When the dynamic or ideal assessments were performed, the number of ischemic strokes was 1,460, with an incidence of 1.45%/year; thus, 2,408 (62.3%) events occurred at the time point after patients acquired new comorbidities. Therefore, the estimated stroke risk for patients without comorbidities would be inappropriately overestimated (IRR = 1.61, 95%CI = 1.52–1.71; p<0.001) if we focused on baseline risk status only. 
Table 2 and Supplemental Figure 1 summarizes the risks of ischemic stroke in different age strata using different methods of assessments for patients without comorbidities at baseline, which clearly demonstrates that the conventional or dynamic assessments could overestimate the true risk of ischemic stroke. With conventional assessment, the age range 50-54 is where the ischemic stroke rate was 1.29 (1.10-1.47) per 100 person-years. With a dynamic assessment method, the age range with ischemic stroke rate >0.9%/year was 55-59 where the ischemic stroke rate was 1.03 (0.82-1.25). For the ideal assessment, the age threshold for the tipping point for of NOAC use is age 60-64 (Table 2).

Impact of different stroke risk factors
Table 3 shows the risk of ischemic stroke in different age strata using different methods of assessment for patients with hypertension. The incidence of ischemic stroke was 3.79% per 100 person-years using the conventional way, which is higher than that of the dynamic or ideal methods of assessments (3.07 per 100 person-years; IRR = 1.24, 95%CI = 1.17–1.31; p<0.001). For conventional, dynamic and ideal assessment approaches, the tipping point age ranges for the 3 methods were 40-44, 40-44 and 50-54, respectively.
Table 4 shows the risk of ischemic stroke in different age strata using different methods of assessment for patients with heart failure. The incidence of ischemic stroke was 3.98% per 100 person-years using the conventional way which wais higher than using the dynamic or ideal methods of assessments (3.27 per 100 person-years; IRR = 1.22, 95%CI = 1.12–1.32; p<0.001). This shows that irrespective of method of assessment, the tipping point age strata was 35-39, where the ischemic stroke rate was >0.9 per 100 person-years.
Table 5 shows the risk of ischemic stroke in different age strata using different methods of assessment for patients with diabetes mellitus. The incidence of ischemic stroke was 4.20% per 100 person-years using the conventional way, which wais higher than that of dynamic or ideal methods of assessments (3.07 per 100 person-years; IRR = 1.37, 95%CI = 1.19–1.57; p<0.001). The tipping point age strata using the conventional, dynamic and ideal assessment approaches were 40-44, 45-49 and 50-54 years, respectively.
Table 6 shows the risk of ischemic stroke in different age strata using different methods of assessment for patients with vascular diseases. The incidence of ischemic stroke was 2.35% per 100 person-years using thein conventional way method, which is higher than that of dynamic or ideal methods of assessments (1.73 per 100 person-years; IRR = 1.35, 95%CI = 1.08 – 1.70; p = 0.007). The tipping point age strata for conventional, dynamic and ideal assessment approaches were 45-49, 50-54 and 55-59 years, respectively.

Age thresholds for initiating NOACs
       The age thresholds for the use of NOACs for stroke prevention in patients with or without comorbidities except for age and sex using different methods of assessment are summarized in Figure 2. According to the stroke risk analyzed using the ideal assessment, NOACs should be considered for patients age > 60 years without other comorbidities of the CHA2DS2-VASc score. Age treatment thresholds for NOACs in AF patients with heart failure, hypertension, diabetes mellitus, and vascular diseases were 35, 50, 50 and 55 years, respectively. 


Discussion
In this nationwide cohort study, our principal findings are as follows : (i) ischemic stroke risk in AF is heterogeneous, depending on risk factor type; (ii) conventional risk assessment based on baseline risk per se may overestimate ischemic stroke risk, while use of the ideal method may provide better and more accurate assessment of the age threshold when NOAC use should be considered; (iii) for heart failure, the age tipping point (35 years) of NOAC was similar, irrespective of methods for stroke risk assessment; (iv) with age, hypertension, diabetes mellitus and vascular disease per se, the age thresholds for the use of NOACs were 60, 50, 50 and 55 years, respectively. The key messages of the present study are summarized in the central illustration. 
Unsurprisingly, ischemic stroke risk in AF is heterogeneous, depending on particular risk factors.  This is evident from previous studies examining stroke risk with one non-gender CHA2DS2-VASc risk factor.4,5 Also, recent papers have highlighted the diverse range of reported stroke rates for a given CHA2DS2-VASc score point, refelcting the different study settings, methodology, population studied, etc.9,21 The present analysis extends prior studies by reporting the tipping point threshold for offering NOACs for stroke prevention in AF.  
One prior study has shown how heart failure is a powerful driver of stroke risk even in young AF patients.22 Indeed, our study shows how if heart failure is present, the tipping point threshold is the same (35 years) irrespective of methods used for stroke risk assessment. Of note, we have previously reported that recent decompensated heart failure is a risk factor for stroke, irrespective of the ejection fraction.23 Thus, the “C” in CHA2DS2-VASc includes both heart failure with reduced ejection fraction (HFrEF) or heart failure with preserved ejection fraction (HFpEF).23 Hence the present analysis reaffirms these data, showing that the presence of heart failure confers a high stroke risk, and as Chan et al. show,22 this is evident even in young age strata.
Our study also shows how conventional assessment based on baseline risk and age per se may overestimate ischemic stroke risk, while use of the dynamic or ideal methods may provide better assessment of the tipping point of ischemic stroke where NOAC use would have a postive net clinical benefits. Indeed, baseline risk is probably a misleading assessment of subsequent stroke risk, given that risk is dynamic, and AF patients get older with age and risk increases with the accumulation of stroke risk factors.12 
As an illustrative example is for a male AF patient who was enrolled at a baseline age of 50 years with hypertension only (CHA2DS2-VASc score 1), and he acquires diabetes when he is aged 56 years old (CHA2DS2-VASc score increased to 2) and suffers from an ischemic stroke when age 62 years. In this patient, if we rely on the conventional or dynamic assessments, the reported risk for AF males with a CHA2DS2-VASc score of 1 (due to hypertension) in the age strata of 50 years will count this patient, and the reported event rate is thus misleading and overestimated. On the contrary, a ideal approach we investigated in the present study in which patients were censored when new comorbidities developed and the stroke risk was related to the acual age when ischemic stroke occurred would represent a more precise method to ascertain the stroke risk which could be properly attributable to a given comorbidity and age strata. 
In the present study, we also demonstrated that the annual risk of ischemic stroke was higher than 0.9% for patients aged >60 years without other comorbidities assessed using the ideal method. Given the better safety of NOACs compared to warfarin, further study isstudies are necessary to investigate whether the definition of age (A) criterion of the CHA2DS2-VASc score should be reduced to 60 rather than 65 years, especially for Asian AF patients. 
Clinical Implications
Our study clearly reaffirms the well-accepted concept that age is an important driver of ischemic stroke for AF patients. No matter which kinds of comorbidities the patients had, the risks of ischemic stroke increased in older age strata. Therefore, clinical physicians should ideally also consider the age of patients having a single CHA2DS2-VASc risk factor [ie, score of 1 (male) or 2 (females)] when determining the use of NOACs for stroke prevention or not. Although the 2016 AF guidelines of European Society of Cardiology suggest that OACs should be considered for AF patients with a CHA2DS2-VASc score of 1 for males and 2 for females (Class IIa recommendation),2 the clinical dilemma is that should NOACs be prescribed for the young population (e.g. a 30-year-old male/female with hypertension only). 
Even for physicians determined to only prescribe NOACs for “older” patients with single risk factor, the appropriate age threshold is also unclear. According to the stroke risks we reported using the “ideal assessment”, the age thresholds for the use of NOACs for AF patients having one additional risk factor beyond sex are 35, 50, 50 and 55 years for heart failure, hypertension, diabetes, and vascular disease, respectively. These findings may provide useful guidance about the optimal stroke prevention strategy for this particular AF population (with one non-sex risk factor) given the reported wide ranges of stroke risk were diverse in previous reports and where debates exist regarding the use of OAC. 
Study limitations
There are several limitations of the present study, First, this study is based on a nationwide cohort study based on the Taiwan NHIRD, and may be limited by errors of coding. However, this is a well validated dataset, where the diagnoses of AF, stroke and other risk factors are well validated.18-20,24 Second, patients without or with only 1 comorbidity of the CHA2DS2-VASc score except for age and sex who already received antiplatelet agents or OACs at baseline (n = 41,300) were excluded from our analysis. Although some selection biases were possibly present, the CHA2DS2-VASc score of the study population was similar to that of patients excluded (2.01 versus 1.96), and therefore, the results we presented here may not be significantly confounded. Third, we did not consider the impacts of lifestyle modificatons, rhythm controls via catheter ablations and well treatementsoptimal management of comorbidities on the long-term stroke risk of our patients. Fourth, the present study only enrolled Asian patients whose stroke risk was probably higher than that of non-Asians. In two large-scale cohort studies, the annual stroke risks for patients with a CHA2DS2-VASc score of 0 were 1.15% and 2.41% in the Taiwan and Hong Kong cohorts, respectively.13,25 These reported stroke risks for Asians were higher than that of other registry studies which mainly enrolled Caucasians, with reported stroke risks ranging from 0.04% to 0.66% per year.26 The consistently higher risk of ischemic stroke in Asians compared to non-Asians was also noted in patients who received NOACs in the randomized trials (eg. 2.05%/year versus 1.14%/year in RE-LY (110 mg BID); 2.12%/year versus 1.59%/year in ROCKET-AF; 2.52%/year versus 1.12%/year in ARISTOTLE).27-29 Therefore, whether the results can be extrapolated to other ethnic populations remains uncertain. Fifth, we did not further separate patients with vascular diseases into prior myocardial infarction or peripheral arterial diseases,  since the numbers of patients and events in some age strata were small, and thus the calculated annual risk of stroke could be significantly confounded. Finally, the age thresholds we proposed for the initiations of NOACs were based on the “tipping point” reported by a single study,11 which did not consider the use of different NOACs and the increasing risk of bleeding for older patients or those with renal dysfunction. Based on these limitations we mentioned above, the age thresholds for the initiations of NOACs we proposed should be regarded as a hypothesis generating and further studies are necessary to confirm our findgins.

Conclusion
Ischemic stroke risk in AF is heterogeneous, depending on different risk factors with age being as an important driver of stroke risk. Age thresholds for the use of NOACs were different for AF patients having different single risk factors beyond sex despite the same CHA2DS2-VASc score point (1 for males and 2 for females); that is, 35 years for heart failure, 50 years for hypertension and diabetes, and 55 years for vascular diseases. Further studies are necessary to confirm these findings. 
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Figure Legends

Figure 1. Flow chart of the patient enrollment. From January 1, 1996 to December 31, 2009, a total of 299,902 AF patients with age ≥ 20 years were identified as the study population. Among the study population, there were 159,999 patients without use of antiplatelet agents or oral anticoagulants. The study cohort included 31,039 and 39,020 patients who did not have any or had only 1 comorbidity of the CHA2DS2-VASc scheme except for age and sex. Patients with previous history of ischemic stroke or transient ischemic attack were not included. The risk of ischemic stroke in each age strata for each comorbidities were analyzed using 3 different methods of assessments. 
AF = atrial fibrillation; NHIRD = National Health Insurance Research Database

Figure 2. Examples of the impacts of different methods of assessments on stroke risk. Take a 50 y/o male with newly-diagnosed AF having a CHA2DS2-VASc score of 1 due to hypertension at baseline who experienced ischemic stroke at age 62 years for example. Scenario 1 - The patient did not acquire new comorbidities before the occurrence of ischemic stroke (Figure 2A):  The CHA2DS2-VASc score of the patient was still 1 when he experienced ischemic stroke at age 62 years. All three kinds of assessments would correctly calculate the risk of ischemic stroke as a CHA2DS2-VASc score of 1, due to hypertension as the sole risk factor; however, only the “ideal assessment” could correctly count the stroke risk to a correct age (62 years) and age strata (60-64 years). Scenario 2 - The patient acquired new comorbidities before the occurrence of ischemic stroke (Figure 2B):  Since the patients developed incident diabetes mellitus when he was 56 years old and experienced ischemic stroke at age 62 years, the CHA2DS2-VASc score would be 2 when the stroke occurred. However, using the ‘conventional method’, this patient was not censored when he got diabetes, and therefore, the risk of ischemic stroke would be “incorrectly” attributed to a CHA2DS2-VASc score of 1. Besides, the occurrence of ischemic stroke would also “incorrectly” be attributed to the ‘wrong’ age (50 years) rather than 62 years. On the contrary, this patient would be censored when he developed diabetes using the dynamic or ideal assessment methods, and the incorrect attribution of the stroke risk to a CHA2DS2-VASc score of 1 could be avoided. 
*The patient was censored when he acquired incident DM before the occurrence of ischemic stroke
AF = atrial fibrillation; DM = diabetes mellitus; HTN = hypertension; N/A = not applicable

Figure 3. Age threshold for the initiation of NOACs according to different methods of the risk assessment. According to the stroke risk analyzed using the ideal assessment, NOACs should be considered for patients aged > 60 years without other comorbidities of the CHA2DS2-VASc scheme. The age thresholds for patients with heart failure, hypertension, diabets, and vascular diseases are 35, 50, 50 and 55 years, respectively. 
DM = diabetes mellitus; HF = heart failure; HTN = hypertension; NOACs = non-vitamin K antagonist oral anticoagulants 


