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Abstract

Background—Atrial fibrillation (AF) affects more than 33 million individuals worldwide and 

increases risks of stroke, heart failure, and death. The CHARGE-AF risk score was developed to 

predict incident AF in three American cohorts and it was validated in two European cohorts. The 

CHA2DS2-VASc risk score was derived to predict risk of stroke, peripheral embolism, and 

pulmonary embolism in individuals with AF, but it has been increasingly used for AF risk 

prediction. We compared CHARGE-AF risk score versus CHA2DS2-VASc risk score for incident 

AF risk in a community-based cohort.
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Methods and Results—We studied Framingham Heart Study participants aged 46 to 94 years 

without prevalent AF and with complete covariates. We predicted AF risk using Fine-Gray 

proportional sub-distribution hazards regression. We used the Wald χ2 statistic for model fit, C-

statistic for discrimination, and Hosmer-Lemeshow (HL) χ2 statistic for calibration. We included 

9722 observations (mean age 63.9 ± 10.6 years, 56% women) from 4548 unique individuals: 752 

(16.5%) developed incident AF and 793 (17.4%) died. The mean CHARGE-AF score was 12.0 

± 1.2 and the sub-distribution hazard ratio (sHR) for AF per unit increment was 2.15 (95% CI, 99–

131%; P < .0001). The mean CHA2DS2-VASc score was 2.0 ± 1.5 and the sHR for AF per unit 

increment was 1.43 (95% CI, 37%-51%; P < .0001). The CHARGE-AF model had better fit than 

CHA2DS2-VASc (Wald χ2 = 403 vs 209, both with 1 df), improved discrimination (C-statistic = 

0.75, 95% CI, 0.73–0.76 vs C-statistic = 0.71, 95% CI, 0.69–0.73), and better calibration (HL χ2 = 

5.6, P = .69 vs HL χ2 = 28.5, P < .0001).

Conclusion—The CHARGE-AF risk score performed better than the CHA2DS2-VASc risk 

score at predicting AF in a community-based cohort.

Atrial fibrillation (AF) is a cardiac arrhythmia, present in over 33 million individuals around 

the world that may have severe complications such as stroke, heart failure, dementia, and 

death.1–5 Multiple risk factors for AF have been identified.6 Schnabel and colleagues 

developed the Framingham AF risk score,7 which was later validated in two community-

based cohorts: the Age Gene/Environment Susceptibility Study (AGES) and the 

Cardiovascular Health Study.8 A similar risk score was developed in the Atherosclerosis 

Risk in Communities study with comparable predictive ability.9 To increase generalizability, 

these studies combined their efforts in the CHARGE-AF Consortium. The CHARGE-AF 

investigators developed a new AF risk score derived from three community-based studies 

(Framingham Heart Study (FHS), Cardiovascular Health Study, and Atherosclerosis Risk in 

Communities Study), followed by validation in two large European community-based 

studies (AGES and Rotterdam Study). Derivation and validation cohorts included more than 

26,000 individuals of European, European-American, and African-American ancestry, 1771 

of whom developed incident AF.10 The CHARGE-AF risk score provided increased 

discrimination compared to the FHS AF risk score and the generalizability was wider, due to 

the inclusion of more diverse cohorts. Recently, the CHARGE-AF risk score was validated 

in >45,000 Hispanics, African-Americans, and non-Hispanic whites in an inner-city North-

American population,11 and in a recalibrated version in the European population-based 

EPIC Norfolk study, with more than 24,000 individuals.12

The CHADS2 risk score was developed in 2001 as a tool to predict risk of stroke in 

individuals diagnosed with AF.13 A refined version of this score, with the acronym 

CHA2DS2-VASc, was validated by Lip and colleagues in 2010.14 Because of its simplicity, 

and better performance than CHADS2, the CHA2DS2-VASc risk score has been endorsed by 

guidelines to risk stratify individuals for clinical decisions regarding anticoagulation in 

AF.15

Recently, the CHADS2 and CHA2DS2-VASc score has been used to predict risk of AF in 

different clinical subgroups.16–22 However, the CHA2DS2-VASc score has not been 

validated to predict AF. The substantial burden of both AF and its complications motivates 
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the development of strategies for the early detection and prevention of AF. However, 

prevention of the arrhythmia itself has not been systematically implemented in clinical 

practice thus far. To target individuals for randomized clinical trials to prevent AF, a robust 

risk prediction score for AF is essential. We hypothesized that the CHARGE-AF risk score 

would have better model performance in AF prediction in comparison with the CHA2DS2-

VASc score in a community-based cohort.

Methods

Study sample

FHS was initiated in 1948 as a community-based prospective cohort with the aim to observe 

risk factors for cardiovascular disease.23 5209 individuals were enrolled in the Original 

cohort. In 1971, the Offspring cohort was enrolled, including 5,124 offspring from the 

Original cohort and their spouses. The diagnosis of intermittent claudication, part of the 

vascular disease entity of the CHA2DS2-VASc score, was not routinely collected before 

1991; therefore, in the present investigation, examinations performed prior to 1991 were not 

included. We used a pooled-examination approach, in which we followed participants from 

the index examination to a study examination approximately 8 years later and subsequently 

pooled all follow-up windows for statistical analyses. Consequently, participants from 

examinations 23 (1992–1996), 26 (1999–2001), and 29 (2006–2007) from the Original 

cohort and examination 5 (1991–1995), 7 (1998–2001), and 8 (2005–2008) from the 

Offspring cohort of the FHS were eligible. Because FHS visits are scheduled at the volunteer 

participants’ convenience, the follow up clusters around 8 years but is not exact. We 

considered the six examinations the index examinations for follow-up. Follow-up continued 

until the participant attended her/his routinely scheduled subsequent examination or until 8 

years if she/he did not attend the next scheduled examination. We used the same age-cutoff 

as in the derivation study for the CHARGE-AF score and excluded individuals who were 

<46 years or >94 years of age, who had prevalent AF, or who had missing covariates at the 

index examinations. All participants signed consent forms. Boston University Medical 

Center Institutional Review Board approved the study.

Ascertainment of AF

Ascertainment of AF was routine in the FHS. AF was defined as either atrial fibrillation or 

atrial flutter verified by a FHS cardiologist on an electrocardiogram obtained at a routine 

FHS clinic examination, obtained by an external clinician, or present in hospital records.6 

AF diagnoses made outside FHS examinations were registered with their original date. 

Follow-up was through 2013.

Risk score covariates

The CHARGE-AF score is a continuous variable with decimals, whereas CHA2DS2-VASc is 

an ordinal variable that was treated as an integer in our analyses.

The CHARGE-AF risk score—Age (per 5 year increment), race, height (per 10 cm 

increment), weight (per 15 kg increment), systolic blood pressure (per 20 mm Hg 

increment), diastolic blood pressure (per 10 mm Hg increment), smoking (current vs former/
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never), antihypertensive medication use, diabetes, heart failure, and myocardial infarction. 

One calculates the CHARGE-AF risk score as follows: 0.508 × age (5 years) + 0.248 × 

height (10 cm) + 0.115 × weight (15kg) + 0.197 × systolic blood pressure (20 mm Hg) - 

0.101 × diastolic blood pressure (10 mm Hg) + 0.359 × current smoker + 0.349 × 

antihypertensive medication + 0.237 × diabetes + 0.701 × congestive heart failure + 0.496 × 

myocardial infarction. The coefficients for each risk factor are from the derivation study for 

the CHARGE-AF risk score.10 We did not include race because all participants in our study 

were of European-American ancestry.

The CHA2DS2-VASc risk score—Age (<65, 65–74, and ≥75 years), sex, hypertension, 

diabetes mellitus, stroke/transient ischemic attack/thromboembolism, vascular disease, and 

heart failure. Each factor was assigned 1 point on the risk score, except age ≥75 years and 

stroke/transient ischemic attack/thromboembolism, which are assigned 2 points, resulting in 

a maximum score of 9 points. In a secondary analysis, women who scored 0 on all other 

covariates except sex category, were given the score 0, according to current clinical 

guidelines for stroke risk assessment, which recommends that women aged <65 years with 

lone AF should not receive oral anticoagulation.24

Ascertainment of risk score characteristics

Medications and smoking were determined by self-report. We used an average of two seated 

blood pressures measured in the FHS clinic. Hypertension was considered present if the 

systolic or diastolic blood pressure were ≥140 or 90 mm Hg, respectively, or if the 

participant answered yes to the question “Since your last exam have you taken medication 

for hypertension/high blood pressure?” and was on hypertension medication at the index 

examination. Diabetes was considered present if fasting blood glucose was ≥126 mg/dl, 

nonfasting glucose ≥200 mg/dl, or the participant used diabetes medications. Vascular 

disease was defined as prior myocardial infarction, angina pectoris, coronary insufficiency, 

percutaneous coronary intervention, coronary artery bypass surgery, intermittent 

claudication, or surgery of the lower extremity vessels. Vascular disease events, heart failure, 

stroke, transient ischemic attack, and thromboembolic events were determined by evaluation 

of medical records by a panel of 3 investigators using reported criteria.25

Statistical analysis

We present descriptive statistics using means and standard deviations for continuous 

variables, or number and percentages for binary variables. We calculate risk scores at each 

index exam. Each follow-up window ended at incident AF, at the next index exam, death, 

last contact for health status, or eight years, whichever occurred earliest. Follow-up windows 

were pooled (Figure 1).

Main analyses

We estimated the cumulative incidence of AF adjusting for competing risk of death.26 To 

estimate risk of AF, we performed proportional sub-distribution hazards (Fine-Gray) 

regression separately for each risk score.27–29 Both risk scores were fitted to the model as 

continuous variables. We accounted for the competing risk of death using PSHREG, a SAS 

macro.30 With models stratified by index examinations, we used robust variance estimators 
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to account for within-individual correlation.31 We used the Wald χ2 statistic to test the null 

hypothesis that the risk score was not associated with AF. We examined discrimination using 

the C-statistic.32

Calibration was assessed by comparing observed rates of AF within groups of observation 

windows for each risk score, to the predicted risk among the same follow-up windows. (1) 

We first divided the study sample into k groups based on the predicted probability of AF 

obtained from the risk prediction model we developed for each score (k = 7 [0–6+] for 

CHA2DS2-VASc and k = 10 [0–9] for CHARGE-AF). (2) Then we calculated the expected 

number of events i.e. the sum of expected probability, within each group. (1) and (2) were 

compared in a calibration plot. In addition, we calculated the modified Nam and 

D’Agostino’s Hosmer-Lemeshow (HL) χ2 statistics,33,34 accounting for death as a 

competing event. The statistic has k-2 degrees of freedom. A large χ2 value indicates poor 

calibration. The subgroups described here were exclusive to the calibration analysis.

Studies have shown that women aged <65 years with “lone” AF have low risk of stroke35–37 

and thus, the clinical guidelines recommend to not treat these women with anticoagulant 

therapy, although they have a CHA2DS2-VASc score of 1.24 We performed a secondary 

analysis by assigning a score of 0 to all women <65 years of age who scored 0 on all 

covariates in the CHA2DS2-VASc score, except sex category. We further reran the same 

analyses excluding sex completely from the CHA2DS2-VASc risk score, because most 

studies have observed that women either have the same or lower risk of AF compared with 

men.

Sensitivity analyses

We performed several sensitivity analyses; (1) excluding 4925 follow-up windows (2838 

individuals) that overlapped with the initial CHARGE-AF risk score study data, (2) 

including all ages, (3) the same analysis as in (1), including only the last observation for 

each individual, so that she/he could only be included in the analysis once.

To evaluate whether the predicted risks of AF were dependent on sex or age, we performed 

analyses of interaction, including these variables as interaction terms in our models. For 

these analyses, the sex category covariate was excluded from the CHA2DS2-VASc risk 

score. We tested both a dichotomous age cut-off of age <65 or ≥65 and age as a continuous 

variable.

We performed all statistical analyses using SAS software version 9.4 (SAS Institute, Cary, 

NC). We used a 2-sided P < .05 as our statistical significance criterion.

The authors are solely responsible for the design and conduct of this study, all study 

analyses, the drafting and editing of the manuscript and its final contents.
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Results

The selected index examinations included a total of 12,032 follow-up windows. Following 

exclusions for age (n = 900), prevalent AF (n = 735), and missing covariates (n = 675), there 

were 9,722 follow-up windows from 4,548 individuals in the analysis. The mean age, 

calculated from all observations was 63.9 ± 10.6 years and 56% were women (Table I). The 

mean CHARGE-AF score was 12.0 ± 1.2, and mean CHA2DS2-VASc score was 2.0 ± 1.5. 

Median follow-up time was 6.1 years in the Original Cohort and 7.0 years in the Offspring 

Cohort. Figure 2 shows the CHARGE-AF risk score broken down by CHA2DS2-VASc risk 

score categories. Figure S1 shows the distribution of the CHARGE-AF risk score in the 

study population. The two risk scores had a Spearman correlation coefficient of 0.73. We 

observed 752 (16.5%) occurrences of incident AF and 793 (17.4%) deaths.

Risk model performance

Correspondence between CHARGE-AF and CHA2DS2-VASc risk groups are shown in 

Figure 2.

The CHARGE-AF risk score consistently performed better than the CHA2DS2-VASc risk 

score in predicting risk of AF, as shown by the higher Wald χ2 (403 vs 209) and higher C-

statistic (0.757; 95% CI, 0.741–0.772 vs 0.712; 95% CI, 0.693–0.731) (Table II). The sub-

distribution hazard ratio (sHR) per unit increase in the risk score was 2.15 for the CHARGE-

AF (95% CI, 1.99–2.31; P < .0001) score vs 1.43 for the CHA2DS2-VASc risk score (95% 

CI, 1.37–1.51; P < .0001).

Figure 3 shows that both risk scores were well calibrated in the present study; however, the 

CHARGE-AF risk score displayed better calibration (HL χ2 = 5.6; P = 0.69) than 

CHA2DS2-VASc (HL χ2 = 28.5; P < 0.0001). The group with CHA2DS2-VASc score of 1 

had lower risk of AF than the group that scored 0. In the group of individuals with a score of 

1, a single participant had heart failure (0.03%), 58 vascular disease (1.9%), 68 diabetes 

(2.3%), 724 hypertension (24%), 296 were between 65 and 75 (9.8%) years, and 1862 were 

women (61.9%).

When scoring young women (<65 years) with lone AF as CHA2DS2-VASc = 0 in the model, 

the Wald χ2 and discrimination improved (Wald χ2 = 288; C-statistic = 0.730, 95% CI 

0.713–0.747) for the CHA2DS2-VASc risk score, whereas calibration was reduced (HL χ2 = 

35.5; P < .0001) (Table II, Figure S2).
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Removing the sex covariate from the CHA2DS2-VASc score altogether resulted in improved 

discrimination (C-statistic = 0.741; 95% CI, 0.724–0.758) and reversed the association of 

female sex in the two groups with lowest scores. However, calibration statistics did not 

improve and the Wald χ2 was still inferior to the CHARGE-AF risk score (Table II, Figure 

S3).

Sensitivity analysis

After excluding all participants and observations that were part of the derivation study for 

the CHARGE-AF risk score, there were 4,797 follow-up windows in 3,820 individuals. 

Repeating the primary analysis, the CHARGE-AF risk score performed better at predicting 

risk of AF (Wald χ2 = 208; sHR, 1.90; 95% CI, 1.74–2.07; P < .0001, C-statistic = 0.713; 

95% CI, 0.693–0.733) than the CHA2DS2-VASc risk score (Wald χ2 = 89; sHR, 1.34; 95% 

CI, 1.26–1.42; P < .0001, C-statistic = 0.673; 95% CI, 0.652–0.695) (Table II). In the model 

excluding individuals in the derivation study, the calibration improved slightly for the 

CHA2DS2-VASc risk score (HL χ2 = 12.7; df = 5; P = 0.03), whereas it was somewhat 

attenuated for the CHARGE-AF risk score (HL χ2 = 12.7; df = 8, P = 0.12). Table S1 shows 

the results when all ages were included. The number of observations increased to 10,582 and 

the number of incident AFs to 761, but the results were similar to the main analysis. Table 

S2 shows results from analyses restricted to individuals not included in the derivation study 

for CHARGE-AF and where each individual was only included once. The sample size was 

substantively reduced, to 2,726 observations; 343 incident AFs, and whereas CHARGE-AF 

still showed better discrimination than CHA2DS2-VASc, calibration was attenuated for both 

risk scores.

In models scoring young women (<65 years) with lone AF as CHA2DS2-VASc = 0 in the 

sensitivity analysis, the CHA2DS2-VASc risk score showed improved model fit and 

discrimination (Wald χ2 = 125; sHR, 1.36; 95% CI, 1.29–1.43; P < .0001, C-statistic = 

0.684; 95% CI, 0.663–0.705); however, calibration was attenuated (HL χ2 = 19.8; df = 5; P 
= 0.001) (Figure S2, Table II).

Age and sex interactions

We found no evidence of age or sex interaction for either the CHARGE-AF risk score 

(categorical age: P = .94; continuous age: P = .12; sex: P = .70) or the CHA2DS2-VASc risk 

score (categorical age: P = .13; continuous age: P = .57; sex: P = .10). In a sex-stratified 

model, we saw similar results (Figure S4).

Discussion

Our results indicate that the CHARGE-AF risk score performs better than the CHA2DS2-

VASc risk score to predict AF in 4,548 individuals of European descent from the FHS, with 

regards to both discrimination (C-statistics of 0.757 vs 0.712, respectively) and calibration 

(χ2 = 5.6 vs χ2 = 28.5, respectively). Reassigning young women with lone AF from a 

CHA2DS2-VASc of 1 to 0 or excluding sex from the model both improved discrimination 

for CHA2DS2-VASc, but not to the level of the CHARGE-AF score, and calibration did not 

improve. AF risk was overestimated in individuals with high CHA2DS2-VASc scores.
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We performed a sensitivity analysis to examine whether the higher performance of the 

CHARGE-AF risk score was biased by the inclusion of the same observations in the current 

and the initial CHARGE-AF risk score study. After exclusion of all overlapping 

observations between the two studies, both risk scores displayed attenuated discrimination 

(CHARGE-AF C-statistic 0.713 vs CHA2DS2-VASc 0.673) and calibration. The lower 

performance in the sensitivity analysis may be explained by the decrease in power when 

reducing the sample size by ~50 percent. However, the CHARGE-AF risk score still 

performed better, suggesting that the results from the primary analysis were not heavily 

influenced by the inclusion of one of the derivation cohorts, the FHS, in the CHARGE-AF 

risk score.

To determine whether the risk scores predicted AF differentially in men and women or in 

different age groups, we performed interaction analyses. No evidence of interaction was 

identified for either sex or age, suggesting that both risk scores display uniform prediction of 

AF across sex and age groups. The lack of age or sex interactions was in line with the 

findings from the CHARGE-AF derivation study.10

Comparison with previous literature

Several alternative risk scores for predicting incident AF have been reported,8,9,38,39 but 

most have thus far not been replicated in other cohorts and other ethnicities. The CHARGE-

AF risk score was derived in three cohorts with European and African-American ancestry 

and was validated in two European cohorts in the initial study. Moreover, it was recently 

replicated in a European community-based study, including more than 24,000 individuals, 

although it required recalibration,12 and in an ethnically diverse inner-city population of 

more than 45,000 individuals.11 Thus far, the CHARGE-AF risk score has been tested on 

more than 95,000 individuals across different ancestries, providing increased generalizability 

compared with other risk scores for AF prediction.

The CHADS2 and the CHA2DS2-VASc risk scores have been reported for prediction of new 

occurrence of AF40–42 and ischemic stroke,16 long-term outcomes after AF-ablation,17 

arrhythmias after myocardial infarction18 and cardiac surgery,20,21,43 and rhythm outcomes 

after catheter ablation of AF.19 However, the CHA2DS2-VASc score has never been 

validated for predicting risk of AF. The CHA2DS2-VASc has potential limitations for the 

prediction of AF per se. CHA2DS2-VASc includes female sex, which has not been 

associated with increased risk of AF. On the contrary, male sex frequently has been 

associated with increased risk of AF.6,10 Since female sex is an integral part of the 

CHA2DS2-VASc, the score may misclassify women to a higher risk category. Of note, the 

complete removal of sex from our model improved AF discrimination for CHA2DS2-VASc, 

but not to the level of CHARGE-AF.

Clinical implications

AF constitutes a substantial burden for the affected individuals, who struggle with 

arrhythmia symptoms44,45 and serious complications, but also for the society as a whole, 

because of the considerable costs.46 The increase in prevalence1,47–49 and socioeconomic 

consequences of AF calls for measures of early detection and prevention.50,51 Prospective 
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studies focused on new-onset AF prevention have not been reported so far; however, the 

ability to identify individuals with increased risk of AF will be an essential part of such a 

study. Although the CHARGE-AF risk score is the most validated AF risk score to date and 

displays comparable discrimination statistics to other AF risk scores, a C-statistic of 0.757 

still holds room for improvement. Further refinement of the prediction of AF is warranted. 

The clinical use of the CHARGE-AF risk score is still uncertain; nonetheless, it is a good 

candidate for AF prediction in preventive trials and as a research tool to evaluate putative 

novel risk factors for AF.

Strengths and limitations

The most prominent strength of our study is the use of the comprehensive community-based 

FHS and a moderately large sample size. Further, the diagnosis of AF was adjudicated by 

cardiologists who performed thorough chart review, thus ensuring robust diagnoses. 

Covariates used for index characteristics and risk score calculations were routinely collected 

in the FHS. Another strength of the CHARGE-AF risk score is that it was developed in a 

community-based cohort with 7 years of follow-up. In contrast, the CHA2DS2-VASc was 

developed in a hospital-based cohort with only 1 year of follow-up and the proportion of 

women was smaller (41%).

We note several limitations to our study. First, the CHARGE-AF risk score involves more 

complex calculation than the CHA2DS2-VASc score, which may quickly be calculated in a 

hectic clinical setting. The CHARGE-AF risk score may be best suited in situations where it 

can be calculated automatically, for instance using a CHARGE-AF calculator when 

assessing risk of AF in primary care or elective secondary care, in electronic medical 

records, or in trial design. Second, analyses included only individuals of European American 

ancestry; the results are thus limited by uncertain generalizability to other ethnicities/races. 

Third, some diagnoses used for the CHA2DS2-VASc risk score were not collected on a 

regular basis in the FHS, including asymptomatic left ventricular dysfunction, peripheral 

embolism outside the brain, heart, eyes, and lungs, arterial thrombosis, aortic plaque, and 

percutaneous intervention on the abdominal aorta. Unfortunately, we cannot avoid this 

limitation in the present study design. However, Bekwelem and colleagues has shown that 

systemic embolisms outside the brain constitute 11.5% of all clinically recognized systemic 

embolisms, which suggests that the absence of these diagnoses may not have large impact on 

our results.52 Nonetheless, the lack of clinical characteristics used for calculating the 

CHA2DS2-VASc might have led to misclassification of the CHA2DS2-VASc risk score in 

some individuals. Fourth, the FHS was one of the derivation samples for the CHARGE-AF 

risk score; therefore, in the Framingham cohort, one might expect the CHARGE-AF risk 

score to predict AF better than the CHA2DS2-VASc risk score. However, the sensitivity 

analysis of individuals not overlapping with the sample included in the original derivation of 

the CHARGE-AF risk prediction model showed that it still performed better. In the 

evaluation of the calibration of the two risk scores using the Hosmer-Lemeshow model, the 

CHARGE-AF risk score has the advantage of being a continuous score that may readily be 

subdivided into 10 risk groups of equal numbers of observations, whereas the CHA2DS2-

VASc risk score is an integer risk model, which may only be subdivided into the predefined 

integer scores. The integer structure of CHA2DS2-VASc may have contributed to the 
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superior calibration statistics for the CHARGE-AF risk score. Last, we acknowledge that 

there may be individuals with asymptomatic AF, which may have been misclassified as 

referents in the present study.

Conclusion

In conclusion, both the CHARGE-AF risk score and the CHA2DS2-VASc risk score perform 

well in predicting risk of AF in a European-American community-based cohort; however, 

the CHARGE-AF score displayed better discrimination and calibration through all analyses. 

Albeit, the impact on clinical practice is uncertain, the CHARGE-AF prediction score may 

serve as a research tool for risk stratifying individuals for inclusion in primary prevention 

trials and evaluating novel risk factors for AF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study design. Flowchart of inclusion and follow-up of participants from the Original (top) 

and Offspring (middle) cohorts.
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Figure 2. 
Correspondence between CHARGE-AF risk score and CHA2DS2-VASc risk score groups. 

Mean (diamond) and median (horizontal line) CHARGE-AF risk score for each group of the 

CHA2DS2-VASc, including 25% to 75% percentiles (box) and range (whiskers).
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Figure 3. 
Calibration curves for the CHARGE-AF and the CHA2DS2-VASc risk scores. We calculated 

the predicted cumulative incidence and the empirically estimated (the observed) incidence 

within each subgroup defined by either score. A, Comparison of the predicted values (red for 

CHA2DS2-VASc, blue for CHARGE-AF) and the observed cumulative incidence. The black 

diagonal is the reference. A shorter distance from the dots to the reference line indicates 

better calibration. B, The tables show the groups used for the Hosmer-Lemeshow 

calibration, including number of incident AF cases and total number, for each risk score. 

The lower rows show number of follow-up windows.

Christophersen et al. Page 17

Am Heart J. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Christophersen et al. Page 18

Table I

Baseline characteristics

Characteristics N = 9722*

Age (years) 63.9 ± 10.6

Women 5446 (56)

Height (cm) 166 ± 10

Weight (kg) 77 ± 17

Current smoker 1242 (13)

Systolic blood pressure (mm Hg) 130 ± 19

Diastolic blood pressure (mm Hg) 74 ± 10

Hypertension 4964 (51)

Hypertension treatment 3632 (37)

Current diabetes 1032 (11)

Heart failure 100 (1)

Stroke/Transient ischemic attack/thromboembolism 278 (3)

Vascular disease 1188 (12)

Myocardial infarction 372 (4)

CHA2DS2-VASc risk score 2.0 ± 1.5

CHARGE-AF risk score 12.0 ± 1.2

N (%) for dichotomous traits and mean ± SD for continuous traits.

*
There are 4548 unique individuals with 1297, 1328, and 1923 contributing 1, 2, and 3 observations, respectively.
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