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4. Rationale:  
Atrial fibrillation (AF) is an important public health problem. The prevalence of AF 
doubles for each advancing decade of life, affecting more than 10% of individuals 
over the age of 80 years.1 The lifetime risk of AF is about 25%.2 In addition, with 
the aging of the population, and increased survival with cardiovascular disease 
(CVD), the prevalence of AF is increasing over time.3 Furthermore, AF is a major 
source of CVD morbidity and mortality. Risk factors for AF are multi-factorial and 
include CVD and its risk factors.1, 4 However, the ability to accurately predict risk 
of AF in the individual has been limited. 
 
The Framingham Heart Study (FHS) has recently published the first instrument 
for the prediction of incident AF.5 However, the generalizability of the AF model 
to other populations remains unknown. The CHARGE cohorts (AGES, ARIC, 
Cardiovascular Health Study (CHS), FHS and Rotterdam study(RS)) have joined 
together for the present manuscript with the goals of conducting pooled analyses 
to markedly improve the ability to predict the onset of AF and advance statistical 
approaches to risk prediction. 
 
We seek to improve the FHS risk prediction algorithm using a larger, more 
diverse population. In future proposals, we will additionally determine the added 
value of biomarkers (NT-proBNP, C-reactive protein) and genetic variants in the 
prediction of AF. 
 
5. Main Hypothesis/Study Questions: 
The main objective of this manuscript proposal is to validate, recalibrate and 
potentially modify the FHS AF clinical risk prediction model in diverse 
communities using widely available clinical factors. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 
variables of interest with specific reference to the time of their collection, summary 
of data analysis, and any anticipated methodologic limitations or challenges if 
present). 
 
We aim to conduct the proposed research in the context of the CHARGE 
consortium. The CHARGE consortium started in 2008 to facilitate meta-analysis 
of GWAS and replication opportunities between a group of well-phenotyped 
cohort studies.6 For the last year and a half the investigators have harmonized 
phenotypes (AF) and analytical approaches to conduct meta-analyses of GWAS 
data imputed to over 2.5 million single nucleotide polymorphisms (SNPs) from 
the HapMap. 
 
Ascertainment of atrial fibrillation 
The main outcome of interest in this proposal will be the incidence of AF, defined 
as the occurrence of paroxysmal, persistent or permanent AF, or atrial flutter, in 
individuals without AF at baseline. AF ascertainment has been done already in all 



the participating cohorts. Methodology for the case ascertainment is similar 
across cohorts. 
 
Specifically in ARIC, we determined AF from three sources: electrocardiograms 
at study visits, hospital discharge records and death certificates (latter two 
reviewed by trained abstractor, ICD-9 code 427.31 or 427.3; ICD-10 I48). 
Electrocardiogram-diagnosed AF in ARIC was confirmed by a cardiologist.7 
Incidence of AF was identified through 2005 as the first occurrence of AF by any 
of the sources in individuals who did not present AF in ECGs performed at 
baseline. A pilot study to determine the validity of hospital discharge codes as a 
method of AF ascertainment confirmed 111 (89%) diagnosis of a sample of 125 
AF cases after review of available medical records corresponding to that 
hospitalization.8 
 
Clinical variables 
The five CHARGE cohorts included detailed assessments at baseline, gathering 
information on sociodemographic variables and lifestyle factors (smoking, alcohol 
intake), previous history of cardiovascular disease, and use of medication. 
Additionally, detailed physical exams collected anthropometric measures (height, 
weight) and seated blood pressure. Blood samples were obtained and analyzed 
to determine glucose, cholesterol (and its fractions), and triglycerides levels. In 
ARIC, CHS, FHS and RS, participants were examined in several occasions 
during the follow-up period. 
 
Statistical analysis 
Our main goal is to develop a new risk score for the prediction of AF pooling data 
from three cohorts (ARIC, CHS and FHS). This analysis will be done at Boston 
University under the supervision of Dr. Michael Pencina. We understand the 
need to prepare and get approved a DDA before any analysis can be done. 
AGES and RS will serve as an external validation data set (data transfer 
precluded by consent issues). 
 
We will follow the methodology previously used in the development of risk scores 
in FHS. First, variables considered as potential predictors of AF will be those 
studied in the original FHS AF risk score and CHS AF risk factors publications:4, 5 
age, sex, race (in ARIC and CHS), smoking, alcohol consumption, body mass 
index, waist circumference, height, blood pressure indicators (systolic and 
diastolic blood pressure, and treatment for hypertension), cholesterol 
concentration, use of lipid lowering medication, prevalence of diabetes mellitus, 
ECG features (left ventricular hypertrophy, PR interval, and heart rate), and 
indicators of heart disease (history of heart failure, myocardial infarction, valve 
surgery, or CABG). Unadjusted and age-, sex-, and cohort-adjusted hazard ratios 
will be estimated for each potential risk factor. Risk factors that reach statistical 
significance and are considered clinically relevant will be considered candidates 
for a multivariable model. With large numbers of person-examinations available 
for analysis, statistical significance alone is not sufficient to identify important risk 



factors. A multivariable Cox proportional hazards regression model will be 
estimated including risk factors identified as important in the first step. Calibration 
and discrimination will be evaluated for the multivariable model. Risk factors that 
do not improve calibration or discrimination may be removed from the model. 
Meaningful statistical interactions will be explored and judged important based on 
improvements in discrimination and calibration. Once a final model is developed, 
its performance in important groups (e.g. within cohorts, in men and women, in 
persons <65 years versus ≥65 years of age, etc) will be examined informally. 
Once a final multivariable model is developed, a points scoring system will be 
developed and disseminated. The points system is developed as follows: 

(1) The Cox proportional hazard including all predictors of interest, censoring 
individuals at 10 years of follow-up is finalized. 

(2) Organize the risk factors into categories (for continuous variables) and 
determine reference values for each risk factor. 

(3) Determine the referent risk factor profile. This referent category for each 
risk factor will be assigned 0 points in the scoring system. 

(4) Determine how far each category is from the base category in regression 
units. 

(5) Set the fixed multiplier or constant B, that is, the number of regression 
units that reflect 1 point in the final points system. For example, FHS 
usually sets up the constant to be equivalent to the increase in risk 
associated with a 5-year increase in age. We will tentatively use the same 
approach. 

(6) Determine the number of points for each of the categories of each risk 
factor. 

(7) Determine risks associated with point totals. 
 
Replication 
We will examine the risk prediction equation derived from the pooled derivation 
cohorts in AGES and RS using methods described above.9 
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