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eAppendix. Methods 

 

Clinical assessments 

At each Framingham Heart Study clinic visit participants receive standardized questionnaires, 

physical examinations, electrocardiograms, and laboratory tests. If a participant had intercurrent 

outpatient visit(s) or hospitalization(s), medical records and electrocardiograms are obtained for 

review.  

 

Risk factor assessments 

A committee of three Framingham Heart Study investigators adjudicated cardiovascular events. 

Participants were classified as having heart failure on the basis of two major or one major and 

two minor clinical criteria.1 Major criteria include paroxysmal nocturnal dyspnea or orthopnea, 

rales on auscultation, third heart sound, pulmonary edema, distended neck veins, increased 

venous pressure, hepatojugular reflux, significant weight loss on diuretic therapy, and increasing 

radiographic cardiomegaly. Minor criteria were comprised of night cough, ankle edema, 

dyspnea on exertion, pleural effusion, hepatomegaly, pulmonary vascular redistribution, 

tachycardia, and decrease in vital capacity.  

 Diabetes was diagnosed if the Framingham Heart Study fasting glucose was ≥126 

mg/dL, non-fasting blood glucose ≥200 mg/dL, or if a participant was using hypoglycemic 

medications. A clinically significant cardiac murmur was diagnosed in the presence of a systolic 

murmur that was at least grade three of six in intensity, or if any diastolic murmur was 

auscultated by a Framingham Heart Study clinic physician. Blood pressure was measured in the 

seated position twice by the Framingham Heart Study physician. The electrocardiographic PR 

interval was defined as the interval from the onset of the P wave (junction of the TP isoelectric 

line and beginning of the P wave deflection) to the end of the PR segment (junction with the 

QRS complex) on a surface 12-lead electrocardiogram. At the 11th Original cohort examination 
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and the first Offspring cohort examination, digital electrocardiographic measurements were 

made by eResearchTechnology Inc. (Philadelphia, PA; previously Premier Worldwide 

Diagnostics Ltd). Trained technicians measured PR intervals in lead two to the nearest 

millisecond using digital calipers and a magnifying tablet. Two measurements were averaged, 

with a mean coefficient of variation of 3.9%. Framingham Heart Study clinic physicians 

measured the PR interval at all other examinations. 

 

Genotyping and SNP selection 

DNA extracted from whole blood has been previously genotyped in 8,481 participants using the 

Affymetrix GeneChip® Human Mapping 500K Array Set and 50K Human Gene Focused Panel. 

We selected four single nucleotide polymorphisms (SNPs) for association testing in our sample 

that were reported to tag AF susceptibility loci in genome-wide association studies of individuals 

of European ancestry. The SNPs included rs2200733 and rs100334642 (chromosome 4q25, r2 

0.015 in HapMap Phase III CEU panel3), rs21062614,5 (chromosome 16q22), and rs133763336 

(chromosome 1q21). SNPs rs10033464, rs2106261 and rs13376333 were imputed with Mach1 

v1.0.157 using HapMap CEU release 22 and NCBI reference build 36 with acceptable quality 

(ratio of observed to expected genotype variance 1.00, 0.95, and 0.83, respectively).  

 

Modification of AF prediction model 

Coefficients for variables included in the original risk prediction model8 did not differ substantially 

from those in a restricted model with refitted coefficients in our sample comprised of variables 

with multivariable adjusted P values <0.05. We therefore based subsequent analyses on the 

restricted model comprised of age, sex, body mass index, systolic blood pressure, treatment for 

hypertension, PR interval, significant heart murmur, heart failure, an age*heart failure interaction 

term, and an age*heart murmur interaction term.  Age2 and a multiplicative sex*age2 interaction 

term were not included. Treatment for hypertension was forced into the model because it has 
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been related to AF risk in prior Framingham studies,8 even though it was not significantly 

associated with AF after multivariable adjustment in our sample (P=.24). 

 

Incremental utility of incorporating familial AF into prediction model 

Comparison of model fit between prediction models that incorporated different features of 

familial AF was performed using Akaike’s information criterion (AIC).9 The AIC is a likelihood-

based measure of model fit in which smaller values indicate better fit and in which there is a 

penalty for increasing numbers of variables as follows: 

 

AIC = (-2) log (maximum likelihood) + 2*(number of independent parameters) 

 

The incremental discrimination of incorporating familial AF into the AF prediction model was 

assessed by comparing the c-statistics for time-to-event data10 and integrated discrimination 

improvement.11  Risk reclassification was assessed using net reclassification improvement with 

and without categories.11,12 Integrated discrimination improvement assesses the average 

increase in separation of model-based risks among those that develop AF versus those that do 

not develop AF. Integrated discrimination improvement is a continuous variable, in which no 

improvement is denoted by a value of zero. Relative integrated discrimination improvement 

indicates the magnitude of improvement in performance attributable to the added predictor, as 

compared to the average of predictors already in the model. If we dealt with 10 uncorrelated, 

normal predictors with the same effect sizes, we would expect each of them to contribute 10% 

to the total integrated discrimination improvement. Hence, the new predictor, if similar to the 

average of those already in the model, should yield a relative integrated discrimination 

improvement of about 10%. Values below 10% indicate predictors that do not perform as well as 

the average of those already in the model. 
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 Net reclassification improvement with categories was used to compare improvement or 

worsening of risk reclassification in different strata of predicted risk. Previous analyses used ten-

year net reclassification improvement risk thresholds of <5%, 5–10%, >10%8 and <5%, 5–15%, 

and >15%13; we selected eight-year risk thresholds using the former cutoffs owing to the 

distribution of predicted eight-year risk in our sample. Drawbacks of net reclassification 

improvement include the requirement for clinically meaningful a priori risk thresholds, and the 

fact that the distribution of risk may differ across samples, thereby limiting comparison of results 

across studies. Category-less net reclassification improvement examines upward and 

downward reclassification as any change in predicted probabilities in a category-free fashion, 

rather than within predefined risk categories, where values >0 for events and <0 for nonevents 

correspond to improvement in reclassification.12  

The Hosmer-Lemeshow Chi-squared statistic was used to assess model calibration with added 

familial AF features.  
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eTable 1. Associations Between Familial AF and Incident AFa 

Model HR (95% CI) for familial AF P value 
Original multivariable model and coefficientsb 1.42 (1.14–1.76) .002 

Original multivariable model with refitted coefficients 1.41 (1.13–1.75) .002 

Restricted multivariable modelc with diabetes mellitus 1.48 (1.19–1.85) <.001 
aModels stratified by cohort and examination. 
bAdjusted for age, age2, sex, body mass index, systolic blood pressure, treatment for hypertension, PR interval, heart 
murmur, heart failure, age2*sex, age*murmur, age*heart failure using coefficients from Schnabel et al.8 
cAdjusted for covariates from original multivariable model except age2 and age2*sex, and allowing for refitted coefficients. 
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eTable 2. AF Risk Estimates by Number or Relation of Affected Family Membera 

 No. events / person-
examinations 

HR (95% CI) P value 

 Relative with 
AF  

Relative 
without AF 

  

Number of first-degree relatives 
with AFb 

    

Risk per each additional affected 
family member 

– – 1.24 (1.04–1.48) .02 

Allowing for separate effects of 
proportion of parents or siblings 
with AFc 

    

Parental AF 101 / 2087 339 / 9884 1.58 (1.05–2.38) .03 

Sibling AF 49 / 404 391 / 11567 1.48 (0.92–2.39) .10 

Allowing for separate effects of 
maternal, paternal, and sibling 
AFd 

    

Maternal AF 69 / 1068 371 / 10903 1.37 (1.04–1.82) .03 

Paternal AF 39 / 1163 401 / 10808 1.15 (0.78–1.70) .48 

Sibling AF 49 / 404 391 / 11567 1.39 (1.02–1.91) .04 
 
aModels stratified by cohort and examination, and adjusted for age, age2, sex, body mass index, systolic blood pressure, treatment 
for hypertension, PR interval, heart murmur, heart failure, age*heart failure, and age*murmur.  
bAs above and stratified by family size. 
cAs above and stratified by presence of parent and sibling in study. 
dAs above and stratified by presence of father, mother, and sibling in the study. P>0.05 for comparison of difference in effects 
between maternal versus paternal versus sibling AF, and for parental versus maternal AF. 
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eTable 3. Associations Between Familial AF and AF Risk Stratified by Potential Familial AF Sourcea 

Stratum No. events / person-
examinations in stratum HR (95% CI) P valueb 

Only parents in FHS 68 / 1958 1.53 (0.88–2.67) .13 

Only siblings  in FHS  141 / 1924 1.41 (0.92–2.18) .12 

Both parents and siblings in FHS 231 / 8089 1.47 (1.11–1.95) .007 
FHS = Framingham Heart Study 
aModels stratified by cohort and examination, and adjusted for age, sex, body mass index, systolic blood pressure, treatment for 
hypertension, PR interval, heart murmur, heart failure, age*murmur, age*heart failure. 
bThere was limited precision to assess the association between familial AF and AF risk in these subsets owing to the small number of 
events. 
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eTable 4. Association Between First-Degree Familial AF and AF Risk, Adjusting for Common Genetic Variants Associated With AFa,b 

 SNP / locus  
Candidate gene 

 
First-degree familial AF rs2200733 / 4q25 

PITX2  
(RefSeq NG_007120.1)

rs10033464 / 4q25 
PITX2  

(RefSeq NG_007120.1)

rs2106261 / 16q22 
ZFHX3 

(RefSeq NG_013211.1)

rs13376333 / 1q21 
KCNN3 

(RefSeq NG_016807.1) 
 HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

Age- and sex-adjusted 1.38 (1.08–1.76) .01 1.30 (1.03–1.65) .03 1.54 (1.21–1.95) <.001 1.23 (1.00–1.51) .05 1.14 (0.94–1.38) .18 

Family history, SNP, & 
multivariable-adjustedc 1.38 (1.08–1.75) .01 1.32 (1.04–1.66) .02 1.53 (1.20–1.93) <.001 1.26 (1.02–1.55) .03 1.15 (0.95–1.38) .15 

SNP = single nucleotide polymorphism. 
aSample is comprised of the subset of 2861 participants with DNA, corresponding to 116 events out of 2005 person-examinations in participants with familial AF, and 207 events out of 7,168 
person-examinations in participants without familial AF. 
bModels stratified by cohort and examination. 
cAdjusted for age, sex, body mass index, systolic blood pressure, treatment for hypertension, PR interval, heart murmur, heart failure, age*murmur, age*heart failure. 
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eTable 5. Predicted Eight-Year Risk of AF Before and After Reclassification With (A) First-
Degree Familial AF or (B) Premature First-Degree Familial AFa 

 

A. First-Degree Familial AF 

 
Participants who did not develop AF 
after reclassification with familial AF  

 Predicted risk <5% 5-10% ≥10% Total 

<5% 8606 (75%) 145 (1%) 0 (0%) 8751 (76%) 

 
5-10% 

 
146 (1%) 

 
1226 (11%) 

 
94 (1%) 

 
1466 (13%) 

 
>10% 

 
0 (0%) 

 
130 (1%) 

 
1184 (10%) 

 
1314 (11%) 
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 Total 8752 (76%) 1501 (13%) 1278 (11%) 11531 (100%) 

 
Participants who developed AF 

after reclassification with familial AF   

 

Predicted risk <5% 5-10% ≥10% Total 

<5% 99 (23%) 7 (2%) 0 (0%) 106 (24%) 

5-10% 9 (2%) 84 (19%) 6 (1%) 99 (23%) 

>10% 0 (0%) 18 (4%) 217 (49%) 235 (53%) 
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Total 108 (25%) 109 (25%) 223 (51%) 440 (100%) 

Net reclassification index -0.029; 95% CI, -0.057– 0.000; P=.05.  
aPercentages reflect division by the total number of participants, in each stratum (e.g., 
11531 or 440, respectively). 
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eTable 5. Predicted Eight-Year Risk of AF Before and After Reclassification With (A) First-
Degree Familial AF or (B) Premature First-Degree Familial AFa (continued) 
 
B. Premature First-Degree Familial AF 
 

 

 

Participants who did not develop AF 
After reclassification with  

premature familial AF  

 Predicted risk <5% 5-10% ≥10% Total 

<5% 8632 (75%) 119 (1%) 0 (0%) 8751 (76%) 

 
5-10% 

 
148 (1%) 

 
1219 (11%) 

 
99 (1%) 

 
1466 (13%) 

 
>10% 

 
0 (0%) 

 
113 (1%) 

 
1201 (10%) 

 
1314 (11%) 
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 Total 8780 (76%) 1451 (13%) 1300(11%) 11531 (100%) 

 

Participants who developed AF 
After reclassification with 

 premature familial AF   

 

Predicted risk <5% 5-10% ≥10% Total 

<5% 92 (21%) 14 (3%) 0 (0%) 106 (24%) 

5-10% 10 (2%) 77 (18%) 12 (3%) 99 (23%) 

>10% 0 (0%) 13 (3%) 222 (50%) 235 (53%) 

B
ef

or
e 

re
cl

as
si

fic
at

io
n 

 
W

ith
 p

re
m

at
ur

e 
fa

m
ili

al
 A

F 
 

 
Total 102 (23%) 104 (24%) 234 (53%) 440 (100%) 

Net reclassification index 0.011; 95% CI, -0.021–0.042; P =.51. 
aPercentages reflect division by the total number of participants, in each stratum (e.g., 
11531 or 440, respectively). 


