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Monitoring Disparities in Chronic Conditions (MDCC) study 
 
The Monitoring Disparities in Chronic Conditions (MDCC) study (1) was a survey of specific health conditions 
in King County, Washington, and was conducted from March 2011 to September 2012. There were two cohorts 
in the study. One was based on address-based sampling, and the other was based on medical record review. 
 
Households identified by the random address-based sampling (ABS) cohort were contacted and one adult per 
household was selected to participate in the study. If the subject consented to participation, the survey was 
completed either through a telephone interview process, or as an online survey, depending on the subject’s 
preference. A total of 3,223 subjects were invited to participate and of these 1,636 subsequently completed the 
online or telephone questionnaire and were used as the ABS cohort. 
 
The medical records review-based sampling (MRRBS) cohort was collected by first identifying 19 health care 
entities with a high prevalence of the target conditions in their patient populations by utilizing the 
Comprehensive Hospital Abstract Reporting System database in Washington State (2). This database has 
patient-level information on diagnoses and procedures at each facility, allowing determination of case mix at a 
given site. The target conditions were cerebral infarction, acute myocardial infarction, unstable angina, 
congestive heart failure, asthma, chronic obstructive pulmonary disease, diabetes mellitus, chronic renal failure, 
hypertension, atrial fibrillation, and hypercholesterolemia. 
The identified health care entities were invited to participate, and the following agreed to do so: Auburn 
Regional Medical Center, Group Health Cooperative, Harborview Medical Center, HealthPoint, Northwest 
Medical Center, Overlake Hospital Medical Center, Snoqualmie Valley Hospital, University of Washington 
Medical Center, University of Washington Comprehensive Stroke Center, Emergency Medical Services at 
Seattle and King County Public Health. 
 
A random sample of patients who had been treated in the previous two years for specific target diagnoses, lived 
in King County, and were 18 years of age or older were identified by the facilities and invited to participate. If 
patients gave informed consent, then the survey was completed either through a telephone interview process, 
paper survey, in-person, or an online survey, depending on the subject’s preference.  A total of 3,299 subjects 
were invited to participate and 2,573 subsequently completed the questionnaire. 
 
In the MRRBS cohort, 218 subjects were recruited because they had been recently treated for atrial fibrillation, 
and were therefore excluded from analysis. In addition, there were 201 subjects in the MRRBS for whom the 
main reason for inclusion was not available. Since some of these might have been included due to recent 
treatment for atrial fibrillation, they were also excluded from analysis, leaving 2,154 for the current study in the 
MRRBS cohort.  

 



    

Atherosclerosis Risk In Communities (ARIC) study 
 
The Atherosclerosis Risk In Communities study  (3) is a prospective epidemiological study in four 
centers that started in 1987. These centers are in Winston-Salem North Carolina, Jackson 
Mississippi, Baltimore Maryland, and Minneapolis Minnesota.  Each center randomly recruited 
approximately 4,000 subjects age 45-64. There were three components to the study. There were 
exams every three years that included extensive questionnaires, physical exams, and testing. There 
was a semi-annual telephone follow-up. Finally, there was community surveillance of health care 
records of entities to identify events and diagnoses that may otherwise have been missed. 
 
In order to include a sufficient number of subjects with incident atrial fibrillation, the current study used exam 3 
as the index visit, which occurred 1993-1995. Any subject who reported atrial fibrillation at exams 1, 2, or 3, 
was found to have atrial fibrillation on ECG at exam 1, 2 or 3, who reported atrial fibrillation during any 
telephone follow-up prior to exam 3, or had a diagnosis of atrial fibrillation in the community surveillance prior 
to exam 3 was excluded from further analysis. All three sources of information were used for information on 
comorbidities, which contributed to the various risk scores. For example, presence of diabetes was determined 
by subject report, blood test results at the exams, or community surveillance diagnosis. 
 
Incident atrial fibrillation was defined as atrial fibrillation in the remaining population as identified either by 
ECG at exam 4, interview at exam 4, any telephone surveillance report between exam 3 and 4, or any 
community surveillance diagnosis between exam 3 and 4. Exam 4 occurred 1996-1998. 
 
The overall flow of the data collection is shown in Figure 1 in the manuscript. 
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Notes on statistical methods 
 
For the MDCC data, if any numeric variables were missing, the case was excluded. Missing categorical data 
was imputed as negative. The one exception was if the subject was in the MRRBS and the reason for inclusion 
was missing, the subject was excluded since the reason for inclusion could be atrial fibrillation. 
 
For the ARIC data set, a similar procedure was used, excluding cases with missing numeric variables, but 
imputing missing categorical data as negative. 
 
The SimpleLogistic regression algorithm (4) is a type of LogitBoost algorithm using simple regression 
functions. It is an iterative algorithm, with weighting functions based on the error in each iteration applied to the 
subsequent iteration. The number of iterations is determined by a cross-validation technique.  The dataset is 
divided five times into training ad test datasets. For each fold, a training set is used up to the maximum number 
of iterations and the classification error against the test set is logged.  The number of iterations that gave the 
minimum average error over the folds is used for the final derivation of the full dataset. For further details, see 
Landwehr (4). 
 
The parameters for the SimpleLogistic regression (4) in Weka (5) were the defaults: 
SimpleLogistic -I 0 -M 500 -H 50 -W 0.0  
 
The method of cross-validation is used in Weka to get an estimate of how robust the model is when there is only 
one dataset. The dataset is divided into a number of subsets equal to the number of “folds.” For each iteration, 
one of the subsets is used as a validation set, and the others are used to derive an independent model. The 
average C-statistic over all validation iterations is reported.  
 
The risk score is calculated as the sum of each of the risk factors times the ß-coefficient. The multivariate ß-
coefficients and respective hazard ratios are shown below in eTable 3.  
 
The C-statistic  (6), or area under the receiver-operating characteristic (ROC) curve, was used for general 
comparison of the results of the risk models. Comparison of ROC curves was done using roccomp in Stata (7). 
 
The net reclassification improvement (NRI) (8) is a measure of improvement in classification from one method 
of classification to another. In this case, the age criterion was used as the standard.  The event NRI would be the 
number of subjects who developed atrial fibrillation who were classified as at risk by the test model but not the 
age criterion, minus those who were at risk by the age criterion but not the test model, divided by the total 
subjects who developed atrial fibrillation, which was 117. For example, for generating table 3 for the SAAFE 
risk score, 34 subjects who developed atrial fibrillation were classified as at risk by the SAAFE score but not 
the age criterion, while 10 were classified as at risk by age but not the SAAFE score. The Event NRI is (34-
10)/117 or 0.205 as listed in the table. Another way to look at this is simply the proportion of increase in correct 
classification, in this case from 71 to 95, or an increase of 24 out of 117, or 0.205.  The non-Event NRI is 
similarly calculated as the proportion of those correctly reclassified among those who did not develop atrial 
fibrillation. The sum NRI is the sum of the event and non-event NRIs.  Since the non-Events group was much 
larger, the non-Event NRI values tended to be quite small.  
 
Decision curve analysis (9) was performed using software for R downloaded from 
https://www.mskcc.org/departments/epidemiology-biostatistics/health-outcomes/decision-curve-analysis-01. As 
explained in that paper, the plots show the net benefit as a function of the threshold probability pt. The threshold 
probability is where perceived expected benefit of treatment is equal to the perceived expected benefit of 
avoiding treatment.  This can also be thought of as the desired yield of the treatable condition. This threshold is 
affected by cost, morbidity, mortality, and patient preference, among other factors, and thus is likely to vary 
among observers. The net benefit is calculated as: 
 



    

Net benefit = !"#$ !"#$%$&' !"#$%
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!!!!

)    (equation copied from  (10)) 
 
An advantage of this method is that it does not require a determination of the subjective threshold probability 
prior to the analysis, since a full range is calculated. An additional point is that it is possible to include a term 
for “harm” for a given test, such as the cost or inconvenience of performing an ECG. This is subtracted from the 
net benefit as calculated above, and will therefore move the corresponding curve down. Because this requires a 
subjective assessment of the degree of “harm”, these costs were not included in the current analysis. 
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eTable 1. Subject characteristics and univariate prevalence of atrial fibrillation in MDCC 

 
 Address Based  Medical Record Review Based 

Characteristic Subjects (%) 
n=1,636 

AF (%) 
n=130 

Odds Ratio  
(95% CI) 

P 
value 

 Subjects (%)  
n=2,154 

AF (%)  
n=379 

Odds Ratio 
(95% CI) 

P 
value 

Women 938 (57.3) 64 (6.8) 0.70 (0.49-1.00) 0.05  1,062 (49.3) 149 (14.0) 0.61 (0.49-0.77) <0.001 
CHF 42 (2.6) 22 (52.4) 15.14 (8.01-28.60) <0.001  201 (9.3) 99 (49.3) 5.80 (4.27-7.86) <0.001 
MI  42 (2.6) 14 (33.3) 6.37 (3.26-12.44) <0.001  281 (13.0) 89 (31.7) 2.53 (1.91-3.35) <0.001 
CAD  93 (5.7) 29 (31.2) 6.47 (3.99-10.49) <0.001  481 (22.3) 149 (31.0) 2.82 (2.22-3.57) <0.001 
Angiogram 40 (2.4) 12 (30.0) 5.37 (2.66-10.83) <0.001  186 (8.6) 58 (31.2) 2.33 (1.67-3.24) <0.001 
Stent 43 (2.6) 11 (25.6) 4.26 (2.09-8.66) <0.001  273 (12.7) 78 (28.6) 2.10 (1.57-2.81) <0.001 
CABG 27 (1.7) 11 (40.7) 8.61 (3.91-18.97) <0.001  122 (5.7) 51 (41.8) 3.73 (2.56-5.45) <0.001 
SCD 20 (1.2) 9 (45.0) 10.11 (4.11-24.87) <0.001  99 (4.6) 43 (43.4) 3.93 (2.60-5.959) <0.001 
DM 153 (9.4) 29 (19.0) 3.20 (2.04-5.03) <0.001  664 (30.8) 102 (15.4) 0.80 (0.62-1.02) 0.07 
Pre-DM 143(8.7) 18(12.6) 1.78 (1.05-3.02) 0.03  383(17.8) 71 (18.5) 1.08 (0.81-1.44) 0.59 
COPD 77 (4.7) 20 (26.0) 4.62 (2.68-7.97) <0.001  250 (11.6) 71 (28.4) 2.06 (1.52-2.78) <0.001 
Hyperchol 465 (28.4) 59 (12.7) 2.25 (1.57-3.24) <0.001  1148 (53.3) 207 (17.6) 1.07 (0.85-1.33) 0.57 
Asthma 249 (15.2) 20 (8.0) 1.01 (0.62-1.66) 0.96  529 (24.6) 91 (17.2) 0.97 (0.74-1.25) 0.79 
RF 26 (1.6) 8 (30.8) 5.42 (2.31-12.72) <0.001  154 (7.1) 33 (21.4) 1.30 (0.87-1.95) 0.20 
Dialysis 5 (0.3) 2 (40.0) 7.83 (1.30-47.30) 0.03  31 (1.4) 9 (29.0) 1.94 (0.89-4.24) 0.10 
Kidney Transplant 4 (0.2) 2 (50.0) 11.75 (1.64-84.11) 0.01  17 (0.8) 6 (35.3) 2.58 (0.95-7.02) 0.64 
HTN 493 (30.1) 61 (12.4) 2.20 (1.53-3.16) <0.001  1458 (67.7) 280 (19.2) 1.43 (1.12-1.84) 0.005 
Stroke 42 (2.6) 10 (23.8) 3.84 (1.84-8.00) <0.001  253 (11.7) 66 (26.1) 1.79 (1.32-2.43) <0.001 
 
CI = Confidence Interval, CHF = Congestive heart failure, MI = Myocardial infarction, CAD = Coronary artery disease, DM = Diabetes mellitus, 
COPD = Chronic obstructive pulmonary disease, CABG = Coronary artery bypass graft, SCD = Sudden cardiac death/Cardiac arrest, Hyperchol = 
Hypercholesterolemia, RF = Renal failure, HTN = Hypertension 
 
 
  
 
 



    

 
 
 
 
 

eTable 2. Odds ratios for continuous variables in MDCC 
 

  Address Based  Medical Record Review Based  Combined 

Characteristic  Odds Ratio (95% CI) P value  Odds Ratio (95% CI) P value  Odds Ratio (95% CI) P value 

Age (years)  1.060 (1.046-1.075) <0.001  1.047 (1.038-1.057) <0.001  1.054 (1.047-1.062) <0.001 

Height (cm)  1.015 (0.997-1.034) 0.11  1.023 (1.012-1.034) <0.001  1.023 (1.013-1.032) <0.001 

Weight (kg)  1.013 (1.005-1.021) 0.002  1.005 (1.000-1.009) 0.04  1.009 (1.005-1.013) <0.001 

BMI  1.038 (1.010-1.066) 0.008  1.001 (0.986-1.016) 0.92  1.018 (1.005-1.031) 0.006 

H x W  2.089 (1.345-3.245) 0.001  1.428 (1.123-1.818) 0.12  1.779 (1.447-2.188) <0.001 
 
CI = confidence interval, H x W = Height(m)xWeight(100kg)  
  



 8 

 
eTable 3. SAAFE risk score coefficients 

Variable ß Coefficient Odds ratio 

Age (years) 0.023 1.023 

Height (m) 0.68 1.974 

Height (m) X Weight (kg) / 100 0.25 1.284 

Congestive Heart Failure 0.78 2.181 

Coronary artery disease 0.37 1.448 

Cardiac Arrest 0.24 1.271 

Kidney Transplant 0.68 1.974 

Chronic Obstructive Pulmonary Disease 0.30 1.350 

Not recently hospitalized for Cardiovascular/Pulmonary Diagnosis -0.14 0.869 

Stent 0.13 1.139 

Stroke 0.12 1.127 

Diabetes -0.06 0.942 

Caucasian* 0.465 1.59 
 
* The ß coefficient for race was not derived from the MDCC study, but was added based on the CHARGE-AF risk score. 
  



    

eTable 4 – Comparison of the risk models used in the current study 
 
Study Derivation 

Subjects 
Model 
Type 

Time 
(years) 

Predicts AF Reference 

      
SAAFE 3,790 Logistic Initial Prevalence Current paper 

CHARGE-AF 18,556 Cox 5 Incidence  (11) 

ARIC 14,546 Cox 10  Incidence  (12) 

WHS 13,743 Cox 10  Incidence  (13) 

Framingham 4,764 Cox 10  Incidence  (14) 

Mayo * * Mean 8.5 Incidence  (15) 

HATCH 1,546 Logistic 1  Progression to sustained  (16) 
 
 
* The Mayo study did not have a derivation set, but rather combined odds ratios from a meta-analysis of other studies. As such, they did not have a 
specific number in the derivation set, nor did they use a Cox or Logistic model. In their validation, they had 97,909 subjects and predicted 
incident AF over an average of 8.5 years. 
 
The current study used all risk models related to atrial fibrillation available at the time of the work.  These varied considerably in the time frame that 
they covered, how they were derived, and even what they aimed to predict.  
 
 

 



   

!
eFigure 1 - Receiver-operating characteristic curves for all of the models when predicting incident atrial 
fibrillation in ARIC over 3 years in subjects with CHA2DS2-VASc ≥ 2. Note that the curves for the four best 
models cross repeatedly. Framingham-PR - Framingham model excluding PR interval from ECG. 
Framingham - Framingham model. ARIC - ARIC model. CHARGE-AF-A - “Augmented” CHARGE-AF 
model with ECG variables. CHARGE-AF-S - “Simple” CHARGE-AF model excluding ECG variables. WHS 
- WHS model. SAAFE - SAAFE model, developed in the current study. 
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