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6. Survey of CVD CPMs (cont’d) 

6.3 Framingham Risk Score  

The Framingham Heart Study is a long-term, ongoing cardiovascular cohort study that first started 

in Framingham, Massachusetts in 1948. Several cohorts have been added to the original group: 

1971 (children), 1994 (Omni (multiethnic)), and 2002 (third generation). In D’Agostino et al. 

(2008) (1), the Framingham Heart Study investigators developed a 10-year general cardiovascular 

disease (CVD) clinical prediction model (CPM), the Framingham Risk Score, with C-statistics 

ranging from 0.746-0.780. This model predicts a composite of coronary heart disease (coronary 

death, myocardial infarction, coronary insufficiency, and angina), cerebrovascular events and 

transient ischemic attacks as well as peripheral artery disease and heart failure under the umbrella 

term cardiovascular disease. 30-year risk prediction functions were developed from a subset of the 

Framingham Offspring cohort who were free from CVD and with ages 20 to 59 and at the start of 

the study. Hard CVD event endpoints (coronary death, myocardial infarction, stroke) were 

evaluated. The C-statistic of this predictor was 0.803 and standard risk factors were evaluated (2). 

A main limitation is that the Framingham Heart Study cohort is predominantly Caucasian from a 

restricted geographic area and is not necessarily representative of the total United States 

population.  

6.4 ACC/AHA PCE ASCVD Risk Estimator & ASCVD Risk Estimator Plus  

In 2013, the American College of Cardiology (ACC), the American Heart Association (AHA), and 

the National Heart, Lung, and Blood Institute collaborated to develop clinical practice guidelines 

for assessment of CVD risk, including development of a new CVD CPM (3,4). This tool uses 

comprehensive multivariable risk equations, the Pooled Cohort Equations, for the prediction of 

10-year risk of atherosclerotic CVD (ASCVD; fatal and non-fatal myocardial infarction and 

stroke) in non-Hispanic African American and non-Hispanic White men and women from 40 to 

79 years of age. The C-statistics reported for this model are 0.713-0.818. This CPM is currently 

the most widely used in US clinical practice for preventive therapies, including cholesterol 

management. However, some studies have suggested it may overestimate risk by as much as 50% 

(5). The ASCVD Risk Estimator Plus, builds on the original ASCVD Risk Estimator with addition 

of the 2016 Million Hearts Longitudinal ASCVD Risk Assessment Tool, to predict benefits from 

inclusion of specific primary preventive strategies (aspirin, blood pressure control, cholesterol 

lowering medications and smoking cessation). Recommendations for estimating lifetime or 30-yr 

ASCVD risk are included (2,6).  



6.5 MESA Risk Score  

The Multi-Ethnic Study of Atherosclerosis (MESA) risk score was the first to incorporate coronary 

artery calcium data as a marker of subclinical CVD, in addition to traditional risk factors, to 

provide a 10-year coronary heart disease risk estimate (7). Study participants were 6814 healthy 

female and male individuals from the MESA cohort ranging in age from 45 to 84. Like the 

Framingham risk score, the MESA model predicts hard coronary heart disease endpoints 

(myocardial infarction, resuscitated cardiac arrest, fatal coronary heart disease and 

revascularization). The C-statistic for the model is 0.80. In comparison, both the Framingham and 

the 2013 ACC/AHA calculators had lower C-statistics, ranging from 0.65-0.75 when evaluated 

using MESA cohort data. The MESA risk score also showed superior performance when compared 

to use of the existing 2013 AHA/ACC score with coronary artery calcium added in, where the C-

statistic was 0.78. The use of a multi-ethnic cohort for model development is an advantage of this 

calculator, and inclusion of coronary artery calcium provides improved model discrimination.  

6.6 Reynolds Risk Score  

The Reynolds Risk Score was developed to specifically address the need for more accurate risk 

calculators tailored to women. This model provides a global or absolute assessment for a 10-year 

risk of the first cardiovascular event comprising myocardial infarction, ischemic stroke, coronary 

revascularization, and cardiovascular death (8). In the initial study, 35 factors were assessed for 

CVD risk in 24,558 healthy women enrolled in the Women’s Health Study using Bayesian 

information criteria. Study participants were age 45 and older with no history of CVD. Following 

this analysis, 9 risk factors were selected and used to create model A. These factors are sex, age, 

smoking, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, high-

sensitivity C-reactive protein, and parental history of premature disease, which is a strong predictor 

of individual risk. The C-statistics for this model is 0.81. Once variables were selected from model 

A, a second, simpler CPM (model B, the Reynolds Risk Score) was created for the purpose of 

clinical application and efficiency. This model uses parental history and high-sensitivity C-reactive 

protein; risk classification is based on these values: <5%, 5-10%, 10-20%, >20%. A similar 

calculator incorporating high-sensitivity C-reactive protein and parental family history was 

developed for men (9). Here participants (10,724 healthy males over age 50) were part of the 

Physician’s Health Study II. The addition of high-sensitivity C-reactive protein and parental 

history were shown to improve global risk prediction (9). Derivation from a predominantly white 

study population may be a limiting factor, while the inclusion of high-sensitivity C-reactive protein 

is notable as this biomarker is currently evaluated in astronauts (10).  

6.7 INTERHEART Modifiable Risk Score 

In this work, the CPMs (short score and full score) are based on a case-control study of acute 

myocardial infarction in 52 countries, with the outcome of interest being the first acute myocardial 

infarction event (11,12). The data was examined using a logistic regression model. The risk factors 



considered in this study are age, sex, dyslipidemia, smoking, hypertension, diabetes, abdominal 

obesity, psychosocial factors, consumption of fruits and vegetables, alcohol use, and regular 

physical activity. The overall C-statistics for this model is 0.70 – 0.72 and increases modestly when 

adding variables (0.72-0.74), in some areas of the world. The score has been validated using an 

independent study population for a 3.25-year follow-up. Psychosocial stress assessment consisted 

of an integrated score that considered depression, locus of control, perceived stress, and life events. 

Identification of psychosocial stress as an independent risk factor for acute myocardial infarction 

is especially relevant for astronauts considering the psychological stress associated with isolation 

and confinement on long duration space missions (13).  

6.8 SCORE / SCORE2  

The European Cardiovascular Disease Risk Assessment Model (SCORE) was developed by the 

European Society of Cardiology in 2003 and updated in 2016 (14,15). It includes 12 European 

cohort studies comprising a total of 205,178 persons (88,080 women and 117,098 men) with 2.7 

million person-years of follow-up. Calculators were developed for the 10-year risk of fatal CVD, 

which includes separate equations for coronary heart disease and non-coronary CVD. Different 

calculators are used for low-risk and high-risk regions of Europe. The model is based on fatal 

events only (non-fatal events are dependent on definitions and methods). The risk functions 

underlying the risk charts were calculated using a Weibull proportional hazards model. The risk 

predictors are age, cholesterol, smoking, systolic blood pressure, diabetes, total cholesterol, and 

high-density lipoprotein cholesterol. The C-statistics for this model are 0.71-0.84. SCORE2 

updates were published in 2021 and incorporate non-fatal CVD risk (defined as non-fatal 

myocardial infarction, non-fatal stroke) using updated information from 45 cohorts in 13 countries 

(677,684 individuals). The model was recalibrated to accommodate 4 risk regions in Europe; C-

statistics are 0.67 to 0.81 (16). Given the development and validation in European cohorts, SCORE 

CPMs may have less generalizability to United States-based astronauts.  

6.9 QRISK2 / QRISK3  

The first version of this QRISK calculator was published in 2007, updated in 2008 (QRISK2), and 

again most recently in 2017 (QRISK3) (17–19). This calculator evaluates 10-year and lifetime 

risks of CVD (coronary heart disease, ischemic stroke, and transient ischemic attack). Cox 

proportional hazards models were used to estimate the coefficients for each risk factor in women 

and men from the United Kingdom separately. This calculator uses the largest number of predictor 

variables among the surveyed CPMs: age, ethnicity, deprivation, systolic blood pressure, body 

mass index, total cholesterol, high-density lipoprotein: cholesterol ratio, smoking, family history 

of coronary heart disease in a first degree relative aged less than 60 years, diabetes, treated 

hypertension, rheumatoid arthritis, atrial fibrillation, and chronic kidney disease. The latest version 

adds additional new risk factors including chronic kidney disease, systolic blood pressure 

variability, migraines, use of corticosteroids, systemic lupus erythematosus, use of atypical 



antipsychotics and severe mental illness. The derivation cohort included data from 7.89 million 

patients aged 25-84 years and 2.67 million patients in the validation cohort (derived from the 

QResearch database of 30 million patients). The C-statistic for this model is 0.88. A version of the 

model was also developed to  predict cumulative risk measured over a full lifetime to address the 

needs of risk estimation in younger individuals – its C-statistic was 0.84 for women and 0.83 for 

men (20). These models lack inclusion of biomarkers and their performance in United States 

populations is unclear.  

6.10 LIFE-CVD model   

The LIFEtime-perspective CardioVascular Disease (LIFE-CVD) model aims to individualize 

CVD prevention strategies in asymptomatic individuals (21,22). The model used 6715 participants 

from the MESA cohort. The model estimates the effects of antithrombotic therapy, blood pressure 

lowering, smoking cessation and cholesterol management on 10-year and lifetime CVD risk 

(defined as fatal or non-fatal MI, stroke, resuscitated cardiac arrest and death due to coronary heart 

disease). The model also outputs CVD-free life expectancy. Covariates are sex, systolic blood 

pressure, non-high-density lipoprotein cholesterol, body mass index, smoking status (current, 

former, never), diabetes, family history of early MI in either parent. The C-statistic is 0.74. An 

advantage of this model is that it uses an approach similar to the NASA radiation risk model, 

outputting results by year.  
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