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Abstract 
Cardiovascular disease (CVD) is the leading cause of death globally, resulting in over 19 million 

deaths in 2020. It is critical to accurately predict both short-term (10-year) and long-term (30-

year or lifetime) cardiovascular risk for earlier detection and intervention. While the 10-year 

cardiovascular risk prediction tool is commonly used in clinical practice, the use of 30-year risk 

prediction tool is limited partly because there is no automated program or application to assess 

predictions at a population-level. The original 30-year risk calculator was provided as four 

separated Excel forms to calculate 30-year cardiovascular risk for a single person depending on 

the predicted events (either hard CVD outcome or full ranges of CVD outcome) and body mass 

index (BMI) information availability. Specifically, to predict a hard CVD outcome (coronary 

death, myocardial infarction, fatal or non-fatal stroke), the cumulative incidence at each time 

point (1,053 rows) were provided separately for the models with BMI and without BMI.  

To predict a full CVD outcome (hard CVD plus coronary insufficiency, angina pectoris, transient 

ischemic attack, intermittent claudication, or congestive heart failure), 1,340 rows of cumulative 

incidence at each time point were provided separately for the models with BMI and without 

BMI. They are not very intuitive to apply to a population in a systematic way. To address this 

gap, we developed a SAS macro to automate the predication calculations at a population level 

after importing a parameter file and population data including sex, systolic blood pressure, age, 

diabetes, smoking, treated hypertension, total cholesterol, high density lipoprotein cholesterol, 

or/and BMI. The macro is straightforward to use, which can produce 30-year risk of both hard 

CVD and full CVD outcomes with or without BMI. We believe the application of this macro will 

help develop a population level approach to assess 30-year CVD risk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Contents                                                                                                              Page 
 

1. Overview……………….………………………………………………………………………4 

2. Methods……………….………………….………………….………………….……………...5 

3. Working with Macro……………….………………….………………….…………………..7 

3.1 Prepare a dataset with required predictors in the eligible study population……….…….  7 

3.2 Download……………………….……………….………………….…………………......7 

3.3 Provide macro parameter …………………………………………………………….…...7 

3.4 Variable definition for the input data………………………………………………….......7 

3.5 Computational issues……………………………………………………………………...8 

4. Example………………………………………………………………………………………..8 

5.References………………………………………………………………………………………9 

Appendix………………………………………………………………………………………...10 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

1. Overview 

Cardiovascular disease (CVD) refers to various conditions including heart failure, stroke, and 

heart disease among other conditions related to the heart and blood vessels.  Globally, 

approximately 523 million people had CVD and an estimated 19 million deaths were due to 

CVD in 2020 (Coronado et al., 2022). It is a leading cause of death and responsible for roughly 

32% of all global deaths (Roth et al., 2020; Tsao et al., 2022).  Many studies identified CVD risk 

factors such as tobacco use, hypertension, high body mass index (BMI), and high glucose levels 

and type 2 diabetes to prevent and manage CVD risk (Kaneko et al., 2021; Jagannathan et al., 

2019; Loretan et al., 2022; GBD 2019 Risk Factors Collaborators, 2020).  Previous studies 

emphasized potential benefits of addressing these CVD risk factors at earlier age by calculating 

long-term CVD risk (An et al., 2023; Pencina et al., 2009). Our recent study showed that 30-year 

risk prediction tool further discriminate a subgroup of young adults with elevated observed CVD 

risk despite low estimated 10-year risk (An et al., 2023). 
 

Pencina et al. (2009) developed the 30-year risk of CVD from the Framingham Heart Study. 

They used a modified Cox model and adjusted for competing risk of non-CVD death. The 

original 30-year risk calculator was provided as web-based tool (Figure 1) for a single person 

depending on the predicted events (Framingham Heart Study, n.d.). To align with the tool, four 

separated Excel forms to predict hard CVD (coronary death, myocardial infarction, stroke) or 

general CVD (coronary death, myocardial infarction, coronary insufficiency, angina, ischemic 

stroke, hemorrhagic stroke, transient ischemic attack, peripheral artery disease, heart failure) 

using the set of predictors with or without BMI were provided for download on the website 

(https://www.framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-30-year-risk). 

Specifically, to predict a hard CVD outcome, two excel tables with 1,053 rows were used 

separately to provide the cumulative incidence at each time point depending on the availability of 

BMI(Appendix 1&2). To predict a full CVD outcome, two excel tables with 1,340 rows each 

were used to provide  cumulative incidence at each time point separately for the models with 

BMI and without BMI (Appendix 3&4). 

This is not very intuitive to apply to population data in a systematic way. To address this gap, we 

developed a SAS macro to automate the prediction calculations for each individual in a 

population dataset.  
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Figure 1: Web-based 30-year prediction model 

 
 

 

2. Methods 

 
We first downloaded four separated Excel forms from 

https://www.framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-30-year-risk 

and then simplified and converted them into one SAS dataset – Risk_calculator_import.sas7bdat 

(Figure 2). After the cohort is read into the SAS dataset, each individual is looped into the 

prediction Macro one by one (Figure 3). The algorithm of risk prediction is established (Figure 

4). During the prediction process, one step requires to get the values from the last row record. 

Given there is no built-in lead function in SAS, we used the trick - the SORT procedure by 

descending order, apply the LAG function to get the values from the last row, and PROC SORT 

by ascending order to switch the order back. 
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Figure 2: A subset of Risk_calculator_import.sas7bdat. 1,340 rows in total. 

 
 

Figure 3: Do loop to predict the risk one by one 

 
Figure 4: Part of the algorithm to predict risk 

 



The complete Macro code can be downloaded from: 

https://github.com/zmn0322/30-Year-CVD-Risk-Prediction 

 

 

3. Working with Macro 

 
3.1 Prepare a dataset with required predictors in the eligible study population  

According to Pencina et al. (2009), the 30-year CVD prediction should only be conducted among 

individuals between 20 and 59 years old without history of CVD. In the import dataset, 

information of the predictors including gender, age, systolic blood pressure (SBP), use of 

antihypertensive treatment, smoking, diabetes mellitus (DM) is required. In addition, the 

individuals should either have information of total cholesterol and high-density lipoprotein 

cholesterol (HDL), or BMI to be able to calculate the 30-year CVD prediction.  

 

3.2 Download  

Download the Risk_calculator_import.sas7bdat from https://github.com/zmn0322/30-Year-

CVD-Risk-Prediction and then save it in the local SAS. 

  

 

3.3 Provide Macro parameter 

The following parameters are required to be defined in the macro: 

 

• Inputdata = the cohort data including sex, age, SBP, diabetes, smoking, and treated 

hypertension, with either total cholesterol and high density lipoprotein cholesterol or 

BMI, or all three. 

Cohort_size = the total number of persons in the inputdata. 

• Outputdata = output dataset name for which the users want the 30-year cardiovascular 

risk predications to be saved.  

 

3.4 Variable definition for the input data 

The following variables are required in the input data: 

• MRN = an unique ID. 

• Gender = categorical variable having two values ‘M’ and ‘F’. 

• Age = numeric variable ranging from 20 to 59. 

• Risk_sbp = numeric variable - systolic blood pressure. 

• Risk_cholesterol = numeric variable - total cholesterol. 

• Risk_HDL = numeric variable - high density lipoprotein cholesterol. 

• BMI = numeric variable - body mass index. 

• DM = binary variable - diabetes mellitus. 

• Current_tobacco = binary variable - smoking status. 

• Risk_HTN = binary variable - use of antihypertensive treatment. 
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3.5 Potential computational issues 

Due to the complexity of this algorithm, it may take a while to produce the risk predictions. The 

user could break the population data into some sub-datasets and then run the Macro separately. 

 

 

4. Example 

 
Users are required to have a similar dataset structure (Table 1) to start with. 

 

Table 1: Five hypothetical individuals and their characteristics  

Person ID Gender Age Risk_SBP Risk_Cholesterol Risk_HDL Current_Tobacco Risk_HTN DM BMI 

001 M 35 120 230.8 59 0 0 1 23 

002 F 50.5 135.2 . 66 1 1 1 23.5 

003 F 41 132.4 235 64 0 1 1 . 

004   39.6 133 238.5 63.7 1 1 0 25.4 

005 M 38 . . . 0 1 0 . 

 
After defining the cohort_size, 30-year risk predictions are produced automatically by 

submitting: 

 

%risk_calculator(inputdata=_sample,cohort_size=5,outputdata=RiskScore); 

 

Table 2: Output data with four risk predictions for the five individuals  

Person ID CVD_No_BMI_risk_score HCVD_No_BMI_risk_score CVD_BMI_risk_score HCVD_BMI_risk_score 

001 0.25 0.19 0.27 0.19 

002 . . 0.72 0.58 

003 0.44 0.27 . . 

004 . . . . 

005 . . . . 

With completed variable information, the macro produces all four risk scores for the first 

individual. Due to missing total cholesterol, the second individual doesn’t have CVD and HCVD 

risk scores without BMI. The third individual doesn’t have CVD and HCVD risk scores with 

BMI because the person is missing BMI. The fourth and fifth individuals do not have a any risk 

scores due to missing gender and missing lipids and BMI.  
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Appendix 1: Underlying table (subset of data) for 30-Year HCVD prediction with BMI  

 

 

Appendix 2: Underlying table (subset of data)  for 30-Year HCVD prediction without BMI 

 

 

 

 

 

 



Appendix 3: Underlying table (subset of data) for 30-Year CVD prediction with BMI 

 

 

Appendix 4: Underlying table (subset of data) for 30-Year HCVD prediction without BMI 

 

 

 

 


