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ABSTRACT  

Health care organizations are faced with the challenge of analyzing high volumes of population-level 
health data to gain insights into ways to reduce cost while improving health care quality and efficiency. 
This paper explains how to develop statistical models using SAS® Real World Evidence to analyze cost 
and understand the key factors associated with health care costs. Using SAS Real World Evidence, a 
population cohort based on a research question is created. Statistical modeling is performed on this 
cohort using the powerful Add-in Builder available in SAS Real World Evidence. The results from 
statistical models are then analyzed to understand characteristics associated with cost.  

INTRODUCTION  

SAS Real World Evidence provides a platform for management, analysis, and visualization of real-world 
population-level health data. This platform provides you with the capability to rapidly query observational 
data, apply built-in analytics, and find insights that demonstrate value. The three pillars of SAS Real 
World Evidence are: 

1. Management of data assets 

2. Identifying patient cohorts of interest 

3. Knowledge and insights via analytics 

This paper is focused mainly on the third pillar of SAS Real World Evidence, that is, deriving insights 
using analytics.  

USING SAS REAL WORLD EVIDENCE 

As an analyst, you are interested in gaining insights into ways to reduce cost while improving health care 
quality and efficiency. Let us look at the example of analyzing the medical cost of treating patients who 
have been diagnosed with diabetes and have been administered insulin. After the data is collected and 
made available to SAS Real World Evidence, you must use a workspace for creating and analyzing 
cohorts.  

WORKSPACE DATA  

After creating a workspace, the built-in workspace profiling report is a great place to start your analysis as 
this gives a clear idea about the population you are looking at. For example, Figure 1 below shows the 
demographic distribution of the workspace called “Medicare Population.” This workspace has a cohort of 
711,479 patients. 
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Figure 1: Workspace Profiling - Demographics 

 
 

POPULATION COHORT ANALYSIS 

All SAS Real World Evidence analyses are performed on cohorts, which are typically subsets of the 
workspace data that are created based on the population of interest (based on your research question). 
For example, our population of interest is patients who have been diagnosed with diabetes and have 
been administered insulin.  

A population cohort called “Diabetes Cohort” is created. You have instant access to the cohort profile 
reports. For example, Figure 2 shows the demographic distribution of the cohort. The population size has 
been reduced to 12,097 patients with a mean age of 70 at the start of study. 
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Figure 2: Cohort Profile - Demographic Distribution 

 
 

Figure 3 shows the age profile of the cohort at the beginning of study, grouped by gender, race, and 
ethnicity. 

 

Figure 3: Cohort Profile - Age at Beginning of Study 
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Figure 4 shows the age profile of the cohort at death, grouped by gender, race, and ethnicity. 

 

Figure 4: Cohort Profile - Age at Death 

 
 

After creating the population cohort, you are ready to use the Cost Analysis Model add-in, one of several 
statistical models that are available with SAS Real World Evidence to provide you with in-depth insights 
and answers for your research questions. 

 

COST ANALYSIS STATISTICAL MODEL 

The purpose of the Cost Analysis Model add-in is to perform cost analysis for a cohort of patients. The 
following questions and objectives are addressed by this add-in: 

• Identify clusters of patients based on cost 

• Compare characteristics of “high cost” patient clusters with other clusters 

• Predict risk-adjusted expected costs for patients 

• Compare expected costs with actual costs 

• Analyze characteristics of patients with high cost variations from the expected costs 

 

The following covariates and predictor variables are used by the cost model: 

• Demographic variables 

• Risk factors 
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PROCEDURE USED FOR COST ANALYSIS 

Cost analysis is performed using the HPFMM statistical procedure. HPFMM is a high-performance 
counterpart to the FMM (Finite Mixture Models) procedure. The FMM procedure fits statistical models to 
data for which the distribution of the response is a finite mixture of univariate distributions - that is, each 
response comes from one of several random univariate distributions that have unknown probabilities. The 
HPFMM procedure is designed to fit finite mixtures of regression models or finite mixtures of generalized 
linear models in which the covariates and regression structure can be the same across components or 
can be different. 

 

DISCLAIMER ON DATA USED FOR COST ANALYSIS 

This paper uses CMS 2008-2010 Data Entrepreneurs’ Synthetic Public Use File (DE-SynPUF) data for 
cost analysis. Because of the synthetic process used to generate DE-SynPUF data to eliminate 
disclosure risk, the results from the output tables given in this paper must not be used to draw inferences 
or conclusions. The objective of this paper is to highlight the statistical modeling features of SAS Real 
World Evidence and not to highlight insights gained from DE-SynPUF data. 

 

DEFINITION OF COST 

This paper uses ‘Total Paid Amount’ for cost analysis. This is typically the total of the amount paid by 
payers, the deductible paid by the patient, and the amount paid by co-insurance (if any). 

  

RUNNING COST ANALYSIS MODEL FROM A COHORT 

The Cost Analysis Model can be added to your cohort by using the “Add-in Jobs” functionality as shown 
in Figure 5. After the model is added to your cohort, you can customize the model using the options 
window.  

 

Figure 5: Add Cost Analysis Model 

 
  

There are six input parameter values you must specify in the options window before running the model. 
These parameters are described in detail in Table 1. 
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Figure 6: Specifying Input Parameters for the Cost Analysis Model Add-in 

 

 

DESCRIPTION OF INPUT PARAMETERS 

Table 1 lists the input parameters you must specify in the options window for running the Cost Analysis 
Model add-in. The values for two parameters (TOTAL_COST_VARIABLE and SERVICE_SETTING_ALL, 
which contain values that are dynamically populated using the  Services table) are required to run the 
model. The other four parameters use default values if you do not specify values. 
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Table 1: Input Parameters for the Cost Analysis Model Add-in 

Parameter  Description 

RISK_FACTOR_CLASS Specifies the Risk/Comorbidity Factors Group Type. Possible values 
(different types of risk factor types) are: 

• STANDARD: Risk factor based on HCI3 metadata definitions  

• CMS-HCC: Risk factor based on CMS-HCC risk factor class  

• CCS: Risk factor based on AHRQ-Clinical Condition Code Set  

• CHARLSON: Risk factor based on Charlson comorbidity factors  

• LACE: Risk factor based on Lace comorbidity factors  

• ELIXHAUSER: Risk factor based on Elixhauser comorbidity factors 

DISTRIBUTION_TYPE Specifies the distribution type. Possible values are:  

• NORMAL 

• GAMMA 

MAX_CLUSTERS Specifies the maximum number of clusters to be used in the clustering 
analysis. 

TOTAL_COST_VARIABLE Specifies the cost column, which is obtained dynamically from the Service 
table. This column is used for cost calculations. 

AGGREGATE_COSTS Indicates whether costs should be aggregated for all service setting 
types. If this is ‘Yes’, then the parameter SERVICE_SETTING_ALL is not 
applicable. If this is ‘No’, then you must specify one or more values for 
SERVICE_SETTING_ALL parameter. 

SERVICE_SETTING_ALL Contains values that are selected dynamically from the 
SERVICE_SETTING column in the Services table. Some examples of 
values are IP (inpatient) and OP (outpatient). This is required only if 
AGGREGATE_COSTS is set to ‘No’.  

 

COST ANALYSIS OUTPUTS 

The Cost Analysis Model add-in generates reports and SAS data sets as output. You can use the output 
data sets generated by the model to perform further analysis using SAS® Visual Analytics.   

The output discussed in this paper are built-in ODS reports that are generated by the Cost Analysis 
Model add-in. Figure 7 shows the cost analysis output window. There are two types of output you can 
view in the output window: reports and output data sets. 

In the next section we will look at some of this output in detail. 
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Figure 7: Cost Analysis Output 

 

  

Figure 8 shows the cost clusters that are generated by the model. The model has identified four patient 
clusters based on cost, demographics, and risk factors. Cluster 1, with the highest mean cost of 
$48,398.24, probably needs further investigation. 
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Figure 8: Cost Cluster Information 

 
 

Figure 9 shows the demographic details of all four clusters. This cohort is demographically very similar. 

 

 

Figure 9: Demographic Information by Cluster 
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Figure 10 shows the most frequent risk/comorbidity factors across all 4 clusters. These are the 38 risk 
factors identified by the model to be significant. 

 

Figure 10: Risk/Comorbidity Factor Groups across Clusters 

 
Figure 11 shows the top 25 high risk patients (that is,, patients with highest actual cost to expected cost 
ratio). The patient in row 1 has an actual cost to expected cost ratio of 12.92, which means the patient’s 
actual cost was 12.92 times the risk-adjusted expected cost. 
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Figure 11:Top 25 High Risk Patients  

 
 

Figure 12 shows the most frequent diagnosis codes of the top 10% of high risk patients. There are 
conditions like Hyperlipidemia, Hypertension, and Heart Disease contributing to the high risk in cluster 1. 

 

Figure 12: Most Frequent Diagnosis Codes of High Risk Patients 
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Figure 13 shows the most frequent procedure codes of the top 10% of high risk patients. The high risk 
cluster 1 has several procedures related to outpatient office visits, blood collection, comprehensive 
metabolic panels, blood count, and so on. 

 

Figure 13: Most Frequent Procedure Codes of High Risk Patients 

 
 
These reports are expected to give analysts an in-depth look at the key factors contributing to 
high health care costs. This model provides the capability to dig deeper using the Service 
Setting option so that you can analyze inpatient costs, outpatient costs, and so on, separately. It 
also enables you to analyze costs using different risk factors (Standard, CMS-HCC, and so on). 
 

CONCLUSION 

SAS Real World Evidence uses the power of SAS technology to provide a platform for the management, 
analysis, and visualization of real-world population-level health data. This paper focused on deriving 
insights using analytics. Using a cohort of patients who have been diagnosed with diabetes and have 
been administered insulin, we identified clusters of high cost patients to analyze their characteristics. After 
predicting expected costs for patients, we analyzed patients with very high variations from their expected 
cost. This was done using the Cost Analysis Model add-in and the outputs generated by the model. 
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