
A Cost Prediction Model for Identifying 
Members by Avoidable Healthcare Expenses

Analysis of a Medicaid Population



• Introduction to BioSignia™’s Cost Prediction model for determining 
avoidable costs

– Cost Prediction vs. Health Risk Adjustment 
– High Prediction Accuracy
– Avoidability

• Validation of Predicted Avoidable vs. Predicted Total costs via a 
Case Study

Agenda



• Established 1997 in RTP, NC and 
privately held

• Founded to provide tools for 
prospective medicine

– Prediction
– Preventive care

• Predictive modeling company
• Commercialization mainly 

through strategic alliances
• Industry targets

– Healthcare: providers, payors, 
plans, disease management

– Life Insurance Underwriting
– Pharmaceutical Industry

BioSignia, Inc.
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BioSignia Healthcare Vision
• Prospective medicine – disease prediction and prevention – is a 

reality
• An integrated delivery system and reimbursement focused 

prospectively on healthcare



Improve the ROI of population health 
management initiatives by more correctly 
identifying future high-cost members with 

diseases that have a preventable cost 
component



Cost vs. Risk Adjustment Model
Key  Difference:

• Risk Adjustment models attempt to explain variations attributable to 
health risk or disease severity only

• Cost Prediction models strive to account for all variations in medical 
cost without regard to the source



• Health risk or disease severity 
– COPD > severe common cold and more $
– HT less burden of illness than HT w/ CHD

• Provider’s cost effectiveness
– Different Phys Tx patterns resulting in varying costs even though the health risk 

of the patients are similar
– Some phys may prefer more aggressive procedures

• Patient Compliance
– Variation in patient adherence to prescribed Tx regimen can vary significantly 

even given the same disease severity and same Tx
– Differing level of compliance manifests itself in varying recovery outcomes which 

differentially affects future health and probable medical utilization

• Random Error
– Sudden acute disorder/accident, newly dx’d chronic disease – i.e., occurrences 

w/out any explanatory variables that could have been used to predict its onset

Sources of Cost Variation



Stratification of Future High-Cost Members
• For proper intervention 
• To prevent unnecessary and/or high cost
• From wherever that cost may originate
• For this purpose Cost Prediction models take into account all cost 

variations
• Potential over-utilization and higher cost identified may be due to a 

higher health risk or provider’s poor cost-effectiveness or poor 
patient compliance

• A Health Risk Adjustment model would miss certain high utilizers; 
e.g., those that do not have high health risk but received lower
cost-effectiveness or poor compliance

• Such patients would be good candidates for DM



Defining Model Accuracy
• Accuracy of a cost prediction model determined by measuring 

closeness of each individual prediction from actual observed value
• Measure of accuracy of the HRA model should indicate the 

closeness of the model’s outcomes to the true health risk related 
cost variation

• Can only observe the cost among individuals reflecting TOTAL 
variations of health care cost 

• Overall predictive accuracy indicators such as R2 and predictive 
ratio have been used but used inappropriately

• Important to recognize that objective of HRA explain variations 
attributable to disease risk alone  -- Objective is not to achieve high 
prediction accuracy for cost



Defining Model Accuracy
• Therefore higher R2 does not necessarily indicate a better risk 

adjustment model
• To measure accuracy need data set in which the provider’s 

treatment quality and patient’s compliance are held constant
• Difficult to obtain but is only situation in which the variations of 

medical cost is attributable to disease risk only



Making Educated Decisions
• Necessary for Health Plans, MCO’s and DM companies to 

understand the difference in order to make appropriate purchase 
decisions



Origins of H-CAT
• Prospective cost prediction model
• Customized from claims history (2 yrs)
• Third year held back for the prediction and then model validation
• Utilizes a proprietary disease classification
• Prediction equation for each disease per patient
• Iterative variable selection for statistical and for clinical significance



R2 Comparison

0.1030.1250.134N/ACDPS

0.1340.1810.206N/ARxGroup

0.1430.1950.2350.280H-CAT
0.1460.1930.2140.240ERG

0.1430.1800.195N/ADCG

0.0990.1400.172N/AACG

None$100,000$50,000$25,000

Claims Truncated at
Models

Results of other models SOA study, 2002

Improvements in prediction models has achieved greater accuracy in 
identifying high-cost utilizers.



Sensitivity and ROC Analysis

0.820.35H-CAT
0.620.17F
0.670.25E
0.630.16D
0.660.21C
0.630.19B
0.660.23A

Area Under 
ROCSensitivityModels

Results of the six anonymous models (referred as leading prediction models) were 
from Dr. Weiner’s presentation at BCBS Association meeting in January, 2003.  
High risk is defined as top 5%, prediction cut-off point is also set at 5%.



Accuracy Advances in Stratification
• Does identification of high-cost utilizers produce the best 

stratification  of patients most suitable for intervention?
• Not necessarily. Patients may be identified as a future high-cost 

utilizer, but that does not unequivocally translate into potential 
savings.

• Solution is to find those patients with potential for improvement in 
care and decrease in cost

• BioSignia has termed this actionable decrease 
“AVOIDABLE COSTS”



• Determine avoidable potential for each and every disease from 
evidence-based medicine

– Diabetes is more avoidable than cancer
• For a given disease determine the avoidable depending on pattern

of care
• For a given patient with given disease determine that particular

avoidable
– Average asthma patient has 30% chance of an ER visit
– Given asthma patient with a history of 3 ER visits will have a relatively 

high avoidable potential

BioSignia Approach



H-CAT
Direct cost prediction system for determining high-cost utilizers with potentially highly 

avoidable costs (diseases)

Predicted Total Costs
For Each Member

Predicted Avoidable Costs
For Each Member

Model
Each

Disease
State

Model
Avoidable

Per
Disease

Claims History
Dx, Rx, Costs, Ux



Member Profile



Validity of Predicted Avoidable Costs 
to Stratify Membership

Does enrollment in DM based on predicted high 
avoidable costs increase ROI compared to enrollment 

based on predicted high total costs ?



Prevalence and Avoidable Costs

11.5%12.6%CHF

22.2%41.8%Other CHD

2.08%5.13%Acute Myocardial Infarction
26.3%30.4%Hypertension

24.9%32.1%Disorders of Lipid Metabolism

13.4%29.5%Diabetes w/ Complication

25.2%47.9%Diabetes w/o Complication

8.33%7.69%Chronic Renal Failure

2.11%0.78%Prostate Cancer

5.94%1.04%Breast Cancer

3.25%1.07%Lung Cancer

High 
Total 

Cost Group

High 
Avoidable

Cost Group

Diseases and associated 
prevalence in claims history

H
igh Avoidable

Low
 Avoidable



Pattern of Care

1.21.6Actual/Expected Cost 
Ratio

0.50.8# ER Visit

Predicted 
Total

Predicted 
Avoidable

Expected cost was calculated based on retrospective risk adjustment model



Predicted Avoidable Costs

Predicted High 
Avoidable Costs

Predicted High
Total Costs

47%



Empirical Validation

Do members with relatively high predicted avoidable 
costs translate into a relatively high savings after 

undergoing DM intervention?



Horizon/Mercy
• Largest Medicaid Managed Care Plan in New Jersey
• 270,000 members (45% market share)
• Operating since 1993
• A program of Horizon HMO, Horizon Blue Cross Blue Shield of 

New Jersey
• Karen Clark, Chief Executive Officer
• Philip Bonaparte, M.D., Chief Medical Officer



Horizon/Mercy Asthma Program
• Asthma program offered to members since 1995
• Revised in 1998 to reflect national asthma education 

recommendations
• Op-out design
• Program designed to stratify based on severity of disease via 

administrative and clinical information
• Members identified by:

– Medical claims
– Pharmacy claims
– Case Management department
– Physician referral
– Self referral

• Asthma program management functions in coordination with case 
management, pharmacy management and social case 
management staff



Horizon/Mercy Asthma Program
Many challenges to reaching out and educating the publicly insured 

population. Program participation challenges:
• Members can be involuntarily dis-enrolled by the state any given 

month, for any given duration
– Dis-enrollment may be due in part to the severity of the member or a

family member’s illness, preventing them from physically going to their 
county Medicaid office to maintain benefits.

• Competing life priorities in this population – very different from the 
commercial ‘world’

• Environmental and socio-economic ‘triggers’



Horizon/Mercy Asthma Program
• Program success based on several metrics

– Reduction in ER visits
– Reduction in IP admissions and readmissions
– Savings

• Asthma population defined as program participants and non-
participants

• Identified historical costs trend for asthma population
• Defined program savings as asthma population costs that were 

less than historical trend



Description of Study
• Asthma Patients

– Medicaid population
– Patients identified through Asthma ICD-9, but
– All claims for those patients considered
– Referred to Asthma Intervention program (“CASE”) vs.
– Those never referred (“CONTROL”)

• Model developed using 1998-99 claims data
– Year 2000 held back for validation

• Focus of analysis on the “case” patients (2202)



Objective of Study
• Compare the improvement in patient stratification by using 

Avoidable over Predicted
• By comparing the savings from the Asthma Intervention program to

the predicted cost and predicted avoidable
• (Not a study of “savings”)



Study Design Concerns - Savings
• Consistently elusive – what is the industry-wide operational 

definition that has been accepted
• No true random controlled experiment due to DM applications
• Horizon/Mercy definition
• BioSignia paralleled that definition by

– Using “Control Group” median difference obtained
– Post-adjusted by this factor before savings computed

• We term this surrogate savings “S_Savings” to differentiate this
difference from the “TRUE” savings

• These S_Savings are calculated for asthma related costs only



S_Savings with 20% Cut-Off

Specificity = 84%

Sensitivity = 34%

151289High

2891473Low
Predicted

HighLow

S_Savings

Specificity = 86%

Sensitivity = 43%

188253High

2521509Low
Avoidable

HighLow

S_Savings



ROC Curve

Diagonal segments are produced by ties.

1 - Specificity

1.00.75.50.250.00

Se
ns

iti
vi

ty
1.00

.75

.50

.25

0.00

Source of the Curve

Reference Line

avoid_totalr

pred_totalr

Avoidable vs. Predicted

Significant at the 0.001 level

Sensitivity _____ Reference Line
_____ Avoidable Total
_____ Predicted Total

1 - Specificity



Predicted Savings/Cost Correlations

0.340.36Total Avoidable

0.380.31Total Predicted

Actual CostAsthma Savings

• If objective is to predict total true cost, then our prediction for total 
cost does better than the predicted avoidable.

• But for the objective of determining the prediction of savings, our 
avoidable would be preferred.



Avoidability Impact

$694$3,470,005$23,339,878$19,899,873
Predicted 
Avoidable 

Costs

Incremental 
Avoidable 
Costs per 

Member (5000)

Incremental 
Avoidable 
Healthcare 

Costs 

Rank by 
Predicted 
Avoidable 

Healthcare Costs

Rank by  
Predicted Total 

Healthcare 
Costs

Rank by Predicted
Total Costs

Rank by Predicted
Avoidable Costs

• Commercial plan
• Top 5000 ranked by total and     

avoidable



• For stratifying patients according to predicted future costs the Cost 
Prediction model is more appropriate that the Health Risk 
Adjustment model

• To measure accuracy need data set in which the provider’s 
treatment quality and patient’s compliance are held constant

• R2 is robust
• BioSignia’s AVOIDABLE has been shown empirically to outperform 

the predicted total cost

Conclusion



Next Steps Horizon/Mercy and BioSignia
• Calculate average savings per member for DM participation
• Evaluate by disease stratification definition



Thank you very much for your kind attention.


