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Background
• Diagnosis-based predictive models are well beyond the 

proof of concept stage as a means to identify high risk 
cases for care management, especially those cases that 
have yet to become costly.  

• Never-the-less, even the best models also include a 
substantial number of false positives (cases predicted to 
be high risk that don't become high risk).

• False positives can be expensive, tying up critical case 
finding resources and potentially leading to unnecessary 
interventions.

• This presentation explores how other data can increase 
the case finding "yield" of predictive models especially in 
difficult populations such as Medicaid enrollees and also 
shows how that information provides useful clinical 
context for case identification and planning.



Goals of this Presentation

1. To discuss approaches for the 
integration of multiple data sources into a 
comprehensive care management 
assessment and patient selection tool.

2. To present the success of a real-world 
program of integration of multiple data 
sources at Johns Hopkins HealthCare.

• To discuss the roles and workflows 
necessary for the success of such 
programs.



•Care Management
•Outcomes Research
•Utilization Management
•Referral Management
•Outreach 
•Disease Management
•Pharmacy Management
•Health Education

•Claims Mgmt.
•Customer Service
•Enrollment Mgmt.
•Systems Mgmt.
•Reporting
•Decision Support

•Contracting
•Credentialing
•Provider Relations
•Provider Education
•Fee Schedules

•Training/Performance
Improvement

•Client Relations
•Human Resources
•Business Development
•Finance
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Care Management Programs

HIV/AIDS

Cardiovascular/Diabetes
TeleWatch

Guided Care 

Partners with Mom Rehabilitation

End of Life Care

Behavioral Health

Substance Use

Complex Medical Needs

Children with Special Needs

End Stage Renal Disease



Historical Population Case Finding

• Financial prioritization:
– Prior period healthcare expenditures
– Medical Loss Ratio of certain populations 

• Referrals to individual case managers from:
– Utilization management staff
– Providers: Multiple points of contact in CM department
– Local Health Department in the State of Maryland
– Outreach department

• Result:
– Case managers using individual discretion to determine 

caseloads
– Often acute episode follow-up; no clear ongoing need for 

intervention



Motivation for Change
• Published literature

– Increasing Evidence that threshold-based models are 
inadequate for case finding and can lead to misallocation of 
resources, inefficiencies, and missed opportunities (Cousins MS, 
Shickle LM, Bander JA (2002), An introduction to predictive modeling for disease management risk 
stratification, Disease Management, 5(3), 157-67.)

– Evidence that Adjusted Clinical Groups Predictive Model 
(ACG-PM) and similar predictive models perform better than 
threshold-based models (ACG Virtual Library: Version 5.0 (December 2001) ACG 
Software Documentation/Users Manual.  www.acg.jhsph.edu.  

• Internal population analysis
– Higher sensitivity and positive predictive value for ACG-PM 

versus “threshold-based” selection
• Pilot studies: “clinical cogency” of ACG-PM

– Older Adults with multi-morbidity
– Substance abuse with multi-morbidity and complex needs

http://www.acg.jhsph.edu/


Older Adults with High 
ACG Scores

• Care Management for Older adults
– In response to rising costs and multiple healthcare 

needs
• Care Management interventions must be accurately 

targeted to older adults with two characteristics:
– At high risk for healthcare expenditures
– Clinical needs could be mitigated by clinical 

intervention
• The ability of ACG-PM risk scores to predict older 

persons’ use of and costs of healthcare have been 
validated, however the clinical features of persons with 
high ACG-PM scores have not been described.*

Sources: Reid et al., Med Care, 2001.
Reid et al., Health Serv Res, 2002.
Adams et al., Health Care Financ Rev, 2002.



Selection Algorithm
Older Adults

USFHP currently enrolled 
Age >= 65 at Wyman Park Medical Center 

n=826

Classified top 18% as high-risk 
n = 150

Analyzed administrative data
(demographics, use and costs of services) 

Conducted a supplemental 
survey of high-risk enrollees

(Sociodemographics, general health, bed disability days)



Demographic and Social 
Characteristics of Older Adults

Demographic and Social Characteristics of High- and Low-risk 
Enrollees

Demographics Low-risk, 
n = 676

High-risk, 
n = 150

p value

Age, years
Age group

65-74 years
75-84 years
85+ years

Female sex
White race

74.4

56.8%
36.2%
7.0%
57.4%
43.0%

76.0

48.6%
40.7%
10.7%
54.7%
54.7%

0.015
0.051

0.541
0.038

Source: Sylvia et al., Disease Management, 2006.



Clinical Characteristics of Older 
Adults

 
Disease Prevalence 

Low-risk 
n = 645 

High-risk 
n = 150 

 
p value 

Ischemic heart disease 
Congestive heart failure 
Hypertension 
Diabetes 
Osteoarthritis 
COPD 
Depression 
Dementia 
Parkinson’s Disease 

Number of chronic conditions 
(of the list of nine above) 

15.3% 
2.2% 

74.6% 
7.1% 

30.4% 
7.0% 
4.8% 
4.7% 
1.9% 

 
1.48 

51.3% 
29.3% 
88.0% 
26.0% 
44.7% 
22.0% 
15.3% 
12.0% 
4.0% 

 
2.93 

< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
0.113 

 
< 0.001 

 



Clinical Characteristics of High-risk 
Survey Respondents

Clinical Characteristics of High Risk Older Adults

Survey Respondents,
n = 120

Health statusa: general health
Excellent
Very good
Good 
Fair
Poor

Functional abilitya

Difficulty in performing at least one of five ADLsb

Difficulty in performing at least one of seven IADLsc

Any bed disability days in the past 6 months
Any restricted activity days in the past 6 months

2.5%
20.2%
34.5%
36.1%
6.7%
36.3%
58.1%
38.7%
52.3%

a
Data available only for survey respondents.

b
Activities of Daily living (ADLs): bathing, dressing, eating, getting in and out of chairs, toileting.

c
Instrumental Activities of Daily Living (IADLs): using the telephone, doing housework, taking medications, 

getting to places beyond a walking distance, preparing meals, shopping, managing money.



Use of Services in Older Adults

Use of Services
Low-risk,
n = 676

High-risk,
n = 150 p value

Mean hospital admissions per year
Mean hospital days per year
Mean total expenditures per year

0.13
0.51

$3,726

1.13
7.34

$22,185

<0.001
<0.001
<0.001



Results of Study in Older Adults
• Older persons with high ACG-PM scores:

– Have a higher prevalence of chronic disease
– Considerable functional disability
– Suboptimal general health
– At risk for generating high healthcare 

expenditures
– Clinical features appear amenable to clinical 

interventions (such as disease and case 
management) designed to optimize health 
and functional status and to contain 
healthcare costs



ACG-PM to Select Medicaid 
Enrollees with Substance Use 

Problems (SUP)
• All Claims for the determined time period 

inputted into the ACG grouper software
• ACG grouper software assigned a probability 

score to every enrollee that represented their 
probability of being in the top 5% of high 
utilizers in the next year(s)

• Algorithm using diagnoses and ACG-PM 
score used to select enrollees for intervention



Selection Algorithm
Substance Use

Medicaid currently enrolled, 
Age >= 21, geographic criteria

n=14,624

Positive for substance use using ICD-9 
and CPT criteria, exclusions removed

n=3123

Ranking on ACG-PM Score
Top 400 chosen for intervention

ACG-PM range = 0.39 to 1.00



High-risk SUP Enrollees had a Higher 
Prevalence of Selected High Cost Medical 
Conditions than Low-risk SUP Enrollees

Disease Prevalence of Selected Medical Conditions
p < 0.0011,2,3
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Low -Risk
n=1919

High-Risk
n=400

152 chronic medical conditions and 7 psychological conditions using Expanded Diagnostic Clusters (EDCs, w hich are part of the ACG 
toolkit).  These conditions w ere chosen because of their high cost and amenability to intensive clinical intervention
2 p calculated using chi-square
3 n=1919 represents number of members disease categories w ere assigned for out of the total n=2085.



Mean Number of Medical and Psychosocial Conditions
p<0.0011,2,3
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Low-Risk n=1919

High-Risk n =400

1 52 chronic medical conditions and 7 psychological conditions w ere analyzed using Expanded Diagnostic Clusters (EDCs, w hich are 
part of the ACG toolkit).  These conditions w ere chosen because of their high cost and amenability to intensive clinical intervention
2p calculated using Mann-Whitney-U (non-parametric).  Did not meet assumption of equal variances necessary for t-test.
3 n=1919 represents number of members disease categories w ere assigned for out of the total n=2085.

High-risk SUP Enrollees had More Medical and 
Psychosocial Conditions than Low-risk SUP 

Enrollees



High-risk SUP Enrollees had More Admissions and 
ED Visits than Low-risk SUP Enrollees

Admissions and Emergency Department Visits per Thousand (annualized)
p<0.0011,2
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1 p calculated using Mann-Whitney-U (non-parametric).  Did not meet assumption of equal variances necessary for t-test.
2 n=1985 represents number of members claims data available for out of the total n=2085.



Total Costs PMPM
p<0.0011,2
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1 p calculated using M ann-Whitney-U (non-parametric).  Did not  meet assumpt ion of  equal variances necessary for t-test.
2 n=1985 represents number of members claims data available for out of the total n=2085.

High-risk SUP Enrollees had Higher Total Costs 
than Low-risk SUP Enrollees



Characteristics of the SUP/High 
ACG-PM Enrollees

• Compared to low-risk SUP enrollees, high-
risk SUP enrollees identified by ACG-PM
– Had higher prevalence of 52 chronic medical 

conditions
– Had a higher average number of medical 

conditions
– More hospital admissions
– More hospital days
– More ER visits
– Higher pharmacy costs
– Higher total Costs



Integrating ACG-PM into Daily 
Operations

• Intensive staff education
• Disseminating information: ACG files 

available to all who have been trained
• Enhancements to Decision Support and 

IT systems
• Clinical screener role
• Clinical screener toolkit



Decision Support/IT Systems



Decision Support/IT Systems



Clinical Screener:  
A New Nursing Role for Johns 

Hopkins HealthCare
• Registered Nurse
• Managed care and clinical experience
• Proactive screening of enrollees identified by 

ACG-PM as potential high utilizers 
• Continued screening members referred by 

traditional sources
• Complete Care Management Assessment 

and make referral to appropriate program



Clinical Screener Toolkit

• ACG-PM:  Predictive Modeling
• Diagnoses
• Utilization
• Clinical indicators:  lab and radiology 

results
• Clinical assessment:  telephone contact
• Disease/case management amenability 

assessment 



ACG Lookup Database



ACG Lookup Database



ACG Lookup Database



Referral from Screener to 
Disease/Case Manager



Referral from Screener to 
Disease/Case Manager



Referral from Screener to 
Disease/Case Manager



Building a Better Mousetrap:
Improving current risk adjustment models

• Develop a sequenced process by using one or more of the risk 
scores to define a large at-risk group; then ,for this larger 
group, identify the care management opportunities for each 
patient.
– The Diagnosis-Rx-PM with a total health care costs model, 

which is one of the several new ACG predictive models.
• Combines the old ACG-PM score, the  new Rx-PM score, and prior 

costs in order to cover need, demand, and supply.
• Model has superior performance to any of the individual models 

alone
• An excellent 1st step screener

– Consideration of a generous cut-point; perhaps the tangent to 
the ROC curve (i.e., where True Positive rates are maximized 
while minimizing False Positive rates)

• Disease-specific cut-points when it makes sense
– For Medicaid, determine if the use of program eligibility (SSI 

specifically) adds to the predictive performance of the combined
model 



PPV Sensitivity Area Under 
ROC Curve

RX only model 
no Mental 

Health (MH)

45.09% 45.11% .835

RX-DX-PM 
model no MH

46.44% 46.48% .883

RX only model 
with MH

46.08% 46.08% .850

RX-DX-PM 
model with MH

47.85% 47.85% .889

Positive Predictive Value and 
Sensitivity at Top 5% Predicting Cost

Medicaid population results, 2005



Building a Better Mousetrap:
Care Management Opportunities Measures

Excessive 
Demand

Low ACG-PM score with (a) high total health care costs or 
(b) high numbers of physician visits.  (Top quartile for high 
and the bottom quartile for low)

Polypharmacy 2+SD (or top quartile) above the mean within the patient’s 
ACG category for number of therapeutic classes.

Excessive 
specialist use

2+SD (or top quartile) above the mean within the patient’s 
ACG category for specialist visit charges. 

Excessive 
referrals (doctor 
shopping?)

2+SD (top quartile) above the mean within the patient’s 
ACG category for the number of specialist types seen. 

Excessive ED 
use

2+SD above the mean within the patient’s ACG category for 
ED visit charges. 

Excessive 
radiology/imaging 
use

2+SD above the mean within the patient’s ACG category for 
imaging study charges. 



Building a Better Mousetrap:
Care Management Opportunities Measures

No PCP
No medical home

No visits made during the year to a primary care provider 

Low primary care 
visits

Lowest quartile for primary care visits (count) within the 
patient’s ACG category 

Poor continuity of 
care

Lowest quartile for the Modified-Modified Continuity Index 
(MMCI) 

Specialist is the 
majority of care

Plurality of visits (using E&M codes) were made to a 
specialist physician 

Avoidable 
hospitalization

1+ hospitalizations that could have been avoided had 
appropriate primary care been delivered (ACSC)

High coordination 
of care need

3+ chronic conditions & (substance abuse, schizophrenia, 
or bipolar disorder) 

Possible access 
barriers

Low utilization (lowest quartile for patient’s ACG) with high 
PM risk (highest quartile) 



Ultimate Goal: Moderate the acuity 
and cost for members

• Identification and assessment of patients with high Care 
Management needs 

• Case Managers must be provided with an actionable list of needs,
such as 
– Lack of primary care and medical home
– Low continuity of care
– Overuse/underuse of services
– Polypharmacy
– Quality of care gaps

• Focus on modifying psycho-social drivers of morbidity
– Patient Activation Measure (knowledge and skills for self-management)
– Deficits in Chronic disease self-management
– Mental health/ substance use
– Homelessness



Questions

• Contact information
Linda Dunbar PhD
Vice President, Care Management
Johns Hopkins HealthCare
6704 Curtis Court
Glen Burnie, Maryland 21060
410-424-4689
ldunbar@jhhc.com
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