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Welcome to The MHDC Webinar Series

AI = ROI:
How AI is Driving Health Outcomes
and Tangible ROI in Healthcare
Carol McCall, FSA, MAAA, MPH – Chief Health Analytics Officer – ClosedLoop
Dave DeCaprio – Chief Technology Officer & Co-Founder – ClosedLoop
September 8, 2022
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Audience Reminders
✔ Play along on social media using any of the following on Twitter:

✔
✔
✔
✔
✔

▪ MHDC: @mahealthdata
▪ Speaker Name: @CarolMcCall @davedecaprio
▪ Speaker’s Organizational Affiliation Name: @closedloopai
▪ Event hashtags: #mhdcClosedLoopai #AI #SDOH
All attendees will be muted during the presentation
Submit a question by typing it into the Question Pane at any time
Download the handout from the Handout Pane at any time
Respond to audience polling questions by selecting the response that best
represents your opinion
Provide feedback through our electronic survey following the webinar
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Introductions
Carol McCall, FSA, MAAA, MPH
Carol has 30 years of experience as a health actuary and public health professional. She served as Chief Strategy and
Product Officer for GNS Healthcare and as Chief Innovation Officer for Vanguard Health Systems. In roles at Humana,
Carol led the Innovation Center’s research where we pioneered Humana’s use of sophisticated analytics to build a
portfolio of predictive, knowledge discovery, and simulation models. She also launched Humana’s personalized
medicine innovations and led their Health Services Research Center (HSRC). In other roles at Humana, Carol served as
Chief Information Officer and as VP of Pharmacy Management. In policy and advisory roles, Carol served a four-year
term on the National Committee on Vital and Health Statistics and as co-chair of its Quality Workgroup; as a member of
the HSRC’s governing board; and as an advisor to the High Risk Plaque Scientific Program Board.

Dave DeCaprio
Dave has over 20 years of experience transitioning advanced technology from academic research labs into successful
businesses. His experience includes genome research, pharmaceutical development, health insurance, computer vision,
sports analytics, speech recognition, transportation logistics, operations research, real time collaboration, robotics, and
financial markets. Dave has been involved in several successful startups as well as consulting and advising both small
and large organizations on how to innovate using technology with maximum impact. As part of the Human Genome
Project, he was responsible for mapping all known biology onto the newly developed genome sequences. At Bluefin
Labs, acquired by Twitter in 2014, he helped the founders recruit a team and go from concept to a launch with the NFL
in 13 weeks. At GNS Healthcare, he led the development of their first in class causal machine learning platform. Dave
graduated from MIT with a degree in Electrical Engineering and Computer Science and currently lives in Austin, TX.
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The State of AI-Enabled Healthcare
If ever an industry needed AI’s capacity to create deep transformation, it’s healthcare. HCOs face forces
severe enough they may only yield when AI is brought to bear

Irresistible Force

Immovable Object

▶ Unrelenting erosion of FFS margins

▶ Medicare trust fund is projected to be exhausted
in 2024 (nearest in 55 years)

▶ Lagging digital transformation, inefficiencies,
and looming workforce shortages

▶ The # of uninsured Americans is rising (again)

▶ Consumerization of healthcare (and its

▶ Affordability is eroding; 50% of adults delay or

▶ effects on expectations and loyalties)

avoid care because of cost

▶ To the already-unacceptable levels of health

▶ Delivery system disruptions and new
competitors (‘here come the platforms’)

disparities -- nearly 1/3rd of care for minorities
the result of disparities -- we have now added
the dreadful revelations from COVID-19

▶ Accelerating VBCs that pay for outcomes
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The New Table Stakes
By themselves, Alternate Payment Models aren’t enough
▶ Need to achieve good outcomes with much greater certainty
▶ Demands more than focusing on just high cost patients or certain conditions
▶ First-and-foremost = a paradigm shift (from a fee-for-service mindset)
Success demands that practices acquire the ability to systematically
Prioritize improving health outcomes
Proactively identify and engage individuals to promote health and reduce costs
Partner as part of a broader health system
Exchange and share information while continuing to compete

For successful organizations, building these capabilities has meant mastering new competencies.
They are quickly becoming the new table stakes
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Patient Engagement & Chronic Illness
An early and high priority is the management of chronic conditions
75% of healthcare costs are to treat chronic illnesses (which are deeply connected to behavior)
▶ 31% of costs are directly linked to behaviorally-affected conditions
▶ 70% of costs are strongly influenced by behaviors
▶ Poor medication adherence alone costs more than $300 billion annually
The Key is Patient Engagement
▶ Crucial to improving outcomes ~ the ‘blockbuster drug’ of the 21st century
–

Patients with the lowest engagement had costs from 8 to 21 percent higher
than patients who were actively engaged in their health (J. Hibbard, 2013)

“Achieving outcomes reliably, at
scale, requires we supplement
carefully controlled, after-the-fact
evaluations with continuous realtime learning to improve the
quality and effectiveness of
systems and programs.”
-

Atul Gawande

▶ Demands acknowledging role patients play in managing their conditions
▶ Patients often need new skills and behaviors ~ psychology is as important as biology

Where to Begin?
▶ The evidence: effective interventions have focused on skill development, problem solving, peer support, changing the
social environment, and tailoring support to a person’s engagement level
▶ Crucially, there is no gold standard for what is the most effective
▶ Today’s leaders aren’t waiting for researchers. They are taking Atul’s comments to heart and learning for themselves
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Reimagining Primary Care
After decades of being gatekeepers, PCPs are the fulcrum to drive value and better outcomes
Different vision of primary care
▶ Consumer-centric, team-based, focused on patient engagement
▶ Spend more time with patients ~ sometimes 10x more
▶ See 33-40% fewer hospitalizations and ER visits
“Here comes retail!”
▶ CVS ~ Minute Clinics, HealthHUBs, E-Clinics (telehealth), Signify Health. Huge footprint (85% live within 10 miles)
▶ Walgreens ~ ‘Health Corners’, $5.2 billion in Village MD, Carecentrix (at-home care for post acute patients)
▶ Walmart ~ “Healthcare is more than going to see a doctor.” Focused on behaviors, SDoH, at-risk communities
▶ Amazon ~ One Medical acquisition: “vertically integrated healthcare business to penetrate the employer market”
Beyond brick and mortar
▶ The traditional primary care experience is being disrupted across a number of core functions
▶ Start-ups are unbundling the family practice
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Social Determinants of Health (SDoH)
APMs create incentives to explore the root causes of poor health
The Social Determinants of Health (SDoH) are “the conditions in which people are born, grow, live, work and age.”
These determinants strongly shape health, and their effects are larger than those of medical care.
Health disparities are pervasive, persistent and expensive
▶ Between 2003 – 2006, 1/3rd of the care for U.S. minorities were the result of disparities,
▶ with costs exceeding $1.2 trillion
▶ Despite ACA, AHRQ showed that disparities have barely changed in 10 years
Addressing SDoH is gaining attention
▶ At-risk HCOs are beginning to address non-medical needs (e.g. transportation, food, etc.)
▶ CBOs are emerging that systematically connect to social services
▶ Payment models are adding SDoH measures to risk adjustment
A Barrier to Growing Interest
▶ There is a substantial evidence gap in what SDoH interventions are most effective
▶ The silver lining - PHM practitioners are creating evidence themselves and move away from
▶ relying solely on academicians and RCTs
▶ Adopting Learning Evaluation implementation frameworks to rapidly learn, improve, and
▶ generate transportable lessons
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Healthcare’s Data Science Platform
ClosedLoop makes it easy and affordable for healthcare organizations to use data science to improve quality and reduce costs.

ML / AI
Automation
▶
▶
▶
▶
▶
▶
▶
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Model Template
Library
▶
▶
▶
▶
▶

Build & Deploy New Models In 24 Hours
Easily Handle Messy Healthcare Data
Automate Clinical Feature Engineering
Direct Support for ICD9/10, SNOMED, GPI, RXNorm
Enhance Explainability
Enable Seamless Model Deployment
API integration to Jupyter, Python, etc.

Admissions / Readmissions
Total Utilization / Total Risk
ED Utilization
Out of Network Leakage
Appointment No-Shows

▶
▶
▶
▶

Chronic Disease Onset
Risk Adjustment
Suspect Diagnosis
…and dozens more

Or build custom models using our
clinical expression language:
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The Leading Healthcare AI Platform
“ClosedLoop is an exciting and
important partner in our strategy
to develop timely predictive
insights through operationalized
AI solutions that will drive
member engagement and better
health outcomes.”
▶

Best in KLAS 2022: AI & Data Science

▶

Winner of CMS AI Health Outcomes Challenge

▶

$45M in capital from top Healthcare investors

▶

HITRUST and AICPA SOC 2 Type 2 certified

–

– Pat Wang, president and
CEO at Healthfirst

“Explainable AI that Physicians Trust”
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Closing the Loop:
How an Austin Startup Beat 300 Entrants to
Win the CMS AI Health Outcomes Challenge
Carol McCall & Dave DeCaprio
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Addressing Algorithmic Bias & Fairness
Dave DeCaprio
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Avoiding Algorithmic Bias
AI/ML is playing an increasingly central role in
healthcare: Targeting interventions, rewarding
performance, and distributing resources,
including funding.
Here’s the problem:
If healthcare algorithms are biased — something
that researchers at the Center for Applied Artificial
Intelligence at the University of Chicago’s Booth
School of Business have concluded — then AIpowered solutions designed to drive better
outcomes can actually make things worse, not
better.
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Learning to Address Bias and Fairness
The good news: Experts agree bias is not inevitable. They are defining processes and tools to help
measure and address it. Step one is knowing what gives rise to it

How Bias Creeps In

Why It’s Hard to Eradicate

▶ Definition of the problem
– Criminal Justice: Arrests as a proxy for crime
– Healthcare: Costs as a proxy for illness burden
▶ Unrepresentative / skewed training data
– Employment: Amazon’s AI recruiting tool
– Healthcare: Costs embed structural differences in

▶ Blind spots
– Many AI models are black boxes
– Impact of modeling choices may not reveal
themselves until much later

▶ Model testing and validation practices
– Data used for testing will have the same biases

payer reimbursements; reflect access to care
issues

as the training data

▶ Feature selection
– Explicit inclusion (e.g. Ivy League education)
– But, cannot be avoided through exclusion (e.g.

– Accuracy doesn’t help if the ‘label’ is biased
▶ Getting stuck in the “portability trap”
– Idea that systems should be designed to be

not using “gender” or “race”)

used across different contexts / tasks
SPEAKER
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ClosedLoop Framework for Algorithmic Accountability
Reducing Algorithmic Bias

Reducing Algorithmic Unfairness

For models used to aid decisions for balancing harms-benefits when
decision maker and subject are aligned

For models used for rationing

Use Representative samples for model development

Approach 1: Restrict model inputs
Models should include only well-established, causal risk factors.
●

Diagnose subgroup validity: Evaluate performance of the model (e.g.
discrimination and calibration) overall and in each class (e.g. race, gender)

Consider the potential
for labeling bias

Models should therefore be race-unaware, and also exclude noncausal variables that may be race proxies (e.g. zip code)

Approach 2: Restrict model outputs
Examine models using fairness criteria. Ensure “fair” distributions of
services by either:
● Using different decision thresholds
● Applying fairness constraints to strategically reclassify based on
the protected attribute

Evaluate the potential for feature bias: Consider
interaction terms with protected attribute or
stratified models

Consider potential for sampling bias

Collaboration
Partners
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Bias in Healthcare AI/ML: Measure Bias & Fairness Meaningfully
▶ Separate measures for bias vs. fairness
▶ Standard for model bias is calibration plot

– Key metric in Obermeyer et al. (2019)
– Consistent gap between curves across
subgroups indicates potential model bias

Obermeyer Z, Powers B, Vogeli C, Mullainathan S. Dissecting racial bias in an algorithm
used to manage the health of populations. Science. 2019 Oct 25;366(6464):447-453.
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Bias in Healthcare AI/ML: Measure Bias & Fairness Meaningfully
▶ ClosedLoop has developed
Group Benefit Equality to
measure fairness
– Direct measure of resource
allocation proportional to need

●

GBE measures extent to which applying the results would be in
proportion to actual need in a particular group (< 1.0 means ‘No’)
Can also be used to apply a Fairness Adjustment (if needed)
Illustration: GBE metric is used to adjust the enrollment
threshold for certain groups

●
●

○
○

Unadjusted

Group Benefit Equality (GBE)
=

TP + FP
TP + FN

Adjusted

Group Benefit Equality, Race

1.2

1.2

1.0

1.0

Group Benefit Equality

Actual risk for the group

Group Benefit Equality

Predicted risk for the group

Four groups have GBE near (or better than) 1.0. Their needs are
reflected by the model
Two groups have GBEs < 1.0. They are under-represented in the
high-risk group relative to their actual need

0.8

0.6

0.4

0.2

Group Benefit Equality, Race

0.8

0.6

0.4

0.2
Population Group Benefit Equality

Population Group Benefit Equality

0.0

0.0
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Some Best Practices to Avoid Algorithmic Bias
▶ Use measures appropriate to healthcare when

▶ Don’t use pre-trained weights

assessing models for potential bias

▶ Insist on explainability at population and

▶ Make sure data is representative

individual levels

▶ Use diverse and representative features (and

experiment with different feature sets)
▶ Experiment with alternate endpoints if bias

is detected
–
–

SPEAKER
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–

Avoid models that are a “black box”

–

Directly compare “explanations” across
different experiments

▶ Measure bias and fairness separately

Predict the specific events of interest (ER visits,
hospitalization, disease progression) vs. costs
Tailor models (endpoints, features, populations)
to the specific context

▶ Insist on complete provenance across data,

features, models, populations, and outcomes
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Polling Question
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Questions

To submit a question, type it into the Questions Pane
at the right of your screen, at any time.
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Examples of AI/ML Impact
Dave DeCaprio & Carol McCall
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Opportunity

Reduce costs by minimizing unplanned hospital admissions

Outcome
Predicted

Member will be admitted to hospital in the next 6 months
for acute illness, complications of care, or other unplanned
events

Target
Population
Event Incidence
(% of Target
Population)

Any active member in client Medicare population
Population had 176k active members

7.9% of members have at least 1 UHA.
On average, 1.35 events per member with a UHA.

Outcome Capture Rate
(% of Expected Events Correctly Identified)

Predicting Unplanned Hospital Admissions
Performance
ClosedLoop predicted 6% of all
UHAs in the top 1% of risk scores.

Projected Impact
Outreach to the top 1% would yield
net savings of $321 per outreach
($529 per outreach vs. using CCI for
risk stratification).
Outreach Rate (% of Target Population)

Cost per Event

$13,701

Potential
Intervention

IMPaCT Model; CHW 1-on-1 Care Plan Support

Cost of
Intervention

$1,500 per patient

Area Under ROC

SPEAKER
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Outcome Capture Rate

Net Savings per Outreach

Outreach
Rate

Model

Baseline

Lift Over
Baseline

Model

Baseline

Lift Over
Baseline

1%
2%
3%

6.0%
10.6%
14.7%

3.8%
6.9%
9.9%

2.2%
3.7%
4.9%

$321
$156
$60

-$208
-$279
-$334

$529
$436
$394

0.77

ROI assumes a 75% participation rate and 23% intervention effectiveness.
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Relevant Factors for Unplanned Hospital Admissions
Population-Level Top Contributing Factors
1. Diagnosis history
○
○
○
○

Benign neoplasms
Chronic obstructive pulmonary disease and bronchiectasis

Benign neoplasms
COPD and bronchiectasis
Disease of female genital organs
Cognitive disorders

2. Medications
○ Med adherence to loop diuretics

Disease of female genital organs

Delirium dementia and amnestic and other cognitive disorders

3. SDoH and utilization
○
○
○
○

Fluid and electrolyte disorders
Nutritional deficiencies
Eye disorders

Evaluation and management visits
Days since most recent ER visit
Inpatient admission count
Area Deprivation Index
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Opportunity

Outcome
Predicted
Target
Population
Event Incidence
(% of Target
Population)

Cost per Event

Reduce end-of-life-costs and improve end-of-life QOL
through appropriate referral of members to hospice

Expiration of a member in the next 6 months

Any assigned or assignable member in client Medicare
population not currently in hospice
Population had 166K members

0.7% of members expired in 6 months.

Outcome Capture Rate
(% of Expected Events Correctly Identified)

Predicting 6-Month Mortality
Performance
ClosedLoop predicted 15.7% of
deaths in next 6 months in the
top 1% of risk scores.

Projected Impact

Outreach Rate (% of Target Population)

Outreach to the top 1% would
yield net savings of $1,008 per
outreach ($714 per outreach vs.
using CCI for risk stratification).

$14,000
Outcome Capture Rate

Potential
Intervention

Initiate conversation with member & family about hospice
referral

Cost of
Intervention

$300

Area Under ROC

0.92
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Net Savings per Outreach

Outreach
Rate

Model

Baseline

Lift Over
Baseline

Model

Baseline

Lift Over
Baseline

1%
2%
3%

15.7%
24.5%
30.2%

7.1%
12.2%
16.4%

8.6%
12.4%
13.8%

$1,008
$729
$550

$294
$229
$181

$714
$500
$369

Projection assumes a 90% participation rate and 90% intervention effectiveness.
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Relevant Factors for 6-Month Mortality
Population-Level Top Contributing Factors
1. Diagnosis history
Fluid and electrolyte disorders

Essential Hypertension
Delirium dementia and amnestic and other cognitive disorders
Other general signs and symptoms (falling, cramps, spasms, etc.)

Other injuries and conditions due to external causes.

# of different TINs this member has received claims from in the past year

○
○
○
○
○
○

2. Medications
○ Med adherence to loop diuretics
○ Med adherence to antihypertensives
3. SDoH and utilization
○
○
○

Diseases of female genital organs.

Fluid and electrolyte disorders
Essential hypertension
Cognitive disorders
General signs and symptoms
External injuries
Disease of female genital organs

Evaluation and management visits
# of providers seen in office visits
Days since most recent ER visit
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Learning What Works for Whom
Carol McCall
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A Renaissance of the Learning Organization
A Lesson from a Bygone Era
“Harnessing steam power required many innovations....
Among the most important were new ways to measure
the energy output of engines. Such measuring tools
[allowed] inventors to see if their incremental design
changes led to the improvements [needed] to build
better engines.
There's a larger lesson here: Without feedback from
precise measurement, invention is ‘doomed to be rare
and erratic.’ With it, invention becomes ‘commonplace.’"
- Bill Gates on the Importance of Measurement,
The Wall Street Journal, January 25, 2013
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A Renaissance of the Learning Organization
Companies see continuous innovation as the only way to create a sustained advantage
Learning organizations must be skilled in creating knowledge and modifying their actions to reflect new
information and insights

David Garvin ~ ‘Mastery of the details’
▶ Intelligence from outside sources
▶ Accumulating data through targeted actions and experimentation
▶ Command of the levers that shape behavior
James Surowiecki ~ ‘Get better at getting better’
▶ What seems overly sophisticated today will soon be essential to stay in the game
Michael Porter ~ ‘Getting Better Begins with Measurement’
▶ Healthcare remains poorly measured; mostly measure process or compliance (vs. actual outcomes)
▶ Rigorous measurement of value (outcomes and cost) is perhaps the single most important step in
improving healthcare
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Learning Health Systems
Health Systems are
Learning When…

Five Observable Characteristics

“...they acquire the ability
to continuously, routinely,
and efficiently study and
improve themselves.”
Friedman, et al. The science of learning health
systems: Foundations for a new journal.
Learn Health Sys. 2017

▶ Circumstances, actions, and outcomes are
available as data
▶ Knowledge generated is immediately available
▶ Improvement is continuous due to ongoing
learning
▶ A socio-technical infrastructure that makes
this routine
▶ Activities are embraced within a professional
culture of practice

33

SPEAKER
LOGO

Precision Health Intelligence
A synthesis of technologies designed to address the specific challenges HCOs face in the transformation
to value-based healthcare. They help companies identify, modify, and sustain the initiatives that show
they can reliably promote the health of individuals and populations
Absorb new data to improve the contextual awareness of

Easily integrate with PHM workflows and activities

people’s health, motivations, and behaviors, including data
that characterizes treatments and health services

Support experimentation to test and compare
health service interventions and innovations

Create new measures that reflect people’s responses,
Continuously monitor interventions to learn which are effective
and under what circumstances

experiences, and outcomes

Accurately predict an individual’s risk of specific outcomes
under specific treatments and services

Rigorously measure healthcare and operating costs, calculate

Quickly project the range of outcomes and ROIs from

potential and realized savings, and evaluate health economic and
outcome impacts and ROI

potential actions and interventions

Regularly re-optimize interventions and outreach using evidence
of impact in the pursuit of individual and population health

Identify and match individuals with options that best meet
their needs
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Getting Started
Today’s leaders know they cannot improve at-scale what they cannot measure
They start by taking several practical steps:
Acquire and integrate new data to better understand need, expand available measures
Learn to see the system that produces the current outcomes
Make the work problem-specific and user-centered
Proactively engage patients to learn how specific interventions and activities affect people’s health
Actively experiment, and use data-driven feedback and disciplined inquiry to drive improvement
Bring real attention to which actions and actors produce value (and align those with rewards)
Today’s leaders know the journey to value-based care is a long-term commitment. It begins with value as its
destination, is guided by constant, measurable improvement, and powered by Precision Health Intelligence
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Questions

To submit a question, type it into the Questions Pane
at the right of your screen, at any time.
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Closing
ThankSlide
youContent
for participating

in today’s webinar.

Please take a moment to complete the brief survey.
Your feedback is very important to us.
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