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Executive Summary

In 2017, the Centers for Medicare & Medicaid Services (CMS) launched the Million Hearts®
Cardiovascular Disease (CVD) Risk Reduction Model. Under this model, CMS paid
participating health care organizations to measure and reduce CVD risk, and organizations
committed to following guideline-recommended care processes for the primary prevention of
CVD. The model’s goal was to reduce the incidence of heart attacks and strokes, including
transient ischemic attacks (mini strokes), among Medicare beneficiaries ages 40 to 79 who had
not previously had one. CMS hoped reduced spending on heart attacks and strokes would offset
the model payments, making the Million Hearts Model cost-neutral to Medicare. CMS tested the
model from 2017 to 2021 in a large, randomized trial, including hundreds of thousands of
beneficiaries across the United States.

Over five years, the Million Hearts Model reduced the incidence of first-time heart attacks
and strokes by 3 to 4 percent among beneficiaries at high or medium risk of these events
but did not measurably affect Medicare spending. The reduction in heart attacks and strokes
corresponds (depending on the outcome definition used) to roughly one prevented event over
five years for every 250 to 400 high- and medium-risk beneficiaries enrolled. The evaluation did
not detect savings in Medicare spending for the events. However, model payments were small, at
an estimated $1 per month of enrollment per high- and medium-risk beneficiary in the evaluation
population. As a result, total Medicare spending, including Parts A and B and model payments,
was similar between intervention and control group beneficiaries.

These findings for the study’s primary
outcome measures reflect the accumulation of  Figure ES.1. The model improved outcomes
changes along a hypothesized causal pathway  along a hypothesized causal pathway
(Figure ES.1). The reduction in first-time
heart attacks and strokes was accompanied by
a 4 percent reduction in all-cause mortality
over five years among high- and medium-risk
beneficiaries. Consistent with the model
logic, the largest relative declines, by cause,
were among deaths due to coronary heart
disease (CHD) and cerebrovascular disease.

CMS paid participating organizations
$7.2 million and offered a suite of tools
and supports to promote CVD care.

Providers increased their use of CVD
risk assessment.

Beneficiaries were more likely than
those in the control group to initiate or
intensify statins or antihypertensives,
or to take aspirin.

A. Model design

Under the Million Hearts Model,
organizations randomly assigned to
participate in the intervention group agreed to
assess each of their eligible Medicare fee-for-
service (FFS) beneficiaries’ risk of a heart
attack or stroke over 10 years. They further
agreed to provide cardiovascular care

CVD risk scores and risk factors
improved by 1 to 4 percent more in the
intervention group than the control

group.

Incidence of first-time heart attacks
and strokes fell by 3 to 4 percent,
without statistically significant changes
in Medicare spending.
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management services to high-risk Medicare beneficiaries: that is, those with a calculated 10-year
risk, or risk score (text box), of 30 percent or higher.! Medicare FFS beneficiaries were eligible
for the Million Hearts Model if they were ages 40 to 79, had not previously had a heart attack or
stroke, did not have end-stage renal disease, and were not enrolled in hospice. The model’s
recommended cardiovascular care management activities aligned with clinical guidelines about
the primary prevention of CVD from the American College of Cardiology and the American
Heart Association (Arnett et al. 2019). These activities included working with high-risk
beneficiaries to develop care plans to reduce CVD risk, following up at least twice per year to
monitor and encourage risk reduction, and a formal risk reassessment each year.

CVD risk scores: A closer look

The CVD risk score represents a person’s predicted probability of having a heart attack or stroke
within 10 years as calculated using a standardized tool. At a person’s initial CVD risk assessment,
the risk score is based on several factors (Goff et al. 2014):

e Demographics, including age, sex, and race
e Clinical factors, including blood pressure and cholesterol levels and history of diabetes

e Patients’ behaviors, including current smoking status and use of medications to control blood
pressure

When designing the Million Hearts Model, CMS worked with leading cardiovascular epidemiologists to
develop a novel risk calculator that estimates changes over time in a person’s risk of heart
attack or stroke (Lloyd-Jones et al. 2017). That tool incorporates additional information about aspirin
use, time since quitting smoking, and changes since the initial assessment in blood pressure and
cholesterol.

CMS offered the model participants a number of payments and supports to implement the model:

e Payments. Throughout the five-year model, CMS paid intervention group organizations to
calculate CVD risk scores for eligible beneficiaries. In addition, during the first year of the
model (2017), CMS paid a flat monthly fee (per high-risk beneficiary enrolled) for providing
cardiovascular care management. Then, from 2018 to 2021, CMS paid the organizations for
reducing risk among high-risk beneficiaries, with payment amounts depending on the
average risk reduction achieved among the organization’s enrolled high-risk population.

¢ Nonfinancial tools and supports. CMS created the online Million Hearts Data Registry for
organizations to submit clinical data needed to assess CVD risk. The registry software
included a novel risk calculator to track patients’ changes in CVD risk over time, based on
changes in risk factors. This calculator was the basis for the model’s performance-based risk-

! The Million Hearts Model categories of high, medium, and low CVD risk (defined, respectively, as having CVD
risk scores of > 30 percent, 15 to < 30 percent, and < 15 percent) do not correspond to recent categories used
elsewhere for high (> 20 percent), intermediate (7.5 to < 20 percent), borderline (5 to < 7.5 percent) or low CVD
risk (< 5 percent) (Lloyd-Jones et al. 2019).
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reduction payments. CMS also hosted regular peer-to-peer learning sessions for the
intervention organizations and sent each organization semiannual reports describing its
progress enrolling beneficiaries and reducing CVD risk.

In addition to affecting outcomes among high-risk beneficiaries, CMS anticipated the model
could improve outcomes for medium-risk beneficiaries: those with risk scores of at least 15
percent and less than 30 percent. CMS expected the model might reduce rates of heart attacks
and strokes among both groups together—high- and medium-risk beneficiaries—to fully offset
model payments.

Over the model’s five years (2017-2021), CMS paid intervention organizations $7.2 million—
equivalent to roughly $1 per beneficiary per month (PBPM) on average—for the beneficiaries
enrolled in 2017 and 2018 (the focus of this report). CMS also paid organizations randomly
assigned to the control group for submitting clinical data needed to calculate CVD risk scores but
did not provide the control organizations with calculated risk scores. CMS contracted with
Mathematica and its partner, the RAND Corporation, to evaluate the Million Hearts Model.

B. Participation

CMS randomly assigned 516 organizations that volunteered for the model, with about half
assigned to the intervention group and the remainder assigned to a usual-care control group. Of
these, 345 organizations (173 in the intervention group and 172 in the control group) participated
by enrolling at least one beneficiary in the model in 2017 or 2018. (This evaluation focuses on
beneficiaries enrolled in 2017 and 2018 so that everyone in the evaluation population enrolled
early enough to experience potential benefits of the model.) Participating organizations included
primary care and cardiology practices, health centers, and hospitals throughout the country.
Organization leaders said they joined, in part, because the model was consistent with their CVD
prevention goals and because the organizations already assessed CVD risk for some of their
patients—making it easier to implement the model.

However, many participating organizations withdrew over time, citing low payments and challenges
reporting data to the Million Hearts Data Registry. By the end of the model, in December 2021, 45
of the 173 participating intervention organizations (26 percent) had formally withdrawn, and an
additional 82 organizations (47 percent) had stopped reporting clinical data to the registry as
required to receive model payments. Nevertheless, because the evaluation outcome measures are
mostly from administrative data—Medicare claims and the National Death Index—we could and
did track beneficiaries’ outcomes, regardless of whether the enrolling organizations left the model.

Overall, the intervention organizations enrolled 130,578 high- and medium-risk beneficiaries in
2017 and 2018 and the control organizations enrolled 88,286. Together, these comprised the
analytic population for the evaluation (Table ES.1). The intervention group was bigger than the
control group because, to limit evaluation costs, CMS capped (at 20) the number of providers per
control organization who could enroll beneficiaries. Organizations enrolled about half the
beneficiaries who appeared eligible for the model based on Medicare claims and enrollment data.
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Thus, to deal with potential bias in evaluation results due to incomplete enrollment, we
conducted sensitivity tests using a population of attributed beneficiaries (that is, those who
appeared eligible for the model in Medicare data). We found results generally consistent with the
main results reported here.

Table ES.1. The Million Hearts Model enrolled more than 200,000 intervention group beneficiaries
in its first two years

High (2 30%) 40,423 (18%) 27,277 (18%)
Medium (15-29.9%) 90,155 (39%) 61,009 (39%)
Low (< 15%) 98,135 (43%) 67,533 (43%)
All 228,713 155,819

CVD = cardiovascular disease.

The enrolled intervention and control

beneficiaries had very similar CVD risk at

enrollment (Table ES.2). Among high- and Table ES.2. Intervention and control group
. . Lo beneficiaries had very similar CVD risk at

medium-risk beneficiaries in both groups,

enroliment
the mean age was 72 years, 58 to 59 percent "
Mean CVD risk score at
were male, 6 to 7 percent were Black, and baseline
38 to 39 percent.ha-d dlabetes. Among (predicted|prabability af having &
enrolled beneficiaries with Medicare Part D heart attack or stroke in 10 years)
coverage (for whom we could measure Population [l Contreill
medication use), most were taking statins or High- and
antihypertensive medications at baseline, medium-risk 27% 27%
T .. beneficiaries
indicating they were receiving treatment for Hiohrisk
. . Ign-ris
their CVD risk factors even before the beieﬁciaries 40% 40%
model began. Still, opportunities remained CVD = cardiovascular disease.

to reduce CVD risk. We estimated more
than one-quarter of the beneficiaries’ average risk was due to modifiable risk factors such as high
blood pressure, high cholesterol, or smoking.

C. Changes in CVD risk stratification and discussions of CVD risk

As intended, the Million Hearts Model substantially increased rates of CVD risk assessment
among Medicare FFS beneficiaries. In a 2018 survey of 366 providers across intervention and
control organizations (response rate: 71 percent), providers in the intervention group were nearly
twice as likely as control group providers to report conducting CVD risk assessments for at least
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half of their Medicare patients. Almost three quarters (71 percent) of providers in the
intervention group said they did, compared to 39 percent in the control group (an 82 percent
difference). Figure ES.2 summarizes impacts of the Million Hearts Model across outcomes.

Figure ES.2. The Million Hearts Model had large, favorable effects on CVD risk assessment and
medication use, with smaller effects on CVD risk factors and, ultimately, heart attacks and strokes

Unfavorable direction Favorable direction

CVD preventive care . : :
Increase in the proportion of providers who 82
... PTIOCesSSOs assess risk for 2 half their Medicare patients E
(measured in a 2018 survey) )

T20% 0% 20% 40% 60% 80%
Percentage impact (estimated)

Unfavorable direction Favorable direction

Increase in statin initiation or intensification 23.3%
Increase in antihypertensive initiation or intensification 9.0%
Medication use ; ; - ; ;
s Increase in routine aspirin use (high-risk onl 19.7%
(within one year of enrollment) P (hig Y) ’
Increase in adherence to statins Not statistically significant
Increase in adherence to antihypertensive medications Not statistically significant

120% 0% 20% 40% 60% 80%
Percentage impact (estimated)

Unfavorable direction Favorable direction

Decrease in CVD risk scores 4.0%
CVD risk factors one Decrease in systolic blood pressure 1.3%
year after enroliment
(high-risk only) Decrease in LDL cholesterol 1.3%
Decrease in smoking Not statistically significant

.20% 0% 20% 40% 60% 80%
Percentage impact (estimated)
Unfavorable direction Favorable direction

Reduction in first-time heart attack or stroke rate

(primary definition) )
Reduction in first-time heart attack or stroke rate 4.2
Long-term outcomes (expanded definition) e
(within five years of
enroliment) Reduction in death (for any reason) rate 4.3%
Medicare FFS savings (including model payments) Not statistically significant

" 20% 0% 20% 40% 60% 80%
Percentage impact (estimated)

Notes:  The primary definition of heart attacks and strokes uses only hospital claims (including outpatient claims) to
identify first-time events. The expanded definition uses both hospital claims and National Death Index data.
Unless otherwise specified, all reported impact estimates are statistically significant at leastat a p < 0.10
threshold.

FFS = fee-for-service; CHD = coronary heart disease; CVD = cardiovascular disease; LDL = low-density lipoprotein.
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In the same survey and in interviews, providers in the intervention group said they thought the
model’s focus on routine risk assessment made them more aware of beneficiaries’ CVD risk
generally. They also credited the model with increasing their use of risk scores to inform
treatment decisions, such as recommending medications, and said they perceived the risk score
to be useful for prompting discussions with beneficiaries about CVD risk and risk factors.

Also as intended, intervention organizations followed up frequently with high-risk beneficiaries.
This was true for both the intervention and control groups, in which more than 80 percent of
surveyed providers reported following up at least twice per year (which CMS requested from the
intervention group). However, more intervention group providers reported following up with
high-risk beneficiaries even more frequently than the model required—at least every three
months—compared to control group providers (58 versus 43 percent, [p = 0.02]). Interviews with
intervention group providers in 2019 and 2020 indicated many organizations used dedicated staff
and tracking systems, such as electronic health record alerts and Microsoft Excel-based trackers,
to ensure high-risk beneficiaries received follow-up recommended under the model. This follow-
up most often occurred in person. Nevertheless, formal annual reassessment of CVD risk—with
data reported to the Million Hearts Data Registry—fell well below CMS’s model expectations
from 2018 to 2021. Reassessment rates were especially low during the COVID-19 pandemic, but
even before the pandemic, the number of reassessment visits each month was generally less than
half the number anticipated, based on enrollment numbers.

D. Increases in CVD medication use

CMS let participating organizations choose how to reduce CVD risk and many providers
reported focusing on medications. We found the model increased use of medications for CVD
prevention within one year of enrollment:

e Among high- and medium-risk beneficiaries with room for improvement in cholesterol
management at enrollment, the proportion initiating or intensifying statins in the first year
after enrollment was 23 percent (or, in absolute terms, 3.5 percentage points) higher in the
intervention group.

e Similarly, among those with elevated blood pressure at enrollment, the proportion who either
initiated or intensified antihypertensive medications within one year of enrollment was 9
percent (2.4 percentage points) higher in the intervention group than the control group.

e Among high-risk beneficiaries only—for whom we have self-reported data on aspirin use via
the Million Hearts Data Registry—the model increased the proportion taking aspirin one year
post-enrollment by 20 percent (10.7 percentage points).

e There were no statistically significant changes in adherence to either statins or
antihypertensives in the first year after enrollment.
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For both statins and antihypertensives, the estimated impacts on initiation and intensification
were only modestly smaller among the combined high- and medium-risk group than they were
among the high-risk-only group. Given CMS made cardiovascular management payments and
risk reduction payments only for high-risk beneficiaries, this finding suggests substantial
spillover of model effects to medium-risk beneficiaries.

E. Decreases in CVD risk factors and risk scores

About half the beneficiaries who should have received an annual reassessment visit under the
Million Hearts Model had one recorded in the Million Hearts Data Registry. Among these
beneficiaries, who were all in the high-risk group, the model reduced CVD risk scores by 4
percent (absolute 1.3 percentage points) in the first year after enrollment. That is, one year after
enrollment, risk scores in both the intervention and control groups were substantially lower than
they had been at enrollment, but the decline was 4 percent greater, on average, in the intervention

group.

Similarly, levels of systolic blood pressure and low-density lipoprotein cholesterol also fell, on
average, in both the intervention and control groups, but with greater declines (about 1 percent
larger) in the intervention group. These reductions largely drove the impacts on CVD risk scores
overall, along with the previously mentioned increase in aspirin use.

We have no evidence the model prompted other changes in health-related behavior. There was
no statistically significant impact on smoking one year after enrollment. Although we lack data
on changes in diet or exercise, across dozens of provider interviews and roughly one dozen
interviews with high-risk beneficiaries, the beneficiaries and providers said they did not perceive
major changes in these areas.

F. Effects on service use

The evaluation hypothesized the Million Hearts Model could reduce rates of CVD-related
hospitalizations and outpatient visits to the emergency department (ED). However, over a period
of up to five years post-enrollment, the model did not measurably affect rates of CVD-related
acute-care service use.

Over the same period, the model increased hospitalizations for all causes by about 4 percent
among high- and medium-risk beneficiaries. This effect was unintended, and the cause is not
clear. It is possible the model made providers and patients more aware of their health risks
generally, prompting greater use of hospital services. Although the model increased
hospitalization rates, it had no detectable impact on the frequency of ED visits or office visits
generally among high- and medium-risk beneficiaries.
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G. Effects on heart attacks and strokes, mortality, and Medicare spending

Over a follow-up period of up to five years post-enrollment, the Million Hearts Model reduced
the incidence of first-time heart attacks and strokes by 3 to 4 percent (depending on the outcome
measure used) among high- and medium-risk beneficiaries (Figure ES.2). This reduction was
smaller than the 7 percent reduction originally anticipated by CMS, but still meaningful given
the large number of beneficiaries affected. Specifically:

e When we measured events using Medicare claims data—that is, based on diagnosis codes
associated with hospitalizations and ED visits—about 8 percent of beneficiaries experienced
an event within five years of enrollment (Figure ES.3). The incidence of first-time heart
attacks and strokes was an estimated 3.3 percent lower in the intervention group than the
control group (from the figure, [8.1-7.8]/8.1 = 0.033, with results not exact due to rounding).
This estimate corresponds to one averted event over five years for every 391 high- and
medium-risk beneficiaries enrolled.

e Because some heart attacks and strokes do not generate a Medicare claim—for example, if a
beneficiary dies before reaching a hospital—we also assessed impacts on an expanded
outcome measure, which included deaths due to CHD and cerebrovascular disease, identified
in the National Death Index. Using this expanded measure of events in claims plus CHD and
cerebrovascular deaths without a claim, 9 to 10 percent of beneficiaries experienced an event
within five years of enrollment (Figure ES.3). The incidence of first-time heart attacks and
strokes was an estimated 4.2 percent lower in the intervention group than in the control group
([9.7-9.3]1/9.7 = 0.042). This corresponds to one averted event over five years for every 267
high- and medium-risk beneficiaries enrolled.

Figure ES.3. The model reduced rates of first-time heart attacks and strokes over five years:
Cumulative probability of an event among high- and medium-risk beneficiaries

12% -

10% - 9.7% 9.3%"*

8% -

6% 1 EControl

4% - mintervention

enroliment

2% A

Cumulative probability of a
CVD event 5 years after

0% -
Primary measure (from claims) Expanded measure (from claims and
NDI)

Note: The primary definition uses only hospital claims (including outpatient claims) to identify first-time heart
attacks and strokes, including transient ischemic attacks. The expanded definition uses both hospital claims
and NDI data.

Significantly different from zero at the 0.1/0.05 level, two-tailed test, respectively.
CVD = cardiovascular disease; NDI = National Death Index.

*/**
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Over the same period, the model reduced the all-cause death rate by 4.3 percent among high- and
medium-risk beneficiaries. This estimate corresponds to one prevented death over five years for
every 191 high- and medium-risk beneficiary enrolled in the model. Analyses by cause of death
show the largest relative impact in deaths due to CHD and cerebrovascular disease—the category
most plausibly affected by the model.

As with the impacts on medication use, the impacts on heart attacks and strokes and mortality
did not concentrate among the high-risk beneficiaries for whom CMS made cardiovascular care
management and risk reduction payments. Rather, across outcomes, our evaluation results
suggest spillover of model effects to medium-risk beneficiaries, and potentially even larger
effects for medium-risk beneficiaries. CVD risk scores might have been especially helpful for
identifying elevated risk among medium-risk beneficiaries, whose risk factors might otherwise
have been less obvious than risk factors among high-risk beneficiaries.

The model had no detectable effect on PBPM Medicare spending. Despite the reduction in first-
time heart attacks and strokes, Medicare spending for those events was not statistically
significantly lower in the intervention group than the control group. At the same time, however,
the unintended increase in hospitalizations did not measurably increase total Medicare spending,
and model payments were low when averaged across all enrolled beneficiaries: roughly $1 per
high- and medium-risk beneficiary per month. Average monthly Medicare FFS spending,
including model payments, was very similar between the intervention group and the control
group ($959 versus $958 PBPM, respectively). Note that our estimates of effects on spending do
not include (1) any possible increases in Medicare spending on medications (Part D) due to
increases in statin or antihypertensive use; or (2) costs of implementing the model, such as
building and maintaining the Million Hearts Data Registry and calculating semiannual
performance.

H. Conclusion

In a large, randomized trial, the Million Hearts Model improved CVD preventive care and
reduced first-time heart attacks and strokes, even in a population receiving considerable CVD
care at baseline. The model did not measurably change Medicare FFS spending. Findings from
the Million Hearts Model also indirectly support clinical guidelines underpinning the model’s
requirements, such as use of routine CVD risk assessment to encourage the primary prevention
of CVD. This model is promising for CMS and other payers or health systems seeking to
improve health outcomes for CVD, the leading cause of death in the United States and
worldwide.
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l. Introduction

Cardiovascular disease (CVD) is a leading cause of death, disability, and health care
expenditures in the United States (Tsao et al. 2022). In addition, disparities in CVD burden are
well documented, with African Americans experiencing higher rates of CVD-related morbidity
and mortality than White populations (Carnethon et al. 2017). Improvements in clinical treatment
of CVD risk factors, diet, exercise, and smoking cessation could substantially reduce the burden
of CVD across populations (Karmali et al. 2016; Yusuf et al. 2020).

In 2017, the Centers for Medicare & Medicaid Services (CMS) launched the Million Hearts®
Cardiovascular Disease Risk Reduction Model to improve CVD preventive care and reduce the
incidence of first-time heart attacks and strokes among Medicare beneficiaries (Sanghavi and
Conway 2015). The five-year model paid providers to assess Medicare beneficiaries’ risk of
having a heart attack or stroke and for reducing that risk among their high-risk beneficiaries.
CMS tested the model in a large, randomized trial that included primary care and cardiology
practices, health centers, and hospital outpatient departments throughout the country.

The Million Hearts Model promoted the goals of the national Million Hearts® initiative, which
the U.S. Department of Health and Human Services launched in 2012 to prevent one million
heart attacks and strokes within five years (Centers for Disease Control and Prevention [CDC]
2012; Wall et al. 2018). The U.S. Department of Health and Human Services has continued the
Million Hearts® initiative, recently committing to preventing one million hearts attacks and
strokes from 2022 to 2027 (CDC 2022).The advent of the COVID-19 pandemic three years into
the Million Hearts Model led to delays in CVD preventive care services (Lau and McAlister
2021). These disruptions underscore the importance of continuing to monitor and address CVD
risk factors through efforts such as the Million Hearts Model (Shiels et al. 2022).

This Final Evaluation Report describes the results of the five-year randomized trial.

A. Model goals and design

The goals of the Million Hearts Model were to (1) decrease the incidence of first-time heart
attacks and strokes among high- and medium-risk Medicare fee-for-service (FFS) beneficiaries
over five years and (2) decrease Medicare Parts A and B spending on CVD events—that is, heart
attacks and strokes—enough to offset model payments. To help meet these goals, the model
provided guidelines for CVD preventive care and targeted financial incentives and supports, such
as performance feedback and peer-to-peer learning.

Guidelines for CVD preventive care. CMS set broad guidelines for how organizations would
provide CVD preventive care. These guidelines were consistent with clinical guidelines from the
American Heart Association (AHA) and the American College of Cardiology (ACC).
Organizations that joined the model agreed that, if they were randomly assigned to the
intervention group, they would follow these guidelines:
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e C(Calculate each of their eligible Medicare FFS beneficiaries’ risk of having a heart
attack or stroke over 10 years, using a formal risk assessment tool. Beneficiaries were
eligible for the Million Hearts Model if they were ages 40 to 79, had not had a previous heart
attack or stroke, did not have end-stage renal disease (ESRD), and were not enrolled in
hospice. Beneficiaries were considered to be at high risk if their predicted 10-year CVD risk
(referred to as the risk score) was at least 30 percent, at medium risk if their risk score was
from 15 to 30 percent, and at low risk if it was less than 15 percent. (The risk score
thresholds for these categories differ from those of the high-, intermediate-, borderline-, and
low-risk categories now commonly used elsewhere [Lloyd-Jones et al. 2019]).

e Provide cardiovascular care management services to high-risk patients. These services
included (1) meeting with each high-risk beneficiary to discuss CVD risk and risk factors; (2)
jointly developing an individualized plan for reducing risk that reflected both the efficacy of
different treatment options and the beneficiary’s goals and priorities; (3) reassessing the
beneficiary’s risk each year, using a longitudinal tool designed specifically for the model
(Lloyd-Jones et al. 2017); and (4) following up with the beneficiary at least twice each year
to gauge and encourage progress in reducing CVD risk.

Within these broad guidelines, organizations and their providers could choose to use
medications, encourage behavior changes, offer new services, or any combination of these
options, depending on what the organization and its providers believed would most benefit their
at-risk Medicare beneficiaries.

Incentives. CMS provided financial incentives and supports to assist organizations in assessing
CVD risk for all eligible beneficiaries and providing CVD preventive care to their high-risk
beneficiaries. Intervention organizations were eligible to receive three types of payments:

$10 for each eligible Medicare FFS beneficiary for whom the organizations assessed risk.

2. $10 per high-risk beneficiary per month for providing cardiovascular care management
services (first model year only, 2017).

3. $0 to $10 per high-risk beneficiary per month depending on how successful the organization
was in reducing the average risk score for all its high-risk beneficiaries assessed during the
relevant period (starting in 2018, the second model year). Specifically, CMS paid $10 per
month if the average CVD risk score for high-risk beneficiaries declined from baseline by
more than 10 percentage points, $5 if the average score declined by 2 to 10 percentage
points, and $0 if it did not decline or declined by less than 2 percentage points.

In addition, from 2017 to 2019, CMS paid control group organizations for sharing clinical data
from model-eligible beneficiaries but did not ask those organizations to calculate risk scores or
change their CVD preventive care. To limit model costs, CMS allowed up to 20 providers in
each control organization to enroll beneficiaries but did not apply a similar cap to the
intervention group.
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Over the five-year model, CMS paid $7.9 million to 173 intervention organizations, of which we
estimate $7.2 million was for the beneficiaries enrolled in 2017 and 2018, who are the focus of
this report. About one-third of the $7.9 million (37 percent) was for risk stratification, another
one-third (35 percent) was for cardiovascular care management services for high-risk
beneficiaries in the first model year, and the remaining 28 percent was for successfully reducing
risk in model Years 2 to 5. The share of payments going to risk reduction was relatively low, in
part, because many organizations withdrew from the model or did not report data in later model
years (Chapter II). On average, each organization staying in the model and still reporting data
received $2,723 to $15,251 in each six-month model performance period, with the amounts
generally declining over time as incentive payments shifted to depend largely on reducing risk
among high-risk beneficiaries (Appendix A).

Tools and supports. CMS also provided several tools and supports to help intervention
organizations improve their CVD preventive care and meet reporting requirements:

e Semiannual reports to each intervention organization described their performance enrolling
beneficiaries and reducing CVD risk.

e Peer-to-peer learning sessions encouraged organizations to share strategies for implementing
the model and reducing risk.

e A secure portal, the Million Hearts Data Registry, enabled intervention and control
organizations to submit the required clinical and demographic data needed to calculate a
beneficiary’s CVD risk.

In addition, CMS supported the development of the Million Hearts Longitudinal Atherosclerotic
Cardiovascular Disease (ASCVD) Risk Assessment Tool, a novel tool that enabled the Million
Hearts Model organizations to track changes in CVD risk over time, based on evidence from
clinical trials that linked changes in CVD risk factors to changes in heart attack and stroke rates
(Lloyd-Jones et al. 2017). Under this tool, a person’s initial risk score was the same as calculated
under the previously existing ACC/AHA ASCVD Risk Estimator (Goff et al. 2014). However,
because the new tool could estimate risk change for a given individual over time, CMS used this
tool when estimating risk reduction, the basis of the Million Hearts Model risk reduction
payments. The tool also enabled clinicians to estimate how much different therapies (for
example, statins) would reduce a patient’s risk. This was intended to help guide treatment
discussions and decisions.
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B. Causal pathway for the Million Hearts Model

Working with CMS staff and written
materials about the model, we developed
a casual pathway that describes how the

model, if it worked as intended, could ncent g’ et 4 red
reduce heart attacks and strokes, and g\c/%nr;gﬁs SRl bl A e e a2

Figure I.B.1. Causal pathway for the Million Hearts
Model

reduce spending enough to offset model
costs. We describe each step of the
pathway in Figure [.B.1.

Increasesin risk stratification and providers’
awareness of beneficiaries’ modifiable risk

1. CMS provides incentives and

supports for stratifying and Improvements in clinical preventive care and
reducing risk. Speciﬁcally, CMS beneficiaries’ behaviors to reduce modifiable risk

pays organizations for each eligible

Medicare FFS beneficiary they risk o Reductionsin CVD risk scores and
stratify, for providing cardiovascular TEL IR Pl R HEE

care management for high-risk
beneficiaries in the first model year,
and subsequently for reducing risk
among high-risk beneficiaries. The
supports include peer-to-peer
learning, feedback reports, and access to a tool that estimates how much different therapies
would reduce risk for individual beneficiaries.

Lower incidence of first-time heart attacks and
strokes; lower Medicare spending

AV VAV VA

2. Providers risk stratify their Medicare beneficiaries and become more aware of their
patients’ cardiovascular risk. Motivated both by the model incentives and their
organizations’ agreement to follow the model’s provisions, providers increase the extent to
which they calculate risk scores for their Medicare FFS beneficiaries, review these scores,
and assign beneficiaries to risk categories (high, medium, and low). This process makes
providers more aware of their patients’ CVD risk, including how much of this risk is
modifiable. An underlying assumption in the model is that a meaningful share of
beneficiaries’ total CVD risk is due to modifiable factors, such as elevated blood pressure or
cholesterol, that could be reduced through improvements in care.

3. Providers work more closely and consistently with beneficiaries to reduce modifiable
risk through improvements in clinical care and self-care. With greater awareness of
patients’ CVD risk, providers become more likely to meet with beneficiaries to discuss their
risk, factors driving their risk, and options for reducing the risk. Subsequently, through a
process of shared decision making, providers and beneficiaries develop individualized care
plans that reflect beneficiaries’ priorities and preferences. Options include initiating or
intensifying preventive medications (statins, antihypertensives, and aspirin), increasing
adherence to medications, quitting smoking, or changing diet or exercise patterns. Through
discussions with their providers, beneficiaries become more aware of their risk and more
willing to start new medications or change their behaviors in ways that reduce risk. As a
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result, we expect to see increases in the use of CVD medications, adherence to medications,
smoking cessation, or improvements in diet or exercise. Further, the model increases the
extent to which providers follow up with high-risk beneficiaries to assess and encourage risk
reduction over time, including through formal annual risk reassessments. We expect to see
improvement in CVD preventive care for high-risk patients, given that the model explicitly
incentivizes risk reduction in this group. However, we also expect improvements for
medium-risk patients because, through greater use of risk stratification, providers become
more aware of the elevated risk for this group.

4. These improvements in clinical care and self-care reduce overall cardiovascular risk, as
well as individual risk factors. These improvements lead to lower CVD risk scores during
the annual reassessment visits for high-risk beneficiaries. We also expect lower risk scores
among medium-risk beneficiaries, although intervention group organizations did not submit
the clinical data needed to assess whether these improvements occurred.

5. By the end of the five-year test, the reductions in CVD risk reduce the incidence of first-
time heart attacks and strokes and reduce Medicare spending. CMS projected the model
would reduce first-time heart attacks and strokes among high- and medium-risk beneficiaries
by 7 percent. Reductions of this size could lower Medicare spending on hospitalizations for
CVD events and related post-acute care enough to fully offset the payments CMS makes to
organizations for participating in the model.

Although the casual pathway outlines the mechanisms that might lead to reduced heart attacks
and strokes, not al/ organizations would need to meet a/l model requirements to achieve these
intended outcomes. For example, an organization may not reassess risk for all beneficiaries
annually but may still make substantial improvements in risk stratification and risk reduction.
Conversely, an organization may already have very high rates of risk stratification, in which case
the model would not prompt additional behavior changes needed to result in reduced heart attack
and stroke. The causal pathway is intended to be a framework for understanding the changes
organizations made as a result of the model.

C. Goals of the evaluation, data sources, and evaluation methods

The evaluation assessed whether and how, over five years, the Million Hearts Model improved
CVD preventive care, reduced first-time heart attacks and strokes, and lowered Medicare
spending enough to offset model payments. We used a mix of data sources and methods to
answer these questions.

organizations, how these payments varied over time, and the extent to which

E Payment data. These data indicated how much CMS paid the intervention
organizations earned available incentive payments for reducing CVD risk.

Payment data
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Registry. We used clinical and demographic data from the Million Hearts Data
Registry to identify Medicare beneficiaries enrolled into the model (January 2017
through December 2021). These data included beneficiaries’ characteristics at
enrollment, such as age, gender, CVD risk factors, and CVD risk scores. Further, the
registry included similar data for patients with annual reassessment visits. We used the
reassessment data to identify the frequency of reassessment visits for high-risk patients, the
change in CVD risk scores and risk factors by year of enrollment, and the impact of the Million
Hearts Model on CVD risk scores and individual risk factors.

Registry data

Provider survey. In 2018, we surveyed randomly selected providers in each of the
intervention and control organizations enrolling beneficiaries. The survey asked about
CVD preventive care, including how often providers risk stratified their patients. We
estimated model impacts on self-reported CVD preventive care as the regression-
adjusted differences in providers’ responses. We surveyed 366 providers, with a response rate of
71 percent.

Provider survey

Practice survey. In 2018 and 2021, we surveyed the person designated by each
organization as the lead for overseeing the model’s implementation. This person might
be a clinician, an office manager, or an administrative lead. The survey asked how the
organization implemented the model, barriers to and facilitators of implementation,
and perceptions about the model’s effects on CVD preventive care. For the 2018 survey, we
surveyed 323 intervention and control group organizations, with a response rate of 89 percent.
For the 2021 survey, we surveyed 132 intervention group organizations, with a response rate of
68 percent.

Practice survey

Interviews with model participants and enrolled beneficiaries. To understand
model implementation, including facilitators of and barriers to implementation, we
interviewed providers and staff from a cohort of 10 to 15 intervention organizations in
2018, 2019, 2020, and 2021. The evaluation team selected organizations to represent a
range of sizes, locations, and types (for example, primary care and cardiology practices). To
understand beneficiaries’ experiences with the Million Hearts Model, we interviewed 14 high-
risk beneficiaries seen at a Million Hearts Model organization for a reassessment visit in 2021.

Interviews

Medicare claims and enrollment data. We used Medicare Parts A and B claims and
the Medicare Enrollment Database through December 2021 for several purposes:

Claims

e To define the study’s main outcomes—first-time heart attacks and strokes and
Medicare spending—and several secondary outcomes (for example, mortality and
rates of emergency department [ED] visits and hospitalizations). We estimated
model impacts as regression-adjusted differences in outcomes between the
intervention and control groups.

e To define a beneficiary’s characteristics when the beneficiary enrolled in the
model (for example, whether the individual had ischemic heart disease or was
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originally entitled to Medicare due to disability). We used these characteristics to
describe the population the model served, assess the degree of similarity between
the intervention and control groups, and as covariates in regression models
estimating the impacts of the Million Hearts Model.

We used Medicare Part D claims to assess whether the model increased (1) initiation or
intensification of statins to lower cholesterol or antihypertensive medications to lower blood
pressure and (2) adherence to these medications within one year of enrollment. By design, all
beneficiaries enrolled in the Million Hearts Model were Medicare FFS beneficiaries with Parts A
and B coverage. About 70 percent also had Part D coverage.

National Death Index (NDI). The NDI is a database of all deaths in the United
NDL, | States, including cause of death information from death certificates. To estimate
impacts on heart attacks and strokes including fatal events that did not generate a
hospital claim, and to understand model impacts on mortality by cause of death, we
obtained Medicare-linked NDI data for deceased Medicare FFS beneficiaries enrolled by
intervention and control group organizations.

Death records

We provide additional details about these data sources, as relevant, throughout the report.
Previous annual reports provided details on the methods we used to collect and analyze interview
and survey data. For qualitative interview methods and analysis, see Appendix B of the Second
Annual Report (Peterson et al. 2019). For 2018 provider and practice survey methods, see
Appendix E of the Second Annual Report. For 2021 practice survey methods, see Appendix C of
the Fourth Annual Report (Peterson et al. 2022).

Report organization. Chapter Il describes the organizations participating in the Million Hearts
Model, how participation changed over time, and the number of beneficiaries participating
organizations enrolled over the five-year model. Chapters III through VII follow the causal
pathway (Section 1.B), estimating whether the model had intended effects on CVD care
processes and short- and long-term outcomes. Specifically, Chapter Il explores whether and
how the model changed CVD risk stratification and discussions of CVD risk between the
providers and beneficiaries. Chapters IV, V, and VI summarize changes in medication use,
decreases in CVD risk factors and risk scores, and effects on service use, respectively.

Chapter VII describes effects of the model on long-term model outcomes, including CVD events,
mortality, and Medicare spending. Chapter VIII explores variations in model impacts by
beneficiary subgroups. Finally, in Chapter [X, we discuss overall conclusions from the
evaluation of the model, including drivers of model impacts, strengths and limitations of the
evaluation, and contributions to CVD prevention research.
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Whom the Model Served

@\ Key findings

Of 516 organizations accepted to the Million Hearts Model, 345 participated, meaning they entered

data for at least one beneficiary in 2017 or 2018 and CMS validated the data to enroll those

beneficiaries.

— Half of the participating organizations were in the intervention group (173) and half were in the
control group (172).

— Participating organizations were of different sizes and included primary care practices, specialty
practices, and health centers located in rural and urban areas throughout the country.

— Control group organizations were similar to the intervention group organizations across most of
these organization-level characteristics.

Model participation declined considerably over time in both the intervention and control groups.

— By the end of the model period, only 46 intervention organizations still submitted data to the
registry.

— Organizations said they withdrew largely because they did not think the financial incentives were

commensurate with the work required or they lacked adequate staff to comply with the model
requirements, particularly uploading data to the registry.

— Intervention organizations that continued to actively participate through 2021 by formally remaining
in the model and submitting data were larger and more likely to be in urban areas than those that
did not.

During the five years of the model (2017 to 2021), intervention and control organizations enrolled
462,582 Medicare FFS beneficiaries.

— Enrollment was highest in the first year and decreased each subsequent year, which was expected
because the number of beneficiaries eligible for enrollment was supposed to decrease over time.

The analytic population used for the impact evaluation includes 130,578 high- and medium-risk
beneficiaries enrolled in 2017 and 2018, as these beneficiaries enrolled early enough and had high
enough CVD risk to experience potential benefits of the model.

Beneficiaries in the analytic population enrolled by intervention organizations received a substantial
amount of cardiovascular care at baseline, yet there was still room to reduce CVD risk.

— Among high-risk beneficiaries, about 40 percent of total CVD risk was due to modifiable risk factors
and among medium-risk beneficiaries, about 29 percent was modifiable.

— The main modifiable risk factors were blood pressure and low-density lipoprotein (LDL) cholesterol.

— Age, gender, and diabetes status were important nonmodifiable risk factors.
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A. Summary of participating organizations

Organizations were eligible for the Million Hearts Model if they had at least one physician, nurse
practitioner, or physician assistant who billed Medicare and used an electronic health record
(EHR). CMS accepted all 516 eligible organizations that applied to the model and signed a
Model Participant Agreement agreeing to model requirements. CMS randomly assigned half of
the organizations to the intervention group and half to a control group, making sure organizations
were similar in location and size. Organization leaders said they joined, in part, because the
model was consistent with their CVD prevention goals and because the organizations already
assessed CVD risk for some of their patients, making it easier to implement the model.

Among the 516 organizations CMS accepted to the Million Hearts Model, about two-thirds
(345) participated in the first two years of the model (2017 and 2018) by enrolling at least one
Medicare beneficiary. These participating organizations included primary care practices, specialty
practices, and health centers located in rural and urban areas throughout the country (Table I1.A.1).
Enrollment per organization varied widely, with eight organizations enrolling only one beneficiary
and one organization enrolling as many as 25,377 (interquartile range: 136—1,091).

The 172 control group organizations that enrolled beneficiaries were generally similar to
the 173 participating intervention group organizations across most characteristics. For
example, the intervention and control organizations had a similar regional distribution and
specialty mix. The biggest differences between the two groups were in the mean number of
providers, which was lower among intervention organizations (38 versus 49), and participation in
the Medicare Shared Savings Program, which was greater among intervention organizations (29
versus 22 percent), as reported in organizations’ applications to the model (Table I11.A.1).

Table Il.A.1. Organizations assigned to the control group were similar to the intervention group
organizations: Characteristics of organizations that enrolled at least one beneficiary in the Million Hearts
Model from January 3, 2017, to December 31, 2018

Intervention Control Difference
organizations organizations (in percentage
Characteristic (N=173) (N=172) points)
Size (from Million Hearts Model application)
Number of providers, mean 38 49 -11.3
Number of sites, mean 8 7 0.7

Location (from Million Hearts Model application)

Rural (%) 46 47 -0.8
Census region (%)
Northeast 30 24 6.2
Midwest 17 20 -3.6
South 38 40 -2.0
West 15 16 -1.3
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Intervention Control Difference

organizations organizations (in percentage
Characteristic (N=173) (N=172) points)
Organization type?
Primary care (%) 52 55 -3.2
Specialty or multispecialty (%) 23 20 2.2
FQHC, RHC, or other health center (%) 15 15 0.5
CAH or rural hospital (%) 3 5 -2.3
Acute care hospital (%) 8 5 29
Participating in other CMS models or programs when applied for the Million Hearts Model®
In one or more model (or application pending at random 51 49 2.0
assignment) (%)
In Medicare Shared Savings Program (%) 29 22 8.0

Source: Organizations’ self-reported data from the Million Hearts Model application data linked to the CMS NPPES.

aThe evaluation obtained organization type by merging (1) the NPI from participating organizations, which they
provided when they applied to the Million Hearts Model; with (2) January 2018 data from the CMS NPPES. We then
used primary taxonomy codes to categorize the organizations. “Other health centers” include Indian health and
migrant health centers.

®We coded organizations as not participating in other CMS models if they responded on the application that they did
not know.

CAH = critical access hospital; CMS = Centers for Medicare & Medicaid Services; FQHC = federally qualified health
center; NPI = National Provider Identifier; NPPES = National Plan and Provider Enumeration System; RHC = rural
health center.

B. Model retention

Model participation declined over time for both intervention and control
organizations (Figure II.B.1). Of the 516 organizations randomly assigned to the
intervention and control groups, 457 (225 intervention and 232 control) remained in
the model as of the January 2017 launch date. In both the intervention and control
groups, the number of organizations that formally participated, meaning they did not request to
withdraw from the model nor did CMS terminate them for failing to meet model requirements,
declined around the time the first Million Hearts Data Registry data were due (September 2017
and March 2018, respectively) (solid blue and green lines). Control group organizations received
payment for submitting data for the first three years of the model, and thus control group
participation in the model ended in December 2019. As of December 31, 2021, 128 intervention
organizations remained in the model. However, only 46 of these—about one-fifth of the formal
participants as of the January 2017 launch date—still submitted data to the Million Hearts Data
Registry during the final six-month performance period (July to December 2021). Only those
organizations submitting data (dotted lines in Figure I1.B.1) could earn model incentive
payments for risk stratification and CVD risk reduction.

Registry data
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Figure 1.B.1. Model participation declined over time in both the intervention and control groups:
Participation in the Million Hearts Model from launch to December 2021, by intervention and control group
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Source: Mathematica’s analysis of CMS data on organizational participation and withdrawal and Million Hearts Data
Registry.

Note: The dotted lines indicate the number of organizations that participated in the model by having at least one
visit that occurred in a given six-month performance period, as reported to the Million Hearts Data Registry.

CMS = Centers for Medicare & Medicaid Services.

Throughout the model, CMS gathered written feedback from organizations that
formally withdrew. The evaluation team also conducted exit interviews in spring and
el summer 2018 with withdrawing organizations. Most organizations that voluntarily left

the model within the first three model years said they did so because they found the
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financial incentives not commensurate with the work required. In particular, withdrawn
participants often cited the model’s requirements to submit data to the Million Hearts Data
Registry or noted they lacked resources to implement the model, usually related to insufficient
staff capacity or EHR capabilities. Among the seven organizations that provided a reason for
withdrawing in 2020 or 2021, reasons included leadership and staffing changes, especially
related to the COVID-19 pandemic.

Intervention organizations that continued to participate through 2021 were larger and
more urban than those that did not. Fifty-nine intervention organizations formally remained in
the model through 2021 and submitted data to the registry that year. These organizations enrolled
more beneficiaries in the first two years of the model, on average, than the 114 organizations that
enrolled at least one beneficiary in 2017-2018 but did not actively participate in 2021 (an
average of 2,273 per organization versus 830; see Appendix B, Table B.1). The active
participants in 2021 had, on average, a greater number of providers reported in the organizations’
Million Hearts Model application (60 versus 26), were less likely to be in a rural location (32
versus 53 percent), and were more likely to be classified as a specialty or multispecialty practice
(36 versus 16 percent).

C. Enrolled beneficiaries

Intervention and control organizations enrolled Medicare FFS beneficiaries in the model by
collecting demographic and clinical data needed to calculate the beneficiary’s CVD risk score
and submitting those data to CMS through the Million Hearts Data Registry. CMS validated each
enrollment by comparing the beneficiary’s demographic and visit information against CMS
administrative data. The beneficiary was considered enrolled as of the date of the systolic blood
pressure reading.

During the five years of the model (2017 to 2021), intervention and control
organizations enrolled 462,582 Medicare FFS beneficiaries: 285,093 in the
intervention group and 177,489 in the control group (Figure II.C.1). Enrollment was
substantially lower in the control group than the intervention group because of the 20-
provider cap CMS placed on control organizations, which did not apply to the intervention
organizations. In addition, control organizations stopped enrolling beneficiaries at the end of the
third model year (2019) as planned.

Registry data

As anticipated, enrollment was highest in 2017, as CMS expected organizations to enroll
and assess CVD risk for all eligible Medicare FFS beneficiaries at first contact (Figure
II.C.1). Enrollment decreased each subsequent year because only beneficiaries who were new to
the organization or to Medicare FFS, those who infrequently visited the organization, or those
who were missed during previous visits could be enrolled in later years.
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Figure 11.C.1. Enroliment was greatest in 2017: Cumulative number of Medicare FFS beneficiaries
enrolled from January 2017 to December 2021, by year (all CVD risk levels)
285,093
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CVD = cardiovascular disease; FFS = fee-for-service; n.a. = not applicable (control organizations stopped enrolling
beneficiaries at the end of 2019).

Most of the analyses in this report are based on the high- and medium-risk Medicare
beneficiaries enrolled by Million Hearts Model organizations in 2017 and 2018. We did not
include beneficiaries enrolled in 2019 in the impact estimation due to concerns that
organizational attrition by then could lead to unobserved differences between the intervention
and control groups that could bias estimates. (We did not include beneficiaries enrolled in 2020
or 2021 because, by design, the control group had stopped enrolling beneficiaries by then.) In
addition, estimating impacts for the high- and medium-risk population enrolled in 2017 and 2018
ensures that beneficiaries included in the analysis had enough time since enrollment and enough
CVD risk to experience the potential benefits of the model.

We further limited the analytic population to 218,864 beneficiaries (130,578 in the intervention
group and 88,286 in the control group) who met three additional criteria needed for analysis: (1)
were not missing key clinical data; (2) were observable in Medicare claims at enrollment (alive,
enrolled in Medicare Parts A and B with Medicare as the primary payer, and not covered under a
managed care plan); and (3) met the Million Hearts Model claims-based enrollment criteria of
being ages 40 to 79, with no evidence of a prior heart attack or stroke, with Medicare as their
primary payer, without ESRD, and without hospice benefits.

Among the beneficiaries enrolled in 2017 and 2018, in both the intervention and the control
groups, more than half were high or medium risk. In addition, those in the intervention group
had a similar risk profile to those in the control group (Figure II.C.2). Beneficiaries enrolled in
the Million Hearts Model intervention group (of any risk level) had largely similar demographic
and health characteristics to the national Medicare FFS population ages 40 to 79 (see Appendix
B, Table B.2). However, the enrolled beneficiaries were more likely to be White than the
national average (83 versus 79 percent) and were more affluent, with lower scores, on average,
on the Social Vulnerability Index (SVI)—that is, they resided in Census tracts with slightly
lower average social vulnerability.
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Figure 11.C.2. More than half of the 2017-2018 enrolled beneficiaries were high or medium risk:
Medicare beneficiaries enrolled by intervention and control organizations from January 2017 to December
2018, by CVD risk level

High (= 30%) 40,423 (18%) 27,277 (18%)
Medium (15-29.9%) 90,155 (39%) 61,009 (39%)
Low (< 15%) 98,135 (43%) 67,533 (43%)
All 228,713 155,819

CVD = cardiovascular disease.

The 40,423 high- and 90,155 medium-risk beneficiaries in the intervention group already
received substantial cardiovascular care at baseline (Table II.C.1). Most took one or more
medications—including blood pressure therapy, statins, and aspirin—to reduce CVD risk factors.
For example, among high-risk beneficiaries with Part D enrollment, 90 percent used
antihypertensives at enrollment and 69 percent used statins. (High statin use might also explain
low cholesterol levels among high-risk beneficiaries relative to the low-risk beneficiaries.)
Intervention group beneficiaries also tended to visit health care providers regularly. For example,
high-risk beneficiaries had an average of nearly 10 office visits in the year before enrollment,
including 3 with the organization that enrolled them. These visits could have created
opportunities to address CVD risk before the beneficiaries enrolled in the Million Hearts Model.

Nevertheless, beneficiaries still had a substantial degree of modifiable risk at enrollment.
For example, about three-quarters of high-risk beneficiaries had high systolic blood pressure
levels (of at least 130 mmHg). In addition, about three-quarters had LDL cholesterol levels of at
least 70 mg/dL, the threshold given in clinical guidelines for discussing statin options with
patients at high or medium risk of CVD (Grundy et al. 2018). Twelve percent smoked. Age,
gender, and diabetes status were important nonmodifiable risk factors.

We calculated how much each enrolled beneficiary’s CVD risk score might change if he or she
met clinical targets for aspirin use, blood pressure control, cholesterol management, and smoking
cessation?. (Although diabetes is often preventable through lifestyle factors, we considered it
nonmodifiable once it was present.) Among high-risk beneficiaries, about 40 percent of total
CVD risk was due to modifiable risk factors (a mean of 16 percentage points out of a mean risk

2 We calculated modifiable risk as the amount of CVD risk a person could reduce within one year of model
enrollment, according to the Million Hearts Longitudinal ASCVD Risk Assessment Tool, if that person were to
meet clinical targets for (1) aspirin use if appropriate (based on clinical guidelines as of 2018), (2) systolic blood
pressure less than 130 mmHg, (3) LDL cholesterol less than 70 mg/dL, and (4) immediate smoking cessation. See
Appendix C of the Second Annual Report for more details, including rationale for the clinical targets used.
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score of 40 percent). Among medium-risk beneficiaries, about 29 percent was modifiable
(6 percentage points out of a mean risk score of 21 percent). These levels of modifiable risk
suggest ample opportunity to reduce CVD risk during the model, especially in the high-risk

group.

Table 1l.C.1. Beneficiaries in the intervention group received a substantial amount of
cardiovascular care at baseline, yet there was still room to reduce risk: Baseline characteristics of
Medicare beneficiaries enrolled by Million Hearts Model intervention organizations in 2017 and 2018, by
CVD risk level

High risk Medium risk Low risk
(N=40,423) (N=90,155) (N =98,135)

Demographics

Age, mean 74 71 64
% Black 7 8 8
% male 65 55 25

Neighborhood characteristics 2

SVI score, mean (1 to 100) 44 42 43
CVD risk score, mean (in %) 40 21 9
CVD moadifiable risk score, mean (in %) 16 6 2
Diabetes, % 65 23 10
Total cholesterol, mean (in mg/dL) 169 177 186
HDL cholesterol, mean (in mg/dL) 47 52 57
LDL cholesterol, mean (in mg/dL) 93 99 104

% =70 mg/dL 73 80 85
Systolic blood pressure, mean (in mmHg) 140 131 124

% 2 130 mmHg 74 54 34
Current smoker, % 12 10 9
Aspirin use, % 51 43 30
Antihypertensive use in Part D, % 90 79 60
Statin use in Part D,> % 69 61 49

Low intensity, % 7 6 5

Medium intensity, % 41 37 31

High intensity, % 21 17 12

Mathematica® Inc.
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High risk Medium risk Low risk
(N=40,423) (N=90,155) (N =98,135)

Office visits in year before enrollment

Office visits, mean (# per 1,000 beneficiaries) 9,856 8,946 9,078
Office visits with model-aligned providers, mean (# per 1,000 2,979 2,490 2,381
beneficiaries)

Source: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare claims and enroliment data.

Note: High CVD risk indicates beneficiaries with a 30 percent or higher predicted risk of having a heart attack or
stroke in the next 10 years. Medium CVD risk is 15 percent to 30 percent. Low CVD risk is less than 15
percent. Characteristics were measured as of a beneficiary’s enrollment in the Million Hearts Model. The
exception was cholesterol levels, which could be collected up to five years before or two months after
enrollment. For all measures, means were calculated over nonmissing values.

@ We measured vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each Census
tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,

(2) household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 the highest level of social vulnerability.

b Measured among beneficiaries who also had 12 months of Part D coverage before enroliment and in the month of
enrollment (N = 28,348 for high risk; N = 61,064 for medium risk; N = 62,916 for low risk).

CDC = Centers for Disease Control and Prevention; CVD = cardiovascular disease; FFS = fee-for-service;
HDL = high-density lipoprotein; LDL = low-density lipoprotein; SVI = Social Vulnerability Index.

D. Implications of organizations’ participation for estimating impacts of the Million
Hearts Model

Unless otherwise noted, we estimated impacts among all beneficiaries in the analytic population
(high- and medium-risk beneficiaries enrolled in 2017-2018) through the end of the Million
Hearts Model in December 2021 for as long as those beneficiaries remained observable in
Medicare claims data. Beneficiaries remained observable if they were alive, enrolled in Medicare
Parts A and B with Medicare as the primary payer, and not covered under a managed care plan.
We followed an intent-to-treat design; this means the analytic population included beneficiaries
whose enrolling organization withdrew from the model or stopped actively participating
(submitting data needed to earn model payments).

Because the analytic population included beneficiaries whose enrolling organizations stopped
participating in the model, impacts could have been attenuated by organizations leaving the
model. However, this attenuation is less concerning than it might appear from the steady decline
in organizational participation because organizations with more enrolled beneficiaries were more
likely to stay in the model. On average, for 78 percent of the follow-up days in our impact
evaluation (that is, days from a beneficiary’s date of enrollment to the date of censoring), the
enrolling organization was still actively participating in the model. In addition, if the
organizations that withdrew or stopped reporting data to the registry continued to follow the
CVD preventive care guidelines specified by the model, we might still observe impacts for
enrolled beneficiaries in those organizations even if the organizations no longer actively
participated.
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lll. Changes in CVD Risk Stratification and Discussion of CVD Risk

6\ Key findings

e The Million Hearts Model increased rates of CVD risk assessment among Medicare FFS beneficiaries.

— Ina 2018 survey, providers in the intervention group were nearly twice as likely as control group
providers to report conducting CVD risk assessments for at least half of their Medicare patients (an
82 percent difference).

— Rates of risk assessment declined in the final years of the model but remained above premodel
levels.

e Providers in the intervention group believed the model increased their awareness of beneficiaries’
CVD risk. They also perceived the risk score to be a valuable tool for engaging beneficiaries in
managing their risk factors.

e Providers in the intervention group credited the model with increasing their use of risk scores to inform
treatment decisions, such as recommending medications, and inform discussions with beneficiaries.

e Intervention organizations tended to follow up frequently with high-risk beneficiaries, but formal annual
reassessment of risk fell well below model expectations.

The Million Hearts Model aimed to promote systematic CVD risk assessment for eligible
Medicare FFS beneficiaries. As noted in Chapter I, participating organizations agreed to use a
standardized tool to estimate the 10-year risk of heart attack and stroke for beneficiaries ages 40
to 79 without a history of these CVD events. For beneficiaries found to be at high CVD risk, the
organizations then agreed to (1) discuss CVD risk and use shared decision making to develop
individualized care plans, (2) contact high-risk beneficiaries at least twice a year to follow up,
and (3) reassess CVD risk annually. This chapter describes the impact of the Million Hearts
Model on rates of CVD risk assessment, relative to rates in the control group. The chapter then
explores providers’ perceptions of how the model changed their awareness of CVD risk and
affected care for high-risk beneficiaries.

A. Changes in risk assessment under the Million Hearts Model

The Million Hearts Model required that intervention
organizations assess CVD risk for all eligible Medicare
FFS beneficiaries. This requirement aligns with
ACC/AHA guidelines for CVD primary prevention which
recommend routine calculation of CVD risk scores among
adults ages 40 to 75 (Goff et al. 2014; Arnett et al. 2019).

Model requirement

Intervention organizations agreed to
assess CVD risk for all eligible
Medicare FFS beneficiaries.

The model promoted existing clinical guidelines around
regularly assessing patients for CVD risk. However, our survey of Million Hearts Model
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providers in 2018 suggested that, before model launch, substantial opportunity existed to
improve adherence to these clinical guidelines (Figure I11.A.1).

= U The Million Hearts Model substantially increased risk assessment of
i & !3 Medicare FFS beneficiaries and the frequency with which providers

reviewed risk scores. In fall 2018, about 18 months after the model launch,
71 percent of intervention providers we surveyed reported they or someone
on their care team calculated CVD risk scores for at least half of their Medicare beneficiaries.
This was an 82 percent difference from control group providers (p < 0.001), of whom 39 percent
reported calculating CVD risk scores for at least half of their Medicare beneficiaries (Figure
III.A.1). Similarly, 78 percent of intervention group providers reported reviewing CVD risk
scores more consistently in 2018 than two years previously, before the model launch, compared
to 52 percent of control group providers (p < 0.001) (Figure III.A.2). These findings suggest the
model had its intended effect on the second step of the causal pathway (Chapter I), which was to
increase CVD risk assessment of beneficiaries. In interviews from 2018 to 2020, many
intervention group organizations described using web-based calculators, smart-phone
applications, or EHR-based calculators to calculate risk scores. At some organizations, medical
assistants or nonclinical staff would calculate the risk score; at others, the clinical providers did
the risk assessment themselves.

Figure lll.LA.1. By 2018, the Million Hearts Model had increased rates of CVD risk assessment:
Proportion of surveyed providers reporting they calculated CVD risk scores for at least half of their
Medicare beneficiaries
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Source: Mathematica’s analysis of a provider survey administered in 2018 to control (n = 117) and intervention
(n = 128) group organizations.

** Significantly different from the control group percentage at the 0.05 level, two-tailed test.
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Figure lll.A.2. By 2018, the Million Hearts Model had increased the consistency with which
providers reviewed risk scores: Proportion of providers in 2018 reporting they reviewed CVD risk
scores more consistently than two years previously
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Source: Mathematica’s analysis of a provider survey administered in 2018 to control (n = 117) and intervention
(n = 128) group organizations.

** = Significantly different from the control group percentage at the 0.05 level, two-tailed test.

Intervention group providers fell short of the requirement to risk assess
all eligible Medicare FFS beneficiaries. Although the model appears to
have prompted large increases in CVD risk assessment, intervention
organizations enrolled and obtained risk scores for only about half

(52 percent) of those who appeared eligible for the model in 2017 and 2018, according to
Medicare data. That is, the organizations enrolled about half of the Medicare FFS beneficiaries
who (1) had an outpatient visit in 2017 and 2018 with a participating provider who enrolled
beneficiaries; and (2) met model eligibility criteria we could observe in Medicare administrative
data, such as ages 40 to 79 and no history of a heart attack or stroke. Organizations appear more
likely to have assessed risk for beneficiaries who had existing relationships with the practice and
fewer acute needs that might divert providers’ attention from preventive care. Enrolled
beneficiaries had more office visits to the enrolling organizations, on average, than those who
appeared eligible but did not enroll (Appendix B, Table B.3). Enrolled beneficiaries also
appeared to be modestly healthier than those not enrolled, with fewer chronic conditions and
lower hospitalization rates and Medicare spending in the year before a model-qualifying visit.

Organizations we interviewed tended to have higher rates of risk assessment and
enrollment than average, and our respondents typically perceived they assessed CVD

risk routinely. However, interview respondents gave some reasons for not assessing
risk more often. For example, risk assessment takes time, and one organization noted
that, if the risk score was not calculated before the patient’s visit, calculating it could take the
doctor’s time away from the patient. We also heard about lapses in uploading data to the Million

Hearts Data Registry. That is, some beneficiaries had been risk assessed, but the organization did
not take the time to enroll them in the model via the Million Hearts Data Registry.

Interviews
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Despite early increases, rates of risk assessment appeared to decline in later years
of the model, but they remained higher than before the model launch. In addition
to surveying model providers in 2018, in 2018 and 2021 we surveyed key staff who
administered the Million Hearts Model at intervention organizations. At both time
points, we asked about the proportion of Medicare beneficiaries for whom the organization had
calculated a CVD risk score. In 2018, respondents also answered a question about risk
assessment before the model launched in 2017. A comparison of responses from intervention
organizations that responded in 2021 suggests organizations continued risk assessing at rates
more than three times pre-intervention levels, but rates in 2021 had fallen below the levels
reported in 2018 (Figure II1.A.3). In interviews, organization staff noted the model had become
less of a priority by 2021 due to competing demands and staffing challenges during the COVID-
19 pandemic.

Practice survey

Figure IlIl.A.3. Organizations reported calculating CVD risk scores in 2021 at higher rates than they
did before the intervention, but below their peak in 2018: Percentage of intervention organizations
reporting they calculated CVD risk scores for at least half of their Medicare beneficiaries
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2016 (pre-intervention) 2018 2021

Source: Mathematica’s analysis of practice surveys administered in 2018 and 2021 to key contacts at each
intervention organization in the Million Hearts Model. We limited the analysis to respondents in 2021
(n =90). We considered two organizations that responded to the survey in 2021 but not in 2018 missing
from the 2018 responses.

Note: Estimates for 2016 responses were reported in the 2018 survey; respondents were asked to recall their
care delivery two years before the time of the survey (n = 87).

CVD = cardiovascular disease.
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B. Changes in providers’ awareness of beneficiaries’ CVD risk

o= U Intervention group providers reported the model increased their
i & !J awareness of CVD risk. Specifically, among providers who said on the

2018 provider survey they reviewed CVD risk scores more consistently than
before the model launch, about three-quarters reported that calculating risk
scores helped them identify Medicare
beneficiaries with high or medium risk. The “Obviously, knowing what the risk
remaining intervention group providers who score is, it’s had an impact on how
answered the question said reviewing the risk we may approach [the patients].
score more consistently merely confirmed CVD There’s some pe.ople that we npght

. . . ] not have recognized were as high-
risk they had already recognized. Interviews with risk as they are.”
providers from 10 intervention group —Provider, 2020
organizations in 2020 supported these findings.
Respondents at nearly all organizations
interviewed said they believed providers’ awareness of CVD risk increased as a result of
participating in the model. Respondents offered several explanations for this perception. First,
organizations calculated risk scores for a larger proportion of their patient panels, so more risk
information was available for providers to see. Second, some organizations made the risk-score
information, when available, more accessible to their providers. For example, some featured the
risk score more prominently in each patient’s record in the EHR or gave their providers a written
document with the patient’s risk score before a visit. In addition, in some cases, providers were
themselves newly calculating the risk scores during the patient’s visit.

C. Providers’ use of risk scores to guide preventive care

o= U CMS envisioned that as part of the cardiovascular care management
!3 i & provided to high-risk beneficiaries, participating organizations would
document the beneficiary’s risk score, changes in the risk score, and the care
team’s recommendation for preventive care services. Furthermore,
organizations would help beneficiaries understand their cardiovascular risk and treatment
options. In this section, we discuss how
intervention group providers used CVD risk

“| prioritize medications because

scores to guide care. We also discuss lifestyle changes are so hard. People

beneficiaries’ perceptions of risk discussions. are ... not going to change very
often.”

Providers credited the model with increasing —Provider, 2020

their use of risk scores to guide treatment

recommendations. In 2018, three-quarters of intervention group providers surveyed said the
model changed how they used CVD risk scores to inform clinical care. Interviews with
intervention group providers from 2018 to 2021 supported these findings and provided context.
For example, providers said seeing the risk score prompted them to address uncontrolled risk
factors newly or more aggressively. Several providers noted they focused on medication and
smoking cessation in particular because the risk score calculator showed these interventions
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could reduce CVD risk substantially. Providers also reported recommending changes to diet and
exercise, although they perceived beneficiaries faced challenges implementing or maintaining
recommended diet and exercise changes.

Providers used risk scores to guide discussions with beneficiaries about CVD risk and
managing risk factors. More than three-quarters of intervention group providers surveyed in
2018 noted the model changed the extent to which they used the risk scores to cue discussions
with beneficiaries. Most (71 percent) also reported risk scores were valuable for engaging
beneficiaries in managing their risk factors. In interviews from 2018 to 2021, providers gave
examples of how they perceived these conversations increased beneficiaries’ awareness of CVD
risk and motivated beneficiaries to consider medication or lifestyle changes. For example, some
beneficiaries who had resisted statins in the past agreed to start taking them. Nevertheless,
several providers across the years of interviews noted that discussing the specific risk score could
be overwhelming or difficult for some beneficiaries to understand or prioritize.

Largely consistent with providers’ perceptions, high-risk beneficiaries recalled discussing
CVD risk and how to reduce their individual risk factors. In 2021 we interviewed 14 high-
risk beneficiaries enrolled in the Million Hearts Model, referred to the evaluation team by 10
intervention organizations (Appendix C). All of the beneficiaries interviewed recalled discussing
CVD risk and risk factors with their Million Hearts Model providers. One beneficiary
specifically recalled the provider calculating and discussing the risk score during a visit. Most
beneficiaries described making changes to reduce CVD risk factors as recommended by their
model providers, such as changing medication use and diet. More than half of beneficiaries said
they felt involved in decisions about addressing their CVD risk. For example, they mentioned
their providers communicated effectively and took their preferences or personal situations into
account when recommending lifestyle or medication changes. These findings were generally
consistent with model expectations that participating providers would discuss CVD risk with
their enrolled high-risk beneficiaries and engage in a shared decision-making process to reduce
risk. Beneficiaries recalled discussing ways to reduce their risk, and many also noted their
providers had encouraged medications and changes to diet and exercise for a long time—making
it unclear whether the model prompted these recommendations or if this was just usual care.

D. Trends in follow-up and annual risk reassessment

Model participants were supposed to provide ongoing care to high-risk beneficiaries with the
goal of reducing their CVD risk (text box). This section discusses the extent to which the model
promoted sustained engagement with high-risk beneficiaries.
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The model appears to have
modestly increased rates of
follow-up with high-risk
beneficiaries. As of 2018, both
intervention and control group providers reported
frequent follow-ups with high-risk beneficiaries.
More than 80 percent of intervention and control
group providers reported following up (for
example, through office visits, telephone calls,
emails, or letters) at least every six months, as the
model required. However, more intervention group
providers reported following up with high-risk
beneficiaries even more frequently than the model
required—at least every three months—compared
to control group providers (58 versus 43 percent,
[p = 0.02]). Interviews with intervention group
providers in 2019 and 2020 indicated many
organizations used dedicated staff and tracking

systems, such as EHR alerts and Excel-based trackers, to ensure high-risk beneficiaries received
follow-up. Follow-up most often occurred in person, but providers also used phone calls and text

or portal messages to conduct follow-up.

Million Hearts Model requirements
for high-risk beneficiaries

Intervention organizations had to update
CVD risk scores annually with updated
clinical data. The annual risk reassessment
was supposed to happen in person each
year within a 10- to 14-month window of the
enrollment visit.

Intervention organizations also had to
engage high-risk Medicare FFS
beneficiaries twice a year in interactive,
two-way communications to assess the
beneficiary’s progress reducing CVD risk
and update the care plan. Follow-up
contacts could be conducted in person or
remotely (such as by phone, mobile device,
or secure electronic patient portal.)

Intervention organizations reassessed risk but fell short of the model

] L1} o=
o= Uﬁ target of reassessing each high-risk beneficiary annually. The Million

Registry data

Hearts Model sought to incentivize providers to reassess high-risk
beneficiaries’ risk each year and reward organizations that reduced CVD risk

on average across their high-risk beneficiaries. However, the number of reassessment visits for
high-risk beneficiaries reported in the registry fell below the anticipated level in 2018 and

decreased over time (Figure II11.D.1). Given that initial enrollment into the model was highest in

the early months of 2017 (soon after the model launch) and that reassessment visits were

supposed to occur in a 10- to 14-month window every year after enrollment, we would anticipate

a large number of annual reassessment visits during the spring of each model year (grey line in
Figure III.D.1). Actual reassessment visits reported to the registry did not follow this pattern
closely (black line). Two factors could explain the observed pattern of organizations dropping
out of the model: (1) organizations failing to upload data to the registry for reassessment visits
that occurred; or (2) general challenges implementing the model’s requirements related to
conducting reassessments, such as competing priorities (especially during the COVID-19
pandemic) or difficulty tracking beneficiaries for follow-up.

Mathematica® Inc.
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Although it is possible organizations reassessed risk without reporting it to the registry, the
survey of intervention organizations in 2021 also suggested reassessments occurred less often
than specified by the model. In the survey, about one-quarter of intervention organizations

reported recalculating risk annually for 75 to 100 percent of their high-risk beneficiaries. Another

one-quarter said they recalculated risk annually for 50 to 75 percent of their high-risk
beneficiaries. The remaining organizations said they reassessed risk for fewer than half of their

beneficiaries or did not know.

Figure IlIl.D.1. Annual reassessment visits were less frequent than anticipated: Actual reassessment

visits versus anticipated through 2021
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Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare enroliment data.
Anticipated reassessment visit counts are the number of reassessment visits that might have occurred if all

eligible high-risk beneficiaries had received annual reassessment visits within the four-month window of
time around the anniversary of the beneficiary’s enroliment in the model (the anniversary window).
Appendix B, Section 2 of the Fourth Annual Report provides details.

Interviews

Annual reassessment of risk likely did not occur using the Million Hearts
ASCVD Risk Assessment Tool, developed specifically for the model. CMS worked
with leading cardiovascular epidemiologists to develop this novel longitudinal risk

calculator and then used it to calculate the model’s pay-for-performance incentive

payments. The tool calculates CVD risk at
the initial assessment and has additional
functionalities for (1) simulating
improvements in risk that would accompany
different treatment plans and (2) calculating
changes in risk over time based on changes
in an individual’s risk factors. CMS used the
second of these features to calculate the
model’s risk reduction payments. Although
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“l think having more of the
longitudinal risk calculator available
in an easier fashion, that would be
way more helpful. That’s always been
frustrating to me ... going to an
outside web portal.”

— Provider, 2020
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most intervention organizations interviewed had a risk calculator available at the point of care,
interviews suggested intervention group providers were not, at the point of care, using the
longitudinal version of the risk calculator developed for the model. Intervention organizations
could access the longitudinal version in the Million Hearts Data Registry. However, providers
noted it was too burdensome to access the tool within the registry during the patient’s visit.

Because organizations lacked access to the tool during the visit, organization staff likely could
not monitor progress on the risk-reduction measure CMS incentivized for payment during the
visit. Use of the longitudinal calculator at the point of care does not appear to be a major driver
of the observed impacts on beneficiaries’ outcomes.

Mathematica® Inc.
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IV. Increases in CVD Medication Use One Year After Enroliment

@\ Key findings

o Among beneficiaries who were candidates for statin therapy because their CVD risk at enroliment was
high enough and their cholesterol was not well managed (LDL cholesterol was 70 mg/dL or higher),
the Million Hearts Model increased the rate of initiating or intensifying statins by 3.5 percentage points
(a 23 percent relative increase) within one year of enroliment.

— 18.5 percent initiated or intensified statins within one year in the intervention group, compared to
15.0 percent in the control group (p <0.001).

¢ Among beneficiaries with systolic blood pressure levels above the threshold for treatment at baseline,
the Million Hearts Model increased the rate of initiating or intensifying antinypertensives by 2.4
percentage points (a 9 percent relative increase) within one year of enroliment.

— 29.4 percent initiated or intensified antihypertensives within one year in the intervention group,
compared to 27.0 percent in the control group, (p <0.001).

e The model did not measurably increase adherence to statins or antihypertensives among beneficiaries
who used these medications at baseline.

e The model increased aspirin use by 10.7 percentage points (a 20 percent relative increase) among
high-risk beneficiaries by the time of their one-year reassessment visit.

This chapter describes our estimates of the Million Hearts Model’s impacts on CVD medication
use, including statins, antihypertensives, and aspirin, within one year of enrollment. The model
did not prescribe how providers should reduce beneficiaries’ CVD risk, and there were many
options—such as improvements in diet, exercise, or smoking cessation, and/or medication use—
one could pursue to lower CVD risk. However, we focus on CVD medication use as that is the
approach for which we have the most reliable data, for both the intervention and control group.
Moreover, we focus on the impacts over one year because we anticipated the model would have
the greatest impact on these outcomes in the year after beneficiaries enrolled.

Because all high- and medium-risk beneficiaries had at least a 15 percent predicted risk at
enrollment of a CVD event (the cutoff for the medium-risk group), many could have potentially
benefited from statins or antihypertensives if they also had elevated LDL cholesterol or systolic
blood pressure. Clinical guidelines recommend that people (ages 40 to 75) with LDL cholesterol
of 70 mg/dL or higher consider statins if they have a CVD risk score over 7.5 percent or have
diabetes, and that people with elevated systolic blood pressure (130 mmHg or higher) consider
antihypertensive medications if their CVD risk score is over 10.0 percent (Grundy et al. 2018;
Whelton et al. 2019; Arnett et al. 2019). Antihypertensives and statins, respectively, reduce
blood pressure and LDL cholesterol by up to 25 percent on average, and can reduce CVD events
by 15 to 25 percent (Karmali et al. 2016; U.S. Preventive Services Task Force 2022b).
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Aspirin use can also reduce CVD events by about 12 percent (Dehmer 2022). More recent
guidelines (2022) do not recommend aspirin use for primary prevention among adults 60 and
older due to risks of bleeding (U.S. Preventive Services Task Force 2022a). However, during the
period of the model (2017 through 2021) aspirin was recommended for people younger than 70
with elevated CVD risk (more than 10 percent) (Bibbins-Domingo 2016; Arnett et al. 2019).

The population in this chapter’s analyses already used statins and antihypertensives at relatively
high rates at baseline, as described in Chapter II. Most high- and medium-risk beneficiaries with
Part D coverage used statins and antihypertensives at baseline (63 and 83 percent, respectively),
and among high-risk beneficiaries (for whom data on aspirin use were available) close to 50
percent used aspirin. However, room for improvement remained. In particular, about 90 percent
of high- or medium-risk beneficiaries were candidates to initiate or intensify statins or
antihypertensives because they met clinical criteria for new or more intensive use of at least one.

We estimated impacts as the regression-
adjusted differences in outcomes (text
box) for high- and medium-risk
beneficiaries enrolled by the intervention
and control organizations in 2017 and
2018. Appendix D defines the analytic
populations used for impact estimation
for all outcomes in this report. Details on
the balance (that is, the similarity in
baseline characteristics) between the
intervention and control groups used for
analysis are available in Appendix E and
definitions of outcomes are in

Appendix F. The regression models
adjusted for beneficiaries’ characteristics
at enrollment to increase the precision of
the estimates and to account for observed
differences between the groups. We
consider an impact estimate to be
statistically significant if the p-value was
less than 0.10 using a two-tailed test.
Appendix G provides details on the
regression methods and Appendix H
provides supplemental results.

Mathematica® Inc.

Initiation or intensification outcome
definitions

Initiation: Not taking a medication in the four months
before enroliment, but taking one or more within the
first year after enroliment

Intensification of statin therapy: Moving to a statin
at a higher intensity or dosage within the first year
after enrollment

Intensification of antihypertensive therapy: Adding
a new antihypertensive medication or increasing the
dosage of an existing one within the first year after
enroliment

Adherence outcome definitions

Proportion of days covered: Ratio between the
number of days covered by CVD medication and total
number of observable days in the first year of
enrollment. We consider a day to be covered if the
beneficiary had one or more statins or
antihypertensive drugs for that day based on the
prescription fill data and days of supply (Nau 2011).

Adherent: Following other studies (Nau 2011,
Tamargo et al. 2019), we consider a beneficiary to be
adherent to a medication in the first year of enrollment
if the proportion of days covered is 80 percent or
higher.
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A. Increases in statin use

We assessed whether the Million Hearts Model increased the initiation and
intensification of statins or increased adherence to statins within the first year of
enrollment. We defined the study population as high- and medium-risk beneficiaries
enrolled in 2017 or 2018 who had Medicare Part D coverage, enabling us to observe
medication use in claims, and who were (1) candidates for initiation or intensification
of statins because they had LDL cholesterol of 70 mg/dL or higher or (2) eligible to be tracked
for medication adherence because they used statins at baseline. About 68 percent of all high- and
medium-risk beneficiaries in the model had Part D coverage. Among these, 63 percent used a
statin in the year before enrollment.

Claims

The model increased the initiation or intensification of statins by 3.5 percentage points (a
23 percent relative increase). Specifically, the regression-adjusted probability of initiating or
intensifying statins within one year of enrollment was 18.5 percent in the intervention group and
15.0 percent in the control group (p < 0.001). Among beneficiaries with high CVD risk at
baseline, we estimated the model increased rates of statin initiation or intensification by 4.9
percentage points within one year of enrollment (21.1 percent

in the intervention group and 16.1 percent in the control
group, p < 0.001; Figure IV.A.1). CMS paid the participating
organizations to reduce risk only among high-risk Analyses of statin initiation or
beneficiaries; however, the impact observed for high- and intensification included 114,910
medium-risk beneficiaries combined is large enough to high- and medium-risk
indicate spillover in CVD care to medium-risk beneficiaries. ?enef'c'_a”es enrolled by the
. .. . .. . . intervention and control

This positive spillover is important because the medium-risk o

. . . organizations in 2017 or 2018
group is much larger than (more than double) the high-risk who:
group. Given the impact within the first year of enrollment,
we also examined the model impact across the full follow-up
period (through the end of 2021). The first-year difference in e HadLDL cholesterol of 70
the percentage of beneficiaries who had initiated or intensified mg/dL or higher

Study population

e Had Part D coverage

statins persisted up to five years (Appendix H, Figure H.1).
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Figure IV.A.1. The Million Hearts Model modestly increased the use of statins: Percentage of
beneficiaries initiating or intensifying statins within a year of enrollment, by intervention arm and risk

group
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Sources: Mathematica’s analysis of Medicare Part D claims linked to Medicare Parts A and B claims and enroliment
data

Note: Analyses are limited to beneficiaries with Part D coverage and LDL cholesterol at enrollment of = 70 mg/dL.
We estimated regression-adjusted means using logistic regression models. Appendix H, Table H.1
presents regression-adjusted means, impact estimates, sample sizes, and confidences intervals.

** Significantly different from the control group level at the 0.05 level, two-tailed test.
LDL = low-density lipoprotein.

The model did not measurably increase adherence to
statins. For high- and medium-risk beneficiaries who took
statins at enrollment, the regression-adjusted percentage of
beneficiaries with at least 80 percent of days covered by statins
in the first year after enrollment was similar for the medium-risk beneficiaries
intervention and control groups (Figure IV.A.2). Moreover, the | . 0i1ed by the intervention
difference between the two groups did not differ statistically and control organizations in
from zero (p = 0.31; Appendix H, Table H.2). Statin adherence | 2017 or 2018 who:

at baseline was relatively high, with 70 percent of high- and
medium-risk beneficiaries covered for at least 80 percent of
days in the one year before enrollment. This level of baseline
adherence left somewhat modest room for improvement
(Appendix E, Table E.1).

Study population

Analyses of statin adherence
included 89,970 high- and

- Had Part D coverage

- Filled a statin prescription
in the one year before
enrollment
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Figure IV.A.2. The Million Hearts Model did not affect adherence to statins: Percentage of high- and
medium-risk beneficiaries adherent to statins in the first year after enroliment, by intervention arm
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20 1

Percentage of beneficiaries
adherennt to statins within

0 -
High- and medium-risk beneficairies High-risk beneficiaries

Sources: Mathematica’s analysis of Medicare Part D claims linked to Medicare Parts A and B claims and enrollment
data.

Note: Adherent beneficiaries are those who filled prescriptions to cover at least 80 percent of days in the follow-
up year. Analyses are limited to beneficiaries with Part D coverage and statin use at enrollment. We
estimated regression-adjusted means using logistic regression models. No differences between the
intervention and control groups were statistically significant at the p < 0.10 level. Appendix H, Table H.2
presents regression-adjusted means, impact estimates, sample sizes, and confidences intervals.

We conducted several analyses to assess the sensitivity of our results to possible data limitations
and statistical assumptions. For the analyses of initiation and intensification of statins, results
were consistent with findings from two sensitivity analyses, increasing our confidence in them.
Specifically, impacts were similar when trimming the intervention group so that, like in the
control group (as described in Chapter I), a maximum of 20 providers per organization could
enroll beneficiaries. Similarly, the estimated impacts on adherence to statins were also largely
consistent with findings from sensitivity analyses that (1) trimmed the intervention group to a
maximum 20 providers; and (2) defined the intervention and control groups as beneficiaries
attributed to the participating providers, whether or not those beneficiaries had enrolled in the
model. This latter sensitivity analysis limited the possibility that intervention and control
providers biased the impact estimates by differing in the types of beneficiaries enrolled among
their eligible pool of beneficiaries. Appendix H describes the sensitivity analyses and results in
more detail.

B. Increases in antihypertensive medication use

We assessed whether the Million Hearts Model increased the initiation and
intensification of antihypertensives or increased adherence to antihypertensives within
the first year after enrollment. Similar to the statin analyses, we defined the study
population as high- and medium-risk beneficiaries enrolled in 2017 or 2018 who had
Part D coverage, enabling us to observe medication use in claims, and who were

(1) candidates for initiation or intensification of antihypertensives because they had elevated
systolic blood pressure (130 mmHg or higher) or (2) were eligible to be tracked for medication

Claims

Mathematica® Inc.
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adherence because they used antihypertensives at enrollment. Among high- and medium-risk
beneficiaries with Part D coverage, 83 percent used an antihypertensive medication in the year

before enrollment.

The model increased the initiation or intensification of
antihypertensive medications by 2.4 percentage points
(a 9 percent relative increase). Specifically, the
regression-adjusted probability of initiating or
intensifying antihypertensives within one year of
enrollment was 29.4 percent in the intervention group and
27.0 percent in the control group (p < 0.001). The
estimated impact on initiating or intensifying
antihypertensives was similar (also 2.4 percentage points)
when we focused on the subset of beneficiaries with high
CVD risk at baseline (Figure IV.B.1). When examining
the model impact throughout the full follow-up period, we
found differences in initiation and intensification between

Study population

Analyses of antihypertensive
initiation or intensification included
89,569 high- and medium-risk
beneficiaries enrolled by the
intervention and control
organizations in 2017 or 2018 who:

e Had Part D coverage

¢ Had elevated systolic blood
pressure (130 mmHg or higher)

the two groups persisted up to five years (Appendix H, Figure H.2). As with analyses of statin

use, results were consistent across sensitivity analyses. These included a sensitivity analysis
using a higher blood pressure threshold to define candidates for potential antihypertensive
medication initiation or intensification: systolic blood pressure greater than or equal to 140

mmHg instead of 130 mmHg.

Figure IV.B.1. The Million Hearts Model modestly increased the use of antihypertensives:
Percentage of beneficiaries initiating or intensifying antihypertensives within a year of enroliment, by

intervention arm and risk group
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Sources: Mathematica’s analysis of Medicare Part D claims linked to Medicare Parts A and B claims and enrollment

data.

Note: Analyses are limited to beneficiaries with Part D coverage and systolic blood pressure at enrollment = 130
mmHg. We estimated regression-adjusted means using logistic regression models. Appendix H, Table H.4

32.9**

@ Control

m Intervention

High-risk beneficiaries

presents regression-adjusted means, impact estimates, sample sizes, and confidences intervals.

** Significantly different from the control group level at the 0.05 level, two-tailed test.
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The model did not measurably increase adherence

to antihypertensives. For high- and medium-risk

beneficiaries who used antihypertensive medications at | Study population

enrollment, the regression-adjusted percentage of Analyses of antihypertensive
beneficiaries with at least 80 percent of days covered adherence included 116,057 high and
by antihypertensives in the first year after enrollment medium-risk beneficiaries enrolled
was similar for the intervention and control groups by the intervention and control
(Figure IV.B.2) and the difference between the two organizations in 2017 or 2018 who:
groups was small and did not differ statistically from » Had Part D coverage

Zero (p = 0.85; ADDCHdiX H, Table HS) As with ¢ Filled an antihypertensive
analyses of statin use, results were consistent across prescription in the one year before
sensitivity analyses. Similar to statin adherence, given enroliment

that 84 percent of beneficiaries taking
antihypertensives already adhered for at least 80 percent of days in the one year before
enrollment, the room for improvement in adherence after enrollment might have been limited
(Appendix E, Table E.1).

Figure IV.B.2. The Million Hearts Model did not affect adherence to antihypertensives: Percentage
of high- and mediume-risk beneficiaries adherent to antihypertensives in the first year after enroliment, by
intervention arm
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Sources: Mathematica’s analysis of Medicare Part D claims linked to Medicare Parts A and B claims and enroliment
data.

Note: Adherent beneficiaries are those who filled prescriptions to cover at least 80 percent of days in the follow-
up year. Analyses are limited to beneficiaries with Part D coverage and antihypertensive use at baseline.
We estimated regression-adjusted means using logistic regression models. No differences between the
intervention and control groups were statistically significant at the p <0.10 level. Appendix H, Table H.5
presents regression-adjusted means, impact estimates, sample sizes, and confidences intervals.
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C. Increases in aspirin use

We estimated impacts on aspirin use
one year after enrollment among high-
risk beneficiaries who received an Analyses of aspirin use included 28,343
annual reassessment visit. Roughly half | Nigh-risk beneficiaries enrolled by the
of beneficiaries who could have received an in- 'nteryentlon and control organlzatlor_m_ who
. . received an annual reassessment visit

person reassessment had at least one such visit . o :

] o . recorded in the Million Hearts Data Registry.
recorded in the Million Hearts Data Registry.

Study population

Registry data

The model increased aspirin use by 10.7 percentage points (a 20 percent relative increase)
by the first annual reassessment. At the time of the one-year reassessment visits, intervention
organizations reported that 65 percent of high-risk beneficiaries used aspirin compared to 54
percent of control-group high-risk beneficiaries, despite similar levels of aspirin use at
enrollment (p = 0.002; Figure [V.C.1). Intervention organizations were required to submit
reassessment data to the Million Hearts Data Registry only for their high-risk beneficiaries, so
we cannot assess whether aspirin rates also increased for medium-risk beneficiaries. (Aspirin
purchases are not observable in Medicare Part D claims because aspirin is an over-the-counter
drug.)

Figure IV.C.1. The Million Hearts Model increased aspirin use: Percentage of high-risk beneficiaries
using aspirin therapy at one-year reassessment visits, by intervention arm
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Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare Parts A and B claims and
enrollment data.

Note: Analyses are limited to beneficiaries who received an annual reassessment visit recorded in the Million
Hearts Data Registry, including 18,101 beneficiaries enrolled in 125 intervention organizations and 10,242
beneficiaries enrolled in 110 control organizations. We estimated regression-adjusted means using logistic
regression models. No differences between the intervention and control groups were statistically significant
at the p <0.10 level. Appendix H, Table H.7 presents impact estimates, and confidences intervals.

** Significantly different from the control group level at the 0.05 level, two-tailed test.
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V. Decreases in CVD Risk Factors and Risk Scores One Year After
Enrollment

6\ Key findings

e The Million Hearts Model reduced CVD risk scores by 4.0 percent for high-risk beneficiaries in the first
year after enrollment.

— CVD risk scores decreased for high-risk beneficiaries in both the intervention and control groups,
but the decrease was 1.3 percentage points (4.0 percent) larger in the intervention group
(p <0.001).

e Reductions in CVD risk scores in the first year after enrollment were driven by 1.3 percent reductions
relative to the control group in both systolic blood pressure and LDL cholesterol, as well as an
increase in aspirin use described in Chapter IV.

— Systolic blood pressure and LDL cholesterol decreased in both the intervention and control groups,
but these risk factors decreased by more in the intervention group.

— Modest (1.3 percent) reductions in systolic blood pressure and LDL cholesterol can drive larger
(4 percent) reductions in CVD risk scores due to the outsized influence of some risk factors—
especially blood pressure—on the overall CVD risk score.

e We did not detect impacts on HDL cholesterol or smoking rates.

A. Reductions in overall CVD risk scores

About half of the beneficiaries who
should have received an annual Study population
Registry data reassessmentl\ﬁsn under the Mll.hor;l Analyses of CVD risk scores and risk factors
Hearts Model had one recorded inthe | 404 28 343 high-risk beneficiaries

Million Hearts Data Registry. Among those witha | ¢ qjied by the intervention and control

recorded annual reassessment visit, we estimated organizations who had the following
impacts on CVD risk scores—as measured using characteristics:
the Million Hearts Longitudinal ASCVD Risk e Received an annual reassessment visit

Assessment Tool—one year after enrollment. recorded in the Million Hearts Data

Registry by December 2019 (the last
Average CVD risk scores at reassessment were period of control group data submission)

1.3 percentage points (4.0 percent) lower in the

. . e Enrolled by October 31, 2018, which was
intervention group than the control group

early enough that their anniversary

(Table V.A.1). CVD risk decreased between the window for a reassessment visit (10 to 14
initial assessment and the one-year reassessment months after baseline) occurred by
in both the intervention and control groups, on December 2019

average. However, these risk scores decreased by

Mathematica® Inc.
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modestly more in the intervention group than the control group. Specifically, average risk scores
in the intervention group fell from 40 percent at enrollment to 32 percent at reassessment (an 8
percentage-point decrease), while average risk scores in the control group fell from 40 to 33
percent (a 7 percentage-point decrease). After regression adjustment, the average CVD risk score
at reassessment in the intervention group was 1.3 percentage points lower than in the control
group (p <0.001). The estimated impact of the intervention on CVD risk scores (text box)
remained similar in sensitivity analyses that trimmed the sample to 20 or fewer providers per
organization and restricted to beneficiaries who had reassessment data 10 to 14 months after
enrollment, excluding beneficiaries with late reassessment visits (Appendix H).

CVD risk scores: A closer look

The CVD risk score represents a person’s predicted probability of having a heart attack or stroke
within 10 years, as calculated using a standardized tool. At a person’s initial CVD risk assessment,
the risk score relies on several factors (Goff et al. 2014):

e Demographics, including age, sex, and race
e Clinical factors, including blood pressure and cholesterol levels, and history of diabetes

e Patients’ behaviors, including current smoking status and use of medications to control blood
pressure

When designing the Million Hearts Model, CMS worked with cardiovascular epidemiologists to
develop a novel risk calculator that estimates changes over time in a person’s risk of heart
attack or stroke (Lloyd-Jones et al. 2017). It calculates a person’s initial risk score the same way as
the previously existing tool. But to calculate follow-up risk scores (an updated 10-year predicted
probability of heart attack or stroke), the new tool incorporates additional information about aspirin
use, time since quitting smoking (if applicable), and changes in blood pressure and cholesterol since
the initial assessment. Specifically, based on results from clinical trials, the new tool estimates—for an
individual person—how much using aspirin therapy, quitting smoking, and reducing blood pressure or
cholesterol would change a person’s CVD risk. The tool then uses this information, along with
updated data about age, diabetes status, and other factors used in calculating the initial risk score, to
generate an updated risk score. CMS used the new calculator—the Million Hearts Longitudinal
Atherosclerotic CVD Risk Assessment Tool—to estimate risk reduction, the basis of the model’s risk
reduction payments.

Mathematica® Inc.
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Table V.A.1. CVD risk scores decreased more for the intervention group than for the control
group: Estimated impacts on CVD risk scores and risk factors one year after enroliment, among high-risk
beneficiaries with reassessment data in 2017 through 2019

Regression-adjusted
difference at reassessment

Intervention Control 90%

group group p- confidence Percentage
mean mean Difference  value interval impact

CVD risk score

CVD risk score Enroliment? 40 40
(in percentage
points)

Reassessment 32 33 -1.3 <0.001 [-1.9, -0.8] -4.0%
Individual risk factors
Systolic blood Enroliment? 139 139
pressure (in
mmHg)

Reassessment 133 135 -1.7 <0.001 [-2.5, -1.0] -1.3%
Total Enrollment? 167 169
cholesterol (in
mg/dL)

Reassessment 162 163 -1.7 0.002 [-2.6, -0.8] -1.1%
LDL cholesterol  Enrollment? 9 9N
(in mg/dL)

Reassessment 87 88 -1.1 0.04 [-2.0, -0.3] -1.3%
HDL cholesterol  Enrollment? 47 48
(in mg/dL)

Reassessment 47 47 -0.1 0.29 [-0.3, 0.1] -0.3%
Probability of Enrollment? 12 12
smoking®

Reassessment 11 10 0.4 0.25 [-0.2,0.9] 3.6%

Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare claims and enrollment data.

Note: This table covers 18,101 beneficiaries enrolled in 125 intervention organizations and 10,242 beneficiaries
enrolled in 110 control organizations. Control group means at reassessment and differences are regression
adjusted. See Appendix G for more detail about the regression models. Percentage impacts are relative to
the regression-adjusted control group mean at reassessment.

aEnrollment means shown are unadjusted.

b Smoking estimates exclude one control organization (n = 216 beneficiaries) with likely poor data quality. Excluding
this organization from other analyses did not change estimates materially, so all other analyses include this
organization.

CVD = cardiovascular disease; HDL = high-density lipoprotein; LDL = low-density lipoprotein; mg/dL = milligrams per
deciliter; mmHg = millimeters of mercury.
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B. Improvements in individual CVD risk factors

Increases in aspirin use and reductions in systolic blood pressure and LDL cholesterol
drove the overall reductions in CVD risk scores. Systolic blood pressure and LDL cholesterol
declined in both the intervention and control groups in the year after enrollment, which drove
reductions in CVD risk scores in both groups (Table V.A.1); however, the improvements in risk
factors were greater in the intervention group than in the control group, which drove the
difference in CVD risk scores at reassessment between the two groups. Specifically, systolic
blood pressure decreased by 6 mmHg in the intervention group and 5 mmHg in the control
group,® with a regression-adjusted difference between the intervention and control groups at
reassessment of 1.7 mmHg, or 1.3 percent (»p < 0.001). LDL cholesterol decreased by 5 mg/dL in
the intervention group* and 3 mg/dL in the control group, with a regression-adjusted difference
between the intervention and control groups of 1.1 mg/dL, or 1.3 percent (p = 0.04). Although
improvements in systolic blood pressure and LDL cholesterol were only slightly greater in the
intervention group than in the control group, these risk factors (particularly blood pressure) have
outsized importance for CVD risk—so even very small impacts on them (of 1.3 percent) can
explain most of the 4.0 percent impact we observed on overall CVD risk scores one year after
enrollment. The impact on aspirin shown in Chapter [V also contributed. We found no evidence
of an impact on HDL cholesterol or on smoking rates among the 12 percent of beneficiaries with
reassessment visit data who smoked at enrollment.

We did not assess impacts on CVD risk scores and risk factors beyond one year after enrollment
because the data were too incomplete for the second- and third-year reassessment visits to
reliably estimate impacts. For a description of trends in CVD risk score and risk factors over
three years after enrollment, see Appendix I.

The analyses in this chapter have several limitations:

e First, we do not include medium-risk beneficiaries, and include only the subset of high-risk
beneficiaries who had reassessment data recorded in the Million Hearts Data Registry.
Although we see signs of spillover to the medium-risk population when we analyze
medication use (Chapter [V), we cannot assess impacts on CVD risk scores or risk factors for
that population because intervention organizations had to submit reassessment data in the
Million Hearts Data Registry only for their high-risk beneficiaries. Within the high-risk
population, our analyses include only those beneficiaries whose organization recorded an
office visit in the Million Hearts Data Registry at least 10 months after enrollment, with
appropriate clinical data needed to calculate an updated CVD risk score. As noted in Chapter
11, a substantial number of organizations withdrew from the model or stopped submitting
registry data by the end of 2019, so we do not have clinical data at reassessment for their

3 Unadjusted changes for the control group cannot be directly calculated from Table V.A.1, which shows unadjusted
means at enrollment and adjusted control group means at reassessment.

4 This number is equal to the change between enrollment and reassessment presented in Table V.A.1 after rounding
(91.498 mg/dL — 86.575 mg/dL = 5 mg/dL)
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beneficiaries. Overall, reassessment rates were somewhat higher in the intervention group
(51 percent) than the control group (43 percent). We cannot observe how the risk scores
changed for beneficiaries without recorded reassessment data, and whether this differed for
the intervention and control groups. However, we found no notable differences in baseline
characteristics between the intervention and control group beneficiaries with reassessment
visits (Appendix E).

e Second, CVD risk scores are based on clinical data that are subject to measurement error.
Blood pressure in particular can fluctuate, and a single blood pressure measurement might
not accurately reflect a person’s true or typical blood pressure. In addition, organizations
were allowed to enter prior cholesterol readings (up to five years old) in the Million Hearts
Data Registry, which might not have reflected current levels. These types of measurement
error could lead to bias in the impact estimates if measurement error differs between the
intervention and control groups. We have no evidence about measurement error for blood
pressure. However, we found intervention beneficiaries were more likely to have updated
cholesterol readings at reassessment than control beneficiaries (93 versus 76 percent,
respectively).® This suggests the completeness and quality of CVD risk factor data could be
higher for the intervention group than the control group, potentially affecting our impact
estimates.

e Third, we estimated impacts on predicted CVD risk using the Million Hearts Longitudinal
ASCVD Risk Assessment Tool, but reductions in predicted risk might not translate into
actual CVD events prevented. The tool is based on evidence from randomized controlled
trials about the effectiveness of CVD treatment and risk factor changes (Lloyd-Jones et al.
2017). However, any predictive tool relies on some assumptions. In Chapter VII, we estimate
impacts on the incidence of first-time CVD events directly.

5 We estimated the proportion of beneficiaries with updated cholesterol readings at reassessment as one minus the
proportion of beneficiaries who had identical values in the Million Hearts Data Registry for all three measures of
cholesterol—HDL, LDL, and total cholesterol—at enrollment and reassessment. The registry reports cholesterol
values as whole numbers, so we cannot tell if values differed out to a decimal place.
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VI. Effects on Service Use

Key findings
\ y g

e Over five years, the Million Hearts Model did not measurably reduce rates of CVD-related
hospitalizations and outpatient ED visits.

e The model increased all-cause hospitalizations by about 4 percent among high- and medium-risk
beneficiaries

o The model had no detectable impact on the frequency of ED visits or office visits among high- and
medium-risk beneficiaries, but increased all-cause ED visits among the high-risk-only group by about 3
percent.

We hypothesized the Million Hearts Model could reduce hospitalizations and outpatient ED
visits for CVD-related reasons. These types of hospital visits or stays include acute care for heart
attacks and strokes, as well as for other conditions such as angina. Better management of CVD
risk factors might have reduced visits or stays for angina and other conditions even before the
model had its impacts, if any, on heart attacks and strokes. In this chapter, we test this hypothesis
by estimating impacts on (1) CVD-related hospitalizations and (2) CVD-related ED visits
(including observation stays). In addition, we estimate impacts on (3) all-cause hospitalizations,
(4) all-cause ED visits, and (5) ambulatory office visits as secondary outcomes. The model could
have affected these secondary measures through effects on CVD-related service use and through
other, unanticipated effects on non-CVD related service use. Appendix F describes the outcomes
in more detail.

We estimated impacts on service use over up to five years. The study population included
beneficiaries enrolled in 2017 or 2018 and who had high or medium CVD risk at enrollment
(Appendix D). The analysis followed each beneficiary from the date they enrolled in the model
through December 31, 2021, or until death or loss of observability in Medicare claims. Follow-
up lengths ranged from one day to just under 60 months across beneficiaries, with a median of
51.6 months. Appendix E describes baseline characteristics of the intervention and control group
beneficiaries and Appendix G describes the regression methods used in this analysis.

We assessed whether the COVID-19 pandemic might bias our impact estimates and found little
risk that it would. In 2020 and 2021, the pandemic could have biased our impact estimates if it
drove differences in outcomes between the intervention and control groups that were unrelated to
the model. Although the COVID-19 pandemic substantially changed service use patterns,
changes were similar in the areas where the intervention and control beneficiaries lived,
suggesting little risk of bias due to the COVID-19 pandemic. Appendix J describes our methods
and findings for assessing bias risk from COVID-19 in detail.
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A. Impacts on hospitalizations and ED visits

CVD-related hospitalization and outpatient ED visit rates were similar between
the intervention and control groups (Table VI.A.1). Through December 2021, there
were 56.0 CVD-related hospitalizations per 1,000 high- and medium-risk beneficiaries
per year in the intervention group, compared to a rate of 55.2 for the control group

(» = 0.48). The intervention and control groups had rates of 31.6 and 31.5 CVD-related ED visits
per beneficiary per year, respectively, over the same period. Focusing on the high-risk group,
rates of CVD-related hospitalization and outpatient ED visits were modestly (3.1 percent) higher
in the intervention group than the control group, but these differences were not statistically
significant (p = 0.21 and p = 0.41 for hospitalizations and ED visits, respectively). CVD-related
admissions and ED visits accounted for 22 and 8 percent of all hospitalizations and ED visits,
respectively, for the high- and medium-risk beneficiaries.

The model appears to have increased all-cause hospital admissions and, for high-risk
beneficiaries, also increased all-cause outpatient ED visits (Table VI.A.1). Specifically, the
rate of all-cause admissions among the intervention group was 3.7 percent greater for the high-
and medium-risk beneficiaries combined (p = 0.005), and 4.1 percent greater for the high-risk
beneficiaries (p = 0.02), relative to their respective control beneficiaries. The average number of
all-cause outpatient ED visits increased by 2.9 percent for the high-risk beneficiaries (p = 0.09),
relative to the control group. Differences in all-cause outpatient ED visits for high- and medium-
risk beneficiaries in the intervention and control groups were smaller (2.2 percent) and not
statistically significant (p = 0.15).

All the results in Table VI.A.1 were largely similar in the sensitivity analyses reported in
Appendix H. These sensitivity analyses (1) trimmed the intervention group so that, as in the
control group, a maximum of 20 providers per organization could enroll beneficiaries;

(2) controlled for changes in the composition of beneficiaries over time since enrollment to
account for any differences in beneficiaries who died or otherwise lost eligibility in the
intervention and control groups (for example, due to differences in survival rates); and

(3) estimated impacts using beneficiaries we attributed, using claims data, to the intervention and
control providers that participated in the model, whether or not those beneficiaries enrolled in the
model. This last check avoids the potential for bias stemming from intervention and control
group providers differing in who they chose to enroll among their eligible beneficiaries.

The finding that the Million Hearts Model modestly increased acute care service use runs counter
to our hypothesis that the model might reduce CVD-related acute care, which would by
extension lead to small reductions in all-cause acute care. This finding implies some other factor,
which we did not anticipate, explains why the model might have increased acute care use. In
exploratory analyses (not presented here), we assessed whether ED visits increased for
symptoms that beneficiaries might mistake as signs of a heart attack or stroke. However, we
found all types of ED visits increased roughly equally—not only those we considered most
plausibly related to CVD symptoms. We cannot rule out the possibility that the estimated
impacts are spurious, meaning some factor other than the model made the intervention group
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systematically more likely than the control group to use acute care services. For example, the
types of providers that chose to continue participating in the model after random assignment
could have differed systematically. All impact estimates in this report are subject to similar
limitations.

Table VI.A.1. Rates of all-cause acute care were higher in the intervention group: Estimated impacts
on the number of inpatient admissions and outpatient ED visits including observation stays (number per
1,000 beneficiaries per year)

Regression-adjusted rate
(#/1,000 beneficiaries/year) 90%

Outcome and risk Intervention Control confidence
group group mean group mean Difference (%) p-value interval

Number of CVD-related admissions

High- and medium-risk 56.0 55.2 0.78 (1.4%) 0.48 [-1.0, 2.6]
beneficiaries

High-risk beneficiaries 75.6 73.3 2.30 (3.1%) 0.21 [-0.7, 5.3]
Number of CVD-related outpatient ED visits and (observation stays)

High- and medium-risk 31.6 31.5 0.12 (0.4%) 0.91 [-1.7,1.9]
beneficiaries

High-risk beneficiaries 38.4 37.2 1.16 (3.1%) 0.41 [-1.2,3.5]
Number of all-cause admissions

High- and medium-risk 255.3 246.2 9.05 (3.7%) 0.005 [3.8, 14.3]
beneficiaries

High-risk beneficiaries 309.2 297.0 12.27 (4.1%) 0.02 [3.5, 21.1]
Number of all-cause outpatient ED visits and observation stays

High- and medium-risk 386.3 378.1 8.23 (2.2%) 0.15 [-1.1,17.6]
beneficiaries

High-risk beneficiaries 422.7 410.8 11.92 (2.9%) 0.09 [0.2, 23.6]

Source: Regression-adjusted results from Medicare claims data.

Note: Table covers 130,578 beneficiaries enrolled in 172 intervention organizations and 88,286 beneficiaries
enrolled in 170 control organizations. Analyses of high-risk beneficiaries are limited to 40,423 beneficiaries
enrolled in 170 intervention organizations and 27,277 beneficiaries enrolled in 165 control organizations with
baseline CVD risk scores of 30 percent or higher. We estimated impacts separately by quarter since
enrollment and then averaged the estimates across all quarters, weighting each quarterly estimate by the
number of intervention group beneficiaries observed in that quarter. Percentage impacts are relative to the
regression-adjusted control group mean. See Appendix G for more detail about the regression models.

CVD = cardiovascular disease; ED = emergency department.

B. Impacts on office visits

Intervention and control group beneficiaries had similar rates of ambulatory office visits,
including telehealth visits (Table VI.B.1). Given the model’s emphasis on follow-up for high-
risk beneficiaries, we tested whether the Million Hearts Model changed the rate of outpatient
office visits. An increase in office visits might also be consistent with the unanticipated effects
observed for hospitalizations and ED visits: for example, if the model prompted providers to
offer more intensive services generally to beneficiaries assessed as at high risk. We included
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telehealth visits in our measure of office visits because telehealth replaced many in-person visits
during the COVID-19 public health emergency. However, through December 2021, there were
10,545 office visits per 1,000 high- and medium-risk beneficiaries per year in the intervention
group (or just over 10 visits per beneficiary per year), which is similar to the rate of 10,444 visits
in the control group. For high-risk beneficiaries, there were 11,312 office visits per 1,000
beneficiaries per year in the intervention group, compared to 11,174 for the control group.
Intervention—control differences were not statistically significant for either population. Results
were similar in robustness checks, detailed in Appendix H.

Taken together, the results in this chapter indicate a particular pattern of model impacts on
service use that we did not anticipate. The Million Hearts Model increased all-cause
hospitalizations and, for high-risk beneficiaries only, all-cause outpatient ED visits. These
increases were not concentrated in hospital visits for cardiovascular care, or for visits for
symptoms that might be easily mistaken for a heart attack or stroke. The model did not increase
the frequency of office visits generally, though it might have increased frequency for specific
types of visits we did not examine separately. One possible explanation for this pattern is that the
model—though immediately focused on CVD risk—might have made providers and
beneficiaries more aware of their health risks generally and more attuned to concerning
symptoms, leading to longer patient evaluations and a greater chance of identifying something
that requires additional care (particularly hospital-level care).

Table VI.B.1. The model had no detectable impact on the frequency of office visits, including
telehealth visits: Estimated impacts on office visits (per 1,000 beneficiaries per year)

Regression-adjusted rate

(#/1,000 beneficiaries/year) 90%
Outcome and risk Intervention Control confidence
group group mean group mean Difference (%) p-value interval
Office visits
High- and medium-risk 10,545 10,444 101 (1.0%) 0.29 [-55, 258]
beneficiaries
High-risk beneficiaries 11,312 11,174 138 (1.2%) 0.25 [-58, 334]

Source: Regression-adjusted results from Medicare claims data.

Note: Table covers 130,578 beneficiaries enrolled in 172 intervention organizations and 88,286 beneficiaries
enrolled in 170 control organizations. Analyses of high-risk beneficiaries are limited to 40,423 beneficiaries
enrolled in 170 intervention organizations and 27,277 beneficiaries enrolled in 165 control organizations
with baseline CVD risk scores of 30 percent or higher. We estimated impacts separately by quarter since
enrollment and then averaged the estimates across all quarters, weighting each quarterly estimate by the
number of intervention group beneficiaries observed in that quarter. Percentage impacts are relative to the
regression-adjusted control group mean. Office visits include in-person and telehealth visits. See
Appendix H for sample sizes and more detail about the regression models.

CMS = Centers for Medicare & Medicaid Services.
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VII. Effects on Long-Term Outcomes: CVD Events, Mortality, and

Medicare Spending

@\ Key findings

The model reduced the incidence of first-time heart attacks and strokes among high- and medium-risk
beneficiaries over five years.

The intervention group had a 3 percent lower risk of a first-time heart attack or stroke than the
control group when we looked only at events observed in Medicare claims.

The intervention group had a 4 percent lower risk of a first-time heart attack or stroke when we
used an expanded outcome definition, adding deaths due to coronary heart disease and
cerebrovascular disease without a corresponding Medicare claim.

The findings suggest the model prevented one CVD event over five years for roughly every 250 to
400 high- and medium-risk beneficiaries enrolled, depending on the outcome definition used.

The model reduced all-cause mortality among high- and medium-risk beneficiaries, with the greatest
reductions in percentage terms in coronary heart disease (CHD) and cerebrovascular deaths.

The intervention group had a 4 percent lower risk of death from any cause than the control group
over five years.

The intervention group had 11 percent fewer CHD or cerebrovascular deaths, measured over four
years.

The model had no detectable impact on Medicare spending per beneficiary per month (PBPM).

The model did not measurably reduce spending for first-time heart attacks and strokes.

Model payments were small: an estimated $1 per high- and medium-risk beneficiary per month of
enroliment.

Total Medicare spending PBPM, including model payments, was similar for intervention and control
group beneficiaries.

The Million Hearts Model aimed to reduce the incidence of first-time heart attacks and strokes
among high- and medium-risk beneficiaries. Further, it aimed to reduce Medicare spending on
these events and related care enough to offset model payments. This chapter describes the
model’s estimated impacts over five years (2017 to 2021) on these two prespecified primary
evaluation outcomes—CVD events and Medicare spending—as well as the secondary outcome
of mortality, which we also hypothesized might decline.

Our planned analyses at the start of the evaluation included CVD events—that is, first-time heart
attacks and strokes, including transient ischemic attacks (TIAs), also known as mini strokes—
and mortality measured using Medicare claims and enrollment data; however, in the final year of
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the evaluation, we obtained and

incorporated cause-of-death information, Long-term outcomes
based on death certificate data from th§ 1. First-time CVD events
E]e)sle(zititigfﬁarllecl):tgaeieh)e.ui:relzlzhsgs with a. Claims only (prespecified primary outcome)
evaluation in two ways: b. Expanded measure with NDI data
2. Mortality
1. NDI data enabled us to observe fatal a. All-cause mortality
CVD eYents thaj[ occurre?d without b. Mortality by cause of death
generating Medicare claims—for _ . .
3. Per capita Medicare Parts A and B spending
example, because they occurred
outside the hospital. These fatal CVD a. Spending on first-time CVD events
events could represent a substantial b. Total spending, without model payments
number of events, especially in later (prespecified primary outcome)
years of the model during the COVID- c. Total spending, with model payments
19 pandemic. Using claims and NDI (prespecified primary outcome)
data in combination, we created an
expanded measure of first-time heart attacks and strokes that includes both first-time CVD
events as observed in claims and deaths due to CHD or cerebrovascular disease in the NDI.
We defined deaths due to CHD or cerebrovascular disease as deaths with CHD or
cerebrovascular disease recorded as the underlying cause of death.
2. NDI data enabled us to better understand model impacts on all-cause mortality by enabling a

secondary analysis of model impacts on mortality by cause of death. We classified causes of
death into CVD and non-CVD related, and further classified CVD-related deaths as CHD-
related deaths, cerebrovascular disease-related deaths, or other CVD deaths based on the
underlying cause of death codes obtained from the NDI.® We hypothesized that the largest
relative impacts of the model on mortality would concentrate in the CVD-related death
categories (in the CHD and cerebrovascular death categories in particular). We restricted the
cause-of-death analysis to beneficiaries enrolled early enough to follow up for at least four
years to accommodate a statistical method commonly used to analyze causes of death,
multinomial logistic regression (see Appendix F, Section F.4).

¢ Additional details about these outcome variables and other measures used in this chapter are available in
Appendix F. The non-CVD death category includes a few deaths of unknown cause that appeared in Medicare
enrollment data but not in the NDI (N = 356, less than 2 percent of all deaths during the analysis period); because
unknown causes of deaths were not numerous enough to model as a separate category in our regression models, we
included them among non-CVD deaths.
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National Death Index (NDI) data
e What is the NDI?

— The NDI is a database of all deaths in the United States, including dates and causes of death,
based on information recorded in death certificates.

e Value of NDI data

— Using cause-of-death data, we can identify fatal heart attacks and strokes that did not generate
a Medicare claim.

— Previous studies suggest a substantial proportion of heart attacks and strokes for Medicare
beneficiaries do not generate a claim—as many as one-third to one-half of all heart attacks
(Psaty et al. 2016; Colantoni et al. 2018) and up to 70 percent of fatal heart attack and strokes
(Xie et al. 2018). This proportion could have been even higher in 2020 and 2021 because,
during the COVID-19 pandemic, people were less likely to go the hospital for any reason,
including CVD events (Stewart et al. 2021).

— Including deaths from CHD or cerebrovascular disease in an expanded measure of first-time
heart attacks and strokes captured 2,513 additional intervention and control group beneficiaries
who died from CHD or cerebrovascular disease by December 2021 but did not have a claim for
a first-time CVD event (a 19 percent increase in the rate of the events).

e Limitations of NDI data

— Diagnosis codes in NDI data contain less detail than those in claims (that is, they are truncated
to the first four digits, in comparison to seven digits in the Medicare claims), making it more
difficult to identify deaths due to first-time heart attacks and strokes specifically. Because of this,
we included all CHD and cerebrovascular deaths, based on a definition widely used in NDI data
analyses (Virani et al. 2021).

— Due to lack of specificity in coding and because death certificates can contain errors, we
anticipate our outcome measure based on NDI data will misclassify some non-CVD-related
deaths as fatal CVD events (about 15 percent of non-CVD-related deaths) and misclassifies
some fatal CVD events as non-CVD related (about 27 percent of true fatal CVD events
[Olubowale et al. 2017]).

As in previous chapters, we estimated model impacts as the regression-adjusted differences in
outcomes for high- and medium-risk beneficiaries enrolled by the intervention and control
organizations in 2017 and 2018 (Appendix D). The analysis followed each beneficiary from the
date he or she enrolled in the model through December 31, 2021, or until one of the following
occurred: (1) death, (2) loss of observability in Medicare claims (only when analyzing first-time
CVD events and Medicare spending), or (3) a CVD event (only when analyzing first-time CVD
events). Follow-up lengths ranged from one day to just under 60 months across beneficiaries,
with a median of 51 to 54 months, depending on the outcome. Appendix E describes baseline
characteristics of the intervention and control group beneficiaries and Appendix G describes the
regression methods used in this analysis.
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A. Effects on the incidence of heart attacks and strokes

The model reduced the incidence of first-time heart attacks and strokes
£NDI by 3 to 4 percent among high- and medium-risk beneficiaries
(Table VII.A.1). Using a claims-based measure of first-time heart attacks,
strokes, and TIAs (a composite measure of CVD events), about 8 percent of
beneficiaries experienced an event within five years of enrollment (Figure VII.A.1). The hazard
ratio indicating relative risk of first-time CVD events was 0.97—or 3.3 percent lower in the
intervention group than in the control group (from Figure VIL.A.1, [8.1-7.8]/8.1 = 0.033; the
calculation is not exact due to rounding). . This estimate suggests that one first-time CVD event
was prevented over five years for every 391 high- and medium-risk beneficiaries enrolled in the
model.

Death records

For the CVD-event outcome definition that adds deaths due to CHD and cerebrovascular disease
(but which did not generate a claim), 9 to 10 percent experienced an event within five years of
enrollment (Figure VII.A.2) the hazard ratio for high- and medium-risk beneficiaries was 0.96—
suggesting a 4.2 percent lower risk of first-time CVD events among intervention beneficiaries
([9.7-9.3]1/9.7 = 0.042). This corresponds to one event prevented over five years for every 267
high- and medium-beneficiaries beneficiaries enrolled. The estimated hazard ratio was further
from 1.00 with the expanded measure (0.96) than with the claims-based measure (0.97),
suggesting that including fatal CVD events that did not generate Medicare claims (in the
expanded measure) was important for capturing the full impact of the Million Hearts Model.

For the high-risk group alone, the hazard ratio was close to 1.00 using both outcome definitions,
indicating no detectable model effect. This finding might seem counterintuitive, given the model
required follow-up only for the high-risk beneficiaries and made cardiovascular care
management and risk reduction payments only for the high-risk population. There are two
plausible explanations. First, it is possible the initial risk assessment was especially helpful for
providers to identify beneficiaries with medium risk. In particular, if providers could recognize
beneficiaries with high risk based on their risk factors alone, even without calculating a risk
score, it is possible high-risk beneficiaries received CVD primary preventive care under care as
usual in the control group. This would leave little room for the model to improve outcomes for
the high-risk group. Second, it is possible the model did reduce incidence of first-time heart
attacks and strokes among high-risk beneficiaries, but we lacked statistical power to detect model
impacts. This explanation would be consistent with the impacts described earlier on intermediate
outcomes of CVD medication use, risk scores, and risk factors.
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Table VII.LA.1. The model reduced the incidence of first-time CVD events: Estimated ratio of the
hazard of first-time CVD events between intervention and control beneficiaries (regression-adjusted)

Projected probability of
outcome within 5 years
of enroliment? Hazard ratio

Intervention Control 90% confidence
Outcome and risk group mean mean Estimate p-value interval

First-time heart attacks, strokes, or TIAs (CVD events), in claims data alone®

High- and medium-risk 7.8% 8.1% 0.97 0.09 [0.93, 1.00]
beneficiaries
High-risk beneficiaries 10.6% 10.7% 0.99 0.63 [0.94, 1.03]

First-time heart attacks, in claims data alone

High- and medium-risk 3.4% 3.5% 0.99 0.68 [0.93, 1.04]
beneficiaries
High-risk beneficiaries 4.7% 4.8% 0.99 0.89 [0.92,1.07]

First-time strokes or TlAs, in claims data alone

High- and medium-risk 4.8% 5.0% 0.96 0.07 [0.92, 1.00]
beneficiaries
High-risk beneficiaries 6.4% 6.4% 1.00 0.98 [0.94, 1.06]

First-time heart attack, stroke, or TIA or death due to CHD or cerebrovascular disease (expanded measure)®

High- and medium-risk 9.3% 9.7% 0.96 0.02 [0.93, 0.99]
beneficiaries
High-risk beneficiaries 12.7% 12.9% 0.98 0.45 [0.94, 1.02]

Source: Regression-adjusted results from Medicare claims and linked NDI data.

Note: Table VII.A.1 covers 130,578 beneficiaries enrolled in 172 intervention organizations and 88,286
beneficiaries enrolled in 170 control organizations. Analyses of high-risk beneficiaries are limited to 40,423
beneficiaries enrolled in 170 intervention organizations and 27,277 beneficiaries enrolled in 165 control
organizations with baseline CVD risk scores of 30 percent or higher.

@ The reported probability is defined as 1 minus the average Cox proportional-hazards model estimate of the survival
function. The survival function gives the probability that a beneficiary did not die within 1,823 days after enrollment.

b Heart attacks, strokes, TIAs, or stroke symptoms are identified as (1) a primary diagnosis on outpatient ED claim or
inpatient claim or (2) a secondary diagnosis on an inpatient claim when the condition was listed as not present on
admission. Appendix F describes the outcomes in detail. For heart attacks, we include all five types of acute
myocardial infarctions described in the Fourth Universal Definition of Myocardial Infarction (Thygesen et al. 2018).

¢Beneficiaries with a first-time heart attack or stroke, including TIA, based on Medicare claims or who died due to
CHD or cerebrovascular disease based on NDI data.

CHD = coronary heart disease; CVD = cardiovascular disease; ED = emergency department; NDI = National Death
Index; TIA = transient ischemic attack.
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In addition to estimating impacts on first-time heart attacks and strokes combined, we estimated
impacts on first-time heart attacks separately from those on first-time strokes. The claims-based
composite measure of all CVD events is composed of roughly 40 percent first-time time heart
attacks and 60 percent first-time strokes, including TIAs. When examining those two
components separately (Table VII.A.1), for high- and medium-risk beneficiaries, incidence of
first-time strokes and TIAs was 4 percent lower in the intervention group than the control group.
Meanwhile, incidence of heart attacks was similar for the high- and medium-risk intervention
and control beneficiaries. When we focused on the high-risk beneficiaries alone, the intervention
and control beneficiaries had similar rates of both first-time time heart attacks and first-time
strokes or TIAs.

Figure VIILA.1. A lower risk of first-time CVD events among high- and medium-risk intervention
beneficiaries than in the control group: Cumulative probability of having a first-time heart attack,
stroke, or TIA five years after enroliment, as measured in Medicare claims, by intervention arm
(regression-adjusted)
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Source: Regression-adjusted results from Medicare claims.

Note: Percentages are the cumulative probability of a first-time CVD event over five years, defined as 1 minus the
average Cox proportional-hazards model estimate of the survival function at 1,823 days (five years) after
enrollment.

* Significantly different from the control group percentage at the 0.1 level, two-tailed test.
CVD = cardiovascular disease; TIA = transient ischemic attack.
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Figure VII.LA.2. A lower risk of first-time CVD events (using an expanded measure with NDI data)
among high- and medium-risk intervention group beneficiaries than in the control group:
Cumulative probability of having a first-time heart attack, stroke, or TIA, or dying from CHD or
cerebrovascular disease five years after enroliment, by intervention arm (regression-adjusted)
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Source: Regression-adjusted results from Medicare claims and NDI data.

Note: Percentages are the cumulative probability of a first-time CVD event (using an expanded measure with NDI
data) over five years, defined as 1 minus the average Cox proportional-hazards model estimate of the
survival function at 1,823 days (five years) after enroliment.

** = Significantly different from the control group percentage at the 0.05 level, two-tailed test.

CHD = coronary heart disease; CVD = cardiovascular disease; NDI = National Death Index; TIA = transient ischemic
attack.

We conducted several analyses to assess the sensitivity of our results for first-time CVD events
to possible data limitations and statistical assumptions. Results were consistent with findings
from sensitivity analyses that (1) narrowed the outcome definition for the claims-based measure
to include only strokes (not TIAs) and only heart attacks caused by reduced blood flow through
arteries in the heart (Type 1);’ (2) trimmed the intervention group to a maximum of 20 providers;
and (3) defined the intervention and control groups as beneficiaries attributed to the participating
providers regardless of beneficiaries’ model enrollment. This latter sensitivity analysis limited
the possibility that intervention and control providers biased the impact estimates by differing in
the types of beneficiaries enrolled among their eligible pool of beneficiaries. The consistency
across sensitivity analyses increases our confidence in the results. Appendix H describes the
sensitivity analyses and results in more detail. Regression adjustment materially altered the
impact estimates, reflecting differences between the intervention and control groups that existed
despite randomization (Appendix H, Tables H.12 and H.13). For example, intervention

7 This exclusion (1) limits to heart attacks most likely caused by blockages in the arteries supplying the heart
(Thygesen et al. 2018) and that we might expect the intervention to influence most strongly (in contrast to other
types of acute myocardial infarctions, such as those that occur during surgeries, which primary CVD prevention
might affect less); and (2) removes TIAs, which are less severe than strokes and less reliably identified using claims
data.
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beneficiaries included in the analysis were more likely than control group beneficiaries to live in
the Eastern portion of the United States, where rates of CVD events tend to be lower.

B. Effects on mortality

The model reduced all-cause mortality by 4.3 percent over five years
among high- and medium-risk beneficiaries. In the intervention group,
P 13.8 percent of beneficiaries died within five years of enrollment in

regression-adjusted analyses, compared to 14.3 percent for the control group,
translating to a hazard ratio of 0.96 (Table VIL.B.1; Figure VIL.B.1). This estimate suggests the
model prevented one death over five years for every 191 high- and medium-risk beneficiary
enrolled in the model.

NDI

Table VII.B.1. High- and medium-risk beneficiaries in the intervention group had a lower death rate
than those in the control group: Estimated ratio of the hazard of dying (for any reason) between
intervention and control beneficiaries (regression-adjusted)

Projected probability of
outcome within 5 years of

enroliment? Hazard ratio
Intervention Control 90% confidence
Risk group mean mean Estimate p-value interval
Deaths (any reason)
High- and medium-risk 13.8% 14.3% 0.96 0.01 [0.93, 0.98]
beneficiaries
High-risk beneficiaries 18.7% 18.8% 0.99 0.72 [0.95, 1.03]

Source: Regression-adjusted results from Medicare enroliment data.

Note: We performed regression adjustment using survival analysis of mortality through December 2021. Table
VII.B.1 covers 130,578 beneficiaries enrolled in 172 intervention organizations and 88,286 beneficiaries
enrolled in 170 control organizations. Analyses of high-risk beneficiaries are limited to 40,423 beneficiaries
enrolled in 170 intervention organizations and 27,277 beneficiaries enrolled in 165 control organizations
with baseline CVD risk scores of 30 percent or higher.

@The reported probability is defined as 1 minus the average Cox proportional-hazards model estimate of the survival

function. The survival function gives the probability that a beneficiary did not die within 1,823 days after enroliment.

CVD = cardiovascular disease.
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Figure VII.B.1. A lower risk of dying among high- and medium-risk intervention group
beneficiaries than in the control group: Cumulative probability of dying for any reason five years after
enrollment, by intervention arm (regression-adjusted)
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Source: Regression-adjusted results from Medicare claims.

Note: Percentages are the cumulative probability of dying over five years, defined as 1 minus the average Cox
proportional-hazards model estimate of the survival function at 1,823 days (five years) after enroliment.

** = Significantly different from the control group percentage at the 0.05 level, two-tailed test.

The model reduced CHD and cerebrovascular deaths by 11 percent over four years among
high- and medium-risk beneficiaries. As mentioned at the beginning of this chapter, we used
newly available NDI data to better understand impacts on all-cause mortality by cause of death,
focusing on the first four years after enrollment. We found the intervention group had 11 percent
fewer CHD or cerebrovascular deaths than the control group (Table VII.B.2).

These cause-of-death analyses indicate the model’s impact on all-cause mortality for high- and
medium-risk beneficiaries resulted from a combination of hypothesized impacts on CVD-related
deaths and impacts on non-CVD deaths we did not hypothesize. Impact estimates for CVD,
CHD, and non-CVD deaths were all statistically significant, but the percentage reduction in
CHD deaths (12 percent) was larger than the percentage reductions in other categories. For
example, deaths due to non-CVD or unknown causes were lower by only 4 percent. By
extension, the 11 percent model impact on CHD or cerebrovascular deaths combined—where we
hypothesized impacts might concentrate—was larger than the model impact on all-cause
mortality (first row in Table VIL.B.2).

Among high-risk-only beneficiaries, rates of all-cause death were similar between the
intervention and control groups (Table VII.B.1; Figure VII.B.1). However, the model reduced
CHD-specific deaths by 0.32 percentage points (p = 0.03), translating to a 14 percent impact
(Table VII.B.2). This 14 percent impact on CHD-specific deaths for the high-risk group is
relatively similar to the estimated 12 percent impact we observed for the combined high- and
medium-risk population.
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Table VII.B.2. High- and medium-risk beneficiaries and high-risk-only beneficiaries in the
intervention group had a lower risk of dying from CHD than those in the control group: Estimated
impact on mortality by cause of death four years after enroliment (regression-adjusted)

Percentage of people who died within 4
years after enrollment, by cause of death

Intervention Control
group group Difference (%) p-value 90% ClI
High- and medium-risk beneficiaries
All cause? 101 10.6 -0.48 (-5%) 0.009 [-0.77,-0.18]
CVvD 2.8 3.0 -0.19 (-6%) 0.05 [-0.35, -0.03]
CHD or cerebrovascular 1.6 1.8 -0.19 (-11%) 0.009 [-0.32, -0.07]
CHD 1.3 1.5 -0.18 (-12%) 0.01 [-0.29, -0.06]
Cerebrovascular 0.3 0.3 -0.02 (-5%) 0.58 [-0.06, 0.03]
Other CVD 1.2 1.2 0.00 (0%) 0.95 [-0.09, 0.10]
Non-CVD or unknown cause 7.3 7.6 -0.29 (-4%) 0.06 [-0.53, -0.04]
High-risk beneficiaries
All cause? 13.5 13.5 0.02 (0%) 0.95 [-0.51, 0.55]
CVD 3.9 4.2 -0.26 (-6%) 0.19 [-0.59, 0.07]
CHD or cerebrovascular 24 26 -0.24 (-9%) 0.14 [-0.50, 0.03]
CHD 1.9 22 -0.32 (-14%) 0.03 [-0.57,-0.07]
Cerebrovascular 0.5 0.4 0.08 (21%) 0.12 [-0.01, 0.17]
Other CVD 1.5 1.6 -0.03 (-2%) 0.82 [-0.21, 0.16]
Non-CVD or unknown cause 9.6 9.3 0.28 (3%) 0.29 [-0.16, 0.72]

Source: Regression-adjusted results from Medicare enrollment data and linked NDI data.

Note: We performed regression adjustment using multinomial logistic regression models. The analysis was
limited to beneficiaries enrolled early enough to be observed for at least four years by December 2021 (the
date we pulled claims). Table covers 108,668 beneficiaries enrolled in 170 intervention organizations and
73,127 beneficiaries enrolled in 163 control organizations. Analyses of high-risk beneficiaries are limited to
34,131 beneficiaries enrolled in 168 intervention organizations and 22,901 beneficiaries enrolled in 157
control organizations with baseline CVD risk scores of 30 percent or higher.

a All-cause mortality results presented in this table are from the same multinomial logistic regression model as the
cause-specific results and will not exactly match the all-cause survival analysis results presented elsewhere in the
report because of a different follow-up period (4 years instead of up to 5 years).

CHD = coronary heart disease; Cl = confidence interval; CVD = cardiovascular disease; NDI = National Death Index.

We did not hypothesize the observed reduction in non-CVD deaths for high- and medium-risk
beneficiaries. However, there might be model mechanisms that reduce both CVD events and
deaths due to causes other than CVD. For example, statins are thought to have positive impacts
on health beyond just their cholesterol-lowering effects (known as the pleiotropic effects of
statins), including possibly reducing the growth of cancerous tumors (Ahmadi et al. 2020). The
latest U.S. Preventive Services Task Force report on statin use for the primary prevention of
CVD supports the idea of statins’ benefits in reducing mortality from non-CVD causes (Chou et
al. 2022). It is plausible the model’s impacts on statin initiation and intensification reduced
deaths due to causes other than CVD. However, it is noteworthy we did not observe similar
reductions in non-CVD deaths among high-risk-only beneficiaries.
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We cannot rule out the possibility that the estimated impacts on non-CVD deaths are spurious,
meaning some factor other than the Million Hearts Model made the intervention group
systematically less likely to die than the control group. For example, the types of providers that
chose to continue participating in the model after random assignment could have differed
systematically between the intervention and control groups. All impact estimates in this report
are subject to similar limitations. Nonetheless, our estimates of the model’s impacts on all-cause
mortality were largely consistent with findings from three sensitivity analyses reported in
Appendix H. Specifically, impacts were similar after (1) trimming the intervention group so that,
like in the control group, a maximum of 20 providers per organization could enroll beneficiaries;
and (2) among beneficiaries we attributed, using claims data, to the intervention and control
providers that participated in the model. For the impacts on mortality by cause of death, results
were also consistent with findings when we set cause of death to unknown for beneficiaries with
mismatched death dates in Medicare enrollment and the NDI.®

C. Effects on Medicare spending

analyzed spending both with and without the Million Hearts Model
payments for high- and medium-risk beneficiaries,” which totaled $7.2
million or an average of $1 PBPM of enrollment. CMS hypothesized the
model would reduce spending on CVD events and post-acute care, leading to a reduction in total
Parts A and B Medicare spending. We found Medicare spending before accounting for model
payments was similar for intervention and control group beneficiaries, both for the high- and
medium-risk groups combined and for the high-risk group alone (Table VII.C.1; Figure VII.C.1).
This was true despite increases in all-cause hospitalizations and ED visits reported in Chapter VI.
Including the model payments, Medicare spending was still similar between the intervention and
control groups (Table VII.C1), given that total model payments were small. Note our estimates
of effects on spending do not include (1) any possible increases in Part D spending due to
increases in statin or antihypertensive use; or (2) costs of implementing the model, such as
building and maintaining the Million Hearts Data Registry and calculating semiannual
performance.

$ The model had no detectable impact on Medicare spending. We

Payment data

8 Less than 3 percent of high- and medium-risk beneficiaries who died had mismatched death dates in Medicare
enrollment and the NDI.

 Model payments included (1) the risk stratification payments CMS paid for intervention group beneficiaries
enrolled through December 2018 (all risk groups); (2) cardiovascular care management payments for intervention
group high-risk beneficiaries, which CMS paid in 2017; and (3) risk reduction payments for intervention group high-
risk beneficiaries, which CMS paid through the end of the model.
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Table VII.C.1. The model had no detectable impact on Medicare Parts A and B spending: Estimated
impacts on Medicare spending (dollars PBPM, regression adjusted)

Regression-adjusted spending

(dollars PBPM)
90%

Intervention Control confidence
group mean group mean Difference (%) p-value interval

High- and medium-risk beneficiaries

Parts A and B spending $959 $958 $1(0.1%) 0.94 [-18, 20]
Inpatient spending $324 $317 $7 (2.3%) 0.28 [-4, 18]
Other spending $635 $641 $-6 (-1.0%) 0.35 [-18, 5]

Parts A and B spending $960 $958 $2(0.2%) 0.85 [-17, 21]

plus model payments?

High-risk beneficiaries

Parts A and B spending $1,104 $1,095 $10 (0.9%) 0.57 [-19, 38]
Inpatient spending $392 $379 $13 (3.3%) 0.24 [-5, 30]
Other spending $713 $715 $-3 (-0.4%) 0.78 [-19, 13]

Source: Regression-adjusted results from Medicare Parts A and B claims data.

Note: Table VII.C.1 covers 130,578 beneficiaries enrolled in 172 intervention organizations and 88,286
beneficiaries enrolled in 170 control organizations. Analyses of high-risk beneficiaries are limited to 40,423
beneficiaries enrolled in 170 intervention organizations and 27,277 beneficiaries enrolled in 165 control
organizations with baseline cardiovascular disease risk scores of 30 percent or higher. The sum of inpatient
and other spending might not equal total spending because we calculated the impact estimates and
regression-adjusted means from separate regression models. We estimated impacts separately by quarter
from enroliment and then averaged the estimates across all quarters, weighting each quarterly estimate by
the number of intervention group beneficiaries observed in that quarter. Percentage impacts are relative to
the regression-adjusted control group mean.

aTotal Million Hearts Model payments to intervention group organizations were an estimated $7,264,803. To
calculate PBPM spending, we divided this amount by the number of beneficiary-months represented among the high-
and medium-risk beneficiaries enrolled through December 2018.

PBPM = per beneficiary per month.
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Figure VII.C.1. Spending was similar between the intervention and control groups across quarters:
Medicare Parts A and B spending (without model payments) for enrolled beneficiaries, by quarter after
enroliment and intervention group (regression-adjusted)

Panel A: High- and medium-risk beneficiaries Panel B: High-risk beneficiaries
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Source: Regression-adjusted results from Medicare Parts A and B claims.

Note: Figure VII.C.1 covers 130,578 beneficiaries enrolled in 172 intervention organizations and 88,286
beneficiaries enrolled in 170 control organizations. Analyses of high-risk beneficiaries are limited to 40,423
beneficiaries enrolled in 170 intervention organizations and 27,277 beneficiaries enrolled in 165 control
organizations with baseline CVD risk scores of 30 percent or higher.

CVD = cardiovascular disease; PBPM = per beneficiary per month.

The model did not measurably reduce Medicare spending for first-time CVD
events either. We estimated impacts on spending for CVD events alone because we
and CMS expected the largest relative spending effects on spending for these
outcomes. Our measure of CVD-event spending included spending for both acute and
post-acute care for first-time heart attacks and strokes. Specifically, we included spending for
hospitalizations and ED visits, plus spending in the 90 days post-discharge (text box). We
restricted this analysis to high- and medium-risk beneficiaries enrolled by August 31, 2017, and
thus had enough follow-up time for us to observe them for four years for CVD events and 90
days of post-event spending before the end of the model on December 31, 2021. Beneficiaries in
the intervention group had average spending for first-time CVD-events over this period that was
similar to the control group’s (Figure VII.C.2). Findings were similar in sensitivity analyses
(Appendix H, Table H.21).
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Medicare spending for first-time CVD events

Medicare Parts A and B spending averaged $34,149 for each first-time CVD event (heart attacks and
strokes, including TIAs) in the intervention group:

e $18,185 (or 53 percent of spending for the episode) was incurred during the acute event: that is,
the initial hospitalization or ED visit.

o $15,964 (or 47 percent) occurred over the next 90 days post-discharge. We looked at spending
over 90 days to capture post-acute care for CVD events, including stroke rehabilitation. Our
outcome measure includes all spending during this period, due to challenges identifying spending
specific to the CVD event.

Because only 5 percent of high- and medium- risk beneficiaries in the intervention group had a first-
time CVD event in the four years included in this analysis, spending for first-time heart attacks and
strokes averaged $38 per beneficiary per month.

Figure VII.C.2. The intervention and control groups had similar levels of Medicare spending for
first-time CVD events: Medicare Parts A and B spending within four years of enroliment for first-time
heart attacks, strokes, and TIAs, including all care 90 days post-discharge, by intervention arm
(regression-adjusted)
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Source: Regression-adjusted results from Medicare Parts A and B claims.

Note: The analysis was limited to beneficiaries enrolled early enough to be observed for at least four years by
December 2021 (the date we pulled claims). Figure VII.C.2 covers 108,668 beneficiaries enrolled in 170
intervention organizations and 73,127 beneficiaries enrolled in 163 control organizations. Analyses of high-
risk beneficiaries are limited to 34,131 beneficiaries enrolled in 168 intervention organizations and 22,901
beneficiaries enrolled in 157 control organizations with baseline CVD risk scores of 30 percent or higher.
Appendix H, Table H.20 presents regression-adjusted means, impact estimates, and confidences intervals.

CVD = cardiovascular disease; PBPM = per beneficiary per month; TIA = transient ischemic attack.
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VIIl. Variation in Model Effects by Beneficiary Subgroup

O'D:! Key findings
N\

e The Million Hearts Model led to similarly sized relative decreases in the risk of first-time heart attack or
stroke for beneficiaries with high versus low modifiable cardiovascular risk at enroliment.

e The model increased statin initiation or intensification more for those living in areas with high versus
low social vulnerability.

e The model increased statin and antihypertensive initiation and intensification similarly for women and
men, even though women had lower statin use and higher LDL cholesterol at baseline than men.

In Chapters IV and VII, we show the Million Hearts Model increased CVD medication initiation
and intensification (defined in Chapter IV) and reduced the risk of first-time heart attacks and
strokes across the enrolled high- and medium-risk population, on average. However,
subpopulations—including women and those who are more socially vulnerable—might not share
model impacts equally, given existing disparities in care and outcomes among these groups. For
example, those who reside in more socially vulnerable communities are less likely to be screened
or receive counseling for CVD risk factors (Shahu et al. 2020), and women are less likely to be
prescribed or use statins (Virani et al. 2015). Thus, information about the impact of the model on
these groups is important to the CMS Innovation Center’s recent commitment to advancing
health equity (Brooks-LaSure et al. 2021; CMS Innovation Center 2020; Joszt 2021). Further,
subgroup estimates can help clarify the mechanisms through which the model achieved the
average effects on first-time heart attacks and strokes. For example, did the model improve
outcomes substantially just for the subset of beneficiaries with high modifiable cardiovascular
risk at enrollment, or did it improve outcomes more evenly across the enrolled population? In
this chapter, we focus on assessing model impacts for three subgroups, defined by high
modifiable risk level, high social vulnerability, and gender.'°

Although other subpopulations can experience differential impacts of the model, we limited the
number of subgroup analyses to reduce the risk of chance findings, a risk that increases with each
additional subgroup analysis (Wang et al. 2007). We chose combinations of subgroups and
outcomes for which we thought there would be sufficient statistical power to identify clinically
meaningful differences between the subgroups, because (1) subgroup categories were sufficiently
large and (2) we expected there could be substantial differences in impacts between the subgroups.
(The rationale for our expectations differed by subgroup and is described below). Based on those
two criteria, we focused on incidence of heart attack and stroke for the analyses related to
modifiable risk and focused on statin and antihypertensive medication initiation or intensification
for analyses related to gender and social vulnerability. The number of racial and ethnic minority

10 For this report, we focus on gender rather than biological sex and we use the term women although reported data
sometimes refer to females. This approach aligns with much of the literature in this field and speaks to likely
nonbiological mechanisms for disparities in care.
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beneficiaries was too low to produce meaningful subgroup estimates so we did not conduct
analyses by race and ethnicity. Evaluations of future models might consider these as additional
subgroups of interest.

A. Modifiable risk subgroup

We expected the Million Hearts Model to effect change Modifiable risk

by improving modifiable risk factors. Although enrolled | For each beneficiary, we calculated
beneficiaries on average had substantial modifiable risk | modifiable risk as the amount of CVD
at baseline—comprising about 40 percent of their risk th?t CO:;'? be rTlduced W'th'nd_one
baseline CVD risk for high-risk beneficiaries and 29 yearo. .mo erenro meht’ a_Ccor Ing to

. . .. the Million Hearts Longitudinal ASCVD
percent for medium-risk beneficiaries—there was

j . ) Risk Assessment Tool, assuming that
considerable variation across the population (Chapter IT). person met clinical targets for (1)

We assigned half of the high- and medium-risk aspirin use if appropriate (based on
beneficiaries to the high modifiable risk subgroup— clinical guidelines as of 2018), (2)
meaning a high degree of their overall CVD risk was systolic blood pressure less than 130
due to modifiable risk factors, such as blood pressure, mmHg, (3) LDL cholesterol less than
cholesterol, and smoking status. We assigned the other 70 mg/dL, and (4) immediate smoking
half to the low modifiable risk subgroup—meaning that, | cessation. Beneficiaries with at least

7.5 percentage points of modifiable
CVD risk (the median value) were
considered to have ‘high’ modifiable

although the beneficiaries had high or medium CVD risk
overall, only a small proportion of this risk was due to
modifiable risk factors (the text ng Fleﬁnes subgroups). risk. and beneficiaries with less than
On average, 51 percent of beneficiaries’ total CVD risk 7.5 percentage points modifiable risk
was modifiable in the high modifiable risk group, and 9 were considered to have ‘low’
percent was in the low modifiable risk group. Compared | modifiable risk.

to beneficiaries in the low modifiable risk subgroup,
beneficiaries with higher modifiable risk were younger; more likely to be non-Hispanic Black or
Hispanic; more likely to be dually enrolled in Medicaid; and more likely to be in the high
vulnerability category (that is, to live in a community with a high Social Vulnerability Index [SVI]
score, which takes into account different aspects of disadvantage at the Census tract level, such as
high rates of poverty, low educational attainment across populations, housing type, race and
ethnicity, and access to transportation) (Appendix E, Table E.10).

We expected providers to perceive more opportunities to improve care among beneficiaries with
greater modifiable risk and, thus, expected increases in medication use and other risk-reduction
behaviors to be higher among beneficiaries with greater modifiable risk—particularly among those
in the intervention group. Based on interviews with participating organizations, some providers
reported there were often cases in which there was little room to lower CVD risk as risk scores
were due to factors they could not control (for example, age). Thus, given the anticipated greater
opportunity for improvement, we hypothesized that model impacts on CVD events would be larger
for those with more modifiable risk.
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We included high- and medium-risk beneficiaries enrolled in 2017 or 2018 in this analysis by
modifiable risk group and assessed differential impacts on incidence of first-time CVD events,
measured in Medicare claims.

The model had similarly sized impacts for first-time heart attacks or
strokes among beneficiaries with high modifiable risk, compared to
those with low modifiable risk. Specifically, the regression-adjusted hazard
ratio, which captures the ratio of the risk of a first-time heart attack, stroke,
or TIA between the intervention and control groups, was 0.97 for beneficiaries with high
modifiable risk, compared to 0.96 for beneficiaries with low modifiable risk (Table VIII.A.1).
That is, the two subpopulations’ impacts were similar, and the very small difference between
these two impact estimates was not statistically significant (p = 0.96).!!

Table VIII.A.1. Point estimates suggest similar model effects on first-time CVD events for high and
low modifiable risk subgroups, but estimates are not statistically significant for either group

Regression-adjusted
ratio of impacts
comparing subgroup

Impact estimates for each subgroup and reference group

Projected
probability of Projected
outcome within probability of

5 years of outcome within 5 Regression-

enrollment, years of adjusted Ratio of
Subgroup (% of full intervention enrollment, hazard ratio impacts
population) group? control group? [90% CIl] [90% CIl] p-value®
First-time heart attack, stroke, or TIA, using a claims-based definition
Low modifiable risk 6.7 6.9 0.96 [reference] 0.96
(<7.5 percentage [0.92, 1.01]
points, 51%)
High modifiable risk 9.0 9.3 0.97 1.00
(27.5 percentage [0.92,1.01]  [0.94, 1.06]

points, 49%)

Source: Unadjusted and regression-adjusted results from Medicare claims linked to clinical indicators of
cardiovascular risk from the Million Hearts Data Registry.

Note: Modifiable risk is defined as the difference between a beneficiary’s CVD risk score at enroliment and his or
her possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores
calculated using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report,
Chapter VI defines the clinical targets. Table covers 130,119 beneficiaries enrolled in 172 intervention
organizations and 87,986 beneficiaries enrolled in 170 control organizations, excluding beneficiaries with
missing modifiable risk score (459 intervention and 300 control beneficiaries).

@ The reported probability is defined as 1 minus the average Cox proportional-hazards model estimate of the survival
function. The survival function gives the probability that a beneficiary did not die within 1,823 days after enrollment.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; Cl =
confidence interval; CVD = cardiovascular disease; TIA = transient ischemic attack.

' The impact estimates for each modifiable risk group were not themselves statistically different from 1 (indicating
no effect), which is likely due to the decrease in the statistical precision of the estimates when we cut the study
population roughly in half to define the subgroups. The point estimates for each subgroup were very similar to the
estimate for the full population (hazard ratio = 0.97, as reported in Chapter VII), which was statistically significant.
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One potential reason for this finding is the subpopulation with low modifiable risk still had a
meaningful amount of modifiable risk at enrollment (9 percent; Appendix E, Table E.10)—
enough room for the model to still improve outcomes for this group. In other words, if the model
had eliminated a// modifiable risk in the group with low modifiable risk, CVD events would be
reduced even more than the 4 percent we found. Further, those in the group with high modifiable
risk could have been identified as needing intervention and already receiving some care to
address areas of modifiable risk before model participation, which could dampen the effects of
the model (making effects for this group more like the effects for the group with low modifiable
risk).

These subgroup findings suggest the model modestly improved outcomes broadly across the
enrolled population, regardless of level of modifiable risk. The model reduced first-time heart
attacks and strokes for the subset of beneficiaries with higher unmet medical needs by about 3
percent, as indicated by beneficiaries having high modifiable risk factors (such as high blood
pressure) at baseline. However, it also reduced these events by similar amounts for beneficiaries
with more subtle unmet needs, as captured by beneficiaries with relatively low modifiable risk.
Therefore, the model appears to have helped providers and patients identify and address
modifiable risk factors, whether the unmet need was large or modest at enrollment.

B. Socially vulnerable subgroup

The concept of social vulnerability encompasses vulnerability to poor outcomes related to
residence in disadvantaged communities (Greer et al. 2016). The Centers for Disease Control and
Prevention measures vulnerability at the community (Census tract) level with an index (the SVI)
score. This score incorporates several different aspects of disadvantage, such as high rates of
poverty, low educational attainment across populations, housing type, race and ethnicity, and
access to transportation. There are important disparities in CVD care and outcomes among
populations with high social vulnerability. These include a reduced likelihood for screening and
counseling for risk factors related to CVD (Shahu et al. 2020), and an increased risk of dying
from CVD (Wadhera et al. 2020; King et al. 2022). We categorized beneficiaries as residing in
Census tracts with low, medium, or high vulnerability based on the distribution of SVI scores
among the Million Hearts Model enrolled population. Low-vulnerability beneficiaries were those
residing in the bottom four SVI deciles of Census tracts, medium-vulnerability beneficiaries
were those in the fifth to eight SVI deciles, and high-vulnerability beneficiaries were those in the
top two SVI deciles.

Among high- and medium-risk beneficiaries, there were important differences between those
with high and low social vulnerability. Socially vulnerable beneficiaries were more likely to be
younger and have lower overall risk scores. However, they also had higher blood pressure, LDL
cholesterol, and modifiable risk scores at baseline (Appendix E, Table E.11). As a result of these
risks socially vulnerable beneficiaries were more likely to use antihypertensives and statins at
baseline. So, although their overall CVD risk scores were lower on average than the non-
vulnerable beneficiaries’ (likely because of age), there was also a high degree of need within this
population, some of which was unmet (Appendix E, Table E.11). Because of this high unmet
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need, we hypothesized the model would have larger impacts on medication initiation or
intensification for more socially vulnerable beneficiaries given the focus on universal risk
assessment, which should uncover unmet need. This is turn would lead to greater impacts on the
initiation or intensification of medication use to address the identified unmet need.

To evaluate this hypothesis, we used a variation of the medication analyses detailed in Chapter
IV. For social vulnerability, we limited the analytic population to beneficiaries with Part D
coverage. We then tested for differential impacts of the Million Hearts Model on CVD
medication initiation or intensification for beneficiaries high in social vulnerability relative to
those living in low- or medium-vulnerability tracts.

The model led to greater increases in statin initiation or intensification for high-
vulnerability beneficiaries versus lower-vulnerability beneficiaries. Specifically,
the impact of the model was 4.9 percentage points among high-vulnerability

LS beneficiaries (22.6 percent in the intervention group versus 17.7 percent in the control

group; Table VIII.B.1). In comparison, the model increased rates of statin

intensification or intensification by just 3.4 percentage points in the low-vulnerability subgroup
(16.9 versus 13.6 percent). That is, the impact estimate was 1.6 percentage points larger for the
high-vulnerability group than it was for the low-vulnerability groups. However, the difference in
impacts (between the different vulnerability groups) was smaller and not statistically significant
for antihypertensive initiation or intensification (Table VIIL.B.1).

Table VIII.B.1. The Million Hearts Model increased statin use more for high- versus lower-
vulnerability categories among high- and medium-risk beneficiaries

Difference in impacts relative
to the reference group’s
Impact estimates for each subgroup impact estimate

Regression- Regression- :
adjusted adjusted Intervention-

means, means, _C°"t"°|
Subgroup (% of Intervention Control difference Estimate
full population) group group [90% CI] [90% CI] Joint p-value?®

Statin initiation or intensification within 12 months of enroliment
(beneficiaries with LDL cholesterol >= 70 mg/dL)

Low vulnerability 16.9 13.6 3.4 [reference] 0.07
(40%) [2.4, 4.4]

Medium 18.2 15.2 3.0 -0.4

vulnerability (40%) [1.8,4.2] [-1.4,0.7]

High vulnerability 22.6 17.7 4.9 1.6

(19%) [3.4,6.4] [0.1,3.0]
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Difference in impacts relative
to the reference group’s
Impact estimates for each subgroup impact estimate

Regression- Regression-
adjusted adjusted Intervention—

means, means, .control
Subgroup (% of Intervention Control difference Estimate
full population) group group [90% CI] [90% CI] Joint p-value?

Antihypertensive medication initiation or intensification within 12 months of enroliment
(beneficiaries with SBP >= 130 mmHg)

Low vulnerability 27.5 254 21 [reference] 0.51
(39%) [1.0, 3.2]

Medium 29.5 27.2 2.2 0.1

vulnerability (40%) [1.1, 3.4] [-1.2, 1.4]

High vulnerability 33.3 30.1 3.2 1.1

(20%) [1.6, 4.8] [-0.6, 2.8]

Sources: Regression-adjusted results from Medicare Part D claims linked to Medicare claims and enroliment data.
Medicare enrollment database for beneficiaries’ nine-digit zip codes to map to Census tracts; Centers for
Disease Control and Prevention 2016 Census-tract-level SVI file for identifying beneficiaries in socially
vulnerable Census tracts. Sample sizes are in Table D.1 in Appendix D.

Note: We estimated impacts using logistic regression models. Low vulnerability defined as deciles 1—4 of the
Census tract summary SVI score, medium vulnerability defined as deciles 5-8, and high vulnerability
defined as deciles 9 and 10.

aWe calculated joint p-values using a Wald test. The joint p-value tests the null hypothesis that the three subgroups
have equal impact estimates.

ClI = confidence interval; LDL = low-density lipoprotein; mg/dL = milligrams per deciliter; mm Hg = millimeters of
mercury; SBP = systolic blood pressure; SVI = Social Vulnerability Index.

This difference in impacts on initiation or intensification of statins is clinically relevant for two
key reasons. First, because beneficiaries living in more vulnerable areas had higher modifiable
risk factors at baseline (such as high blood pressure, smoking rates, and LDL cholesterol), our
findings suggest when providers become aware of CVD risk they might have otherwise
overlooked through increases in risk assessment, they might be more likely to initiate or intensify
medications to address that risk. Second, based on the efficacy of statins in lowering LDL
cholesterol in clinical-trial populations (Karmali et al. 2016), this difference could be large
enough to eliminate some of the disparity in LDL cholesterol in the high- versus low-
vulnerability groups observed at enrollment.

C. Gender

There is evidence women receive less or suboptimal CVD preventive care than men (Shaw et al.
2017; Mosca et al. 2005), including fewer prescriptions for and use of statins, as well as less
aggressive treatment for both primary and secondary prevention (Garcia et al. 2016; Virani et al.
2015). Women tend to have higher use of antihypertensive medications than men but are less
likely to have achieved blood pressure control (Gu et al. 2008).
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These same gender differences were present in the Million Hearts Model population. In
examining characteristics between women and men at baseline (Appendix E, Table E.16), we
found that, among high- and medium-risk beneficiaries, women had higher LDL cholesterol than
men (in the intervention group, a mean of 106 mg/dL versus 97 mg/dL), higher systolic blood
pressure (137 mmHg versus 134 mmHg), and were more likely to have a diabetes diagnosis (40
versus 36 percent). Women were less likely than men to use statins at baseline (58 versus 62
percent), less likely to use high-intensity statins (14 versus 19 percent), and less likely to adhere
to statins when on them (65 versus 71 percent), despite more frequent care as evidenced by
number of office visits (10 versus 9 per year). However, women were more likely to use
antihypertensives than men (85 versus 80 percent).

We know from the literature that underestimation of CVD risk among women can hinder
appropriate preventive care (Mosca et al. 2020; Shaw et al. 2017). For this subgroup analysis, we
hypothesized the model would have larger impacts on medication initiation or intensification for
women given the focus on universal CVD risk assessment. In theory, with universal assessment
using the ASCVD risk calculator, women would be more likely to be newly identified as having
high or medium CVD risk in the intervention group, which would, in turn, lead to increased
medication use to address the identified risk.

The model increased medication use by similar amounts for men and women.
The estimated impact of the model on statin initiation or intensification within one
year of enrollment was very similar for women and men (3.5 percentage point impact
for both groups; Table VIII.C.1). Likewise, we estimated the model had a slightly
larger impact on antihypertensive medication initiation or intensification for women (2.7
percentage points) than men (2.1 percentage points); however, this difference in impacts between
the two subgroups was small and was not statistically significant (p = 0.16). Thus, the disparity
in statin use between women and men was not reduced.

Table VIII.C.1. The Million Hearts Model increased medication use by similar amounts for men and
women among high- and medium-risk beneficiaries

Difference in impacts relative
to the reference group’s
Impact estimates for each subgroup impact estimate

Regression- Regression-
adjusted adjusted Intervention—

means, means, _control
Intervention Control difference Estimate
Subgroup group group [90% CI] [90% CI] p-value?®
Statin initiation or intensification within 12 months of enroliment
(beneficiaries with LDL cholesterol >= 70 mg/dL)

Men (53%) 18.6 15.1 3.5 [reference] 0.96
[2.4, 4.6]

Women (47%) 18.4 14.8 3.5 0.03
[2.6, 4.9] [-0.81, 0.86]
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Difference in impacts relative
to the reference group’s
Impact estimates for each subgroup impact estimate

Regression- Regression-
adjusted adjusted Intervention—

means, means, _C°"t|'°|
Intervention Control difference Estimate
Subgroup group group [90% CI] [90% CI] p-value?
Antihypertensive medication initiation or intensification within 12 months of enroliment
(beneficiaries with SBP >= 130 mmHg)

Men (53%) 28.5 26.4 21 [reference] 0.16
[1.0, 3.1]

Women (47%) 30.4 27.7 2.7 0.7
[1.8,3.7] [-0.1,1.5]

Source: Regression-adjusted results from Medicare Part D claims linked to Medicare claims and enroliment data.
Note: We estimated impacts using logistic regression models. Sample sizes are in Table D.1 in Appendix D.

ClI = confidence interval; LDL = low-density lipoprotein; mg/dL = milligrams per deciliter; mm Hg = millimeters of
mercury; SBP = systolic blood pressure

In other words, increases in risk assessment under the model did not appear to increase
medication initiation and intensification more for women than it did for men, despite higher LDL
cholesterol and higher systolic blood pressure for women at baseline and lower statin use at
baseline. Use of antihypertensives among women was higher than among men at baseline.

These results suggest that disparities between women and men might not be a product of risk
identification but rather decisions about care after identification. In a study of physicians’
awareness and adoption of national CVD prevention guidelines, physicians perceived a lower
CVD risk level for women compared to men—even in light of similar calculated risk scores
(Mosca et al. 2005). Providers could also hesitate to initiate certain medications with women
patients. In one study, researchers theorized that although recent meta-analyses of statin use have
shown similar benefits between men and women, some providers could still perceive less of a
benefit for women (Virani et al. 2015).

Further, the subgroup analysis did not examine subgroup impacts by gender on other outcomes
(for example, cholesterol control) or consider potentially important subsegments of the
population, such as women who have a diabetes diagnosis, as the risk for coronary heart disease
is higher for women with diabetes than for men with the condition (Vogel et al. 2021). In an
evidence review on health care gaps for women focused on cardiovascular medicine (Shaw et al.
2017), researchers found limited use of evidence-based therapies for both primary and secondary
CVD prevention and that women with conditions like diabetes were less likely to meet goals for
cholesterol control. These differences are not just in relation to medications. Research has also
pointed to women being less likely to receive referrals to cardiac rehabilitation than men (Mosca
et al. 2020; Garcia et al. 2016). These additional analyses might be valuable to explore in the
future to better understand gender disparities and potential impacts on CVD prevention and care.
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IX. Conclusions from the Million Hearts Model Evaluation

Over five years, the Million Hearts Model reduced the rate of first-time heart attacks and strokes
by an estimated 3 to 4 percent among high- and medium-risk beneficiaries. The range in
estimates reflects the two ways we defined first-time heart attacks and strokes, one using hospital
claims only (showing a 3 percent impact) and the other using hospital claims and National Death
Index (NDI) data (showing a 4 percent impact). These impact estimates imply roughly one
prevented event over five years for every 250 to 400 high- and medium-risk beneficiaries
enrolled. The impact estimates were not concentrated among just the high-risk beneficiaries,
indicating positive spillover to medium-risk beneficiaries (for whom CMS paid for risk
assessment but not cardiovascular care management services or risk reduction). The model did
not measurably change total Medicare spending. In this chapter, we discuss what might have
driven these results, strengths and limitations of the Million Hearts Model evaluation, the
generalizability of its findings, and its contributions to the broader literature on preventive care
for cardiovascular disease (CVD) and value-based care.

A. Potential drivers of model impacts on primary outcomes

We found model effects on CVD preventive care processes and intermediate outcomes that fit
with the hypothesized causal pathway for the model (Figure IX.1). One likely driver of the
model’s impacts on heart attacks and strokes was providers’ increased awareness of patients’
CVD risk. Prompted by their commitments and the model’s incentives and supports, intervention
group providers were nearly twice as likely as control group providers to report they assessed
CVD risk for at least half of their Medicare patients. Further, intervention group providers
reported increasing their rates of risk assessment made them more aware of their patients’ CVD
risk and more likely to recommend CVD medications and other treatments. This, in turn, likely
contributed to the observed increases in medication use (9 percent for antihypertensives, 23
percent for statins, and 20 percent for aspirin). In addition to providers focusing more on
patients’ risk, and therefore being more likely to recommend medications, providers in
interviews also noted discussing CVD risk (though not necessarily risk scores) with their patients
made some patients more interested in and willing to start or intensify medications. The
increases in medications likely contributed to the observed 4 percent reduction in 10-year CVD
risk scores (and smaller reductions in individual risk factors) among high-risk beneficiaries one
year after enrollment. Reductions in CVD risk factors, in turn, likely led to the overall 3 to 4
percent reduction in rates of first-time heart attacks and strokes among high- and medium-risk
beneficiaries.
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Figure IX.1. The Million Hearts Model had large, favorable effects on CVD risk assessment and
medication use, with smaller effects on CVD risk factors and, ultimately, heart attacks and strokes

Unfavorable direction Favorable direction

CVD preventive care . : :
Increase in the proportion of providers who 829
... PTIOCesSSOs assess risk for 2 half their Medicare patients E
(measured in a 2018 survey) )

T20% 0% 20% 40% 60% 80%
Percentage impact (estimated)

Unfavorable direction Favorable direction

Increase in statin initiation or intensification 23.3%
Increase in antihypertensive initiation or intensification 9.0%
Medication use ; ; - ; ;
s Increase in routine aspirin use (high-risk onl 19.7%
(within one year of enrollment) P (hig Y) ’
Increase in adherence to statins Not statistically significant
Increase in adherence to antihypertensive medications Not statistically significant

120% 0% 20% 40% 60% 80%
Percentage impact (estimated)

Unfavorable direction Favorable direction

Decrease in CVD risk scores 4.0%
CVD risk factors one Decrease in systolic blood pressure 1.3%
year after enroliment
(high-risk only) Decrease in LDL cholesterol 1.3%
Decrease in smoking Not statistically significant

.20% 0% 20% 40% 60% 80%
Percentage impact (estimated)
Unfavorable direction Favorable direction

Reduction in first-time heart attack or stroke rate

(primary definition) )
Reduction in first-time heart attack or stroke rate 4.2
Long-term outcomes (expanded definition) e
(within five years of
enroliment) Reduction in death (for any reason) rate 4.3%
Medicare FFS savings (including model payments) Not statistically significant

" 20% 0% 20% 40% 60% 80%
Percentage impact (estimated)

Notes:  The primary definition of heart attacks and strokes uses only hospital claims (including outpatient claims) to
identify first-time events. The expanded definition uses both hospital claims and National Death Index data.
Unless otherwise specified, all reported impact estimates are statistically significant at leastata p < 0.10
threshold.

FFS = fee-for-service; CHD = coronary heart disease; CVD = cardiovascular disease; LDL = low-density lipoprotein.
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The finding that the model’s impacts on CVD medications and heart attack and strokes were
similar, or perhaps even larger, for medium-risk beneficiaries than high-risk beneficiaries
supports the idea that risk assessment drove the impacts. CMS paid organizations for assessing
CVD risk for all patients, but only paid for cardiovascular care management and risk reduction
for high-risk beneficiaries. Through more systematic use of risk assessment, providers likely
became more aware of risk for their medium-risk beneficiaries, prompting additional actions for
that group. By definition, medium-risk beneficiaries had at least a 15 percent predicted risk of
having a CVD event over 10 years, well above the 7.5 (Arnett et al. 2019) to 10 percent
(Whelton et al. 2019) thresholds clinical guidelines use for recommending intensified treatment.
Indeed, risk assessment might have been particularly helpful for identifying otherwise undetected
and unaddressed risk among medium-risk beneficiaries. Compared to the high-risk population,
the medium-risk beneficiaries were younger, more likely to be female, and less likely to have
diabetes or hypertension—all factors that prior research has linked to providers underestimating
true CVD risk (Morieri et al. 2022; Bairey Merz et al. 2017; Mosca et al. 2005).

Two factors help explain why the model reduced heart attacks and strokes even though 114 of
the 173 intervention group organizations withdrew or stopped actively participating in the model
by 2021. First, the 59 intervention organizations that actively participated at any time in 2021
were also those that enrolled a large share (almost 60 percent) of the total intervention group in
2017 and 2018. As a result, on average, 78 percent of a beneficiary’s follow-up months occurred
when their enrolling organization still participated actively in the model. Second, organizations
might have continued some of their changes in CVD care processes even after they withdrew
from the model. Organizations often cited challenges reporting data to the registry—not
challenges with implementing key CVD care processes—as reasons for withdrawing. We found
the model improved use of medications within the first year of model enrollment and these
effects persisted, but did not grow, in later years post-enrollment.

One might expect the model would have measurably reduced Medicare spending because the
model reduced first-time heart attacks and strokes. CMS hypothesized lower Medicare spending
on hospital care and post-acute care for these events. In practice, however, there are at least three
plausible explanations for why the model did not measurably reduce Parts A and B spending.
First, spending on first-time CVD events is only a small fraction of total average Medicare
spending, so even a large effect on CVD events—for example, the 7 percent reduction CMS
initially hypothesized—would translate into a very small impact on total spending. Second, the
actual reduction in CVD events of 3 to 4 percent, although meaningful, was less than the 7
percent initially projected, making it even harder to reliably detect effects on total spending.
Even when we examined the model’s effects just on spending for first-time CVD events, we
found no statistically significant changes. Third, the model increased all-cause hospital
admissions by an estimated 3.7 percent, so any savings on spending for CVD events were likely
offset by other increases in inpatient spending.
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B. Strengths and limitations of this study

1. Strengths

The Million Hearts Model was a large-scale randomized trial running for five years. The random
assignment, which effectively stratified by region, was especially important in 2020 and 2021,
when the COVID-19 pandemic changed care patterns (Stewart et al. 2021) and health outcomes
(Xu et al. 2022) and did so unevenly across the country. Randomization meant the pandemic’s
influences on outcomes were similar in our intervention and control groups, limiting risk of bias
to the estimates of model impacts (Appendix J). The long (five-year) model duration is
especially important given that (1) the absolute benefits of statins (Yourman et al. 2020) and
antihypertensive medications (Chen et al. 2022) are thought to increase over time and (2) the
evaluation required long follow-up to observe a sufficient number of events to measure model
effects on our primary outcomes with statistical precision.

The study had several additional strengths:

e (CMS collected clinical data on CVD risk factors, which enabled us to estimate impacts on
these factors and to include a richer set of covariates in all impact analysis regression models
than would be possible using administrative data only.

e We incorporated the NDI data into the outcomes, capturing fatal out-of-hospital CVD events
that we would have otherwise missed if we had used Medicare claims data alone.

e We used Medicare claims and enrollment and NDI data to measure long-term outcomes for
beneficiaries, enabling us to track outcomes even after organizations that enrolled the
beneficiaries withdrew.

e We collected primary data from surveys and interviews, enabling us to estimate impacts on
organization-level care processes and understand providers’ experiences.

2. Limitations

The primary limitation of the evaluation is that significant model attrition increased the risk of
bias in our estimates of model impacts. Only 345 of the 516 organizations randomly assigned
ever participated in the model, a number of clinicians at these organizations did not enroll any
beneficiaries, and the providers who did enroll beneficiaries enrolled only about half the
beneficiaries who appeared eligible in Medicare claims and enrollment data. If the intervention
versus control groups differed in the types of organizations that remained in the model, or in the
types of beneficiaries they chose to enroll, this could lead to differences in beneficiaries’
outcomes unrelated to model impacts. We included a rich set of covariates to correct for any
observed differences between the intervention and control group beneficiaries. We also
conducted sensitivity tests using the population of all beneficiaries attributed to participating
intervention and control organizations (that is, beneficiaries visiting the organizations and who
appeared eligible for the model). These tests aimed to remove the effects on the impact estimates
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of differences in whom organizations chose to enroll among their eligible population.
Nonetheless, even with this adjustment and sensitivity tests, some risk of bias remains.

The study has several other limitations:

e The 20-provider cap for the control group meant the intervention group was larger than the
control group, and the additional intervention group beneficiaries might have differed from
control group beneficiaries in unobservable ways that biased impact estimates. The
sensitivity analyses that trimmed the intervention group aimed to limit this risk of bias and
showed similar estimates to the primary estimates.

e Because intervention organizations submitted follow-up clinical data for only high-risk
beneficiaries, we could not estimate impacts on CVD risk factors or risk scores for the
combined high- and medium-risk population.

e We did not measure whether the model led to any potential unintended consequences from
intensifying treatment, such as the potential for internal bleeding from greater use of aspirin
(Lloyd-Jones 2022).

e We had no data on beneficiaries’ diet or exercise patterns, so we could not directly assess
whether the model reduced heart attacks and strokes, in part, through improvements in diet or
exercise.

e The control group might not have received usual care because CMS paid these organizations
to report CVD risk factor data (but not risk scores) for all their eligible beneficiaries.
Through this reporting, control group providers might have become more aware of CVD risk
in their patient panels, leading to care improvements that attenuated the measured model
impacts.

C. Generalizability of results to other organizations and beneficiaries

We anticipate the results from the Million Hearts Model evaluation will apply broadly to
Medicare FFS beneficiaries ages 40 to 79, if they are served by organizations that join a similar
model voluntarily and that have room for improvement in use of routine CVD risk assessment.
The results should apply broadly because many types of organizations across the country
participated in the model, as reflected in our impact estimates. However, the organizations that
voluntarily participated in the model might have been those particularly eager to implement the
model’s vision of care. At other organizations, providers might have a range of perceptions of
the value of risk scores, with some thinking risk scores are too time consuming to calculate and
are redundant with other clinical data, such as systolic blood pressure, and so of limited value
(Sposito et al. 2009). If organizations’ staff are not intrinsically motivated to follow the Million
Hearts Model’s vision of care, those organizations likely would not respond to the model’s
incentives and supports in the same way. Finally, if organizations already have universal (or
close to universal) CVD risk assessment, there would not be significant room for the model to
improve care. Although this did not appear to be the case for the model participants—as
evidenced by low absolute rates of risk assessment among the control group participants—risk
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assessment might become more common over time, especially if new functions in electronic
health records make it easier to calculate risk scores.

The subgroup impact estimates (Chapter VIII) support the idea that the model’s estimated effects
could apply to a range of beneficiaries. Specifically, the similar impact estimates for first-time
CVD events for those in higher versus lower modifiable risk subgroups suggest the model’s
benefits are not confined to only those with substantial modifiable risk. The model’s benefits
extend to those with risk factors that are closer to, even though not at, optimal levels at baseline.
Further, the similar estimated effects on CVD medications for men and women suggest the
model’s effects would generalize equally to both genders. Additional interventions might be
needed to reduce disparities in CVD preventive care between women and men.

The SVI subgroup estimates suggest the model could have modestly larger effects on CVD care
and outcomes for beneficiaries in higher vulnerability areas. The estimated effects on the use of
CVD medications were somewhat larger for beneficiaries living in higher vulnerability areas,
likely because the model’s emphasis on universal risk assessment helped to raise providers’
awareness of CVD risk they might otherwise have overlooked. For example, high-risk
beneficiaries living in more vulnerable areas tended to be younger, which might have contributed
to a misperception (Morieri et al. 2022)—before the model began—of lower CVD risk.

It is unclear whether the model’s effects would generalize to other patient populations, including
those who are younger or who receive less routine care, those who are older and have higher
absolute risk of heart attacks and strokes due to age, or those with a substantially different racial
or ethnic composition than the enrolled population. Patients who lack a usual source of care tend
to have the highest modifiable risk factors, such as high blood pressure (Muntner et al. 2020), so
a model like the Million Hearts Model could be particularly effective for this group. However, in
interviews, model providers said they largely carried out model activities through routine visits
with patients. That is, providers enrolled eligible beneficiaries when they came into the office
and relied on regular office visits as a primary mechanism for following up with beneficiaries to
assess and encourage progress on risk reduction plans. As a result, it is unclear whether the
model could have similar effects for patients—regardless of payer—not already visiting the
office regularly.

D. Contribution to literature on CVD preventive care and value-based care

1. CVD preventive care

The study’s findings provide support for clinical guidelines for CVD prevention that recommend
providers assess their patients” CVD risk and use those risk scores to guide care and treatment
plans for individual patients (Arnett et al. 2019). The guidelines include this recommendation but
note the evidence to support routine risk assessment is limited, mainly because trials of risk
assessment have been too small and short to assess effects on long-term health outcomes (Lloyd-
Jones et al. 2019). A 2017 meta-analysis found providing CVD risk scores to patients, clinicians,
or both can increase initiating or intensifying antihypertensive medications and statins by about 5
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percentage points and reduce systolic blood pressure level, total cholesterol level, and LDL
cholesterol level by 3 mmHg, 4 mg/dL, and 1 mg/dL, respectively—all similar effect sizes to
those we estimate among Million Hearts Model beneficiaries (Karmali et al. 2017). Further,
given the large sample sizes and long follow-up period, the Million Hearts Model demonstrates
these short-term improvements in intermediate outcomes did indeed translate, over five years,
into lower rates of first-time heart attacks and strokes, as well as lower rates of coronary heart
disease (CHD) and cerebrovascular deaths. As noted earlier, providers said risk assessment made
them more aware of their patients’ CVD risk. Further, some participating providers said the risk
scores helped cue discussions with patients about risk, helping to convince patients of the value
of treatment intensification, such as starting statins. If anything, the evaluation findings
understate the value of risk assessment since some providers in the control group assessed risk
for their patients as well—meaning that our estimates captured the effects of more consistent use
of CVD risk scores, not consistent versus no use of CVD risk scores.

2. Value-based care

Responding to high and rising medical spending and inconsistent quality of care, CMS and other
payers have experimented with ways to improve the value of medical care—including shared
savings models, paying for performance on quality measures, and other alternatives or additions
to fee-for-service care. These initiatives have had mixed effects on quality and cost outcomes,
including for cardiovascular disease (MedPAC 2022; Sukul and Eagle 2020; Husaini and Joynt
Maddox 2020).

This study contributes to the value-based care literature by demonstrating, in a rigorous
randomized trial, one model with performance-based payments that was effective in improving
long-term health outcomes without measurably affecting Medicare spending. The Million Hearts
Model has several features that, together, define a unique position in the landscape of value-
based care initiatives.

o Embed performance-based payments into a broader initiative, which includes organizations’
commitment to CVD preventive care guidelines, feedback on performance, peer-to-peer
learning, and payment both for care processes (risk assessment and care management) and
performance (risk reduction). In contrast, some value-based care initiatives have focused
primarily on paying for performance (Mendelson et al. 2017).

e Focus on upstream prevention of disease, whereas many value-based care initiatives focus on
improving care for established conditions, including CVD (Sukul and Eagle 2020).

e Focus on a single outcome, whereas some other initiatives—Ilike the national Merit-Based
Incentive Payment System—reward performance on a wide range of performance measures,
from which participants can choose (Joynt Maddox et al. 2017).
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Some designers of the Million Hearts Model emphasized its performance-based payments
(Sanghavi and Conway 2015), but these payments were a small part of the overall model. The
performance-based payments accounted for only 28 percent of total payments (Appendix A).
Most payments were instead either for risk assessment or cardiovascular care management
services in 2017 (which were not tied to performance). The model’s results reflect a test of all
model components together, including not only performance-based payments, but also
organizational commitment to CVD preventive care, payments for process, feedback, and peer-
to-peer learning. It is unlikely a future test would succeed similarly solely by paying for
measured risk reduction.

E. Conclusion

In this large, randomized trial, the Million Hearts Model improved CVD preventive care and
reduced first-time heart attacks and strokes, even in a population already receiving considerable
CVD care at baseline. The model did not measurably affect Medicare FFS spending. As a result,
this model is a promising approach for CMS and other payers or health systems seeking to
improve health outcomes for CVD, the leading cause of premature death and disability in the
United States and worldwide (Sidney et al. 2019; World Health Organization 2020).
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This appendix provides additional context about the model payments introduced in Chapter I. To
understand the amounts the Centers for Medicare & Medicaid Services (CMS) paid
organizations over the course of the model, we analyzed organization-level payment data
provided by the implementation contractor.

Organizations in the intervention group could receive payments for risk stratifying eligible
Medicare beneficiaries (all model years), providing cardiovascular care management to
beneficiaries at high risk of having a heart attack or stroke (Year 1 only), and reducing risk
among beneficiaries at high risk (model Years 2 through 5). From January 2017 to December
2021, CMS paid $7.9 million to intervention organizations participating in the Million Hearts
Model (Figure A.1). Payments to intervention organizations were highest in model Year 1 and
declined over time. This trend reflects both (1) organizations dropping out the model over time
and (2) average payments to those staying in the model decreasing as payments shifted from pay
for process to pay for performance. Over the five-year model, 72 percent of the total payments to
intervention organizations ($5.7 million) was for processes (risk stratification and cardiovascular
care management) and 28 percent ($2.2 million) was for performance (risk reduction).

Figure A.1. Total model payments were highest in the first year and declined over time: Total CMS
payments to intervention organizations in each performance period
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Source: Mathematica’s analysis of payment data to all intervention organizations received from the

implementation contractor.
CMS = Centers for Medicare & Medicaid Services; PP = performance period.

We also calculated the mean payments in each performance period by payment type: risk
stratification, cardiovascular care management, and risk reduction (Figure A.2). In each period,
we limited the analysis to organizations that still participated in the model that period, as
evidenced by still uploading data to the registry. We included organizations that either had a
payment that period or could have received a payment because they submitted at least one
reassessment visit. The greatest mean payments were concentrated in Year 1 and declined over
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time as organizations enrolled fewer new beneficiaries and payments depended on reducing risk
among high-risk beneficiaries. Most organizations received some payments for reducing risk for
their high-risk beneficiaries, but these payments were generally modest. The mean risk-reduction
payment for each six-month performance period ranged from $5,086 to $1,567 across the
performance periods.

Figure A.2. Average payments to intervention organizations were concentrated in Year 1: Mean
payments over time, by payment type
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2017) 2017) 2018) 2018) 2019) 2019) 2020) 2020) 2021) 2021)
(N=162) (N=166) (N=134) (N=126) (N=99) (N=90) (N=79) (N=62) (N=57) (N=48)

Source: Mathematica’s analysis of payment data received from the implementation contractor.

Note:  The analysis calculated mean payments among organizations that had a non-zero payment or a
reassessment visit in each payment period. Cardiovascular care management payments applied during PP1
and PP2 only (although organizations might have received them during PP3) and risk-reduction payments
began in PP3.

N = number of organizations; PP = performance period.

Table A.1 shows the number of intervention organizations eligible for risk-reduction payments in
performance periods 3 through 10 (January 2018 to December 2021) and the proportion of these
organizations earning each risk-reduction payment category ($0, $5, or $10 per beneficiary per
month [PBPM]). Organizations received $10 PBPM if the mean cardiovascular disease (CVD)
risk score among the high-risk beneficiaries reported in that period was 10 or more percentage
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points lower than these beneficiaries’ CVD scores at model enrollment; $5 PBPM if the mean
risk reduction was from 2 to 10 percentage points; and $0 if the mean risk reduction was less
than 2 percentage points. For this analysis, in each period, we included organizations that
submitted at least one reassessment visit to the registry for a given six-month performance
period. The number of organizations submitting reassessment visits declined from 109 in the 3rd
performance period (the first period in which they were eligible to receive payments for risk
reduction) to 38 in the 10th performance period. In each performance period, 8 to 26 percent of
the organizations that submitted a reassessment visit met the criteria for the maximum risk-
reduction payment amount of $10 PBPM—that is, they reduced the aggregate average risk
among high-risk beneficiaries by more than 10 percentage points. The percentage of
organizations that submitted reassessment visit data but did not qualify for any risk-reduction
payments increased over time. One possible explanation for the decline in performance over time
(that is, a smaller proportion of organizations achieving higher levels of mean risk reduction) is
that CVD risk scores increase as people age. The aging of the high-risk population over the five-
year trial likely offset some of the decrease in CVD risk observed for high-risk beneficiaries
earlier in the trial.

Table A.1. The number of organizations receiving risk reduction payments declined over time:
Payments for risk reduction among organizations with a reassessment visit

Number of

Performance period organizations $0 PBPM (%) $5 PBPM (%) $10 PBPM (%)

PP3 (Jan—June 2018) 109 6 72 22

PP4 (July—Dec 2018) 94 11 64 26

PP5 (Jan—June 2019) 91 16 65 19

PP6 (July—-Dec 2019) 75 19 59 23

PP7 (Jan—June 2020) 68 22 53 25

PP8 (July—Dec 2020) 57 32 53 16

PP9 (Jan—-June 2021) 49 41 51 8

PP10 (July—Dec 2021) 38 39 45 16

Total (any period)? 124 47 81 56
Source:  Mathematica’s analysis of payment data to all intervention organizations received from the implementation

contractor.

Note: The $0, $5, and $10 PBPM risk-reduction payments correspond to less than 2 percentage point, 2-10

percentage point, and greater than 10 percentage point average risk reduction, respectively.

@ The total row reflects the number of organizations that had reassessments in any period from PP3 to PP10 (Number
of organizations column) and the number of organizations that received a risk-reduction payment in a given PBPM
category for any of the eligible periods (PBPM columns). The three PBPM columns sum to more than 100 percent in
the total row because organizations can shift categories each performance period.

PBPM = per beneficiary per month; PP = performance period
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Appendix B

Characteristics of Participating Organizations and Enrolled
Beneficiaries
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This appendix provides supplemental information about the characteristics of participating
organizations and their enrolled beneficiaries:

e Table B.1. Characteristics of (1) intervention group organizations that continued to actively
participate in the model through December 2021 by formally remaining in the model and
submitting data in that year versus (2) those that did not

e Table B.2. Characteristics of (1) beneficiaries in the Million Hearts Model intervention
group, relative to (2) the national Medicare fee-for-service (FFS) population ages 40 to 79

e Table B.3: Characteristics of (1) the beneficiaries’ intervention organization enrolled in the
model versus (2) those who appeared to be eligible in claims data but did not enroll

1. Characteristics of intervention group organizations that continued to actively
participate in the model through December 2021 versus those that did not

Based on the decline in model participation over time, Mathematica compared the characteristics
of intervention organizations that continued to actively participate in the model through
December 2021 to those that did not. Specifically, we compared (1) the 59 organizations that
formally remained in the model through the end of 2021 and submitted data to the Million Hearts
Data Registry at any time in that year; to (2) the 114 organizations that participated early in the
model (that is, enrolled at least one beneficiary in 2017 or 2018) but either formally withdrew
before the end of the model or stopped submitting data to the registry by 2021.

As shown in Table B.1, organizations that continued to actively participate in the model through
2021 were larger and more urban than those that did not. Organizations that actively participated
in 2021 enrolled more beneficiaries in the first two years of the model on average (2,273 versus
830). They also had, on average, more providers reported in the organizations’ Million Hearts
Model application (60 versus 26). Organizations that actively participated were also less likely to
be in a rural location (32 versus 53 percent), and more likely to be classified as a specialty or
multispecialty practice at application (36 versus 16 percent).

The organizations that actively participated through 2021 accounted for a disproportionate share
of total model enrollment in 2017 and 2018 and, therefore, their experiences in the model should
have a disproportionate influence on model effects. Although the organizations that stayed active
in the model through 2021 accounted for only 34 percent of the 173 organizations that
participated (by enrolling any beneficiaries in 2017 or 2018), the organizations still active in
2021 had enrolled 59 percent of beneficiaries enrolled in 2017 and 2018. This pattern occurred
because the organizations that stayed active in the model through 2021 were larger and, per
organization, enrolled almost three times as many beneficiaries as the other organizations in the
first two years of the model. Because we estimate impacts for enrolled beneficiaries, the
organizations participating through 2021 contributed about 60 percent to the overall effect
estimates.
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Table B.1. Characteristics of organizations that actively participated in the model through
December 2021 versus those that enrolled at least one beneficiary in 2017 or 2018 but stopped
actively participating by December 2021

Actively Not actively
participating in  participating
2021 in 2021

Characteristic (N = 59) (N =114) Difference
Enrollment

Number of beneficiaries enrolled in 2017 or 2018 (all risk 2,273 830 1,443.5
levels) (mean)

Size (from Million Hearts Model application)

Number of providers, mean 33.8

Number of sites, mean

Neighborhood characteristicsa

Summary SVI score, mean (1 to 100)

Location (from Million Hearts Model application)

Rural (%) -20.4
Census region (%)
Northeast 25 32 -7.0
Midwest 19 16 29
South 42 35 7.3
West -2.2
Primary care (%) -6.9
Specialty or multispecialty (%) 36 16 19.8
FQHC, RHC, or other health center (%) 12 17 -4.8
CAH or rural hospital (%) 0 4 -4.4
Acute care hospital (%) -3.7

Participating in other CMS models or programs when applied for the Million Hearts Model®

In one or more model (or application pending at random
assignment) (%)

In Medicare Shared Savings Program (%) 32 28 4.1

Sources: Organizations’ self-reported data from the Million Hearts Model application data linked to the CMS National
Plan and Provider Enumeration System.

@ We measure vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each Census tract
falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status, (2) household
composition and disability, (3) minority status and language, and (4) housing type and transportation. The score
ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.

b The evaluation obtained organization type by merging (1) the NPI from participating organizations, which they
provided when they applied to the Million Hearts Model; with (2) January 2018 data from the CMS NPPES. We then
used primary taxonomy codes to categorize the organizations. “Other health centers” include Indian health and
migrant health centers.

¢ We coded organizations as not participating in other CMS models if they responded on the application that they did
not know.

CAH = critical access hospital; CDC = Centers for Disease Control and Prevention; CMS = Centers for Medicare &
Medicaid Services; FQHC = federally qualified health center; NPl = National Provider Identifier; NPPES = National
Plan and Provider Enumeration System; RHC = rural health center; SVI = Social Vulnerability Index.
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2. Characteristics of the Million Hearts Model intervention group and the national
Medicare FFS population ages 40 to 79

To understand how well the Million Hearts Model population reflected the broader population
that could have participated, we compared the model intervention group to the national Medicare
FFS population of the same age (ages 40 to 79). These results could have implications for the
generalizability of our evaluation findings beyond the study population. They also show how
equitably the model reached Medicare FFS beneficiaries—that is, the extent to which the model
over- or underrepresented certain demographic groups.

As shown in Table B.2, beneficiaries in Million Hearts Model intervention group were mostly
similar to the national Medicare FFS beneficiaries ages 40 to 79. However, the enrolled
beneficiaries in 2017 and 2018 were more likely to be White than the national average (83 versus
79 percent) and were more affluent, with lower Social Vulnerability Index (SVI) summary
scores, on average. That is, they resided in Census tracts with slightly lower average social
vulnerability. The analytic population (high- or medium-risk beneficiaries only) differed slightly
from all enrolled beneficiaries in expected ways: being older on average with a higher proportion
male. These demographic characteristics are strong predictors of higher cardiovascular disease
risk.

Table B.2. Characteristics of the Million Hearts Model intervention group and the national
Medicare FFS population ages 40 to 79

Million Hearts Model intervention group

All enrolled Enrolled
beneficiaries, 2017-  beneficiaries 2017—- Medicare FFS
2018, with any risk 2018, with high or beneficiaries ages
level, % medium risk only, % 40t0 79,2 %

Subgroup N = 228,713 N =130,578 N = 21,349,183
Demographics
Age, mean 69 72 68
Female, % 56 42 54
Race and ethnicity, %"
White, non-Hispanic 83 84 79
Black, non-Hispanic 8 7 9
Hispanic 5 4 6
All other races and ethnicities 4 4 6

Neighborhood characteristics®

Summary SVI score, mean (1 to 100) 42.7 42.3 46.9
1: CT, ME, MA, NH, RI, and VT 4 3 6
2:NY, NJ 15 15 8
3: DC, DE, MD, PA, VA, and WV 20 21 11
4: AL, FL, GA, KY, MS, NC, SC, and TN 23 23 22
5:IL, IN, MI, MN, OH, and WI 9 8 16
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Million Hearts Model intervention group

All enrolled Enrolled
beneficiaries, 2017—  beneficiaries 2017—- Medicare FFS
2018, with any risk 2018, with high or beneficiaries ages
level, % medium risk only, % 40 t0 79,2 %
Subgroup N = 228,713 N = 130,578 N = 21,349,183
6: AR, LA, NM, OK, and TX 10 10 12
7: 1A, KS, MO, and NE 12 11 5
8: CO, MT, ND, SD, UT, and WY 1 1 3
9: AZ, CA, HI, and NV 5 6 12
10: AK, ID, OR, and WA 1 1 4
11: Missing, unknown, or out of USA <1 <1 <1

Sources: Medicare enrollment and claims data; Million Hearts Data Registry data; Centers for Disease Control and
Prevention 2016 Census-tract-level SVI file for identifying beneficiaries in socially vulnerable Census tracts;
and RAND race and ethnicity file.

Note: Characteristics of the Million Hearts Model evaluation intervention group population defined based on each
beneficiary’s enrollment date. Characteristics of the national, model-eligible Medicare FFS population
defined on January 3, 2017.

a We identified model-eligible beneficiaries as those who met the following model inclusion criteria: (1) did not have a
prior heart attack or stroke; (2) did not have ESRD; (3) were not in hospice; and (4) were observable in Medicare
claims and enrollment files during the prior year—that is, enrolled in Medicare Parts A and B FFS with Medicare as
primary payer.

b We used predicted probabilities of being in each category of race and ethnicity based on an algorithm developed by
the RAND Corporation. Most but not all beneficiaries had predicted race and ethnicity probabilities available. The
population sizes used for these analyses were N = 228,693 for the full Million Hearts Model intervention group, N =
130,569 for the high- and medium-risk intervention group, and N = 21,338,778 for the national, model-eligible
population.

¢ We measure vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each Census tract
falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status, (2) household
composition and disability, (3) minority status and language, and (4) housing type and transportation. The score
ranges from 0 to 100, with 0 reflecting the lowest and 100 reflecting the highest level of social vulnerability.

4 Region descriptions use standard abbreviations for U.S. states.

CDC = Centers for Disease Control and Prevention; ESRD = end-stage renal disease; FFS = fee-for-service; HHS =
U.S. Department of Health and Human Services; SVI = Social Vulnerability Index.

3. Characteristics of beneficiaries enrolled in the model versus those who appeared to
be eligible but did not enroll

Intervention group organizations enrolled about half of the beneficiaries who visited the
organizations in 2017 and 2018 and appeared to be eligible for the Million Hearts Model, based
on their age and clinical characteristics observed in Medicare claims data. To understand whether
the organizations were more likely to serve certain types of beneficiaries than others, we
compared the characteristics of the beneficiaries intervention group organization enrolled to
those who appeared eligible but did not enroll. We limited this analysis to attributed
beneficiaries—that is, beneficiaries who, in 2017 or 2018, visited a provider participating in the
Million Hearts Model and who met model eligibility criteria we could replicate in Medicare
claims and enrollment data.
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As shown in Table B.3, enrolled beneficiaries had more visits with the enrolling organization
than those attributed to the organization but not enrolled. Enrolled beneficiaries also appeared to
be modestly healthier than those not enrolled, with fewer chronic conditions, a lower likelihood
of being eligible for Medicare due to disability, and lower hospitalization rates and Medicare
spending in the year before a model-qualifying visit. The enrolled population was slightly older
and slightly less likely to also be enrolled in Medicaid.

Table B.3. Characteristics of enrolled beneficiaries versus beneficiaries eligible but not enrolled,

2017 to 2018

Enrolled in Not enrolled

the model in the model Standardized
Characteristic (N = 228,020) (N =206,590) Difference difference? p-value®
Demographic and Medicare enrollment characteristics
Age, mean 69 68 0.4 0.05 0.04
Non-Hispanic Black®, % 8 9 -1.1 -0.04 0.17
Dually enrolled in Medicare 14 16 -2.3 -0.06 0.04
and Medicaid, %
Originally entitled to Medicare 23 26 -3.0 -0.07 <0.01

due to disability, %

Neighborhood characteristics®

Summary SVI score, mean 43 44 -1.0 -0.04 0.57
(1 to 100)

Health and comorbid conditions

HCC score 1.05 1.19 -0.1 -0.14 <0.01
Count of chronic conditions 1.78 2.06 -0.3 -0.13 <0.01
Medical service use and spending in year before attribution

Total Medicare Parts A and B 7,447 10,314 -2,867 -0.10 <0.01
annualized expenditures ($)

Hospital admissions (# per 181 273 -92 -0.06 <0.01
1,000 beneficiaries)

Office visits with model- 2,202 1,277 925 0.32 <0.01

aligned providers® (# per
1,000 beneficiaries)

Sources: Medicare enroliment database for beneficiaries’ demographic and Medicare enroliment characteristics;
Medicare claims for health and comorbid conditions, medical service use and spending, and attribution;
Centers for Disease Control and Prevention 2016 Census-tract-level SVI file for identifying beneficiaries in
socially vulnerable Census tracts; and RAND race and ethnicity file.

Notes:  We attributed beneficiaries using the approach described in Appendix C of the Third Annual Report (Blue et
al. 2020). This attributed population is our best approximation of those eligible for the Million Hearts Model,
based on Medicare claims and enroliment data. This population is slightly smaller than the 232,781
beneficiaries enrolled by intervention group organizations in 2017 and 2018. We excluded the few enrolled
beneficiaries who (1) had enroliment visits in 2017 and 2018 validated only in the Million Hearts Data
Registry after the fifth performance period, which ended in June 2019; (2) could not be attributed for the
evaluation, due to lack of a qualifying visit with a Million Hearts Model provider in 2017 or 2018 (see
Appendix C of the Third Annual Report); or (3) did not appear eligible for the model in Medicare claims and
enrollment data.

2 The standardized difference is the difference between the means for attributed beneficiaries who were and were not
enrolled in the model, divided by the standard deviation across attributed beneficiaries.
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b p-values are based on standard errors clustered at the level of the participating organization.

¢ The percentage of beneficiaries with non-Hispanic Black race is based on beneficiaries’ predicted probabilities of
falling into that category. The predicted probabilities were developed by the RAND Corporation from its MBSIG 2.0
algorithm (Haas et al. 2019), which used information from CMS administrative data and beneficiaries’ names and
characteristics of their Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-
Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

4 We measured vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each Census
tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,

(2) household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.

¢ For this analysis, we defined Million Hearts Model-aligned providers as those included on an organization’s provider
list to CMS at the time of random assignment.

CDC = Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; HCC =
hierarchical condition category; MBSIG = Medicare Bayesian Improved Surname Geocoding; SVI = Social
Vulnerability Index.

The control organizations also enrolled about half of their attributed beneficiaries, and the
differences between those enrolled and not enrolled were similar to those found in the
intervention group (see Appendix E of the Third Annual Report). This similarity is part of the
reason the intervention and control groups are well balanced on pre-intervention characteristics
(as shown in Appendix E of this report). That is, even though the intervention and control groups
both enrolled beneficiaries who differed from their attributed beneficiaries in meaningful ways,
they did so similarly—Ieading to enrolled populations that were also similar between the
intervention and control groups.
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Qualitative Data Collection and Methods for Beneficiary Interviews
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Discussions between providers and patients about cardiovascular disease (CVD) risk are a core
component of the Million Hearts CVD Risk Reduction Model. Model providers were to engage
with high-risk beneficiaries in a shared decision-making process in which the beneficiary and
provider jointly decide on an individualized plan to reduce CVD risk. In 2021, Mathematica
interviewed beneficiaries enrolled in the model to address the following research questions:

e How did discussions with Million Hearts Model providers shape beneficiaries’ knowledge
about CVD risk scores and perceptions of their CVD risk?

e How did discussions about CVD risk with Million Hearts Model providers shaped
beneficiaries’ awareness about modifiable risk factors and engagement in behaviors that
might reduce CVD risk?

e How did beneficiaries perceive their involvement in care planning and management to reduce
CVD risk?

This appendix describes the qualitative data collection and analysis methods used for these
beneficiary interviews.

1. Identifying and recruiting beneficiaries

We identified a convenience sample of high-risk beneficiaries seen at a Million Hearts Model
organization for a reassessment visit in 2021. We contacted all 89 intervention organizations that
responded to the 2021 practice survey and had not withdrawn from the model, asking each for
contact information for five to seven high-risk beneficiaries who had a reassessment visit in
2021. Of the 89 organizations contacted, 18 provided information for a total of 104 beneficiaries.
We attempted to contact each beneficiary by phone (up to five attempts).

If a beneficiary was interested in participating, we verbally reviewed a consent form and the
beneficiary provided consent before we proceeded with the 30-minute interview. Beneficiaries
who completed an interview received a $50 check to thank them for their time. Of the 104
beneficiaries we called, 15 agreed to participate in interviews, 27 answered the phone but
declined to participate, and 62 were nonresponsive (Table C.1).
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Table C.1. Recruitment for beneficiary interviews

Count (N)

Organization outreach

Number of organizations contacted 89
Number of organizations declined or nonresponsive,* stopped outreach 71
Number of organizations that responded and provided beneficiaries’ contact 18
information

Beneficiary outreach

Received contact information from practice 104
Sent mail outreach to beneficiary 103
Initiated phone outreach 104
Interviewee nonresponsive,” stopped outreach 62
Declined participation, stopped outreach 27
Scheduled interview 15
Completed interview 15

2 An organization was determined nonresponsive after five email or phone outreach attempts.

b A beneficiary was determined nonresponsive after five phone outreach attempts.

2. Beneficiary sample

The final analytic sample included 14 beneficiaries enrolled by 10 different intervention group
organizations.'?> The model organizations at which these beneficiaries received care were in all
four U.S. Census regions (with nearly half in the South); most were primary care organizations.
The average age of beneficiaries was 77 at the time of the interview, and nearly one-third were
female. Most enrolled in the model in 2017 or 2018, and the average 10-year CVD risk score at
the time of enrollment was 39.0 percent. Compared to all high-risk beneficiaries enrolled in the
Million Hearts Model in 2017 and 2018, those we interviewed were of similar age and had a
similar geographic distribution and mean CVD risk, but were more likely to be male.

3. Interview protocol

The beneficiary interview protocol included questions on the following topics:

e Beneficiaries’ awareness of CVD risk, including if, how, and how often providers and other
staff at the Million Hearts Model organization discussed CVD risk and CVD risk scores

e Factors that helped or made it harder for beneficiaries to understand CVD risk

e Beneficiaries’ awareness of modifiable risk factors and actions taken to address those risk
factors, including discussions of treatment options and behavior changes that could reduce
CVD risk

12 We interviewed 15 beneficiaries; however, the final analytic sample included 14 beneficiaries because we dropped
one interview from the analysis because the registry data indicated the beneficiary was at low CVD risk.
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e Factors motivating beneficiaries to make changes, how often providers or staff followed up
about those changes, and any provider recommendations to reduce modifiable risk that were
not made or sustained

e Beneficiaries’ involvement in care planning and shared decision making, including whether
and how providers and staff at model organizations involved beneficiaries in decisions about
how to reduce CVD risk

e What beneficiaries liked about care planning discussions and what could be improved

Because most beneficiaries who participated in interviews first enrolled in the model in 2017 and
2018, we asked them to recall CVD risk discussions with their model providers over the past
year, or even several years ago if providers discussed risk only at model enrollment and not
during annual reassessment visits. Interviewers also asked about the relationship between the
model provider and beneficiary, including how long the beneficiary had been seeing the provider
and how frequently the beneficiary visited the provider each year.

We reviewed the interview protocol to ensure beneficiaries would understand the language and
intent of the questions. We used the Microsoft Word readability function to estimate the grade
level of the interview protocol; it measured the interview protocol to have language at an 8th-
grade reading level. We also pilot tested the protocol with the first three beneficiaries who agreed
to participate. Because those beneficiaries understood the language and did not express any
concerns with the content of the questions, we made no additional changes based on those
interviews. The RAND Institutional Review Board reviewed and approved the interview
protocol.

4. Qualitative data analysis

To facilitate the analysis of the qualitative interview data, we created a code book with codes
capturing the major topics discussed during the interviews and descriptions of when to apply
those codes. We imported the codes and the interview transcripts into NVivo, a data analysis
software. After discussing the code book as a team, each coder coded one transcript. A single
team member then reviewed all the initial coded transcripts to check for consistency. Coders
addressed any discrepancies and we updated the code book as needed. We then coded the
remaining transcripts and analyzed the text related to each code to identify common themes in
the data.
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Appendix D

Study Population for Impact Evaluation
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This appendix defines the population enrolled in the Million Hearts Model and subpopulations
Mathematica used for the impact analyses in this report. The appendix has five sections:

1. Population enrolled in the Million Hearts Model in 2017 and 2018 (Section D.1)

2. Population included in impact analyses of cardiovascular disease (CVD) events and other
long-term, claims-based outcomes (Section D.2)

3. Population included in impact analyses of Medicare Part D-related outcomes, including drug
initiation or intensification as well as adherence to antihypertensive medications and statins
(Section D.3)

4. Population used to estimate impacts on CVD risk scores and risk factors (Section D.4)

Sample sizes of each of the populations used for impact analyses reported in Chapters IV
through VIII and in Appendix H.

Appendix C in the Third Annual Report (Blue et al. 2020) defines the attributed population used
in sensitivity analyses.

1. Beneficiaries enrolled in the Million Hearts Model in 2017 and 2018

Mathematica used data from the Million Hearts Data Registry to define the primary study
population for this report. The study population includes all Medicare fee-for-service (FFS)
beneficiaries enrolled by the participating organizations during the first four performance periods
of the model (January 2017 to December 2018). Enrolled means the organization reported the
beneficiary to the Million Hearts Data Registry and the Centers for Medicare & Medicaid
Services (CMS) validated the beneficiary’s enrollment record. To enroll a beneficiary, an
organization had to upload to the registry data on when the beneficiary had a baseline visit with
the organization, and provide the demographic and clinical data needed to determine the
beneficiary’s baseline CVD risk. To validate each beneficiary’s enrollment, the CMS
implementation contractor used Medicare claims data to confirm the beneficiary (1) did indeed
have a visit with a provider from the organization near the time listed and (2) met model
eligibility criteria we could replicate in enrollment and claims data. Medicare FFS beneficiaries
met model eligibility criteria if they were ages 40 to 79, had no evidence of a prior heart attack or
stroke, had Medicare as their primary payer, did not have end-stage renal disease (ESRD), and
were not receiving hospice benefits.

The study population included 388,057 beneficiaries enrolled by 173 intervention organizations
and 172 control organizations (Figure D.1).

We further limited the population for this report to those who had complete and plausible clinical
data needed to calculate a baseline CVD risk score (see Conwell et al. [2019] for details). We
excluded beneficiaries with the following characteristics:
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e Were not observable. These beneficiaries were not enrolled in Medicare Parts A and B FFS
with Medicare as the primary payer during the month of enrollment and we could not
construct study outcomes for them.

¢ Did not meet claims-based model eligibility criteria. These beneficiaries had evidence of a
prior heart attack or stroke. CMS’s implementation contractor validated only beneficiaries
who met claims-based eligibility criteria. However, we found a very small proportion of
beneficiaries who did not meet those criteria, likely due to differences in when we and the
CMS implementation contractor pulled claims and Medicare enrollment data.

These further limitations removed 1,984 beneficiaries from the intervention group and 1,541
beneficiaries from the control group (Figure D.1).

2. Beneficiaries included in the impact analyses of CVD events and other long-term,
claims-based outcomes

Within the broader population of beneficiaries enrolled in 2017 and 2018, we limited the
population for most impact analyses to people with CVD risk scores at enrollment indicating
high or medium CVD risk. We did this because CMS expected the model to improve outcomes
for these beneficiaries, but not necessarily for beneficiaries with low CVD risk. With this
restriction, the final study population for impact analyses of most claims-based outcomes
included 218,864 beneficiaries (130,578 beneficiaries enrolled by 172 intervention organizations
and 88,286 beneficiaries enrolled by 170 control organizations). Figure D.1 shows the flow of
organizations (and their providers and beneficiaries), from random assignment and enrollment
through the final study population.
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Figure D.1. Flow of organizations, providers, and beneficiaries from enroliment through analysis
for the impact evaluation: Population used for CVD events and other long-term, claims-based outcomes
(including high- and medium-risk beneficiaries)
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- 1,596 registered at randomization
- 281 registered after
randomization
157,360 beneficiaries enrolled
in 2017 or 2018

2 organizations and 65 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
|, 69,074 beneficiaries (44 percent)
excluded
- 655 missing clinical data
- 624 not observable in claims
- 262 did not meet five claims-
based enrollment criteria 2
- 67,533 low CVD risk

Analysis: Control group
170 organizations
1,812 providers
88,286 beneficiaries
- 27,277 high CVD risk
- 61,009 medium CVD risk

Sources: Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating
organizations, and Medicare enroliment and claims data.
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Note: Beneficiaries with high CVD risk were predicted to have, at enroliment, at least a 30 percent risk of a heart

attack or stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries
and less than 15 percent for low-risk beneficiaries.

aThe criteria are FFS Medicare Parts A and B, ages 40 to 79, no prior acute myocardial infarction, no prior stroke, no
ESRD, and no hospice.

CMS = Centers for Medicare & Medicaid Services; CVD = cardiovascular disease; ESRD = end-stage renal disease;
FFS = fee-for-service.
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For the analyses of impacts on Medicare spending on heart attacks and strokes, we restricted the
study population (Figure D.1) to beneficiaries enrolled in Million Hearts on or before August 31,
2017. Among these beneficiaries we can observe spending during a one-month-long triggering
event!? with 90-days follow-up for all CVD events happening within four years of enrollment.
After applying this restriction, the study population comprised 148,127 beneficiaries: 92,104
beneficiaries enrolled by 170 intervention organizations and 56,023 beneficiaries enrolled by 160
control organizations. As shown in Figure D.2, this represents 71 percent of the intervention
beneficiaries and 63 percent of control beneficiaries included in the population used for impact
analysis of CVD events and other long-term, claims-based outcomes.

Figure D.2. Flow of organizations, providers, and beneficiaries from enroliment through analysis

for the impact evaluation: Population used for analyses of Medicare spending for heart attacks and

strokes

Intervention group for claims-
based analyses (see Figure D.1)
172 organizations
3,760 providers
130,578 beneficiaries

2 organizations and 547 providers
implicitly excluded
- No beneficiaries enrolled
before September 1, 2017
38,474 beneficiaries (29 percent) <
excluded
- Enrolled after August 31,
2017

v

Analysis: Intervention group for
impact analyses with CVD
spending over 4 years

170 organizations

3,213 providers

92,104 beneficiaries
- 29,221 high CVD risk
- 62,883 medium CVD risk

Control group for claims-based
analyses (see Figure D.1)
170 organizations
1,812 providers
88,286 beneficiaries

10 organizations and 203
providers implicitly excluded
- No beneficiaries enrolled
before September 1, 2017
32,263 beneficiaries (37 percent)
excluded
- Enrolled after August 31,
2017

A 4

Analysis: Control group for
impact analyses with CVD
spending over 4 years
160 organizations
1,609 providers
56,023 beneficiaries
- 17,581 high CVD risk
- 38,442 medium CVD risk

Sources: Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating
organizations, and Medicare enroliment and claims data.

Note:

Beneficiaries with high CVD risk were predicted to have, at enroliment, at least a 30 percent risk of a heart

attack or stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries

and less than 15 percent for low-risk beneficiaries.

CVD = cardiovascular disease.

13 Among the first-time heart attacks and strokes included in this analysis, more than 95 percent had a hospital stay

shorter than one month.
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3. Beneficiaries included in impact analyses of medication initiation and intensification
and adherence (outcome measures from Medicare Part D data)

For the analyses of impacts on medication use, we restricted the study population (Section D.2,
Figure D.1) to beneficiaries enrolled in Medicare Part D for the 12 months before enrolling in the
Million Hearts Model, enabling us to observe the beneficiaries’ medication use (based on Part D
data) for the full year before model enrollment. After applying this restriction, the study
population with Part D coverage included 149,763 beneficiaries: 89,412 beneficiaries enrolled by
170 intervention organizations and 60,351 beneficiaries enrolled by 169 control organizations.
As shown in Figure D.3, this represents about two-thirds (68 percent) of the beneficiaries
included in the population used for impact analysis of CVD events and other long-term, claims-
based outcomes.

From this population of beneficiaries with Medicare Part D coverage for the 12 months before
enrolling in the Million Hearts Model, we further restricted the population for specific
medication initiation and intensification and adherence outcomes as follows:

1. For the analyses of impacts on initiating and intensifying statin medication, we restricted the
study population to beneficiaries who, at enrollment, had low-density lipoprotein (LDL)
cholesterol levels at or above thresholds for treatment (70 md/dL). After applying this
restriction, the study population included 69,103 beneficiaries enrolled by 169 intervention
organizations and 45,807 beneficiaries enrolled by 168 control organizations, as shown in
Figure D.3.

2. For the analyses of impacts on initiating and intensifying antihypertensive medication, we
restricted the study population to beneficiaries who, at enrollment, had blood pressure levels
at or above thresholds for treatment (130 mm Hg). After applying this restriction, the study
population included 53,298 beneficiaries enrolled by 169 intervention organizations and
36,271 beneficiaries enrolled by 165 control organizations, as shown in Figure D.4.

3. For analyses of adherence to statin medications, we restricted the study population to
beneficiaries who used statin therapy of any intensity level in the 12 months before
enrollment. After applying this restriction, the study population included 90,017
beneficiaries: 53,550 beneficiaries enrolled by 168 intervention organizations and 36,420
beneficiaries enrolled by 165 control organizations, as shown in Figure D.5.

4. For analyses of adherence to antihypertensive medications, we restricted the study population
to beneficiaries who used antihypertensive medications in the 12 months before enrollment.
After applying this restriction, the study population included 69,450 beneficiaries enrolled by
169 intervention organizations and 46,607 beneficiaries enrolled by 166 control
organizations, as shown in Figure D.6.
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Figure D.3. Flow of organizations, providers, and beneficiaries from enroliment through analysis
for the impact evaluation: Population used for analyses of statin initiation and intensification

Intervention group for claims-
based analyses (see Figure D.1)
172 organizations
3,760 providers
130,578 beneficiaries

2 organizations and 164 providers
implicitly excluded
- None of the enrolled
beneficiaries met Part D
enrollment criteria
41,166 beneficiaries (32 percent)
excluded -
- 41,105 were not enrolled in
Medicare Part D for 12
months before enroliment
- 61 were not enrolled in
Medicare Part D for 1 month
after enrollment

v
Intervention group: Beneficiaries
with Part D coverage

170 organizations
3,596 providers
89,412 beneficiaries
- 28,348 high CVD risk
- 61,064 medium CVD risk

1 organization and 106 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
20,309 beneficiaries (23 percent)
excluded
- LDL <70
v
Analysis: Intervention group for
impact analyses with statin
initiation or intensification
outcomes
169 organizations
3,490 providers
69,103 beneficiaries
- 20,414 high CVD risk
- 48,689 medium CVD risk

Control group for claims-based
analyses (see Figure D.1)
170 organizations
1,812 providers
88,286 beneficiaries

1 organization and 38 providers
implicitly excluded
- None of the enrolled
beneficiaries met Part D
enrollment criteria
27,935 beneficiaries (32 percent)
— excluded
- 27,875 were not enrolled in
Medicare Part D for 12
months before enroliment
- 60 were not enrolled in
Medicare Part D for 1 month
after enrollment

Control group: Beneficiaries
with Part D coverage
169 organizations
1,774 providers
60,351 beneficiaries
- 19,061 high CVD risk
- 41,290 medium CVD risk

1 organization and 21 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
14,544 beneficiaries (24 percent)
excluded
- LDL <70

Analysis: Control group for
impact analyses with statin
initiation or intensification
outcomes
168 organizations
1,753 providers
45,807 beneficiaries
- 13,646 high CVD risk
- 32,161 medium CVD risk

Sources: Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating
organizations, and Medicare enroliment and claims data.

Note: Beneficiaries with high CVD risk were predicted to have, at enroliment, at least a 30 percent risk of a heart
attack or stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries
and less than 15 percent for low-risk beneficiaries.

CVD = cardiovascular disease; LDL = low-density lipoproteins cholesterol (mg/dL).
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Figure D.4. Flow of organizations, providers, and beneficiaries from enroliment through analysis
for the impact evaluation: Population used for analyses of antihypertensive medication initiation and

intensification

Intervention group: Beneficiaries
with Part D coverage
(see Figure D.3)
170 organizations
3,596 providers
89,412 beneficiaries

1 organization and 228 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
36,114 beneficiaries (40 percent)
excluded
- SBP <130

v
Analysis: Intervention group for
impact analyses with
antihypertensive medication
initiation or intensification
outcomes
169 organizations
3,368 providers
53,298 beneficiaries
- 20,886 high CVD risk
- 32,412 medium CVD risk

Control group: Beneficiaries
with Part D coverage
(see Figure D.3)
169 organizations
1,774 providers
60,351 beneficiaries

4 organizations and 66 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
24,080 beneficiaries (40 percent)
excluded
- SBP <130

L4
Analysis: Control group for
impact analyses with
antihypertensive medication
initiation or intensification
outcomes
165 organizations
1,708 providers
36,271 beneficiaries
- 14,119 high CVD risk
- 22,152 medium CVD risk

Sources: Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating
organizations, and Medicare enrollment and claims data.

Note: Beneficiaries with high CVD risk were predicted to have, at enrollment, at least a 30 percent risk of a heart
attack or stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries
and less than 15 percent for low-risk beneficiaries.

CVD = cardiovascular disease; SBP = systolic blood pressure (mm Hg).
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Figure D.5. Flow of organizations, providers, and beneficiaries from enroliment through analysis
for the impact evaluation: Population used for analyses of adherence to statins

Intervention group: Beneficiaries
with Part D coverage

(see Figure D.3)
170 organizations
3,596 providers
89,412 beneficiaries

2 organizations and 330 providers
implicitly excluded

- None of the enrolled
beneficiaries met criteria for
analysis

35,862 beneficiaries (40 percent)
excluded

- 1,897 were not enrolled in
FFS Medicare Parts A and B
as primary payer during the
12 months before enroliment
or before taking statins (if
used a statin)

- 33,965 did not use statin
therapy of any intensity level
in the 12 months before
enrollment®

Y

Analysis: Intervention group for
adherence to statins

168 organizations
3,266 providers
53,550 beneficiaries
- 18,705 high CVD risk
- 34,845 medium CVD risk

Control group: Beneficiaries
with Part D coverage
(see Figure D.3)
169 organizations
1,774 providers
60,351 beneficiaries

4 organizations and 89 providers
implicitly excluded

- None of the enrolled
beneficiaries met criteria for
analysis

23,931 beneficiaries (40 percent)
excluded

- 1,439 were not enrolled in
FFS Medicare Parts A and B
as primary payer during the
12 months before enroliment
or before taking statins (if
used a statin)

- 22,492 did not use statin
therapy of any intensity level
in the 12 months before
enroliment?®

Analysis: Control group for
adherence to statins
165 organizations
1,685 providers
36,420 beneficiaries
- 12,477 high CVD risk
- 23,943 medium CVD risk

Sources: Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating
organizations, and Medicare enroliment and claims data.

Note: Beneficiaries with high CVD risk were predicted to have, at enrollment, at least a 30 percent risk of a heart
attack or stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries
and less than 15 percent for low-risk beneficiaries.

a Excluding statins used only in an inpatient setting.
CVD = cardiovascular disease; FFS = fee-for-service.
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Figure D.6. Flow of organizations, providers, and beneficiaries from enroliment through analysis
for the impact evaluation: Population used for analyses of adherence to antihypertensive medication

Intervention group: Beneficiaries
with Part D coverage

(see Figure D.4)
170 organizations
3,596 providers
89,412 beneficiaries

1 organization and 169 providers
implicitly excluded

- None of the enrolled
beneficiaries met criteria for
analysis

19,962 beneficiaries (22 percent)
excluded

- 1,870 were not enrolled in
FFS Medicare Parts A and B
as primary payer during the
12 months before enrollment
or before taking
antihypertensive (if used an
antihypertensive)

- 18,092 did not use
antihypertensive medications
in the 12 months before
enroliment?

v

Analysis: Intervention group for
adherence to antihypertensive

medications
169 organizations
3,427 providers
69,450 beneficiaries
- 24,308 high CVD risk
- 45,142 medium CVD risk

Control group: Beneficiaries
with Part D coverage
(see Figure D.4)
169 organizations
1,774 providers
60,351 beneficiaries

3 organizations and 36 providers
implicitly excluded

- None of the enrolled
beneficiaries met criteria for
analysis

13,744 beneficiaries (23 percent)
excluded

- 1,423 were not enrolled in
FFS Medicare Parts A and B
as primary payer during the
12 months before enrollment
or before taking
antihypertensive (if used a
antihypertensive)

- 12,321 did not use
antihypertensive medications
in the 12 months before
enroliment?

Analysis: Control group for
adherence to antihypertensive
medications
166 organizations
1,738 providers
46,607 beneficiaries
- 16,230 high CVD risk
- 30,377 medium CVD risk

Sources: Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating
organizations, and Medicare enroliment and claims data.

Note: Beneficiaries with high CVD risk were predicted to have, at enrollment, at least a 30 percent risk of a heart
attack or stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries

and less than 15 percent for low-risk beneficiaries.

a Excluding antihypertensives used only in an inpatient setting.

CVD = cardiovascular disease; FFS = fee-for-service.
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4. Beneficiaries used for estimating impacts on CVD risk scores and risk factors

To evaluate changes in CVD risk scores and risk factors, we analyzed outcomes among high-risk
beneficiaries who had a one-year reassessment visit by the end of 2019. For this analysis, we
limited the analytic population to high-risk beneficiaries who enrolled in the Million Hearts
Model on or before October 31, 2018, because they were supposed to have a reassessment visit
10 to 14 months after enrollment, and this restriction ensured we could observe each beneficiary
for 14 months before the end of our observation window on December 31, 2018. We further
excluded beneficiaries who became ineligible for the model within 14 months of their enrollment
visit because organizations did not have to submit reassessment data for them. Model
ineligibility could be due to death, acute myocardial infarction, stroke, transient ischemic attack,
ESRD, election of the hospice care benefit, enrollment in Medicare Advantage, or because
Medicare was not the primary payer. We did incorporate flags for hospice and ESRD in our
inclusion criteria, but analysis of pre-enrollment data suggests these affected only a small
population. We restricted reassessment visits to those occurring within 22 months of enrollment
to capture one-year reassessment visits only, and excluded any reassessment visits with missing
data on variables included in the CVD risk score.

Figure D.7 shows the flow of beneficiaries from the broader sample used for impacts analyses of
CVD events and other long-term, claims-based outcomes (Figure D.1) to the population used for
estimating impacts on CVD risk scores and risk factors. After applying the restrictions described,
the study population included 28,343 high-risk beneficiaries: 18,101 high-risk beneficiaries
enrolled by 125 intervention organizations and 10,242 high-risk beneficiaries enrolled by 110
control organizations.

Mathematica® Inc.
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Figure D.7. Flow of organizations, providers, and beneficiaries from enroliment through analysis
for the impact evaluation: Population used for CVD risk score and risk factor outcomes

2 organizations and 794 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
having a reassessment visit
95,131 beneficiaries (73 percent)
excluded -+
- 90,531 had medium CVD risk @
- 785 were enrolled on or after
November 1, 2018
- 3,815 were not eligible for a
reassessment visit through 14
months after enrollment ®

45 organizations and 1,164
providers implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
17,346 beneficiaries (49 percent)
excluded
- 17,157 did not have a
reassessment visit
- 189 missing key clinical data

Sources:

Note:

Intervention group for claims-
based analyses (see Figure D.1)
172 organizations
3,760 providers
130,578 beneficiaries

v

170 organizations
2,966 providers
35,447 beneficiaries (high CVD risk)

v

Analysis: Intervention group for

impact analyses with longitudinal

CVD risk score outcomes
125 organizations
1,802 providers
18,101 beneficiaries (high CVD risk)

Control group for claims-based
analyses (see Figure D.1)
170 organizations
1,812 providers
88,286 beneficiaries

6 organizations and 211 providers
implicitly excluded
- None of the enrolled
beneficiaries met criteria for
having a reassessment visit
64,2086 beneficiaries (73 percent)
— excluded
- 61,349 had medium CVD risk @
- 349 were enrolled on or after
November 1, 2018
- 2,508 were not eligible for a
reassessment visit through 14
months after enrollment®

Y

164 organizations
1,601 providers
24,080 beneficiaries (high CVD risk)

54 organizations and 640
providers implicitly excluded
- None of the enrolled
beneficiaries met criteria for
analysis
13,838 beneficiaries (57 percent)
excluded
- 13,716 did not have a
reassessment visit
- 122 missing key clinical data

—>

Analysis: Control group for impact
analyses with longitudinal CVD
risk score outcomes

110 organizations
961 providers
10,242 beneficiaries (high CVD risk)

Mathematica’s analyses of Million Hearts’ randomization files, registry data submitted by participating organizations, and

Medicare enroliment and claims data.

Beneficiaries with high CVD risk were predicted to have, at enroliment, at least a 30 percent risk of a heart attack or
stroke in the next 10 years; the predicted risk was 15 to 30 percent for medium-risk beneficiaries and less than 15

percent for low-risk beneficiaries.

2For the 6 percent of beneficiaries with a visit recorded in the Million Hearts Data Registry before the enrollment date used for model
payment, we included only beneficiaries classified as high CVD risk at both dates. Conwell et al. (2019) described our methods for
adjusting the enrollment date used for evaluation to be the first date recorded in the registry with complete enroliment data.

b Restricts the sample to beneficiaries who remained alive; without acute myocardial infarction, stroke, or transient ischemic attack;
and enrolled in Medicare FFS as their primary payer for 14 months after enroliment in the Million Hearts Model.

CVD = cardiovascular disease; FFS = fee-for-service.
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5. Sample sizes of different impact analyses

Table D.1 presents the corresponding sample sizes of each of the impact analyses reported in
Chapters IV through VIII and in Appendix H. The intervention group for claims-based analyses
(the first row of Table H.2) is about 48 percent larger than the control group. A major reason for
this difference is that CMS allowed up to 20 providers in control organizations to enroll
beneficiaries but did not apply a similar cap for intervention organizations. As we described
above, the analyses for medication initiation and intensification included about half the
beneficiaries included in the first row, because the analyses were limited to beneficiaries enrolled
in Part D who met the inclusion criteria for the medication use outcome measures. The analysis
of impacts on Million Hearts Data Registry outcomes (CVD risk scores and risk factors) was
limited to high-risk beneficiaries for whom organizations submitted reassessment data via the
Million Hearts Data Registry.

Mathematica® Inc.
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Table D.1. Sizes of the studies population used for different impact estimates

Analysis of high- and

Analysis of high- and medium-risk Analysis of high-risk
medium-risk beneficiaries Analysis of high-risk beneficiaries
beneficiaries Number of beneficiaries beneficiaries Number of beneficiaries

Number of organizations (sum of weights?) Number of organizations (sum of weights?)
Alternative outcome measure, population, Intervention Control Intervention Control Intervention Control Intervention Control
or model specification group group group group group group group group
Analysis of claims-based outcomes with the population of 2017 and 2018 enrolled beneficiaries®
Main analysis 172 170 130,578 88,286 170 165 40,423 27,277
Followed at least three (or one or two) years 172 170 130,578 88,286 170 165 40,423 27,277
Followed at least four years 170 163 108,668 73,127 168 157 34,131 22,901
Attributed population © 172 171 434,316 292,790 172 171 434,316 292,790
(247,601) (164,668) (83,857) (53,452)
Followed at least three (or one or two) years 172 171 434,316 292,790 172 171 434,316 292,790
(247,601) (164,668) (83,857) (53,452)
Followed at least four years 169 163 355,074 239,520 169 163 355,074 239,520
(206,933) (137,199) (71,548) (45,413)
Trim sample to 20 or fewer providers per organization 170 163 74,156 73,059 168 157 24,051 22,871
Not missing modifiable risk 172 170 130,119 87,986 n.a. n.a. n.a. n.a.
Analysis of Part D outcomes with the population of 2017 and 2018 enrolled beneficiaries
Antihypertensive medication intensification or 169 165 53,298 36,271 165 160 20,886 14,119
initiation
Initiation 161 160 11,109 7,674 146 148 3,000 2,085
Intensification 168 164 42,189 28,597 163 159 17,886 12,034
Using a higher blood pressure threshold to define 167 162 28,355 19,458 163 156 13,098 8,908

potential candidates for antihypertensive
medication initiation or intensification

Not missing Social Vulnerability Index 169 165 53,280 36,261 n.a n.a n.a n.a
Statin intensification or initiation 169 168 69,103 45,807 165 162 20,414 13,646
Initiation 168 164 34,857 23,111 160 160 9,431 6,454
Intensification 167 164 34,246 22,696 159 154 10,983 7,192
Not missing Social Vulnerability Index 169 168 69,077 45,796 n.a n.a n.a n.a
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Analysis of high- and
Analysis of high- and medium-risk Analysis of high-risk
medium-risk beneficiaries Analysis of high-risk beneficiaries
beneficiaries

beneficiaries

Number of beneficiaries Number of beneficiaries

Number of organizations (sum of weights?) Number of organizations (sum of weights?)
Alternative outcome measure, population, Intervention Control Intervention Control Intervention Control Intervention Control
or model specification group group group group group group group group
Antihypertensive medication adherence 169 166 69,450 46,607 166 161 24,308 16,230
Trim sample to 20 or fewer providers per 169 166 48,128 46,513 166 161 17,311 16,199
organization
Attributed population © 172 170 183,345 123,202 172 170 183,345 123,202
(126,534) (83,431) (48,735) (30,922)
Statin adherence 168 165 53,550 36,420 162 157 18,705 12,477
Trim sample to 20 or fewer providers per 168 165 37,194 36,340 162 157 13,352 12,451
organization
Attributed population ¢ 172 169 141,468 94,542 172 169 141,468 94,542
(96,475) (63,308) (37,181) (23,484)
Any CVD medication use 170 169 89,412 60,351 166 162 28,348 19,061

(all beneficiaries with Part D coverage)

Analysis of Million Hearts Data Registry outcomes with the population of enrolled beneficiaries

Main analysis n.a. n.a. n.a. n.a. 125 110 18,101 10,242
Trim sample to 20 or fewer providers per organization n.a. n.a. n.a. n.a. 125 110 12,839 10,223
Beneficiaries who had reassessment data recorded n.a. n.a. n.a. n.a. 123 104 14,652 7,795

10 to 14 months after enrollment

CVD-event spending®
Followed at least

One or two years for events + four months to 172 170 130,578 88,286 170 165 40,423 27,277
observe 90-day spending

Three years for events + four months to observe 172 167 124,601 85,149 170 164 38,678 26,437
90-day spending

Three years and eight months for events + four 170 163 108,668 73,127 168 157 34,131 22,901

months to observe 90-day spending
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Analysis of high- and

Analysis of high- and medium-risk Analysis of high-risk
medium-risk beneficiaries Analysis of high-risk beneficiaries
beneficiaries Number of beneficiaries beneficiaries Number of beneficiaries

Number of organizations (sum of weights?) Number of organizations (sum of weights?)
Alternative outcome measure, population, Intervention Control Intervention Control Intervention Control Intervention Control
or model specification group group group group group group group group
Four years for events + four months to observe 90- 170 160 92,104 56,023 170 160 29,221 17,581
day spending
Trim sample to 20 or fewer providers per 170 160 62,601 55,957 167 153 20,479 17,551
organization
Attributed population © 169 161 303,420 199,585 169 161 303,420 199,585
(178,754) (115,700) (62,959) (39,090)
Four years for events + two months to observe 30- 170 161 101,533 65,741 168 155 32,044 20,548

day spending

Sources: Mathematica’s analysis of Million Hearts Data Registry, Medicare claims, and enrollment data.

@ The population of attributed beneficiaries includes beneficiaries of any risk level. For the sensitivity analysis, we weighted the population to reflect high- and medium-risk
beneficiaries or high-risk beneficiaries, as we described in Appendix E of the Third Annual Report (Blue et al. 2020). The sum of the weights is the effective sample size for the
analyses.

b Claims-based outcomes include CVD events, death, Medicare spending, CVD-related and all-cause hospitalizations, CVD-related and all-cause outpatient ED visits and
observation stays, and office visits.

¢ We restricted to beneficiaries who enrolled in the Million Hearts Models early enough that—should a CVD event occur during the follow-up period—we could observe all spending
during the event (including up to a month between admission and discharge should the event have yielded a long hospital stay) and for 90 days thereafter—for a total of four
additional months to observe spending after the follow-up period for the event.

CVD = cardiovascular disease; ED = emergency department; n.a. = not applicable.
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Appendix E

Baseline Characteristics
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In this appendix, Mathematica provides detailed information on baseline characteristics of the
beneficiaries in the intervention and control groups, across the four populations used for the
impact analyses in Chapters [V, V, VI, and VII. In addition, we compare baseline characteristics
of intervention and control beneficiaries within and across subgroups defined by modifiable risk,
social vulnerability, and gender included in the subgroup analyses in Chapter VIII.

Sections E.1 through E.4 contain the baseline characteristics data for the four analysis
populations in Chapters [V, V, VI, and V]I, including the following:

e Beneficiaries enrolled in 2017 and 2018 and included in analyses of cardiovascular disease
(CVD) events and other long-term outcomes based on Medicare Parts A and B claims and
Medicare enrollment data. For this population, we report baseline characteristics for both
high- and medium-risk combined and high-risk only beneficiaries (Section E.1).

e Beneficiaries enrolled in 2017 and 2018 and who had Part D coverage and were included in
analyses of Medicare Part D-related outcomes, including drug initiation or intensification as
well as adherence to statins and antihypertensive medications. For brevity, we present
baseline characteristics for a limited set of characteristics (Section E.2).

e Beneficiaries enrolled by October 31, 2018, with reassessment data by December 31, 2019,
and included in analyses of CVD risk factors and risk reduction. This population includes
high-risk beneficiaries only because the intervention group organizations did not have to
submit reassessment data for other beneficiaries they enrolled (Section E.3).

e Beneficiaries enrolled on or before August 31, 2017, and included in analyses of spending for
first-time heart attacks and strokes. For this population, we report baseline characteristics for
both high- and medium-risk combined and high-risk only beneficiaries (Section E.4).

Sections E.5 through E.7 contain the baseline characteristics for the three subgroups:

1. Beneficiaries with high modifiable risk versus those with low modifiable risk (Section E.5).
These subgroups came from the analysis population included in the analyses of CVD events
and other long-term outcomes (Section E.1), and include high- and medium-risk (modifiable
and nonmodifiable risk) beneficiaries combined.

2. Beneficiaries residing in U.S. Census tracts categorized as having low versus medium versus
high social vulnerability (Section E.6). These subgroups came from the analysis population
included in the analyses of Medicare Part D-related outcomes (Section E.2), and include
high- and medium-risk beneficiaries combined.

3. Men versus women (Section E.7). These subgroups also came from the analysis population
included in the analyses of Medicare Part D-related outcomes (Section E.2), and include
high- and medium-risk beneficiaries combined.

Mathematica® Inc.
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All baseline characteristics presented in the following sections reflect characteristics measured at
enrollment. We generally considered differences between intervention and control group
beneficiaries to be substantively important if they were either larger than 0.25 standardized
differences or larger than 0.10 standardized differences and statistically significant at the 0.05
level.

1. Baseline characteristics of the population used to estimate impacts on CVD events
and other long-term, claims-based outcomes

The high- and medium-risk beneficiaries enrolled in 2017 and 2018 were very similar at
enrollment with respect to beneficiary-level characteristics such as age, sex, CVD risk score,
recent service use, and Medicare spending (Table E.1). Within this population, beneficiaries in
the intervention and control groups enrolled in Part D were well balanced at enrollment on
medication use, including adherence. However, intervention and control group beneficiaries
differed somewhat in the types of organizations that enrolled them. In particular, compared to
those enrolled by control group organizations, high- and medium-risk beneficiaries in the
intervention group were, on average, enrolled by organizations that had more providers (126
versus 108), had more sites (25 versus 15), and were more likely to participate in or to have
applied to participate in another model when they applied to the Million Hearts Model (70 versus
55 percent). Some of the differences in the organizational characteristics of enrolled beneficiaries
are attributable to the 20-provider cap for the control organizations, which was a Centers for
Medicare & Medicaid Services (CMS) requirement. For example, because there is no cap for the
intervention group, we assume (1) the intervention group would enroll more beneficiaries overall
and (2) large organizations would enroll a larger share of those beneficiaries.

Based on U.S. Department of Health and Human Services (HHS)-defined regions (HHS n.d.),
intervention group beneficiaries were less likely than control group beneficiaries to live in
Region 5 (8 versus 17 percent).'* Intervention group beneficiaries were also less likely than
control group beneficiaries to enroll in the Million Hearts Model in the fourth quarter of their
enrollment year (12 versus 17 percent).

14 Region 5 includes Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin.
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Table E.1. Baseline characteristics of high- and medium-risk Medicare beneficiaries enrolled in
2017 and 2018: Intervention versus control group

Intervention Control group
group mean mean Standardized
Characteristic (N =130,578) (N =88,286) Difference difference® p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 27 27 0.0 0.00 0.93
[standard deviation] [10] [10]
Modifiable risk (%)° 9 9 0.1 0.01 0.75
Has diabetes (%) 39 38 0.2 0.00 0.85
Systolic blood pressure (mm Hg) 134 134 0.0 0.00 0.95
Systolic blood pressure is 130 mm Hg 60 61 -0.4 -0.01 0.80
or higher (%)
Total cholesterol (mg/dL) 174 174 0.6 0.02 0.65
HDL cholesterol (mg/dL) 50 51 -0.1 -0.01 0.82
LDL cholesterol (mg/dL) 97 96 1.1 0.03 0.33
LDL cholesterol is 70 mg/dL or 78 77 1.2 0.03 0.33
higher (%)
Is current smoker (%) 11 12 -1.4 -0.04 0.24
Beneficiary’s medication use
Uses aspirin (%) 46 43 26 0.05 0.54
Uses antihypertensives based on Part D 83 82 0.6 0.02 0.62
(%)
Proportion of days covered by 90 90 -0.2 -0.01 0.56
antihypertensives (%)®
Proportion of beneficiaries with 84 84 -0.5 -0.01 0.42
adherence to antihypertensives (%) f
Uses statins based on Part D (%)° 63 64 -0.3 -0.01 0.86
Intensity of statin use based on Part D
(%)
Low intensity 6 6 -0.1 0.00 0.84
Medium intensity 39 38 0.4 0.01
High intensity 18 19 -0.6 -0.01
Proportion of days covered by any 81 82 -0.6 -0.03 0.28
statins (%)®
Proportion of beneficiaries with 70 71 -1.1 -0.03 0.25

adherence to statins (%)% f

Beneficiary’s demographic and Medicare enroliment characteristics
72
(3]

Age 72
[standard deviation] [5]
Race and ethnicity (%)?
Non-Hispanic Black 7
Non-Hispanic White 84
Hispanic 4
All other races and ethnicities 4
Men (%) 58

85

59

1.3
-1.4
0.2
-0.1
-1.0

-0.03

0.06
-0.04
0.01
-0.01
-0.02

0.43

0.37
0.51
0.84
0.87
0.26
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Intervention Control group

group mean mean Standardized
Characteristic (N =130,578) (N =88,286) Difference difference? p-value®
Dually enrolled in Medicare and 10 10 -0.5 -0.02 0.77
Medicaid (%)
Originally entitled to Medicare because 13 14 -0.4 -0.01 0.74

of disability (%)
Beneficiary’s health and comorbid conditions

HCC score 1.16 1.17 0.0 0.00 0.89
[standard deviation] [1.00] [1.01]
Number of chronic conditions 21 21 0.0 0.00 0.91
Has chronic kidney disease (%) 25 24 0.3 0.01 0.79
Has ischemic heart disease (%) 32 34 -1.7 -0.04 0.58
Has congestive heart failure (%) 11 12 -0.7 -0.02 0.54
Has atrial fibrillation (%) 10 10 0.1 0.00 0.93
Has morbid obesity (%) 7 7 0.1 0.01 0.80
Total Medicare Parts A and B annualized 7,824 7,658 166.2 0.01 0.60
expenditures ($) [17,676] [16,743]
[standard deviation]
Hospital admissions (per 1,000 188 193 -5.0 -0.01 0.60
beneficiaries)
CVD-related hospital admissions (per 42 43 -0.7 0.00 0.90
1,000 beneficiaries)"
Outpatient ED visits or observation stays 383 372 10.6 0.01 0.57
(per 1,000 beneficiaries)
CVD-related outpatient ED visits or 29 28 1.4 0.01 0.69
observation stays (per 1,000
beneficiaries)"
Office visits (per 1,000 beneficiaries) 9,228 8,966 261.8 0.03 0.51
Office visits with model-aligned providers 2,641 2,691 -49.4 -0.02 0.85
(per 1,000 beneficiaries)
Cardiologist visits (per 1,000 1,851 1,805 459 0.01 0.82
beneficiaries)
Received echocardiogram (%) 40 39 0.8 0.02 0.80
Received electrocardiogram (%) 70 70 0.6 0.01 0.86
Received cardiac stress test (%) 26 26 -0.2 0.00 0.94
Total number of practitioners 126 108 18.4 0.07 0.71
[standard deviation] [178] [300]
Total number of service sites [standard 25 15 10.2 0.39 0.12
deviation] [26] [27]
Organization type (%)
Primary care 53 54 -0.2 0.00 0.47
Specialty or multispecialty 37 34 29 0.06
FQHC, RHC, or other health center 5 5 -0.6 -0.03
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Intervention Control group

group mean mean Standardized
Characteristic (N =130,578) (N =88,286) Difference difference?
CAH or rural hospital 1 2 -1.6 -0.14
Acute care hospital 5 5 -0.5 -0.02
Organization was participating in or had 70 55 14.3 0.30 0.13

application pending for another model at
application (%)

Organizational-level mean Medicare
spending and use'

Parts A and B spending 7,666 7,648 17.9 0.01 0.95
Hospital admissions (per 1,000 184 192 -8.5 -0.21 0.30
beneficiaries)
Outpatient ED visits (per 1,000 378 366 12.0 0.1 0.49
beneficiaries)

Characteristics of clinician enrolling the beneficiary
Provider specialty (%)

Primary care physician 58 61 -3.1 -0.06 0.68
Cardiologist 27 26 0.2 0.00 0.98
Physician with other specialty 3 1 1.8 0.13 0.14
Not a physician (for example, NP or 11 10 1.2 0.04 0.52
PA)
Rural (%) 24 26 -1.6 -0.04 0.73
HHS region (%)
1: CT, ME, MA, NH, RI, and VT 3 3 -0.3 -0.02 0.47
2:NJ, NY, PR, and VI 15 12 3.1 0.09
3: DC, DE, MD, PA, VA, and WV 21 15 6.2 0.16
4: AL, FL, GA, KY, MS, NC, SC, and 23 17 5.7 0.14
TN
5:1IL, IN, MI, MN, OH, and WI 8 17 -8.7 -0.27
6: AR, LA, NM, OK, and TX 10 8 21 0.07
7: 1A, KS, MO, and NE 11 10 0.9 0.03
8: CO, MT, ND, SD, UT, and WY 1 5 -3.7 -0.22
9: AZ, CA, HI, and NV 6 8 -2.0 -0.08
10: AK, ID, OR, and WA 1 4 -3.1 -0.18
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.5 -0.16 0.28

Medicare beneficiaries ages 65 and
older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.5 0.12 0.44
Medicare beneficiaries ages 65 and
older in 2014-2016

Age-adjusted mortality per 100,000 4,378 4,408 -30.2 -0.05 0.76
for residents ages 65 and older in

2014-2016

Per capita total Medicare Parts A and 9,944 9,847 97.6 0.07 0.66

B spending in 2016
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Intervention Control group

group mean mean Standardized
Characteristic (N =130,578) (N =88,286) Difference difference? p-value®
Hospital admissions per 1,000 278 277 1.4 0.03 0.84
Medicare FFS beneficiaries in 2016
Outpatient ED visits per 1,000 694 683 11.1 0.09 0.62
Medicare FFS beneficiaries in 2016
SVI (%)
Low vulnerability (deciles 1-4 of 42 37 5.2 0.11 0.37
summary SVI score)
Medium vulnerability (deciles 5-8 of 39 43 -3.8 -0.08
summary SVI score)
High vulnerability (deciles 9 and 10 of 19 20 -1.4 -0.04

summary SVI score)

Characteristics of beneficiary’s Million Hearts Model enroliment

Days between model launch (1/3/2017) 194 209 -15.4 -0.09 0.18
and enroliment date [178] [168]

[standard deviation]
Enrollment date is in (%)

2017 (as opposed to 2018) 83 83 0.4 0.01 0.85
First quarter of the year 40 36 4.6 0.09 0.12
Second quarter of the year 31 29 1.8 0.04 0.24
Third quarter of the year 16 18 -2.0 -0.05 0.27
Fourth quarter of the year 12 17 -4.4 -0.13 <0.01
Data submitted to the registry using bulk 50 49 0.8 0.02 0.93

upload (%)X

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk (except diabetes status); Million
Hearts Data Registry and Medicare Part D claims for beneficiaries’ medication use; Medicare enroliment
database for beneficiaries’ demographic and Medicare enrollment characteristics; RAND MBSIG 2.0 race
and ethnicity file for probabilities of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other
races and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical service
use and spending, and CVD-related procedures; the organizations’ applications to the Million Hearts Model,
linked to NPPES, for organizational characteristics; registry data linked to NPPES for clinician-level
characteristics; beneficiaries’ zip codes from the Medicare enroliment database, linked to data from the
U.S. Census Bureau and the CDC for 2016 Census-track-level summary SVI score, as well as
beneficiaries’ county codes from the Medicare enrollment database linked separately to data from the CDC
and CMS’s Medicare Geographic Variation Public Use File for regional characteristics; and Million Hearts
Data Registry for characteristics of model enrollment.

Note: For all measures, means are calculated over nonmissing values. The following chronic conditions are
defined by using the Chronic Condition Warehouse algorithms: atrial fibrillation, chronic kidney disease,
diabetes, and ischemic heart disease. The following chronic conditions are defined by using HCC
algorithms: congestive heart failure and morbid obesity. All procedures are defined by using Clinical
Classifications Software indicators. See the Second Annual Report (Peterson et al. 2019) for details on
variable construction.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
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using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI defines
the clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enroliment (n = 89,412 for the intervention group and n = 60,351 for the control group). This accounted for 68 percent
of all beneficiaries enrolled in both the intervention and control group.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment
and with medication use at baseline. For the antihypertensive adherence measure, this included n = 69,450
beneficiaries in the intervention group and n = 46,607 in the control group, accounting for 53 percent of all
beneficiaries enrolled in each group. For the statin adherence measure, this included n = 53,550 beneficiaries in the
intervention group and n = 36,420 in the control group, accounting for 41 percent of all beneficiaries enrolled in each
group.

fWe defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

9 The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

h We defined CVD-related admissions and ED visits using more than 300 CVD-related diagnosis codes
(Mathematica’s Second Annual Report, Appendix C), including those related to heart failure, hypertension, and
angina. This measure excludes heart attacks and strokes because the analytic population excludes beneficiaries who
had these events before enrolling in the Million Hearts Model.

" Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrolliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

I We measured social vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each
Census tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,
(2) household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.
We categorized beneficiaries as residing in Census tracts with low, medium, or high social vulnerability based on the
distribution of SVI scores among the Million Hearts Model enrolled population.

kK Participating organizations could upload data manually (that is, entering data for each beneficiary visit one by one,
using a web interface), or in bulk, using one of two CMS-provided tools. We show the proportion that used a bulk-
upload tool in case data quality varied by data submission mode.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CAH = critical access hospital; CDC =
Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD =
cardiovascular disease; ED = emergency department; FFS = fee-for-service; FQHC = federally qualified health
center; HCC = hierarchical condition category; HDL = high-density lipoprotein; HHS = U.S Department of Health &
Human Services; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding;
mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and
Provider Enumeration System; PA = physician assistant; RHC = rural health center; SVI = Social Vulnerability Index.
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Consistent with the combined high- and medium-risk population (Table E.1), the high-risk-only
population enrolled in 2017 and 2018 balanced well on characteristics at enrollment such as age,
sex, CVD risk score, recent service use, and Medicare spending (Table E.2). Also consistent with
the larger population, high-risk-only beneficiaries in the intervention group were, compared to
control beneficiaries, enrolled by organizations that on average had more providers (131 versus
94), had more sites (24 versus 14), and were more likely to participate in or to have applied to
participate in another model when they applied to the Million Hearts Model (68 versus 56
percent). In addition, intervention group beneficiaries were less likely to live in Region 5 (8
versus 18 percent)!®. High-risk beneficiaries in the intervention group were also less likely than
those in the control group to have enrolled during the fourth quarter of their enrollment year (12
versus 17 percent).

Table E.2. Baseline characteristics of high-risk Medicare beneficiaries enrolled in 2017 and 2018:
Intervention versus control group

Intervention  Control group

group mean mean Standardized
Characteristic (N =40,423) (N=27,277) Difference difference? p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 40 40 0.0 0.00 0.91
[standard deviation] [9] [9]
Modifiable risk (%)° 16 15 0.0 0.00 0.95
Has diabetes (%) 64 62 1.4 0.03 0.31
Systolic blood pressure (mm Hg) 140 140 0.2 0.01 0.87
Systolic blood pressure is 130 mm 74 74 -0.2 0.00 0.90
Hg or higher (%)
Total cholesterol (mg/dL) 169 169 -0.3 -0.01 0.82
HDL cholesterol (mg/dL) 47 48 -0.3 -0.02 0.63
LDL cholesterol (mg/dL) 93 92 0.5 0.01 0.67
LDL cholesterol is 70 mg/dL or 73 72 0.5 0.01 0.71
higher (%)
Is current smoker (%) 12 14 -2.0 -0.06 0.22
Beneficiary’s medication use
Uses aspirin (%) 51 49 1.6 0.03 0.69
Uses antihypertensives based on 90 89 0.9 0.03 0.20
Part D (%)?
Proportion of days covered by 91 91 -0.3 -0.02 0.43
antihypertensives (%)®
Proportion of beneficiaries with 85 86 -0.5 -0.01 0.45
adherence to antihypertensives (%) f
Uses statins based on Part D (%)¢ 69 68 0.9 0.02 0.50
Intensity of statin use based on Part D
(%)
Low intensity 7 7 0.1 0.00 0.89

15 Region 5 includes Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin.
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Intervention  Control group

group mean mean Standardized
Characteristic (N =40,423) (N=27,277) Difference difference? p-value®
Medium intensity 41 41 0.4 0.01
High intensity 21 20 0.4 0.01
Proportion of days covered by any 81 82 -0.8 -0.03 0.22
statins (%)®
Proportion of beneficiaries with 70 72 -1.6 -0.03 0.15

adherence to statins (%)&f

Beneficiary’s demographic and Medicare enrollment characteristics

Age 74 74 -0.1 -0.02 0.58
[standard deviation] [4] [4]
Race and ethnicity (%)?
Non-Hispanic Black 7 6 1.2 0.05 0.43
Non-Hispanic White 84 85 -1.3 -0.04 0.58
Hispanic 5 4 0.2 0.01 0.87
All other races and ethnicities 5 5 -0.1 -0.01 0.93
Men (%) 65 65 0.0 0.00 0.99
Dually enrolled in Medicare and 9 10 -0.7 -0.02 0.68
Medicaid (%)
Originally entitled to Medicare because 12 13 -0.8 -0.02 0.48

of disability (%)
Beneficiary’s health and comorbid conditions

HCC score 1.37 1.36 0.0 0.01 0.82
[standard deviation] [1.06] [1.06]

Number of chronic conditions 2.6 2.6 0.0 0.02 0.58
Has chronic kidney disease (%) 36 35 0.8 0.02 0.59
Has ischemic heart disease (%) 38 39 -1.2 -0.03 0.67
Has congestive heart failure (%) 13 14 -0.5 -0.01 0.66
Has atrial fibrillation (%) 11 11 0.3 0.01 0.78
Has morbid obesity (%) 8 8 0.0 0.00 0.96
Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 8,337 8,058 279.0 0.02 0.38
annualized expenditures ($) [18,157] [16,123]

[standard deviation]

Hospital admissions (per 1,000 204 201 3.1 0.00 0.75
beneficiaries)

CVD-related hospital admissions (per 49 45 3.9 0.01 0.45
1,000 beneficiaries)"

Outpatient ED visits or observation 395 383 11.4 0.01 0.54
stays (per 1,000 beneficiaries)

CVD-related outpatient ED visits or 32 32 0.5 0.00 0.88
observation stays (per 1,000

beneficiaries)"

Office visits (per 1,000 beneficiaries) 9,856 9,517 338.6 0.04 0.39
Office visits with model-aligned 2,979 2,992 -12.9 0.00 0.97

providers (per 1,000 beneficiaries)
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Intervention  Control group

group mean mean Standardized

Characteristic (N =40,423) (N=27,277) Difference difference? p-value®
Cardiologist visits (per 1,000 2,074 2,038 35.8 0.01 0.86
beneficiaries)
Received echocardiogram (%) 44 43 0.8 0.02 0.77
Received electrocardiogram (%) 74 74 0.4 0.01 0.90
Received cardiac stress test (%) 28 29 -0.1 0.00 0.97
Total number of practitioners 131 94 37.4 0.15 0.45
[standard deviation] [204] [280]
Total number of service sites [standard 24 14 10.6 0.41 0.11
deviation] [26] [26]
Organization type (%)

Primary care 50 55 -4.5 -0.09 0.35

Specialty or multispecialty 39 32 7.5 0.16

FQHC, RHC, or other health center 5 6 -0.8 -0.04

CAH or rural hospital 1 3 -2.0 -0.16

Acute care hospital 5 5 -0.2 -0.01
Organization was participating in, or 68 56 12.2 0.25 0.20

had application pending for, another
model at application (%)
Organizational-level mean Medicare
spending and use'

Parts A and B spending 7,683 7,675 8.2 0.01 0.98
Hospital admissions (per 1,000 185 193 -8.1 -0.20 0.33
beneficiaries)
Outpatient ED visits (per 1,000 381 371 10.2 0.09 0.56
beneficiaries)

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 58 60 -2.6 -0.05 0.74
Cardiologist 27 27 -0.3 -0.01 0.97
Physician with other specialty 3 1 1.7 0.12 0.19
Not a physician (for example, NP or 11 10 1.0 0.03 0.59
PA)
Rural (%) 26 27 -1.5 -0.03 0.77
HHS region (%)
1: CT, ME, MA, NH, RI, and VT 3 3 -0.8 -0.04 0.54
2: NJ, NY, PR, and VI 15 12 25 0.07
3: DC, DE, MD, PA, VA, and WV 21 15 6.7 0.18
4: AL, FL, GA, KY, MS, NC, SC, and 24 18 54 0.13
TN
5: 1L, IN, MI, MN, OH, and WI 8 18 -9.4 -0.28
6: AR, LA, NM, OK, and TX 10 9 1.8 0.06
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Intervention  Control group

group mean mean Standardized

Characteristic (N =40,423) (N=27,277) Difference difference? p-value®

7: 1A, KS, MO, and NE 10 9 1.4 0.05

8: CO, MT, ND, SD, UT, and WY 1 4 -3.2 -0.20

9: AZ, CA, HI, and NV 6 8 -1.6 -0.06

10: AK, ID, OR, and WA 2 5 -3.0 -0.17
County-level health measures

AMI hospitalizations per 1,000 11 12 -0.8 -0.23 0.14

Medicare beneficiaries ages 65 and
older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.4 0.10 0.55
Medicare beneficiaries ages 65 and
older in 2014-2016

Age-adjusted mortality per 100,000 4,401 4,445 -43.7 -0.07 0.68
for residents ages 65 and older in
20142016
Per capita total Medicare Parts A 9,932 9,862 70.5 0.05 0.75
and B spending in 2016
Hospital admissions per 1,000 278 278 0.5 0.01 0.94
Medicare FFS beneficiaries in 2016
Outpatient ED visits per 1,000 699 687 11.2 0.09 0.63
Medicare FFS beneficiaries in 2016

SVI (%)
Low vulnerability (deciles 1-4 of 40 34 5.3 0.11 0.37
summary SVI score)
Medium vulnerability (deciles 5-8 of 40 44 -3.6 -0.07
summary SVI score)
High vulnerability (deciles 9 and 10 20 21 -1.7 -0.04

of summary SVI score)
Characteristics of beneficiary’s Million Hearts Model enroliment

Days between model launch (1/3/2017) 184 202 -17.7 -0.10 0.17
and enroliment date [176] [165]

[standard deviation]

Enrollment date is in (%)

2017 (as opposed to 2018) 84 84 0.5 0.01 0.83
First quarter of the year 43 37 5.3 0.1 0.12
Second quarter of the year 30 29 1.8 0.04 0.30
Third quarter of the year 15 17 -2.1 -0.06 0.25
Fourth quarter of the year 12 17 -5.1 -0.15 <0.01
Data submitted to the registry using 45 44 0.3 0.01 0.97

bulk upload (%)*

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk (except diabetes status); Million
Hearts Data Registry and Medicare Part D claims for beneficiaries’ medication use; Medicare enroliment
database for beneficiaries’ demographic and Medicare enrollment characteristics; RAND MBISG 2.0 race
and ethnicity file for probabilities of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other
races and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical service
use and spending, and CVD-related procedures; the organizations’ applications to the Million Hearts Model,
linked to NPPES, for organizational characteristics; registry data linked to NPPES for clinician-level
characteristics; beneficiaries’ zip codes from the Medicare enroliment database, linked to data from the
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U.S. Census Bureau and the CDC for 2016 Census-track-level summary SVI score, as well as
beneficiaries’ county codes from the Medicare enrolliment database linked separately to data from the CDC
and CMS’s Medicare Geographic Variation Public Use File for regional characteristics; and Million Hearts
Data Registry for characteristics of model enrollment.

Note: For all measures, means are calculated over nonmissing values. The following chronic conditions are
defined by using the Chronic Condition Warehouse algorithms: atrial fibrillation, chronic kidney disease,
diabetes, and ischemic heart disease. The following chronic conditions are defined by using HCC
algorithms: congestive heart failure and morbid obesity. All procedures are defined by using Clinical
Classifications Software indicators. See the Second Annual Report (Peterson et al. 2019) for details on
variable construction.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI defines
the clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment (n = 28,348 for the intervention group and n = 19,061 for the control group). This accounted for 70 percent
of all beneficiaries enrolled in the intervention group and 70 percent in the control group.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment
and with medication use at baseline. For the antihypertensive adherence measure, this included n = 24,308
beneficiaries in the intervention group and n = 16,230 in the control group, accounting for 60 percent of all
beneficiaries enrolled in each group. For analyses of statin adherence, this included n = 18,705 beneficiaries in the
intervention group and n = 12,477 in the control group, accounting for 46 percent of all beneficiaries enrolled in each
group.

fWe defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

9 The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed predicted probabilities from its MBSIG 2.0 algorithm (Haas et al. 2019),
which used information from CMS administrative data and beneficiaries’ names and characteristics of their Census
blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

h We defined CVD-related admissions and ED visits using more than 300 CVD-related diagnosis codes
(Mathematica’s Second Annual Report, Appendix C), including those related to heart failure, hypertension, and
angina. This measure excludes heart attacks and strokes because the analytic population excludes beneficiaries who
had these events before enrolling in the Million Hearts Model.

" Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrolliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

I We measured social vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each
Census tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,
(2) household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.
We categorized beneficiaries as residing in Census tracts with low, medium, or high social vulnerability based on the
distribution of SVI scores among the Million Hearts Model enrolled population.

kK Participating organizations could upload data manually (that is, entering data for each beneficiary visit one by one,
using a web interface), or in bulk, using one of two CMS-provided tools. We show the proportion that used a bulk-
upload tool in case data quality varied by data submission mode.
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ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CAH = critical access hospital; CDC =
Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD =
cardiovascular disease; ED = emergency department; FFS = fee-for-service; FQHC = federally qualified health
center; HCC = hierarchical condition category; HDL = high-density lipoprotein; HHS = U.S Department of Health &
Human Services; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding;
mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and
Provider Enumeration System; PA = physician assistant; RHC = rural health center; SVI = Social Vulnerability Index.
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2. Baseline characteristics of the population used to estimate impacts on medication
initiation and intensification and adherence (Part D-based outcomes)

This section describes baseline characteristics of beneficiaries who enrolled in the Million Hearts
Model in 2017 and 2018, were also enrolled in Medicare Part D during the year before model
enrollment and in their enrollment month, and were included in analyses of medication initiation,
intensification, and/or adherence (Chapter V). The tables in this section show additional
information about blood pressure and cholesterol status at baseline compared to Tables E.1 and
E.2 and, for brevity, fewer details on organizational and geographic characteristics, which did
not differ substantively between this population and the population described previously.

Among high- and medium-risk beneficiaries included in the analyses of initiation or
intensification of statins, the two groups were similar in terms of cholesterol levels and use of
statins at baseline (Table E.3). They also were similar with respect to characteristics such as age,
sex, CVD risk score, recent service use, and Medicare spending.

Table E.3. Baseline characteristics of high- and medium-risk Medicare beneficiaries included in
the Part D analyses of statin initiation or intensification: Intervention versus control group

Intervention  Control group

group mean mean Standardized

Characteristic (N =69,103) (N=45807) Difference difference® p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 27 27 -0.1 -0.01 0.84
[standard deviation] [10] [10]
Modifiable risk (%)° 10 10 0.0 0.00 0.96
Has diabetes (%) 35 35 0.1 0.00 0.92
SBP (mm Hg) 134 134 -0.1 -0.01 0.86
Distribution of SBP (%)

SBP < 130 mm Hg 39 38 0.7 0.01 0.67

SBP 130-139 mm Hg 28 28 -0.1 0.00 0.88

SBP 140-149 mm Hg 17 17 -0.3 -0.01 0.71

SPB = 150 mm Hg 16 16 -0.2 -0.01 0.87
Total cholesterol (mg/dL) 186 186 0.2 0.01 0.82
HDL cholesterol (mg/dL) 52 52 -0.1 -0.01 0.86
LDL cholesterol (mg/dL) 108 108 0.5 0.02 0.50
Distribution of LDL cholesterol (%)

LDL 70-99 mg/dL 47 47 -0.7 -0.01 0.50

LDL 100-129 mg/dL 33 32 0.2 0.00 0.64

LDL = 130 mg/dL 21 20 0.5 0.01 0.49
Is current smoker (%) 11 12 -1.6 -0.05 0.13
Uses aspirin (%) 42 41 1.3 0.03 0.76
Uses antihypertensives based on 80 80 0.5 0.01 0.68
Part D (%)
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Intervention  Control group

group mean mean Standardized

Characteristic (N =69,103) (N=45,807) Difference difference? p-value®
Proportion of days covered by 89 89 -0.2 -0.01 0.62
antihypertensives (%)¢
Proportion of beneficiaries with 82 83 -0.5 -0.01 0.40
adherence to antihypertensives
(%)*°
Uses statins based on Part D (%) 56 56 0.0 0.00 0.99
Intensity of statin use based on
Part D (%)

Low intensity 7 7 -0.1 0.00 0.93

Medium intensity 35 35 0.3 0.01

High intensity 15 15 -0.2 -0.01
Proportion of days covered by any 79 79 -0.7 -0.02 0.32
statins (%)4
Proportion of beneficiaries with 66 67 -1.2 -0.03 0.27

adherence to statins (%)%®

Beneficiary’s demographic and Medicare enroliment characteristics

Age 72 72 -0.1 -0.01 0.68
[standard deviation] [5] [5]
Race and ethnicity (%)f
Non-Hispanic Black 7 6 1.1 0.05 0.48
Non-Hispanic White 84 85 -1.4 -0.05 0.52
Hispanic 5 4 0.6 0.04 0.60
All other races and ethnicities 4 4 -0.3 -0.02 0.73
Men (%) 53 54 -1.0 -0.02 0.25
Dually enrolled in Medicare and 13 13 -0.8 -0.03 0.69
Medicaid (%)
Originally entitled to Medicare 14 15 -0.6 -0.02 0.65

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.15 1.15 0.0 0.00 0.92
[standard deviation] [0.99] [0.99]

Number of chronic conditions 2.0 2.0 0.0 0.01 0.86
Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 7,647 7,495 152.0 0.01 0.62
annualized expenditures ($) [16,360] [15,640]

[standard deviation]

Hospital admissions (per 1,000 177 181 -3.5 -0.01 0.70
beneficiaries)

Outpatient ED visits or observation 386 379 7.0 0.01 0.74
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries) 9,288 8,938 349.8 0.05 0.40
Office visits with model-aligned 2,674 2,699 -25.1 -0.01 0.93
providers (per 1,000 beneficiaries)

Cardiologist visits (per 1,000 1,694 1,670 23.3 0.00 0.91
beneficiaries)
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Intervention  Control group
group mean mean Standardized

Characteristic (N =69,103) (N=45,807) Difference difference? p-value®
Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending 7,629 7,638 -8.9 -0.01 0.98
Hospital admissions (per 1,000 181 191 9.7 -0.25 0.22
beneficiaries)
Outpatient ED visits (per 1,000 375 367 8.4 0.08 0.64
beneficiaries)

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 59 62 -3.0 -0.06 0.69
Cardiologist 25 25 -0.1 0.00 0.99
Physician with other specialty 3 1 1.9 0.14 0.14
Not a physician (for example, NP 12 11 1.3 0.04 0.49
or PA)
Rural (%) 24 26 -24 -0.06 0.62
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.5 -0.16 0.28

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.5 0.12 0.45
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,367 4,405 -38.6 -0.06 0.71
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 10,012 9,865 147.4 0.10 0.53
and B spending in 2016

Hospital admissions per 1,000 278 276 21 0.05 0.76
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 694 684 9.8 0.08 0.67
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and
Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the CDC and CMS’s Medicare
Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes
beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enrollment and in
the month of enroliment, and met inclusion criteria for initiation or intensification of statins (LDL equal to 70
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mg/dL or higher). This accounted for 53 percent of all beneficiaries enrolled in the intervention group in
2017 and 2018 and, similarly, 52 percent in the control group.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the antihypertensive adherence measure, this included n =
52,163 beneficiaries in the intervention group and n = 34,337 in the control group, accounting for 75 percent of all
beneficiaries enrolled in each group included in analyses of initiation and intensification of statins. For the statin
adherence measure, this included n = 36,881 beneficiaries in the intervention group and n = 24,480 in the control
group, accounting for 53 percent of all beneficiaries enrolled in each group included in analyses of initiation and
intensification of statins.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

f The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrollment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CDC = Centers for Disease Control
and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD = cardiovascular disease; ED = emergency
department; FFS = fee-for service; HCC = hierarchical condition category; HDL = high-density lipoprotein; LDL = low-
density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter;
mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and Provider Enumeration System;
PA = physician assistant; SBP = systolic blood pressure.
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Among high-risk beneficiaries included in the analyses of initiation or intensification of statins,
the two groups were similar in terms of cholesterol levels and use of statins at baseline (Table
E.4). They also were similar with respect to characteristics such as age, sex, CVD risk score,
recent service use, and Medicare spending.

Table E.4. Baseline characteristics of high-risk Medicare beneficiaries included in the Part D
analyses of statin initiation or intensification: Intervention versus control group

Intervention Control group

group mean mean Standardized
Characteristic (N =20,414) (N=13,646) Difference difference® p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 40 40 0.0 0.00 0.96
[standard deviation] [9] [9]
Modifiable risk (%)° 17 17 0.0 0.00 0.95
Has diabetes (%) 60 59 1.1 0.02 0.50
SBP (mm Hg) 141 141 0.2 0.01 0.84
Distribution of SBP (%)
SBP < 130 mm Hg 24 23 0.4 0.01 0.82
SBP 130-139 mm Hg 27 27 -0.3 -0.01 0.85
SBP 140-149 mm Hg 22 22 -0.5 -0.01 0.62
SPB = 150 mm Hg 27 27 0.4 0.01 0.86
Total cholesterol (mg/dL) 183 184 -0.6 -0.02 0.45
HDL cholesterol (mg/dL) 49 49 -0.3 -0.02 0.61
LDL cholesterol (mg/dL) 106 106 -0.1 0.00 0.85
Distribution of LDL cholesterol (%)
LDL 70-99 mg/dL 50 50 0.1 0.00 0.94
LDL 100-129 mg/dL 31 30 0.5 0.01 0.40
LDL = 130 mg/dL 19 20 -0.6 -0.02 0.41
Is current smoker (%) 12 14 -2.1 -0.06 0.13
Uses aspirin (%) 47 46 1.0 0.02 0.80
Uses antihypertensives based on 89 88 0.9 0.03 0.26
Part D (%)
Proportion of days covered by 90 90 -0.4 -0.02 0.40
antihypertensives (%)¢
Proportion of beneficiaries with 84 84 -0.7 -0.02 0.36
adherence to antihypertensives
(%)% ¢
Uses statins based on Part D (%) 61 60 1.2 0.03 0.36
Intensity of statin use based on
Part D (%)
Low intensity 7 7 0.0 0.00 0.83
Medium intensity 37 37 0.5 0.01
High intensity 17 16 0.6 0.02
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Characteristic

Proportion of days covered by any
statins (%)?

Proportion of beneficiaries with
adherence to statins (%)%®

Beneficiary’s demographic and Medicare enrollment characteristics

Age

[standard deviation]

Race and ethnicity (%)f
Non-Hispanic Black
Non-Hispanic White
Hispanic
All other races and ethnicities

Men (%)

Dually enrolled in Medicare and
Medicaid (%)

Originally entitled to Medicare
because of disability (%)

Intervention
group mean
(N =20,414)

78

65

74

(4]

83

61
12

13

Beneficiary’s health and comorbid conditions
HCC score
[standard deviation]

Number of chronic conditions

Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B
annualized expenditures ($)

[standard deviation]

Hospital admissions (per 1,000
beneficiaries)

Outpatient ED visits or observation
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries)

Office visits with model-aligned
providers (per 1,000 beneficiaries)

1.34 1.34 0.0 0.01 0.85
[1.03] [1.04]
2.5 2.5 0.0 0.02 0.62
7,979 7,901 78.3 0.00 0.82
[15,896] [16,017]
185 193 7.9 -0.01 0.45
398 393 5.1 0.00 0.83
9,789 9,343 445.9 0.06 0.29
2,985 2,977 8.0 0.00 0.98
1,867 1,911 -43.9 -0.01 0.84

Cardiologist visits (per 1,000
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending

Hospital admissions (per 1,000
beneficiaries)

Outpatient ED visits (per 1,000
beneficiaries)

7,635
182

379

Control group
mean
(N = 13,646)

79

67

74

(4]

84

(62

61
14

14

7,674
192

373

Difference

1.0
-1.4
0.7
-0.2
-0.1
-1.2

-1.1

-38.5
-9.6

5.9

Standardized
difference?

0.04
-0.04
0.04
-0.02
0.00
-0.04

-0.03

-0.02
-0.24

0.05

p-value®
0.30

0.12

0.81

0.55
0.57
0.63
0.82
0.89
0.59

0.38

0.89
0.23

0.74
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Intervention Control group
group mean mean Standardized

Characteristic (N =20,414) (N=13,646) Difference difference? p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 59 61 -2.1 -0.04 0.77
Cardiologist 25 26 -0.9 -0.02 0.91
Physician with other specialty 3 1 20 0.13 0.17
Not a physician (for example, NP 12 11 0.9 0.03 0.62
or PA)

Characteristics of beneficiary’s region

Rural (%) 26 28 -2.4 -0.05 0.67

County-level health measures
AMI hospitalizations per 1,000 11 12 -0.8 -0.23 0.12

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.4 0.10 0.56
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,394 4,443 -49.1 -0.08 0.65
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 10,006 9,904 101.6 0.07 0.66
and B spending in 2016

Hospital admissions per 1,000 279 278 1.0 0.03 0.88
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 700 691 9.1 0.07 0.71
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and
Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the CDC and CMS’s Medicare
Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes high-
risk beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enroliment and
in the month of enroliment, and met inclusion criteria for initiation or intensification of statins (LDL equal to
70 mg/dL or higher). This accounted for 51 percent of all beneficiaries enrolled in the intervention group in
2017 and 2018 and, similarly, 50 percent in the control group.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enroliment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
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using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the antihypertensive adherence measure, this included n =
17,218 beneficiaries in the intervention group and n = 11,414 in the control group, accounting for 84 percent of all
beneficiaries enrolled in each group included in analyses of initiation and intensification of statins. For the statin
adherence measure, this included n = 12,031 beneficiaries in the intervention group and n = 7,910 in the control
group, accounting for 59 percent of all beneficiaries enrolled in the intervention group and 58 percent of all
beneficiaries enrolled in the control group included in analyses of initiation and intensification of statins.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

f The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CDC = Centers for Disease Control
and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD = cardiovascular disease; ED = emergency
department; FFS = fee-for service; HCC = hierarchical condition category; HDL = high-density lipoprotein; LDL = low-
density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter;
mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and Provider Enumeration System;
PA = physician assistant; SBP = systolic blood pressure.
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Among high- and medium-risk beneficiaries included in the analyses of initiation or

intensification of antihypertensive medications, the distribution of systolic blood pressure and
rates of antihypertensive medication use were similar at enrollment between the groups (Table

E.5). Further, they were similar with respect to characteristics such as age, sex, CVD risk score,

recent service use, and Medicare spending.

Table E.5. Baseline characteristics of high- and medium-risk Medicare beneficiaries included in
the Part D analyses of initiation or intensification of antihypertensive medications: Intervention

versus control group

Characteristic

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score (%),

[standard deviation]

Modifiable risk (%)°

Has diabetes (%)

SBP (mm Hg)

Distribution of SBP (%)
SBP 130-139 mm Hg
SBP 140-149 mm Hg
SPB = 150 mm Hg

Total cholesterol (mg/dL)

HDL cholesterol (mg/dL)

LDL cholesterol (mg/dL)

Distribution of LDL cholesterol (%)
LDL < 70 mg/dL
LDL 70-99 mg/dL
LDL 100-129 mg/dL
LDL = 130 mg/dL

Is current smoker (%)

Beneficiary’s medication use
Uses aspirin (%)

Uses antihypertensives based on
Part D (%)

Proportion of days covered by
antihypertensives (%)¢

Proportion of beneficiaries with
adherence to antihypertensives
(%)% ¢

Uses statins based on Part D (%)

Intensity of statin use based on
Part D (%)

Low intensity
Medium intensity

Intervention
group mean
(N =53,298)

Control group
mean Standardized
(N=36,271) Difference difference® p-value®
29 29 0.1 0.01 0.72
(1] (1]
13 12 0.2 0.02 0.68
39 38 0.1 0.00 0.92
143 143 0.0 0.00 0.99
47 46 0.4 0.01 0.83
28 28 -0.4 -0.01 0.70
25 25 -0.1 0.00 0.97
176 176 0.5 0.01 0.75
51 52 -0.3 -0.02 0.67
98 97 1.1 0.03 0.37
21 22 -1.2 -0.03 0.34
36 36 0.1 0.00 0.81
26 26 0.6 0.01 0.42
17 17 0.5 0.01 0.57
10 12 -1.8 -0.06 0.18
45 42 3.4 0.07 0.41
83 83 0.4 0.01 0.76
89 90 -0.3 -0.01 0.48
83 84 -0.5 -0.01 0.44
62 62 0.0 0.00 0.98
6 6 -0.2 -0.01 0.50
38 37 0.5 0.01
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Intervention Control group

group mean mean Standardized
Characteristic (N =53,298) (N=36,271) Difference difference?® p-value®
High intensity 18 18 -0.3 -0.01
Proportion of days covered by any 80 81 -0.7 -0.03 0.30
statins (%)d
Proportion of beneficiaries with 68 70 -1.2 -0.03 0.27

adherence to statins (%)d, e
Beneficiary’s demographic and Medicare enrollment characteristics

Age 72 72 -0.1 -0.01 0.71
[standard deviation] [5] [5]
Race and ethnicity (%)f
Non-Hispanic Black 8 7 0.9 0.04 0.57
Non-Hispanic White 83 85 -1.1 -0.03 0.63
Hispanic 5 4 0.5 0.03 0.68
All other races and ethnicities 4 4 -0.3 -0.02 0.72
Men (%) 53 53 -0.8 -0.02 0.39
Dually enrolled in Medicare and 13 14 -1.0 -0.03 0.63
Medicaid (%)
Originally entitled to Medicare 15 16 -0.9 -0.02 0.53

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.16 1.16 0.0 0.00 0.90
[standard deviation] [0.98] [0.97]

Number of chronic conditions 21 2.0 0.0 0.01 0.71
Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 7,474 7,319 154.1 0.01 0.63
annualized expenditures ($) [15,147] [15,389]

[standard deviation]

Hospital admissions (per 1,000 175 176 -1.2 0.00 0.90
beneficiaries)

Outpatient ED visits or observation 387 382 4.5 0.00 0.83
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries) 9,284 8,888 395.6 0.05 0.32
Office visits with model-aligned 2,672 2,656 15.8 0.01 0.96
providers (per 1,000 beneficiaries)

Cardiologist visits (per 1,000 1,704 1,645 59.7 0.01 0.75
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending 7,724 7,634 90.6 0.06 0.76
Hospital admissions (per 1,000 184 192 -7.5 -0.19 0.36
beneficiaries)
Outpatient ED visits (per 1,000 380 367 12.9 0.12 0.47
beneficiaries)
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Intervention Control group
group mean mean Standardized

Characteristic (N =53,298) (N=36,271) Difference difference?® p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 57 61 -3.8 -0.08 0.63
Cardiologist 27 26 0.8 0.02 0.92
Physician with other specialty 3 1 21 0.15 0.11
Not a physician (for example, NP 11 11 0.8 0.03 0.65
or PA)

Characteristics of beneficiary’s region

Rural (%) 25 27 -2.0 -0.05 0.69

County-level health measures
AMI hospitalizations per 1,000 11 12 -0.5 -0.16 0.26

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.5 0.1 0.49
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,381 4,421 -39.6 -0.06 0.70
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 10,002 9,878 124.9 0.08 0.59
and B spending in 2016

Hospital admissions per 1,000 278 277 1.3 0.03 0.85
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 696 685 10.9 0.09 0.64
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and
Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the CDC and CMS’s Medicare
Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes
beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enrollment and in
the month of enroliment, and met inclusion criteria for initiation or intensification of antihypertensives (SPB
equal to 130 mm Hg or higher). This accounted for 41 percent of all beneficiaries enrolled in the
intervention group in 2017 and 2018 and, similarly, 41 percent in the control group.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
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using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the antihypertensive adherence measure, this included n =
41,522 beneficiaries in the intervention group and n = 28,153 in the control group, accounting for 78 percent of all
beneficiaries enrolled in each group included in analyses of initiation and intensification of antihypertensive
medications. For the statin adherence measure, this included n = 30,977 beneficiaries in the intervention group and n
= 21,181 in the control group, accounting for 58 percent of all beneficiaries enrolled in each group included in
analyses of initiation and intensification of antihypertensive medications.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

f The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CDC = Centers for Disease Control
and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD = cardiovascular disease; ED = emergency
department; FFS = fee-for service; HCC = hierarchical condition category; HDL = high-density lipoprotein; LDL = low-
density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter;
mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and Provider Enumeration System;
PA = physician assistant; SBP = systolic blood pressure.
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Among high-risk beneficiaries included in the analyses of initiation or intensification of
antihypertensive medications, the distribution of systolic blood pressure and rates of

antihypertensive medication use were similar at enrollment between the groups (Table E.6).

Further, they were similar with respect to characteristics such as age, sex, CVD risk score, recent

service use, and Medicare spending.

Table E.6. Baseline characteristics of high-risk Medicare beneficiaries included in the Part D
analyses of initiation or intensification of antihypertensive medications: Intervention versus

control group

Characteristic

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score (%),
[standard deviation]
Modifiable risk (%)°
Has diabetes (%)
SBP (mm Hg)
Distribution of SBP (%)
SBP 130-139 mm Hg
SBP 140-149 mm Hg
SPB = 150 mm Hg
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Distribution of LDL cholesterol (%)
LDL < 70 mg/dL
LDL 70-99 mg/dL
LDL 100-129 mg/dL
LDL = 130 mg/dL
Is current smoker (%)
Beneficiary’s medication use
Uses aspirin (%)

Uses antihypertensives based on
Part D (%)

Proportion of days covered by
antihypertensives (%)¢

Proportion of beneficiaries with
adherence to antihypertensives
(%)% ¢
Uses statins based on Part D (%)
Intensity of statin use based on Part
D (%)

Low intensity

Intervention Control group
group mean mean Standardized
(N =20,886) (N=14,119) Difference difference® p-value®
41 41 0.1 0.01 0.68
[0l [0
19 19 0.1 0.01 0.86
59 58 1.1 0.02 0.45
146 146 0.2 0.02 0.77
37 37 0.4 0.01 0.86
28 29 -0.8 -0.02 0.45
34 34 0.4 0.01 0.84
171 172 -0.6 -0.02 0.64
48 49 -0.4 -0.03 0.52
94 94 0.3 0.01 0.83
25 26 -0.5 -0.01 0.73
36 36 0.3 0.01 0.70
24 23 0.7 0.02 0.35
15 16 -0.5 -0.01 0.48
12 14 -2.4 -0.07 0.16
50 48 23 0.05 0.56
90 89 0.9 0.03 0.24
90 91 -0.4 -0.02 0.34
85 86 -0.7 -0.02 0.35
66 66 0.6 0.01 0.62
7 7 -0.1 0.00 0.85
40 39 0.6 0.01

Medium intensity
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Characteristic

High intensity

Proportion of days covered by any
statins (%)?

Proportion of beneficiaries with
adherence to statins (%)%®

Intervention
group mean
(N =20,886)

20
81

69

Control group
mean
(N =14,119)

20

71

Beneficiary’s demographic and Medicare enrollment characteristics

Age

[standard deviation]

Race and ethnicity (%)f
Non-Hispanic Black
Non-Hispanic White
Hispanic
All other races and ethnicities

Men (%)

Dually enrolled in Medicare and
Medicaid (%)

Originally entitled to Medicare
because of disability (%)

74
[4]

83

61
13

13

Beneficiary’s health and comorbid conditions
HCC score
[standard deviation]

Number of chronic conditions

74
[4]

85

o b

61
14

14

Difference

0.8
-1.3
0.7
-0.1
0.0
-1.0

-1.2

Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B
annualized expenditures ($)

[standard deviation]

Hospital admissions (per 1,000
beneficiaries)

Outpatient ED visits or observation
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries)

Office visits with model-aligned
providers (per 1,000 beneficiaries)

1.34 1.33 0.0 0.01 0.86
[1.02] [1.02]
2.5 2.5 0.0 0.02 0.63
7,844 7,849 47 0.00 0.99
[15,132] [15;579]
185 191 6.2 -0.01 0.55
390 391 1.1 0.00 0.96
9,818 9,375 442.6 0.06 0.28
2,942 2,906 36.0 0.01 0.91
1,898 1,935 -36.8 -0.01 0.86

Cardiologist visits (per 1,000
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending

Hospital admissions (per 1,000
beneficiaries)

Outpatient ED visits (per 1,000
beneficiaries)

7,743
185

383

7,686
193

372

56.4
-8.0

11.1

Standardized
difference?

0.00
-0.03

-0.03

-0.01

0.03
-0.04
0.04
-0.01
0.00
-0.03

-0.04

0.04
-0.19

0.10

p-value®

0.25

0.21

0.80

0.65
0.59
0.58
0.89
0.99
0.67

0.36

0.85
0.34

0.54
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Intervention Control group
group mean mean Standardized

Characteristic (N =20,886) (N=14,119) Difference difference? p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 57 60 -2.8 -0.06 0.72
Cardiologist 28 28 0.0 0.00 1.00
Physician with other specialty 3 1 22 0.15 0.12
Not a physician (for example, NP 11 10 0.6 0.02 0.77
or PA)

Characteristics of beneficiary’s region

Rural (%) 26 28 -2.1 -0.05 0.71

County-level health measures
AMI hospitalizations per 1,000 11 12 -0.8 -0.22 0.14

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.4 0.09 0.58
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,397 4,446 -48.9 -0.08 0.66
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 9,992 9,904 88.5 0.06 0.71
and B spending in 2016

Hospital admissions per 1,000 279 278 0.3 0.01 0.97
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 700 689 11.2 0.09 0.64
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and
Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the CDC and CMS’s Medicare
Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes high-
risk beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enroliment and
in the month of enroliment, and met inclusion criteria for initiation or intensification of antihypertensives
(SPB equal to 130 mm Hg or higher). This accounted for 52 percent of all beneficiaries enrolled in the
intervention group in 2017 and 2018 and, similarly, 52 percent in the control group.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
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using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the antihypertensive adherence measure, this included n =
17,833 beneficiaries in the intervention group and n = 11,971 in the control group, accounting for 85 percent of all
beneficiaries enrolled in each group included in analyses of initiation and intensification of antihypertensive
medications. For the statin adherence measure, this included n = 13,271 beneficiaries in the intervention group and
n = 8,931 in the control group, accounting for 64 percent of beneficiaries enrolled in the intervention group and 63
percent of beneficiaries enrolled in the control group included in analyses of initiation and intensification of
antihypertensive medications.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

fThe distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBISG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrollment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CMS = Centers for Medicare &
Medicaid Services; CVD = cardiovascular disease; ED = emergency department; FFS = fee-for service; HCC =
hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare
Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP =
nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA = physician assistant; SBP =
systolic blood pressure.
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Among high- and medium-risk beneficiaries included in analyses of adherence to statins, the

intervention and control groups were well balanced on cholesterol- and statin-related measures,
including mean values of total cholesterol, high-density lipoprotein (HDL) cholesterol, and low-
density lipoprotein (LDL) cholesterol, the distribution of LDL, intensity of statin use at
enrollment, the proportion of days covered by statins, and the proportion of beneficiaries
adherent to statins (Table E.7). They were also similar with respect to characteristics such as age,
sex, CVD risk score, recent service use, and Medicare spending.

Table E.7. Baseline characteristics of high- and medium-risk Medicare beneficiaries included in
the Part D analyses of adherence to statins: Intervention versus control group

Characteristic

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score (%),
[standard deviation]
Modifiable risk (%)°
Has diabetes (%)
SBP (mm Hg)
Distribution of SBP (%)
SBP < 130 mm Hg
SBP 130-139 mm Hg
SBP 140-149 mm Hg
SPB = 150 mm Hg
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Distribution of LDL cholesterol (%)
LDL < 70 mg/dL
LDL 70-99 mg/dL
LDL 100-129 mg/dL
LDL = 130 mg/dL
Is current smoker (%)
Beneficiary’s medication use

Uses aspirin (%)

Uses antihypertensives based on
Part D (%)

Proportion of days covered by
antihypertensives (%)¢

Proportion of beneficiaries with
adherence to antihypertensives
(%)

Uses statins based on Part D (%)

Intensity of statin use based on
Part D (%)

Intervention
group mean
(N =53,550)

Control group
mean Standardized
(N =36,420) Difference difference® p-value®

28 28 0.2 0.02 0.58

[11] [11]
8 8 0.1 0.01 0.75
47 47 0.5 0.01 0.64
133 133 0.0 0.00 0.96
42 42 0.3 0.01 0.84
28 28 0.1 0.00 0.88
16 17 -0.5 -0.01 0.56
14 14 0.1 0.00 0.95
163 162 0.8 0.02 0.47
50 50 0.0 0.00 0.94
86 85 1.3 0.04 0.20
31 33 -1.7 -0.04 0.22
42 42 0.5 0.01 0.45
18 18 0.9 0.02 0.21
9 8 0.3 0.01 0.55
10 12 -1.9 -0.06 0.12
53 49 3.6 0.07 0.45
89 88 0.6 0.02 0.44
91 92 -0.2 -0.01 0.43
86 87 -0.6 -0.02 0.24
99 99 0.1 0.01 0.54
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Intervention Control group

group mean mean

Characteristic (N =53,550) (N = 36,420)
Low intensity 10 10
Medium intensity 60 59
High intensity 28 29

Proportion of days covered by any 81 82

statins (%)?

Proportion of beneficiaries with 70 71

adherence to statins (%)% ¢

Beneficiary’s demographic and Medicare enrollment characteristics

Age 72
[standard deviation] [5]
Race and ethnicity (%)f
Non-Hispanic Black 7
Non-Hispanic White 85
Hispanic 5
All other races and ethnicities 4
Men (%) 57
Dually enrolled in Medicare and 12
Medicaid (%)
Originally entitled to Medicare 15

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.29
[standard deviation] [1.06]
Number of chronic conditions 2.4

72
5]

86

58
13

15

Difference
0.0
0.9
-0.9
-0.6

-1.1

1.2
-1.5
0.6
-0.2
-1.0
-1.0

Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 8,431
annualized expenditures ($) [16,570]
[standard deviation]

Hospital admissions (per 1,000 198
beneficiaries)

Outpatient ED visits or observation 389
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries) 10,041
Office visits with model-aligned 2,842
providers (per 1,000 beneficiaries)

Cardiologist visits (per 1,000 2,156
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending 7,828
Hospital admissions (per 1,000 185
beneficiaries)
Outpatient ED visits (per 1,000 377
beneficiaries)

7,793
196

367

34.8
-10.3

10.3

Standardized
difference?

0.00
0.02
-0.02
-0.03

-0.03

-0.02

0.05
-0.05
0.03
-0.02
-0.02
-0.03

-0.02

0.02
-0.25

0.10

p-value®
0.75

0.28

0.25

0.62

0.39
0.49
0.61
0.78
0.43
0.64

0.66

1.30 0.0 -0.01 0.74
[1.06]
2.4 0.0 0.00 0.95
8,312 118.9 0.01 0.71
[16,055]
204 6.2 -0.01 0.53
381 8.7 0.01 0.66
9,752 289.4 0.04 0.48
2,875 -32.9 -0.01 0.91
2,115 413 0.01 0.85

0.91
0.24

0.57
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Intervention Control group
group mean mean Standardized

Characteristic (N =53,550) (N =36,420) Difference difference?® p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 54 57 -2.7 -0.05 0.75
Cardiologist 31 32 -0.2 0.00 0.99
Physician with other specialty 3 1 20 0.14 0.14
Not a physician (for example, NP 10 10 0.7 0.02 0.69
or PA)
Rural (%) 23 25 -2.1 -0.05 0.64
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.5 -0.16 0.28

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.5 0.1 0.48
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,351 4,401 -50.3 -0.08 0.62
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 10,036 9,931 104.2 0.07 0.66
and B spending in 2016

Hospital admissions per 1,000 278 278 0.2 0.00 0.98
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 690 685 5.6 0.05 0.80
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and
Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the Centers for Disease Control and
Prevention and CMS’s Medicare Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes
beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enrollment and in
the month of enroliment, and met inclusion criteria for analyses of statin adherence—that is, who used
statin therapy of any intensity in the 12 months before enroliment. This accounted for 41 percent of all
beneficiaries enrolled in the intervention group in 2017 and 2018 and, similarly, 41 percent in the control
group.

@ The standardized difference is the difference between the intervention and control group means, divided by the

standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.
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¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the antihypertensive adherence measure, this included n =
47,703 beneficiaries in the intervention group and n = 32,207 in the control group, accounting for 89 percent of all
beneficiaries enrolled in the intervention group included in analyses of initiation and intensification and 88 percent in
the control group included in similar analyses.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

f The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CMS = Centers for Medicare &
Medicaid Services; CVD = cardiovascular disease; ED = emergency department; FFS = fee-for service; HCC =
hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare
Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP =
nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA = physician assistant; SBP =
systolic blood pressure.
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Among high-risk beneficiaries included in analyses of adherence to statins, the intervention and

control groups were well balanced on cholesterol- and statin-related measures, including mean

values of total cholesterol, HDL cholesterol, and LDL cholesterol, the distribution of LDL,
intensity of statin use at enrollment, the proportion of days covered by statins, and the proportion
of beneficiaries adherent to statins (Table E.8). They were also similar with respect to

characteristics such as age, sex, CVD risk score, recent service use, and Medicare spending.

Table E.8. Baseline characteristics of high-risk Medicare beneficiaries included in the Part D

analyses of adherence to statins: Intervention versus control group

Characteristic

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score (%),
[standard deviation]
Modifiable risk (%)°
Has diabetes (%)
SBP (mm Hg)
Distribution of SBP (%)
SBP <130 mm Hg
SBP 130-139 mm Hg
SBP 140-149 mm Hg
SPB = 150 mm Hg
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Distribution of LDL cholesterol (%)
LDL < 70 mg/dL
LDL 70-99 mg/dL
LDL 100-129 mg/dL
LDL = 130 mg/dL
Is current smoker (%)
Beneficiary’s medication use
Uses aspirin (%)

Uses antihypertensives based on
Part D (%)

Proportion of days covered by
antihypertensives (%)¢

Proportion of beneficiaries with
adherence to antihypertensives
(%)% ©

Uses statins based on Part D (%)

Intensity of statin use based on
Part D (%)

Low intensity

Intervention Control group
group mean mean Standardized
(N =18,705) (N=12,477) Difference difference® p-value®
40 40 0.0 0.00 0.93
[0l 9l
14 14 0.0 0.00 0.95
72 70 1.3 0.03 0.42
138 138 0.1 0.00 0.95
29 28 0.6 0.01 0.72
28 28 0.1 0.00 0.95
20 21 -0.9 -0.02 0.39
23 23 0.2 0.00 0.92
159 159 0.2 0.00 0.88
47 47 -0.3 -0.02 0.57
84 83 0.8 0.03 0.40
35 36 -0.9 -0.02 0.53
41 40 0.1 0.00 0.86
16 16 0.8 0.02 0.28
8 8 0.0 0.00 0.98
11 14 -2.6 -0.08 0.11
56 54 22 0.04 0.63
94 93 0.8 0.03 0.12
92 92 -0.2 -0.01 0.47
88 88 -0.3 -0.01 0.63
99 99 0.1 0.01 0.49
10 10 0.0 0.00 0.92
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Intervention Control group

group mean mean
Characteristic (N = 18,705) (N =12,477)
Medium intensity 59 59
High intensity 30 29
Proportion of days covered by any 81 82
statins (%)?
Proportion of beneficiaries with 70 72

adherence to statins (%)% ©

Beneficiary’s demographic and Medicare enrollment characteristics

Age 74
[standard deviation] [4]
Race and ethnicity (%)f
Non-Hispanic Black 6
Non-Hispanic White 84
Hispanic 5
All other races and ethnicities 5
Men (%) 65
Dually enrolled in Medicare and 12
Medicaid (%)
Originally entitled to Medicare 12

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.47
[standard deviation] [1.10]
Number of chronic conditions 2.9

74
[4]

86

65
13

14

Difference
-0.1
0.1
-0.8

-1.6

0.7
-1.2
0.6
-0.2
0.1
-1.6

-1.2

Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 8,808
annualized expenditures ($) [16,513]
[standard deviation]

Hospital admissions (per 1,000 208
beneficiaries)

Outpatient ED visits or observation 397
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries) 10,468
Office visits with model-aligned 3,105
providers (per 1,000 beneficiaries)

Cardiologist visits (per 1,000 2,296

beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending 7,791
Hospital admissions (per 1,000 186
beneficiaries)
Outpatient ED visits (per 1,000 380
beneficiaries)

7,803
196

370

-12.1
-10.0

9.8

Standardized
difference?

0.00
0.00
-0.03

-0.03

-0.01

0.03
-0.04
0.03
-0.01
0.00
-0.05

-0.04

-0.01
-0.24

0.09

p-value®

0.22

0.15

0.84

0.58
0.63
0.63
0.86
0.93
0.46

0.33

1.47 0.0 0.00 0.97
[1.10]
2.9 0.0 0.01 0.77
8,570 2375 0.01 0.50
[16,245]
209 0.8 0.00 0.94
386 10.9 0.01 0.62
10,092 375.2 0.05 0.37
3,126 21.2 -0.01 0.95
2,233 63.5 0.02 0.77

0.97
0.25

0.59
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Intervention Control group
group mean mean Standardized

Characteristic (N =18,705) (N=12,477) Difference difference? p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 55 57 -1.6 -0.03 0.85
Cardiologist 30 31 -1.2 -0.03 0.89
Physician with other specialty 3 1 21 0.14 0.18
Not a physician (for example, NP 10 10 0.4 0.01 0.83
or PA)
Rural (%) 25 27 -2.4 -0.05 0.64
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.7 -0.21 0.16

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.4 0.09 0.56
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,372 4,428 -55.6 -0.09 0.60
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 10,011 9,951 60.5 0.04 0.80
and B spending in 2016

Hospital admissions per 1,000 278 279 -0.2 0.00 0.98
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 696 687 8.6 0.07 0.71
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and
Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the CDC and CMS’s Medicare
Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes high-
risk beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enroliment and
in the month of enroliment, and met inclusion criteria for analyses of statin adherence—that is, who used
statin therapy of any intensity in the 12 months before enroliment. This accounted for 46 percent of all
beneficiaries enrolled in the intervention group in 2017 and 2018 and, similarly, 46 percent in the control
group.

@ The standardized difference is the difference between the intervention and control group means, divided by the

standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.
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¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the antihypertensive adherence measure, this included n =
17,627 beneficiaries in the intervention group and n = 11,666 in the control group, accounting for 94 percent of all
beneficiaries enrolled in each group included in analyses of initiation and intensification.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

fThe distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities were developed by the from its MBSIG 2.0
algorithm (Haas et al. 2019), which used information from CMS administrative data and beneficiaries’ names and
characteristics of their Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-
Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrollment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention start and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CMS = Centers for Medicare &
Medicaid Services; CVD = cardiovascular disease; ED = emergency department; FFS = fee-for service; HCC =
hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare
Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP =
nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA = physician assistant; SBP =
systolic blood pressure.
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Among high- and medium-risk beneficiaries included in the analyses of adherence to
antihypertensive medications, the distribution of systolic blood pressure and rates of
antihypertensive medication use were similar at enrollment between the groups (Table E.9). The

intervention and control groups were also well balanced on the proportion of days covered by
antihypertensives, and the proportion of beneficiaries adherent to antihypertensives. They were
also similar with respect to characteristics such as age, sex, CVD risk score, recent service use,

and Medicare spending.

Table E.9. Baseline characteristics of high- and medium-risk Medicare beneficiaries included in
the Part D analyses of adherence to antihypertensive medications: Intervention versus control

group

Characteristic

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score (%),
[standard deviation]
Modifiable risk (%)°
Has diabetes (%)
SBP (mm Hg)
Distribution of SBP (%)
SBP < 130 mm Hg
SBP 130-139 mm Hg
SBP 140-149 mm Hg
SPB = 150 mm Hg
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Distribution of LDL cholesterol (%)
LDL < 70 mg/dL
LDL 70-99 mg/dL
LDL 100-129 mg/dL
LDL = 130 mg/dL
Is current smoker (%)
Beneficiary’s medication use
Uses aspirin (%)
Uses antihypertensives based on
Part D (%)
Proportion of days covered by
antihypertensives (%)¢
Proportion of beneficiaries with
adherence to antihypertensives
(%)% ©
Uses statins based on Part D (%)

Intervention Control group
group mean mean Standardized
(N = 69,450) (N = 46,607) Difference difference® p-value®
28 28 0.0 0.00 0.93
(1] [11]
9 9 0.1 0.01 0.89
44 44 -0.3 -0.01 0.76
134 134 -0.1 -0.01 0.86
40 40 0.6 0.01 0.68
28 28 0.0 0.00 0.98
17 17 -0.4 -0.01 0.60
15 15 -0.2 -0.01 0.86
171 170 0.8 0.02 0.55
50 50 0.0 0.00 1.00
94 92 1.2 0.04 0.25
25 26 -1.4 -0.03 0.25
37 37 0.2 0.00 0.77
24 23 0.7 0.02 0.29
14 13 0.6 0.02 0.43
10 12 -1.9 -0.06 0.13
48 45 3.1 0.06 0.49
99 100 -0.1 -0.01 0.17
90 90 -0.2 -0.01 0.56
84 84 -0.5 -0.01 0.42
68 68 -0.4 -0.01 0.76
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Intervention Control group

group mean mean Standardized

Characteristic (N = 69,450) (N =46,607) Difference difference?® p-value®
Intensity of statin use based on
Part D (%)

Low intensity 7 7 0.0 0.00 0.91

Medium intensity 41 41 0.3 0.01

High intensity 20 21 -0.7 -0.02
Proportion of days covered by any 82 82 -0.7 -0.03 0.23
statins (%)d
Proportion of beneficiaries with 71 72 -1.4 -0.03 0.17

adherence to statins (%)% ©

Beneficiary’s demographic and Medicare enrollment characteristics

Age 72 72 -0.1 -0.01 0.73
[standard deviation] [5] [5]
Race and ethnicity (%)f
Non-Hispanic Black 7 6 1.1 0.05 0.47
Non-Hispanic White 84 85 -1.4 -0.04 0.55
Hispanic 4 4 0.5 0.03 0.68
All other races and ethnicities 4 4 -0.2 -0.01 0.81
Men (%) 54 55 -1.0 -0.02 0.34
Dually enrolled in Medicare and 13 14 -1.2 -0.03 0.57
Medicaid (%)
Originally entitled to Medicare 15 16 -0.8 -0.02 0.55

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.29 1.30 0.0 -0.01 0.66
[standard deviation] [1.07] [1.08]

Number of chronic conditions 2.4 24 0.0 0.00 0.91
Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 8,556 8,369 187.1 0.01 0.56
annualized expenditures ($) [16,832] [16,311]

[standard deviation]

Hospital admissions (per 1,000 205 210 -4.5 -0.01 0.64
beneficiaries)

Outpatient ED visits or observation 407 403 3.8 0.00 0.85
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries) 10,031 9,725 305.6 0.04 0.46
Office visits with model-aligned 2,875 2,914 -39.2 -0.01 0.90
providers (per 1,000 beneficiaries)

Cardiologist visits (per 1,000 2,109 2,073 35.4 0.01 0.87
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending 7,774 7,736 38.0 0.02 0.90
Hospital admissions (per 1,000 185 195 -9.6 -0.23 0.26
beneficiaries)
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Intervention Control group

group mean mean Standardized
Characteristic (N = 69,450) (N =46,607) Difference difference?® p-value®
Outpatient ED visits (per 1,000 379 368 10.8 0.10 0.54
beneficiaries)

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 55 58 -2.7 -0.05 0.75
Cardiologist 30 30 0.0 0.00 1.00
Physician with other specialty 3 1 1.8 0.13 0.14
Not a physician (for example, NP 11 10 0.9 0.03 0.62
or PA)
Rural (%) 24 26 -2.2 -0.05 0.65
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.6 -0.18 0.23

Medicare beneficiaries ages 65

and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.5 0.10 0.51
Medicare beneficiaries ages 65

and older in 2014-2016

Age-adjusted mortality per 4,374 4,423 -48.6 -0.08 0.64
100,000 for residents ages 65 and

older in 2014-2016

Per capita total Medicare Parts A 9,997 9,905 91.6 0.06 0.69
and B spending in 2016

Hospital admissions per 1,000 278 278 0.2 0.01 0.97
Medicare FFS beneficiaries in

2016

Outpatient ED visits per 1,000 694 687 6.7 0.05 0.77

Medicare FFS beneficiaries in

2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and

Note:

Medicare Part D claims for beneficiaries’ medication use; Medicare enroliment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the CDC and CMS’s Medicare
Geographic Variation Public Use File for regional characteristics.

For all measures, means are calculated over nonmissing values. The population for this table includes
beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enrollment and in
the month of enroliment, and met inclusion criteria for analyses of adherence to antihypertensives—that is,
who used antihypertensive medications in the 12 months before enroliment. This accounted for 53 percent
of all beneficiaries enrolled in the intervention group in 2017 and 2018 and, similarly, 53 percent in the
control group.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.
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b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment and with medication use at baseline. For the statin adherence measure, this included n = 47,703
beneficiaries in the intervention group and n = 32,207 in the control group, accounting for 69 percent of all
beneficiaries enrolled in the intervention group included in analyses of initiation and intensification of antihypertensive
medications and 68 percent in the control group included in similar analyses.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

fThe distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrollment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CMS = Centers for Medicare &
Medicaid Services; CVD = cardiovascular disease; ED = emergency department; FFS = fee-for service; HCC =
hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare
Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP =
nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA = physician assistant; SBP =
systolic blood pressure.
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Among high-risk beneficiaries included in the analyses of adherence to antihypertensive
medications, the distribution of systolic blood pressure and rates of antihypertensive medication
use were similar at enrollment between the groups (Table E.10). The intervention and control
groups were also well balanced on the proportion of days covered by antihypertensives, and the
proportion of beneficiaries adherent to antihypertensives. They were also similar with respect to
characteristics such as age, sex, CVD risk score, recent service use, and Medicare spending.

Table E.10. Baseline characteristics of high-risk Medicare beneficiaries included in the Part D
analyses of adherence to antihypertensive medications: Intervention versus control group

Intervention Control group

group mean mean Standardized
Characteristic (N = 24,308) (N=16,230) Difference difference® p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 40 40 -0.1 -0.01 0.74
[standard deviation] [9] [9]
Modifiable risk (%)¢ 15 15 -0.1 -0.01 0.84
Has diabetes (%) 67 66 0.7 0.02 0.64
SBP (mm Hg) 139 139 0.1 0.01 0.92
Distribution of SBP (%)
SBP < 130 mm Hg 27 26 0.4 0.01 0.81
SBP 130-139 mm Hg 28 27 0.3 0.01 0.80
SBP 140-149 mm Hg 21 22 -0.9 -0.02 0.34
SPB = 150 mm Hg 25 25 0.2 0.00 0.93
Total cholesterol (mg/dL) 167 167 -0.5 -0.01 0.71
HDL cholesterol (mg/dL) 47 48 -0.2 -0.01 0.72
LDL cholesterol (mg/dL) 91 90 0.3 0.01 0.80
Distribution of LDL cholesterol (%)
LDL < 70 mg/dL 29 29 -0.5 -0.01 0.72
LDL 70-99 mg/dL 37 37 0.4 0.01 0.56
LDL 100-129 mg/dL 21 21 0.6 0.02 0.40
LDL =130 mg/dL 12 13 -0.5 -0.02 0.45
Is current smoker (%) 11 14 -2.6 -0.08 0.1
Uses aspirin (%) 52 50 1.9 0.04 0.65
Uses antihypertensives based on 100 100 0.0 0.00 0.75
Part D (%)
Proportion of days covered by 91 91 -0.3 -0.02 0.43
antihypertensives (%)¢
Proportion of beneficiaries with 85 86 -0.5 -0.01 0.45
adherence to antihypertensives
(%)% ©
Uses statins based on Part D (%) 72 71 0.7 0.02 0.54
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Intervention
group mean

Control group

mean Standardized

Characteristic

Intensity of statin use based on
Part D (%)

Low intensity
Medium intensity
High intensity

Proportion of days covered by any
statins (%)¢

Proportion of beneficiaries with
adherence to statins (%)% ©

difference?

p-value®

(N = 24,308) (N=16,230) Difference

7 7 0.1 0.00 0.91
43 42 0.3 0.01
22 22 0.3 0.01
82 83 -0.6 -0.03 0.32
71 72 -1.4 -0.03 0.21

Age

[standard deviation]

Race and ethnicity (%)f
Non-Hispanic Black
Non-Hispanic White
Hispanic
All other races and ethnicities

Men (%)

Dually enrolled in Medicare and
Medicaid (%)

Originally entitled to Medicare
because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score
[standard deviation]
Number of chronic conditions

Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B
annualized expenditures ($)

[standard deviation]

Hospital admissions (per 1,000
beneficiaries)

Outpatient ED visits or observation
stays (per 1,000 beneficiaries)

Office visits (per 1,000 beneficiaries)

Office visits with model-aligned
providers (per 1,000 beneficiaries)

74 74 0.0 -0.01 0.84
[4] [4]
6 6 0.7 0.03 0.63
84 85 1.3 -0.04 0.60
5 4 0.6 0.04 0.62
5 5 -0.1 0.00 0.95
63 63 0.1 0.00 0.96
12 13 1.4 -0.04 0.53
13 14 1.1 -0.03 0.37
1.45 1.45 0.0 0.01 0.87
[1.10] [1.10]
2.8 2.8 0.0 0.02 0.62
8,740 8,471 269.2 0.02 0.45
[16,681] [16,262]
210 209 1.1 0.00 0.92
405 403 1.6 0.00 0.94
10,380 9,951 429.3 0.06 0.32
3,101 3,134 -33.0 -0.01 0.92
2,189 2,152 37.2 0.01 0.87

Cardiologist visits (per 1,000
beneficiaries)
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Intervention Control group
group mean mean Standardized

Characteristic (N =24,308) (N=16,230) Difference difference?® p-value®

Characteristics of organization enrolling the beneficiary

Organizational-level mean Medicare
spending and use?

Parts A and B spending 7,749 7,742 71 0.00 0.98
Hospital admissions (per 1,000 185 195 -9.5 -0.23 0.27
beneficiaries)
Outpatient ED visits (per 1,000 381 372 9.3 0.08 0.61
beneficiaries)

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 56 58 -1.9 -0.04 0.81
Cardiologist 29 29 -0.7 -0.02 0.93
Physician with other specialty 3 1 20 0.13 0.18
Not a physician (for example, NP 11 10 0.6 0.02 0.75
or PA)
Rural (%) 26 28 -2.3 -0.05 0.66
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.8 -0.24 0.12

Medicare beneficiaries ages 65

and older in 2014-2016

Stroke hospitalizations per 1,000 23 23 0.4 0.09 0.59
Medicare beneficiaries ages 65

and older in 2014-2016

Age-adjusted mortality per 4,391 4,448 -56.6 -0.09 0.60
100,000 for residents ages 65 and
older in 2014-2016

Per capita total Medicare Parts A 9,986 9,908 77.9 0.05 0.74
and B spending in 2016

Hospital admissions per 1,000 279 278 0.1 0.00 0.98
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 698 689 9.1 0.07 0.70
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and

Medicare Part D claims for beneficiaries’ medication use; Medicare enrollment database for beneficiaries’
demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare
Parts A and B claims for health and comorbid conditions, medical service use, and spending; registry data
linked to NPPES for clinician-level characteristics; and beneficiaries’ zip codes from the Medicare
enrollment database, linked to data from the U.S. Census Bureau, as well as beneficiaries’ county codes
from the Medicare enrollment database linked separately to data from the Centers for Disease Control and
Prevention and CMS’s Medicare Geographic Variation Public Use File for regional characteristics.

Note: For all measures, means are calculated over nonmissing values. The population for this table includes high-

risk beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enroliment and
in the month of enroliment, and met inclusion criteria for analyses of adherence to antihypertensives—that
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is, who used antihypertensive medications in the 12 months before enrollment. This accounted for 60
percent of all beneficiaries enrolled in the intervention group in 2017 and 2018 and, similarly, 60 percent in
the control group.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enroliment and with medication use at baseline. For the statin adherence measure, this included n = 17,627
beneficiaries in the intervention group and n = 11,666 in the control group, accounting for 73 percent of all
beneficiaries enrolled in the intervention group included in analyses of initiation and intensification of antihypertensive
medications and 72 percent in the control group included in similar analyses.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

f The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organization-level means included in this table are the
variance-shrunken means for each organization.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CMS = Centers for Medicare &
Medicaid Services; CVD = cardiovascular disease; ED = emergency department; FFS = fee-for service; HCC =
hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare
Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP =
nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA = physician assistant; SBP =
systolic blood pressure.
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3. Baseline characteristics of the population used to estimate impacts on CVD risk
scores and risk factors

The intervention and control groups used for analyses of changes in CVD risk scores and risk
factors were very similar at enrollment with respect to clinical indicators of cardiovascular risk,
(Table E.11). The two groups also had very similar rates of medication use at enrollment, and
appeared balanced on characteristics such as age, sex, CVD risk score, recent service use, and
Medicare spending. Consistent with the populations and tables shown previously, intervention
and control group beneficiaries differed somewhat in the types of organizations that enrolled
them. Intervention group beneficiaries included in the CVD risk reduction analyses were,
compared to control group beneficiaries, enrolled by organizations that had more sites on
average (28 versus 17). Intervention group beneficiaries resided in counties with higher baseline
rates of all-cause outpatient emergency department (ED) visits compared to control group
beneficiaries (711 versus 676 per 1,000). Intervention group beneficiaries in this population were
also more likely than control group beneficiaries to live in HHS Region 4 (26 versus 14
percent),'® and less likely to live in Regions 5 (6 versus 18 percent), 8 (1 versus 6 percent), and
10 (1 versus 6 percent)!”.

Table E.11. Baseline characteristics of high-risk Medicare beneficiaries included in the CVD risk
reduction analysis: Intervention versus control

Intervention Control group

group mean mean Standardized
Characteristic (N =18,101) (N =10,242) Difference difference?® p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 40 40 0.2 0.03 0.26
[standard deviation] [9] [9]
Modifiable risk (%)° 15 15 -0.2 -0.01 0.82
Has diabetes (%) 66 63 2.7 0.06 0.16
Systolic blood pressure (mm Hg) 139 139 -0.4 -0.03 0.70
Systolic blood pressure is 130 73 75 -1.7 -0.04 0.38
mm Hg or higher (%)
Total cholesterol (mg/dL) 167 169 -1.2 -0.03 0.44
HDL cholesterol (mg/dL) 47 48 -0.8 -0.06 0.28
LDL cholesterol (mg/dL) 91 91 0.2 0.01 0.88
LDL cholesterol is 70 mg/dL or 72 72 0.8 0.02 0.64
higher (%)
Is current smoker (% )¢ 12 14 -2.5 -0.08 0.20

16 Region 4 includes Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and
Tennessee.

17 Region 5 includes Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin. Region 8 includes Colorado,
Montana, North Dakota, South Dakota, Utah, and Wyoming. Region 10 includes Alaska, Idaho, Oregon, and
Washington.
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Intervention
group mean
(N=18,101)

Characteristic

Beneficiary’s medication use
Uses aspirin (%)

Uses antihypertensives based on
Part D (%)°

Proportion of days covered by
antihypertensives (%)f

Proportion of beneficiaries with
adherence to antihypertensives
(%)"9

Uses statins based on Part D (%)¢

Intensity of statin use based on
Part D¢ (%)

Low intensity

Medium intensity

High intensity
Proportion of days covered by any
statins (%)f
Proportion of beneficiaries with
adherence to statins (%)"9

Beneficiary’s demographic and Medicare enroliment characteristics

Age

[standard deviation]

Race and ethnicity (%)"
Non-Hispanic Black
Non-Hispanic White
Hispanic
All other races and ethnicities

Men (%)

Dually enrolled in Medicare and

Medicaid (%)

COriginally entitled to Medicare

because of disability (%)

51
90

91

87

70

43
21
82

72

74

[4]

85

65

1"

Beneficiary’s health and comorbid conditions

HCC score

[standard deviation]

Number of chronic conditions
Has chronic kidney disease (%)
Has ischemic heart disease (%)
Has congestive heart failure (%)
Has atrial fibrillation (%)

Has morbid obesity (%)

1.30
[0.97]
2.5

35
37
12
1"

Control group
mean
(N =10,242)

48
90

92

87

70

42
21
83
74

74
(4]

86

67

11

1.29
[0.97]
2.5

35
38
13
11

9

Difference

0.8

-0.2

1.2
-0.2
-0.8

0.0

0.7
-0.9
0.4
-0.3
-1.2
0.0

0.0

0.1
0.6
-1.2
-0.7
-0.1
0.0

Standardized
difference?

0.05
0.01

-0.01

-0.02

0.02

-0.01

0.02
-0.01
-0.03

-0.05

0.00

0.03
-0.03
0.03
-0.02
-0.03
0.00

-0.01

0.01

0.02
0.01
-0.02
-0.02
0.00
0.00

p-value®

0.60
0.69

0.61

0.54

0.66

0.58

0.32

0.11

0.94

0.72
0.76
0.75
0.76
0.34
0.99

0.78

0.75

0.58
0.77
0.76
0.61
0.96
0.99
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Intervention Control group

group mean mean Standardized

Characteristic (N=18,101) (N =10,242) Difference difference? p-value®
Beneficiary’s medical service use and spending in year before model enroliment
Total Medicare Parts A and B 7,432 7,138 294.3 0.02 0.47
annualized expenditures ($) [15,405] [14,495]
[standard deviation]
Hospital admissions (per 1,000 176 170 6.5 0.01 0.56
beneficiaries)
CVD-related hospital admissions 40 37 2.9 0.01 0.61
(per 1,000 beneficiaries)
Outpatient ED visits or observation 343 328 15.1 0.02 0.39
stays (per 1,000 beneficiaries)
CVD-related outpatient ED visits or 26 27 -1.5 -0.01 0.67
observation stays (per 1,000
beneficiaries)’
Office visits (per 1,000 beneficiaries) 9,579 9,090 488.8 0.07 0.35
Office visits with model-aligned 3,224 3,219 4.9 0.00 0.99
providers (per 1,000 beneficiaries)
Cardiologist visits (per 1,000 1,969 1,970 -1.8 0.00 0.99
beneficiaries)
Beneficiary’s CVD-related procedures in year before model enroliment
Received echocardiogram (%) 42 40 1.4 0.03 0.69
Received electrocardiogram (%) 72 72 -0.2 -0.01 0.95
Received cardiac stress test (%) 28 28 0.3 0.01 0.91
Characteristics of organization enrolling the beneficiary
Total number of practitioners 137 112 24.6 0.09 0.68
[standard deviation] [207] [315]
Total number of service sites 28 17 11.2 0.39 0.20
[standard deviation] [28] [29]
Organization type (%)

Primary care 53 59 -5.7 -0.12 0.06

Specialty or multispecialty 41 31 9.5 0.20

FQHC, RHC, or other health 4 5 -0.8 -0.04

center

CAH or rural hospital 0 1 -1.3 -0.15

Acute care hospital 3 4 -1.7 -0.09
Organization was participating in, or 69 61 7.9 0.17 0.50

had application pending for, another
model at application (%)

Organizational-level mean Medicare
spending and use’

Parts A and B spending 7,437 7,481 -44.3 -0.03 0.89
Hospital admissions (per 1,000 184 192 -8.5 -0.22 0.38
beneficiaries)
Outpatient ED visits (per 1,000 379 359 19.6 0.20 0.32
beneficiaries)
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Intervention Control group
group mean mean Standardized

Characteristic (N=18,101) (N =10,242) Difference difference? p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 63 65 -1.5 -0.03 0.87
Cardiologist 24 24 -0.6 -0.01 0.95
Physician with other specialty 2 1 1.3 0.12 0.16
Not a physician (for example, NP 11 9 1.3 0.05 0.54
or PA)
Rural (%) 28 24 3.1 0.07 0.63
HHS region (%)
1: CT, ME, MA, NH, RI, and VT 2 4 -2.5 -0.14 <0.01
2: NJ, NY, PR, and VI 13 9 3.4 0.11
3: DC, DE, MD, PA, VA, and WV 23 15 8.1 0.21
4: AL, FL, GA, KY, MS, NC, SC, 26 14 11.8 0.30
and TN
5: 1L, IN, MI, MN, OH, and WI 6 18 -11.7 -0.36
6: AR, LA, NM, OK, and TX 8 8 -0.3 -0.01
7: 1A, KS, MO, and NE 16 12 3.2 0.09
8: CO, MT, ND, SD, UT, and WY 1 6 -4.7 -0.27
9: AZ, CA, HI, and NV 5 8 -2.8 -0.11
10: AK, ID, OR, and WA 1 6 -4.6 -0.26
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.4 -0.11 0.59

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 1,000 24 23 1.1 0.23 0.25
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per 4,474 4,403 70.4 0.12 0.57
100,000 for residents ages 65
and older in 2014-2016

Per capita total Medicare Parts A 9,799 9,733 65.8 0.05 0.80
and B spending in 2016

Hospital admissions per 1,000 282 276 6.1 0.14 0.49
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 711 676 34.3 0.27 0.21
Medicare FFS beneficiaries in
2016

SVI (%)
Low vulnerability (deciles 1-4 of 41 39 21 0.04 0.45
summary SVI score)

Medium vulnerability (deciles 5-8 40 43 -3.4 -0.07
of summary SVI score)
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Intervention Control group

group mean mean Standardized
Characteristic (N=18,101) (N =10,242) Difference difference? p-value®

High vulnerability (deciles 9 and 19 18 1.3 0.03
10 of summary SVI score)

Characteristics of beneficiary’s Million Hearts Model enroliment

Days between model launch 146 162 -16.5 -0.12 0.24
(1/3/2017) and enroliment date [141] [137]

[standard deviation]
Enroliment date is in (%)

2017 (as opposed to 2018) 91 90 0.6 0.02 0.79
First quarter of the year 48 42 6.0 0.12 0.18
Second quarter of the year 31 30 0.9 0.02 0.73
Third quarter of the year 13 16 -3.8 -0.11 0.09
Fourth quarter of the year 8 11 -3.0 -0.10 0.05
Data submitted to the registry using 40 47 -6.7 -0.13 0.57

bulk upload (%)'

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk (except diabetes status); Million
Hearts Data Registry and Medicare Part D claims for beneficiaries’ medication use; Medicare enroliment
database for beneficiaries’ demographic and Medicare enrollment characteristics; RAND MBISG race and
ethnicity file for probabilities of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races
and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical service use and
spending, and CVD-related procedures; the organizations’ applications to the Million Hearts Model, linked
to NPPES, for organizational characteristics; registry data linked to NPPES for clinician-level
characteristics; beneficiaries’ zip codes from the Medicare enroliment database, linked to data from the
U.S. Census Bureau and the Centers for Disease Control and Prevention (CDC) for 2016 Census-track-
level summary Social Vulnerability Index score, as well as beneficiaries’ county codes from the Medicare
enroliment database linked separately to data from the CDC and CMS’s Medicare Geographic Variation
Public Use File for regional characteristics; and Million Hearts Data Registry for characteristics of model
enroliment.

Note: For all measures, means are calculated over nonmissing values. The following chronic conditions are
defined by using the Chronic Condition Warehouse algorithms: atrial fibrillation, chronic kidney disease,
diabetes, and ischemic heart disease. The following chronic conditions are defined by using HCC
algorithms: congestive heart failure and morbid obesity. All procedures are defined by using Clinical
Classifications Software indicators. See the Second Annual Report (Peterson et al. 2019) for details on
variable construction.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enroliment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
the clinical targets.

4 Smoking percentages exclude one control organization (n = 216 beneficiaries) with possible data quality issues.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before enroliment and in the month of
enrollment (n = 12,623 for the intervention group and n = 7,167 for the control group). This accounted for 70 percent
of all beneficiaries enrolled in each group and included in the analyses of CVD risk reduction.

fMeasured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment
and with medication use at baseline. For the antihypertensive adherence measure, this included n = 10,946
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beneficiaries in the intervention group and n = 6,188 in the control group, accounting for 60 percent of all
beneficiaries enrolled in each group included in analyses of CVD risk reduction. For the statin adherence measure,
this included n = 8,569 beneficiaries in the intervention group and n = 4,818 in the control group, accounting for 47
percent of all beneficiaries enrolled in each group included in analyses of CVD risk reduction.

9 We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

h The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

"We defined CVD-related admissions and ED visits using more than 300 CVD-related diagnosis codes, including
those related to heart failure, hypertension, and angina (Mathematica’s Second Annual Report, Appendix C). This
measure excludes heart attacks and strokes because the analytic population excludes beneficiaries who had these
events before enrolling in the Million Hearts Model.

I Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrollment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention start and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

k' We measured social vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each
Census tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,
(2) household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.
We categorized beneficiaries as residing in Census tracts with low, medium, or high social vulnerability based on the
distribution of SVI scores among the Million Hearts Model enrolled population.

! Participating organizations could upload data manually (that is, entering data for each beneficiary visit one by one,
using a web interface), or in bulk, using one of two CMS-provided tools. We show the proportion that used a bulk-
upload tool in case data quality varied by data submission mode.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CAH = critical access hospital; CDC =
Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD =
cardiovascular disease; ED = emergency department; FFS = fee-for-service; FQHC = federally qualified health
center; HCC = hierarchical condition category; HDL = high-density lipoprotein; HHS = U.S Department of Health &
Human Services; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding;
mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and
Provider Enumeration System; PA = physician assistant; RHC = rural health center; SVI = Social Vulnerability Index.
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4. Baseline characteristics of the population used to estimate impacts on CVD-event
spending

The high- and medium-risk beneficiaries enrolled on or before August 31, 2017, and included in
analyses of CVD-event spending were very similar at enrollment with respect to beneficiary-
level characteristics, such as age, sex, CVD risk score, medication use, recent service use, and
Medicare spending (Table E.12). However, intervention and control group beneficiaries differed
somewhat in the types of organizations that enrolled them. Compared to those enrolled by
control group organizations, high- and medium-risk beneficiaries in the intervention group were,
on average, enrolled by organizations with more sites (25 versus 14), and more likely to
participate in or to have applied to participate in another model when they applied to the Million
Hearts Model (72 versus 57 percent). In addition, based on HHS-defined regions, intervention
group beneficiaries were less likely to live in Region 5 (8 versus 19 percent).'8

Table E.12. Baseline characteristics of high- and medium-risk Medicare beneficiaries enrolled in
2017 and 2018 and included in CVD-event spending analysis: Intervention versus control group

Intervention  Control group

group mean mean Standardized
Characteristic (N =92,104) (N = 56,023) Difference  difference? p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 27 27 0.1 0.01 0.78
[standard deviation] [11] [11]
Modifiable risk (%)° 9 9 0.3 0.03 0.47
Has diabetes (%) 40 39 1.1 0.02 0.36
Systolic blood pressure (mm Hg) 134 134 0.0 0.00 0.99
Systolic blood pressure is 130 60 60 -0.4 -0.01 0.79
mm Hg or higher (%)
Total cholesterol (mg/dL) 174 173 0.9 0.02 0.55
HDL cholesterol (mg/dL) 50 51 -0.3 -0.02 0.70
LDL cholesterol (mg/dL) 96 95 1.1 0.03 0.38
LDL cholesterol is 70 mg/dL or 78 76 14 0.03 0.31
higher (%)
Is current smoker (%) 11 11 -0.3 -0.01 0.71
Beneficiary’s medication use
Uses aspirin (%) 45 43 2.3 0.05 0.60
Uses antihypertensives based on 84 83 0.7 0.02 0.53
Part D (%)¢
Proportion of days covered by 90 90 -0.3 -0.02 0.39
antihypertensives (%)®
Proportion of beneficiaries with 84 85 -0.5 -0.01 0.48
adherence to antihypertensives
(%)°"
Uses statins based on Part D (%)¢ 64 64 -0.2 0.00 0.92

18 Region 5 includes Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin.
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Intervention
group mean

Characteristic (N =92,104)

Intensity of statin use based on
Part D (%)?

Low intensity 7
Medium intensity 39
High intensity 18
Proportion of days covered by any 81
statins (%)®
Proportion of beneficiaries with 70

adherence to statins (%) f

Beneficiary’s demographic and Medicare enrollment characteristics

Age 72
[standard deviation] [5]
Race and ethnicity (%)?
Non-Hispanic Black 8
Non-Hispanic White 84
Hispanic 4
All other races and ethnicities 4
Men (%) 57
Dually enrolled in Medicare and 9
Medicaid (%)
Originally entitled to Medicare 14

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.18 1.16 0.0 0.01 0.66
[standard deviation] [1.00] [0.99]

Number of chronic conditions 21 21 0.0 0.02 0.54
Has chronic kidney disease (%) 25 25 0.6 0.01 0.64
Has ischemic heart disease (%) 32 34 -1.6 -0.03 0.62
Has congestive heart failure (%) 11 12 -0.4 -0.01 0.75
Has atrial fibrillation (%) 10 10 0.0 0.00 0.97
Has morbid obesity (%) 8 7 0.4 0.02 0.57
Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 7,713 7,571 142.6 0.01 0.66
annualized expenditures ($) [16,747] [16,219]

[standard deviation]

Hospital admissions (per 1,000 186 188 -2.1 0.00 0.83
beneficiaries)

CVD-related hospital admissions 40 41 -0.9 0.00 0.85
(per 1,000 beneficiaries)"

Outpatient ED visits or observation 383 359 23.3 0.02 0.22
stays (per 1,000 beneficiaries)

CVD-related outpatient ED visits or 28 26 1.7 0.01 0.60
observation stays (per 1,000

beneficiaries)"

Control group
mean
(N = 56,023)

Standardized

Difference difference?

p-value®

7 -0.1 0.00 0.97
39 0.2 0.00
19 -0.2 -0.01
82 -0.8 -0.03 0.24
71 -1.4 -0.03 0.22

72 -0.2 -0.04 0.16
(5]

6 1.6 0.07 0.33
85 -1.0 -0.03 0.65
4 -0.1 -0.01 0.89
4 -0.4 -0.03 0.58
58 -1.2 -0.02 0.25
10 -0.4 -0.01 0.82
13 0.5 0.02 0.64
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Intervention  Control group

group mean mean Standardized

Characteristic (N =92,104) (N =56,023) Difference  difference? p-value®
Office visits (per 1,000 beneficiaries) 9,344 8,935 409.2 0.05 0.31
Office visits with model-aligned 2,971 2,867 104.3 0.03 0.72
providers (per 1,000 beneficiaries)
Cardiologist visits (per 1,000 1,826 1,817 8.5 0.00 0.97
beneficiaries)
Received echocardiogram (%) 40 39 0.9 0.02 0.75
Received electrocardiogram (%) 71 70 0.8 0.02 0.79
Received cardiac stress test (%) 26 26 -0.3 -0.01 0.91
Total number of practitioners 118 108 10.1 0.04 0.84
[standard deviation] [144] [306]
Total number of service sites 25 14 10.5 0.40 0.13
[standard deviation] [25] [27]
Organization type (%)

Primary care 54 56 -1.3 -0.03 0.53

Specialty or multispecialty 36 33 3.7 0.08

FQHC, RHC, or other health 4 5 -1.1 -0.05

center

CAH or rural hospital 1 2 -1.4 -0.12

Acute care hospital 4 4 0.1 0.01
Organization was participating in, or 72 57 14.6 0.31 0.12

had application pending for, another
model at application (%)

Organizational-level mean Medicare
spending and use’

Parts A and B spending 7,600 7,570 30.6 0.02 0.92
Hospital admissions (per 1,000 183 189 -5.8 -0.15 0.48
beneficiaries)
Outpatient ED visits (per 1,000 380 360 19.6 0.18 0.26
beneficiaries)

Characteristics of clinician enrolling the beneficiary
Provider specialty (%)

Primary care physician 61 63 -24 -0.05 0.76
Cardiologist 23 25 -1.4 -0.03 0.86
Physician with other specialty 3 1 2.3 0.16 0.13
Not a physician (for example, NP or 11 10 1.7 0.06 0.37
PA)
Rural (%) 25 26 -0.6 -0.01 0.91
HHS region (%)

1: CT, ME, MA, NH, RI, and VT 3 4 -0.6 -0.03 0.28

2: NJ, NY, PR, and VI 15 11 3.6 0.11

3: DC, DE, MD, PA, VA, and WV 21 15 5.8 0.15
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Characteristic

4: AL, FL, GA, KY, MS, NC, SC,
and TN

5: 1L, IN, MI, MN, OH, and WI

6: AR, LA, NM, OK, and TX

7: 1A, KS, MO, and NE

8: CO, MT, ND, SD, UT, and WY

9: AZ, CA, HI, and NV

10: AK, ID, OR, and WA
County-level health measures

AMI hospitalizations per 1,000
Medicare beneficiaries ages 65
and older in 2014—2016

Stroke hospitalizations per 1,000
Medicare beneficiaries ages 65
and older in 2014-2016

Age-adjusted mortality per
100,000 for residents ages 65
and older in 2014-2016

Per capita total Medicare Parts A
and B spending in 2016

Hospital admissions per 1,000
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000
Medicare FFS beneficiaries in
2016

SVI (%)
Low vulnerability (deciles 1-4 of
summary SVI score)
Medium vulnerability (deciles 5-8
of summary SVI score)

High vulnerability (deciles 9 and
10 of summary SVI score)

Intervention
group mean
(N =92,104)

25

11
12

1"

24

4,412

9,920

280

701

42

39

19

Control group
mean
(N = 56,023)

18

H~ O O © © ©

11

23

4,415

9,861

276

681

37

43

20

Characteristics of beneficiary’s Million Hearts Model enroliment

Days between model launch
(1/3/2017) and enrollment date

[standard deviation]

Enroliment date is in (%)
First quarter of the year
Second quarter of the year
Third quarter of the year
Fourth quarter of the year

Data submitted to the registry using
bulk upload (%)

96
[64]

50
37
13

0
49

103
[67]

46
38
16

0
49

Difference

7.4

-10.7
22
3.1

-3.6
-4.5
-2.6

0.7

58.2

4.2

20.6

4.8

-1.4

-6.7

4.5
-1.0
-3.5

0.0

0.1

Standardized
difference?

0.18

-0.32
0.07
0.10

-0.22

-0.20

-0.16

-0.15

0.17

-0.01

0.04

0.17

0.10

-0.07

-0.03

-0.10

0.09
-0.02
-0.10

0.00

p-value®

0.33

0.29

0.98

0.80

0.53

0.37

0.45

0.18

0.18
0.64
0.08

0.99

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk (except diabetes status); Million
Hearts Data Registry and Medicare Part D claims for beneficiaries’ medication use; Medicare enroliment
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database for beneficiaries’ demographic and Medicare enroliment characteristics; RAND MBISG race and
ethnicity file for probabilities of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races
and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical service use and
spending, and CVD-related procedures; the organizations’ applications to the Million Hearts Model, linked
to NPPES, for organizational characteristics; registry data linked to NPPES for clinician-level
characteristics; beneficiaries’ zip codes from the Medicare enroliment database, linked to data from the
U.S. Census Bureau and the Centers for Disease Control and Prevention (CDC) for 2016 Census-track-
level summary Social Vulnerability Index score, as well as beneficiaries’ county codes from the Medicare
enroliment database linked separately to data from the CDC and CMS’s Medicare Geographic Variation
Public Use File for regional characteristics; and Million Hearts Data Registry for characteristics of model
enrollment.

Note: For all measures, means are calculated over nonmissing values. The following chronic conditions are
defined by using the Chronic Condition Warehouse algorithms: atrial fibrillation, chronic kidney disease,
diabetes, and ischemic heart disease. The following chronic conditions are defined by using HCC
algorithms: congestive heart failure and morbid obesity. All procedures are defined by using Clinical
Classifications Software indicators. See the Second Annual Report (Peterson et al. 2019) for details on
variable construction

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
the clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enrollment (n = 63,586 for the intervention group and n = 38,678 for the control group). This accounted for 69 percent
of all beneficiaries enrolled in each group.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment
and with medication use at baseline. For the antihypertensive adherence measure, this included n = 50,144
beneficiaries in the intervention group and n = 30,189 in the control group, accounting for 54 percent of all
beneficiaries enrolled in each group. For the statin adherence measure, this included n = 38,649 beneficiaries in the
intervention group and n = 23,608 in the control group, accounting for 42 percent of all beneficiaries enrolled in each
group.

fWe defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

9 The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al.
2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their
Census blocks to assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

h We defined CVD-related admissions and ED visits using more than 300 CVD-related diagnosis codes, including
those related to heart failure, hypertension, and angina (Mathematica’s Second Annual Report, Appendix C). This
measure excludes heart attacks and strokes because the analytic population excludes beneficiaries who had these
events before enrolling in the Million Hearts Model.

i Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations’
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

I We measured social vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each
Census tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,
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(2)household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.
We categorized beneficiaries as residing in Census tracts with low, medium, or high social vulnerability based on the
distribution of SVI scores among the Million Hearts Model enrolled population.

kK Participating organizations could upload data manually (that is, entering data for each beneficiary visit one by one,
using a web interface), or in bulk, using one of two CMS-provided tools. We show the proportion that used a bulk-
upload tool in case data quality varied by data submission mode.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CAH = critical access hospital; CDC =
Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD =
cardiovascular disease; ED = emergency department; FFS = fee-for-service; FQHC = federally qualified health
center; HCC = hierarchical condition category; HDL = high-density lipoprotein; HHS = U.S Department of Health &
Human Services; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding;
mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and
Provider Enumeration System; PA = physician assistant; RHC = rural health center; SVI = Social Vulnerability Index.

Consistent with the combined high- and medium-risk population mentioned before, the high-
risk-only population enrolled by August 31, 2017, was well balanced on characteristics at
enrollment, such as age, sex, CVD risk score, medication use, recent service use, and Medicare
spending (Table E.13). High-risk-only beneficiaries in the intervention group were, compared to
control beneficiaries, enrolled by organizations that on average had more sites (25 versus 14),
and were more likely to participate in or to have applied to participate in another model when
they applied to the Million Hearts Model (71 versus 57 percent). In addition, intervention group
beneficiaries less likely to live in Region 5 (8 versus 19 percent).!® High-risk beneficiaries in the
intervention group were also less likely to have enrolled during the third quarter of their
enrollment year (11 versus 15 percent).

Table E.13. Baseline characteristics of high-risk Medicare beneficiaries enrolled in 2017 and 2018
and included in the CVD-event spending analysis: Intervention versus control group

Intervention Control
group mean group mean Standardized
Characteristic (N = 29,221) (N=17,581) Difference difference? p-value®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 40 40 0.1 0.01 0.78
[standard deviation] [9] [9]
Modifiable risk (%)° 16 15 0.4 0.03 0.58
Has diabetes (%) 66 63 25 0.05 0.13
Systolic blood pressure (mm Hg) 139 139 0.4 0.02 0.69
Systolic blood pressure is 130 74 74 0.1 0.00 0.96
mm Hg or higher (%)
Total cholesterol (mg/dL) 169 169 0.1 0.00 0.95
HDL cholesterol (mg/dL) 47 48 -0.6 -0.04 0.41
LDL cholesterol (mg/dL) 92 92 0.5 0.02 0.68
LDL cholesterol is 70 mg/dL or 73 72 0.6 0.01 0.67
higher (%)

19 Region 5 includes Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin.
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Intervention

group mean
Characteristic (N = 29,221)

Is current smoker (%) 13

Beneficiary’s medication use

Uses aspirin (%) 51
Uses antihypertensives based on 91
Part D (%)?

Proportion of days covered by 91
antihypertensives (%)®

Proportion of beneficiaries with 86
adherence to antihypertensives

(%)°"

Uses statins based on Part D (%)¢ 70

Intensity of statin use based on
Part D (%)°

Low intensity 7
Medium intensity 42
High intensity 21
Proportion of days covered by any 81
statins (%)®
Proportion of beneficiaries with 70

adherence to statins (%)% f

Beneficiary’s demographic and Medicare enroliment characteristics
74
[4]

Age 74
[standard deviation] [4]
Race and ethnicity (%)?
Non-Hispanic Black 8
Non-Hispanic White 84
Hispanic 4
All other races and ethnicities 4
Men (%) 65
Dually enrolled in Medicare and 9
Medicaid (%)
Originally entitled to Medicare 12

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.38
[standard deviation] [1.06]
Number of chronic conditions 2.7
Has chronic kidney disease (%) 36
Has ischemic heart disease (%) 38
Has congestive heart failure (%) 14
Has atrial fibrillation (%) 11
Has morbid obesity (%) 9

Control

group mean Standardized

(N=17,581) Difference difference? p-value®
13 -0.4 -0.01 0.65
50 0.9 0.02 0.83
90 1.0 0.03 0.17
91 -0.4 -0.02 0.36
86 -04 -0.01 0.55
69 1.0 0.02 0.45

7 0.1 0.00 0.89

41 0.2 0.00
20 0.7 0.02
82 -1.0 -0.04 0.16
72 -2.1 -0.05 0.10

84

65
10

12

1.36
[1.05]

2.6
35
39
14
11

8

1.3
-0.3
-0.3
-0.7
-0.3
-0.6

0.2

0.0

0.1
1.2
-1.1
-0.2
0.1
0.5

-0.05

0.05
-0.01
-0.02
-0.05
-0.01
-0.02

0.01

0.02

0.04
0.02
-0.02
-0.01
0.00
0.02

0.16

0.43
0.91
0.76
0.50
0.76
0.71

0.85

0.55

0.35
0.54
0.73
0.88
0.94
0.66
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Intervention Control
group mean  group mean Standardized

Characteristic (N = 29,221) (N=17,581) Difference difference? p-value®
Beneficiary’s medical service use and spending in year before model enroliment
Total Medicare Parts A and B 8,194 7,909 285.0 0.02 0.40
annualized expenditures ($) [16,601] [15,746]
[standard deviation]
Hospital admissions (per 1,000 201 197 3.6 0.01 0.73
beneficiaries)
CVD-related hospital admissions 46 45 1.3 0.00 0.81
(per 1,000 beneficiaries)"
Outpatient ED visits or observation 392 369 22.2 0.02 0.23
stays (per 1,000 beneficiaries)
CVD-related outpatient ED visits or 30 28 1.6 0.01 0.64
observation stays (per 1,000
beneficiaries)"
Office visits (per 1,000 beneficiaries) 9,941 9,424 517.4 0.07 0.21
Office visits with model-aligned 3,318 3,152 165.8 0.05 0.63
providers (per 1,000 beneficiaries)
Cardiologist visits (per 1,000 2,016 2,004 12.5 0.00 0.95
beneficiaries)
Beneficiary’s CVD-related procedures in year before model enroliment
Received echocardiogram (%) 43 43 0.7 0.01 0.80
Received electrocardiogram (%) 74 74 0.4 0.01 0.89
Received cardiac stress test (%) 29 29 -0.3 -0.01 0.90
Characteristics of organization enrolling the beneficiary
Total number of practitioners 121 929 22.0 0.09 0.67
[standard deviation] [165] [300]
Total number of service sites 25 14 10.6 0.39 0.15
[standard deviation] [26] [28]
Organization type (%)

Primary care 51 57 -5.6 -0.11 0.33

Specialty or multispecialty 39 31 8.6 0.18

FQHC, RHC, or other health 4 6 -1.6 -0.07

center

CAH or rural hospital 1 2 -1.7 -0.14

Acute care hospital 5 5 0.3 0.01
Organization was participating in, or 71 57 14.0 0.29 0.14

had application pending for, another
model at application (%)

Organizational-level mean Medicare
spending and use’

Parts A and B spending 7,624 7,593 31.7 0.02 0.91
Hospital admissions (per 1,000 185 189 -4.4 -0.11 0.59
beneficiaries)
Outpatient ED visits (per 1,000 383 364 18.1 0.17 0.30
beneficiaries)
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Intervention Control
group mean  group mean Standardized

Characteristic (N = 29,221) (N=17,581) Difference difference? p-value®
Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 61 62 -1.8 -0.04 0.81
Cardiologist 24 26 -1.7 -0.04 0.82
Physician with other specialty 3 1 22 0.15 0.15
Not a physician (for example, NP 11 10 1.4 0.05 0.47
or PA)
Rural (%) 27 27 -0.3 -0.01 0.96
HHS region (%)
1: CT, ME, MA, NH, RI, and VT 3 4 -1.4 -0.08 0.37
2: NJ, NY, PR, and VI 14 11 2.8 0.08
3: DC, DE, MD, PA, VA, and WV 21 14 6.8 0.18
4: AL, FL, GA, KY, MS, NC, SC, 25 17 7.8 0.19
and TN
5: 1L, IN, MI, MN, OH, and WI 8 19 -11.0 -0.32
6: AR, LA, NM, OK, and TX 11 9 1.8 0.06
7: 1A, KS, MO, and NE 11 7 3.9 0.13
8: CO, MT, ND, SD, UT, and WY 1 4 -3.3 -0.21
9: AZ, CA, HI, and NV 3 8 -4.6 -0.20
10: AK, ID, OR, and WA 2 4 -2.6 -0.15
County-level health measures
AMI hospitalizations per 1,000 11 12 -0.7 -0.20 0.21

Medicare beneficiaries ages 65
and older in 2014-2016
Stroke hospitalizations per 1,000 24 23 0.8 0.18 0.29
Medicare beneficiaries ages 65
and older in 2014-2016
Age-adjusted mortality per 4,440 4,437 2.8 0.00 0.98
100,000 for residents ages 65
and older in 2014-2016
Per capita total Medicare Parts A 9,905 9,865 40.0 0.03 0.86
and B spending in 2016
Hospital admissions per 1,000 281 276 4.7 0.12 0.50
Medicare FFS beneficiaries in
2016
Outpatient ED visits per 1,000 706 684 22.7 0.18 0.35
Medicare FFS beneficiaries in
2016

SVI (%)
Low vulnerability (deciles 1-4 of 39 34 5.1 0.1 0.42
summary SVI score)

Medium vulnerability (deciles 5-8 41 44 -3.7 -0.07
of summary SVI score)
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Intervention Control

group mean  group mean Standardized
Characteristic (N = 29,221) (N=17,581) Difference difference? p-value®

High vulnerability (deciles 9 and 20 21 -1.4 -0.03
10 of summary SVI score)

Characteristics of beneficiary’s Million Hearts Model enroliment

Days between model launch 92 100 -8.2 -0.13 0.11
(1/3/2017) and enroliment date [64] [67]

[standard deviation]
Enroliment date is in (%)

First quarter of the year 53 47 5.8 0.12 0.10
Second quarter of the year 36 38 -2.0 -0.04 0.41
Third quarter of the year 11 15 -3.8 -0.11 0.03
Fourth quarter of the year 0 0 0.0

Data submitted to the registry using 43 44 -1.4 -0.03 0.88

bulk upload (%)«

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk (except diabetes status); Million
Hearts Data Registry and Medicare Part D claims for beneficiaries’ medication use; Medicare enroliment
database for beneficiaries’ demographic and Medicare enroliment characteristics; RAND MBISG race and
ethnicity file for probabilities of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races
and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical service use and
spending, and CVD-related procedures; the organizations’ applications to the Million Hearts Model, linked
to NPPES, for organizational characteristics; registry data linked to NPPES for clinician-level
characteristics; beneficiaries’ zip codes from the Medicare enroliment database, linked to data from the
U.S. Census Bureau and the Centers for Disease Control and Prevention (CDC) for 2016 Census-track-
level summary Social Vulnerability Index score, as well as beneficiaries’ county codes from the Medicare
enroliment database linked separately to data from the CDC and CMS’s Medicare Geographic Variation
Public Use File for regional characteristics; and Million Hearts Data Registry for characteristics of model
enroliment.

Note: For all measures, means are calculated over nonmissing values. The following chronic conditions are
defined by using the Chronic Condition Warehouse algorithms: atrial fibrillation, chronic kidney disease,
diabetes, and ischemic heart disease. The following chronic conditions are defined by using HCC
algorithms: congestive heart failure and morbid obesity. All procedures are defined by using Clinical
Classifications Software indicators. See the Second Annual Report (Peterson et al. 2019) for details on
variable construction.

@ The standardized difference is the difference between the intervention and control group means, divided by the
standard deviation across the intervention and control groups.

b p-values are based on standard errors clustered at the level of the participating organization. For binary variables,
the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of
the intervention and control groups across all categories.

¢ We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enroliment and his or her
possible risk score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated
using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines
the clinical targets.

4 Measured among beneficiaries who also had 12 months of Part D coverage before enrollment and in the month of
enroliment (n = 20,495 for the intervention group and n = 12,364 for the control group). This accounted for 70 percent
of all beneficiaries enrolled in each group.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment
and with medication use at baseline. For the antihypertensive adherence measure, this included n = 17,745
beneficiaries in the intervention group and n = 10,559 in the control group, accounting for 61 and 60 percent of
beneficiaries enrolled in each group, respectively. For the statin adherence measure, this included n = 13,703
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beneficiaries in the intervention group and n = 8,156 in the control group, accounting for 47 and 46 percent of
beneficiaries enrolled in each group, respectively.

fWe defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

9 The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The RAND Corporation predicted probabilities from its MBSIG 2.0 algorithm (Haas et al. 2019), which used
information from CMS administrative data and beneficiaries’ names and characteristics of their Census blocks to
assign each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific
Islander, American Indian/Alaska Native, and multiracial.

h We defined CVD-related admissions and ED visits using more than 300 CVD-related diagnosis codes, including
those related to heart failure, hypertension, and angina (Mathematica’s Second Annual Report, Appendix C). This
measure excludes heart attacks and strokes because the analytic population excludes beneficiaries who had these
events before enrolling in the Million Hearts Model.

" Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level
measures of spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending
and use per beneficiary, we used pre-enrollment data only from beneficiaries enrolled in 2017. Because most of the
2017 intervention group beneficiaries enrolled within the first few months of the year, their baseline period generally
spans the period before the intervention started and, importantly, before the model might have affected organizations
use and spending for their Medicare populations. The organizational-level means included in this table are the
variance-shrunken means for each organization.

I We measured social vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each
Census tract falls on the continuum of social vulnerability based on four broad domains: (1) socioeconomic status,
(2) household composition and disability, (3) minority status and language, and (4) housing type and transportation.
The score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability.
We categorized beneficiaries as residing in Census tracts with low, medium, or high social vulnerability based on the
distribution of SVI scores among the Million Hearts Model enrolled population.

kK Participating organizations could upload data manually (that is, entering data for each beneficiary visit one by one,
using a web interface), or in bulk, using one of two CMS-provided tools. We show the proportion that used a bulk-
upload tool in case data quality varied by data submission mode.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI =
acute myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CAH = critical access hospital; CDC =
Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD =
cardiovascular disease; ED = emergency department; FFS = fee-for-service; FQHC = federally qualified health
center; HCC = hierarchical condition category; HDL = high-density lipoprotein; HHS = U.S Department of Health &
Human Services; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding;
mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and
Provider Enumeration System; PA = physician assistant; RHC = rural health center; SVI = Social Vulnerability Index.
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5. Baseline characteristics of the subgroups defined by modifiable risk score

Intervention and control group beneficiaries in both the high- and low-modifiable risk groups were well balanced on characteristics at
enrollment such as age, sex, CVD risk score, medication use, recent service use, and Medicare spending. In both subgroups,
organizations serving intervention group beneficiaries had more sites than control organizations (25 versus 14 and 25 versus 15 for the
high- and low-modifiable risk subgroups, respectively), and intervention organizations were more likely than control organizations to
participate in or to have applied to participate in another model when they applied to the Million Hearts Model (68 versus 56 percent
and 71 versus 54 percent for the high- and low-modifiable risk subgroups, respectively). Regional imbalances were similar for the
high- and low-modifiable risk subgroups, and similar to those described in Section E.1. In both subgroups, fewer intervention than
control group beneficiaries resided in Region 5.2° Fewer intervention than control group beneficiaries enrolled in the fourth quarter of
their enrollment year (12 versus 17 percent for both subgroups) (Table E.14).

Table E.14. Baseline characteristics of high- and medium-risk Medicare beneficiaries enrolled in 2017 and 2018 included in subgroup
analyses defined by high and low modifiable risk: Intervention versus control group

High modifiable risk Low modifiable risk
Intervention group Control group Intervention group Control group
mean mean Standardized mean mean Standardized
Characteristic (N =63,735) (N = 42,640) difference® (N = 66,384) (N = 45,346) difference?®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 31 31 -0.01 23 23 0.01
[standard deviation] [11] [11] [8] [8]
Modifiable risk (%)° 16 16 0.01 2 2 0.02
Has diabetes (%) 41 Y| 0.00 36 35 0.01
Systolic blood pressure (mm Hg) 143 143 0.00 125 125 -0.03
Total cholesterol (mg/dL) 185 184 0.01 164 164 0.02
HDL cholesterol (mg/dL) 49 50 -0.03 52 51 0.01
LDL cholesterol (mg/dL) 107 105 0.04 87 87 0.02
Is current smoker (%) 20 22 -0.06 3 3 -0.03 *

20 Region 5 includes Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin.
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High modifiable risk

Intervention group Control group
mean mean
Characteristic (N =63,735) (N = 42,640)
Beneficiary’s medication use
Uses aspirin (%) 45 43
Uses antihypertensives based on Part D 86 86
(%)
Proportion of days covered by 89 89
antihypertensives (%)¢
Proportion of beneficiaries with adherence 82 83
to antihypertensives (%)% ©
Uses statins based on Part D (%)° 58 58
Intensity of statin use based on Part D
(%)
Low intensity 6 6
Medium intensity 35 35
High intensity 17 17
Proportion of days covered by any statins 77 78
(%)
Proportion of beneficiaries with adherence 64 66

to statins (%)*®

Beneficiary’s demographic and Medicare enrollment characteristics

Age 7 71
[standard deviation] [5] [5]
Race and ethnicity (%)
Non-Hispanic Black 10 8
Non-Hispanic White 81 83
Hispanic 5 4
All other races and ethnicities 4 4
Men (%) 56 56
Dually enrolled in Medicare and Medicaid 12 13
(%)
Originally entitled to Medicare because of 17 17

disability (%)

Standardized
difference?

0.04
0.02

-0.02

-0.02

0.01

0.00
0.00
0.01
-0.04

-0.04

-0.02

0.05
-0.05
0.02
-0.01
-0.01
-0.02

-0.01

Low modifiable risk

Intervention group Control group
mean mean
(N = 66,384) (N = 45,346)

46 43
79 79
91 91
86 86
68 69

6 7
42 41
19 21
84 84
75 75

73 73
[4] [4]
5 4
87 88
4 4
4 4
60 62
7 7
10 10

Standardized
difference®

0.06
0.01

0.00

0.00

-0.02

0.00
0.01
-0.04
-0.01

-0.01

-0.03

0.06
-0.04
0.01
-0.01
-0.03
-0.02

-0.01
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High modifiable risk Low modifiable risk
Intervention group Control group Intervention group Control group
mean mean Standardized mean mean Standardized
Characteristic (N =63,735) (N = 42,640) difference® (N = 66,384) (N = 45,346) difference®
Beneficiary’s health and comorbid conditions
HCC score 1.15 1.15 0.00 1.18 1.18 0.00
[standard deviation] [0.98] [0.98] [1.02] [1.03]
Number of chronic conditions 21 21 0.00 21 21 0.00
Has chronic kidney disease (%) 25 25 0.00 24 24 0.01
Has ischemic heart disease (%) 29 30 -0.02 35 37 -0.05
Has congestive heart failure (%) 10 11 -0.02 12 13 -0.02
Has atrial fibrillation (%) 8 8 0.01 12 12 0.00
Has morbid obesity (%) 8 8 -0.01 7 7 0.02
Beneficiary’s medical service use and spending in year before model enroliment
Total Medicare Parts A and B annualized 7,344 7,188 0.01 8,272 8,085 0.01
expenditures ($) [16,915] [16,149] [18,363] [17,257]
[standard deviation]
Hospital admissions (per 1,000 182 183 0.00 192 201 -0.01
beneficiaries)
CVD-related hospital admissions (per 40 37 0.01 44 48 -0.01
1,000 beneficiaries)®
Outpatient ED visits or observation stays 419 394 0.02 347 351 0.00
(per 1,000 beneficiaries)
CVD-related outpatient ED visits or 32 29 0.01 26 27 0.00

observation stays (per 1,000
beneficiaries)?

Office visits (per 1,000 beneficiaries) 8,900 8,646 0.03 9,531 9,256 0.04
Office visits with model-aligned providers 2,683 2,702 -0.01 2,601 2,673 -0.02
(per 1,000 beneficiaries)

Cardiologist visits (per 1,000 1,644 1,596 0.01 2,044 2,001 0.01
beneficiaries)

Received echocardiogram (%) 37 36 0.02 42 42 0.01
Received electrocardiogram (%) 68 68 0.01 73 72 0.01
Received cardiac stress test (%) 24 24 0.00 28 28 -0.01
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High modifiable risk Low modifiable risk
Intervention group Control group Intervention group Control group
mean mean Standardized mean mean Standardized

Characteristic (N =63,735) (N = 42,640) difference® (N = 66,384) (N = 45,346) difference®
Characteristics of organization enrolling the beneficiary
Total number of practitioners 127 96 0.13 125 118 0.03
[standard deviation] [185] [280] [171] [317]
Total number of service sites [standard 25 14 0.43 25 15 0.35
deviation] [26] [25] [25] [28]
Organization type (%)

Primary care 50 55 -0.11 57 52 0.10

Specialty or multispecialty 38 31 0.15 35 36 -0.03

FQHC, RHC, or other health center 6 6 -0.01 3 4 -0.05

CAH or rural hospital 1 3 -0.17 1 2 -0.10

Acute care hospital 5 4 0.03 4 6 -0.07
Organization was participating in, or had 68 56 0.25 7 54 0.35

application pending for, another model at
application (%)

Organizational-level mean Medicare
spending and use"

Parts A and B spending 7,616 7,575 0.03 7,710 7,717 0.00
Hospital admissions (per 1,000 185 191 -0.17 183 193 -0.26
beneficiaries)

Outpatient ED visits (per 1,000 388 373 0.13 368 359 0.09

beneficiaries)

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 59 62 -0.07 58 61 -0.06
Cardiologist 25 24 0.01 28 28 -0.01
Physician with other specialty 3 1 0.13 3 1 0.13
Not a physician (for example, NP or 13 12 0.02 10 8 0.06
PA)
Rural (%) 27 28 -0.04 22 23 -0.04
HHS region (%)
Region 1: CT, ME, MA, NH, RI, and VT 3 4 -0.03 3 3 0.00
Region 2: NJ, NY, PR and VI 14 11 0.10 17 14 0.08
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High modifiable risk Low modifiable risk
Intervention group Control group Intervention group Control group
mean mean Standardized mean mean Standardized

Characteristic (N =63,735) (N = 42,640) difference® (N = 66,384) (N = 45,346) difference®

Region 3: DC, DE, MD, PA, VA, and 21 15 0.13 22 15 0.19

WV

Region 4: AL, FL, GA, KY, MS, NC, 25 19 0.15 21 16 0.14

SC,and TN

Region 5: IL, IN, MI, MN, OH, and WI 9 16 -0.24 8 18 -0.29

Region 6: AR, LA, NM, OK, and TX 11 9 0.06 10 8 0.08

Region 7: IA, KS, MO, and NE 10 10 0.00 12 10 0.06

Region 8: CO, MT, ND, SD, UT, and 1 4 -0.20 1 6 -0.24

wy

Region 9: AZ, CA, HI, and NV 6 8 -0.07 5 7 -0.10

Region 10: AK, ID, OR, and WA 1 5 -0.18 1 4 -0.19
County-level health measures

AMI hospitalizations per 1,000 11 12 -0.21 11 11 -0.10

Medicare beneficiaries ages 65 and

older in 2014-2016

Stroke hospitalizations per 1,000 24 23 0.1 23 23 0.13
Medicare beneficiaries ages 65 and

older in 2014-2016

Age-adjusted mortality per 100,000 for 4,425 4,455 -0.05 4,332 4,362 -0.05
residents ages 65 and older in 2014—
2016
Per capita total Medicare Parts A and 9,918 9,845 0.05 9,971 9,847 0.09
B spending in 2016
Hospital admissions per 1,000 279 278 0.02 277 275 0.04
Medicare FFS beneficiaries in 2016
Qutpatient ED visits per 1,000 705 689 0.13 683 677 0.05
Medicare FFS beneficiaries in 2016

SVI (%)
Low vulnerability (deciles 1—4 of 38 34 0.10 46 41 0.11
summary SVI score)
Medium vulnerability (deciles 5-8 of 40 44 -0.08 38 41 -0.08
summary SVI score)
High vulnerability (deciles 9 and 10 of 21 22 -0.03 16 18 -0.05

summary SVI score)
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High modifiable risk Low modifiable risk
Intervention group Control group Intervention group Control group
mean mean Standardized mean mean Standardized
Characteristic (N =63,735) (N = 42,640) difference® (N = 66,384) (N = 45,346) difference®
Characteristics of beneficiary’s Million Hearts Model enroliment
Days between model launch (1/3/2017) 192 210 -0.10 195 208 -0.07
and enroliment date [179] [170] [176] [166]

[standard deviation]
Enroliment date is in (%)

2017 (as opposed to 2018) 83 82 0.03 83 84 -0.01
First quarter of the year 42 37 0.09 39 34 0.10
Second quarter of the year 30 28 0.04 32 30 0.04
Third quarter of the year 16 18 -0.05 17 19 -0.06
Fourth quarter of the year 12 17 -0.13 ** 12 17 -0.13 **
Data submitted to the registry using bulk 48 46 0.03 52 51 0.01

upload (%)

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk (except diabetes status); Million Hearts Data Registry and Medicare Part D claims for beneficiaries’
medication use; Medicare enrollment database for beneficiaries’ demographic and Medicare enroliment characteristics; RAND MBISG race and ethnicity file for probabilities
of being non-Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical
service use and spending, and CVD-related procedures; the organizations’ applications to the Million Hearts Model, linked to NPPES, for organizational characteristics;
registry data linked to NPPES for clinician-level characteristics; beneficiaries’ zip codes from the Medicare enrollment database, linked to data from the U.S. Census Bureau
and the Centers for Disease Control and Prevention (CDC) for 2016 Census-track-level summary Social Vulnerability Index score, as well as beneficiaries’ county codes
from the Medicare enroliment database linked separately to data from the CDC and CMS’s Medicare Geographic Variation Public Use File for regional characteristics; and
Million Hearts Data Registry for characteristics of model enroliment.

Notes: For all measures, means are calculated over nonmissing values. We calculated p-values based on standard errors clustered at the level of the participating organization.
For binary variables, the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of the intervention and control groups
across all categories.

The following chronic conditions are defined by using the Chronic Condition Warehouse algorithms: atrial fibrillation, chronic kidney disease, diabetes, and ischemic heart
disease. The following chronic conditions are defined by using HCC algorithms: congestive heart failure and morbid obesity. All procedures are defined by using Clinical
Classifications Software indicators. See the Second Annual Report (Peterson et al. 2019) for details on variable construction.

@ The standardized difference is the difference between the intervention and control group means, divided by the standard deviation across the intervention and control groups.

b We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her possible risk score 12 months later if all ABCS risk factors were set
to clinical targets, with risk scores calculated using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines the clinical targets.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before enroliment and in the month of enroliment. For the high modifiable risk subgroup, this included n =
42,693 intervention group and n = 28,766 control group beneficiaries, accounting for 67 percent of all beneficiaries enrolled in that subgroup in the intervention group and 67 percent in
the control group. For the low modifiable risk subgroup, this included n = 46,406 intervention group and n = 31,381 control group beneficiaries, accounting for 70 percent of all
beneficiaries enrolled in that subgroup in the intervention group and 69 percent in the control group.

4 Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment and with medication use at baseline. For the antihypertensive

adherence measure for the high modifiable risk subgroup, this included n = 34,353 beneficiaries in that subgroup in the intervention group and n = 23,009 in the control group,
accounting for 54 percent of all beneficiaries in each subgroup. For the antihypertensive adherence measure for the low modifiable risk subgroup, this included n = 34,841
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beneficiaries in that subgroup in the intervention group and n = 23,429 in the control group, accounting for 52 percent of all beneficiaries in each subgroup. For the statin adherence
measure for the high modifiable risk subgroup, this included n = 23,507 beneficiaries in that subgroup in the intervention group and n = 15,798 in the control group, accounting for 37
percent of all beneficiaries in each subgroup. For the statin adherence measure for the low modifiable risk subgroup, this included n = 29,823 beneficiaries in that subgroup in the
intervention group and n = 20,478 in the control group, accounting for 45 percent of all beneficiaries in each subgroup.

¢ We defined adherence based on whether the beneficiary had 80 percent or more days covered by the medication.

fThe distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each category. The RAND Corporation developed the predicted probabilities
from its MBSIG 2.0 algorithm (Haas et al. 2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their Census blocks to assign
each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

9 We defined CVD-related admissions and ED visits using more than 300 CVD-related diagnosis codes, including those related to heart failure, hypertension, and angina
(Mathematica’s Second Annual Report, Appendix C). This measure excludes heart attacks and strokes because the analytic population excludes beneficiaries who had these events
before enrolling in the Million Hearts Model.

" Mathematica’'s Third Annual Report, Appendix D, provides details on how we constructed organizational-level measures of spending and use (Blue et al. 2020). Briefly, to estimate
organizational-level mean Medicare spending and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the 2017 intervention
group beneficiaries enrolled within the first few months of the year, their baseline period generally spans the period before the intervention started and, importantly, before the model
might have affected organizations’ use and spending for their Medicare populations. The organizational-level means included in this table are the variance-shrunken means for each
organization.

" We measured social vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each Census tract falls on the continuum of social vulnerability based on
four broad domains: (1) socioeconomic status, (2) household composition and disability, (3) minority status and language, and (4) housing type and transportation. The score ranges
from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability. We categorized beneficiaries as residing in Census tracts with low, medium, or high
social vulnerability based on the distribution of SVI scores among the Million Hearts Model enrolled population.

I Participating organizations could upload data manually (that is, entering data for each beneficiary visit one by one, using a web interface), or in bulk, using one of two CMS-provided
tools. We show the proportion that used a bulk-upload tool in case data quality varies by data submission mode.

*I** Significantly different from zero at the 0.05/0.01 level, two-tailed test, respectively.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI = acute myocardial infarction; ASCVD = atherosclerotic
cardiovascular disease; CAH = critical access hospital; CDC = Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD = cardiovascular
disease; ED = emergency department; FFS = fee-for-service; FQHC = federally qualified health center; HCC = hierarchical condition category; HDL = high-density lipoprotein; HHS =
U.S Department of Health & Human Services; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg =
millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA = physician assistant; RHC = rural health center; SVI = Social
Vulnerability Index.
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6. Baseline characteristics of the subgroups defined by social vulnerability

We divided the analysis population used for Part D medication-related analyses by low-, medium-, and high-social vulnerability for
subgroup analyses of initiation or intensification of statins and antihypertensives. Within each subgroup (low, medium, and high
vulnerability), the intervention and control groups were generally well balanced on measures of CVD risk, medication use,
demographics and Medicare enrollment characteristics, and prior service use (Table E.15). However, in the high vulnerability
subgroup, intervention group beneficiaries were more likely than control group beneficiaries to use aspirin at baseline (47 versus 38
percent) and were more likely to be enrolled in the model by a physician with other specialty (4 versus 1 percent). Further, the
organizations that served intervention group beneficiaries had higher baseline outpatient ED visits than the organizations that served
control group beneficiaries (428 versus 395 per 1,000 beneficiaries). In the medium-risk group, organizations that served intervention
group beneficiaries had lower baseline hospitalization rates than organizations that served control group beneficiaries (183 versus 194
per 1,000 beneficiaries).

Table E.15. Baseline characteristics of high- and medium-risk Medicare beneficiaries enrolled in 2017 and 2018 and included in
subgroup analyses defined by the SVI summary score: Intervention versus control group

Low vulnerability Medium vulnerability High vulnerability
Intervention Control group Intervention Control group Intervention Control group
group mean mean Standardized group mean mean Standardized group mean mean Standardized
Characteristic (N =34,336) (N=19,867) difference® (N=30,728) (N =22,884) difference® (N=15,153) (N =11,068) difference®
Clinical indicators of beneficiary’s cardiovascular risk
CVD risk score (%), 27 27 0.01 28 28 0.00 28 28 0.00
[standard deviation] [10] [10] [11] [11] [11] [11]
Modifiable risk (%)° 9 9 0.00 10 10 0.02 12 11 0.05
Has diabetes (%) 32 32 0.01 39 39 0.01 48 47 0.02
SBP (mm Hg) 134 134 -0.01 135 136 -0.01 137 137 0.01
Distribution of SBP (%)
SBP < 130 mm Hg 35 34 0.02 33 32 0.02 31 30 0.02
SBP 130-139 mm Hg 32 32 0.00 31 31 0.00 29 30 -0.02
SBP 140-149 mm Hg 18 18 -0.01 19 20 -0.02 19 19 -0.01
SPB 2 150 mm Hg 15 15 -0.01 17 17 0.00 20 20 0.01
Total cholesterol (mg/dL) 179 178 0.03 179 178 0.02 179 179 0.00
HDL cholesterol (mg/dL) 53 53 0.01 50 51 -0.02 49 50 -0.06
LDL cholesterol (mg/dL) 100 99 0.03 101 100 0.04 102 101 0.03
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Low vulnerability Medium vulnerability High vulnerability
Intervention Control group Intervention Control group Intervention Control group
group mean mean Standardized group mean mean Standardized group mean mean Standardized
Characteristic (N =34,336) (N=19,867) difference® (N=30,728) (N =22,884) difference® (N=15,153) (N =11,068) difference®
Distribution of LDL cholesterol (%)
LDL < 70 mg/dL 14 15 -0.03 14 15 -0.03 14 15 -0.03
LDL 70-99 mg/dL Y| 42 -0.01 40 40 0.00 39 39 0.01
LDL 100-129 mg/dL 28 27 0.02 28 28 0.01 28 28 0.00
LDL = 130 mg/dL 17 17 0.01 18 17 0.03 19 18 0.02
Is current smoker (%) 7 9 -0.07 * 12 13 -0.04 16 17 -0.03
Beneficiary’s medication use
Uses aspirin (%) 43 45 -0.03 43 42 0.03 47 38 0.19*
Uses antihypertensives based on 80 78 0.04 82 83 -0.01 85 84 0.03
Part D (%)
Proportion of days covered by 90 90 0.01 89 90 -0.03 87 88 -0.04
antihypertensives (%)
Proportion of beneficiaries with 85 85 0.01 83 84 -0.03 79 81 -0.05 *
adherence to antihypertensives
(%)
Uses statins based on Part D (%) 61 61 0.00 60 61 -0.02 61 60 0.02
Intensity of statin use based on
Part D (%)
Low intensity 6 6 0.01 7 7 0.00 7 7 -0.01
Medium intensity 38 37 0.02 37 37 0.00 36 36 -0.01
High intensity 16 18 -0.04 17 17 -0.01 18 17 0.04
Proportion of days covered by any 82 82 0.00 80 81 -0.05 76 78 -0.07 *
statins (%)
Proportion of beneficiaries with 72 72 -0.01 68 70 -0.05 61 64 -0.06 *

adherence to statins (%)°

Beneficiary’s demographic and Medicare enrollment characteristics

Age 73 73 0.03 72 72 -0.03 71 71 -0.09 *

[standard deviation] [4] [4] [5] [5] [6] [6]

Race and ethnicity (%)?
Non-Hispanic Black 2 3 -0.03 7 5 0.09 19 15 0.12
Non-Hispanic White 92 91 0.02 86 88 -0.06 63 71 -0.18
Hispanic 2 2 -0.01 3 3 0.00 13 9 0.14
All other races and ethnicities 4 4 0.01 4 4 -0.02 5 5 -0.04
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Low vulnerability Medium vulnerability High vulnerability

Intervention Control group Intervention Control group Intervention Control group

group mean mean Standardized group mean mean Standardized group mean mean Standardized
Characteristic (N =34,336) (N=19,867) difference® (N=30,728) (N =22,884) difference® (N=15,153) (N =11,068) difference®
Men (%) 57 59 -0.03 53 54 -0.03 50 50 0.00
Dually enrolled in Medicare and 4 6 -0.05 13 13 -0.03 31 28 0.07
Medicaid (%)
Originally entitled to Medicare 8 9 -0.03 16 17 -0.02 27 24 0.07

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.10 1.10 0.00 1.21 1.20 0.00 1.34 1.31 0.02
[standard deviation] [0.95] [0.94] [1.03] [1.02] [1.07] [1.07]

Number of chronic conditions 1.9 1.9 0.01 2.2 21 0.02 24 23 0.02
Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 7,638 7,424 0.01 7,898 7,776 0.01 8,269 7,982 0.02
annualized expenditures ($) [16,547] [15,223] [16,189] [16,023] [17,034] [17,613]

[standard deviation]

Hospital admissions (per 1,000 168 169 0.00 190 194 -0.01 207 201 0.01
beneficiaries)

Outpatient ED visits or observation 305 314 -0.01 398 380 0.02 565 511 0.04
stays (per 1,000 beneficiaries)

Office visits (per 1,000 9,204 8,983 0.03 9,475 9,063 0.06 9,909 9,410 0.06
beneficiaries)

Office visits with model-aligned 2,266 2,458 -0.07 2,920 2,744 0.05 3,219 3,180 0.01
providers (per 1,000 beneficiaries)

Cardiologist visits (per 1,000 1,870 1,740 0.04 1,753 1,726 0.01 1,613 1,780 -0.02
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organization-level mean Medicare
spending and use®

Parts A and B spending 7,837 7,730 0.07 7,577 7,660 -0.06 7,567 7,527 0.02
Hospital admissions (per 1,000 182 191 -0.22 183 194 -0.29 184 189 -0.13
beneficiaries)

Outpatient ED visits (per 1,000 353 339 0.15 379 377 0.02 428 395 0.26

beneficiaries)
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Low vulnerability Medium vulnerability High vulnerability

Intervention Control group Intervention Control group Intervention Control group

group mean mean Standardized group mean mean Standardized group mean mean Standardized
Characteristic (N =34,336) (N=19,867) difference® (N=30,728) (N =22,884) difference® (N=15,153) (N =11,068) difference®

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 58 63 -0.12 59 58 0.01 58 63 -0.11
Cardiologist 31 29 0.05 24 28 -0.09 20 19 0.03
Physician with other specialty 3 1 0.1 3 1 0.15 4 1 017 *
Not a physician (for example, 8 6 0.09 13 12 0.02 17 16 0.04
NP or PA)
Rural (%) 13 15 -0.06 33 35 -0.05 30 28 0.06
County-level health measures
AMI hospitalizations per 1,000 11 11 0.03 11 12 -0.24 12 13 -0.24

Medicare beneficiaries ages 65
and older in 2014-2016

Stroke hospitalizations per 23 22 0.13 23 23 0.12 25 24 0.15
1,000 Medicare beneficiaries

ages 65 and older in 2014—

2016

Age-adjusted mortality per 4,201 4,197 0.01 4,447 4,491 -0.07 4,581 4,626 -0.06
100,000 for residents ages 65
and older in 2014-2016

Per capita total Medicare Parts 10,053 9,940 0.08 9,860 9,683 0.12 10,198 10,140 0.04
A and B spending in 2016

Hospital admissions per 1,000 274 272 0.04 278 276 0.06 287 287 0.02
Medicare FFS beneficiaries in
2016

Outpatient ED visits per 1,000 658 648 0.10 700 693 0.06 761 733 0.21
Medicare FFS beneficiaries in
2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and Medicare Part D claims for beneficiaries’ medication use;
Medicare enrollment database for beneficiaries’ demographic and Medicare enrollment characteristics; RAND MBISG race and ethnicity file for probabilities of being non-
Hispanic Black, non-Hispanic White, Hispanic, or all other races and ethnicities; Medicare Parts A and B claims for health and comorbid conditions, medical service use,
and spending; registry data linked to NPPES for clinician-level characteristics; beneficiaries’ zip codes from the Medicare enrollment database, linked to data from the U.S.
Census Bureau and the CDC for 2016 Census-track-level summary Social Vulnerability Index score, as well as beneficiaries’ county codes from the Medicare enroliment
database linked separately to data from the CDC and CMS’s Medicare Geographic Variation Public Use File for regional characteristics; and Million Hearts Data Registry
for characteristics of model enroliment.
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Note: For all measures, means are calculated over nonmissing values. We calculated p-values based on standard errors clustered at the level of the participating organization.
For binary variables, the p-values come from a t-test. For categorical variables, they come from a single joint F-test of the equivalence of the intervention and control groups
across all categories.

The population for this table includes beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage before enroliment and in the month of enrollment, and
met inclusion criteria for initiation or intensification of antihypertensives or statins (SPB equal to 130 mm Hg or higher or LDL equal to 70 mg/dL or higher). This accounted
for 62 and 60 percent of all intervention and control beneficiaries in the low vulnerability subgroup, respectively, as well as 61 percent of all intervention and control group
beneficiaries in the medium vulnerability subgroup, and 62 and 63 percent of all intervention and control group beneficiaries in the high vulnerability subgroup, respectively.
We measured vulnerability using the CDC’s summary SVI score. It is a percentile ranking of where each Census tract falls on the continuum of social vulnerability based on
four broad domains: (1) socioeconomic status, (2) household composition and disability, (3) minority status and language, and (4) housing type and transportation. The
score ranges from 0 to 100, with O reflecting the lowest and 100 reflecting the highest level of social vulnerability. We categorized beneficiaries as residing in Census tracts
with low, medium, or high vulnerability based on the distribution of SVI scores among the Million Hearts Model enrolled population.

@ The standardized difference is the difference between the intervention and control group means, divided by the standard deviation across the intervention and control groups.

® We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enroliment and his or her possible risk score 12 months later if all ABCS risk factors were set
to clinical targets, with risk scores calculated using the Million Hearts Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines clinical targets.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enrollment and with medication use at baseline. For the antihypertensive
adherence measure for the low vulnerability subgroup, this included n = 25,904 beneficiaries in that subgroup in the intervention group and n = 14,647 in the control group, accounting
for 75 and 74 percent of beneficiaries in that subgroup, respectively. For the antihypertensive adherence measure for the medium vulnerability subgroup, this included n = 23,833
beneficiaries in that subgroup in the intervention group and n = 17,794 in the control group, accounting for 78 percent of all beneficiaries in each subgroup. For the antihypertensive
adherence measure for the high vulnerability subgroup, this included n = 11,911 beneficiaries in that subgroup in the intervention group and n = 8,693 in the control group, accounting
for 79 percent of all beneficiaries in each subgroup. For the statin adherence measure for the low vulnerability subgroup, this included n = 19,863 beneficiaries in that subgroup in the
intervention group and n = 11,520 in the control group, accounting for 58 percent of all beneficiaries in each subgroup. For the statin adherence measure for the medium vulnerability
subgroup, this included n = 17,505 beneficiaries in that subgroup in the intervention group and n = 13,210 in the control group, accounting for 57 and 58 percent of beneficiaries in
those subgroups, respectively. For the statin adherence measure for the high vulnerability subgroup, this included n = 8,522 beneficiaries in that subgroup in the intervention group and
n = 6,232 in the control group, accounting for 56 percent of all beneficiaries in each subgroup.

4 The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each category. The RAND Corporation developed the predicted probabilities
from its MBSIG 2.0 algorithm (Haas et al. 2019), which used information from CMS administrative data and beneficiaries’ names and characteristics of their Census blocks to assign
each beneficiary probabilities of being non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

¢ Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level measures of spending and use (Blue et al. 2020). Briefly, to estimate
organizational-level mean Medicare spending and use per beneficiary, we used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the 2017 intervention
group beneficiaries enrolled within the first few months of the year, their baseline period generally spans the period before the intervention started and, importantly, before the model
might have affected organizations’ use and spending for their Medicare populations. The organizational-level means included in this table are the variance-shrunken means for each
organization.

*I** Significantly different from zero at the .05/0.01 level, two-tailed test, respectively.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI = acute myocardial infarction; ASCVD = atherosclerotic
cardiovascular disease; CDC = Centers for Disease Control and Prevention; CMS = Centers for Medicare & Medicaid Services; CVD = cardiovascular disease; ED = emergency
department; FFS = fee-for service; HCC = hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare Bayesian Improved
Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner; NPPES = National Plan and Provider Enumeration System; PA =
physician assistant; SBP = systolic blood pressure.
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7. Baseline characteristics of the subgroups defined by gender

We split the analysis population used for Part D medication-related analyses by gender for

subgroup analyses of initiation or intensification of statins and antihypertensives. Within each
subgroup (men and women), the intervention and control groups were well balanced on nearly

all measures, including those of CVD risk, medication use, demographics and Medicare
enrollment characteristics, and prior service use (Table E.16).

Table E.16. Baseline characteristics of high- and medium-risk Medicare beneficiaries enrolled in
2017 and 2018 and included in subgroup analyses defined by gender: Intervention versus control

group

Characteristic

Intervention
group mean
(N = 43,462)

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score (%),
[standard deviation]
Modifiable risk (%)°
Has diabetes (%)
SBP (mm Hg)
Distribution of SBP (%)
SBP <130 mm Hg
SBP 130-139 mm Hg
SBP 140-149 mm Hg
SPB =150 mm Hg
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Distribution of LDL cholesterol
(%)
LDL < 70 mg/dL
LDL 70-99 mg/dL
LDL 100-129 mg/dL
LDL = 130 mg/dL
Is current smoker (%)

Men
Control

group mean

(N = 29,699)
29 29
(111 (111
10 10
36 36
134 134
36 35
32 32
18 19
14 14
169 169
46 46
97 96
16 17
43 43
27 26
14 14
11 12

Standardized
difference?®

0.02

0.02
0.00
-0.01

0.02
-0.01
-0.01

0.00

0.01
-0.01

0.03

-0.03
0.00
0.01
0.02

-0.04

Intervention
group mean
(N = 36,784)

26
[10]
10
40
137

31
30
19
20
190
57
106

1"
37
30
22
10

Women

Control

group mean
(N = 24,134)

26
[10]
10
40
137

30
30
20
20
190
57
105

12
37
30
22
13

Standardized
difference?

-0.02

-0.02
0.00
-0.02

0.03
0.00
-0.02
-0.02
0.01
-0.02
0.03

0.00
0.01
0.01
-0.07
0.00
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Men
Intervention Control
group mean group mean
Characteristic (N=43,462) (N =29,699)
Beneficiary’s medication use-0.03
Uses aspirin (%) 48 44
Uses antihypertensives based 80 79
on Part D (%)
Proportion of days covered by 89 89
antihypertensives (%)
Proportion of beneficiaries with 83 84
adherence to antihypertensives
(%)
Uses statins based on Part D 62 62
(%)
Intensity of statin use based on
Part D (%)
Low intensity 6 6
Medium intensity 37 37
High intensity 19 20
Proportion of days covered by 82 82

any statins (%)

Proportion of beneficiaries with 71 72
adherence to statins (%)°

Beneficiary’s demographic and Medicare enrollment characteristics

Age 7 7
[standard deviation] [5] [5]
Race and ethnicity (%)?
Non-Hispanic Black 6 5
Non-Hispanic White 86 87
Hispanic 4 4
All other races and 4 4
ethnicities
Dually enrolled in Medicare and 11 11
Medicaid (%)
Originally entitled to Medicare 16 16

because of disability (%)

Beneficiary’s health and comorbid conditions

HCC score 1.18 1.18
[standard deviation] [1.04] [1.03]
Number of chronic conditions 2.1 2.1

Beneficiary’s medical service use and spending in year before model enroliment

Total Medicare Parts A and B 7,794 7,620
annualized expenditures ($) [16,631] [16,548]
[standard deviation]

Hospital admissions (per 1,000 177 180
beneficiaries)

Outpatient ED visits or 359 348

observation stays (per 1,000
beneficiaries)

Office visits (per 1,000 8,974 8,680
beneficiaries)

Women

Intervention Control

Standardized group mean group mean Standardized

difference®

0.07
0.01

-0.01

-0.02

0.00

0.00
0.01
-0.02
-0.02

-0.02

-0.02

0.05
-0.06
0.04
0.00

-0.01

-0.02

(N=36,784) (N=24,134) difference?

40 40 0.00
85 84 0.02
90 90 -0.01
83 84 -0.01
58 58 0.00

7 8 -0.01
37 37 0.00
14 14 0.00
78 79 -0.04
65 67 -0.04

73 73 -0.01
4] 4]
9 8 0.04
82 83 -0.03
5 4 0.03
5 -0.04
15 17 -0.05
13 14 -0.02

0.00 1.18 1.19 -0.01
[0.97] [0.98]

0.00 2.1 2.1 0.01
0.01 7,932 7,774 0.01
[16,375] [15,483]

0.00 191 195 -0.01
0.01 427 426 0.00
0.04 9,992 9,628 0.05
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Men Women

Intervention Control Intervention Control

group mean group mean Standardized group mean group mean Standardized
Characteristic (N=43,462) (N =29,699) difference® (N=236,784) (N =24,134) difference®
Office visits with model-aligned 2,498 2,532 -0.01 2,930 2,969 -0.01
providers (per 1,000
beneficiaries)

Cardiologist visits (per 1,000 1,881 1,875 0.00 1,653 1,580 0.02
beneficiaries)

Characteristics of organization enrolling the beneficiary

Organizational-level mean
Medicare spending and use®

Parts A and B spending 7,728 7,707 0.01 7,637 7,599 0.02
Hospital admissions (per 184 193 -0.24 181 190 -0.22
1,000 beneficiaries)

Outpatient ED visits (per 378 366 0.12 376 369 0.07

1,000 beneficiaries)

Characteristics of clinician enrolling the beneficiary

Provider specialty (%)

Primary care physician 57 60 -0.04 59 63 -0.08
Cardiologist 29 29 -0.01 24 23 0.01
Physician with other 3 1 0.12 3 1 0.16
specialty

Not a physician (for 10 9 0.03 13 12 0.04

example, NP or PA)

Characteristics of beneficiary’s region

Rural (%) 24 26 -0.07 24 26 -0.04
County-level health measures
AMI hospitalizations per 11 11 -0.14 11 12 -0.20

1,000 Medicare beneficiaries
ages 65 and older in 2014—
2016

Stroke hospitalizations per 23 23 0.12 23 23 0.10
1,000 Medicare beneficiaries

ages 65 and older in 2014—

2016

Age-adjusted mortality per 4,350 4,384 -0.06 4,388 4,442 -0.09
100,000 for residents ages
65 and older in 2014-2016

Per capita total Medicare 9,986 9,836 0.10 10,032 9,917 0.08
Parts A and B spending in

2016

Hospital admissions per 277 275 0.04 280 279 0.02

1,000 Medicare FFS
beneficiaries in 2016

Outpatient ED visits per 690 680 0.08 698 690 0.06
1,000 Medicare FFS
beneficiaries in 2016

Sources: Million Hearts Data Registry for clinical indicators on cardiovascular risk; Million Hearts Data Registry and Medicare Part
D claims for beneficiaries’ medication use; Medicare enroliment database for beneficiaries’ demographic and Medicare
enrollment characteristics; RAND MBISG race and ethnicity file for probabilities of being non-Hispanic Black, non-
Hispanic White, Hispanic, or all other races and ethnicities; Medicare Parts A and B claims for health and comorbid
conditions, medical service use and spending; registry data linked to NPPES for clinician-level characteristics;
beneficiaries’ zip codes from the Medicare enroliment database, linked to data from the U.S. Census Bureau and the
CDC for 2016 Census-track-level summary SVI score, as well as beneficiaries’ county codes from the Medicare
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enrollment database linked separately to data from the CDC and CMS’s Medicare Geographic Variation Public Use File
for regional characteristics; Million Hearts Data Registry for characteristics of model enroliment.

Note: For all measures, means are calculated over nonmissing values. We calculated p-values based on standard errors
clustered at the level of the participating organization. For binary variables, the p-values come from a t-test. For
categorical variables, they come from a single joint F-test of the equivalence of the intervention and control groups
across all categories.

The population for this table includes beneficiaries who enrolled in 2017 and 2018, had 12 months of Part D coverage
before enrollment and in the month of enrolliment, and met inclusion criteria for initiation or intensification of
antihypertensives or statins (SPB equal to 130 mm Hg or higher or LDL equal to 70 mg/dL or higher). This accounted for
57 and 57 percent of all intervention and control beneficiaries in the subgroup of men, respectively, as well as 67 percent
and 67 percent of all intervention and control group beneficiaries in the subgroup of women, respectively.
@ The standardized difference is the difference between the intervention and control group means, divided by the standard deviation
across the intervention and control groups.

® We defined modifiable risk as the difference between a beneficiary’s CVD risk score at enrollment and his or her possible risk
score 12 months later if all ABCS risk factors were set to clinical targets, with risk scores calculated using the Million Hearts
Longitudinal ASCVD Risk Assessment Tool. The Fourth Annual Report, Chapter VI, defines clinical targets.

¢ Measured among beneficiaries who also had 12 months of Part D coverage before and in the month of enroliment and with
medication use at baseline. For the antihypertensive adherence measure for the subgroup of men, this included n = 32,162
beneficiaries in that subgroup in the intervention group and n = 21,925 in the control group, accounting for 74 percent of all
beneficiaries in each subgroup. For the antihypertensive adherence measure for the subgroup of women, this included n = 29,506
beneficiaries in that subgroup in the intervention group and n = 19,218 in the control group, accounting for 80 percent of all
beneficiaries in each subgroup. For the statin adherence measure for the subgroup of men, this included n = 25,412 beneficiaries in
that subgroup in the intervention group and n = 17,469 in the control group, accounting for 58 and 59 percent of beneficiaries in
each subgroup, respectively. For the statin adherence measure for the subgroup of women, this included n = 20,491 beneficiaries in
that subgroup in the intervention group and n = 13,501 in the control group, accounting for 56 percent of all beneficiaries in each
subgroup.

4 The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each category. The RAND
Corporation developed the predicted probabilities from its MBSIG 2.0 algorithm (Haas et al. 2019), which used information from
CMS administrative data and beneficiaries’ names and characteristics of their Census blocks to assign each beneficiary probabilities
of being non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and multiracial.

¢ Mathematica’s Third Annual Report, Appendix D, provides details on how we constructed organizational-level measures of
spending and use (Blue et al. 2020). Briefly, to estimate organizational-level mean Medicare spending and use per beneficiary, we
used pre-enroliment data only from beneficiaries enrolled in 2017. Because most of the 2017 intervention group beneficiaries
enrolled within the first few months of the year, their baseline period generally spans the period before the intervention started and,
importantly, before the model might have affected organizations’ use and spending for their Medicare populations. The
organizational-level means included in this table are the variance-shrunken means for each organization.

*I** Significantly different from zero at the 0.05/0.01 level, two-tailed test, respectively.

ABCS = aspirin when appropriate, blood pressure control, cholesterol management, and smoking cessation; AMI = acute
myocardial infarction; ASCVD = atherosclerotic cardiovascular disease; CDC = Centers for Disease Control and Prevention; CMS =
Centers for Medicare & Medicaid Services; CVD = cardiovascular disease; ED = emergency department; FFS = fee-for service;
HCC = hierarchical condition category; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MBSIG 2.0 = Medicare
Bayesian Improved Surname Geocoding; mg/dl = milligrams per deciliter; mmHg = millimeters of mercury; NP = nurse practitioner;
NPPES = National Plan and Provider Enumeration System; PA = physician assistant; SBP = systolic blood pressure.
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1. Overview

The impact analyses described in Chapters IV through VII use outcome measures derived from
Medicare administrative and Parts A, B, and D claims data, the Million Hearts Data Registry,
and National Death Index (NDI) data. In previous reports, Mathematica described how we
specified most of these outcome measures. In this appendix, we describe only updated or new
outcome measures used in the current report. Table F.1 provides the location and links for
outcome descriptions included in this appendix and in previous reports.

Table F.1. Sources for definitions of outcome measures

Outcome
(Reported in which chapter of this report) Description

Statin and antihypertensive initiation or intensification Second Annual Report, Appendix C, Section 3
(Chapter 1V)

Statin and antihypertensive adherence Fourth Annual Report, Chapter V, Section A.1 (page
(Chapter V) 67)

Aspirin use, CVD risk score, and CVD risk factors Sourced directly from the Million Hearts Data
(Chapter V) Registry

Hospitalizations, ED visits, and office visits Second Annual Report, Appendix C, Section 2.d
(Chapter VI)

First-time heart attack and stroke Described in this appendix, Section 2

(Chapter VII)

All-cause mortality Sourced directly from the Medicare Enrollment
(Chapter VII) Database

Cause-specific mortality Described in this appendix, Section 4

(Chapter VII)
Combined CVD event and mortality measure Described in this appendix, Section 4

(Chapter VII)
CVD-event spending Described in this appendix, Section 3

(Chapter VII)
Medicare Parts A and B spending Second Annual Report, Appendix C, Section 2.d

(Chapter VII)

The rest of this appendix defines updated or new measures. In Section F.2, we present our
updated definition of first-time heart attack or stroke, which includes several newly added codes
for stroke. Section F.3 describes our new 90-day cardiovascular disease (CVD)-event spending
measure. In Section F.4, we provide information on the National Death Index (NDI) outcome
measures, including measures of cause-specific mortality and a composite measure to capture
both claims-based first-time heart attacks or strokes and NDI-based deaths due to coronary heart
disease (CHD) or cerebrovascular disease.
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2. Claims-based definition of first-time heart attack or stroke (updated for stroke)

We measured heart attacks and strokes using inpatient hospital claims and outpatient emergency
department (ED) or observation stay claims. Furthermore, we constructed two versions of the
heart attack and stroke outcomes—one using a narrow definition of the event, the other a broader
definition of the event. As Table F.2 describes, the narrow definition uses only the principal
diagnosis on both inpatient and outpatient claims. In contrast, the broader definition looks at
principal or secondary diagnoses on inpatient claims, as long as the secondary diagnosis was not
present on admission. The “not present on admission” restriction sought to exclude events
previously diagnosed or treated.

The diagnosis codes used to define the narrow and broad definitions of heart attack and stroke
were based on the Chronic Conditions Data Warehouse (CCW) definitions of heart attack and
stroke. As in previous analyses, the narrow definition of heart attack limited the diagnoses to
those categorized as ST elevation (STEMI), non-ST elevation (NSTEMI), and unspecified heart
attack (this corresponds to Type I heart attacks, as defined by the Fourth Universal Definition of
Myocardial Infarction [Thygesen et al. 2018]). For the broad definition of heart attack, we
included all five types of heart attacks in the Fourth Universal Definition of Myocardial
Infarction. We excluded any diagnoses for complications following STEMI and NSTEMI, as
well as diagnoses for subsequent heart attack from the outcome definition because the outcome
aim to measure first heart attacks.

For stroke, we limited the diagnoses for the narrow definition to those categorized as ischemic
and hemorrhagic stroke. For the broad definition of stroke, we included ischemic and
hemorrhagic stroke, transient ischemic attack (TIA), and stroke syndromes. Compared to prior
evaluation reports, we updated the list of diagnosis codes for stroke, consistent with updates the
CCW made to the list of stroke codes in its 2022 updates (Chronic Conditions Data Warehouse
2022). (The 2022 CCW updates did not change the narrow or broad definition of heart attack.)
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Table F.2. Claims-based definitions of acute myocardial infarction and stroke (ICD-10 codes only)

Diagnosis codes

Heart attack

Stroke?

Stroke exclusions (in
any position, unless
otherwise noted)

Mathematica® Inc.

Narrow definition

STEMI: 121.01, 121.02, 121.09, 121.11,
121.19, 121.21, 121.29, 121.3

NSTEMI: 121.4
Unspecified: 121.9

Ischemic and hemorrhagic stroke,
original codes: 160.00, 160.01, 160.02,
160.10, 160.11, 160.12, 160.2, 160.20,
160.21, 160.22, 160.30, 160.31, 160.32,
160.4, 160.50, 160.51, 160.52, 160.6,
160.7, 160.8, 160.9, 161.0, 161.1, 161.2,
161.3,161.4, 161.5, 161.6, 161.8, 161.9,
163.00, 163.011, 163.012, 163.013,
163.019, 163.02, 163.031, 163.032,
163.033, 163.039, 163.09, 163.10,
163.111, 163.112, 163.113, 163.119,
163.12, 163.131, 163.132, 163.133,
163.139, 163.19, 163.20, 163.211,
163.212, 163.213, 163.219, 163.22,
163.231, 163.232, 163.233, 163.239,
163.29, 163.30, 163.311, 163.312,
163.313, 163.319, 163.321, 163.322,
163.323, 163.329, 163.331, 163.332,
163.333, 163.339, 163.341, 163.342,
163.343, 163.349, 163.39, 163.40,
163.411, 163.412, 163.413, 163.419,
163.421, 163.422, 163.423, 163.429,
163.431, 163.432, 163.433, 163.439,
163.441, 163.442, 163.443, 163.449,
163.49, 163.50, 163.511, 163.512,
163.513, 163.519, 163.521, 163.522,
163.523, 163.529, 163.531, 163.532,
163.533, 163.539, 163.541, 163.542,
163.543, 163.549, 163.59, 163.6, 163.81,
163.89, 163.9. Ischemic and hemorrhagic
stroke codes newly included in this Fifth
Annual Report: 162.00, 162.01, 162.02,
162.9

Broad definition

STEMI: 121.01, 121.02, 121.09, 121.11, 121.19,
121.21,121.29, 121.3

NSTEMI: 121.4
Unspecified: 121.9
Type 2: 121.A1
Other types: 121.A9

Ischemic and hemorrhagic stroke, original codes:
160.00, 160.01, 160.02, 160.10, 160.11, 160.12,
160.2, 160.20, 160.21, 160.22, 160.30, 160.31,
160.32, 160.4, 160.50, 160.51, 160.52, 160.6, 160.7,
160.8, 160.9, 161.0, 161.1, 161.2, 161.3, 161.4, 161.5,
161.6,161.8, 161.9, 163.00, 163.011, 163.012,
163.013, 163.019, 163.02, 163.031, 163.032,
163.033, 163.039, 163.09, 163.10, 163.111, 163.112,
163.113, 163.119, 163.12, 163.131, 163.132,
163.133, 163.139, 163.19, 163.20, 163.211, 163.212,
163.213, 163.219, 163.22, 163.231, 163.232,
163.233, 163.239, 163.29, 163.30, 163.311, 163.312,
163.313, 163.319, 163.321, 163.322, 163.323,
163.329, 163.331, 163.332, 163.333, 163.339,
163.341, 163.342, 163.343, 163.349, 163.39, 163.40,
163.411, 163.412, 163.413, 163.419, 163.421,
163.422, 163.423, 163.429, 163.431, 163.432,
163.433, 163.439, 163.441, 163.442, 163.443,
163.449, 163.49, 163.50, 163.511, 163.512, 163.513,
163.519, 163.521, 163.522, 163.523, 163.529,
163.531, 163.532, 163.533, 163.539, 163.541,
163.542, 163.543, 163.549, 163.59, 163.6, 163.81,
163.89, 163.9. Ischemic and hemorrhagic stroke
codes newly included in this Fifth Annual Report:
162.00, 162.01, 162.02, 162.9

TIA: G45.0, G45.1, G45.2, G45.8, G45.9, 167.81,
167.82, 167.841, 167.848, 167.89

Other stroke syndromes: G46.0, G46.1, G46.2,
G46.3, G46.4, G46.5, G46.6, G46.7, G46.8,
G97.31, G97.32, 166.01, 166.02, 166.03, 166.09,
166.11, 166.12, 166.13, 166.19, 166.21, 166.22,
166.23, 166.29, 166.3, 166.8, 166.9, 197.810,
197.811, 197.820, 197.821
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Narrow definition Broad definition

Diagnosis fields

Inpatient claims Principal only Principal and secondary, but only those secondary
diagnoses not present on admission

Outpatient ED and Principal only Principal only

observation stay

claims

@ For both narrow and broad definitions of stroke, we applied the CCW stroke exclusions as originally defined in their
2018 specifications and added new exclusion codes from the 2022 updates. The stroke exclusion codes, including
the original 2018 codes are S01.90XA, S02.0XXA, S02.0XXB, S02.10XA, S02.10XB, S02.101A, S02.101B,
S02.102A, S02.102B, S02.109A, S02.109B, S02.11GA, S02.11GB, S02.11HA, S02.11HB, S02.110A,S02.111A,
S02.112A, S02.113A, S02.110B, S02.111B, S02.112B, S02.113B, S02.118A, S02.118B, S02.119A, S02.119B,
S02.19XA, S02.19XB, S02.2XXA, S02.2XXB, S02.3XXA, S02.30XA, S02.3XXB, S02.30XB, S02.31XA, S02.31XB,
S02.32XA, S02.32XB, S02.40AA, S02.40AB, S02.40BA, S02.40BB, S02.40CA, S02.40CB, S02.40DA, S02.40DB,
S02.40EA, S02.40EB, S02.40FA, S02.40FB, S02.400A, S02.400B, S02.401A, S02.401B, S02.402A, S02.402B,
S02.411A, S02.411B, S02.412A, S02.412B, S02.413A, S02.413B, S02.42XA, S02.42XB, S02.600A, S02.600B,
S02.601A, S02.601B, S02.602A, S02.602B, S02.609A, S02.609B, S02.61XA, S02.610A, S02.610B, S02.611A,
S02.611B, S02.612A, S02.612B, S02.62XA, S02.620A, S02.62XB, S02.620B, S02.621A, S02.621B, S02.622A,
S02.622B, S02.63XA, S02.630A, S02.63XB, S02.630B, S02.631A, S02.631B, S02.632A, S02.632B, S02.64XA,
S02.640A, S02.64XB, S02.640B, S02.641A, S02.641B, S02.642A, S02.642B, S02.65XA, S02.650A, S02.65XB,
S02.650B, S02.651A, S02.651B, S02.652A, S02.652B, S02.66XA, S02.66XB, S02.67XA, S02.670A, S02.670B,
S02.671A, S02.671B, S02.672A, S02.672B, S02.69XA, S02.61XB, S02.62XA, S02.63XA, S02.64XA, S02.65XA,
S02.66XA, S02.67XB, S02.69XB, S02.8XXA, S02.80XA, S02.8XXB, S02.80XB, S02.81XA, S02.81XB, S02.82XA,
S02.82XB, S02.91XA, S02.91XB, S02.92XA, S02.92XB, S06.0X0A, S06.0X1A, S06.0X2A, S06.0X3A, S06.0X4A,
S06.0X5A, S06.0X6A, S06.0X7A, S06.0X8A, S06.0X9A, S06.1X0A, S06.1X1A, S06.1X2A, S06.1X3A, S06.1X4A,
S06.1X5A, S06.1X6A, S06.1X7A, S06.1X8A, S06.1X9A, S06.2X0A, S06.2X1A, S06.2X2A, S06.2X3A, S06.2X4A,
S06.2X5A, S06.2X6A, S06.2X7A, S06.2X8A, S06.2X9A, S06.2X0B, S06.2X1B, S06.2X2B, S06.2X3B, S06.2X4B,
S06.2X5B, S06.2X6B, S06.2X7B, S06.2X8B, S06.2X9B, S06.300A, S06.301A, S06.302A, S06.303A, S06.304A,
S06.305A, S06.306A, S06.307A, S06.308A, S06.309A, S06.310A, S06.311A, S06.312A, S06.313A, S06.314A,
S06.315A, S06.316A, S06.317A, S06.318A, S06.319A, S06.320A, S06.321A, S06.322A, S06.323A, S06.324A,
S06.325A, S06.326A, S06.327A, S06.328A, S06.329A, S06.330A, S06.331A, S06.332A, S06.333A, S06.334A,
S06.335A, S06.336A, S06.337A, S06.338A, S06.339A, S06.340A, S06.341A, S06.342A, S06.343A, S06.344A,
S06.345A, S06.346A, S06.347A, S06.348A, S06.349A, S06.350A, S06.351A, S06.352A, S06.353A, S06.354A,
S06.355A, S06.356A, S06.357A, S06.358A, S06.359A, S06.360A, S06.361A, S06.362A, S06.363A, S06.364A,
S06.365A, S06.366A, S06.367A, S06.368A, S06.369A, S06.370A, S06.371A, S06.372A, S06.373A, S06.374A,
S06.375A, S06.376A, S06.377A, S06.378A, S06.379A, S06.380A, S06.381A, S06.382A, S06.383A, S06.384A,
S06.385A, S06.386A, S06.387A, S06.388A, S06.389A, S06.4X0A, S06.4X1A, S06.4X2A, S06.4X3A, S06.4X4A,
S06.4X5A, S06.4X6A, S06.4X7A, S06.4X8A, S06.4X9A, S06.5X0A, S06.5X1A, S06.5X2A, S06.5X3A, S06.5X4A,
S06.5X5A, S06.5X6A, S06.5X7A, S06.5X8A, S06.5X9A, S06.6X0A, S06.6X1A, S06.6X2A, S06.6X3A, S06.6X4A,
S06.6X5A, S06.6X6A, S06.6X7A, S06.6X8A, S06.6X9A, S06.810A, S06.811A, S06.812A, S06.813A, S06.814A,
S06.815A, S06.816A, S06.817A, S06.818A, S06.819A, S06.820A, S06.821A, S06.822A, S06.823A, S06.824A,
S06.825A, S06.826A, S06.827A, S06.828A, S06.829A, S06.890A, S06.891A, S06.892A, S06.893A, S06.894A,
S06.895A, S06.896A, S06.897A, S06.898A, S06.899A, S06.9X0A, S06.9X1A, S06.9X2A, S06.9X3A, S06.9X4A,
S06.9X5A, S06.9X6A, S06.9X7A, S06.9X8A, S06.9X9A, OR Z51.89 as the principal diagnosis code. Exclusion codes
newly included in this Fifth Annual Report are S02.121A, S02.121B, S02.122A, S02.122B, S02.129A, S02.129B,
S02.831A, S02.831B, S02.832A, S02.832B, S02.839A, S02.839B, S02.841A, S02.841B, S02.842A, S02.842B,
S02.849A, S02.849B, S02.85XA, and S02.85XB.

ED = emergency department; CCW = Chronic Conditions Data Warehouse; ICD-10 = International Classification of
Diseases, 10th edition; NSTEMI = Non-ST elevation; STEMI = ST elevation; TIA = transient ischemic attack.
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3. Claims-based definition of CVD event spending

We constructed a measure of spending for first-time heart attacks or strokes (CVD events),
including spending during the first-time heart attack or stroke (hereafter, the acute event) and 90
days following the event. This measure included all Medicare fee-for-service (FFS) payments
made to hospitals for the acute event (an inpatient stay, an outpatient ED visit, or observation
stay) as well as all payments made to individual providers for care provided during the acute
event. Further, this measure included all Medicare payments made to all providers in the 90-days
after discharge for all services delivered during this window, even if they were unrelated to the
acute event. This included Medicare payments for services found in each of the FFS claims files:
inpatient, skilled nursing facility, hospice, home health, outpatient, carrier (also called part B),
and durable medical equipment. If a claim was partially contained within the 90-day window—
for example, an inpatient hospital claim spanning days 86 to 95 post-discharge—we calculated
the average daily payment for the claim and estimated Medicare payments contained within the
90-day episode window by multiplying the average daily payment rate by the number of days
that fell in the 90-day window. We did not measure 90-day episode spending for acute events if
(1) the beneficiary was not observable for the full 90-day window for any reason other than
death—for example, if they moved into Medicare Advantage during the 90-day window—(n =
217 events excluded); or (2) if the acute event occurred too late in the analysis period to measure
90-day spending—for example, an event whose 90-day window ended on or after January 1,
2022 (n = 6 events excluded). The n = 223 excluded events represent 3 percent of the CVD
events included in the event spending analyses.

4. NDI outcome measures

We constructed measures of cause-specific mortality based on the underlying cause of death
codes obtained from the NDI.?! The World Health Organization defines the underlying cause of
death as “the disease or injury which initiated the train of morbid events leading directly to
death, or the circumstances of the accident or violence which produced the fatal injury.” As
Table F.3 describes, we classified underlying causes of death into CVD-related deaths, and
further classified CVD-related deaths as CHD or cerebrovascular disease-related deaths using the
same International Classification of Diseases, 10th edition (ICD-10) diagnosis-based definitions
used by the American Heart Association and the Reasons for Geographic and Racial Differences
in Stroke (REGARDS) project. According to REGARDS,*? NDI-derived cause-specific
mortality based on these definitions had good specificity and modest sensitivity (specificity: 85
percent for all CVD, 90 percent for CHD, and 99 percent for cerebrovascular deaths; sensitivity:
73 percent for all CVD, 54 percent for CHD, and 52 percent for cerebrovascular deaths
[Halanych et al. 2011; Olubowale et al. 2017]). Table F.4 presents top ICD-10 diagnosis codes in
each cause-of-death category under CVD. We extracted the date of death from the Medicare
Enrollment Database (EDB). Among 26,403 beneficiaries who died by the end of 2021 based on

2 NDI final files were obtained for years 2017 through 2020 and early release files were obtained for year 2021.

22 To assess sensitivity and specificity, REGARDS compared mortality data derived from death certificate and NDI
data to CVD deaths determined by expert adjudication.
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EDB, 98.7 percent had a corresponding NDI record. For deceased beneficiaries without a
corresponding NDI record, we coded their cause of death as unknown.

Building on the measures of cause-specific mortality, we constructed a composite measure to
capture both claims-based first-time heart attacks or strokes, as described in Section F.2, and
NDI-based deaths due to CHD or cerebrovascular disease. This composite measure adds fatal
CHD or cerebrovascular events identified in NDI data without an associated claim for first-time
heart attacks or strokes, capturing fatal CHD or cerebrovascular events occurring outside the
hospital in addition to first-time heart attacks and strokes in claims.

Table F.3. NDI-based definitions of CHD, cerebrovascular disease, and CVD (ICD-10 codes only)

Cause of death ICD-10 diagnosis codes

All CVD-related deaths 100-199

CHD or cerebrovascular deaths CHD: 120-125, 146, 149
Cerebrovascular: 160 to 169

All other deaths All other ICD-10 codes

CHD = coronary heart disease; CVD = cardiovascular disease; ICD-10 = International Classification of Diseases, 10th
edition; NDI = National Death Index.

Table F.4. Top ICD-10 diagnosis codes, by cause-of-death category

Cause of death Top 5 ICD-10 diagnosis codes

CHD deaths 125.1, Atherosclerotic heart disease of native coronary artery
121.9, Acute myocardial infarction, unspecified
125.0, Atherosclerotic cardiovascular disease, so described
146.9, Cardiac arrest, cause unspecified
125.5, Ischemic cardiomyopathy

Cerebrovascular 164, Stroke, not specified as hemorrhage or infarction
deaths 161.9, Nontraumatic intracerebral hemorrhage, unspecified
163.9, Cerebral infarction, unspecified
162.9, Nontraumatic intracranial hemorrhage, unspecified
167.9, Cerebrovascular disease, unspecified
Other CVD deaths 150.0, Congestive heart failure
111.9, Hypertensive heart disease without heart failure
148, Atrial fibrillation and flutter
142.9, Cardiomyopathy, unspecified

150.9, Heart failure, unspecified

CHD = coronary heart disease; CVD = cardiovascular disease; ICD-10 = International Classification of Diseases, 10th
edition.
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In Chapter VIII, Mathematica reported estimates of the impacts of the Million Hearts Model on
cardiovascular disease (CVD) medication use, CVD risk factors and risk scores, service use,
first-time heart attacks and strokes, mortality, and Medicare spending, as well as variation in
model impacts by beneficiary subgroup. This appendix details our methods for estimating
impacts. Appendix F described the definitions of outcome variables used in impact analyses.

1. Empirical estimation design

The core design for estimating impacts used the cluster randomized trial, in which the Centers
for Medicare & Medicaid Services (CMS) randomly assigned 516 organizations (the clusters) to
intervention and control groups. CMS assigned organizations to the two groups in a way that
ensured, on average, the 260 intervention organizations and the 256 control organizations were
similar in their locations (as defined by 10 U.S. Department of Health and Human Services
regions), number of service sites, number of practitioners, and self-reported number of Medicare
beneficiaries (NORC 2016a, b). Although the unit of random assignment was the organization,
the unit of analysis for most study outcomes was the beneficiary. That is, we estimated impacts
as the regression-adjusted differences in outcomes between intervention and control
beneficiaries. We estimated impacts for (1) the high- and medium-risk beneficiaries combined
and (2) the high-risk beneficiaries alone. We considered beneficiaries at high risk if, at the time
of enrollment, their estimated 10-year risk of first-time heart attack and stroke was 30 percent or
higher, medium risk if it was 15 percent or higher and less than 30 percent, and low risk if it was
less than 15 percent.

Because beneficiaries enrolled at different times, our follow-up data on their outcomes cover
different calendar periods for each beneficiary. For each beneficiary, we measured claims-based
outcomes from the beneficiary’s date of enrollment (in 2017 or 2018) through December 2021
(or the date a person died or became unobservable in Medicare claims).?*> The median follow-up
period across all beneficiaries included in our analysis was 51.6 months, with a range from one
day to just under 60.0 months. We measured spending and acute care use at the beneficiary-
quarter level. Analyses of first-time CVD events stopped following beneficiaries after they had a
CVD event, for a shorter median follow-up time of 50.7 months. Analyses of death continued to
follow beneficiaries after they became unobservable in Medicare claims because mortality data
were available for all enrolled beneficiaries, leading to a longer follow-up time of 54.1 months.
Given the date we pulled the claims data and the rolling enrollment, we observed each
beneficiary from 1 to 19 quarters (or just under 60.0 months), depending on how early in 2017 or
2018 the beneficiary enrolled in the model (and whether he or she was still alive and observable
in claims at the start of the quarter).

23 The antihypertensive medication and statin intensification, initiation, and adherence outcome measures cover the
first year after beneficiaries were enrolled. These analyses relied on Part D claims data through June 2020. This time
period enabled us to identify medication initiation, intensification, and adherence within the first year of enrollment
for every beneficiary in the study population, along with an additional three or six months needed to confirm
intensification or adherence, respectively.
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We used an intent-to-treat design, following beneficiaries for all months after they entered the
Million Hearts Model, whether they continued to receive any active intervention from the
participating organizations. This approach limited the possibility that differential attrition
between the intervention and control groups could bias impact estimates—that is, lead to
differences in mean outcomes between the intervention and control groups that were not due to
Model impacts. Nonetheless, this approach does not guarantee unbiased estimates, especially
because some of the randomized organizations have dropped out of the study, more providers
participated in the Model at intervention organizations than at control organizations, and some
eligible beneficiaries in the included organizations might not have been risk stratified or reported
to the registry.

The regression models adjusted for beneficiaries’ characteristics at baseline to increase the
precision and to adjust for observed differences between the groups. Regression adjustment is
appropriate because CMS used a relatively sophisticated method for assigning organizations to
the intervention and control groups rather than simple random assignment (Ciolino et al. 2019).
Further, even though the intervention and control groups were similar at baseline on many
demographics, there were some relatively large standardized differences between the two groups
(see Appendix E) and some smaller differences between the two groups in covariates that were
highly related to the outcome, which made it important to control for these factors in regression
models (Schochet 2010). Table G.1 provides a full list of covariates, with several of the specific
covariates we used varying based on whether we defined the study population as beneficiaries
enrolled in the model versus those we attributed to organizations using Medicare claims data
(described in the Third Annual Report, Appendix C [Blue et al. 2020]). For beneficiaries
identified through claims-based attribution, we had to use claims-based proxies for clinical
values, such as blood pressure, collected in the registry. For models analyzing impacts on
adherence, we also adjusted for baseline adherence levels. For models analyzing impacts on
cardiovascular risk scores or risk factors, we adjusted for the time between baseline and follow-
up visits at which cardiovascular risks were measured. We made a few modifications to the
covariates used in the impact analyses in this report, compared to previous years. Specifically,
we (1) switched data sources (from registry to claims) for a few variables (such as diabetes);
(2) added some new covariates for select combinations of chronic conditions (for example, a
covariate that indicated whether a beneficiary had heart failure and chronic kidney disease);

(3) modeled CVD risk separately for small, medium, and large organizations. More details are
available in Table G.1.
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Table G.1. Covariates included in the regression models used for estimating impacts on a
beneficiary’s outcomes

Included in regression
models with the population
of:
Enrolled Attributed
Covariate, measured at date of enroliment or attribution beneficiaries beneficiaries

Clinical indicators of beneficiary’s cardiovascular risk

CVD risk score® ¢ n

Predicted CVD risk score [
Predicted probabilities of belonging to the high- or medium-, high-, medium-, and [ ]
low-CVD risk groups (four variables) ©

Estimated modifiable riska - ¢ d n

Claims-based CVD risk score (assuming optimal values for clinical values) [ ]
Evidence of diabetes in claims (yes/no) [ ] [ ]
Systolic blood pressure (mm Hg)? [ ]

Evidence of hypertension in claims over previous 24 months (yes/no) ] ]
Total cholesterol (mg/dL)? ]

HDL cholesterol (mg/dL)? ]

LDL cholesterol (mg/dL)?-© ]

Evidence of hyperlipidemia in claims over previous 12 months (yes/no) ] ]
Is current smoker (yes/no)®® ]

Evidence of tobacco use in claims over previous 24 months (yes/no) ]
Uses aspirin (yes/no)?® [ ]

Evidence of aspirin use in claims over previous 24 months (yes/no) [ ]

Beneficiary’s medication use before model enroliment 9

Antihypertensive medications in baseline year (yes/no/without Part D enroliment) [ ] [ ]
Statins in baseline year (no/low/moderate/high/without Part D enroliment) [ ] [ ]
Beneficiary’s demographic and Medicare enroliment characteristics

Age (separately by categorical age group)?

Race and ethnicity predicted probabilities: non-Hispanic Black, non-Hispanic
White, Hispanic (3 variables)

Male (yes/no)
Dually enrolled in Medicare and Medicaid (yes/no)
Originally entitled to Medicare due to disability (yes/no)

Received Part D low-income subsidy for at least one month over previous year

Beneficiary’s health and comorbid conditions from claims
HCC score®

Count of chronic conditions

Has chronic kidney disease (yes/no)

Has ischemic heart disease (yes/no)

Has heart failure (yes/no)

Has atrial fibrillation (yes/no)

Has morbid obesity (yes/no)
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Included in regression
models with the population

of:

Enrolled Attributed
Covariate, measured at date of enrollment or attribution beneficiaries beneficiaries
Has dementia (yes/no) [ ] [ ]
Has diabetes with complications (yes/no) [ ] [ ]
Has dialysis status, acute renal failure, or stage 5 chronic kidney disease [ ] [ ]
(yes/no)
Has cancer (yes/no) [ ] ]
Has unstable angina (yes/no) [ ] [ ]
Has chronic obstructive pulmonary disease (yes/no) [ ] [ ]
Has vascular disease with complications (yes/no) [ ] [ ]
Has drug or alcohol dependence (yes/no) [ ] [ ]
Has heart failure and diabetes (yes/no) [ ] [ ]
Has heart failure and chronic kidney disease (yes/no) [ ] [ ]
Has heart failure and atrial fibrillation (yes/no) [ ] [ ]
Has heart failure and ischemic heart disease (yes/no) [ ] [ ]
Has ischemic heart disease and chronic kidney disease (yes/no) [ ] [ ]
Has ischemic heart disease and diabetes (yes/no) [ ] [ ]
Has ischemic heart disease and chronic obstructive pulmonary disease (yes/no) ] ]
Beneficiary’s medical service use and spending in year before model
enrollmentf
Total Medicare Parts A and B annualized expenditures® [ ] [ ]
Total inpatient annualized expenditurest [ ] [ ]
Number of hospital admissions' [ ] [ ]
Number of CVD-related hospital admissions' [ ] [ ]
Number of outpatient ED visits or observation stays' [ [
Number of CVD-related ED visits or observation stays' [ ] [ ]
Number of office visits' n n
Number of office visits with model-aligned providers' [ ] [ ]
Number of cardiologist office visits' [ ] [ ]

Beneficiary’s CVD-related procedures in year before model enrollmentf

Received echocardiogram (yes/no) ] ]
Received electrocardiogram (yes/no) [ ] [ ]
Received cardiac stress test (yes/no) [ ] [ ]
Received prophylactic vaccination or inoculation (yes/no) [ ] [ ]
Received colonoscopy or biopsy (yes/no) [ ] [ ]
Characteristics of organization enrolling the beneficiaryi

Total number of practitioners (1 to 5, 6 to 19, or 20 or more) © [ ] [ ]
Total number of service sites (1, 2 to 5, or 6 or more) n n
Organization type (primary care, specialty or multispecialty, FQHC, RHC, or ] ]
other health center; CAH, rural hospital, acute care hospital, or other)

Organization participated in, or had application pending for, another CMS model [ ] [ ]
at random assignment (yes/no)

Organizational-level mean Parts A and B Medicare spending® k ] [ ]
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Included in regression
models with the population

of:
Enrolled Attributed
Covariate, measured at date of enrollment or attribution beneficiaries beneficiaries
Organizational-level mean hospital admissions (per 1,000 beneficiaries)- % [ ] [ ]
Organizational-level mean outpatient ED visits or observation stays (per 1,000 [ ] [ ]

beneficiaries)" k

Characteristics of clinician enrolling the beneficiary

Provider specialty (cardiovascular-related physician/primary care physician ] ]
[noncardiovascular]/other physician/other provider type [nonphysician])

Characteristics of beneficiary’s region

Rural (yes/no) ] ]
HHS Region (1: CT, ME, MA, NH, RI, and VT, 2: NY, NJ, PR, and VI, 3: DC, DE, [ n
MD, PA, VA, and WV, 4: AL, FL, GA, KY, MS, NC, SC, and TN, 5: IL, IN, MI,

MN, OH, and WI, 6: AR, LA, NM, OK, and TX, 7: IA, KS, MO, and NE, 8: CO,

MT, ND, SD, UT, and WY, 9: AZ, CA, HI, and NV, or 10: AK, ID, OR, and WA)

Social Vulnerability Index (low vulnerability [summary SVI score deciles 1-4 or [ ] [ ]

SVI unknown], medium vulnerability [summary SVI score deciles 5-8], or high
vulnerability [summary SVI score deciles 9 and 10])

County-level AMI hospitalizations per 1,000 Medicare beneficiaries ages 65 and [ ] [ ]
older in 2014-2016

County-level stroke hospitalizations per 1,000 Medicare beneficiaries ages 65 [ ] [ ]
and older in 2014-2016'

County-level age-adjusted mortality per 100,000 for residents ages 65 and older ] ]
in 2014-2016'

County-level per capital total Medicare Parts A and B spending in 2016 [ ] [ ]
County-level hospital admissions per 1,000 Medicare FFS beneficiaries in 2016 [ ] [ ]
County-level outpatient ED visits per 1,000 Medicare FFS beneficiaries in 2016 ] ]
Characteristics of beneficiary’s Million Hearts Model enrolimentf

Calendar month of the enroliment/attribution date (24 variables, each n n
corresponding to 1 of the 24 months in 2017 and 2018)

Fewer than 12 months observable in Medicare claims in the year before [ ] [ ]

enrollment (yes/no)
Data submitted to the registry using bulk upload options (yes/no)? 9 [ ]

Notes:  For estimating impacts of the model on the antihypertensive medication and statin intensification composite
measures, all the variables in this table entered the regression models multiple times depending on
eligibility for the underlying outcome. For example, the covariates entered the model once for beneficiaries
eligible for initiation and once for beneficiaries eligible for intensification when we estimated impacts on
statin initiation or intensification. In practice, this meant interacting a person’s baseline covariates with a
dummy variable for whether the person was eligible for initiation or intensification of a particular model.

For estimating impacts on follow-up CVD risk scores and risk factors, we added second-order polynomial
terms for the number of months between enroliment and follow-up and the beneficiary’s baseline CVD risk
score and systolic blood pressure at enroliment.

aWe constructed this variable using data from the Million Hearts Data Registry.

b For the enrolled population, we included an interaction term between this variable and the high-risk group indicator,
in addition to the high-risk indicator itself, in models that included both high- and medium-risk beneficiaries. For the
attributed population, we interacted this variable with the probability of belonging to the high-risk group.

Mathematica® Inc.



Million Hearts Model Final Evaluation Report

¢ For the enrolled population, we interacted CVD risk group and modifiable CVD risk by three organization size
categories: 1 to 5 practitioners, 6 to 19 practitioners, or 20 or more practitioners. For the attributed population, we
interacted predicted CVD risk by organization size using the three organization size categories.

4 To account for missing values, we included an indicator for missing data in the regression model.

¢ To estimate the impacts of the model on the probability of smoking at reassessment, we adjusted for smoking status at
enrollment. However, we did not control for aspirin use at enrollment. In the Million Hearts Data Registry, when a
beneficiary is recorded as using aspirin daily at a visit, that will remain the status at later visits, including any annual
reassessment visits. Because beneficiaries’ aspirin status cannot change from daily user to nonuser between enroliment
and reassessment visits, we cannot estimate a logit model that controls for aspirin use at enrollment. (There is no variation
in aspirin use at reassessment among beneficiaries who used aspirin at enrollment, so this variable predicts the outcome
perfectly. In a logit model, the coefficient for baseline aspirin would equal infinity, preventing convergence during maximum
likelihood estimation.) Aspirin use was similar between intervention and control beneficiaries at enrollment, so we expect
removing this variable from the model had minimal impact on the impact estimates.

f For the population of attributed beneficiaries, we defined these variables according to the date of the visit that led to
the beneficiary being attributed to the participating organization (in place of the date of enroliment).

9 When estimating impacts of the Million Hearts Model on initiation or intensification of CVD medications, we
measured CVD-related medication use in the 120 days before model enrollment. When estimating impacts on the
remaining outcomes, we measured CVD-related medication use in the year before model enroliment.

h The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of falling into each
category. The RAND Corporation developed the predicted probabilities from its Medicare Bayesian Improved
Surname Geocoding (MBSIG 2.0) algorithm (Haas et al. 2019), which used information from CMS administrative data
and beneficiaries’ names and characteristics of their Census blocks to assign each beneficiary probabilities of being
non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and
multiracial.

iBefore including these variables in the regression models, we standardized each variable to have mean 0 and standard
deviation 1.

I For the population of attributed beneficiaries, we defined these variables according to characteristics of the
organization or provider the beneficiary was attributed to (in place of the organization or provider that enrolled the
beneficiary).

kSee Appendix C of the Second Annual Report (Peterson et al. 2019) for details on measure construction. To
estimate organizational-level mean Medicare spending and use per beneficiary, we used only baseline data from the
beneficiaries enrolled in 2017. Because many of the 2017 intervention group beneficiaries enrolled within the first few
months of the year, their baseline period is more likely to span the period before the intervention started and,
importantly, before the model might have affected the use and expenditures for the Medicare beneficiaries associated
with organizations participating in the model. The organization-level means included in the regression models are the
variance-shrunken means for each organization.

AMI = acute myocardial infarction; CAH = critical access hospital; CVD = cardiovascular disease; ED = emergency
department; FFS = fee-for-service; FQHC = federally qualified health center; HCC = hierarchical condition category;
HDL= high-density lipoprotein; HHS = U.S. Department of Health and Human Services; LDL = low-density lipoprotein;
RHC = rural health center; mg/dL = milligrams per deciliter; mmHg = millimeters of mercury; SVI = Social Vulnerability
Index.
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2. Types of regression models used for estimating impacts

We estimated model impacts as the regression-adjusted differences in claims-based outcomes for
beneficiaries enrolled by the intervention and control organizations in 2017 and 2018—the first
two years of the Million Hearts Model. We tailored the regression models to the type of
outcome:

1. We used Cox proportional hazard models to measure impacts on first-time incidence of heart
attacks, strokes, or transient ischemic attacks (TTAs) and death, with one observation per
beneficiary. Each observation measured the time from enrollment to the event (heart attack or
stroke, or death) or to the date of censoring in the data (from reaching the end of the observed
claims period, December 2021). The models generated hazard ratios, which equal 1.00 if the
risk of having an event over time is the same in the intervention and control groups.?* If the
hypothesis that the model reduced first-time incidence of heart-attack or stroke is correct, we
would expect a hazard ratio less than 1.00.

2. We used linear regression models to measure impacts on Medicare spending and service use,
with one observation per beneficiary per quarter. The models generated differences in mean
outcomes for each quarter. We averaged these quarterly impact estimates across all quarters,
weighting the quarters by the number of beneficiaries observed each quarter.

3. We used logistic regressions with one observation per beneficiary to analyze impacts on
binary outcomes, including initiation, intensification, and proportion of beneficiaries
adherent to CVD medication within one year of enrollment; binary cardiovascular risk
factors such as smoking and aspirin use; and the incidence of CVD events and mortality
within one, two, and three years of enrollment. These models generated the predicted
probability of initiating or intensifying CVD medications within one year of enrollment for
each intervention group beneficiary twice—first assuming the beneficiary was in the
intervention group and second assuming the beneficiary was in the control group. For each
beneficiary, we calculated the difference in predicted probability under these two conditions
and then estimated model impacts as the mean of these differences across all beneficiaries in
the intervention group.

4. We used linear regression models, with one observation per beneficiary, to measure impacts
on changes in continuous CVD risk factors, including systolic blood pressure, total
cholesterol, low-density lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL)
cholesterol, and measures of proportion of days covered by CVD medications.

5. We used multinomial logistic regression models to analyze impacts on mortality by cause of
death, defined by the underlying cause of death code in the National Death Index data. The

24 We also computed regression-adjusted mean failure curves based on the Cox proportional hazard models. To
construct these curves, we calculated a predicted failure curve for each intervention group beneficiary for each time
(t) using (1) the baseline survival curve, (2) the Cox proportional hazard model coefficients, and (3) the
beneficiary’s characteristics (control variables). Each of these estimates represents, for each observation, the
predicted probability of having the event within t days. Then we averaged these estimates across all intervention
group observations for each £. We then repeated this calculation as if the beneficiary had belonged to the control
group. We calculated standard errors using the delta method, treating the baseline survival curve as fixed.
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dependent variable was an unordered categorical variable indicating the cause-of-death, with
a category reserved for beneficiaries who did not die.

4

We used two-part regression models to estimate the impact on CVD-event spending. These
models are similar to the linear regression models (#4). Because most beneficiaries did not
have a CVD event, and therefore had $0 in CVD-event spending by definition—we estimated
separate models for the intensive and extensive response margins. That is, we estimated (1) a
logit model for the probability of a CVD event and (2) a linear model for the CVD-event
spending conditional on having a CVD event. This allowed us to model the event rates and
the outcome using separate processes (Cameron and Trivedi 2005; Jones 2000; Mihaylova et
al. 2011).

All models accounted for clustering of beneficiaries within organizations, which is needed to
correctly estimate standard errors, p-values, and confidence intervals. We described the first
three types of regression models in more detail in Appendix D of our Second Annual Report
(Peterson et al. 2019) and the fourth type of models is described in Appendix F of our Third
Annual Report (Blue et al. 2020). The following subsections of this appendix describe the
method for the fifth and sixth types of models in detail.

a. Models for cause of death

We used a multinomial logistic regression model, with one observation per beneficiary, to
measure impacts on mortality by underlying cause-of-death outcome category:

Coronary heart disease (CHD) death
CHD or stroke

deaths

Stroke (cerebrovascular) death

Other CVD death Deaths from

any cause

Non-CVD death

Death from unknown cause

Did not die (the base group)

Multinomial logistic regression models generate the predicted probability of each beneficiary
falling into an outcome category—Ilike our logistic regression models (Approach 3 mentioned
above). Logistic regression models are restricted to binary outcome measures, but multinomial
logistic regression models extend the approach for outcome measures with three or more
categories.
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Multinomial logistic regressions offer two key advantages over estimating one standard logistic
regressions for each outcome category: (1) they permit assessments, with a single test statistic
and p-value, of whether the distribution in responses across all response categories differs
between the intervention and control groups (while also providing test statistics and p-values for
the individual response options); and (2) they ensure the sum of the probabilities across all
possible response categories totals to 1 for each beneficiary. All but one possible outcome
category is modeled separately relative to a “base” response. That is, if the question has K +1
possible responses, the multinomial logistic regression will include K logistic regressions for
each response relative to an (arbitrarily chosen) base response. (Without loss of generality, we
label the base response K = 0.) The regression model took the following form:

Pr(y =1 (G.1)
Pr((yi - 0)) =exp(a, +6,MH, + x,)
Pr(y, =2
Prgy,- =0; =exp(a, + 6,MH, + j,x,)
Pr(y, =K)
. =exp(ay +0.MH, + f,.x,
Pr(yi: ) ( K K K )

subject to the constraint: 1= Z:ZO Pr(y, =k)

In Equation (G.1), y, is the outcome for beneficiary i, MH, equals one for intervention group
organizations and zero for control group organizations; x, are baseline covariates; and ¢, , J,,
and p, are parameters to be estimated. We estimated the multinomial logit regression model by

weighted maximum likelihood with beneficiary-level data.?® In this model, each beneficiary has
one, and only one, possible death outcome (that is, they either did not die or died and had one
cause of death). The coefficients &, are our parameters of interest—they capture the impact of

exposure to the Million Hearts Model on the probability of having each outcome k. The vectors
of coefficients S, account for observed differences between the intervention and control groups
in beneficiary-, provider-, and organization-level baseline covariates ( x, ) and potentially

improve the precision of the impact estimates. Section A of this appendix describes the
covariates that contributed to the analysis.

Because this is a nonlinear model, we calculated average marginal effects that expresses impacts
as percentage point differences in the regression-adjusted probability of each outcome.
Specifically, after estimating the model, we produced the estimated probability of each outcome

25 Attribution population beneficiaries received weights based on the probability that they had high- or medium-
CVD risk. See Appendices C and F of our Third Annual Report (Blue et al. 2020) for details.
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category (k) for each intervention group beneficiary (i) twice—first assuming the beneficiary was
in the intervention group, and second assuming the beneficiary was in the control group. For
each beneficiary, we calculated the difference in predicted probability of death under these two
conditions, and then estimated the model impact as the mean of these differences across all
beneficiaries in the intervention group. We repeated this procedure for each outcome category
(k). We also used this method to produce regression-adjusted means and impacts for
combinations of outcome categories—for example, the probability of a CVD-related death was
the sum of the probability of having a CHD death, the probability of having a stroke
(cerebrovascular) death, and the probability of having other types of CVD-related deaths. To
account for the clustering of providers within organizations, we reported p-values and confidence
intervals based on robust standard errors, clustered at the organization level.

b. Model for CVD-event spending

We used a two-part model to estimate regression-adjusted impacts of the Million Hearts Model
on Medicare spending for first-time heart attacks, strokes, and TIAs, including spending during
and 90 days following the event. A combination of those two quantities models the expected
CVD-event spending for each beneficiary in the analysis population. Our analyses used data at
the beneficiary level (that is, one row per beneficiary), including weights as needed (footnote
25).

Our two-part regression models took the following form:

E(y,|MH,,x,)=Pr(y,>0|MH,,x)xE(y,|y, > 0,MH,,x,), (G.2)

where y, is CVD-event spending measured for beneficiary 7 and the other variables are defined

the same as they were in Equation (G.1). To reduce the risk of chance high-cost events in either
the intervention or control group driving impact estimates, we Winsorized CVD-event spending.
We set the CVD-event spending measure to $150,000 when the actual value was greater than
$150,000 (which is around the 98th percentile). We used actual, rather than Winsorized spending
measures in sensitivity analyses.

The specific regression model used to estimate the first part of Equation G.2 was the following
logit regression model:

Pr(y, > 0|MH,,x,)xF(a, + ,MH, + Bx,), (G3)

where F(u)=exp(u)/(1-exp(u)). The specific regression model used to estimate the second

part of Equation (G.2) was the following linear regression model, estimated among beneficiaries
with a non-zero outcome (that is, with a first-time CVD event):

Y, =, +O,MH + B, x, + ¢, ° | °y, >0, (G.4)
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In Equations (G.3) and (G.4), «,,6,, B,,2,,5,, and f, are parameters to be estimated. The
coefficients o, are our parameters of interest—they capture the impact of exposure to the
Million Hearts CVD Model on expected CVD-event spending. The vectors of coefficients S,

account for observed differences between the intervention and control groups in beneficiary-,
provider-, and organization-level baseline covariates ( x, ) and improved the precision of the

impact estimates.

These models generated the expected CVD-event spending for beneficiaries in the intervention
group by multiplying predictions from the two parts (Equations [G.3] and [G.4]). As with other
outcomes, we estimated model impacts as the mean difference between predicted CVD-event
spending for intervention beneficiaries assuming they were in the intervention group, and
assuming they were in the control group. To account for the clustering of providers within
organizations, we reported p-values and confidence intervals based on robust standard errors,
clustered at the organization level.

c¢. Estimating variation in impacts by subgroup

For subgroups based on modifiable risk score, Social Vulnerability Index (SVI), and gender, we
first checked the balance within each subgroup. Then we estimated (1) impacts of the Million
Hearts Model for each subgroup and (2) a test for differences in impact estimates between
subgroups. We used the same regression models described earlier in this appendix but added
variables to indicate the beneficiaries’ subgroup category plus an interaction term (or terms)
between the subgroup category and the intervention arm (intervention versus control group). We
used separate models for each subgroup analysis. (For example, the SVI subgroup analysis did
not also contain interactions between gender subgroups and intervention arm.)

We calculated regression-adjusted means and average treatment effects on the treated for each
subgroup, using the values of all covariates observed among that subgroup’s beneficiaries. That
is, we allowed the distribution of covariates to vary between the modifiable risk, SVI, or gender
categories. Specifically, for each beneficiary in the intervention group, we used the results of the
regression model to generate (a) the predicted outcome based on his or her individual covariates
and subgroup category (with the intervention group indicator turned “on” [“1”’] to reflect that
they are intervention group beneficiaries); (b) the predicted outcome assuming the individual was
in the control group (that is, the predicted outcome produced by the model if the intervention
group indicator was temporarily assigned to the control group [“0”’]); and (c) the beneficiary-
specific impact, which is the difference between predicted values (a) and (b). We then took the
average of the three values across all intervention group beneficiaries within each subgroup to
generate regression-adjusted intervention and control means and average impacts for (the
intervention group in) that category. Then, we compared differences in average model effects
across subgroups, using the estimated average treatment effects for each subgroup.
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This appendix contains additional results to support the findings presented in Chapters IV
through VIII. These results include sensitivity analyses to assess the robustness of the impact
analysis results to alternative methodologies and exploratory analyses. Appendices D through G
contain more details about the analysis methods. Specifically, Appendix D describes the
beneficiaries included in these impact analyses, Appendix E displays characteristics of
beneficiaries in the intervention and control groups before they enrolled in the model,

Appendix F defines the outcomes used in the impact analyses, and Appendix G describes the
regression methods used in the impact analyses.

Tables H.1 through H.22 present results from several analyses Mathematica conducted to

(1) assess the sensitivity of the impact analysis results to alternative methodologies; and

(2) explore other patterns in the data (for example, trends in impact estimates over time). We
organized the results largely around the type of outcome measure (Appendix D). For
comparative purposes, the tables include the results from our impact analyses of the primary
study population of enrolled high- and medium-risk beneficiaries from Chapters IV through VIII
(labeled main analysis). Sensitivity and exploratory analyses presented for most or all of the
outcomes include the following:

Trimmed study population. We reestimated impacts for the beneficiaries enrolled in the model
but trimmed the intervention group in a way that attempted to mimic the 20-provider cap applied
to the control group. The enrollment patterns in the control group suggest the control
organizations—faced with the 20-provider cap—Ilargely selected their 20 model-participating
providers using a rule we can replicate for the intervention group (Conwell et al. 2019). That is,
it appears many control organizations strategically selected the providers in their organization
who could enroll the most beneficiaries. We aimed to replicate this rule in the intervention group
by (1) identifying each provider who enrolled a beneficiary when working at a large organization
(with large organizations defined as having more than 20 providers enrolling beneficiaries),

(2) ranking those providers by the number of beneficiaries they enrolled in 2017 and 2018,

(3) selecting the top 20 providers, and (4) removing from the study population any beneficiaries
enrolled in 2017 and 2018 by providers at large organizations not ranked in the top 20. In our
First Annual Report (Conwell et al. 2019), we showed this trimming made the intervention and
control groups more similar in both overall size and in the proportion of beneficiaries enrolled by
large organizations. Therefore, it helped address the limitation that large intervention
organizations were more likely to enroll beneficiaries—which could potentially confound the
impact estimates if the size of the enrolling organization correlated with the outcomes.
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Analyses with attributed beneficiaries. We reestimated impacts on claims-based outcomes in a
population we defined by attributing Medicare fee-for-service beneficiaries to the participating
organizations using Medicare claims data.?® This approach limited potential biases in impact
estimates that could stem from differences in the types of beneficiaries organizations chose to
enroll, because the population included all eligible beneficiaries (to the extent we could replicate
eligibility in claims)—whether or not they actually enrolled. Appendix C of the Third Annual
Report (Blue et al. 2020) discussed the methods and rationale for defining this population and
predicting risk scores for the beneficiaries, and it explained how we used weights to make the
population resemble high- and medium-risk beneficiaries. To compare the impact estimates with
the attributed beneficiaries to the main analysis, in the tables, we adjusted the regression model
output to account for the fact that not all beneficiaries in the attribution-based intervention group
were enrolled in the model. For example, in Table H.22, we estimated the model increased
Medicare spending by $3 for attributed beneficiaries with high- and medium-predicted risk, but
only 56 percent of the beneficiaries in this regression model were actually enrolled, suggesting
an impact of $6 ($3.21 / 0.56), assuming the model had no spillover effects to beneficiaries
attributed to the organization but not enrolled into the model. Although we used the attribution-
based results primarily as a check for the main registry-based results, some might be interested in
the attribution-based results in their own right. These estimates reflected our best estimate of the
impact of the model among all Medicare beneficiaries eligible for the model who had office or
clinic visits with participating providers, regardless of whether the providers’ organization
enrolled them.

Unadjusted impact estimates. The unadjusted impact estimates relied on the regression models
used for the main analyses, except we did not include baseline covariates. Differences between
the adjusted and unadjusted impact estimates, when present, suggest the regression models
adjusted for differences in baseline characteristics between the intervention and control groups
on variables related to outcomes. One might not necessarily expect covariate adjustment to
substantively change the impact estimated, given that the balance tables in Appendix E show the
intervention and control groups were fairly similar (for example, absolute standardized
differences in means below 0.10) on many covariates. However, covariate adjustment often
affected our impact estimates. This could have happened for several reasons:

e In a clustered randomized trial such as this, it is possible some covariates differed between
intervention and control organizations (clusters). This was more likely to happen when
(1) we measured some covariates at the organization level; (2) beneficiary-level covariates
corresponded to the organizational characteristics (for example, U.S. Census region
correlated with beneficiaries’ race or ethnicity); or (3) many beneficiaries in the analysis
population concentrated in a relatively small proportion of the organizations.

26 We cannot analyze impacts on some outcomes—initiation or intensification of statins and antihypertensive
medications or follow-up risk scores—using the population of attributed beneficiaries. Those outcomes rely on
registry data to define the study population, which are not available for the non-enrolled attributed beneficiaries.
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e Even small differences in the means between the intervention and control groups could have
undue effects on the impact estimate if the covariates were strongly associated with
outcomes.

e Small differences in means between the intervention and control groups could add up to have
a large cumulative effect on the impact estimates if they tended to work in the same direction.

In every case, regression adjustment significantly improved the precision of the impact estimates
as we intended. That is, impact regression models that included baseline covariates resulted in
smaller standard errors and p-values and narrower confidence intervals compared to the
corresponding regression model without covariates. Next, we discuss the effects of regression
adjustment on our various outcomes.

1. Cardiovascular disease medication use

As noted in Chapter IV, the main findings for the impact of the Million Hearts Model on statin
and antihypertension medication use were consistent across a series of sensitivity analyses
(Tables H.1 through H.6), including after trimming the sample to 20 or fewer providers per
organization, using the population of attributed beneficiaries, using a higher blood pressure
threshold to define candidates for potential antihypertensive medication initiation or
intensification, and in unadjusted analyses. When we used the trimmed study population, the
estimated impact on initiating or intensifying statins decreased slightly from our main impact
estimate of 3.5 percentage points to a new estimate of 3.0 percentage points for high- and
medium-risk beneficiaries and decreased from 4.9 to 4.4 percentage points for high-risk
beneficiaries but remained statistically significant. Estimates were also slightly lower than the
main estimates in unadjusted analyses (3.2 and 4.6 for high- and medium-risk and high-risk
beneficiaries, respectively, Table H.1). Similarly, the estimated impact on initiating or
intensifying antihypertensive medication decreased slightly in trimmed analyses from 2.4 to 2.1
(for both high- and medium-risk beneficiaries, and high-risk alone, Table H.4). Unadjusted
estimates for antihypertensives were similar to the main estimates, at 2.3 and 2.6 for high- and
medium-risk and high-risk beneficiaries, respectively. Identifying beneficiaries eligible for
initiation or intensification requires cardiovascular disease (CVD) risk factor data available only
in the Million Hearts Data Registry, so we could not test the sensitivity to using a population of
attributed beneficiaries.

Consistent with the main adherence results, sensitivity checks for adherence were all very close
to zero, ranging from estimates of 1.0 percentage point lower to 0.3 percentage points greater
adherence to statins and from estimates of 0.2 percentage points lower to 0.1 percentage points
greater adherence to antihypertensives in the intervention group, indicating little to no effect of
the model on adherence (Tables H.2 and H.5).

Aspirin use findings were also similar in adjusted and unadjusted analyses, and after trimming
the sample to 20 or fewer providers per organization (Table H.7). The finding of 10.7 percentage
point greater aspirin use in the intervention group was slightly larger after trimming the sample
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(11.1 percentage points, Table H.7). The point estimate was attenuated in unadjusted analyses
(8.5 percentage points) but remained statistically significant (p = 0.03). We could not assess
sensitivity to using the population of attributed beneficiaries because aspirin use data were
available only for the enrolled population, with data submitted to the Million Hearts Data
Registry.

Additional sensitivity and exploratory analyses specific to statin and antihypertensive use
included the following:

Breaking out initiation from intensification. We estimated impacts of the Million Hearts
Model on initiating statins and antihypertensives, defined as receiving one or more statins or
antihypertensives in the year after enrollment among beneficiaries who did not receive a statin or
antihypertensive in the four months before enrollment. We also estimated impacts on
intensifying statins and antihypertensives, defined as adding a new antihypertensive medication
or increasing the intensity or dosage of statins or antihypertensives. We found the model
increased both initiation and intensification of these CVD medications by a roughly similar
magnitude as the combined initiation and intensification results (Tables H.1 and H.4).

Impacts on initiating or intensifying antihypertensive medication of dropping some
potential candidates. We conducted a sensitivity analysis by redefining potential candidates for
initiating or intensifying antihypertensive medication as those with systolic blood pressures at
baseline of 140 mmHg or higher (as opposed to 130 mmHg or higher). The models with this
smaller sample were consistent with the findings from the main analysis (Table H.4).

Overall medication use among all beneficiaries with Part D coverage. We estimated impacts
of the Million Hearts Model on the proportion of beneficiaries with any statin or antihypertensive
use and proportion of days with any statin or antihypertensive use. We did this to understand the
model’s impact on overall statin or antihypertensive use among all beneficiaries with Part D
coverage, regardless of baseline use of CVD medications. The proportion of beneficiaries with
any statin use was 1.7 percent points higher in the intervention group than in the control group
among high- and medium-risk beneficiaries combined (Table H.3), a statistically significant
difference (p < 0.001), and the impact estimate was 2.1 percentage points when we focused on
high-risk beneficiaries alone (p < 0.001, Table H.3). We observed a similar increase in the
proportion of beneficiaries with any high-intensity statin use. The model did not increase the
proportion of days with any statin use for high- and medium-risk beneficiaries (0.1 percentage
points, p < 0.68, Table H.3) or for high-risk beneficiaries only (0.4 percentage points, p = 0.34,
Table H.3). The model also did not increase the proportion of days with any high-intensity statin
use for high- and medium-risk beneficiaries, but it did increase the proportion of days with any
high-intensity statin use for high-risk beneficiaries alone (1.0 percentage point, p < 0.001, Table
H.3). The model increased the proportion of beneficiaries using any antihypertensives in the first
year after enrollment (high- and medium-risk beneficiaries combined: 0.5 percentage points, p =
0.007; high-risk beneficiaries: 0.6 percentage points, p = 0.01, Table H.6), but did not affect the
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proportion of days with any antihypertensive use for either high- and medium-risk combined
beneficiaries or high-risk beneficiaries alone over the same period (Table H.6).

Trends in medication use over time since enrollment. Figures H.1 and H.2 present unadjusted
(Kaplan-Meier) estimates of the cumulative probability of initiating and intensifying statins or
antihypertensives, respectively.?’ In both the intervention and control groups, about 40 percent of
eligible beneficiaries initiated or intensified statins (Figure H.1), and more than half of the
eligible beneficiaries initiated or intensified antihypertensives (Figure H.2) over the follow-up
period (almost five years in some cases). Many of these beneficiaries initiated or intensified
medications in the first year after enrollment, with rates of statin and antihypertensive initiation
and intensification increasing more gradually after one year. The intervention group’s rate of
initiating or intensifying statins and antihypertensives increased faster than the control group’s
rate in the first year and the differences between the two groups persisted up to five years. These
figures do not adjust for observed differences in baseline covariates between the intervention and
comparison groups; however, unadjusted and adjusted estimates of the impact on initiating or
intensifying CVD medication were similar (Tables H.1 and H.4).

27 The cumulative probability is defined as 1 minus the Kaplan-Meier estimate of the survival function. The survival
function gives the probability that a beneficiary did not have the outcome (in this case, did not initiate or intensify
CVD medications) within a specified time.
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Table H.1. Estimated impacts on initiating or intensifying statins: Sensitivity analyses

Regression-adjusted

mean Regression-adjusted difference
90%
Intervention Control confidence Number of

Outcome group group Difference p-value interval beneficiaries?
High- and medium-risk beneficiaries
Main analysis (among beneficiaries with LDL 18.5 15.0 3.5 <0.001 [2.6, 4.4] 114,910
cholesterol >= 70 mg/dL)

Initiation (among beneficiaries without statin use at 26.7 22.7 41 <0.001 [2.8, 5.3] 57,968

baseline)

Intensification (among beneficiaries with statin use at 10.1 7.2 29 <0.001 [2.1, 3.8] 56,942

baseline)
Trim sample to 20 or fewer providers per organization® 18.1 15.1 3.0 <0.001 [2.1, 4.0] 92,679
Unadjusted impact estimates 18.5 15.3 3.2 <0.001 [1.8, 4.6] 114,910
High-risk beneficiaries®
Main analysis (among beneficiaries with LDL 211 16.1 4.9 <0.001 [3.6, 6.3] 34,060
cholesterol >= 70 mg/dL)

Initiation (among beneficiaries without statin use at 32.0 26.6 5.4 <0.001 [3.5,7.2] 15,885

baseline)

Intensification (among beneficiaries with statin use at 11.7 71 4.5 <0.001 [3.2,5.9] 18,175

baseline)
Trim sample to 20 or fewer providers per organization® 20.3 16.0 44 <0.001 [3.0,5.7] 27,932
Unadjusted impact estimates 21.1 16.5 4.6 <0.001 [2.9,6.2] 34,060

Sources: Mathematica’s analysis of Medicare Parts A, B, and D claims and enroliment data.

Note: We estimated impacts using logistic regression for binary outcomes (initiating and intensifying CVD medication). Analyses of high-risk beneficiaries are
limited to beneficiaries with baseline CVD risk scores of 30 percent or higher.

@The number of beneficiaries varied across analyses, with some analyses assessing CVD medication use among all beneficiaries with Part D coverage and other
analyses limited to those with CVD medication use or elevated risk factors at baseline. See Appendix D for details. The number reported in the table includes both
intervention and control group beneficiaries.

b This analysis population trimmed the intervention group so that, like in the control group, a maximum of 20 providers per organization could enroll beneficiaries.
CVD = cardiovascular disease; LDL = low-density lipoprotein; mg/dL = milligrams per deciliter.
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Table H.2. Estimated impacts on adherence to statins: Sensitivity analyses

Regression-adjusted

mean Regression-adjusted difference
90%
Intervention Control confidence Number of

Outcome group group Difference p-value interval beneficiaries?

High- and medium-risk beneficiaries

Main analysis (proportion of days covered by any statins) 83.0 83.1 -0.1 0.58 [-0.5, 0.2] 89,970
Trim sample to 20 or fewer providers per organization® 83.3 83.4 -0.1 0.70 [-0.5, 0.3] 73,534
Unadjusted impact estimates 83.0 83.2 -0.2 0.75 [-1.2,0.8] 89,970
Attributed population 83.0 83.0 0.1 0.73 [-0.3, 0.4] 236,010

Implied effect for enrolled beneficiaries® 0.1 0.73 [-0.5, 0.8]

Main analysis (proportion of beneficiaries adherent to statins) 74.8 75.2 -0.4 0.31 [-1.0, 0.2] 89,970
Trim sample to 20 or fewer providers per organization® 75.3 75.5 -0.2 0.53 [-0.8, 0.4] 73,534
Unadjusted impact estimates 74.8 75.5 -0.6 0.48 [-2.2,0.9] 89,970
Attributed population 74.8 74.9 -0.1 0.83 [-0.6, 0.5] 236,010

Implied effect for enrolled beneficiaries® -0.2 0.80 [-1.2, 0.9]

Main analysis (proportion of days covered by any statins) 83.1 83.3 -0.2 0.58 [-0.7, 0.4] 31,182
Trim sample to 20 or fewer providers per organization® 83.4 83.6 -0.2 0.59 [-0.7,0.4] 25,803
Unadjusted impact estimates 83.1 83.5 -0.4 0.52 [-1.4,0.6] 31,182
Attributed population 83.5 83.4 0.2 0.48 [-0.2, 0.5] 236,010

Implied effect for enrolled beneficiaries® 0.3 0.48 [-0.4, 1.0]

Main analysis (proportion of beneficiaries adherent to statins) 74.7 75.6 -0.9 0.09 [-1.7, 0] 31,182
Trim sample to 20 or fewer providers per organization® 75.2 76.0 -0.8 0.14 [-1.7,0.1] 25,803
Unadjusted impact estimates 74.7 75.8 -1.0 0.27 [-2.6, 0.5] 31,182
Attributed population 75.5 75.4 0.2 0.69 [-0.5, 0.8] 236,010

Implied effect for enrolled beneficiaries® 0.3 0.71 [-0.9, 1.5]

Sources: Mathematica’s analysis of Medicare Parts A, B, and D claims and enroliment data.

Note: We estimated impacts using logistic regression for binary outcomes (proportion of beneficiaries adherent to CVD medication) and using linear regression
for continuous outcomes (for the remaining outcomes). Analyses of high-risk beneficiaries are limited to beneficiaries with baseline CVD risk scores of 30
percent or higher.
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@The number of beneficiaries varied across analyses, with some analyses assessing CVD medication use among all beneficiaries with Part D coverage and other

analyses limited to those with CVD medication use or elevated risk factors at baseline. See Appendix D for details. The number reported in the table includes both
intervention and control group beneficiaries.

b This analysis population trimmed the intervention group so that, like in the control group, a maximum of 20 providers per organization could enroll beneficiaries.

¢ This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

CVD = cardiovascular disease.
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Table H.3. Estimated impacts on overall statin use among all beneficiaries with Part D coverage, regardless of baseline use of statin:
Exploratory analyses

Regression-adjusted mean Regression-adjusted difference

90%
confidence
Outcome Intervention group Control group Difference p-value interval

High- and medium-risk beneficiaries

Statin use among all beneficiaries, regardless of baseline
use of medication

Any statin use in the follow-up year 67.6 65.9 1.7 <0.001 [1.1,2.3]
Any high-intensity statin use in the follow-up year 21.8 20.7 1.1 0.002 [0.5,1.7]
Proportion of days with statin use in the follow-up year
Proportion of days with any statin use 52.7 52.6 0.1 0.68 [-0.4,0.7]
Proportion of days with any high-intensity statin use 15.6 15.4 0.3 0.1 [0, 0.6]

High-risk beneficiaries

Statin use among all beneficiaries, regardless of baseline
use of medication

Any statin use in the follow-up year 73.2 71.1 21 <0.001 [1.3,2.8]
Any high-intensity statin use in the follow-up year 251 23.0 2.0 <0.001 [1.2,2.9]
Days covered in the follow-up year
Proportion of days with any statin use 58.0 57.5 04 0.34 [-0.3,1.2]
Proportion of days with any high-intensity statin use 18.2 17.2 1.0 <0.001 [0.5,1.4]
Source: Mathematica’s analysis of Medicare Parts A, B, and D claims and enroliment data.
Note: We estimated impacts using logistic regressions for binary outcomes (proportion of beneficiaries adherent to statins and proportion of beneficiaries
adherent to antihypertensives) and using linear regressions for continuous outcomes (all other outcomes in the table). Sample sizes are in Appendix D,
Table D1.
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Table H.4. Estimated impacts on initiation or intensification of antihypertensives: Sensitivity analyses

Regression-adjusted mean Regression-adjusted difference

90%
Intervention Control confidence Number of
Outcome group group Difference p-value interval beneficiaries?

High- and medium-risk beneficiaries

Main analysis (among beneficiaries with SBP 29.4 27.0 2.4 <0.001 [1.5, 3.3] 89,569
>= 130 mm Hg)
Initiation (among beneficiaries without 36.7 33.3 3.4 <0.001 [1.9,5.0] 18,783
antihypertensive use at baseline)
Intensification (among beneficiaries with 27.5 25.3 2.2 <0.001 [1.2,3.1] 70,786
antihypertensive use at baseline)
Trim sample to 20 or fewer providers per 29.3 271 21 <0.001 [1.1,3.1] 73,104
organization®
Unadjusted impact estimates 29.4 271 2.3 0.03 [0.5, 4.1] 89,569
Using a higher blood pressure threshold to 35.7 32.8 29 <0.001 [1.6,4.1] 47,813

define potential candidates for antihypertensive
medication initiation or intensification®

High-risk beneficiaries®

Main analysis (beneficiaries with SBP 32.9 30.5 2.4 0.002 [1.1, 3.6] 35,005
>= 130 mm Hg)
Initiation (among beneficiaries without 495 451 4.3 0.01 [1.6,7.1] 5,085
antihypertensive use at baseline)
Intensification (among beneficiaries with 30.1 28.1 20 0.01 [0.7,3.3] 29,920
antihypertensive use at baseline)
Trim sample to 20 or fewer providers per 32.7 30.6 21 0.01 [0.8, 3.4] 22,006
organization®
Unadjusted impact estimates 32.9 30.3 2.6 0.04 [0.5, 4.7] 35,005
Using a higher blood pressure threshold to 37.9 34.8 3.1 0.002 [1.5, 4.6] 28,991

define potential candidates for antihypertensive
medication initiation or intensification®

Sources: Mathematica’s analysis of Medicare Parts A, B, and D claims and enroliment data.

Note: We estimated impacts using logistic regression for binary outcomes (CVD medication initiation and intensification). Analyses of high-risk beneficiaries
are limited to beneficiaries with baseline CVD risk scores of 30 percent or higher.
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@The number of beneficiaries varied across analyses, with some analyses assessing CVD medication use among all beneficiaries with Part D coverage and other

analyses limited to those with CVD medication use or elevated risk factors at baseline. See Appendix D for details. The number reported in the table includes both
intervention and control group beneficiaries.

b This analysis population trimmed the intervention group so that, like in the control group, a maximum of 20 providers per organization could enroll beneficiaries.

¢ This analysis limited the sample to beneficiaries with SBP of at least 140 mmHg at enrollment. The main analysis was limited to beneficiaries with SBP of 130
mmHg or higher.

CVD = cardiovascular disease; mmHg = millimeters of mercury; SBP = systolic blood pressure.
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Table H.5. Estimated impacts on adherence to antihypertensives: Sensitivity analyses

Regression-adjusted mean Regression-adjusted difference

90%
Intervention Control confidence Number of
Outcome group group Difference p-value interval beneficiaries?

High- and medium-risk beneficiaries

Main analysis (proportion of days covered by 91.1 91.1 <0.05 0.86 [-0.2, 0.3] 116,057

any antihypertensives)

Trim sample to 20 or fewer providers per 91.2 91.2 0.1 0.75 [-0.2,0.3] 94,641

organization®

Unadjusted impact estimates 91.1 91.2 <0.05 0.88 [-0.6, 0.5] 116,057

Attributed population 90.7 90.6 0.1 0.62 [-0.2,0.3] 306,547
Implied effect for enrolled beneficiaries® 0.1 0.62 [-0.3, 0.6]

Main analysis (proportion of beneficiaries 87.0 87.1 <0.05 0.85 [-0.5, 0.4] 116,057

adherent to antihypertensives)

Trim sample to 20 or fewer providers per 87.2 87.1 -0.2 0.99 [-0.5, 0.5] 94,641

organization®

Unadjusted impact estimates 87.0 87.2 -0.1 0.80 [-1.0,0.8] 116,057

Attributed population 86.4 86.3 <0.05 0.91 [-0.4,0.4] 306,547
Implied effect for enrolled beneficiaries® <0.05 0.92 [-0.7, 0.8]

High-risk beneficiaries®

Main analysis (proportion of days covered by 92.0 91.9 0.1 0.70 [-0.2, 0.4] 40,538

any antihypertensives)

Trim sample to 20 or fewer providers per 921 92.0 0.1 0.65 [-0.2,0.4] 33,510

organization®

Unadjusted impact estimates 92.0 92.1 -0.1 0.71 [-0.6, 0.4] 40,538

Attributed population 91.3 91.2 0.1 0.64 [-0.2,0.4] 306,547
Implied effect for enrolled beneficiaries® 0.1 0.63 [-0.4, 0.7]
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Regression-adjusted mean Regression-adjusted difference
90%
Intervention Control confidence Number of
Outcome group group Difference p-value interval beneficiaries?
Main analysis (proportion of beneficiaries 88.1 88.0 0.1 0.71 [-0.4, 0.6] 40,538
adherent to antihypertensives)
Trim sample to 20 or fewer providers per 88.1 88.2 0.1 0.81 [-0.5, 0.7] 33,510
organization®
Unadjusted impact estimates 88.1 88.3 -0.1 0.84 [-1.0, 0.8] 40,538
Attributed population 87.3 87.3 <0.05 0.96 [-0.5, 0.4] 306,547
Implied effect for enrolled beneficiaries® <0.05 0.95 [-0.9, 0.8]

Sources: Mathematica’s analysis of Medicare Parts A, B, and D claims and enroliment data.

Notes: We estimated impacts using logistic regression for binary outcomes (proportion of beneficiaries adherent to CVD medication) and using linear regression
for continuous outcomes (for the remaining outcomes). Analyses of high-risk beneficiaries are limited to beneficiaries with baseline CVD risk scores of 30
percent or higher.< 0.05 refers to absolute values (that is, < 0.05 or > -0.05).

@ The number of beneficiaries varied across analyses, with some analyses assessing CVD medication use among all beneficiaries with Part D coverage and other
analyses limited to those with CVD medication use or elevated risk factors at baseline. See Appendix D for details. The number reported in the table includes both
intervention and control group beneficiaries.

b This analysis population trimmed the intervention group so that, like in the control group, a maximum of 20 providers per organization could enroll beneficiaries.

¢ This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

CVD = cardiovascular disease
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Table H.6. Estimated impact on overall use of antihypertensives among all beneficiaries with Part D coverage, regardless of baseline
use of antihypertensives: Exploratory analyses

Regression-adjusted mean Regression-adjusted difference

Intervention 90% confidence

Outcome group Control group Difference p-value interval
High- and medium-risk beneficiaries

Antihypertensive use among all beneficiaries,
regardless of baseline use of medication
Any antihypertensive use in the follow-up year 84.5 84.1 0.5 0.007 [0.2,0.8]

Proportion of days with any antihypertensive use 72.3 72.7 -0.4 0.30 [-1.1,0.2]
in the follow-up year

High-risk beneficiaries

Antihypertensive use among all beneficiaries,
regardless of baseline use of medication

Any antihypertensive use in the follow-up year 91.7 91.1 0.6 0.01 [0.2,1.0]

Proportion of days with any antihypertensive use 80.2 80.7 -0.4 0.40 [-1.2,0.4]
in the follow-up year

Sources: Mathematica’s analysis of Medicare Parts A, B, and D claims and enroliment data.

Note: We estimated impacts using logistic regressions for binary outcomes (proportion of beneficiaries adherent to statins and proportion of beneficiaries
adherent to antihypertensives) and using linear regressions for continuous outcomes (all other outcomes in the table). Sample sizes are in Appendix D,
Table D.1.
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Table H.7. Estimated impacts on aspirin use among high-risk beneficiaries with reassessment
data: Exploratory analyses

Regression-adjusted difference in
Regression-adjusted aspirin use between intervention and
mean at reassessment control groups at reassessment

90%
Alternative outcome measure, Intervention Control confidence
population, or model specification group group Difference p-value interval

Main analysis 65 54 10.7 0.002 [4.9, 16.5]
Trim sample to 20 or fewer providers 65 55 1.1 0.001 [5.4,16.7]
per organization

Unadjusted impact estimates 65 57 8.5 0.03 [2.2,14.9]

Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare claims and enrollment data.
Note: Sample sizes are in Appendix D, Table D.1.
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Figure H.1. Cumulative probability of initiating or intensifying statins, by quarter of enrollment and
intervention arm (unadjusted)

Panel A: High- and medium-risk beneficiaries Panel B: High-risk beneficiaries
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Quarters after enroliment Quarters after enrollment
Number eligible Number eligible
Intervention group 69,103 55,070 48,557 43,256 32,594 Intervention group 20,414 15,683 13,602 11,950 8,960
Control group 45,807 37,858 33,540 29,816 22401 Control group 13,646 11,050 9657 8,402 6,338
Source: Unadjusted results from Medicare enroliment data.
Note: We defined the cumulative probability as 1 minus the Kaplan-Meier estimate of the survival function. The

survival function gives the probability that a beneficiary does not initiate or intensify a statin within a
specified time.

Figure H.2. Cumulative probability of initiating or intensifying antihypertensives, by quarter of
enrollment and intervention arm (unadjusted)
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Quarters after enroliment Quarters after enroliment
Number eligible Number eligible
Intervention group 53,298 36,776 30,416 26,021 18,779 Intervention group 20,886 13,628 11,078 9373 6,781
Control group 36,271 25,781 21,359 18,246 13,327 Control group 14,119 9,550 7,823 6,576 4,857
Source: Unadjusted results from Medicare enroliment data.
Note: We defined the cumulative probability as 1 minus the Kaplan-Meier estimate of the survival function. The

survival function gives the probability that a beneficiary does not initiate or intensify an antihypertensive
within a specified time.
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2. CVD risk scores

The main findings for the impact of the Million Hearts Model on CVD risk scores (Chapter V)
were consistent after trimming the sample to 20 or fewer providers per organization and were
present, though attenuated, in unadjusted analyses (Table H.8). The main finding that the model
decreased CVD risk scores at reassessment by 1.3 percentage points (p < 0.001) was similar after
trimming the sample (with the point estimate decreasing only slightly from 1.3 to 1.2). In
unadjusted analyses, the impact estimate attenuated to 0.9 percentage points but remained
statistically significant (»p = 0.05). We could not assess sensitivity to using the population of
attributed beneficiaries because CVD risk score data were available only for the enrolled
population. We also conducted the following sensitivity analyses for CVD risk scores:

Impacts on CVD risk scores restricting to reassessment data collected 10 to 14 months after
enrollment. The Centers for Medicare & Medicaid Services expected organizations would
submit risk reassessment data for high-risk beneficiaries within 10 to 14 months after they
enrolled in the model. In practice, some organizations submitted data beyond the 14-month
window or submitted just two-year reassessment visits without submitting a one-year visit. We
classified one-year reassessment visits as occurring within 22 months of enrollment, and more
than 75 percent of one-year reassessment visits occurred within the recommended window. We
included all visits outside the 10- to 14-month window, up to 22 months post-enrollment, to
maximize the size of the study population and the share of eligible high-risk beneficiaries with
reassessment data. However, as a sensitivity analysis, we also reestimated impacts on CVD risk
scores one year after enrollment, restricting the sample to only beneficiaries who had
reassessment data recorded 10 to 14 months after enrollment (Table H.8). Although we
controlled for time between enrollment and reassessment visits, this sensitivity analysis
addressed the limitation that impacts for reassessment visits could differ within the
recommended time frame. Estimates from this sensitivity analysis were similar to impact results
for the main analysis (-1.3 compared to -1.4 percentage points).
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Table H.8. Estimated impacts on CVD risk scores among high-risk beneficiaries with
reassessment data: Sensitivity tests and exploratory analyses

Regression-adjusted Regression-adjusted difference in
mean CVD risk score at CVD risk scores between
reassessment intervention and control groups at
(percentage) reassessment (percentage points)
90%
Alternative outcome measure, Intervention Control confidence
population, or model specification group group Difference p-value interval
Main analysis 32 33 1.3 <0.001 [-1.9, -0.8]
Trim sample to 20 or fewer providers 32 33 -1.2 <0.001 [-1.8,-0.6]
per organization
Restrict to beneficiaries with 32 33 -14 <0.001 [-2.0,-0.8]

reassessment data 10 to 14 months
after enrollment

Unadjusted impact estimates 32 33 -0.9 0.05 [-1.6,-0.2]

Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare claims and enrollment data.

Note: Sample sizes are in Appendix D, Table D.1.

CVD = cardiovascular disease.

3. Service use

The main findings for the impacts of the Million Hearts model on CVD-related and all-cause
inpatient admission, CVD-related and all-cause emergency department (ED) visits (including
observation stays), and office visits (reported in Chapter VI) were consistent across analyses that
trimmed the sample to 20 or fewer providers per organization and used the population of
attributed beneficiaries.?® Impacts on rates of all-cause and CVD-related acute care were smaller,
and not statistically significant, in unadjusted analyses.

For CVD-related inpatient admissions, the main impact estimates of 0.78 and 2.30 greater
admissions per 1,000 beneficiaries per year for high- and medium-risk and high-risk intervention
beneficiaries, respectively, were slightly attenuated in trimmed analyses to 0.68 and 2.26 and
remained not statistically significant (Table H.9). In analyses of the population of attributed
beneficiaries, estimates were slightly larger than the main analysis, with an implied effect for
enrolled beneficiaries of 2.44 and 4.37 for the high- and medium-risk and high-risk intervention
groups, respectively. The estimate for the high-risk group was statistically significant (p = 0.06),
but the point estimates for the attribution population and the main analytic population were well
within each other’s margin of error. In unadjusted analyses of the main and attributed
populations, estimates were smaller (either closer to zero or negative) with unadjusted estimates

28 Our Second Annual Report (Peterson et al. 2019) used a different algorithm for attributing beneficiaries to
participating organizations. Impact analyses with this alternative definition of the attribution population did not
support the main findings for inpatient admissions and outpatient ED visits.
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of -1.08 and 0.06 for high-and medium-risk and high-risk beneficiaries in the main analytic
population.

For all-cause inpatient admissions, the main impact estimate of 9.05 greater admissions per 1,000
beneficiaries per year for high- and medium-risk beneficiaries increased slightly to 9.09 among
the trimmed population and 12.24 for the population of attributed beneficiaries and remained
statistically significant (Table H.9). For the high-risk population, the main impact estimate of
12.27 greater admissions per 1,000 beneficiaries per year decreased slightly to 12.21 for the
trimmed population and 11.79 for the attributed population. The estimate for the attributed
population was not statistically significant; however, the magnitude of the estimate impact was
similar to the main analysis and the standard errors for the attributed population were larger,
making it more difficult to detect significant effects compared to the main analysis. Unadjusted
analyses of the main and attributed populations yielded smaller, statistically insignificant
estimates (either closer to zero or negative) with unadjusted estimates of 3.42 and 6.82 for high-
and medium-risk and high-risk beneficiaries in the main analytic population, respectively.

For CVD-related outpatient ED visits, the main impact estimates of 0.12 and 1.16 greater visits
per 1,000 beneficiaries per year for high- and medium-risk and high-risk intervention
beneficiaries, respectively, were slightly larger in trimmed analyses (0.47 and 1.23, respectively)
but remained not statistically significant (Table H.10). As for CVD-related inpatient admissions,
estimates were slightly larger among the population of attributed beneficiaries, with an implied
effect for enrolled beneficiaries of 2.84 and 4.40 for the high- and medium-risk and high-risk
intervention groups, respectively. The estimate for the high-risk group was statistically
significant (p = 0.08), but the point estimate for the main analytic population was within the
confidence interval of the estimate for the attributed population. In unadjusted analyses of the
main and attributed populations, estimates were all negative (that is, showing fewer CVD-related
ED visits for intervention beneficiaries) with unadjusted estimates of -1.38 and -0.90 for high-
and medium-risk and high-risk beneficiaries in the main analytic population, respectively.

For all-cause ED visits, the main impact estimates of 8.23 and 11.92 greater visits per 1,000
beneficiaries per year for high- and medium-risk and high-risk intervention beneficiaries,
respectively, were slightly higher the impact estimates for the trimmed population (8.35 and
14.60), and both sets of estimates were statistically significant only for the high-risk population
(Table H.10). Estimates from the population of attributed beneficiaries were somewhat higher for
the high- and medium-risk population (15.24 visits per 1,000 beneficiaries per year) and slightly
attenuated for the high-risk population (11.89 visits per 1,000 beneficiaries per year), and neither
were statistically significant. Unadjusted analyses of the main and attributed populations yielded
smaller, statistically insignificant estimates (either closer to zero or negative) with unadjusted
estimates of 3.50 and 6.51 for high-and medium-risk and high-risk beneficiaries in the main
analytic population, respectively.
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For office visits, the main impact estimate of 147 greater visits per 1,000 beneficiaries per year
for high- and medium-risk intervention beneficiaries was similar after trimming the sample (173
visits per 1,000 beneficiaries per year) and decreased to 79 greater visits when we used the
population of attributed beneficiaries and estimated the implied effect for enrolled beneficiaries.
For the high-risk population, the main impact estimate of 170 greater visits per 1,000
beneficiaries per year among intervention beneficiaries increased slightly to 185 after trimming
the sample and decreased to 70 greater visits in the population of attributed beneficiaries (after
estimating the implied effect for enrolled beneficiaries). Results were not statistically significant
in either the main or sensitivity analyses. Unadjusted results using the main and attributed
populations were both larger than the corresponding regression-adjusted results but remained not
statistically significant.

Adjusting for changes in composition of beneficiaries over time. The demographic
composition of beneficiaries included in the models for service use (which are at the beneficiary-
quarter level) change across quarters since enrollment as beneficiaries die or otherwise lose
observability in Medicare claims. For example, beneficiaries with more chronic conditions at
baseline are more likely to die, leaving a population in later quarters who were healthier at
baseline. If these changes in beneficiary composition occurred differently for the intervention
and control groups, for example due to differences in survival rates, it could lead to bias in our
main impact estimates. To account for these potential intervention—control group differences in
beneficiary composition in later quarters, we interacted beneficiaries’ baseline characteristics
with the quarter since enrollment. Beneficiaries’ characteristics were key predictors of the study
outcomes and included age, gender, CVD risk score, modifiable risk score, diabetes status, low-
density lipoprotein (LDL) cholesterol, systolic blood pressure, statin use, antihypertensive use,
hierarchical condition category (HCC) score, disability status, Social Vulnerability Index for
region, receipt of low-income subsidy, and enrollment in the model by a primary care physician
(versus a cardiologist or other specialist). For CVD-related and all-cause inpatient admissions,
CVD-related and all-cause ED visits, and office visits, results from this sensitivity analysis were
identical to the main impact results out to a decimal place.
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Table H.9. Estimated impacts on the number of inpatient admissions (number per 1,000 beneficiaries per year): Sensitivity tests and
exploratory analyses

High- and medium-risk beneficiaries High-risk beneficiaries

Control 90% Control 90%

Alternative outcome measure, Intervention group confidence Intervention group confidence
population, or model specification group mean mean Difference interval group mean mean Difference interval

Number of CVD-related inpatient admissions

Main analysis 56.0 55.2 0.78 [-1.0, 2.6] 75.6 73.3 2.30 [-0.7, 5.3]
Trim sample to 20 or fewer providers 57.2 56.5 0.68 [-1.2, 2.5] 76.4 741 2.26 [-0.9, 5.4]
per organization
Adjusting for changes in beneficiary 56.0 55.2 0.78 [-1.0, 2.6] 75.6 73.3 2.30 [-0.7,5.3]
composition over time since enroliment
Unadjusted impact estimates 56.0 57.0 -1.08 [-7.1,5.0] 75.6 75.6 0.06 [-6.5, 6.6]
Main regression model specification, 63.9 62.6 1.36 [-0.2, 2.9] 81.2 78.7 2.44* [0.3, 4.6]
using the population of attributed
beneficiaries
Implied effect for enrolled 2.44 [-0.3, 5.2] 4.37* [0.6, 8.2]
beneficiaries?
Unadjusted impact estimates, using the 63.9 64.3 -0.41 [-6.9, 6.1] 81.2 81.9 -0.71 [-7.9, 6.5]
population of attributed beneficiaries
Implied effect for enrolled -0.74 [-12.3, 10.8] -1.27 [-14.2, 11.6]
beneficiaries?
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High- and medium-risk beneficiaries High-risk beneficiaries

Control 90% Control 90%

Alternative outcome measure, Intervention group confidence Intervention group confidence
population, or model specification group mean mean Difference interval group mean mean Difference interval

Number of all-cause inpatient admissions

Main analysis 255.3 246.2 9.05** [3.8, 14.3] 309.2 297.0 12.27* [3.5, 21.1]
Trim sample to 20 or fewer providers 256.8 247.8 9.09** [3.7, 14.5] 309.2 297.0 12.21** [3.1,21.3]
per organization
Adjusting for changes in beneficiary 255.3 246.2 9.05** [3.8, 14.3] 309.2 297.0 12.27* [3.5, 21.1]
composition over time since enrollment
Unadjusted impact estimates 255.3 251.9 3.42 [-12.2, 19.1] 309.2 302.4 6.82 [-10.4, 24.1]
Main regression model specification, 284.6 277.8 6.83** [1.7,12.0] 333.0 326.4 6.59 [-0.6, 13.8]
using the population of attributed
beneficiaries
Implied effect for enrolled 12.24** [3.1, 21.4] 11.79 [-1.0, 24.6]
beneficiaries®
Unadjusted impact estimates, using the 284.6 281.8 2.78 [-13.6, 19.2] 333.0 333.2 -0.14 [-18.5, 18.2]
population of attributed beneficiaries
Implied effect for enrolled 4.98 [-24.4, 34.3] -0.25 [-33.0, 32.5]
beneficiaries®

Source: Regression-adjusted results from Medicare claims data.

Note: We estimated impacts separately by quarter since enrollment and then averaged the estimates across all quarters, weighting each quarterly estimate by
the number of intervention group beneficiaries observed in that quarter. Sample sizes are in Appendix D, Table D.1.

aThis row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of

beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

*/** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
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Table H.10. Estimated impacts on the number of outpatient ED visits and observation stays (number per 1,000 beneficiaries per year):
Sensitivity tests and exploratory analyses

High- and medium-risk beneficiaries High-risk beneficiaries
90% 90%

Alternative outcome measure, Intervention Control confidence Intervention Control confidence
population, or model specification group mean group mean Difference interval group mean group mean Difference interval

Number of CVD-related outpatient ED visits and observation stays

Main analysis 31.6 31.5 0.12 [-1.7,1.9] 38.4 37.2 1.16 [-1.2, 3.5]
Trim sample to 20 or fewer providers per 33.7 33.2 0.47 [-1.4, 2.3] 404 39.1 1.23 [-1.3, 3.7]
organization
Adjusting for changes in beneficiary 31.6 31.5 0.12 [-1.7,1.9] 38.4 37.2 1.16 [-1.2, 3.5]
composition over time since enroliment
Unadjusted impact estimates 31.6 33.0 -1.38 [-5.4, 2.6] 38.4 39.3 -0.90 [-5.7, 3.9]
Main regression model specification, using 36.0 34.4 1.59 [-0.3, 3.5] 411 38.7 2.46* [0.1, 4.8]
the population of attributed beneficiaries
Implied effect for enrolled 2.84 [-0.5, 6.2] 4.40* [0.2, 8.6]
beneficiaries®
Unadjusted impact estimates, using the 36.0 36.7 -0.74 [-5.2, 3.7] 411 41.7 -0.62 [-5.6, 4.4]
population of attributed beneficiaries
Implied effect for enrolled -1.32 [-9.3, 6.6] -1.11 [-10.0, 7.8]
beneficiaries®
Number of all-cause outpatient ED visits and observation stays
Main analysis 386.3 378.1 8.23 [-1.1, 17.6] 422.7 410.8 11.92* [0.2, 23.6]
Trim sample to 20 or fewer providers per 393.1 384.7 8.35 [-1.4,18.1] 430.3 415.7 14.60** [2.5, 26.8]
organization
Adjusting for changes in beneficiary 386.3 378.1 8.23 [-1.1,17.6] 422.7 410.8 11.92* [0.2, 23.6]
composition over time since enroliment
Unadjusted impact estimates 386.3 382.8 3.50 [-24.6, 31.6] 422.7 416.2 6.51 [-24.8, 37.8]
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High- and medium-risk beneficiaries High-risk beneficiaries
90% 90%

Alternative outcome measure, Intervention Control confidence Intervention Control confidence
population, or model specification group mean group mean Difference interval group mean group mean Difference interval
Main regression model specification, using 423.2 4147 8.50 [-0.9, 17.9] 454.6 4479 6.64 [-4.0, 17.3]
the population of attributed beneficiaries

Implied effect for enrolled 15.24 [-1.5, 32.0] 11.89 [7.1, 30.9]

beneficiaries?
Unadjusted impact estimates, using the 423.2 430.5 -7.35 [-36.2, 21.5] 454.6 464.6 -10.03 [-40.8, 20.8]
population of attributed beneficiaries

Implied effect for enrolled -13.18  [-64.8, 38.4] -17.96 [-73.0, 37.1]

beneficiaries®

Source: Regression-adjusted results from Medicare claims data.

Note: We estimated impacts separately by quarter since enrollment and then averaged the estimates across all quarters, weighting each quarterly estimate by
the number of intervention group beneficiaries observed in that quarter. Sample sizes are in Appendix D, Table D.1.

@ This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

*/** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
CVD = cardiovascular disease; ED = emergency department.
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Table H.11. Estimated impacts on the number of office visits (number per 1,000 beneficiaries per year): Sensitivity tests and exploratory
analyses

High- and medium-risk beneficiaries High-risk beneficiaries

90% 90%
Alternative outcome measure, Intervention Control confidence Intervention Control confidence
population, or model specification group mean group mean Difference interval group mean group mean Difference interval

Number of office visits

Main analysis 2,752 2,605 147 [-44, 339] 3,082 2,912 170 [-50, 391]
Trim sample to 20 or fewer providers per 2,771 2,598 173 [-29, 376] 3,066 2,881 185 [-45, 414]
organization
Adjusting for changes in beneficiary 2,752 2,605 147 [-44, 339] 3,082 2,912 170 [-50, 391]
composition over time since enroliment
Unadjusted impact estimates 2,752 2,610 143 [-254, 539] 3,082 2,867 215 [-276, 706]
Main regression model specification, using 2,443 2,399 44 [-116, 204] 2,775 2,736 39 [-136, 214]
the population of attributed beneficiaries
Implied effect for enrolled 79 [-208, 365] 70 [-242, 383]
beneficiaries®
Unadjusted impact estimates, using the 2,443 2,482 -40 [-362, 283] 2,775 2,733 43 [-425, 510]
population of attributed beneficiaries
Implied effect for enrolled -71 [-648, 506] 76 [-758, 911]
beneficiaries®

Source: Regression-adjusted results from Medicare claims data.

Note: We estimated impacts separately by quarter since enrollment and then averaged the estimates across all quarters, weighting each quarterly estimate by
the number of intervention group beneficiaries observed in that quarter. Sample sizes are in Appendix D, Table D.1.

aThis row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

*/** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
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4. CVD events

Chapter VII reported that the Million Hearts Model reduced the incidence of first-time CVD
events—defined as a first-time heart attacks, stroke, or transient ischemic attack (TIA)—by 3.3
percent for high- and medium-risk beneficiaries using a claims-based definition, with a
regression-adjusted hazard ratio of 0.97 (p = 0.09). Figure H.3 shows adjusted survival curves
illustrating the cumulative incidence of CVD events in the intervention and control groups over
time. These results were generally consistent across a series of sensitivity analyses, including
after (1) trimming the sample to 20 providers or fewer per organization, (2) using the population
of attributed beneficiaries, (3) controlling for changes in beneficiary composition over time since
enrollment, and (4) some additional analyses specific to this outcome (Table H.12). Not all
sensitivity analyses found statistically significant impacts on CVD events for high- and medium-
risk beneficiaries. However, the regression-adjusted estimated reductions in events were all
similar (ranging from hazard ratios of 0.96 when using a narrower definition of CVD events to
an implied hazard ratio of 0.98 for enrolled beneficiaries when using beneficiaries we attributed
through claims data to the intervention and control providers). For the high-risk population, our
main approach estimated the hazard ratio to be 0.99 (p = 0.63) and all sensitivity analysis results
were also fairly close to 1.00 (ranging from 0.98 to 0.99), with none statistically different from
1.00, indicating no detectable impact on first-time CVD events for the high-risk group. Chapter
VII also reported that the model reduced the risk of first-time CVD events using an expanded
measure of CVD events, including events captured in National Death Index (NDI) data, by 4.2
percent for high- and medium-risk beneficiaries, with a hazard ratio of 0.96 (p = 0.02). Figure
H.4 shows adjusted survival curves illustrating the cumulative incidence of the expanded
measure of CVD events in the intervention and control groups over time. These results remained
similar after trimming the sample to 20 or fewer providers per organization (Table H.13).
Estimated impacts for the population of attributed high- and medium-risk beneficiaries were not
statistically significant, but the implied hazard ratio of 0.98 for enrolled beneficiaries calculated
from the attribution population was similar in magnitude to the main estimate, given the margin
of error for these estimates. For the high-risk population, our main approach estimated the hazard
ratio to be 0.98 (p = 0.45) and results were similar for the sensitivity checks (0.97 for the
trimmed population and 0.98 implied effect for enrolled beneficiaries based on the attribution
population).

Unadjusted analyses found an 8 percent reduction in the incidence of first-time CVD events for
high- and medium-risk beneficiaries in the intervention group using both the claims-based and
expanded definitions (Tables H.12 and H.13), compared to the 3 to 4 percent reduction in
adjusted analyses. The difference in these estimates suggests regression adjustment materially
affected our estimate of the model impacts, and suggests the treatment group would have
experienced lower rates of CVD events than the control group even if the model had no effect
(given differences in baseline covariates). The 3 and 4 percent reductions in first-time CVD
events reported in Chapter VII suggests intervention—control group differences in the likelihood
of having a CVD event were smaller but still present after adjusting for baseline differences
between the two groups. Unadjusted analyses for the high-risk group found a 6 percent reduction
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in the incidence of first-time CVD events for the claims-based and expanded definitions;
however, after regression adjustment we found no detectable difference between the intervention
and control groups.

Narrower definitions of CVD events. We calculated impact estimates with our composite
measure of CVD events redefined using two narrower definitions, excluding TIAs and stroke
symptoms and certain acute myocardial infarctions (AMIs)—specifically AMIs that are not Type
1 AMIs—from being considered CVD events. See Appendix F for detailed definitions of the
outcome measures. The impact estimates (hazard ratios) for these narrower and narrowest
definitions of the CVD events were similar to the estimates with the primary definition (0.96
versus 0.97). That is, all definitions used indicate the model modestly reduced the incidence of
first-time heart attacks and strokes for high- and medium-risk beneficiaries.

Binary measure of CVD events. We used a beneficiary-level logit regression model to estimate
the effects of the Million Hearts Model on the proportion of beneficiaries with a first-time heart
attack, stroke, or TIA during a specified period, using the subset of beneficiaries who enrolled
early enough to observe for the four-year period. Similar to the main findings, these binary
models found a 4 percent reduction in incidence of first-time CVD events in Medicare claims for
the high- and medium-risk beneficiaries over four years (Table H.14) (compared to 3 percent for
the Cox proportional hazards model). For the expanded measure of CVD events, we found a 5
percent reduction in incidence of CVD events for the high- and medium-risk beneficiaries over
four years using binary models (Table H.15)—similar to the 4 percent reduction estimated by the
Cox proportional hazard model. Reductions for the high-risk group were larger in the binary
models for the claims-based measure (4 percent over four years versus 1 percent for the Cox
proportional hazards models) but were not statistically significant with either type of model. For
the expanded definition of CVD events, estimated reductions in events for the high-risk group
from the binary models were both larger (6 percent over four years versus 2 percent for the Cox
proportional hazards models and statistically significant [Table. H.15]). Differences between the
binary and Cox proportional hazards model that could explain these discrepant findings include
(1) the binary models include a subset of the full population enrolled earlier in the model, (2) the
binary models include less follow-up time, and (3) the models use different modeling
assumptions that can yield somewhat disparate results.
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Figure H.3. A 3.3 percent lower risk of first-time CVD events among high- and medium-risk
intervention beneficiaries than in the control group: Cumulative probability of having a first-time heart
attack, stroke, or TIA over five years after enroliment, as measured in Medicare claims, by intervention
arm (regression-adjusted)

Panel A: High- and medium-risk beneficiaries Panel B: High-risk beneficiaries
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Source: Regression-adjusted results from Medicare claims.

Note: The cumulative probability (vertical horizontal axis) is defined as 1 minus the average Cox proportional-
hazards model estimate of the survival function. The survival function gives the probability that a beneficiary
did not experience an event within a given length of time after enroliment (the horizontal axis).

CVD = cardiovascular disease; TIA = transient ischemic attack.
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Table H.12. Estimated ratio of the hazard of first-time heart attacks, strokes, or TlAs in Medicare claims between intervention and control
beneficiaries within 5 years of enrollment: Sensitivity tests and exploratory analyses

High- and medium-risk beneficiaries High-risk beneficiaries

Alternative outcome measure, population, or Estimated Estimated

model specification hazard ratio p-value 90% CI hazard ratio p-value 90% ClI

Analyses with enrolled beneficiaries

First-time heart attacks, strokes, or TIAs (main 0.97 0.09 [0.93, 1.00] 0.99 0.63 [0.94, 1.03]

analysis)?

First-time heart attacks or strokes using narrower 0.96 0.07 [0.93, 1.00] 0.99 0.72 [0.94, 1.04]

definition®

First-time heart attacks or strokes using narrowest 0.96 0.12 [0.93, 1.00] 0.99 0.73 [0.94, 1.04]

definition®

Trim sample to 20 or fewer providers per organization 0.97 0.10 [0.93, 1.00] 0.98 0.56 [0.93, 1.03]

Adjusting for beneficiary composition over time since 0.97 0.09 [0.93, 1.00] 0.99 0.62 [0.94, 1.03]

enrollment

Unadjusted impact estimates 0.92 0.02 [0.87, 0.98] 0.94 0.10 [0.88, 1.00]

Analyses with attributed beneficiaries

First-time heart attacks, strokes, or TIAs? 0.99 0.53 [0.96, 1.02] 0.99 0.70 [0.96, 1.03]
Implied effect for enrolled beneficiaries® 0.98 [0.93, 1.03] 0.99 [0.92, 1.05]

Unadjusted impact estimates 0.95 0.17 [0.90, 1.01] 0.95 0.09 [0.89, 1.00]
Implied effect for enrolled beneficiaries® 0.92 [0.83, 1.02] 0.90 [0.81, 1.00]

Source: Regression-based impact estimates using Medicare claims.
Note: Sample sizes are in Appendix D, Table D.1.

aHeart attacks, strokes, TIAs, or stroke symptoms, using primary diagnoses on outpatient ED claims or primary and secondary diagnoses on inpatient claims. For
heart attacks, we include all five types of AMIs described in the Fourth Universal Definition of Myocardial Infarction (Thygesen et al. 2018).
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b Heart attacks and strokes only (excludes TIAs or stroke syndromes), using primary diagnoses on outpatient ED claims or primary and secondary diagnoses on
inpatient claims. For heart attacks, we include only the first type of AMIs described in the Fourth Universal Definition of Myocardial Infarction (Thygesen et al.
2018).

¢Heart attacks and strokes only (excludes TIAs or stroke syndromes) listed as primary diagnosis on ED or inpatient claim. For heart attacks, we include only the
first type of AMIs described in the Fourth Universal Definition of Myocardial Infarction (Thygesen et al. 2018).

4 This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the regression model coefficient corresponding to the impact estimate by the percentage
of enrolled beneficiaries, then expressing this scaled regression coefficient as a hazard ratio.

AMI = acute myocardial infarction; Cl = confidence interval; ED = emergency department; TIA = transient ischemic attack.
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Figure H.4. A 4.2 percent lower risk of first-time CVD events (using an expanded measure with NDI

data) among high- and medium-risk intervention group beneficiaries than in the control group:

Cumulative probability of having a first-time heart attack, stroke, or TIA, or dying from CHD or
cerebrovascular disease over five years after enroliment, by intervention arm (regression-adjusted)

Panel A: High- and medium-risk beneficiaries Panel B: High-risk beneficiaries
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Source: Regression-adjusted results from Medicare claims and NDI data.

Note: The cumulative probability is defined as 1 minus the Cox proportional-hazards model estimate of the

20

survival function. The survival function gives the probability that a beneficiary did not experience an event

within a given length of time after enroliment (the horizontal axis).

CHD = coronary heart disease; CVD = cardiovascular disease; NDI = National Death Index; TIA = transient ischemic

attack.
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Table H.13. Estimated ratio of the hazard of first-time heart attacks, strokes, or TlAs or deaths from coronary heart disease or
cerebrovascular disease between intervention and control beneficiaries (expanded measure with NDI data) within 5 years of enroliment:
Sensitivity analyses

High- and medium-risk beneficiaries High-risk beneficiaries
Estimated Estimated
Alternative population or model specification hazard ratio p-value 90% CI hazard ratio p-value 90% ClI
Analyses with enrolled beneficiaries
Main analysis @ 0.96 0.02 [0.93, 0.99] 0.98 0.45 [0.94, 1.02]
Trim sample to 20 or fewer providers per organization 0.95 0.02 [0.92, 0.98] 0.97 0.28 [0.92, 1.02]

Unadjusted impact estimates 0.92 [0.87, 0.98] 0.94 [0.88, 1.00]

Analyses with attributed beneficiaries

Main analysis = 0.99 0.44 [0.96, 1.02] 0.99 0.58 [0.96, 1.02]
Implied effect for enrolled beneficiaries® 0.98 [0.92, 1.03] 0.98 [0.92, 1.04]
Unadjusted impact estimates 0.96 0.23 [0.91,1.02] 0.95 0.14 [0.90, 1.01]
Implied effect for enrolled beneficiaries® 0.92 [0.83, 1.03] 0.91 [0.83, 1.01]

Source: Regression-based impact estimates using Medicare claims and linked NDI data.
Note: Sample sizes are in Appendix D, Table D.1.

a8 Heart attacks, strokes, TIAs, or stroke symptoms, using primary diagnoses on outpatient ED claims or primary and secondary diagnoses on inpatient claims. For
heart attacks, we include all five types of acute myocardial infarctions described in the Fourth Universal Definition of Myocardial Infarction (Thygesen et al. 2018).

b This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the regression model coefficient corresponding to the impact estimate by the percentage
of enrolled beneficiaries, then expressing this scaled regression coefficient as a hazard ratio.

Cl = confidence interval; ED = emergency department; NDI = National Death Index; TIA = transient ischemic attack.
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Table H.14. Established impacts on binary measures of CVD events in Medicare claims (regression-adjusted)

Intervention
Outcome? group mean

Analyses with enrolled beneficiaries

Percentage with first-time heart attacks, strokes, or TIAs

Within one year of enroliment 1.4
Within two years of enroliment 28
Within three years of enrollment 4.1
Within four years of enroliment 5.3

Analyses with enrolled beneficiaries and sample trimmed to 20 or fewer providers per organization

Control
group mean

1.4
2.8
4.2
5.6

High- and medium-risk beneficiaries

Difference

(%)

<0.05 (2%)
<0.05 (0%)

-0.1 (-2%)
-0.2* (-4%)

90%

confidence
interval

[-0.1,0.1]
[-0.1,0.1]
[-0.3,0.1]
[-0.4, 0]

Intervention
group mean

1.9
3.8
5.5
7.0

Control
group mean

1.8
3.8
5.6
7.2

High-risk beneficiaries

Difference

(%)

0.1 (6%)
<0.05 (-1%)
-0.1 (-2%)
-0.3 (-4%)

90%

confidence
interval

[-0.1, 0.3]
[-0.3,0.2]
[-0.4, 0.2]
[-0.7, 0.1]

Percentage with first-time heart attacks, strokes, or TIAs

Within one year of enroliment 1.4
Within two years of enroliment 29
Within three years of enrollment 4.2
Within four years of enroliment 55

1.4
2.9
43
5.7

<0.05 (1%
<0.05 (-1%
0.1 (-2%

)
)
)
-0.2 (-4%)

[-0.1,0.1]
[-0.2,0.1]
[-0.3,0.1]
[-0.4, 0]

1.9
3.9
5.6
7.0

1.8
3.9
57
7.4

<0.05 (2%
<0.05 (-1%
-0.2 (-3%

)
)
)
-0.3 (-4%)

[-0.1,0.2]
[-0.3,0.3]
[-0.5,0.2]
[-0.7,0.1]

Analyses with attributed beneficiaries

Percentage with first-time heart attacks, strokes, or TIA

Within one year of enroliment 1.7

Implied effect for enrolled
beneficiaries®

Within two years of enroliment 3.3

Implied effect for enrolled
beneficiaries®

Within three years of enrollment 4.6

Implied effect for enrolled
beneficiaries®

1.7

4.7

<0.05 (-1%)
<0.05

<0.05 (0%)
<0.05

0.1 (-1%)
0.1

[-0.1, 0.1]
[-0.2, 0.1]

[-0.1, 0.1]
[-0.2,0.2]

[-0.2, 0.1]
[-0.4, 0.2]

2.2

4.0

5.8

<0.05 (-2%)
0.1

<0.05 (1%)
0.1

<0.05 (-1%)
-0.1

[-0.2, 0.1]
[-0.3, 0.1]

[-0.1, 0.2]
[-0.2, 0.4]

[-0.3,0.2]
[-0.5, 0.3]
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High- and medium-risk beneficiaries

90%
Intervention Control Difference confidence
Outcome? group mean group mean (%) interval
Within four years of enroliment 59 6.0 -0.1 (-2%) [-0.3, 0.1]
Implied effect for enrolled -0.2 [-0.6, 0.1]
beneficiaries®

High-risk beneficiaries

Intervention
group mean group mean

Source: Regression-adjusted results using Medicare claims.

Notes:  We preformed regression adjustment using logistic regression models. Sample sizes are in Appendix D, Table D.1.

< 0.05 refers to absolute values (that is, < 0.05 or > -0.05).

@ Analysis was limited to beneficiaries enrolled early enough to be observed at least the designated number of months, because claims were pulled through

December 31, 2021.

b This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

*/** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
CVD = cardiovascular disease; TIA = transient ischemic attack.
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Table H.15. Estimated impacts on binary measures of first-time heart attacks, strokes, or deaths
from CHD or deaths due to CHD or cerebrovascular disease (expanded measure with NDI data;
regression-adjusted)

Regression-adjusted
mean Regression-adjusted difference

Percentage with first-time heart
attack, stroke, or TIA or death due - @
to CHD or cerebrovascular Intervention Control Difference

disease (composite measure): group group (%) p-value 90% ClI

High- and medium-risk beneficiaries

Within one year of enrollment 1.6 1.6 -0.02 (-1%) 0.80 [-0.1, 0.1]
Within two years of enroliment 3.3 3.4 -0.05 (-2%) 0.57 [-0.2, 0.1]
Within three years of enroliment 5.0 51 -0.13 (-3%) 0.23 [-0.3, 0.0]
Within four years of enroliment 6.5 6.9 -0.37 (-5%) 0.01 [-0.6, -0.1]
Within one year of enrollment 22 21 0.07 (3%) 0.57 [-0.1,0.3]
Within two years of enroliment 4.6 4.6 -0.03 (-1%) 0.87 [-0.3,0.2]
Within three years of enroliment 6.7 6.8 -0.15 (-2%) 0.44 [-0.5,0.2]
Within four years of enroliment 8.6 9.1 -0.51 (-6) 0.04 [-0.9, -0.1]

Source: Regression-adjusted results from Medicare claims and linked NDI data.

Note: We limited analyses to beneficiaries enrolled early enough to observe for at least four years by December
2021 (the date we pulled claims). See Appendix G for more detail about the regression models. Sample
sizes are in Appendix D, Table D.1.

2 Beneficiaries with a first-time heart attack, stroke, or TIA based on Medicare claims or who died due to CHD or
cerebrovascular disease based on NDI data

CHD = coronary heart disease; NDI = National Death Index; TIA = transient ischemic attack.
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5. Impacts on mortality

Chapter VII reported a 4.3 percent reduction in all-cause mortality among high- and medium-risk
beneficiaries, with hazard ratios of 0.96 (p = 0.01) for high- and medium-risk beneficiaries and
0.99 (p = 0.72) for high-risk beneficiaries. Figure H.5 shows adjusted survival curves illustrating
the cumulative death rate in the intervention and control groups over time. These main findings
remained the same after trimming the sample to 20 or fewer providers per organization and after
controlling for changes in beneficiary composition over time since enrollment (Table H.16).
Estimated impacts for the population of attributed high- and medium-risk beneficiaries were not
statistically significant, but were similar in magnitude to the main estimates, with an implied
hazard ratio of 0.97 for enrolled beneficiaries calculated from the attribution population
compared to the main estimate of 0.96. For high-risk beneficiaries, the implied effect for enrolled
beneficiaries calculated from the attribution population was 0.96, compared to 0.99 for enrolled
beneficiaries, which falls within the margin of error for estimates of mortality. Unadjusted
analyses found somewhat greater reductions in all-cause mortality, of 0.94 for high- and
medium-risk beneficiaries and 0.97 for high-risk beneficiaries (although neither were statistically
significant, reflecting the lower statistical power of the unadjusted analyses relative to adjusted
analyses). Differences in our unadjusted and adjusted results indicates the presence of
imbalances in covariates between the intervention and control groups and regression adjustment
was an important aspect of our analytic approach. Using a binary measure of mortality and logit
regression models (Table H.17), we estimated all-cause mortality was 4.2 percent lower for high-
and medium-risk intervention beneficiaries than control beneficiaries over four years and found
no measurable effect on mortality for the high-risk group alone—qualitatively similar findings to
those that used our main analysis approach.

Our main estimates indicate the model reduced CHD-specific deaths by 0.18 percentage points
(p =0.01, a 12 percent impact) for high- and medium-risk beneficiaries and by 0.32 percentage
points (p = 0.03, a 14 percent impact) for high-risk beneficiaries. These findings were generally
consistent with results after trimming the sample to 20 providers or fewer per organization and
unadjusted analyses (Table H.19), and our impact estimates remained statistically significant for
both high- and medium-risk beneficiaries and high-risk beneficiaries. For the population of
attributed beneficiaries, implied effects for the enrolled population were 0.13 percentage points
for high- and medium-risk beneficiaries and 0.24 percentage points for high-risk beneficiaries—
similar to our main results within the margin of error for estimates of impacts by cause of death.

Cause of death set to unknown for mismatched death dates in Medicare enrollment and
NDI. Less than 3 percent of high- and medium-risk beneficiaries had mismatched death dates in
Medicare enrollment and NDI data. For these beneficiaries, we excluded the underlying cause of
death codes obtained from NDI and set the cause of death to unknown in this sensitivity analysis.
After setting the cause of death to unknown for beneficiaries with mismatched death dates in
Medicare enrollment and NDI data, the estimates of model impacts were substantively
unchanged (compared to those produced using the main outcome definition in our main
analysis).
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Figure H.5. A 4.3 percent lower risk of dying among high- and medium-risk intervention group
beneficiaries than in the control group: Cumulative probability of dying for any reason over five years
after enrollment, by intervention arm (regression-adjusted)

Panel A: High- and medium-risk beneficiaries Panel B: High-risk beneficiaries
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Source: Regression-adjusted results from Medicare enroliment data.

Note: The cumulative probability is defined as 1 minus the Cox proportional-hazards model estimate of the
survival function. The survival function gives the probability that a beneficiary did not die within a given
length of time after enroliment (the horizontal axis).
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Table H.16. Estimated ratio of the hazard of dying (for any reason) between intervention and control beneficiaries within 5 years of

enrollment: Sensitivity tests and exploratory analyses

Alternative outcome measure,

population, or model Estimated hazard

specification ratio p-value interval

Analyses with enrolled beneficiaries

High-and medium-risk beneficiaries

90% confidence Estimated hazard

High-risk beneficiaries

90% confidence

ratio p-value interval

0.99 0.72 [0.95, 1.03]
0.99 0.84 [0.95, 1.04]
0.99 0.72 [0.95, 1.03]
0.97 0.38 [0.92, 1.03]

Analyses with attributed beneficiaries

Main analysis 0.96 0.01 [0.93, 0.98]
Trim sample to 20 or fewer 0.96 0.03 [0.93, 0.99]
providers per organization
Adjusting for beneficiary 0.96 0.01 [0.93, 0.98]
composition over time since
enroliment
Unadjusted impact estimates 0.94 0.11 [0.88, 1.00]
Main regression model 0.98 0.30 [0.96, 1.01]
specification
Implied effect for enrolled 0.97 [0.93, 1.02]
beneficiaries®
Unadjusted impact estimates 0.97 0.33 [0.91, 1.02]
Implied effect for enrolled 0.94 [0.84, 1.05]
beneficiaries®

0.98 0.19 [0.95, 1.01]
0.96 [0.91, 1.01]
0.96 0.20 [0.91, 1.01]
0.93 [0.84, 1.02]

Source: Regression-based impact estimates using Medicare enroliment data.
Note: Sample sizes are in Appendix D, Table D.1.

@ This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the regression model coefficient corresponding to the impact estimate by the percentage

of enrolled beneficiaries, then expressing this scaled regression coefficient as a hazard ratio.
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Table H.17. Estimated impacts on binary measures of all-cause mortality (regression-adjusted)

Outcome?

Analyses with enrolled beneficiaries
Percentage who died
Within one year of enroliment
Within two years of enroliment
Within three years of enrollment

Within four years of enroliment

High- and medium-risk beneficiaries

Control
group mean

Intervention

group mean Difference

1.7 1.8 -0.2** (-8%)
3.9 4.2 -0.2** (-5%)
6.7 6.9 -0.2* (-4%)
10.1 10.6 -0.5" (-4%)

90%
confidence
interval

[-0.3, 0]
[-0.4, -0.1]
[-0.5, 0]
[-0.8, -0.2]

Intervention
group mean

2.1
52
8.9
13.5

Analyses with enrolled beneficiaries and sample trimmed to 20 or fewer providers per organization

Percentage who died
Within one year of enroliment
Within two years of enroliment
Within three years of enrollment

Within four years of enroliment

Analyses with attributed beneficiaries

Percentage who died
Within one year of enroliment

Implied effect for enrolled
beneficiaries®

Within two years of enrollment

Implied effect for enrolled
beneficiaries®

Within three years of enrollment

Implied effect for enrolled
beneficiaries®

1.7 1.9 -0.2** (-10%)
4.0 4.2 -0.2** (-5%)
6.9 7.0 -0.2 (-3%)

10.3 10.7 -0.4** (-4%)

2.3 2.4 <0.05 (-2%)
0.1

5.0 5.1 0.1 (-1%)
0.1

8.1 8.3 -0.1 (-1%)
0.2

[-0.3, -0.1]
[-0.4, -0.1]
[-0.4, 0]
[-0.7, -0.1]

[-0.1, 0]
[-0.2, 0.1]

[-0.2, 0.1]
[-0.4, 0.1]

[-0.3, 0.1]
[-0.6,0.2]

21
52
9.1
13.7

29

6.4

10.4

High-risk beneficiaries

Control
group mean

2.2
52
8.9
13.4

22
52
9.0
13.6

3.0

6.5

10.5

Difference

-0.1 (-4%)
<0.05 (0%)
0.1 (1%)
0.1 (0%)

-0.1 (-6%)

<0.05 (-1%)

0.1 (1%)
0.1 (1%)

-0.1 (-3%)
0.2

-0.2 (-3%)
0.3

-0.2 (-2%)
0.4

90%
confidence
interval

[-0.3, 0.1]
[-0.3, 0.3]
[-0.3, 0.5]
[-0.5, 0.6]

[-0.3, 0.1]
[-0.3, 0.3]
[-0.3, 0.5]
[-0.4, 0.7]

[-0.2, 0]
[-0.4, 0.1]

[-0.4, 0]
[-0.7, 0.1]

[-0.5, 0.1]
[-0.9, 0.2]
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High- and medium-risk beneficiaries

90%
Intervention Control confidence
Outcome? group mean group mean Difference interval
Within four years of enroliment 11.8 12.0 -0.2 (-2%) [-0.5, 0.1]
Implied effect for enrolled -0.3 [-0.8, 0.1]
beneficiaries®

High-risk beneficiaries

Intervention
group mean group mean

Source: Regression-adjusted results from Medicare enroliment data.

Notes:  We performed regression adjustment using logistic regression models. Sample sizes are in Appendix D, Table D.1.

< 0.05 refers to absolute values that is, < 0.05 or > -0.05).

@ Analysis was limited to beneficiaries enrolled early enough to be observed at least the designated number of months, because claims were pulled through

December 31, 2021.

b This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

*I** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
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Table H.18. Estimated ratio of the hazard of dying (for any reason) between intervention and control beneficiaries within 5 years of
enrollment: Sensitivity tests and exploratory analyses

. High-and medium-risk beneficiaries High-risk beneficiaries
Alternative outcome measure,

population, or model Estimated hazard 90% confidence Estimated hazard 90% confidence

specification ratio p-value interval ratio p-value interval

Analyses with enrolled beneficiaries

Main analysis 0.96 0.01 [0.93, 0.98] 0.99 0.72 [0.95, 1.03]
Trim sample to 20 or fewer 0.96 0.03 [0.93, 0.99] 0.99 0.84 [0.95, 1.04]
providers per organization
Adjusting for beneficiary 0.96 0.01 [0.93, 0.98] 0.99 0.72 [0.95, 1.03]
composition over time
Unadjusted impact estimates 0.94 0.11 [0.88, 1.00] 0.97 0.38 [0.92, 1.03]
Analyses with attributed beneficiaries
Main regression model 0.98 0.30 [0.96, 1.01] 0.98 0.19 [0.95, 1.01]
specification
Implied effect for enrolled 0.97 [0.93, 1.02] 0.96 [0.91, 1.01]
beneficiaries?
Unadjusted impact estimates 0.97 0.33 [0.91, 1.02] 0.96 0.20 [0.91, 1.01]
Implied effect for enrolled 0.94 [0.84, 1.05] 0.93 [0.84, 1.02]
beneficiaries?

Source: Regression-based impact estimates using Medicare enrollment data.
Note: Sample sizes are in Appendix D, Table D.1.

@ This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of

beneficiaries enrolled in the model. We obtained this estimate by dividing the regression model coefficient corresponding to the impact estimate by the percentage

of enrolled beneficiaries, then expressing this scaled regression coefficient as a hazard ratio.
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Table H.19. Estimated impacts on CHD mortality within four years after enroliment: Sensitivity tests

Regression-adjusted

Alternative outcome measure, mean Regression-adjusted difference
population, or model Intervention Control

specification group group Difference p-value 90% CI
High- and medium-risk beneficiaries

Main analysis 1.3 1.5 -0.18 (-12%) 0.01 [-0.29, -0.06]
Trim sample to 20 or fewer 1.3 1.5 -0.20 (-13%) 0.007 [-0.32, -0.08]
providers per organization

Unadjusted impact estimates 1.3 1.5 -0.18 (-12%) 0.06 [-0.34, -0.02]
Cause of death set to unknown for 1.3 1.5 -0.18 (-12%) 0.01 [-0.30, -0.06]

mismatched death dates in
Medicare enrollment and NDI

Main regression model 1.6 1.7 -0.08 (-4%) 0.21 [-0.17,0.02]
specification, using the population
of attributed beneficiaries

Implied effect for enrolled -0.13 [-0.30, 0.04]
beneficiaries?
Unadjusted impact estimates, using 1.6 1.7 -0.06 (-4%) 0.53 [-0.23, 0.10]
the population of attributed
beneficiaries
Implied effect for enrolled -0.11 (%) 0.53 [-0.39, 0.17]
beneficiaries?
bighrisk beneficaries
Main analysis 1.9 2.2 -0.32 (-14%) 0.03 [-0.57, -0.07]
Trim sample to 20 or fewer 1.9 2.2 -0.39 (-17%) 0.01 [-0.65, -0.13]
providers per organization
Unadjusted impact estimates 1.9 2.2 -0.27 (-12%) 0.09 [-0.53, -0.01]
Cause of death set to unknown for 1.9 2.2 -0.32 (-14%) 0.04 [-0.57,-0.07]

mismatched death dates in
Medicare enroliment and NDI
Main regression model 2.2 24 -0.14 (-6%) 0.17 [-0.30, 0.03]
specification, using the population
of attributed beneficiaries
Implied effect for enrolled -0.24 [-0.52, 0.05]
beneficiaries?
Unadjusted impact estimates, using 2.2 2.3 -0.10 (-5%) 0.41 [-0.31, 0.10]
the population of attributed
beneficiaries

Implied effect for enrolled -0.18 [-0.54, 0.18]
beneficiaries?

Sources: Regression-adjusted results from Medicare enrollment data and linked NDI data.

Note: We performed regression adjustment using multinomial logistic regression models. Analyses were limited to
beneficiaries enrolled early enough to be observed for at least four years by December 2021 (the date we
pulled claims) and include beneficiaries with a baseline cardiovascular disease risk score of at least 15
percent. Sample sizes are in Appendix D, Table D.1. The sensitivity analysis focused on the deaths due to
CHD or cerebrovascular disease.

aThis row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed
beneficiaries come solely through the subset of beneficiaries enrolled in the model. We obtained this estimate by
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dividing the regression model coefficient corresponding to the impact estimate by the percentage of enrolled
beneficiaries, then expressing this scaled regression coefficient as a hazard ratio.

CHD = coronary heart disease; NDI = National Death Index.

6. Medicare Parts A and B spending

Across a series of sensitivity and exploratory analyses, we found no detectable impacts of the
Million Hearts Model on reducing Medicare spending for first-time heart attacks and strokes
(henceforth, CVD event spending), which is consistent with the result from our main analysis in
Chapter VII. We used two-part regression models to estimate the impact on CVD event
spending, estimating (1) the probability of a CVD event and (2) CVD event spending conditional
on having a CVD event. The estimated intervention—control difference in CVD event spending
within four years of enrollment reported in Chapter VII was 5 percent for high- and medium-risk
beneficiaries and 6 percent for high-risk beneficiaries alone. Although these differences were not
precisely estimated and were not statistically significant, they were similar in magnitude to the 6
percent (0.3 percentage point) impact on the probability of having first-time CVD events over
the same period (this first part of the two-part regression model).? Estimated impacts on CVD
event spending were identical (after rounding to a whole number) when we trimmed the sample
to 20 or fewer providers per organization and when we used the population of attributed
beneficiaries—with $2 reductions in spending for high- and medium-risk intervention
beneficiaries and $3 reductions for the high-risk group (using implied effects for enrolled
beneficiaries in the attribution analysis). Unadjusted impacts showed slightly larger, but not
statistically significant, reductions of -$3 and -$5 for high- and medium-risk intervention
beneficiaries and high-risk beneficiaries, respectively. We also conducted the following
sensitivity and exploratory analyses:

Varying time to identify CVD events. The main findings for CVD event spending used a subset
of the analytic population (68 percent) who enrolled early enough to allow for sufficient follow-
up time to identify spending. We conducted additional analyses shortening the time to identify
CVD events, enabling us to include a greater proportion of the full analytic population. These
included analyses to identify CVD events that occurred within one or two years of enrollment,
which included the full analytic population enrolled in 2017 or 2018, and analyses of CVD
events that occurred within three years and eight months of enrollment, which included all
beneficiaries enrolled in 2017. Over these shorter time periods, we saw no statistically significant
reductions in CVD event rates (consistent with the results in Table H.14) or average spending on
first-time CVD events (Table H.20).

2 This impact estimate of 0.3 percentage points was somewhat larger than, but within a margin of error of, the
estimate for CVD events over four years we had obtained in Table H.14 (0.2 percentage points). The reason for the
difference is that Table H.20 includes only about 85 percent of the beneficiaries included in Table H.14. For the
high-risk group alone, the estimated impact on CVD events for the subset of the population enrolled in the model
early enough to include in the CVD-event spending measure was 0.4 percentage points (6 percent) and reached
statistical significance, but was also within a margin of error of the estimates for the larger population in Table H.14
(0.3 percentage points).
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Using spending 30 days post-discharge. Researchers have measured CVD event episode
spending over either 30 days (Kim et al. 2015) or 90 days (Montgomery et al. 2019; Sukul et al.
2019; Sinha et al. 2018) after an event. By measuring CVD event spending 90 days post-
discharge (chosen a priori), the main CVD event spending outcome captured more of the long-
term care after an event, including extended stroke rehabilitation. However, the 90-day post-
discharge spending measure also contained more variability than a 30-day measure would have
by including time after the end of follow-up care for most CVD events. Analyses of CVD event
spending using a 30-day follow-up could have allowed a slightly larger subset of the analytic
population (compared to a 90-day follow-up) because the measure required less follow-up time
to observe spending, but we limited these analyses with 30- and 90-day follow up to
beneficiaries enrolled by the end of October 2017 for comparability (76 percent of the high- and
medium-risk analytic population). In analyses including only 30 days post-discharge, impacts of
the model on CVD-event spending were statistically significant, suggesting a $2 (6 percent)
reduction in CVD-event spending for high- and medium-risk beneficiaries and a $4 (8 percent)
reduction for high-risk beneficiaries alone. These estimates were similar in magnitude to the
estimates for spending measured 90 days post-discharge in absolute terms (-$2 and -$3,
respectively) and larger in percentage terms (-5 and -6 percent, respectively). However, the
analysis with 30-day post-discharge follow-up period had a smaller margin of error (that is,
smaller standard errors and p-values).

Without Winsorizing spending. To reduce the risk of chance high-cost events in either the
intervention or control group driving impact estimates, we Winsorized CVD event spending by
setting the CVD event spending measure to $150,000 when the actual value was greater than
$150,000 (which is around the 98th percentile). Findings were similar in sensitivity analyses in
which we did not Winsorize spending (Table H.21), suggesting intervention—control group
differences in high-cost events did not drive impact estimates (after regression adjustment).

There were also no statistically significant impacts of the Million Hearts Model on Parts A and B
Medicare spending, with or without including model payments, across a series of sensitivity and
exploratory analyses (Table H.22). The main estimates without model payments of $1 per
beneficiary per month for high- and medium-risk beneficiaries and $10 for high-risk
beneficiaries were slightly higher after trimming the sample to 20 or fewer providers per
organization at $4 and $14 for high- and medium-risk and high-risk beneficiaries, respectively.
The estimates were nearly identical after controlling for changes in the beneficiary composition
over time since enrollment. For the population of attributed beneficiaries, implied effects for the
enrolled population were $6 for high- and medium-risk and $1 for high-risk beneficiaries—
similar to our main results within the margin of error for spending estimates. Unadjusted impact
estimates for the main analytic population and the attribution population were larger than the
adjusted results, but also similar within the margin of error for spending measures, with
unadjusted impact estimates of $4 and $16 for high- and medium-risk and high-risk
beneficiaries, respectively; neither of these impact estimates were statistically significant because
the unadjusted estimates were estimated imprecisely.
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Table H.20. Estimated impacts on spending during first-time heart attacks, strokes, and TIA events and 90 days post-discharge within 1,
2, 3, or 4 years after enroliment (regression-adjusted)

Estimated impact on the Regression-adjusted spending for first-time heart attack, stroke,
percentage of beneficiaries with or TIA events and 90 days post-discharge
an event (percentage points) ($ PBPM)

90% confidence Intervention Control 90% confidence
Outcome Difference (%) interval group mean group mean Difference (%) interval

High- and medium-risk beneficiaries

First-time heart attacks, strokes, and

TIAs?
Within one year of enrollment <0.05 (2%) [-0.1, 0.1] $38 $ 38 $0(1%) [-3, 4]
Within two years of enroliment <-0.05 (-1%) [-0.1, 0.1] $39 $ 38 $1(3%) [-1, 3]
Within three years of enroliment -0.1 (-2%) [-0.3,0.1] $39 $ 39 $-1(-1%) [-3, 2]
Within three years and eight months -0.2 (-3%) [-0.4, 0] $37 $ 38 $-0 (-1%) [-2, 2]
of enroliment®
Within four years of enrollment -0.3** (-6%) [-0.6, -0.1] $ 38 $39 $ -2 (-5%) [-4, 0]

High-risk beneficiaries
First-time heart attacks, strokes, and

TIAs?
Within one year of enrollment 0.1 (6%) [-0.1,0.3] $54 $ 50 $ 4 (8%) [-3, 11]
Within two years of enrollment <-0.05 (-1%) [-0.3,0.2] $55 $54 $1(2%) [-4, 6]
Within three years of enrollment -0.1 (-3%) [-0.4,0.2] $53 $54 $ -1 (-2%) [-5, 3]
Within three years and eight months -0.2 (-4%) [-0.6,0.1] $ 50 $ 51 $ -1 (-2%) [-5, 3]
of enroliment®
Within four years of enroliment -0.4* (-6%) [-0.8, 0] $ 51 $54 $ -3 (-6%) [-7, 1]

Source: Mathematica’s analysis of Medicare Part D claims linked to Medicare claims and enroliment data.

Notes:  Findings in this table are based on a two-part model, which separately estimates the probability a beneficiary has a first-time heart attack, stroke, or TIA
(that is, has greater than zero spending for first-time heart attacks, strokes, or TIAs) using a logistic regression model, and then, conditional on having
had an event, models the spending for the event using ordinary least squares. Multiplying the two parts will generate combined results. The two-part
model can account for cases in which there are many zero values for the outcome variable better than ordinary least squares models that do not
separately model the first part. Spending is Winsorized, or limited, to $150,000 to reduce the influence of outlier values.

< 0.05 refers to absolute values (that is < 0.05 or > -0.05).
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@ The number of beneficiaries varied across analyses to provide sufficient follow-up time between enrollment and the end of 2021 (the end of the claims period for
this analysis) to observe 90-day post-discharge spending for first-time heart attacks, strokes, or TIAs that occurred over the observation period. For example,
models of first-time heart attacks, strokes, and TIAs within four years of enrollment include beneficiaries enrolled on or before the beginning of August 2017 to
allow for four years of follow-up time post-enroliment to observe a first-time heart attack, stroke, or TIA, at least a month to observe spending between admission
and discharge for the event, and 90 days post-discharge. Sample sizes are in Appendix D, Table D.1.

b Analysis includes beneficiaries enrolled by December 31, 2017, which is the same population used in Table H.14 to calculate the percentage of beneficiaries who
had a first-time heart attack, stroke, or TIA within four years of enrollment.

*/** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
PBPM = per beneficiary per month; TIA = transient ischemic attack.
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Table H.21. Estimated impacts on spending during first-time heart attacks, strokes, and TIA events and 90 days post-discharge within
four years after enrollment: Sensitivity tests and exploratory analyses

Estimated impact on the percentage

of beneficiaries with an event Regression-adjusted spending for first-time heart attack, stroke, or
Alternative outcome measure, (percentage point) TIA events and 90 days post-discharge ($ PBPM)
population, or model Difference 90% confidence Intervention Control Difference 90% confidence
specification (%) interval group mean group mean (%) interval
High- and medium-risk beneficiaries
Main analysis -0.3** (6%) [-0.6, -0.1] $ 38 $ 39 $ -2 (-5%) [-4, 0]
Trim sample to 20 or fewer -0.3** (-6%) [-0.6, -0.1] $39 $40 $ -2 (-4%) [-4, 1]
providers per organization
Unadjusted impact estimates -0.4** (-6%) [-0.6, -0.1] $38 $ 41 $ -3 (-8%) [-7, 0]
Using spending 30 days post- -0.3** (-6%) [-0.5, -0.1] $ 31 $33 $ -2* (-6%) [-4, -0]
discharge
Without Winsorizing spending -0.3** (-6%) [-0.6, -0.1] $39 $ 41 $ -2 (-5%) [-5, 0]
Main regression model -0.1 (-2%) [-0.3,0.1] $35 $35 $ -1 (-2%) [-2, 1]

specification, using the population
of attributed beneficiaries
Implied effect for enrolled -0.2 [-0.6, 0.1] $-2 [-5, 2]
beneficiaries?
Unadjusted impact estimates, -0.1 (-2%) [-0.3, 0] $42 $43 $-1(-3%) [-4, 2]
using the population of attributed
beneficiaries

Implied effect for enrolled -0.5 [-1.1,0.0] $-2 [-7, 3]
beneficiaries®

High-risk beneficiaries

Main analysis -0.4* (-6%) [-0.8, 0] $ 51 $ 54 $ -3 (-6%) [-7, 1]
Trim sample to 20 or fewer -0.4 (-6%) [-0.9, 0] $ 51 $54 $ -3 (-6%) [-8, 2]
providers per organization

Unadjusted impact estimates -0.4* (-6%) [-0.8, 0] $ 51 $ 56 $ -5 (-9%) [-11, 1]
Using spending 30 days post- -0.4* (-6%) [-0.8, O] $41 $44 $ -4* (-8%) [-7,-0]
discharge

Without Winsorizing spending -0.4* (-6%) [-0.8, 0] $53 $ 56 $ -3 (-5%) [-7, 2]
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Estimated impact on the percentage
of beneficiaries with an event

Alternative outcome measure, (percentage point)

population, or model Difference 90% confidence

specification (%) I CIWE]]
Main regression model -0.3 (-4%) [-0.6, 0]
specification, using the population
of attributed beneficiaries
Implied effect for enrolled -0.5 [-0.9, 0]
beneficiaries?
Unadjusted impact estimates, -0.3 (-4%) [-0.6, 0]
using the population of attributed
beneficiaries

Implied effect for enrolled -0.9** [-1.6, -0.2]
beneficiaries?

Regression-adjusted spending for first-time heart attack, stroke, or
TIA events and 90 days post-discharge ($ PBPM)

Intervention Control Difference 90% confidence

group mean group mean (%) interval
$ 36 $38 $ -1 (-4%) [-3, 0]
$-3 [-9, 2]
$ 52 $ 55 $ -4 (-7%) [-8, 1]
$-6 [-14, 1]

Source: Mathematica’s analysis of Medicare Part D claims linked to Medicare claims and enroliment data.

Note: Findings in this table are based on a two-part model, which separately estimates the probability a beneficiary has a first-time heart attack, stroke, or TIA
(that is, has greater than zero spending for first-time heart attacks, strokes, or TIAs) using a logistic regression model, and then, conditional on having
had an event, models the spending for the event using ordinary least squares. The two parts are multiplied to generate combined results. The two-part
model can account for cases in which there are many zero values for the outcome variable better than ordinary least squares models that do not
separately model the first part. Spending is Winsorized, or limited, to $150,000 to reduce the influence of outlier values except in the sensitivity analysis

without Winsorizing spending. Sample sizes are in Appendix D, Table D.1.

aThis row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the regression model coefficient corresponding to the impact estimate by the percentage

of enrolled beneficiaries.
*/** Significantly different from zero at the 0.1/0.05 levels, two-tailed test.
PBPM = per beneficiary per month; TIA = transient ischemic attack.
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Table H.22. Estimated impacts on Medicare spending (dollars per beneficiary per month): Sensitivity tests and exploratory analyses

High- and medium-risk beneficiaries High-risk beneficiaries

Alternative outcome measure, Intervention Control Intervention Control

population, or model specification group mean group mean Difference 90% CI group mean group mean Difference 90% ClI

Analyses with enrolled beneficiaries

Main analysis: Parts A and B spending $959 $958 $1 [-18, 20] $1,104 $1,095 $10 [-19, 38]

Parts A and B spending plus average $960 $958 $2 [-17, 21] n.a. n.a. n.a. n.a.

model payments?

Trim sample to 20 or fewer providers per $972 $969 $4 [-15, 23] $1,112 $1,098 $14 [-16, 43]

organization

Adjusting for changes in beneficiary $959 $958 $1 [-18, 20] $1,104 $1,095 $10 [-19, 38]

composition over time since enroliment

Unadjusted impact estimates $959 $955 $4 [-46, 53] $1,104 $1,088 $16 [-38, 70]

Analyses with attributed beneficiaries

Parts A and B spending $1,056 $ 1,053 $3 [-17, 23] $1,178 $1,178 $0 [-24, 25]
Implied effect for enrolled $6 [-30, 41] $1 [-44, 45]
beneficiaries®

Unadjusted impact estimates $1,056 1,030 $26 [-26, 78] $1,178 $1,159 $19 [-38, 75]
Implied effect for enrolled $47 [-46, 140] $33 [-68, 135]
beneficiaries®

Source: Regression-based impact estimates using Medicare claims.

Note: We estimated impacts separately by quarter since enrollment and then averaged the estimates across all quarters, weighting each quarterly estimate by
the number of intervention group beneficiaries observed in that quarter. Sample sizes are in Appendix D, Table D.1. None of the estimates are
significantly different from zero at the 0.1 level.

aTotal Million Hearts Model payments paid to intervention group organizations included in the impact evaluation for the first five performance periods were
$7,264,803. We divided this amount by the number of beneficiary-quarters in the respective analysis to calculate the average cost per quarter per intervention
group beneficiary, and then added to the intervention group beneficiaries’ spending in each quarter. We calculated the number of beneficiary-quarters for each
analysis, so the average model cost per beneficiary per quarter varied across analyses. (For analyses with the population of attributed beneficiaries, we accounted
for the weights assigned to each beneficiary-quarter in these calculations.)
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b This row presents the implied impact for enrolled beneficiaries assuming overall impacts among attributed beneficiaries come solely through the subset of
beneficiaries enrolled in the model. We obtained this estimate by dividing the overall impact estimate by the percentage of enrolled beneficiaries.

ClI = confidence interval; n.a.= not applicable.
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Appendix |

Trends in CVD Risk Scores and Risk Factors
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This appendix describes the average change in cardiovascular disease (CVD) risk scores and
individual risk factors for high-risk beneficiaries in the intervention group during one-, two-, and
three-year reassessment visits using Million Hearts Data Registry data from 2017 through
December 2020. Mathematica calculated CVD risk scores at reassessment visits using the
Million Hearts Longitudinal Atherosclerotic Cardiovascular Disease (ASCVD) Risk Assessment
Tool. Changes in risk scores and risk factors shown in this appendix, taken alone, are not
necessarily a sign of model impacts—because some of these changes, and potentially many of
them, could have occurred even without the model. However, they are shown here to describe
the experiences of beneficiaries enrolled in the Million Hearts Model—as well as the experiences
of participating organizations paid for achieving risk reduction among those beneficiaries. To
illustrate changes that might have occurred even without the model, we show CVD risk
reduction among control group beneficiaries during visits one year after enrollment.*

1. Population included in trend analyses

The analyses in this appendix include high-risk beneficiaries who were eligible for and received
one-, two-, and three-year reassessment visits. Most of those visits occurred during the 4-month
window of time around the anniversary of the beneficiary’s enrollment in the model (the
anniversary window), which was 10 to 14 months after enrollment for the one-year reassessment,
22 to 26 months after enrollment for the two-year reassessment, and 34 to 38 months after
enrollment for the three-year reassessment. However, reassessment visits could occur after the
anniversary window, and organizations could still receive payments for these later reassessment
visits (pro-rated based on the length of time between enrollment and reassessment). Because of
this, for the analysis, we allowed one-year reassessment visits to occur 10 to 21 months post-
enrollment, two-year reassessment visits 22 to 33 months post-enrollment, and three-year
reassessment visits 34 to 45 months post-enrollment. We included only visits with nonmissing
risk scores and for which the organization attested to the accuracy of the visit information.

Beneficiaries were eligible for our analysis of all three reassessment visits if they (1) were
enrolled in the model on or before October 31, 2017, and thus had at least 38 months of follow-
up to observe a three-year reassessment visit within the three-year anniversary window through
the end of 2020; (2) remained alive, without acute myocardial infarction, stroke, or transient
ischemic attack, and enrolled in Medicare fee-for-service with Medicare as their primary payer
through the end of their three-year reassessment visit window 38 months post-enrollment; and
(3) were enrolled in the Million Hearts Model by an organization that remained a model
participant through the end of the beneficiary’s reassessment visit window 38 months post-
enrollment.

We compared the trends in CVD risk scores among intervention beneficiaries with one-, two-,
and/or three- year follow-up visits to control group beneficiaries with a one-year follow-up visit.
We calculated the control group trends using data through December 2019, which was the last

30 The control group had to submit data to the Million Hearts Data Registry only through December 2019, so there
are limited data on visits for the control group two or three years after enrollment.

Mathematica® Inc.



Million Hearts Model Final Evaluation Report

time the control group was required (or permitted) to submit data to the Million Hearts Data
Registry. Otherwise, we defined one-year follow-up visits in the control group the same way as
one-year reassessment visits in the intervention group.

2. Trend analyses

In Figures 1.1 through 1.3, we show trends in CVD risk scores, systolic blood pressure, and low-
density lipoprotein (LDL) cholesterol for beneficiaries who received all three reassessment visits,
as well as for the larger population of beneficiaries who received a one-year reassessment visit or
a one- and two-year reassessment visit. Trends were generally similar for reassessment visits
with overlapping data in these three nonmutually exclusive groups. However, beneficiaries with
all three reassessment visits had somewhat lower systolic blood pressure and LDL cholesterol
levels at all visits, including the enrollment visit.

In the first year after enrollment, CVD risk scores decreased by an average of 8 percentage
points among the 2,978 high-risk intervention beneficiaries who received three annual
reassessment visits (Figure 1.1). Specifically, at enrollment the average high-risk beneficiary had
a CVD risk score of 40 percent—indicating a 40 percent predicted probability of having a heart
attack or stroke in the subsequent 10 years. However, roughly one year after enrollment, the
average CVD risk score among this population was just 32 percent, indicating a 32 percent
predicted probability of heart attack or stroke within 10 years (hence a reduction of 8 percentage
points, on average). In the first year after enrollment, CVD risk scores also decreased in the
control group by an average of 7 percentage points, suggesting much of the change in average
CVD risk scores would have occurred under care as usual, even without the model.

In this same population of beneficiaries, risk scores rose in subsequent visits but remained 5
percentage points lower than baseline during three-year reassessment visits. That is, the average
risk score three years after enrollment (35 percent) was still 5 percentage points lower than the
average at enrollment (40 percent). These results suggest the greatest risk reduction across
intervention group beneficiaries occurred in the first year following enrollment, but beneficiaries
maintained much of their risk reduction through the first three years after enrollment. We discuss
likely reasons for these observed trends next.

Mathematica® Inc.



Million Hearts Model Final Evaluation Report

Figure I.1. Intervention beneficiaries who received one, two, and three annual reassessment visits
had similar (mostly overlapping) changes in CVD risk scores: Change in risk scores between
enrollment and annual reassessment visits through December 2020
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Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare enroliment data.

Note: The blue solid line includes 2,978 high-risk intervention beneficiaries who received three reassessment
visits by December 2020. The gray dashed line includes 8,361 high-risk intervention beneficiaries who
received both one- and two-year reassessment visits by December 2020. The gray dotted line includes
18,347 high-risk intervention beneficiaries who received a one-year reassessment visit by December 2020.
These three groups are not mutually exclusive. For comparison, the green line includes 10,209 control
beneficiaries who received at least one follow-up visit by December 2019. (After December 2019, the
control group was not required to submit data to the Million Hearts Data Registry.) One-year reassessment
visits occurred 10 to 21 months after enroliment, two-year reassessment visits occurred 22 to 33 months
after enrollment, and three-year reassessment visits occurred 34 to 45 months after enroliment.

CVD = cardiovascular disease.

Decreases in CVD risk scores in the first year could be caused by (1) impacts of the Million
Hearts Model; (2) improvements in risk factors under care as usual, which affected both the
intervention and control groups; and (3) natural fluctuations in CVD risk factors, which created a
statistical artifact known as regression to the mean. That is, for beneficiaries near the threshold
for being categorized as high risk at enrollment, natural fluctuations in blood pressure or
cholesterol readings could lead to defining a beneficiary as high risk one day and medium risk
another. Such fluctuations are particularly common for blood pressure, which can vary between
readings and day to day. Because organizations had to report reassessment data only for high-
risk beneficiaries, when we calculate the change in CVD risk scores, we reflect the experience of
many beneficiaries who fluctuated toward higher risk factor levels during the enrollment visit
(and are likely to have better levels at reassessment) but reflect the experiences of fewer
beneficiaries who fluctuated toward low risk factor levels at the enrollment visit (who are likely
to have higher levels at reassessment). This regression to the mean could explain why both the
intervention and control groups experienced large risk reductions in the first year, even though
this reduction did not fully persist in later years for the intervention group.
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Decreases in systolic blood pressure, decreases in LDL cholesterol, and increases in aspirin
use—which are all risk factors used to calculate the CVD risk score using the Million Hearts
Longitudinal ASCVD Risk Assessment Tool—drove the decreases in the mean CVD risk score.
Mean systolic blood pressure and mean LDL cholesterol both declined the most in the first year
following enrollment (Figures 1.2 and 1.3). However, LDL cholesterol continued to decline
across the three reassessment visits, reflecting either impacts of the intervention or improvements
in cholesterol management under the standard of care (for example, increased statin use) during
the three years.

Increases in mean CVD risk scores, observed between the one-year reassessment visits and
subsequent visits, are caused in part by an aging population and possibly by increased diabetes
rates or a lack of persistence in treatment of CVD risk factors over time. Age and diabetes status
are both risk factors that raised the CVD risk score in the Million Hearts Longitudinal ASCVD
Risk Assessment Tool.

Figure 1.2. Mean systolic blood pressure declined over the first two years post-enrollment, but
then increased again slightly by the three-year reassessment: Change in systolic blood pressure
between enroliment and annual reassessment visits through December 2020
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Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare enroliment data.

Note: The blue solid line includes 2,978 high-risk intervention beneficiaries who received three reassessment
visits by December 2020. The gray dashed line includes 8,361 high-risk intervention beneficiaries who
received both one- and two-year reassessment visits by December 2020. The gray dotted line includes
18,347 high-risk intervention beneficiaries who received a one-year reassessment visit by December 2020.
These three groups are not mutually exclusive. For comparison, the green line includes 10,209 control
beneficiaries who received at least one follow-up visit by December 2019. (After December 2019, the
control group was not required to submit data to the Million Hearts Data Registry.) One-year reassessment
visits occurred 10 to 21 months after enrollment, two-year reassessment visits occurred 22 to 33 months
after enrollment, and three-year reassessment visits occurred 34 to 45 months after enroliment.

mmHg = millimeters of mercury.
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Figure 1.3. Mean LDL cholesterol declined steadily over three years post-enrollment: Change in
LDL cholesterol between enrollment and annual reassessment visits through December 2020
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==@=— Received one-year reassessment: control (N = 10,209)

oo @ oo Received one-year reassessment: intervention (N = 18,347)

= @ =Received one- and two-year reassessments: intervention (N = 8,631)
== Received one-, two-, and three-year reassessments: intervention (N = 2,978)

Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare enroliment data.

Note: The blue solid line includes 2,978 high-risk intervention beneficiaries who received three reassessment
visits by December 2020. The gray dashed line includes 8,361 high-risk intervention beneficiaries who
received both one- and two-year reassessment visits by December 2020. The gray dotted line includes
18,347 high-risk intervention beneficiaries who received a one-year reassessment visit by December 2020.
These three groups are not mutually exclusive. For comparison, the green line includes 10,209 control
beneficiaries who received at least one follow-up visit by December 2019. (After December 2019, the
control group was not required to submit data to the Million Hearts Data Registry.) One-year reassessment
visits occurred 10 to 21 months after enroliment, two-year reassessment visits occurred 22 to 33 months
after enrollment, and three-year reassessment visits occurred 34 to 45 months after enroliment.

LDL = low-density lipoprotein; mg/dL = milligrams per deciliter.
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Appendix J

Assessment of the Potential for COVID-19 to Bias Estimates of Model
Impacts on Heart Attacks and Strokes and Other Outcomes
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1. Overview of potential pathways for COVID-19 to bias impact estimates and
assessment that bias has been minimal

The 2019 Coronavirus (COVID-19) pandemic could introduce bias into Mathematica’s impact
estimates of the impacts of the Million Hearts® Cardiovascular Disease (CVD) Risk Reduction
Model on heart attacks and strokes and other outcomes. This bias would occur if the pandemic
led to differences in outcomes between the intervention and control groups that are unrelated to
model impacts. For example, people avoided hospital care, including for heart attack and stroke
symptoms, early in the pandemic (Baum and Schwartz 2020; Birkmeyer et al. 2020; Blecker et
al. 2020; Solomon et al. 2020; Stewart et al. 2021). Because we identify heart attacks and strokes
for the Million Hearts Model evaluation using Medicare hospital claims, hospital avoidance will
lead us to miss true events. If this missingness occurs more in the intervention versus control
group, this would drive intervention—control differences that we might erroneously misinterpret
as model impacts.

How COVID-19 could bias estimates of model impacts. In principle, COVID-19 could bias
estimates of model impacts in two ways, either separately or combined:

1. Direct effects. The coronavirus could have infected the intervention and control group
beneficiaries at different rates, driving differences in outcomes, including total deaths and
COVID-19-related hospitalizations and Medicare spending, that are not due to model
impacts.

2. Indirect effects. Even among beneficiaries who did not contract the virus during the model
test, COVID-19 could indirectly affect outcomes if it made people less likely to seek medical
care of all kinds (lowering Medicare spending) and hospital care, including all-cause
inpatient admissions and outpatient emergency department (ED) visits as well as hospital
care for heart attacks and strokes specifically (lowering observed rates of these events in
claims). If these indirect effects differ for the intervention and control groups, they too could
drive outcome differences not related to model impacts.

Overall assessment: COVID-19 is unlikely to bias estimates of model impacts. Based on data
through the end of the model period, December 2021, we estimated COVID-19 created little risk
of bias for the Million Hearts Model evaluation outcomes examined in this appendix: first-time
heart attacks and strokes, all-cause admissions, all-cause outpatient ED visits, Medicare
spending, and the all-cause death rate. COVID-19 appears to have had large effects on most of
the outcomes examined in this appendix, either in the outcome levels or in our ability to detect
them in claims data. For example, hospital use and total Medicare spending both decreased
dramatically in spring 2020, relative to 2018-2019 levels. However, the effects of COVID-19 on
outcomes in 2020 and 2021 were similar for the intervention and control groups. Further, three
of the five years of the model test occurred before the pandemic, meaning roughly 60 percent of
the follow-up period is protected from any potential biases from COVID-19. For both reasons,
the COVID-19 pandemic through the end of 2021 does not appear to have created a meaningful
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risk of bias to the evaluation. That is, even though COVID-19 had a large effect on outcomes in
2020 and 2021, the differences in these effects between the intervention and control groups
appear to be too small to affect our impact estimates for the Million Hearts Model.

We did not examine the potential for bias in impact estimates for intermediate outcomes—
namely, outcomes of CVD medication use or changes in CVD risk scores and risk factors—
because the follow-up period for those intermediate outcomes is only about one year post-
enrollment, which for our evaluation population primarily occurs before the COVID-19
pandemic began.

Implications of COVID-19 for the generalizability of findings. The analyses in this appendix
focus solely on the potential bias to our impact estimates caused by differences between
intervention and control group beneficiaries” COVID-19 experiences. In other words, we assess
whether differences in the direct and indirect effects of COVID-19 on key outcomes between the
intervention and control groups might lead to inaccurate estimates of the Million Hearts Model’s
impacts during the study period, 2017 to 202 1. However, COVID-19 also changed the clinical
context of the intervention, and might have changed how organizations delivered the
intervention. (For example, beneficiaries were less likely to make office visits in 2020 and
providers might therefore have missed opportunities to adjust care for modifiable risk factors.)
As a result, COVID-19 could affect the generalizability of the study findings—that is, the extent
to which we would see similar impacts to those of the Million Hearts Model if a similar model
were repeated in a different period. We discuss generalizability in Chapter [X.

Organization of this appendix. We assess the potential for bias due to the direct and indirect
effects of COVID-19 for service use and long-term outcomes listed in Chapters VI and VII,
respectively, of this report. Section J.2 of this appendix shows county-level outcomes for the
intervention and control beneficiaries for all weeks of 2020 and 2021 versus 2018-2019; we use
these to assess the extent to which the regions where intervention and control group beneficiaries
reside might have experienced the 2020-2021 pandemic period differently. Then, in Section J.3,
we use these county-level differences to estimate how much our impact estimates for the Million
Hearts Model are changed (that is, biased) by the observed, differential effects of COVID-19
between the intervention and control groups.

2. Estimating changes in key outcomes due to COVID-19 in intervention and control
group counties

This section assesses the county-level changes in outcome rates in 2020 and 2021 versus the
average rates in 2018-2019 among Medicare fee-for-service (FFS) beneficiaries ages 40 to 79,
with each county weighted by the number of intervention or control group beneficiaries. We
interpret changes in 2020 and 2021 relative to the same weeks in 2018 and 2019 as the effect of
COVID-19 on outcomes, and we look at county-level changes—rather than changes among the
evaluation’s actual intervention and control groups—to distinguish differences between the
intervention and control group caused by COVID-19 from differences between the groups
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caused by the Million Hearts Model. For all outcomes considered, we see large effects of
COVID-19 on outcome levels, especially in spring 2020. For example, the rate of hospital use
for heart attacks and strokes fell roughly 40 percent from its 2018-2019 baseline in spring 2020,
similar to the declines seen among other populations nationally (Solomon et al. 2020; Solomon
et al. 2021). Total Medicare spending similarly declined by 30 to 40 percent in spring 2020 and
mortality increased up to 40 percent during spring 2020, winter 2020-2021, and fall 2021.
Nevertheless, for all outcomes, the pattern was similar for intervention group beneficiaries’
counties as for the control group beneficiaries’ counties—meaning we do not observe large
outcome differences due to COVID-19 between the intervention and control groups. In Section
J.3, we use these differences to estimate how large a bias COVID-19 could create in the Million
Hearts Model impact estimates (that is, how large a difference in evaluation outcomes the
COVID-19 pandemic could create between the intervention and control groups).

Rationale for assessing county-level changes. Because the distribution of intervention and
control group beneficiaries across U.S. counties is not identical (Table J.1), regional differences
in COVID-19 infection rates or responses to COVID-19 could lead to differences in outcomes
between the intervention and control groups. To assess the potential for such differences in
outcomes due to COVID-19 between the evaluation’s intervention and control groups, we
calculated the county-level differences in outcome rates in each week in 2020 and 2021 versus
the average rates for the same week in 2018-2019 among Medicare FFS beneficiaries ages 40 to
79, with each county weighted by the number of intervention or control group beneficiaries. The
rationale for using weighted county-level rates is to approximate the likely effects of COVID-19
on outcomes for the actual intervention and control groups based on the counties where
intervention and control beneficiaries live. In contrast, we avoided looking at changes
experienced by the actual intervention and control groups because differences in outcomes
between those intervention and control groups could reflect either differential effects of
COVID-19 or model impacts, and we cannot disentangle the two. By using the county-level data
instead, we have a proxy for the outcomes the intervention (or control) group beneficiaries might
experience due to COVID-19. This enabled us to assess the differential effects of COVID-19 for
intervention versus control beneficiaries, without risk the model caused those differences. We
considered the general FFS population ages 40 to 79 to be a good proxy for the Million Hearts
Model analytic population because these groups have similar, though not identical, demographic
and health characteristics (Table J.1). In addition, because the Million Hearts Model intervention
group beneficiaries comprise, on average, about 1 percent of a county’s Medicare FFS
population (data not shown), we did not expect the model could meaningfully affect county-level
outcomes among the full Medicare FFS population.
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Table J.1. Characteristics of the national Medicare FFS population ages 40 to 79 and Million Hearts
Model high- and medium-risk analytic population

Million Hearts Model analytic population All Medicare FFS

beneficiaries ages
Subgroup Intervention, % Control, % 40t0 79, %

Ages 40 to 79 100 100 100
Male 58 59 47
Female 42 41 53
Dually eligible 10 10 19
Not dually eligible 90 90 81
White, non-Hispanic 84 85 78
Black, non-Hispanic 7 6 9
Hispanic 4 4 7
All other races and ethnicities 4 4 6

Number of chronic conditions®:¢

Oor1 9 9 16
2t05 41 41 34
6 or more 35 36 27
Excluded: not observable for prior 15 15 22
2 years?

1: CT, ME, MA, NH, RI, and VT 3 3 6
2:NY, NJ, PR, and VI 15 12 8
3: DC, DE, MD, PA, VA, and WV 21 15 11
4: AL, FL, GA, KY, MS, NC, SC, and TN 23 17 22
5: 1L, IN, MI, MN, OH, and WI 8 17 16
6: AR, LA, NM, OK, and TX 10 8 12
7: 1A, KS, MO, and NE 11 10 5
8: CO, MT, ND, SD, UT, and WY 1 5 3
9: AZ, CA, HI, and NV 6 8 12
10: AK, ID, OR, and WA 1 4 4

Sources: Mathematica’s analyses of Medicare enroliment and claims data and Million Hearts Data Registry data.

Note: Characteristics of the Million Hearts Model evaluation high- and medium-risk analytic population defined
based on each beneficiary’s enrollment date. Characteristics of the national Medicare FFS population
defined on January 3, 2017.

@ The distribution of beneficiaries by race and ethnicity is based on their predicted probabilities of being in each
category. The predicted probabilities were developed by the RAND Corporation from its Medicare Bayesian Improved
Surname Geocoding (MBSIG 2.0) algorithm (Haas et al. 2019), which uses information from CMS administrative data
and beneficiaries’ names and characteristics of their Census blocks to assign each beneficiary probabilities of being
non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, and
multiracial.

b The condition count was based on the presence of chronic conditions warehouse categories, including 26 of the
original chronic conditions and 36 of the other chronic and potentially disabling conditions.
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¢The count of the number of chronic conditions among the Million Hearts Model intervention and control groups might
be lower than the count for the national population because the Million Hearts Model evaluation analytic file combined
all cancers (breast, colorectal, endometrial, lung, and prostate) into one overall cancer category, whereas the analytic
file for the national population contained separate variables for cancer, and the Million Hearts Model evaluation
analytic file does not include categories for sickle cell disease or HIV/AIDS, which the analysis file for the national
population includes.

4The analyses of chronic conditions included beneficiaries only if they were observable during the two years before
their enroliment date (Million Hearts Model beneficiaries) or January 3, 2017 (national sample). We limited the sample
because the look-back period for most of the chronic conditions algorithms requires two years of claims data.

CMS = Centers for Medicare & Medicaid Services; FFS = fee-for-service; HHS = U.S. Department of Health and
Human Services.

Methods for measuring weighted county-level rates. We used the Medicare Beneficiary
Summary File (MBSF) A/B/C/D segment to identify the census of beneficiaries ever enrolled in
Medicare FFS since 2018. We constructed a beneficiary-week-level file that contained
demographic and enrollment characteristics, including whether the beneficiary was between the
ages of 40 and 79 at the start of each week, and an indicator for whether beneficiaries were
observable that week because they were alive and enrolled in Medicare Parts A and B FFS with
Medicare as the primary payer at the start of the week. For each observable week, we used
inpatient and outpatient claims to identify unduplicated all-cause hospitalizations and outpatient
ED visits (including observation stays), as well as hospitalizations and ED visits for heart attack
and stroke. We calculated death rates for each week among beneficiaries who were alive and
observable on the first day of the week. To develop measures of total Medicare spending per
beneficiary per week, we summed total Medicare payment amounts across all claim types
(inpatient, skilled nursing facility, hospice, home health, outpatient, carrier, and durable medical
equipment)’! based on each claim’s “thru” date.

For each week, we calculated the number of unduplicated events—that is, deaths,
hospitalizations, and outpatient ED visits (all-cause and for heart attack and stroke)—per
100,000 observable FFS beneficiaries ages 40 to 79. We also calculated total Medicare spending
per beneficiary among this population. We graphically compared weekly rates in 2020 and 2021
to the mean rates in the same weeks across 2018 and 2019. To develop the weighted county-level
rates of events and spending, we started with these beneficiary-week files. We then implemented
the following steps:

1. For each county and week, we summed total events observed and total Medicare spending
among observable FFS beneficiaries ages 40 to 79.

2. We calculated the event rate per 100,000 observable beneficiaries ages 40 to 79 per county
per week and spending per beneficiary per week.

3. We weighted each county by the number of intervention group beneficiaries who resided in
that county at the time of their model enrollment. This gave higher weight to counties with

31 For the outpatient file and all Part A claims except for inpatient claims, we used the claim-level Medicare
payment amount. For inpatient claims, we measured Medicare payment as the claim-level Medicare payment
amount plus the per diem amount multiplied by the number of covered days. For carrier and durable medical
equipment files, we used the line-level Medicare payment amount.

Mathematica® Inc. J.6



Million Hearts Model Final Evaluation Report

more Million Hearts Model intervention group beneficiaries and lower weight to counties
with relatively fewer beneficiaries. Counties with no intervention group beneficiaries
received a weight of zero and we effectively dropped them from this analysis.

4. We produced weighted weekly graphs of events among all counties that contained at least
one intervention group beneficiary.

5. We repeated Steps 3 and 4 for the control group. We included any counties that contained
both intervention and control group beneficiaries in both intervention and control group
weighted analyses with different weights, based on the number of intervention and control
group beneficiaries, respectively.

a. Changes in weighted county-level rates of heart attacks and strokes due to COVID-19

Figure J.1 shows the change, by week, in 2020 and 2021 relative to 2018-2019 in the rate of
heart attacks and strokes, as identified in acute inpatient and outpatient ED (including
observation stay) claims. We used the same set of diagnosis codes (found in any position) to
identify heart attacks and strokes as used for the impact analyses presented in Chapter VII. This
variable reflects all heart attacks and strokes, not only first-time heart attacks and strokes—
which is the evaluation outcome—due to feasibility challenges identifying first-time events for
the full FFS population nationally. The rates in Panels A and B of Figure J.1 (intervention group
and control group, respectively) are the weighted mean rates among beneficiaries ages 40 to 79
for every county in the United States. Panel C reports the percentage change in weighted rates
between each week in 2020 and 2021 versus the average rate for 2018 and 2019 for the same
week for each group.

Figure J.1 shows that, although the rate of heart attacks and strokes appeared to fall by roughly
40 percent in the early weeks of the pandemic in spring 2020 relative to the same weeks in
previous years, the decline and subsequent partial recovery were very similar between the
intervention and control group counties. Throughout the second half of 2020 and 2021, event
rates remained lower than rates in 2018-2019 for both groups. We do not anticipate all, or even
most, of the large decline in observed heart attacks and strokes in early 2020 reflected a true
reduction in events during this period. Rather, we expect the decline was largely due to people
avoiding hospital care when a heart attack or stroke occurred, possibly receiving no medical care,
receiving nonhospital care, or dying at home before making it to the hospital (Sun et al. 2021).
The persistently lower rates in the second half of 2020 and throughout 2021 compared to 2018—
2019 might reflect a combination of hospital avoidance as well as competing risk from mortality.
That is, some Medicare beneficiaries died from pandemic-related circumstances before a heart
attack or stroke could occur.
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Figure J.1. Rates of observed heart attacks and strokes declined similarly in 2020-2021 in
intervention and control group beneficiaries’ counties relative to the average rates in 2018 and
2019 (beneficiaries ages 40 to 79)
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o 45 -
(=]
g 40 1 - - N \f.\a\ r - -
S 35 - e, s R S o G
& 30 -
o 25 4
220 -
S 15 -
g 10 A
> 5
o0
1 5 9 13 17 21 25 29 33 37 41 45 49 1 5 9 13 17 21 25 29 33 37 41 45 49
Weeks in 2020 Weeks in 2021
----- Average 2018-2019 2020-2021
o 45 - Panel B: Weekly event rate, control group
(=
%gg : -\“"-‘-*”\a\‘r\‘-‘l‘ ’avld\’l-‘\”‘ \;‘-'\"’-\"’ "",\v N\ ,‘_1-\’f--""“"\,\
E 30 -
o 25 4
220 -
G 15 -
g 10 4
> 5
(S0 |
1 5 9 13 17 21 25 29 33 37 41 45 49 11 5 9 13 17 21 25 29 33 37 41 45 49
Weeks in 2020 Weeks in 2021
————— Average 2018-2019 2020-2021
Panel C: Percentage change
20 -
10 -
0 A(’\A a A A a
\/ /) .

1 5 9 13 17 21 25 29 33 37 41 45 49
2020 versus average of 2018-2019

Percentage change from 2018-2019

1 5 9 13 17 21 25 29 33 37 41 45 49
2021 versus average of 2018-2019

= |ntervention Control

Sources: Mathematica’s analyses of Medicare enrollment and claims data.

Note: For the rates in Panels A and B, the denominator in each week is the number of Medicare FFS
beneficiaries in each county between the ages of 40 and 79 who were alive and enrolled in Medicare Parts
A and B FFS with Medicare as primary payer at the start of that week. The numerator is the number
(among the denominator population) of acute inpatient hospitalizations, outpatient ED visits, and outpatient
observation stays for a new AMI or stroke, based on a relevant claim with an AMI or stroke diagnosis in any
position. The rates in Panel A are weighted by the number of intervention group beneficiaries in each
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county. (This figure effectively drops counties with no intervention group beneficiaries.) Similarly, the rates
in Panel B are weighted by the number of control group beneficiaries in each county. (This figure effectively
drops counties with no control group beneficiaries.) Panel C reports the percentage change in weighted

rates for each week in 2020 and 2021 versus the average rate for 2018 and 2019 for the same week for
each group.

AMI = acute myocardial infarction; ED = emergency department; FFS = fee-for-service.
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b. Changes in weighted county-level rates of all-cause hospitalizations and outpatient ED
visits due to COVID-19

Figures J.2 and J.3 show the changes in weighted rates for all-cause hospitalizations and
outpatient ED visits, respectively. In both figures, the rates in Panel A (intervention group) are
the mean rates among beneficiaries ages 40 to 79 for every county in the United States, with each
county-level value weighted by the number of intervention group beneficiaries residing in that
county. Similarly, the rates in Panel B (control group) are weighted by the number of control
group beneficiaries in each county. Panel C reports the percentage change in weighted rates in
2020 and 2021 versus the average rate for 2018 and 2019 for the same week for each group.

These figures show that, although the rates of all-cause hospitalizations and outpatient ED visits
fell during 2020 and 2021, particularly in the early weeks of the pandemic, the decline and
partial recovery for both types of service use were very similar between the intervention and
control group counties. The one exception was outpatient ED visits and observation stays; for
this outcome, control group counties had a consistently smaller percentage change in weekly
rates in the last 20 weeks of 2021 versus 2018-2019 compared to intervention group counties,
though the differences were small. For both outcomes, event rates remained well below 2018—
2019 levels (by about 10 to 25 percent, respectively) in the second half of 2020 and through all
of 2021.
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Figure J.2. All-cause hospitalizations declined similarly in 2020—2021 in intervention and control
group beneficiaries’ counties relative to the average rates in 2018 and 2019 (beneficiaries ages 40
to 79)

Panel A: Weekly hospitalization rate, intervention group
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Sources: Mathematica’s analyses of Medicare enrollment and claims data.

Note: For the rates in Panels A and B, the denominator in each week is the number of Medicare FFS
beneficiaries in each county between the ages of 40 and 79 who were alive and enrolled in Medicare Parts
A and B FFS with Medicare as primary payer at the start of that week. The numerator is the number
(among the denominator population) of acute inpatient hospitalizations. The rates in Panel A are weighted
by the number of intervention group beneficiaries in each county. (This figure effectively drops counties with
no intervention group beneficiaries.) Similarly, the rates in Panel B are weighted by the number of control
group beneficiaries in each county. (This figure effectively drops counties with no control group
beneficiaries.) Panel C reports the percentage change in weighted rates for each week in 2020 and 2021
versus the average rate for 2018 and 2019 for the same week for each group.

FFS = fee-for-service.
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Figure J.3

. All-cause outpatient ED visits and observation stays declined similarly in 2020-2021 in

intervention and control group beneficiaries’ counties relative to average rates in 2018 and 2019,
although small differences began to appear in the second half of 2021 (beneficiaries ages 40 to 79)
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Sources: Mathematica’s analyses of Medicare enrollment and claims data.

Note: For the rates in Panels A and B, the denominator in each week is the number of Medicare FFS
beneficiaries in each county between the ages of 40 and 79 who were alive and enrolled in Medicare Parts
A and B FFS with Medicare as primary payer at the start of that week. The numerator is the number
(among the denominator population) of outpatient ED visits and observation stays. The rates in Panel A are
weighted by the number of intervention group beneficiaries in each county. (This figure effectively drops

CO
nu

unties with no intervention group beneficiaries.) Similarly, the rates in Panel B are weighted by the
mber of control group beneficiaries in each county. (This figure effectively drops counties with no control

group beneficiaries.) Panel C reports the percentage change in weighted rates for each week in 2020 and

20

21 versus the average rate for 2018 and 2019 for the same week for each group.

ED = emergency department; FFS = fee-for-service.
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¢. Changes in weighted county-level rates of total Medicare spending

Figure J.4 shows the percentage change in weighted rates for Medicare spending among
beneficiaries ages 40 to 79. Because we use the “thru” date on the claims, we bin spending for
any services billed only once during a monthly period (such as skilled nursing care for those with
stays lasting at least through the end of the month, and hospice for beneficiaries who are still
alive) into the week containing the last day of the month. As a result, the line graphs of total
spending per beneficiary per week in Panels A and B—that is, graphs for mean weighted, weekly
spending per beneficiary in intervention and control counties, respectively—show spikes, or
peaks, for the weeks that contain the last day of a month. In Panel C, however, when we measure
the difference between weighted intervention and control county-level total spending per
beneficiary per week, the spikes disappear because they occurred during the same weeks for both
groups and cancel out.
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Figure J.4. Total Medicare FFS Parts A and B spending per person per week changed similarly in
intervention and control group beneficiaries’ counties in 2020-2021 relative to the average in 2018
and 2019 (beneficiaries ages 40 to 79)
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300 -

M
)]
o

200
150
100 -
50 -4

Mean pending PBPW

I
1 5 9 13 17 21 25 29 33 37 41 45 49 1 5 9 13 17 21 25 29 33 37 41 45 49
Weeks in 2020 | Weeks in 2021

----- Average 2018-2019

2020-2021

Panel B: Weekly spending, control group

350 ~
300 -
250
200
150
100 -
50 -

Mean spending PBPW

[
1 5 9 13 17 21 25 29 33 37 41 45 49 1 5 9 13 17 21 25 29 33 37 41 45 49
Weeks in 2020 Weeks in 2021

----- Average 2018-2019

2020-2021

Panel C: Percentage change

50 -
40 -
30 -
20 -

10 " AMAWMM‘J
=Y v v

-10 -
20 -
30 -
-40

Percentage change from 2018-2019

n 5 913172125293337414549’1 5 9 13 17 21 256 29 33 37 41 45 49

Weekly rate in 2020 versus average of 2018-2019 Weekly rate in 2021 versus average of 2018-2019

Intervention Control

Sources: Mathematica’s analyses of Medicare enrollment and claims data.

Notes:  The figure reports the percentage change in weighted spending per person per week in 2020 and 2021
versus the average rate for 2018 and 2019 for the same week for each group. To calculate each county’s
per-person per-week spending, the denominator for each week is the number of Medicare FFS
beneficiaries in each county between the ages of 40 and 79 who were alive and enrolled in Medicare Parts
A and B FFS with Medicare as primary payer at the start of that week. The numerator is the total Medicare
Parts A and B FFS spending during that week among the denominator population. Intervention group
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weekly spending rates are weighted by the number of intervention group beneficiaries in each county. (This
figure effectively drops counties with no intervention group beneficiaries.) Similarly, control group weekly
rates are weighted by the number of control group beneficiaries in each county. (This figure effectively
drops counties with no control group beneficiaries.)

We binned spending by week based on the claim thru date, so claims paid monthly (for example, skilled nursing
facility and hospice for beneficiaries using services all month) get binned on the last date of each month. This
explains the monthly spikes in spending in Panels A and B of the figure.

@ The spike in Panel C in Week 40 of 2020 occurs because 2020 was a leap year; Week 40 of 2020 starts on
September 30, 2020, whereas Week 40 starts on October 1 in 2018-2019. Together, these two factors lead to an
artificial reduction in spending in Week 39 in 2020, relative to 2018-2019, followed by an increase in spending in
Week 40 in 2020 relative to 2018-2019, as the end-of-month expenditures for September are counted in Week 40 in
2020 rather than Week 39.

FFS = fee-for-service; PBPW = per beneficiary per week.

d. Changes in weighted county-level death rates due to COVID-19

Figure J.5 shows the percentage change in the weighted death rate in 2020 and 2021 versus
2018-2019, measured among beneficiaries ages 40 to 79. The rates in Panel A of Figure J.5
(intervention group) are the mean rates among beneficiaries ages 40 to 79 for every county in the
United States, with each county-level value weighted by the number of intervention group
beneficiaries residing in that county. Similarly, the rates in Panel B (control group) are weighted
by the number of control group beneficiaries in each county. Panel C reports the percentage
change in weighted rates in 2020 and 2021 versus the average rate for 2018 and 2019 for the
same week for each group.

The figure shows that, although the death rate rose in spring 2020, winter 2020-2021, and fall
2021 for beneficiaries ages 40 to 79 and that it generally stayed above the 2018-2019 average
rate between those surges, the increases in death rates were similar between the intervention and
control group counties. The one exception was in Weeks 13 through 15 in 2020, when death
rates were a bit higher in the intervention group counties.
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Figure J.5. The death rate for beneficiaries ages 40 to 79 increased similarly in 2020-2021 relative
to the average weekly rates in 2018 and 2019 in intervention group beneficiaries’ counties,
although with a higher peak for intervention group beneficiaries in the spring of 2020

Panel A: Weekly death rate, intervention group

Deaths per 100,000

1 5 913172125293337414549'1 5 9 13 17 21 25 29 33 37 41 45 49

Weeks in 2020 Weeks in 2021

----- Average 2018-2019 2020-2021

Panel B: Weekly death rate, control group

-
LA Sk T

- - - -
i e T Ve o T

Deaths per 100,000

1 5 9 13 17 21 25 29 33 37 41 45 49 A1 5 9 13 17 21 25 29 33 37 41 45 49
Weeks in 2020 Weeks in 2021

----- Average 2018-2019

2020-2021

Panel C: Percentage change

Percentage change from 2012019

5 9 13 17 21 25 29 33 37 41 45 49 4 5 9 13 17 21 25 29 33 37 41 45 49
Weekly rate in 2020 versus average of 2018-2019 Weekly rate in 2021 versus average of 2018-2019

Intervention Control

Source: Mathematica’s analyses of Medicare enroliment data.

Note: The figure reports the percentage change in weighted rates in 2020 and 2021 versus the average rate for
2018 and 2019 for the same week for each group (intervention versus control). To calculate the death rate
for each county, the denominator for each week is the number of Medicare FFS beneficiaries in the county
between the ages of 40 and 79 who were alive and enrolled in Medicare Parts A and B FFS with Medicare
as primary payer at the start of that week. The numerator is the number of beneficiaries who died during
that week among the denominator population. Intervention group weekly rates are weighted by the number
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of intervention group beneficiaries in each county. (This figure effectively drops counties with no
intervention group beneficiaries.) Similarly, control group weekly rates are weighted by the number of
control group beneficiaries in each county. (This figure effectively drops counties with no control group
beneficiaries.)

FFS = fee-for-service.

3. Estimating potential COVID-19-related bias on impact estimates for key outcomes

The trends in key study outcomes shown in Section J.2
differ only slightly between the counties where the
intervention and the control group beneficiaries lived.
Nevertheless, it is not obvious from the figures alone
whether small differences observed might have
meaningful effects on the Million Hearts Model impact
estimates.

Definitions

Direct effects are changes in
outcomes due to COVID-19 cases—for
example, excess deaths due to
COVID-19.

Indirect effects occur because of the
pandemic, but without being linked to
any specific COVID-19 case—for
example, a decline in spending when
beneficiaries avoid care.

In this section, we used the observed intervention—
control differences in weighted county-level rates from
Section J.2 to estimate how large a bias COVID-19
could create (that is, how large a difference in
evaluation outcomes the COVID-19 pandemic would create even if the model had no impact).

We assessed the potential for bias due to direct and indirect effects of COVID-19, as described in
Table J.2.
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Table J.2. Direct and indirect effects of COVID-19 could theoretically produce bias in the impact
estimates for multiple outcomes in the Million Hearts Model evaluation

Outcome measures

First-time heart attack and
stroke

Type of COVID-19

effect examined
Indirect

Rationale for examining potential bias due to direct
versus indirect effects

We assume reductions in observed heart attacks and
strokes are due to people avoiding hospital care for these
events or, possibly, due to fewer events actually occurring
while the public took measures to curb the spread of
COVID-19 (indirect effects of COVID-19). In contrast, we
do not assume COVID-19 infection directly affected the
probability of heart attacks and strokes (a direct effect).a
We examined whether intervention—control differences in
the indirect effects of COVID-19 could bias our impact
estimates.

All-cause hospitalizations

Direct and indirect
(combined)

COVID-19 can affect the hospitalization rate directly (for
example, through hospitalizations to treat COVID-19) or
indirectly (for example, due to cancelled elective
procedures). We assessed the potential for intervention—
control differences in COVID-19’s direct and indirect
effects, combined, to bias impact estimates.

All-cause outpatient ED visits
(including observation stays)

Direct and indirect
(combined)

COVID-19 can affect the ED visit rate directly (for example,
through outpatient ED visits to treat COVID-19) or indirectly
(for example, if people avoid ED care due to fear of
contracting COVID-19). We assessed the potential for
intervention—control differences in COVID-19’s direct and
indirect effects, combined, to bias impact estimates.

Total Medicare spending

Direct and indirect

COVID-19 can affect medical spending directly (for

(combined) example, through hospitalizations and ED visits to treat
COVID-19) or indirectly (for example, through cancelled or
averted care).
Death rate Direct We assumed all intervention—control differences in county-

level death rates were due to direct effects of COVID-19—

that is, differences in the incidence or severity of COVID-19
cases. We assessed the potential for these direct effects to
bias impact estimates.

2 COVID-19 could either increase or decrease observed rates of heart attacks and strokes. On the one hand,
contracting COVID-19 might put beneficiaries at higher risk of heart attacks or strokes (Katsoularis et al. 2021), thus
raising the overall rate. On the other, the Million Hearts Model beneficiaries with the highest CVD risk scores might
have been those most likely to die from COVID-19. Excess mortality among the highest-risk beneficiaries would limit
opportunities for the model to reduce heart attacks and strokes among those with the highest expected rates of CVD

events.

CVD = cardiovascular disease; ED = emergency department.
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In broad terms, the calculations include three major steps:

1. We calculated the difference in outcomes between the intervention and control group
counties during the COVID-19 pandemic in 2020 and 2021 (March 11, 2020, through
December 31, 2021), based on the data shown in Section J.2. For example, for the assessment
of COVID-19’s direct effect on the death rate, we took the county-level death rates among
beneficiaries ages 40 to 79 and calculated the difference in county-level rates between the
intervention and control groups (with county-level rates weighted, as in Section J.2, by the
number of intervention or control group beneficiaries).

2. We used the observed intervention—control differences from Step 1 to calculate differences in
outcomes between the intervention and control group that could occur over the five-year
model period due to COVID-19.

3. We took the differences in outcomes due to COVID-19 from Step 2 and added them to the
observed impact estimates reported in the Million Hearts Model Evaluation Third Annual
Report (Blue et al. 2020). This gave us the projected impact estimates when we included
differences due to COVID-19, if the estimates through 2021 had changed for no reason other
than COVID-19. Of course, the estimates included in Chapters VI and VI of this report in
fact use longer follow-up than the Third Annual Report, and the estimates might differ for
many reasons other than COVID-19—for example, due to strengthening or weakening
effects of the Million Hearts Model the longer a person is enrolled.

For all of these calculations, we assumed (1) the differences in outcomes in 2020 and 2021
versus the same weeks in 2019-2020 in a county for Medicare FFS beneficiaries ages 40 to 79
reflected the impact of COVID-19 in that county for those beneficiaries and (2) the impact of
COVID-19 for Million Hearts Model beneficiaries living in a county was the same as the impact
of COVID-19 for all Medicare FFS beneficiaries ages 40 to 79 in the county. Additional details
about each calculation for each outcome are available in Appendix A of the Fourth Annual
Report (Peterson et al. 2022). Table J.3 summarizes the findings from these analyses—namely,
any bias due to COVID-19 is unlikely to change our conclusions about model impacts over the
full five-year test.
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Table J.3. Estimated differences between the intervention and control groups in outcomes due to COVID-19 were small

Estimated change in outcome due to
COoVID-19 Potential bias on impact estimates from COVID-19

Projected impact estimate, including
Observed impact bias due to COVID-19, if COVID-19 Conclusions about model
estimate in Third were the only reason our estimate impacts, after accounting
Intervention Control Annual Report differed from one in the Third Annual for potential bias from
Outcomes group group Difference [90% CI] Report [90% CI] COoVID-19

Outcomes analyzed in a survival model framework

First-time heart attacks -124 -133 9 1.00 [0.95, 1.04] 1.00 [0.96, 1.05] No change
and strokes (events per
100,000 beneficiaries

per year)

Death (events per 189 191 -2 0.94 [0.90, 0.97] 0.94 [0.90, 0.97] No change
100,000 beneficiaries

per year

Outcomes analyzed at the beneficiary-quarter-level using linear regressions

All-cause -4.5 -4.4 -0.17 2.35[0.9, 3.8] 2.18 [0.70, 3.66] No change

hospitalizations
(admissions per 1,000
beneficiaries per
quarter)

Outpatient ED visits -12 -1 -0.57 3.56 [0.7, 6.4] 2.99[0.17, 5.81] No change
and observation stays

(visits per 1,000

beneficiaries per

quarter)

Total Medicare Parts A $7.87 $10.56 -$2.70 $4.44 [-14, 23] $1.74 [-$16, $20] No change
and B spending

(spending per

beneficiary per month)

Sources: Mathematica’s analysis of Million Hearts Data Registry data linked to Medicare claims and enroliment data.

Note: Estimates are based on county-level data for the outcomes among Medicare FFS beneficiaries ages 40 to 79 residing in the same counties as the intervention and control
group high- and medium-risk beneficiaries. We estimate the change in outcomes due to COVID-19 as the difference between outcomes observed between March 11, 2020,
and December 31, 2021, versus outcomes observed in those same weeks in 2018-2019. We then use those numbers and beneficiaries’ observability through the end of
2021 to assess the change in five-year outcome levels (2017-2021) due to the estimated effects of COVID-19.

Cl = confidence interval; ED = emergency department; FFS = fee-for-service.

Mathematica® Inc. J.20



Million Hearts Model Final Evaluation Report

4. Conclusions

We found little evidence to suggest intervention and control groups experienced substantively
different changes in outcomes due to COVID-19. For all service use and long-term evaluation
outcomes considered in this appendix, COVID-19 changed outcome levels in 2020 and 2021,
quite dramatically in the early weeks of the pandemic in some cases, but these changes were
similar for both groups. Moreover, it was not possible for COVID-19 to have affected impact
estimates for the evaluation’s intermediate outcomes (related to medication use and changes in
CVD risk) because we analyzed these outcomes only through 12 months post-enrollment. The
follow-up period for those outcomes therefore ends no later than December 2019 (for
beneficiaries enrolled in December 2018)—before the COVID-19 pandemic began. We conclude
COVID-19 was unlikely to bias estimates of the impact of the Million Hearts Model on the
outcomes analyzed in this report.
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		28		20,34,35,40,41,61,66,67,72,75,77,79,84,86,87,88,89,110,113,114,116,120,136,137,142,143,144,145,147,148,149,150,153,154,155,157,158,159,161,162,163,165,166,167,169,170,171,173,174,175,177,178,179,181,182,183,185,186,187,188,189,191,192,193,194,196,197,198,199,200,202,203,204,205,206,207,209,210,211,212,214,215,216,219,221,222,224,228,229,230,243,244,246,247,249,250,251,252,255,258,259,260,261,262,266,269,270,271,272,275,276,277,278,279,282,284,285,286,298,311,313		Tags->0->152->1->0,Tags->0->155->1->0,Tags->0->234->1->0,Tags->0->267->1->0,Tags->0->425->1->0,Tags->0->452->1->0,Tags->0->461->1->0,Tags->0->483->1->0,Tags->0->513->1->0,Tags->0->530->1->0,Tags->0->543->1->0,Tags->0->582->1->0,Tags->0->597->1->0,Tags->0->610->1->0,Tags->0->766,Tags->0->780->1->0,Tags->0->790->1->0,Tags->0->803->1->0,Tags->0->822->1->0,Tags->0->912->1->0,Tags->0->929->1->0,Tags->0->948->1->0,Tags->0->968->1->0,Tags->0->982->1->0,Tags->0->996->1->0,Tags->0->1010->1->0,Tags->0->1024->1->0,Tags->0->1038->1->0,Tags->0->1052->1->0,Tags->0->1066->1->0,Tags->0->1083->1->0,Tags->0->1104->1->0,Tags->0->1123->1->0,Tags->0->1143->1->0,Tags->0->1161->1->0,Tags->0->1174->1->0,Tags->0->1188,Tags->0->1194,Tags->0->1204,Tags->0->1206,Tags->0->1216->1->0,Tags->0->1278->1->0,Tags->0->1284->1->0,Tags->0->1291->1->0,Tags->0->1294->1->0,Tags->0->1301->1->0,Tags->0->1308->1->0,Tags->0->1311->1->0,Tags->0->1325->1->0,Tags->0->1338->1->0,Tags->0->1343->1->0,Tags->0->1349->1->0,Tags->0->1364->1->0,Tags->0->1377->1->0,Tags->0->1383->1->0,Tags->0->1390->1->0,Tags->0->1403->1->0,Tags->0->1407->1->0,Tags->0->1414->1->0,Tags->0->1418->1->0,Tags->0->1430->1->0,Tags->0->1438->1->0,Tags->0->1444->1->0,Tags->0->1491->1->0,Tags->0->1548,Tags->0->1554->1->0		Section E: PDFs containing Tables		E5. Merged Cells		Passed		Passed.		Verification result set by user.

		29						Section E: PDFs containing Tables		E6. Header scope		Passed		All simple tables define scope for THs		

		30						Section E: PDFs containing Tables		E7. Headers/IDs		Passed		All complex tables define header ids for their data cells.		

		31						Section F: PDFs containing Lists		F1. List tags		Passed		All List elements passed.		

		32		18,19,22,24,27,28,29,30,31,32,33,42,51,53,54,56,57,59,60,62,63,64,68,69,70,81,82,93,94,96,112,119,120,121,123,124,128,140,232,233,239,240,295,299,300,312		Tags->0->140,Tags->0->143,Tags->0->168,Tags->0->179,Tags->0->199,Tags->0->202,Tags->0->206,Tags->0->210,Tags->0->212,Tags->0->222,Tags->0->229,Tags->0->281,Tags->0->339,Tags->0->357,Tags->0->369,Tags->0->382,Tags->0->393,Tags->0->414,Tags->0->420,Tags->0->423,Tags->0->439,Tags->0->443,Tags->0->469,Tags->0->472,Tags->0->474,Tags->0->477,Tags->0->560,Tags->0->571,Tags->0->635,Tags->0->639,Tags->0->651,Tags->0->775,Tags->0->817,Tags->0->829,Tags->0->837,Tags->0->843,Tags->0->867,Tags->0->921,Tags->0->923,Tags->0->1233,Tags->0->1266,Tags->0->1483,Tags->0->1502,Tags->0->1552,Tags->0->229->0->1->1,Tags->0->229->1->1->1,Tags->0->229->2->1->1,Tags->0->229->4->1->1,Tags->0->281->0->1->1,Tags->0->339->0->1->1,Tags->0->339->1->1->1,Tags->0->414->0->1->1,Tags->0->414->1->1->1,Tags->0->469->0->1->1,Tags->0->469->1->1->1,Tags->0->469->2->1->1,Tags->0->474->0->1->1,Tags->0->474->1->1->1,Tags->0->474->2->1->1,Tags->0->477->0->1->1,Tags->0->477->1->1->1,Tags->0->477->2->1->1		Section F: PDFs containing Lists		F2. List items vs. visual layout		Passed		Passed.		Verification result set by user.

		33		18,19,22,24,27,28,29,30,31,32,53,54,56,57,59,60,62,63,64,69,81,82,93,94,96,112,119,120,121,123,124,128,140,232,233,239,240,295,299,300,312,33,42,51,68,70		Tags->0->140,Tags->0->143,Tags->0->168,Tags->0->179,Tags->0->199,Tags->0->202,Tags->0->206,Tags->0->210,Tags->0->212,Tags->0->222,Tags->0->357,Tags->0->369,Tags->0->382,Tags->0->393,Tags->0->420,Tags->0->423,Tags->0->439,Tags->0->443,Tags->0->472,Tags->0->560,Tags->0->571,Tags->0->635,Tags->0->639,Tags->0->651,Tags->0->775,Tags->0->817,Tags->0->829,Tags->0->837,Tags->0->843,Tags->0->867,Tags->0->921,Tags->0->923,Tags->0->1233,Tags->0->1266,Tags->0->1483,Tags->0->1502,Tags->0->1552,Tags->0->229->0->1->1,Tags->0->229->1->1->1,Tags->0->229->2->1->1,Tags->0->229->4->1->1,Tags->0->281->0->1->1,Tags->0->339->0->1->1,Tags->0->339->1->1->1,Tags->0->414->0->1->1,Tags->0->414->1->1->1,Tags->0->469->0->1->1,Tags->0->469->1->1->1,Tags->0->469->2->1->1,Tags->0->474->0->1->1,Tags->0->474->1->1->1,Tags->0->474->2->1->1,Tags->0->477->0->1->1,Tags->0->477->1->1->1,Tags->0->477->2->1->1		Section F: PDFs containing Lists		F3. Nested lists		Passed		Passed.		Verification result set by user.

		34						Section G: PDFs containing Headings		G1. Visual Headings in Heading tags		Passed		Passed.		Verification result set by user.

		35						Section G: PDFs containing Headings		G1. Visual Headings in Heading tags		Passed		All Visual Headings are tagged as Headings.		

		36						Section G: PDFs containing Headings		G2. Heading levels skipping		Passed		All Headings are nested correctly		

		37						Section G: PDFs containing Headings		G3 & G4. Headings mark section of contents		Passed		Passed.		Verification result set by user.

		38						Section H: PDFs containing Forms		H5. Tab order		Passed		All pages that contain annotations have tabbing order set to follow the logical structure.		

		39						Section I: PDFs containing other common elements		I1. Nonstandard glyphs		Passed		All nonstandard text (glyphs) are tagged in an accessible manner.		

		40						Section I: PDFs containing other common elements		I3. Language for words and phrases		Passed		Property set status to Passed		

		41						Section I: PDFs containing other common elements		I4. Table of Contents		Passed		All TOCs are structured correctly		

		42		5,6,7,8,9,10,11,12,13,14,15,16		Tags->0->125,Tags->0->127,Tags->0->129,Tags->0->125->2->1,Tags->0->125->3->1,Tags->0->125->4->1,Tags->0->125->5->1,Tags->0->125->6->1,Tags->0->125->7->1,Tags->0->125->8->1,Tags->0->125->9->1,Tags->0->125->10->1,Tags->0->125->11->1,Tags->0->125->11->1->1->1,Tags->0->125->11->1->3->1,Tags->0->125->14->1,Tags->0->125->15->1,Tags->0->125->16->1,Tags->0->125->17->1,Tags->0->125->18->1,Tags->0->125->19->1,Tags->0->125->20->1,Tags->0->125->21->1,Tags->0->125->22->1		Section I: PDFs containing other common elements		I5. TOC links		Passed		Passed.		Verification result set by user.

		43						Section I: PDFs containing other common elements		I6. References and Notes		Passed		All internal links are tagged within Reference tags		

		44						Section A: All PDFs		A5. Is the document free from content that flashes more than 3 times per second?		Not Applicable		No elements that could cause flicker were detected in this document.		

		45						Section A: All PDFs		A10. Role mapped custom tags		Not Applicable		No Role-maps exist in this document.		

		46						Section H: PDFs containing Forms		H1. Tagged forms		Not Applicable		No Form Annotations were detected in this document.		

		47						Section H: PDFs containing Forms		H2. Forms tooltips		Not Applicable		No form fields were detected in this document.		

		48						Section H: PDFs containing Forms		H3. Tooltips contain requirements		Not Applicable		No Form Annotations were detected in this document.		

		49						Section H: PDFs containing Forms		H4. Required fields		Not Applicable		No Form Fields were detected in this document.		

		50						Section I: PDFs containing other common elements		I2. OCR text		Not Applicable		No raster-based images were detected in this document.		

		51						Section B: PDFs containing Color		B2. Color contrast		Skipped		Does all text (with the exception of logos) have a contrast ratio of 4.5:1 or greater no matter the size?		

		52				Tags->0->267->1->0,Tags->0->425->1->0,Tags->0->530->1->0,Tags->0->543->1->0,Tags->0->822->1->0,Tags->0->912->3->2,Tags->0->912->6->1,Tags->0->912->11->2,Tags->0->912->16->1,Tags->0->912->20->1,Tags->0->912->23->1,Tags->0->929->6->1,Tags->0->929->10->1,Tags->0->948->6->1,Tags->0->948->10->1,Tags->0->1083->6->1,Tags->0->1083->10->1,Tags->0->1104->6->1,Tags->0->1104->10->1,Tags->0->1278->3->2,Tags->0->1278->8->2,Tags->0->1284->3->2,Tags->0->1284->6->1,Tags->0->1284->8->1,Tags->0->1284->11->1,Tags->0->1284->13->2,Tags->0->1284->16->1,Tags->0->1284->18->1,Tags->0->1284->21->1,Tags->0->1294->3->2,Tags->0->1294->9->2,Tags->0->1301->3->2,Tags->0->1301->6->1,Tags->0->1301->8->1,Tags->0->1301->11->1,Tags->0->1301->13->2,Tags->0->1301->16->1,Tags->0->1301->18->1,Tags->0->1301->21->1,Tags->0->1311->3->1,Tags->0->1325->3->1,Tags->0->1338->3->2,Tags->0->1338->7->1,Tags->0->1338->9->1,Tags->0->1338->11->2,Tags->0->1338->15->1,Tags->0->1338->17->1,Tags->0->1343->3->2,Tags->0->1343->7->1,Tags->0->1343->9->1,Tags->0->1343->11->2,Tags->0->1343->15->1,Tags->0->1343->17->1,Tags->0->1349->3->2,Tags->0->1349->7->1,Tags->0->1349->9->1,Tags->0->1364->3->2,Tags->0->1364->9->2,Tags->0->1364->11->1,Tags->0->1377->3->2,Tags->0->1377->6->2,Tags->0->1377->8->1,Tags->0->1383->11->3,Tags->0->1383->13->1,Tags->0->1383->15->1,Tags->0->1383->17->1,Tags->0->1403->3->2,Tags->0->1403->7->2,Tags->0->1403->9->1,Tags->0->1407->11->3,Tags->0->1407->13->1,Tags->0->1407->15->1,Tags->0->1407->17->1,Tags->0->1414->3->2,Tags->0->1414->7->2,Tags->0->1414->9->1,Tags->0->1418->3->2,Tags->0->1418->7->1,Tags->0->1418->9->1,Tags->0->1418->11->2,Tags->0->1418->15->1,Tags->0->1418->17->1,Tags->0->1438->3->2,Tags->0->1438->8->1,Tags->0->1438->10->1,Tags->0->1438->12->2,Tags->0->1438->17->1,Tags->0->1438->19->1,Tags->0->1444->3->2,Tags->0->1444->8->2,Tags->0->1444->10->1		Section E: PDFs containing Tables		E4. Empty header cells		Skipped		An empty table header cell has been detected in this document.		The current HHS specification does not mandate against empty header cells.
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