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Objectives: The burden of heart failure (HF) in Medicare beneficiaries and 

the shift toward value-based care is well documented. This study evaluates the 

association between sacubitril/valsartan (SAC/VAL) use and medical expendi-

tures for beneficiaries with HF with reduced ejection fraction (HFrEF) within 

the framework of the Bundled Payments for Care Improvement (BPCI) initia-

tive or the Medicare Shared Savings Program (MSSP).

Study Design: Retrospective cohort study.

Methods: We utilized 100% Medicare enrollment and Parts A/B/D claims 

to identify beneficiaries with HFrEF during (1) replicated BPCI episodes 

between 2016 and 2018 or (2) calendar year 2018 and managed by a 

MSSP participant. Use of SAC/VAL or angiotensin-converting enzyme 

inhibitors (ACEIs)/angiotensin II receptor blockers (ARBs) and Medicare 

Parts A/B expenditures were examined in propensity score (PS)–matched 

treatment groups in both programs.

Results: For the BPCI initiative, 13,785 episodes with SAC/VAL were PS 

matched to 41,355 with ACEIs/ARBs; 12,003 episodes with SAC/VAL 

were matched to 36,009 with neither treatment. Parts A/B expenditures for 

patients treated with SAC/VAL were not statistically different compared 

with those treated with ACEIs/ARBs (mean difference, –$447; 95% CI, 

–$1227 to $333) and $10,249 less vs patients receiving neither treatment 

(95% CI, –$11,335 to –$9163). For the MSSP, 18,004 patients utilizing 

SAC/VAL were PS matched to 54,012 patients receiving ACEIs/ARBs; 

7186 patients utilizing SAC/VAL were matched to 21,558 receiving neither 

treatment. The SAC/VAL cohort had 2018 annual Parts A/B expenditures 

that were $875 less vs the ACEI/ARB cohort (95% CI, –$1650 to –$101) 

and $21,467 less vs neither treatment (95% CI, –$11,376 to –$7361). 

Conclusions: Optimizing utilization of SAC/VAL for beneficiaries with 

HFrEF could reduce medical expenditures and improve provider perfor-

mance in the context of alternative payment models.
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T here are more than 6 million patients with heart 
failure (HF) in the United States,1-4 resulting in 
approximately 1 million hospitalizations each year. 

Half of these hospitalizations are among patients with HF 
with reduced ejection fraction (HFrEF),1,5-7 and research 
shows that the hospitalizations are expensive to manage.8-13 
In 2021, the American College of Cardiology (ACC) 
released its expert consensus decision pathway recom-
mending use of an angiotensin receptor-neprilysin inhib-
itor (ARNI) as the preferred renin angiotensin antagonist 
for HFrEF.14 Sacubitril/valsartan (SAC/VAL), an ARNI and 
guideline-directed drug therapy, has been found to reduce 
HF-related hospitalizations and rehospitalizations compared 
with the standard of care, angiotensin-converting enzyme 
inhibitors (ACEIs), in 2 landmark clinical trials: the 2014 
PARADIGM-HF trial (NCT01035255) and the 2018 
PIONEER-HF trial (NCT02554890).15-25

Within the Medicare program, in which 7.1% of benefi-
ciaries have HF,8 health care providers continue to identify 
ways to balance quality and cost of care.26 Under a tradi-
tional fee-for-service (FFS) system, providers and facilities 
are reimbursed based on the individual services rendered, 
placing an emphasis on the quantity of care. This emphasis 
does not include incentives for providers to focus on quality, 
efficiency, and outcomes. In contrast, incentives for value-
based care participants in alternative payment models 
(APMs) encourage care coordination and high-quality, 
lower-cost services.27-31

CMS’ Center for Medicare & Medicaid Innovation is at 
the forefront of APM development and testing in the health 
care system. As of 2020, more than 40 APMs were being 
tested, and additional models will be rolled out in the coming 
years.32 In bundled payment models, participants are reim-
bursed a single payment that covers all services provided 
during an episode of care.33 Payments to a specific clini-
cian are adjusted based on the total payment, because the 
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clinician is not responsible for providing all care during that 
episode. In shared savings models, medical expenditures 
are compared with a risk-adjusted benchmark, and partici-
pating providers may share a percentage of savings or losses 
depending on their quality performance.34,35 APMs in the 
cardiovascular space have seen mixed success, and there is 
limited information on the association between use of guide-
line-directed drug therapy and APM outcomes.36

This retrospective cohort study replicated 90-day postdis-
charge episodes of care and a 365-day performance period 
of 2 Medicare APMs—the Bundled Payments for Care 
Improvement (BPCI) initiative and the Medicare Shared 
Savings Program (MSSP)—for Medicare beneficiaries with 
HFrEF to assess the association between utilization of SAC/
VAL and medical expenditures.

METHODS
Data Sources
This study utilized the 100% sample of Medicare FFS 
enrollment and Parts A/B/D claims from 2 time periods: (1) 
January 1, 2015, through December 31, 2018, for the BPCI 
analysis and (2) January 1, 2017, through December 31, 
2018, for the MSSP analysis. Public use files were used to 
identify BPCI and MSSP participants.37,38

Study Design
A retrospective cohort study design was employed to 
examine BPCI Model 2 episodes from 2016 to 2018 (the 
BPCI initiative has 4 models of care, with Model 2 focused 
on the acute and postacute care episode) and MSSP partici-
pant annual data from calendar year (CY) 2018. Effectively, 
we constructed these episodes and performance years within 
the data based on triggering events (inpatient hospitalization 
for BPCI and start of CY for MSSP).

Unlike traditional longitudinal claims analyses seeking to 
understand the total cost of care from a payer perspective, 
this analysis was structured to inform conceptually how SAC/
VAL utilization may affect provider performance, measured 
as total Part A and Part B expenditures, within the frame-
work of the BPCI Model 2 and MSSP. BPCI Model 2 was 
examined because it includes both acute and postacute care 
as opposed to other models that focus on one or the other.

The BPCI Model 2 analysis replicated HF postdis-
charge 90-day episodes of care for patients with HFrEF. 
An episode indexed on the initial acute inpatient stay with 
a Medicare Severity Diagnosis Related Group for conges-
tive HF (291, 292, 293) and included all Parts A/B covered 
medical services from the hospital stay and during the 90 
days post hospital discharge. A 12-month look-back period, 

based on episode initiation, was utilized to capture benefi-
ciaries’ baseline demographic and clinical characteristics. 
Patients were required to have at least 2 medical claims 
between January 1, 2016, and December 31, 2018, with an 
International Classification of Diseases, Tenth Revision (ICD-
10) code for systolic HF (I5020, I5021, I5022, I5023, I5040, 
I5041, I5042, I5043; code set available in eAppendix 
Table 1 [eAppendix available at ajmc.com]) during the 
12-month baseline period and/or 90-day episode window 
to confirm a systolic classification and be continuously 
enrolled in Medicare Parts A/B/D as the primary payer 
for the entire episode. Systolic HF diagnoses were allowed 
during the 90-day episode because the hospitalization trig-
gers the start of the episode and not the diagnosis. Episodes 
were excluded if they overlapped with previous episodes 
or if the patients had end-stage renal disease (ESRD), had 
initial hospital stays longer than 365 days, or died before 
the end of the episode.

The MSSP analysis examined patients with HFrEF 
managed by accountable care organizations participating 
in the MSSP in 2018 per CMS assignment. Beneficiaries 
were followed longitudinally from the beginning of CY 2018 
(ie, January 1, 2018, the index date) through the end of the 
year. A 12-month look-back period, from January 1, 2017, 
to December 31, 2017, was utilized to capture the benefi-
ciaries’ demographic and clinical characteristics. The MSSP 
analysis included beneficiaries with HFrEF, indicated by 
at least 2 medical claims with an ICD-10 code for systolic 
HF during the 12-month baseline period and/or 12-month 
episode window, who did not die between January 1, 2017, 
and December 31, 2018; were continuously enrolled in 
Medicare Parts A/B/D; were assigned to a MSSP partici-
pant throughout CY 2018 (performance year) and CY 2017 
(baseline period); and had no other primary payer or ESRD. 
MSSP also excludes patients who died during the perfor-
mance year as part of its shared savings calculation.

Treatment Cohorts
BPCI Model 2 and MSSP episodes were placed into treat-
ment cohorts based on patient utilization of specific HF 
medications during the 90-day episode (BPCI Model 2) or 
calendar year (MSSP) defined by the presence of 1 or more 
prescription claim with a National Drug Code for the drug 
of interest. Cohorts were mutually exclusive and established 
based on whether the beneficiary utilized (1) SAC/VAL, (2) 
an ACEI/ARB and not SAC/VAL (referred to as the ACEI/
ARB treatment group), and (3) neither an ACEI/ARB nor 
SAC/VAL in the respective periods (ie, 90 days post discharge 
for BPCI and CY 2018 for MSSP).
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Variable

Treatment group 
1: received SAC/

VAL 
(n = 13,786 
episodes)

Treatment group 2: 
received ACEI/ARB 
and did not receive 

SAC/VAL
(n = 41,355 
episodes)

Standardized 
mean 

differencea

Treatment 
group 1: 

received SAC/
VAL

(n = 12,003 
episodes)

Treatment group 
3: did not receive 
ACEI/ARB and did 
not receive SAC/

VAL
(n = 36,009 
episodes)

Standardized 
mean 

differencea

   Male, n (%) 8105 (59) 24,036 (58) –0.0137 7124 (58) 20,704 (56) –0.0365

Age in years at index, 
mean (SD)

73 (12) 73 (12) –0.0204 74 (11) 75 (12) –0.0290

Race, n (%)

White 10,078 (73) 30,476 (74)

0.0142

9060 (75) 27,146 (75)

0.0068
Black 2742 (20) 8017 (19) 2190 (18) 6534 (18)

   Other 850 (6) 2533 (6) 674 (6) 2063 (6)

Unknown 104 (1) 335 (1) 79 (1) 266 (1)

Census region, n (%)

Northeast 2746 (20) 8366 (20)

0.0159

2417 (20) 7458 (20)

0.0247

South 6196 (45) 1840 (45) 5319 (44) 15,578 (43)

   Midwest 3101 (22) 9390 (23) 2735 (23) 8431 (23)

West 1714 (12) 5086 (12) 1509 (13) 4470 (12)

Other 28 (0) 63 (0) 23 (0) 72 (0)

Part D low-income subsidy eligibility, n (%)

Full 5495 (40) 16,482 (40)

0.0043

4499 (37) 13,811 (38)

0.0194   Partial 644 (5) 1969 (5) 535 (4) 1531 (4)

   None 7646 (55) 22,904 (55) 6969 (58) 20,667 (57)

Comorbidities, n (%)

Atrial fibrillation 7856 (57) 23,707 (57) –0.0067 7069 (59) 21,432 (60) –0.0127

Cerebrovascular 
disease

3845 (28) 11,759 (28) –0.0120 3494 (29) 10,689 (30) –0.0126

Diabetes 8344 (61) 25,310 (61) –0.0137 7329 (61) 22,235 (62) –0.0141

Hypertension 12,782 (93) 38,485 (93) –0.0130 11,184 (93) 33,687 (94) –0.0150

Ischemic heart disease 11,026 (80) 33,332 (81) –0.0154 9835 (80) 29,540 (80) –0.0097

Peripheral vascular 
disease

5883 (43) 17,998 (44) –0.0170 5407 (45) 16,426 (46) –0.0114

Renal disease 7687 (56) 23,357 (57) –0.0141 7459 (62) 22,639 (63) –0.0150

Medicare HCC risk 
score, mean (SD)

3.29 (2) 3.32 (2) –0.0259 3 (2) 4 (2) –0.0466

Prescribing physician specialty,b n (%)

Primary care 7554 (55) 22,891 (55)
0.0217

— —
—

Cardiologist 4659 (33) 13,569 (33) — —

Baseline Characteristics of BPCI Model 2 HFrEF 90-Day Episodes in Matched Treatment Groups, 2016-2018Table 1.
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Variable

Treatment group 
1: received SAC/

VAL 
(n = 13,786 
episodes)

Treatment group 2: 
received ACEI/ARB 
and did not receive 

SAC/VAL
(n = 41,355 
episodes)

Standardized 
mean 

differencea

Treatment 
group 1: 

received SAC/
VAL

(n = 12,003 
episodes)

Treatment group 
3: did not receive 
ACEI/ARB and did 
not receive SAC/

VAL
(n = 36,009 
episodes)

Standardized 
mean 

differencea

Other specialist 1582 (12) 4895 (12) — —

Baseline medication, n (%)

RAAS naïve (did not 
receive ACEI, ARB, or 
ARNI in baseline)

2379 (17) 6976 (17)   0.0103 2595 (22) 7471 (21)   0.0213

Aldosterone antagonist 4394 (32) 13,103 (32)   0.0041 3545 (30) 10,699 (30) –0.0038

β-blocker 10,297 (75) 31,153 (75) –0.0146 8683 (72) 26,085 (72) –0.0106

Digoxin 2396 (17) 6905 (17)   0.0182 1943 (16) 5720 (16)   0.0083

Loop diuretic 11,217 (81) 33,820 (82) –0.0105 9806 (82) 29,805 (83) –0.0281

Baseline Characteristics of BPCI Model 2 HFrEF 90-Day Episodes in Matched Treatment Groups, 
2016-2018Table 1 (continued).

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BPCI, Bundled Payments for Care 
Improvement; COPD, chronic obstructive pulmonary disease; ED, emergency department; HCC, Hierarchical Conditions Categories; HF, heart failure; HFrEF, HF with 
reduced ejection fraction; HHA, home health agency; RAAS, renin-angiotensin-aldosterone system; SAC/VAL, sacubitril/valsartan; SNF, skilled nursing facility.
aA variable with a between-group standardized mean difference between –0.1 and 0.1 was considered balanced.
bTreatment group 3 does not have a prescribing physician because they are not receiving either treatment, thus this variable was not used for matching treatment group 
1 to treatment group 3.

Within the BPCI Model 2 sample, the SAC/VAL and ACEI/
ARB treatment groups were restricted for generalized linear 
modeling to individuals who had no more than a 30-day gap 
in days covered, allowing for a small gap in claims, because 
patients may be discharged from the hospital with a filled 
script of medication. In the MSSP modeling analysis, the 
SAC/VAL and ACEI/ARB treatment groups were restricted 
for the generalized linear modeling to individuals who were 
adherent to treatment during the performance year, defined 
as proportion of days covered of at least 0.8.

Study Outcomes
The primary outcomes were total Medicare expenditures 
for Parts A/B medical services during the episode and 
performance periods. For the BPCI Model 2 replication, this 
included all medical services from the date of the triggering 
HF-related hospital admission up to 90 days post discharge, 
and for the MSSP replication, this included all medical 
services for CY 2018, reflecting the measure for provider 
performance in these 2 APMs, respectively. Because Part 
D drug costs are not included in the BPCI and MSSP and 
this analysis specifically aimed to mirror the design of these 
programs, they were not included as part of the expenditure 
outcomes nor was Part D utilization measured. All outcomes 

were reported by treatment cohort. Utilization and expen-
ditures for each covered Medicare Parts A/B service were 
measured as secondary outcomes, including hospitaliza-
tions/rehospitalizations, emergency department visits, 
physician office visits, skilled nursing facility (SNF) admis-
sions, and home health services. Each of these outcomes was 
measured as both all-cause and HF-related (indicated by 
an International Classification of Diseases, Ninth Revision or 
ICD-10 code for HF in the primary position on the claim) 
expenditures and rates. All expenditures were reported in 
US$ for the year they were recorded.

Baseline Variables
Baseline demographic characteristics, clinical characteris-
tics, and medication utilization were measured at baseline. 
The Medicare Hierarchical Condition Category (HCC) 
composite risk score was calculated using the CMS algo-
rithm39 as an estimator of future health care expenditures. 
Medical and pharmacy resource utilization were also 
assessed at baseline.

Statistical Methods
All analyses were conducted using SAS version 9.4 
(SAS Institute). Unadjusted rates of health care resource 
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Expenditure during 
90-day episode

Adjusted mean expenditure

Mean difference 
(95% CI)

Adjusted mean expenditure

Mean difference 
(95% CI)

Treatment 
group 1: 

received SAC/
VAL 

Treatment 
group 2:

received ACEI/
ARB and did 
not receive 
SAC/VAL

Treatment 
group 1:
received 
SAC/VAL

Treatment 
group 3:  

did not receive 
ACEI/ARB and 
did not receive 

SAC/VAL

All-cause expenditure

Total episode Parts 
A/B expenditures

$16,265 $16,712
–$447 (–$1226 to 

$333)
$16,242 $26,491

–$10,249 (–$11,335 
to –$9163)

Rehospitalizations $7334 $8075
–$741 (–$1371 to 

–$111)
$7130 $11,913

–$4783 (–$5629 to 
–$3937)

ED visits $306 $361 –$55 (–$86 to –$25) $288 $388
–$100 (–$130 to 

–$69)

Physician office visits $496 $438 $57 ($43-$72) $509 $411 $98 ($77-$120)

SNF admissions $931 $1228
–$298 (–$423 to 

–$172)
$1007 $4738

–$3731 (–$4017 to 
–$3446)

Home health services $1395 $1399 –$3 (–$62 to $55) $1500 $1495 $5 (–$56 to $66)

HF-related expenditure

Rehospitalizations $3456 $3346
$110 (–$340 to 

$560)
$3583 $4980

–$1396 (–$2023 to 
–$770)

ED visits $46 $50 –$5 (–$16 to $6) $42 $49 –$8 (–$17 to $1)

Physician office visits $77 $57 $20 ($17-$23) $78 $49 $28 ($25-$31)

SNF admissions $270 $335 –$65 (–$127 to $3) $262 $1242
–$980 (–$1121 to 

$838)

Home health services $769 $713 $56 ($13-$100) $814 $742 $71 ($26-$117)

Adjusted Medicare Parts A/B Expenditures During 90-Day BPCI Model 2 HFrEF Episodes in 2016-2018  
by Service and Treatment GroupaTable 2.

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BPCI, Bundled Payments for Care Improvement; ED, emergency department; HF, heart 
failure; HFrEF, HF with reduced ejection fraction; SAC/VAL, sacubitril/valsartan; SNF, skilled nursing facility. 
aAll values are adjusted for baseline differences.

utilization (HCRU) were calculated as the number of events 
per 10,000 episodes (BPCI Model 2) or beneficiaries 
(MSSP) and stratified by treatment cohort.

The SAC/VAL cohort was separately propensity score 
(PS) matched40 to the ACEI/ARB cohort and the cohort 
receiving neither treatment using a 1:3 matching ratio to 
increase study precision and appropriately capture the vari-
ation in the large control groups while balancing matching 
rate. Pairwise comparisons were made to simplify compar-
isons and focus on the effect of ARNI treatment compared 
with each of the other treatment cohorts. The treatment 
cohorts were matched on age, sex, race, US Census region, 
dual eligibility for Medicare and Medicaid, eligibility for 

Part D low-income subsidy, baseline comorbidities, base-
line medication utilization, HCC risk score,39 baseline 
HCRU, and baseline health care expenditures. Prescribing 
provider type for HF medications was utilized to match the 
SAC/VAL group to the ACEI/ARB group, but the treat-
ment group that utilized neither did not have a prescribing 
provider by definition and thus was not included when 
matching the SAC/VAL cohort to that cohort. Among 
the BPCI sample, treatment cohorts were also matched 
on episode index year and a count variable of the episode 
number for the contributing patient.

Propensity scores were constructed through a logistic 
regression with baseline variables included as independent 
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variables. The dependent variable of the propensity score 
model, which was specified as a multiple variable logistic 
regression, was the likelihood of receiving SAC/VAL. 
Patients in the SAC/VAL treatment group were matched 
to patients from the remaining comparator sample based 
on a layering nearest neighbor approach or similar greedy 
matching algorithm. This method maximized the match and 

retained the sample while also ensuring balance among the 
treatment groups.

Descriptive statistics for all variables across both programs 
by treatment cohort were assessed before and after matching, 
and the standardized mean difference was used to assess 
whether the PS-matched treatment cohorts were balanced 
in baseline characteristics.41 Generalized linear models with 

Figure.

ACEI, angiotensin-converting enzyme inhibitor; ACO, accountable care organization; ARB, angiotensin receptor blocker; CY, calendar year; ESRD, end-stage renal disease; 
FFS, fee-for-service; HF, heart failure; ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, Tenth Revision; MS-
DRG, Medicare Severity Diagnosis Related Group; MSSP, Medicare Shared Savings Program; PDC, proportion of days covered; SAC/VAL, sacubitril/valsartan.
aWithin the BPCI Model 2 sample, the SAC/VAL and ACEI/ARB treatment groups were restricted for the generalized linear modeling to individuals who had no more than 
a 30-day gap in days covered. In the MSSP analysis, the SAC/VAL and ACEI/ARB treatment groups were restricted for the generalized linear modeling to individuals who 
were adherent to treatment during the performance year, defined as PDC ≥ 0.8. 

Sample Selection of BPCI Model 2 Episodes (2016-2018) and Beneficiaries Managed by ACOs That 
Participate in MSSP (CY 2018) Within the 100% Medicare FFS Sample by Treatment Group

BPCI Model 2: Include Medicare beneficiaries with a short-term 
acute care hospitalization with MS-DRG of 291, 292, or 293 

in 2016-2018 (HF episode trigger) 
(N = 1,614,719)

Include episodes that start and end between 1/1/2016 and 
12/31/2018 and do not overlap with previous episode(s) 

(n = 1,223,966)

Include those continuously enrolled in Medicare Parts A/B/D 
as primary payer for entire episode 

(n = 707,195)

Treatment groups prior to matching

Include episodes for patients with ≥2 claims with an 
ICD-9/ICD-10 code for systolic HF during the 12-month 

baseline period and/or 12-month episode window

(n = 412,781)

Exclude episodes with ESRD, initial hospital stay >365 days,
or death before episode end

(n = 634,307)

Propensity score–matched cohorts: 
Group 1 (n = 13,786) vs group 2 (n = 41,355) 
Group 1 (n = 12,003) vs group 3 (n = 36,009)

Include those who had no more than a 30-day gap in days covereda:
Group 1 (n = 5497) vs group 2 (n = 21,005)
Group 1 (n = 4667) vs group 3 (n = 36,009)

Treatment group 1:
utilized SAC/VAL 

(n = 17,444)

Treatment group 2:
utilized ACEI/ARB 
and no SAC/VAL 

(n = 190,184)

Treatment group 3:
no ACE/ARB and 

no SAC/VAL 
(n = 205,153)

MSSP 2018: Medicare beneficiaries with an ICD-10 diagnosis 
code for HF (ICD-10 codes: I50.xx) in any position on a Part A 

or Part B claim in 2018 
(N = 4,361,831)

Beneficiaries who did not die in 2017-2018 

(n = 3,580,100)

Beneficiaries continuously enrolled in Parts A/B/D throughout 
CY 2018 (performance year) and CY 2017 (baseline period), 

assigned to a MSSP participant in CY 2018 

(n = 722,673)

Treatment groups prior to matching

Beneficiaries with ≥2 claims with an ICD-9/ICD-10 code for systolic HF 
during the 12-month baseline period and/or 12-month episode window

(n = 312,611)

Propensity score–matched cohortsa: 
Group 1 (n = 18,004) vs group 2 (n = 54,012) 
Group 1 (n = 7186) vs group 3 (n = 21,558)

Include those who are adherent to treatment during the CY (PDC ≥ 0.8)a: 
Group 1 (n = 5120) vs group 2 (n = 25,878)
Group 1 (n = 1631) vs group 3 (n = 21,558)

Treatment group 1:
utilized SAC/VAL 

(n = 20,619)

Treatment group 2:
utilized ACEI/ARB and 

no SAC/VAL 
(n = 188,818)

Treatment group 3:
no ACE/ARB and no 

SAC/VAL 
(n = 103,174)
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Variable

Treatment group 
1: received SAC/

VAL
(n = 18,004 

beneficiaries)

Treatment group 2: 
received ACEI/ARB 
and did not receive 

SAC/VAL
(n = 54,012 

beneficiaries)

Standardized 
mean 

differencea

Treatment 
group 1: 

received SAC/
VAL 

(n = 7186 
beneficiaries)

Treatment group 
3: did not receive 
ACEI/ARB and did 
not receive SAC/

VAL
(n = 21,558 

beneficiaries)

Standardized 
mean 

differencea

   Male, n (%) 11,471 (64) 34,303 (64) –0.0042 3849 (54) 11,349 (53) –0.0018

Age in years at index, 
mean (SD)

75 (10) 75 (10) –0.0045 78 (9) 78 (11) –0.0382

Race, n (%)

White 15,100 (84) 45,337 (84)

0.0042

6167 (86) 18,732 (87)

0.032
Black 1992 (11) 5961 (11) 710 (10) 1968 (9)

   Other 701 (4) 2105 (4) 252 (4) 691 (3)

Unknown 211 (1) 609 (1) 57 (1) 167 (1)

Census region, n (%)

Northeast 2055 (11) 6059 (11)

0.0131

843 (12) 2612 (12)

0.0280

South 6220 (35) 18,578 (34) 2415 (34) 7338 (34)

   Midwest 3949 (22) 12,127 (22) 1573 (22) 4811 (22)

West 3995 (22) 11,913 (22) 1661 (23) 4757 (22)

Other 1785 (10) 5335 (10) 694 (10) 2040 (9)

Part D low-income subsidy eligibility, n (%)

Full 3881 (22) 11,605 (22)

0.0082

1610 (22) 4807 (22)

0.0162   Partial 680 (4) 1961 (4) 281 (4) 779 (4)

   None 13,443 (75) 40,446 (75) 5295 (74) 15,972 (74)

Comorbidities, n (%)

Atrial fibrillation 8930 (50) 26,820 (50) –0.0011 3947 (55) 11,861 (55) –0.0019

Cerebrovascular 
disease

4202 (23) 12,672 (23) –0.0029 2043 (28) 5764 (27) 0.0378

Diabetes 9118 (51) 27,388 (51) –0.0013 3499 (49) 10,237 (47) 0.0241

Hypertension 16,391 (91) 49,212 (91) –0.0025 6461 (90) 19,243 (90) 0.0213

Ischemic heart disease 13,680 (76) 41,228 (76) –0.0082 5133 (71) 15,081 (70) 0.0324

Pacemaker 4692 (26) 13,991 (26) 0.0004 1832 (26) 5126 (24) 0.0398

Renal disease 7181 (40) 21,400 (40) 0.0054 3716 (52) 10,610 (50) 0.0499

Medicare HCC risk score, 
mean (SD)

2 (1) 2 (2) 0.0084 3 (2) 3 (2) –0.0532

Prescribing physician specialty,b n (%)

Primary care 6953 (39) 20,723 (39)

0.0074

— —

—Cardiologist 9939 (55) 29,872 (55) — —

Other specialist 1112 (6) 3417 (6) — —

Baseline Characteristics of Propensity Score–Matched Patients With HFrEF Managed by an MSSP Participant in 2018Table 3.
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a gamma distribution were constructed to estimate the 
adjusted differences in the expenditure outcomes between 
the PS-matched treatment cohorts. Statistical significance 
was determined at an α level of 0.05.

RESULTS
BPCI Model 2
A total of 412,781 HFrEF episodes under the replicated BPCI 
program between 2016 and 2018 were identified and further 
stratified by treatment exposure (Figure). Patients received 
SAC/VAL in 17,444 (4%), ACEIs/ARBs in 190,184 (46%), 
and neither in 205,153 (50%) of the BPCI Model 2 episodes.

A total of 13,785 episodes with patients who utilized SAC/
VAL were PS matched to 41,355 episodes with patients 
who utilized ACEIs/ARBs. A total of 12,003 episodes with 
patients who utilized SAC/VAL were matched to 36,009 
episodes with patients who utilized neither treatment. 
The baseline demographic and clinical characteristics, 
expenditures, and HCRU were well balanced between the 
PS-matched SAC/VAL and ACEI/ARB treatment cohorts 
and the SAC/VAL cohort and the treatment cohort who 
received neither treatment (Table  1 and eAppendix 
Table 2). Descriptive statistics outlining the sample’s base-
line characteristics prior to matching are available in the 
eAppendix (eAppendix Table 3).

Prior to matching, the unadjusted mean total Parts A/B 
90-day episode expenditures for the SAC/VAL group 
($19,858) were similar to those for the ACEI/ARB group 
($19,650), but they were lower compared with those treated 
with neither SAC/VAL nor ACEIs/ARBs ($25,757).

After controlling for baseline characteristics and dura-
tion of therapy, BPCI HF episode Parts A/B expenditures 
for patients with HFrEF treated with SAC/VAL were not 
significantly different from those treated with ACEIs/
ARBs (mean difference, –$447; 95% CI, –$1227 to $333; 
P = .26) and $10,249 less than patients receiving neither 
treatment (95% CI, –$11,335 to –$9163; P < .01). Mean 
episode rehospitalization and SNF expenditures for patients 
receiving SAC/VAL were $741 (95% CI, –$1371 to –$111; 
P < .02) and $298 (95% CI, –$423 to –$172; P < .01) less, 
respectively, than those for patients treated with ACEIs/
ARBs and $4783 (95% CI, –$5629 to –$3937; P < .01) 
and $3731 (95% CI, –$4017to –$3446; P < .01) less than 
those receiving neither therapy. There was not a significant 
difference in the HF-related rehospitalization expenditures 
between the SAC/VAL and ACEI/ARB groups (95% CI, 
–$340 to $560; P = .63), but HF-related rehospitalization 
expenditures in the SAC/VAL group were $1396 less than in 
the cohort who received neither treatment (95% CI, –$2023 
to –$770; P < .01) (Table 2). Results describing HCRU rates 

Variable

Treatment group 
1: received SAC/

VAL 
(n = 18,004 

beneficiaries)

Treatment group 2: 
received ACEI/ARB 
and did not receive 

SAC/VAL
(n = 54,012 

beneficiaries)

Standardized 
mean 

differencea

Treatment 
group 1: 

received SAC/
VAL

(n = 7186 
beneficiaries)

Treatment 
group 3: did not 

receive ACEI/
ARB and did not 
receive SAC/VAL

(n = 21,558 
beneficiaries)

Standardized 
mean 

differencea

Baseline medication, n (%)

RAAS naïve (did not 
receive ACEI, ARB, or 
ARNI in baseline)

14,376 (80) 44,419 (80) –0.0088 3305 (46) 9696 (45) 0.0204

Aldosterone antagonist 5306 (30) 15,199 (28) 0.0294 1370 (19) 4282 (20) –0.0202

β-blocker 13,667 (76) 41,050 (76) –0.0021 4165 (58) 12,430 (58) –0.0061

Digoxin 2283 (13) 6555 (11) 0.0165 751 (11) 2408 (11) –0.0232

Loop diuretic 11,956 (66) 35,671 (66) 0.0077 4701 (65) 14,419 (67) –0.0310

Baseline Characteristics of Propensity Score–Matched Patients With HFrEF Managed by an  
MSSP Participant in 2018Table 3 (continued).

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BPCI, Bundled Payments for Care 
Improvement; COPD, chronic obstructive pulmonary disease; ED, emergency department; HCC, Hierarchical Conditions Categories; HF, heart failure; HFrEF, HF with 
reduced ejection fraction; HHA, home health agency; RAAS, renin-angiotensin-aldosterone system; SAC/VAL, sacubitril/valsartan; SNF, skilled nursing facility.
aA variable with a between-group standardized mean difference between –0.1 and 0.1 was considered balanced.
bTreatment group 3 does not have a prescribing physician because they are not receiving either treatment, thus this variable was not used for matching treatment group 
1 to treatment group 3.
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in the PS-matched cohorts are available in the eAppendix 
(eAppendix Table 4).

MSSP
After applying the inclusion and exclusion criteria, the analytic 
sample included 312,611 beneficiaries with HFrEF in the 
MSSP CY 2018 (Figure). Among the beneficiaries included 

in the MSSP performance year, 20,619 (6%) patients received 
SAC/VAL, 188,818 (60%) received ACEIs/ARBs, and 
103,174 (34%) received neither treatment.

A total of 18,004 patients who utilized SAC/VAL were PS 
matched to 54,012 patients who utilized ACEIs/ARBs. A total 
of 7186 patients who utilized SAC/VAL were matched to 
21,558 patients who utilized neither treatment. The baseline 

Service

Adjusted mean expenditure

Difference (95% CI)

Adjusted mean expenditure

Difference (95% CI)
Treatment 
group 1: 

received SAC/
VAL 

Treatment 
group 2:

received ACEI/
ARB and did 
not receive 
SAC/VAL

Treatment 
group 1:
received 
SAC/VAL

Treatment 
group 3:  

did not receive 
ACEI/ARB and 
did not receive 

SAC/VAL

All-cause

Parts A/B 
expenditures for 
performance period

$17,886 $18,742
–$875 (–$1650 to 

–$101)
$21,467 $30,836

–$9369 (–$11,376 to 
–$7361)

Hospitalizations $6147 $7925
–$1778 (–$2316 to 

–$1240)
$7759 $14,808

–$7049 (–$8432 to 
–$5666)

ED visits $468 $521 –$53 (–$91 to –$15) $573 $723
–$150 (–$224 to 

–$75)

Physician office visits $993 $890 $102 ($83-$122) $1054 $960 $94 ($57-$131)

Primary care 
physician office visits

$107 $114 $41 ($35-$47) $128 $149 $62 ($53-$72)

Cardiologist 
physician office visits

$222 $181 –$7 (–$14 to –$0.24) $223 $161 –$21 (–$34 to –$8)

SNF admissions $616 $875
–$259 (–$383 to 

–$135)
$1212 $3488

–$2276 (–$2757 to 
–$1796)

Home health services $25 $37 –$12 (–$20 to –$5) $42 $77 –$35 (–$54 to –$16)

HF-related

Parts A/B for 
performance period

$2741 $2015 $726 ($474-$979) $3353 $3822
–$469 (–$1059 to 

–$120)

Hospitalizations $1479 $1298 $182 (–$35 to $399) $1859 $2414
–$555 (–$1031 to 

–$78)

ED visits $36 $39 –$3 (–$11 to $5) $39 $45 –$6 (–$20 to $7)

SNF admissions $79 $87 –$9 (–$43 to $25) $156 $390
–$234 (–$365 to 

–$102)

Home health services $7 $7 –$1 (–$4 to $3) $6 $14 –$8 (–$16 to –$0.11)

Adjusted Medicare Parts A/B Expenditures for Propensity Score–Matched Patients With HFrEF Managed by an 
MSSP Participant in 2018 by Service and Treatment GroupaTable 4.

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ED, emergency department; HF, heart failure; HFrEF, HF with reduced ejection 
fraction; MSSP, Medicare Shared Savings Program; SAC/VAL, sacubitril/valsartan; SNF, skilled nursing facility.
aAll values are adjusted for baseline differences.
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demographic and clinical characteristics, expenditures, and 
HCRU were balanced between the PS-matched SAC/VAL 
and ACEI/ARB treatment cohorts, as well as between the 
SAC/VAL cohort and the treatment cohort who received 
neither (Table 3 and eAppendix Table 5). Descriptive statis-
tics highlighting baseline characteristics prior to matching are 
available in the eAppendix (eAppendix Table 3).

Prior to matching, the mean unadjusted total Parts A/B 
annual expenditures for the performance period were lower 
for patients with HFrEF treated with SAC/VAL ($28,085) 
compared with those for patients treated with ACEIs/ARBs 
($29,021) and with those for the cohort who received neither 
treatment ($31,626).

After controlling for baseline characteristics and treatment 
adherence, the SAC/VAL cohort had total annual Medicare 
Parts A/B expenditures that were $875 less than those of the 
ACEI/ARB cohort (95% CI, –$1650 to –$100; P = .03) and 
$9369 less than those of the cohort who received neither treat-
ment (95% CI, –$11,376 to –$7361; P < .01). Mean annual 
hospitalization and SNF expenditures for patients receiving 
SAC/VAL were $1778 (95% CI, –$2316 to –$1240; P < .01) 
and $259 (95% CI, –$383 to –$135; P < .01) less, respec-
tively, than those of the patients treated with ACEIs/ARBs and 
$7049 (95% CI, –$8432 to –$5666; P < .01) and $2276 (95% 
CI, –$2757 to –$1796; P < .01) less than those of the patients 
receiving neither therapy. HF-related total Parts A/B expen-
ditures in the SAC/VAL group were $726 higher compared 
with the ACEIs/ARBs group (95% CI, $476-$979; P < .01), 
but HF-related hospitalization expenditures were not statisti-
cally different from the cohort who received neither treatment 
(95% CI, –$35 to $399; P = .10) (Table 4). Results describing 
HCRU rates in the PS-matched cohorts are available in the 
eAppendix (eAppendix Table 6).

DISCUSSION 
The health care system is moving toward value-based care, 
which incentivizes high-quality and lower-cost services. 
Approximately 40% of 2018 payments were through tradi-
tional Medicare FFS payments (not tied to quality), whereas 
approximately 25% were FFS with a link to quality and/or 
value, 31% were through APMs built on FFS (eg, bundled 
payments, shared savings), and 5% were population-based 
payments (eg, per member per month and global budgets), 
which highlights the growing presence of APMs and value-
based care.42

This retrospective study evaluated the association between 
utilization of SAC/VAL and expenditures for patients with 
HFrEF within the BPCI Model 2 90-day episode and MSSP 
performance year frameworks. Patients with HFrEF who 

receive SAC/VAL have significantly lower expenditures 
across a number of care settings compared with patients who 
receive ACEIs/ARBs or neither treatment. All-cause rehospi-
talization expenditures were the largest cost driver for patients 
with HFrEF. Past research found that decreased revenue from 
reduced hospitalizations for patients with HF taking SAC/
VAL was more than offset by the bonuses and shared savings 
of the APM.16,17 In the MSSP CY 2018 analysis, total mean 
HF-related Parts A/B expenditures were higher among the 
SAC/VAL cohort compared with the ACEIs/ARBs group. This 
may be due to inconsistency in coding practices for patients 
treated with SAC/VAL vs non-SAC/VAL therapies. Previous 
research found that hospital inpatient claims are more likely 
to be coded with an HF diagnosis for patients treated with 
SAC/VAL than ACEIs/ARBs.43 It is important to note that 
Part D prescription drug costs are out of scope of the MSSP 
and BPCI and thus are not evaluated in the present study. 
Prior research has already examined the impact of SAC/VAL 
utilization on total cost of care from the payer and societal 
perspectives.19,44 In contrast, our study is designed to assess 
utilization of SAC/VAL and conceptually how it may affect 
provider performance under MSSP and BPCI from the view-
point of providers.

In 2021, the ACC released its expert consensus deci-
sion pathway that recommends an ACEI, ARB, or ARNI 
as frontline therapy, with ARNI preferred, for management 
of HFrEF. Approximately 50% of patients with HFrEF 
included in the BPCI analysis and 34% of the patients in 
the MSSP analysis received neither SAC/VAL nor an ACEI/
ARB, reflecting significant room for improvement in opti-
mizing medical therapies for patients with HF. Despite 
proven clinical efficacy, guideline recommendations, and 
quality improvement initiatives, uptake of SAC/VAL has 
been relatively low in the United States. In this study, use 
among BPCI and MSSP participants was low (less than 6%) 
among beneficiaries. Barriers to uptake of SAC/VAL include 
the medication cost45 and, in inpatient settings, the required 
washout period for switching from an ACEI/ARB to SAC/
VAL that can increase length of stay.46 The value-based 
incentives under APMs mitigate both of these barriers as 
provider performance is measured by relatively longer-term 
patient outcomes (up to 90 days post discharge under BPCI 
and annually under MSSP) as opposed to a single clinical 
encounter under the traditional FFS model.

We believe that findings from this study contribute substan-
tial evidence and data for informing the dialogue around the 
value of SAC/VAL and other innovative medicines, partic-
ularly in the context of value-based payment models such 
as the BPCI and MSSP examined in this study. Given that 
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APMs have seen mixed success in the cardiovascular space,36 
this study’s ability to tie health economic outcomes specific 
to APMs to the use of SAC/VAL, a guideline-directed medi-
cation therapy for treatment of HF, underscores the need for 
high-quality care in the context of program performance. 
This study is the first to provide real-world evidence that 
SAC/VAL for management of HF could provide benefit in 
reducing expensive medical events in the context of APMs 
such as BPCI and MSSP and could, in turn, improve health 
system and APM performance.

Limitations
Several study limitations should be noted. First, the study popu-
lation included Medicare FFS beneficiaries, thus the study find-
ings may not be generalizable to the commercially insured or 
other insured patient populations. Clinical information such as 
disease stage and HF severity (eg, New York Heart Association 
functional class), laboratory results (eg, ejection fraction values, 
blood pressure values), and beneficiaries’ preferences for 
health care services are important factors that may influence 
the study outcomes of interest. Those data elements are not 
available in administrative claims data and were not accounted 
for in the analyses. In the absence of clinical information, this 
study utilized common methods for claims-based research to 
identify patients with HFrEF.43,47-49 Although administrative 
claims are an excellent data source for capturing total health 
care expenditures, the ascertainment of clinical or disease- 
specific outcomes such as HF hospitalizations may be subject 
to misclassification bias due to inconsistent or inaccurate 
recording of ICD-10 diagnosis codes. The analysis also excluded 
beneficiaries in BPCI who died prior to the end of the episode, 
which eliminated a subset of beneficiaries with at-risk health 
status (ie, survival bias). However, this decision mirrored the 
design of the BPCI Model 2 and MSSP to allow for the exam-
ination of patient outcomes from the perspective of providers 
participating in these programs. In addition, patients who were 
nonadherent or had a treatment gap were also excluded from 
the data analysis. Thus, the study findings are not generalizable 
to patients with poor treatment adherence. 

CONCLUSIONS
Optimizing utilization of SAC/VAL for beneficiaries with 
HFrEF could reduce medical expenditures and improve 
provider performance in Medicare APMs.
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Code Type Code Code Description
291 HEART FAILURE AND SHOCK WITH MCC
292 HEART FAILURE AND SHOCK WITH CC
293 HEART FAILURE AND SHOCK WITHOUT CC/MCC

I5020 Unspecified systolic (congestive) heart failure
I5021 Acute systolic (congestive) heart failure
I5022 Chronic systolic (congestive) heart failure
I5023 Acute on chronic systolic (congestive) heart failure

I5040
Unspecified combined systolic (congestive) and diastolic (congestive) 

heart failure

I5041
Acute combined systolic (congestive) and diastolic (congestive) heart 

failure

I5042
Chronic combined systolic (congestive) and diastolic (congestive) 

heart failure

I5043
Acute on chronic combined systolic (congestive) and diastolic 

(congestive) heart failure

MS-DRG

ICD-10

eAppendix Table 1. Diagnostic code set



eAppendix Table 2. Baseline Characteristics of BPCI Model 2 HFrEF 90-Day Episodes, in Matched Treatment Groups, 2016-2018 

Variable Treatment 

group 1: 

received 

SAC/VAL  

(n = 13,786 

episodes) 

Treatment 

group 2: 

received 

ACEI/ARB and 

did not receive 

SAC/VAL 

(n = 41,355 

episodes) 

Standardized 

mean 

differencea 

Treatment 

group 1: 

received 

SAC/VAL 

(n = 12,003 

episodes) 

Treatment 

group 3: did 

not receive 

ACEI/ARB 

and did not 

receive 

SAC/VAL 

(n = 36,009 

episodes) 

Standardized 

mean 

differencea 

Male, n (%) 8105 (59) 24,036 (58) –0.0137 7124 (58) 20,704 (56) –0.0365 

Age in years at index, 

mean (SD) 

73 (12) 73 (12) –0.0204 74 (11) 75 (12) –0.0290 

Race, n (%) 
  

0.0142 
  

0.0068 

White 10,078 (73) 30,476 (74) 9060 (75) 27,146 (75) 

Black 2742 (20) 8017 (19) 2190 (18) 6534 (18) 

Other 850 (6) 2533 (6) 674 (6) 2063 (6) 

Unknown 104 (1) 335 (1) 79 (1) 266 (1) 

Census region, n (%) 
  

0.0159 
  

0.0247 

Northeast 2746 (20) 8366 (20) 2417 (20) 7458 (20) 

South 6196 (45) 1840 (45) 5319 (44) 15,578 (43) 

Midwest 3101 (22) 9390 (23) 2735 (23) 8431 (23) 

West 1714 (12) 5086 (12) 1509 (13) 4470 (12) 

Other 28 (0) 63 (0) 23 (0) 72 (0) 

Dual eligible, n (%) 
  

0.0008 
  

0.0269 

Full 3690 (27) 11,084 (27) 3043 (25) 9524 (26) 

Partial 1529 (11) 4582 (11) 1232 (10) 3644 (10) 

None 8561 (62) 25,674 (62) 7724 (64) 22,822 (63) 

Part D low-income subsidy 

eligibility, n (%) 

  
0.0043 

  
0.0194 

Full 5495 (40) 16,482 (40) 4499 (37) 13,811 (38) 

Partial 644 (5) 1969 (5) 535 (4) 1531 (4) 



None 7646 (55) 22,904 (55) 6969 (58) 20,667 (57) 

Index year, n (%) 
  

0.0461 
  

0.0248 

2016 2861 (21) 7845 (19) 2737 (23) 7847 (22) 

2017 5587 (41) 16,928 (41) 4860 (40) 14,690 (41) 

2018 5337 (39) 16,582 (40) 4406 (37) 13,472 (38) 

Comorbidities, n (%) 
  

 
  

 

Anemia 6874 (50) 20,993 (51) –0.0179 6585 (55) 20,182 (56) –0.0238 

Atrial fibrillation 7856 (57) 23,707 (57) –0.0067 7069 (59) 21,432 (60) –0.0127 

Cardiac arrhythmia 4713 (34) 14,304 (35) –0.0084 4158 (35) 12,611 (35) –0.0079 

Cerebrovascular 

disease 

3845 (28) 11,759 (28) –0.0120 3494 (29) 10,689 (30) –0.0126 

COPD 6378 (46) 19,430 (47) –0.0143 5692 (47) 17,503 (49) –0.0237 

Dementia 1836 (13) 5541 (13) –0.0024 1794 (15) 5454 (15) –0.0055 

Depression 3810 (28) 11,578 (28) –0.0079 3431 (29) 10,409 (29) –0.0071 

Diabetes 8344 (61) 25,310 (61) –0.0137 7329 (61) 22,235 (62) –0.0141 

Dyslipidemia 11,710 (85) 35,258 (85) –0.0086 10,186 (85) 30,683 (85) –0.0097 

Hypertension 12,782 (93) 38,485 (93) –0.0130 11,184 (93) 33,687 (94) –0.0150 

Ischemic heart disease 11,026 (80) 33,332 (81) –0.0154 9835 (80) 29,540 (80) –0.0097 

Pacemaker 4638 (34) 13,976 (34) –0.0032 4089 (33) 12,415 (34) –0.0084 

Peripheral vascular 

disease 

5883 (43) 17,998 (44) –0.0170 5407 (45) 16,426 (46) –0.0114 

Renal disease 7687 (56) 23,357 (57) –0.0141 7459 (62) 22,639 (63) –0.0150 

Sleep apnea 3915 (28) 11,728 (28) 0.0091 3375 (28) 10,379 (29) –0.0156 

Medicare HCC risk score, 

mean (SD) 

3.29 (2) 3.32 (2) –0.0259 3 (2) 4 (2) –0.0466 

Baseline HF-related 

hospitalizations, mean 

(SD) 

0 (1) 0 (1) –0.0189 1 (1) 1 (1) –0.0151 

Baseline HF-related ED 

visits, mean (SD) 

0 (0) 0 (1) 0.0146 0 (0) 0 (1) 0.0042 

Baseline cardiologist 

office visits, mean (SD) 

3 (3) 3 (4) 0.0288 3 (3) 3 (4) 0.0304 



Baseline HF-related SNF 

admissions, mean (SD) 

0 (0) 0 (0) –0.0055 0 (0) 0 (0) –0.0045 

Baseline HF-related HHA 

admissions, mean (SD) 

3 (10) 3 (10) –0.0001 3 (10) 3 (11) –0.0265 

Total annual expenditures 

(Parts A/B) in $, mean 

(SD) 

35,985 

(42,968) 

35,988 (42,393) –0.0000 39,271 (46,062) 39,298 (44,366) –0.0006 

Total annual HF-related 

expenditures (Parts A/B) 

in $, mean (SD) 

6727 (16,023) 6659 (16,521) –0.0041 7440 (17,397) 7469 (18,463) –0.0016 

Prescribing physician 

specialty,b n (%) 

  
0.0217 

  
— 

Primary care 7554 (55) 22,891 (55) — — 

Cardiologist 4659 (33) 13,569 (33) — — 

Other specialist 1582 (12) 4,895(12) — — 

Episodes per patient, n (%) 
  

0.0251 
  

0.0394 

1 8857 (65) 26,073 (63) 7594 (63) 22,154 (62) 

2 3207 (23) 9919 (24) 2890 (24) 8901 (25) 

≥3 1721 (12) 5363 (13) 1519 (13) 4950 (14) 

Baseline medication, n (%)       

RAAS naive (did not 

receive ACEI, ARB, or 

ARNI in baseline) 

2379 (17) 6976 (17) 0.0103 2595 (22) 7471 (21) 0.0213 

Aldosterone antagonist 4394 (32) 13,103 (32) 0.0041 3545 (30) 10,699 (30) –0.0038 

β-blocker 10,297 (75) 31,153 (75) –0.0146 8683 (72) 26,085 (72) –0.0106 

Digoxin 2396 (17) 6905 (17) 0.0182 1943 (16) 5720 (16) 0.0083 

Loop diuretic 11,217 (81) 33,820 (82) –0.0105 9806 (82) 29,805 (83) –0.0281 

 

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; 

BPCI, Bundled Payments for Care Improvement; COPD, chronic obstructive pulmonary disease; ED, emergency department; HCC, 



Hierarchical Conditions Categories; HF, heart failure; HFrEF, HF with reduced ejection fraction; HHA, home health agency; RAAS, 

renin-angiotensin-aldosterone system; SAC/VAL, sacubitril/valsartan; SNF, skilled nursing facility. 

aA variable with a between-group standardized mean difference between –0.1 and 0.1 was considered balanced. 

bTreatment group 3 does not have a prescribing physician as they are not receiving either treatment, thus this variable was not used for 

matching treatment group 1 to treatment group 3. 

  



Variable
Treatment Group 1:

Received sacubitril/valsartan 
(N = 17,444 episodes)

Treatment Group 2:
Received ACE/ARB and did 

not receive 
sacubitril/valsartan

(N = 190,184 episodes)

Standardized Mean 
Difference (Between 

Group 1 and 2)

Treatment Group 3:
Did not receive ACE/ARB and 

did not receive 
sacubitril/valsartan 

(N = 205,153 episodes)

Standardized Mean 
Difference (Between Group 1 

and 3)

Treatment Group 1:
Received 

sacubitril/valsartan 
(N = 20,619 patients)

Treatment Group 2:
Received ACE/ARB and 

did not receive 
sacubitril/valsartan

(N = 188,818 patients)

Standardized Mean 
Difference (Between 

Group 1 and 2)

Treatment Group 3:
Did not receive ACE/ARB and 

did not receive 
sacubitril/valsartan 

(N =  103,174 patients)

Standardized Mean 
Difference (Between Group 1 

and 3)

Male (%) 10,467 (60) 90,924 (48) -0.2465 98,882 (48) -0.2386 13,642 (66) 98,326 (52) -0.2896 49,551 (48) -0.3727
Mean age at index (SD) 72 (12) 76 (12) -0.2916 77 (12) -0.4395 74 (10) 77 (10) -0.3067 80 (11) -0.5338
Race (%) 0.0969 0.1856 0.1683
White 12,387 (71) 142,765 (75) 162,018 (79) 16,894 (82) 160,704 (85) 90,590 (88)
Black 3,771 (22) 34,592 (18) 32,439 (15) 2,585 (13) 19,285 (10) 8,838 (9)
Other 1,135 (7) 11,694 (6) 9,669 (5) 878 (4) 7,172 (4) 3,146 (3)
Unknown 151 (1) 1,133 (1) 1,027 (1) 262 (1) 1,657 (1) 600 (0)
Census Region (%) 0.1467 0.1277 0.0629
Northeast 3,543 (20) 37,062 (19) 44,341 (22) 2,249 (11) 23,940 (13) 13,015 (13)
South 8,017 (46) 76,342 (40) 81,587 (40) 7,181 (35) 63,301 (34) 35,690 (35)
Midwest 3,791 (22) 46,936 (25) 51,849 (25) 4,539 (22) 42,566 (23) 22,917 (22)
West 2,054 (12) 29,428 (16) 27,079 (13) 4,554 (22) 41,313 (22) 22,202 (22)
Other 39 (0) 416 (0) 297 (0) 2,096 (10) 17,698 (8) 9,350 (8)
Dual Eligible (%) 0.0865 0.1356 0.0842
Full 4,901 (28) 56,353 (30) 54,360 (65) 2,926 (14) 29,797 (16) 17,182 (17)
Partial 2,100 (12) 17,995 (9) 17,274 (8) 1,635 (8) 13,409 (7) 6,663 (6)
None 10,438 (60) 115,708 (61) 133,389 (65) 16,058 (78) 145,612 (77) 79,329 (77)
Part D Low Income Subsidy Eligibility (%) 0.034 0.1263 0.0239
Full 7,353 (42) 77,964 (41) 75,346 (37) 4,708 (23) 44,328 (23) 24,419 (24)
Partial 834 (5) 8,305 (4) 8,146 (4) 826 (4) 7,597 (4) 3,825 (4)
None 9,257 (53) 103,915 (55) 121,661 (59) 15,085 (73) 136,893 (73) 74,930 (72)
Index Year (%) 0.4912 0.4304
2016 3,155 (18) 72,829 (38) 73,076 (36) -- -- --
2017 7,026 (40) 69,031 (36) 76,156 (37) -- -- --
2018 7,263 (42) 48,324 (25) 55,921 (27) 20,619 (100) 188,818 (100) 103,174 (100)
Comorbidities
Anemia 9,011 (52) 95,812 (50) 0.0256 129,474 (63) -0.2332 3,672 (18) 35,611 (19) -0.272 26,284 (26) -0.1870
Atrial fibrillation 10,112 (58) 102,707 (54) 0.0799 127,759 (62) -0.0880 10,295 (50) 87,368 (46) 0.0733 57,415 (56) -0.1148
Cardiac arrhythmia 6,293 (36) 56,426 (30) 0.1368 671,09 (33) 0.0709 6,260 (30) 47,181 (25) 0.1203 29,528 (29) 0.0382
Cerebrovascular disease 4,964 (28) 52,306 (28) 0.0212 62,666 (31) -0.0458 4,697 (23) 45,637 (24) -0.0328 27,905 (27) -0.0988
Chronic obstructive pulmonary disorder 8,330 (48) 88,996 (47) 0.0192 106,544 (52) -0.0837 6,436 (31) 60,012 (32) -0.0123 40,498 (29) -0.1689
Dementia 2,218 (13) 33,881 (18) -0.1422 43,699 (21) -0.2300 1,202 (6) 19,205 (10) -0.1605 16,724 (16) -0.3361
Depression 4,953 (28) 56,096 (30) -0.0243 66,245 (32) -0.0848 4,450 (22) 45,765 (24) -0.0632 30,059 (29) -0.1743
Diabetes mellitus 10,868 (62) 111,788 (59) 0.0721 121,559 (59) 0.0625 10,709 (52) 96,419 (51) 0.0175 46,668 (45) 0.1345
Dyslipidemia 15,032 (86) 151,588 (80) 0.1726 165,550 (81) 0.1477 17,892 (87) 158,186 (84) 0.0847 82,588 (80) 0.1816
Hypertension 16,274 (93) 175,762 (92) 0.034 190,545 (93) 0.1623 18,725 (91) 174,489 (92) -0.0576 91,196 (88) 0.0795
Ischemic heart disease 14,353 (82) 135,721 (71) 0.2609 152,908 (75) 0.1891 15,962 (77) 125,796 (67) 0.242 67,999 (66) 0.2575
Pacemaker 6,772 (39) 45,302 (24) 0.3278 555,75 (27) 0.2515 6,101 (30) 36,615 (19) 0.2388 23,191 (22) 0.1626
Peripheral vascular disease 7,554 (43) 80,740 (43) 0.0172 99,148 (48) -0.1010 7,361 (36) 70,861 (38) -0.038 44,457 (43) -0.1517
Renal disease 10,237 (59) 100,769 (53) 0.1150 142,151 (69) -0.2223 8,395 (41) 76,007 (40) 0.0094 52,686 (51) -0.2088
Sleep apnea 5,297 (30) 47,280 (25) 0.1234 57,303 (28) 0.0536 5,823 (28) 46,326 (25) 0.0842 25,605 (25) 0.0776
Mean Medicare HCC Risk Score (SD) 3 (2) 3 (2) 0.0130 4 (2) -0.3036 2 (2) 2 (2) 0.0127 3 (2) -0.2710
Mean Baseline HF-Related Hospitalizations (SD) 1 (1) 0 (1) 0.1954 1 (1) 0.0905 0 (1) 0 (0) 0.1643 0 (1) 0.0530
Mean Baseline HF-Related ER Visits (SD) 0 (1) 0 (1) 0.1056 0 (0) 0.1079 0 (0) 0 (0) 0.0920 0 (0) 0.0729
Mean Baseline Cardiologist Office Visits (SD) 3 (4) 2 (3) 0.3738 2 (3) 0.2761 1 (1) 1 (1) 0.3842 1 (1) 0.3792
Mean Baseline HF-Related SNF Admissions (SD) 0 (0) 0 (0) -0.0013 0 (1) -0.0699 0 (0) 0 (0) -0.0053 0 (0) -0.0848
Mean Baseline HF-Related HHA Admissions (SD) 3 (10) 3 (9) 0.0722 4 (12) -0.0445 0 (1) 0 (0) 0.0166 0 (1) -0.0946
Mean Total Annual Expenditures (Parts A + B), $ 38,798 (44,396) 35,449 (42,683) 0.0769 44,459 (48,932) -0.1212 22,281 (30,338) 20,063 (31,032) 0.0723 27,231 (39,041) -0.1416

Mean Total Annual HF-Related Expenditures (Parts A + B), $ 8,747 (18,650) 5,502 (14,213) 0.1957 7,342 (16,989) 0.0787 3,567 (10,630) 1,996 (9,456) 0.1562 2,965 (11,986) 0.0532

Prescribing Physician Specialty (%) 0.5736 --
Primary Care 8,548 (49) 135,008 (71) -- 7,003 (34) 125,957 (67) --
Cardiologist 6,985 (40) 29,388 (16) -- 12,463 (60) 52,058 (28) --
Other Specialist 1,911 (11) 25,788 (13) -- 1,153 (6) 10,803 (5) --
Episodes Per Patient (%) 0.1825
1 9,729 (56) 121,437 (64) 124,089 (60) 0.1205 -- -- --
2 4,479 (26) 44,006 (23) 51,544 (25) -- -- --
3+ 3,236 (19) 24,741 (13) 29,520 (15) -- -- --
RAAS Naive (did not receive ACEi, ARB, or ARNI in 
baseline) (%)

2,628 (15) 32,900 (17) -0.0607 110,825 (54) -0.8980 16,333 (79) 154,941 (82) -0.0720 32,665 (32) 1.0895

At least 1 prescription fill for Aldosterone antagonist in 
baseline (%)

6,612 (38) 38,904 (21) 0.3911 44,093 (22) 0.3651 7,495 (36) 34,744 (18) 0.4110 18,289 (18) 0.4288

At least 1 prescription fill for beta blocker in baseline (%) 13,661 (78) 114,876 (60) -0.1473 116,000 (57) -0.1808 16,219 (79) 89,356 (47) -0.1439 52,950 (51) -0.1886
At least 1 prescription fill for digoxin in baseline (%) 3,531 (20) 23,680 (13) 0.2119 25,753 (13) 0.2088 3,161 (15) 17,279 (9) 0.1893 10,850 (11) 0.1439
At least 1 prescription fill for dieurectics, loop in baseline 
(%)

14,702 (84) 145,171 (76) 0.2009 167,348 (82) 0.0720 14,289 (69) 114,071 (60) 0.1870 68,610 (67) 0.0600

--

--

--

eAppendix Table 3. Medicare FFS beneficiary baseline patient and clinical characteristics prior to propensity score matching of episodes from the BPCI Model 2 (2016-2018) 

Notes:

BPCI Model 2 MSSP

--

0.7197

--

0.0155

0.0517

0.0628

0.0891



Adjusted Incidence Rate*, by Service
(per 10,000 episodes)

Treatment Group 1 Treatment Group 2 Treatment Group 1 Treatment Group 3

All-Cause Rehospitalizations 5,432 6,079 5,436 8,117
HF-Related Rehospitalizations 2,678 2,615 2,700 3,494
All-Cause ER Visits 4,119 4,979 3,981 5,441
HF-Related ER Visits 431 478 399 499
All-Cause Physician Office Visits 55,636 50,502 56,979 47,262
HF-Related Physician Office Visits 9,820 7,384 9,831 6,412
All-Cause SNF Admissions 1,777 2,237 1,922 7,740
HF-Related SNF Admissions 524 639 531 2,074
All-Cause Distinct Home Health Service Days 70,662 71,753 76,462 75,800
HF-Related Distinct Home Health Service Days 38,692 36,153 41,200 37,267

eAppendix Table 4. Propensity-score matched Medicare Parts A/B adjusted incidence rate in BPCI Model 2 HFrEF episodes in 2016-2018, by service 
and treatment group

Notes:
-Abbreviations: CI = Confidence Interval, ER = Emergency Room, HF = Heart Failure, HFrEF = Heart Failure With Reduced Ejection Fraction, HHA = Home 
Health Agency, SNF = Skilled Nursing Facility
-Treatment group 1 received SAC/VAL and no ACEi/ARBs, treatment group 2 received ACEi/ARBs and no SAC/VAL, and treatment group 3 received neither
treatment
-Treatment group 1 was restricted to individuals that are adherent (PDC>=80)



eAppendix Table 5. Baseline Characteristics of Propensity Score–Matched Patients With HFrEF Managed by an MSSP Participant in 

2018 

Variable Treatment 

group 1: 

received 

SAC/VAL 

(n = 18,004 

beneficiaries) 

Treatment 

group 2: 

received 

ACEI/ARB and 

did not receive 

SAC/VAL 

(n = 54,012 

beneficiaries) 

Standardized 

mean 

differencea 

Treatment 

group 1: 

received 

SAC/VAL  

(n = 7186 

beneficiaries) 

Treatment 

group 3: did not 

receive 

ACE/ARB and 

did not receive 

SAC/VAL 

(n = 21,558 

beneficiaries) 

Standardized 

mean 

differencea 

Male, n (%) 11,471 (64) 34,303 (64) –0.0042 3849 (54) 11,349 (53) –0.0018 

Age in years at index, 

mean (SD) 

75 (10) 75 (10) –0.0045 78 (9) 78 (11) –0.0382 

Race, n (%)   0.0042   0.032 

White 15,100 (84) 45,337 (84) 6167 (86) 18,732 (87) 

Black 1992 (11) 5961 (11) 710 (10) 1968 (9) 

Other 701 (4) 2105 (4) 252 (4) 691 (3) 

Unknown 211 (1) 609 (1) 57 (1) 167 (1) 

Census region, n (%)   0.0131   0.0280 

Northeast 2055 (11) 6059 (11) 843 (12) 2612 (12) 

South 6220 (35) 18,578 (34) 2415 (34) 7338 (34) 

Midwest 3949 (22) 12,127 (22) 1573 (22) 4811 (22) 

West 3995 (22) 11,913 (22) 1661 (23) 4757 (22) 

Other 1785 (10) 5335 (10) 694 (10) 2040 (9) 

Dual eligible, n (%)   0.0017   0.0092 

Full 2441 (14) 7298 (14) 1082 (15) 3204 (15) 

Partial 1322 (7) 3984 (7) 482 (7) 1489 (7) 

None 14,241 (79) 42,730 (79) 5622 (78) 16,865 (78) 

Part D low-income subsidy 

eligibility, n (%) 

  0.0082   0.0162 

Full 3881 (22) 11,605 (22) 1610 (22) 4807 (22) 

Partial 680 (4) 1961 (4) 281 (4) 779 (4) 



None 13,443 (75) 40,446 (75) 5295 (74) 15,972 (74) 

Comorbidities, n (%)       

Anemia 3213 (18) 9641 (18) –0.0001 1853 (26) 5111 (24) 0.0481 

Atrial fibrillation 8930 (50) 26,820 (50) –0.0011 3947 (55) 11,861 (55) –0.0019 

Cardiac arrhythmia 5237 (29) 15,615 (29) 0.0039 2254 (31) 6392 (30) 0.0372 

Cerebrovascular disease 4202 (23) 12,672 (23) –0.0029 2043 (28) 5764 (27) 0.0378 

COPD 5570 (31) 16,727 (31) –0.0007 2757 (38) 8165 (38) 0.0101 

Dementia 1142 (6) 3451 (6) –0.0019 836 (12) 2527 (12) –0.0027 

Depression 3892 (22) 11,551 (21) 0.0056 1994 (28) 5711 (26) 0.0282 

Diabetes  9118 (51) 27,388 (51) –0.0013 3499 (49) 10,237 (47) 0.0241 

Dyslipidemia 15,568 (86) 46,734 (87) –0.0016 5982 (83) 17,875 (83) 0.0088 

Hypertension 16,391 (91) 49,212 (91) –0.0025 6461 (90) 19,243 (90) 0.0213 

Ischemic heart disease 13,680 (76) 41,228 (76) –0.0082 5133 (71) 15,081 (70) 0.0324 

Pacemaker 4692 (26) 13,991 (26) 0.0004 1832 (26) 5126 (24) 0.0398 

Peripheral vascular 

disease 

6550 (36) 19,648 (36) 0.0001 3062 (43) 8877 (41) 0.0291 

Renal disease 7181 (40) 21,400 (40) 0.0054 3716 (52) 10,610 (50) 0.0499 

Sleep apnea 4865 (27) 14,533 (27) 0.0054 1864 (26) 5603 (26) –0.0012 

Medicare HCC risk score, 

mean (SD) 

2 (1) 2 (2) 0.0084 3 (2) 3 (2) –0.0532 

Baseline HF-related 

hospitalizations, mean 

(SD) 

0 (1) 0 (1) 0.01731 0 (1) 0 (1) 0.0820 

Baseline HF-related ED 

visits, mean (SD) 

0 (0) 0 (0) 0.0920 0 (0) 0 (0) 0.0386 

Baseline cardiologist 

office visits, mean (SD) 

1 (1) 1 (1) 0.0045 1 (1) 1 (1) 0.0408 

Baseline HF-related SNF 

admissions, mean (SD) 

0 (0) 0 (0) –0.0029 0 (0) 0 (0) 0.0189 

Baseline HF-related HHA 

admissions, mean (SD) 

0 (1) 0 (0) 0.0064 0 (1) 0 (1) 0.0192 



Total annual expenditures 

(Parts A/B) in $, mean 

(SD) 

21,182 

(29,320) 

20,800 (30,586) 0.0128 28,322 

(37,737) 

25,930 (35,433) 0.0645 

Total annual HF-related 

expenditures (Parts A/B) 

in $, mean (SD) 

2910 (8669) 2576 (10,841) 0.0340 3798 (10,231) 3125 (12,653) 0.0585 

Prescribing physician 

specialty,b n (%) 

  0.0074   — 

Primary care 6953 (39) 20,723 (39) — — 

Cardiologist 9939 (55) 29,872 (55) — — 

Other specialist 1112 (6) 3417 (6) — — 

Baseline medication, n (%)       

RAAS naive (did not 

receive ACEI, ARB, or 

ARNI in baseline) 

14,376 (80) 44,419 (80) –0.0088 3305 (46) 9696 (45) 0.0204 

Aldosterone antagonist 5306 (30) 15,199 (28) 0.0294 1370 (19) 4282 (20) –0.0202 

β-blocker 13,667 (76) 41,050 (76) –0.0021 4165 (58) 12,430 (58) –0.0061 

Digoxin 2283 (13) 6555 (11) 0.0165 751 (11) 2408 (11) –0.0232 

Loop diuretic 11,956 (66) 35,671 (66) 0.0077 4701 (65) 14,419 (67) –0.0310 

 

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; 

COPD, chronic obstructive pulmonary disease; ED, emergency department; HCC, Hierarchical Conditions Categories; HF, heart 

failure; HFrEF, HF with reduced ejection fraction; HHA, home health agency; MSSP, Medicare Shared Savings Program; RAAS, 

renin-angiotensin-aldosterone system; SAC/VAL, sacubitril/valsartan; SNF, skilled nursing facility. 

aA variable with a between-group standardized mean difference between –0.1 and 0.1 was considered balanced. 

bTreatment group 3 does not have a prescribing physician as they are not receiving either treatment, thus this variable was not used for 

matching treatment group 1 to treatment group 3. 



Adjusted Incidence Rate, by Service
(per 10,000 patients)

Treatment Group 1 Treatment Group 2 Treatment Group 1 Treatment Group 3

All-Cause Hospitalizations 5,076 9,480 6,535 11,444
HF-Related Hospitalizations 1,379 1,990 1,729 2,253
All-Cause ER Visits 6,409 9,370 7,165 10,128
HF-Related ER Visits 337 540 358 477
All-Cause Physician Office Visits 34,191 34,292 34,392 33,731
Primary Care Physician Office Visits 14,471 14,851 14,867 14,889
Cardiologist Physician Office Visits 12,815 12,249 12,483 10,477
All-Cause SNF Admissions 918 2,886 1,767 5,204
HF-Related SNF Admissions 134 379 272 628
All-Cause Distinct Home Health Service Days 3,388 5,300 6,177 8,148
HF-Related Distinct Home Health Service Days 983 1,198 1,754 1,738

eAppendix Table 6. Propensity-score matched Medicare Parts A/B adjusted incidence rates for Medicare beneficiaries with HFrEF among MSSP participants in 2018, 
by service and treatment group

Notes:
-Abbreviations: CI = Confidence Interval, ER = Emergency Room, HF = Heart Failure, HFrEF = Heart Failure With Reduced Ejection Fraction, HHA = Home Health
Agency, SNF = Skilled Nursing Facility
-Treatment group 1 received SAC/VAL and no ACEi/ARBs, treatment group 2 received ACEi/ARBs and no SAC/VAL, and treatment group 3 received neither treatment
-Treatment group 1 restructed to individuals with no more than one "=<30 day gap" in fills for the 90 day episode
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