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Abstract

Hospitals have demonstrated the benefits of both voluntary and mandatory bundled payments for joint
replacement surgery. However, given generalizability and disparities concerns, it is critical to understand the
availability of care through bundled payments to historically marginalized groups, such as racial and ethnic
minorities and individuals with lower socioeconomic status (SES). This cross-sectional analysis of 3880 US
communities evaluated the relationship between the proportion of Black and Hispanic individuals (minority
share) or Medicare/Medicaid dual-eligible individuals (low SES share) and community-level participation in
Bundled Payments for Care Improvement initiative (BPCI) (being a BPCI community) and Comprehensive
Care for Joint Replacement (CJR) model (being a CJR community). An increase from the lowest to highest
quartile of minority share was not associated with differences in the probability of being a BPCI community
(3.5 percentage point [pp] difference, 95% confidence interval [CI] -1.2% to 8.3%, P = 0.15), but was asso-
ciated with a 16.1 pp higher probability of being a CJR community (95% CI 10.3% to 22.0%, P < 0.0001). An
increase from the lowest to highest quartile of low SES share was associated with a 6.0 pp lower probability of
being a BPCI community (95% CI -10.9% to -1.2%, P = 0.02) and 19.0 pp lower probability of being a CJR
community (95% CI -24.9% to -13.0%, P < 0.0001). These findings highlight that the greater the proportion
of lower SES individuals in a community, the lower the likelihood that its hospitals participated in either
voluntary or mandatory bundled payments. Policymakers should consider community socioeconomic charac-
teristics when designing participation mechanisms for future bundled payment programs.
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Introduction

Over the past decade, the Centers for Medicare and
Medicaid Services (CMS) has led a nationwide effort to

test and scale up bundled payments. These arrangements hold
providers accountable for the quality and costs of care for

discrete care episodes, financially rewarding providers that
contain costs below a benchmark target without compro-
mising quality.

CMS has used 2 nationwide programs to engage hospitals
in bundled payments for lower extremity joint replacement
surgery (hereafter, ‘‘joint replacement’’) bundles. In the
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voluntary Bundled Payments for Care Improvement initia-
tive (BPCI), hospitals elected to accept bundled payment for
episodes starting with admission for joint replacement and
encompassing up to 90 days of postacute care. In the man-
datory Comprehensive Care for Joint Replacement (CJR)
model, hospitals in 67 metropolitan areas were selected by
CMS and required to accept bundled payments for joint
replacement episodes that were identical in design to epi-
sodes in BPCI.1,2 Hospitals in both programs have demon-
strated 2%–4% cost savings with stable quality, with top
performers in BPCI achieving savings of up to 20%.3–7

However, it is critical to understand whether these ben-
efits, and care delivered through bundled payments, are
available to historically marginalized patients, such as ra-
cial minorities and individuals with low socioeconomic
status (SES). If not, results from BPCI and CJR may not be
generalizable—a major limitation for policymakers amid
a large ongoing voluntary bundled payment program and
plans to consider future mandatory programs.8

In addition, if selective participation by hospitals prevents
marginalized patients from receiving improved care under
bundled payments, this dynamic could potentially exacer-
bate long-standing racial and SES disparities in joint repla-
cement care.9–18 Similar issues of selective participation
have been raised for mandatory bundled payments and other
payment models such as accountable care organizations, but
no data have evaluated these dynamics for voluntary bun-
dled payments or comparing selective participation between
voluntary and mandatory programs.19,20

Therefore, this study used Medicare claims and data from
the BPCI and CJR programs to examine whether hospitals’
bundled payment participation is related to the proportion
of historically marginalized individuals in the communities
they serve. The hypothesis was that hospital participation in
both BPCI and CJR programs would be lower in commu-
nities with more marginalized individuals, with more pro-
nounced differences for BPCI than for CJR.

Methods

Study overview

The 2010–2017 Medicare data were used to evaluate the
association between the proportion of historically margin-
alized groups in geographic communities and hospital par-
ticipation in joint replacement bundled payment programs.
The University of Pennsylvania Institutional Review Board
approved this study with a waiver of informed consent. The
study followed guidelines from the Strengthening the Report-
ing of Observational Studies in Epidemiology statement.21

Data

The 2013–2017 BPCI and CJR hospital enrollment data
were used to identify hospitals participating in each pro-
gram. To avoid confounding from the effects of BPCI
and CJR themselves, the analysis used Medicare Provider
Analysis and Review data from a period before either pro-
gram’s start (2010–2012) to identify beneficiaries undergo-
ing joint replacement (Medicare Severity-Disease Related
Groups 469 and 470). Data were also incorporated from
the Medicare Beneficiary Summary File and the American
Community Survey.22

Hospitals and communities

The unit of analysis in this study was geographic com-
munity, as defined by hospital service area.23 Communities
with at least 1 hospital in BPCI (BPCI hospitals) were
defined as BPCI communities, whereas communities with at
least 1 hospital in CJR (CJR hospitals) were defined as CJR
communities. When communities contained both hospital
types, communities were defined based on which program
had greater representation in joint replacement procedures
(eg, if a community had more joint replacement hospitali-
zations occurring under BPCI than CJR, it was categorized
as a BPCI community). Because BPCI predated CJR, hos-
pitals participating in the former could have subsequently
become selected by CMS for the latter. In such cases, hos-
pitals were assigned as CJR hospitals.

Exposure and outcome variables

Two exposure variables were defined to represent his-
torically marginalized patient groups. The first measure, low
SES share, was defined by using Medicare claims to cal-
culate the proportion of individuals in each geographic
community who were eligible for both Medicare and Med-
icaid. To create the second, minority share, Medicare claims
were used to calculate the average annual proportion of
Black and Hispanic individuals in each geographic com-
munity. Communities were categorized into quartiles with
respect to both exposure variables. The outcome variables
were BPCI participation (communities with at least 1 BPCI
hospital) and CJR participation (communities with at least 1
CJR hospital).

Covariates

Community-level patient measures used in this analysis
included patient age, gender, clinical complexity (defined by
Elixhauser mortality index), and prevalence of osteoarthritis
and joint replacement surgery. Analysis also incorporated
community size (number of Medicare fee-for-services ben-
eficiaries) and community-level measures of provider capac-
ity (hospital, skilled nursing facility [SNF], inpatient
rehabilitation facility beds; home health staff), SNF concen-
tration (defined by Herfindahl–Hirschman Index), and Medi-
care Advantage (MA) penetration.24

Statistical analysis

Characteristics were compared across community groups
(BPCI vs. non-BPCI; CJR vs. non-CJR). Chi-squared tests
were used to compare categorical variables and Wilcoxon
rank sum tests were used to compare continuous variables.

Multivariable ordinary least squares regression was used
to conduct cross-sectional analyses of the association be-
tween exposures (the proportion of low SES and racial or
ethnic minority individuals in a community) and outcome
(community participation in bundled payment programs)
variables (Supplementary Methods). Two models, 1 for BPCI
and 1 for CJR, were used to evaluate associations for each
program separately.

Data used in base models were appended into a combined
data set that included 2 observations per community—
1 from the BPCI base model and 1 from the CJR base
model. This approach enabled the use of a model that jointly
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considered community participation in either program as an
outcome, and compared strengths of association for CJR
versus BPCI using interaction terms between marginalized
group exposure variables and an indicator of BPCI ver-
sus CJR base model. All models included both exposure
variables.

All analyses were performed in SAS (version 9.4, SAS
Institute). Statistical tests were 2 tailed and considered sig-
nificant at a = 0.05.

Sensitivity analysis

Analyses was repeated by using (1) data from the Amer-
ican Community Survey, rather than Medicare data, to
define minority share (area-level data of the proportion of
Black and Hispanic individuals) and low SES share (area-
level data of the proportion of individuals either under the
federal poverty line or without a high school education); and
(2) separate models for each exposure variable rather than
models that included both.

Analyses were also replicated using (3) an alternative
definition for BPCI hospitals, defining hospitals participat-
ing in BPCI as BPCI hospitals regardless of subsequent
selection in a CJR area; and (4) multivariable logistic re-

gression rather than ordinary least squares. Finally, to reflect
the fact that CJR was designed to mandate hospital partic-
ipation at level of metropolitan statistical area (MSA), CJR
analyses were repeated using models that used clustering at
MSA level.

Results

The study sample included 3880 geographic communi-
ties nationwide, which varied with respect to minority share
and low SES share (Tables 1 and 2). Among these com-
munities, there were 210 and 1730 BPCI and non-BPCI
communities, respectively, as well as 389 and 1551 CJR
and non-CJR communities, respectively. Both BPCI and
CJR communities were distributed geographically across the
country (Figs. 1 and 2).

BPCI versus non-BPCI communities

Several characteristics differed between the 2 community
groups (Table 1). BPCI communities tended to be bigger
(average of 47623 beneficiaries per community vs. average
of 20,670 beneficiaries per non-BPCI community, P < 0.0001)
with fewer individuals over the age of 65 years (13.6% vs.

Table 1. Community Characteristics

Non-BPCI
communities

BPCI
communities P

Non-CJR
communities

CJR
communities P

Communities (no.) 1730 210 1551 389
Population
Female, mean %, (SD) 50.6 (1.7) 51.0 (1.0) 0.0004 50.5 (1.7) 51.0 (1.3) <0.0001
Age, mean % (SD)

0–64 85.2 (4.2) 86.4 (3.7) <0.0001 85.3 (3.9) 85.8 (4.8) <0.0001
65–74 8.0 (2.2) 7.3 (1.8) <0.0001 8.0 (2.1) 7.5 (2.2) <0.0001
75–84 4.8 (1.5) 4.4 (1.4) <0.0001 4.8 (1.4) 4.7 (1.9) 0.0001
‡85 2.0 (0.8) 1.9 (0.7) 0.1637 1.9 (0.7) 2.0 (1.0) 0.5050

Medicare population
Medicare beneficiaries,

mean no. (SD)
20670 (28567) 47623 (58620) <0.0001 20906 (30645) 34280 (44083) <0.0001

Clinical complexity,
mean score (SD)a

8.3 (1.0) 8.5 (0.9) 0.0358 8.3 (1.0) 8.3 (0.9) 0.7159

MA participation,
mean % (SD)

22.6 (14) 23.3 (12.4) 0.1863 20.7 (12.8) 30.5 (14.8) <0.0001

Osteoarthritis prevalence,
mean % (SD)

2.9 (0.9) 2.8 (0.9) 0.0708 2.9 (0.9) 2.6 (0.8) <0.0001

LEJR prevalence,
mean % (SD)

1.1 (0.3) 1.1 (0.2) 0.2771 1.1 (0.2) 1.0 (0.3) <0.0001

Provider capacity
Total hospital beds,

mean no. (SD)
426 (881) 1141 (2053) <0.0001 421 (938) 831 (1526) <0.0001

Total IRF bed,
mean no. (SD)

24 (60) 72 (153) <0.0001 24 (70) 47 (99) <0.0001

Total SNF bed count,
mean no. (SD)

50 (119) 153 (404) <0.0001 55 (173) 83 (190) <0.0001

Total HHA staff,
mean no. (SD)

237 (723) 641 (1455) <0.0001 238 (752) 450 (1121) <0.0001

Concentration of SNFs,
mean HHI (SD)

3746.2 (2436.8) 2524.1 (2132.5) <0.0001 3721.8 (2414.1) 3169.7 (2472.3) <0.0001

Wilcoxon rank sum tests were used for comparisons.
aClinical complexity was defined by the Elixhauser Comorbidity Index.
BPCI, Bundled Payments for Care Improvement; CJR, Comprehensive Care for Joint Replacement; HHA, Home Health Agency; HHI,

Herfindahl–Hirschman Index; IRF, Institutional Rehabilitation Facility; LEJR, lower extremity joint replacements; MA, Medicare
Advantage; SD, standard deviation; SNF, skilled nursing facility.
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14.8% in non-BPCI communities, P < 0.0001). Compared
with non-BPCI communities, BPCI communities also had
greater patient clinical complexity, MA penetration, and
measures of health care provider capacity.

More BPCI communities were in the highest quartile of
minority share (32.4% vs. 24.1% of non-BPCI communities,
P < 0.0001) (Table 2). In contrast, BPCI and non-BPCI
communities were similar with respect to low SES share
(21.0% of BPCI communities vs. 25.5% of non-BPCI com-
munities in the highest quartile, P = 0.21).

In adjusted multivariable analysis (Table 3), an increase
from the lowest to highest quartile of minority share was
not associated with differences in the probability of being
a BPCI community (3.5% difference in probability, 95%
confidence interval (CI) -1.2% to 8.3%, P = 0.15). Con-
versely, an increase from the lowest to highest quartile of
low SES share was associated with a 6.0 percentage point
(pp) lower probability of being a BPCI community (95% CI
-10.9% to -1.2%, P = 0.02).

CJR versus non-CJR communities

CJR and non-CJR communities also differed with respect to
a number of characteristics (Table 1). Compared with non-
CJR communities, CJR communities were bigger (average of
34,280 beneficiaries per community versus average of 20906
beneficiaries per community) with greater MA penetration
(30.5% vs. 20.7%) (P < 0.0001 for both). CJR communities
also had greater provider capacity than non-CJR communities.

More CJR communities were in the highest quartile of
minority share (31.4% vs. 23.4% of non-CJR communities,
P < 0.0001) (Table 2). Conversely, more non-CJR commu-
nities were in the highest quartile of low SES share (26.1%
vs. 20.6% of CJR communities, P = 0.0007).

In multivariable analysis (Table 3), an increase from the
lowest to highest quartile of minority share was associated
with a 16.1 pp higher probability of being a CJR community
(95% CI 10.3% to 22.0%, P < 0.0001). In contrast, an in-
crease from the lowest to highest quartile of low SES share
was associated with a 19.0 pp lower probability of being a
CJR community (95% CI -24.9% to -13.0%, P < 0.0001).

BPCI versus CJR

The relationship between both of the exposure variables
and bundled payment participation was stronger for CJR

than for BPCI (Table 3). Moving from the lowest to highest
quartile of minority share was associated with a higher prob-
ability of being a CJR community that was 10.0 pps (95%
CI 3.3% to 16.7%, P = 0.0034) greater than the increase in
probability of being a BPCI community. Conversely, mov-
ing from the lowest to highest quartile of low SES share was
associated with 7.1 pp lower probability (95% CI -14.0% to
-0.2%, P = 0.045) of being a CJR community, as compared
with being a BPCI community.

Sensitivity analysis

Results from sensitivity analyses were qualitatively similar
to those from the primary analyses (Supplementary Tables
S1–S5). Overall, increases from the lowest to highest quartile
of low SES share were associated with a lower probability of
being a bundled payment community for both BPCI and CJR,
whereas increases between the lowest and highest quartile
of minority share were associated with a higher probability
of being a bundled payment community for both programs.

Discussion

To our knowledge, this is the first study evaluating the
relationship between the prevalence of historically margin-
alized groups and hospital participation in bundled payments
in US communities. It demonstrates that hospitals were less
likely to participate in bundled payments in communities
with more low SES individuals than with more affluent com-
munities. In contrast, hospitals in communities with more
racial and ethnic minorities were more likely to partici-
pate than communities with fewer minorities. These find-
ings, which were stronger for mandatory versus voluntary
programs, pose 3 important policy implications.

First, these results highlight the need to distinguish between
different historically marginalized groups when evaluating
the presence of bundled payment hospitals in communities.
Although study findings for low SES share were consistent
with prior hypotheses, findings about minority share were
not. These directionally opposite results highlight how se-
lective hospital participation may limit generalizability of
bundled payment program findings for some groups (eg,
SES) but not necessarily others (eg, race or ethnicity). With
respect to potential disparities, these results suggest that if
bundled payment hospitals try to improve performance by

Table 2. Minority Share and Low Socioeconomic Status Share by Communities

Non-BPCI
communities

BPCI
communities P

Non-CJR
communities

CJR
communities P

Minority share, no. (%) <0.0001 <0.0001
Lowest quartile 462 (26.71) 23 (10.95) 445 (28.69) 40 (10.28)
Second quartile 437 (25.26) 48 (22.86) 379 (24.44) 106 (27.25)
Third quartile 414 (23.93) 71 (33.81) 364 (23.47) 121 (31.11)
Highest quartile 417 (24.10) 68 (32.38) 363 (23.40) 122 (31.36)

Low SES share, no. (%) 0.2108 0.0007
Lowest quartile 421 (24.34) 64 (30.48) 361 (23.28) 124 (31.88)
Second quartile 436 (25.20) 50 (23.81) 382 (24.63) 104 (26.74)
Third quartile 432 (24.97) 52 (24.76) 403 (25.98) 81 (20.82)
Highest quartile 441 (25.49) 44 (20.95) 405 (26.11) 80 (20.57)

Chi-squared tests were used for comparisons. Minority share and low SES share information was derived from the Master Beneficiary
Summary File.

BPCI, Bundled Payments for Care Improvement; CJR, Comprehensive Care for Joint Replacement; SES, socioeconomic status.
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cherry-picking and avoiding high-risk patients, they likely
perceive forms of risk (eg, racial and ethnic vs. SES) dif-
ferently. Future work should elucidate these distinctions.

Second, this study underscores the need to evaluate how
bundled payments affect disparities among low SES indi-
viduals. Presently, that is a critical knowledge gap: few
bundled payment analyses have directly studied outcomes in
these patients, and none have explicitly evaluated how the
payment model impacts disparities in outcomes—that is,
how differences between marginalized and nonmarginalized
patients change over time.25 Such insight is urgently needed
to ensure that payment models promote rather than impede
equity.26

By demonstrating that hospitals in lower income com-
munities are less likely to join BPCI or be included in CJR,
this study provides a foundation and impetus for future
work. Policymakers should ensure that any care improve-
ments prompted by new payment models reach all benefi-
ciaries. In this case, if care through bundled payment
participants is not even available to low SES individuals,
overall results from BPCI and CJR cannot be easily gener-
alized to those communities: positive results may not apply
and observed lack of harms should be interpreted cautiously
and caveated.

Third, findings from this study also demonstrate the
importance of program participation mechanism. Voluntary

FIG. 1. Minority share and low SES share in communities nationwide, 2010–2012. (A) Minority share. (B) Low SES
share. SES, socioeconomic status.
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programs allow hospitals to make participation decisions
based on organizational readiness, but 1 potential concern
is that such freedom may result in selection that reduces the
possibility that marginalized patients could experience care
and improved outcomes under bundled payments (eg, if
hospitals located in certain communities elect not to par-
ticipate in bundled payments).27 Comparatively speaking,
policymaker-mandated participation could better mitigate
such selection and increase generalizability of bundled pay-
ment program findings by requiring participation from all
hospitals across large, highly populated areas.

These results provide new insight into these dynamics.
Although not definitive, observed associations were stronger

for CJR than for BPCI: a comparatively greater increase in
likelihood of participation based on minority share and
greater decrease based on low SES share. Not only do these
findings suggest that mandatory participation is not a pan-
acea for ensuring participation and addressing potential
access issues, but our results also spotlight the importance
of the criteria used to mandate participation. Although man-
dates can theoretically support greater equity by reducing
selective hospital participation, they may not actually accom-
plish that goal if implemented without directly considering
factors such as SES.

In the case of CJR, the program was designed to select
regions based on historical volume and spending for joint

FIG. 2. BPCI and CJR participation in communities nationwide, 2010–2012. (A) BPCI participation. (B) CJR partici-
pation. BPCI, Bundled Payments for Care Improvement initiative; CJR, Comprehensive Care for Joint Replacement.
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replacement surgery, but not based on SES. To the extent
that CJR was meant to include and yield benefits to a range
of different communities, results from this study build on
earlier work and suggest that this approach to selecting regi-
ons may have inadvertently excluded poorer communities—
even to a greater extent than voluntary programs that can
suffer from issues of selective participation, such as BPCI.19

Well-intentioned CJR mandates may have inadvertently
exacerbated access issues for low-income communities by
failing to address the existing relationship between procedu-
ral volume, spending, and SES (low-SES individuals being
less likely than others in a given region to undergo joint
replacement).28

This study has limitations. First, as with all observational
studies, it was susceptible to residual confounding. How-
ever, analyses accounted for a range of covariates and invol-
ved a series of sensitivity analyses to test the robustness of
our results. Second, although this study evaluated the pres-
ence of bundled payment hospitals in communities, future
work is needed to assess the related implications (eg, whe-
ther marginalized groups experience outcomes disparities
under bundled payments).

Third, study findings may not generalize to nonjoint
replacement bundled payment episodes, such as those for
medical conditions. Fourth, results from this analysis yield
policy-relevant insights for bundled payment policy, but
future work is needed to evaluate how hospitals choose to
engage in other programs (eg, community partnerships, ini-
tiatives to address social determinants of health) and pay-
ment models in communities across the country.

Nonetheless, these results are highly salient given that a
potential benefit of mandatory versus voluntary participation
is generalizability: the ability to generate results that better
reflect what would happen if payment models were imple-
mented more broadly nationwide. To leverage these benefits
of mandatory participation without unintentionally limiting
their generalizability, policymakers may need to directly
consider SES and other social determinants when selecting
communities in which to mandate participation.

Conclusion

Hospitals in low-income communities were less likely
to participate in voluntary—and to an even greater extent,
mandatory—bundled payment programs. These findings raise
concerns about generalizability of overall program results
and potential disparities, and suggest that policymakers
should consider communities’ social factors and participa-
tion type in the design of future bundled payment programs.
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