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BACKGROUND:While early evidence suggests that Medi-
care accountable care organizations (ACOs) may reduce
post-acute care (PAC) utilization for attributed beneficia-
ries, whether these effects spill over to all beneficiaries
admitted to hospitals participating in ACOs stray is
unknown.
OBJECTIVE: The objective of this study was to evaluate
whether changes in PAC use and Medicare spending spill
over to all beneficiaries admitted to hospitals participating
in the Medicare Shared Savings Program (MSSP).
DESIGN: Observational study using a difference-in-
differences design comparing changes in PAC utilization
and spending among beneficiaries admitted to ACO-
participating hospitals before and after the start of the
ACO contracts, compared to those admitted to non-ACO
hospitals.
SETTING: A total of 233 hospitals participate in MSSP
ACOs and 3103 non-ACO hospitals.
PARTICIPANTS: A national sample of 11,683,573 Medi-
care beneficiaries experiencing 26,503,086 hospital
admissions from 2010 to 2013.
EXPOSURE: Admission to a hospital participating in an
MSSPACO.
MAIN MEASURES: The probability of discharge and
Medicare payments to inpatient rehabilitation facilities
(IRF), skilled nursing facilities (SNF), and home health
agencies (HHA).
KEY RESULTS: For beneficiaries admitted to hospitals
that joined an ACO, the likelihood of being discharged to
PAC did not change after the hospital joined the ACO
compared with non-ACO hospitals over the same period
(differential change in probability of discharge to any PAC
was 0.000 (P = 0.89), SNF was 0.000 (P = 0.73), IRF was
0.000 (P = 0.96), andHHAwas 0.001 (P = 0.57)). Payments
reduced significantly for PAC overall (− $130.41, P = 0.03),
but not for any individual PAC type alone. These results
were consistent in samples that were conditional on dis-
charge to any PAC, across conditions with high PAC use
nationally, and among ACO-participating hospitals that
also had a PAC participant.

CONCLUSIONS:Hospital participation in an ACO did not
result in spillovers in PAC utilization or payments to all
beneficiaries, even when considering high PAC-use con-
ditions and ACO hospitals that also have an ACO-
participating PAC.
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INTRODUCTION

Medicare payments for post-acute care (PAC), totalling $60
billion in 2015,1 have grown faster than most other categories
of spending, and a 2013 Institute of Medicine report indicated
that PAC utilization is the largest driver of variation in Medi-
care spending.2, 3 Value-based health care payment policies
may help reduce the unwarranted variation in PAC spending,
quality, and utilization by reducing unnecessary utilization.
One of the Medicare’s largest experiments with value-based
payment is its most prevalent accountable care organization
(ACO) model, the Medicare Shared Savings Program
(MSSP). Prior work has shown that this ACO model was
associated with reductions in overall Medicare payments and
stable-to-improved quality for beneficiaries attributed to its
ACOs.4, 5 Early evidence also suggests that these ACOs
decrease institutional PAC utilization, including skilled nurs-
ing facilities (SNFs), inpatient rehabilitation facilities (IRFs),
and long-term care hospitals, as well as reduced spending on
SNFs for attributed beneficiaries.6

While over 9 million Medicare beneficiaries are directly
affected by ACOs through attribution, this represents a small
fraction of the 57.5 million beneficiaries nationwide.7, 8 One
goal of ACO policies is to encourage system-wide practice
transformation to improve the value of care for all patients,
not just those attributed to the ACO, though the financial
incentives through MSSP may be small. However, whether
all beneficiaries admitted to hospitals participating in Medicare
ACOs experience these beneficial spillovers is unknown, but is
of vital importance in evaluating the overall impact of ACOs.
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The interface between hospitals and PAC providers may be a
particularly important transition point in the quest for value under
ACOs. On one hand, PAC providers can provide more intensive
care through the transition out of the hospital than is possible
without formal PAC. On the other hand, without financial ac-
countability, hospitals may not have the incentive to match
patients with the best post-discharge location of care, including
whether or not to use PAC and themost appropriate level of PAC.
Thus, our objective was to evaluate whether Medicare

beneficiaries discharged from a hospital participating in
the MSSP ACO program had different patterns of post-
acute care utilization compared to Medicare beneficiaries
admitted to hospitals not participating in an MSSP ACO,
regardless of whether the beneficiary was attributed to an
MSSP ACO or not. While prior literature has documented
reductions in PAC utilization from MSSP-attributed ben-
eficiaries,6 our approach tests whether ACO hospitals are
generating systematic changes in PAC utilization that spill
over to the broader Medicare population regardless of
ACO attribution status.

METHODS

Data

We used patient-level data for all Medicare hospital discharges
and PAC use from Medicare claims nationally between 2010
and 2013 (from the 100% MedPAR file and Home Health
Agency (HHA) claims file). These claims data were supple-
mented with the Medicare Beneficiary Summary File, con-
taining information on beneficiary enrollment and demo-
graphics (age, sex, race, or ethnic group).9, 10

Provider-level data were obtained from two sources. First, to
determine hospital and PAC provider participation in theMSSP,
we obtained publicly available lists from the Centers for Medi-
care and Medicaid Services (CMS) of participants that joined
MSSPACOs from April 2012 through January 2013. We then
categorized whether or not each ACO included a hospital
(designated BACO hospitals^) and, for ACO hospitals, the date
the ACO joined the MSSP. ACOs joined the MSSP in three
waves during our study period: those that joined on (1) April 1,
2012, (2) July 1, 2012, and (3) January 1, 2013. For each ACO
hospital, we also identified whether the ACO included a SNF,
IRF, and/or HHA. In cases where it was unclear how to cate-
gorize the ACO participant (e.g., if a hospital was included as a
participant, and that hospital had an IRF locatedwithin it but the
IRF was not listed separately as a participant), we contacted the
ACO directly by phone and email to clarify participation.
Because only eight ACO hospitals co-participated with a SNF
alone, this category was excluded.
The second source of provider data was the 2013 Provider

of Service File, from which we drew hospital and PAC facility
characteristics used for descriptive purposes such as the teach-
ing status (resident-to-bed ratio) and size (e.g., number of beds
or number of staff).

Study Population

We included all acute care hospitals and Medicare-certified
PAC providers that admitted Medicare beneficiaries in each
year between 2010 and 2013. This resulted in 3336 hospitals,
15,276 SNFs, 1216 IRFs, and 9651HHAs. The 3336 hospitals
comprised 233 ACO hospitals and 3103 non-ACO hospitals
during our study years. Within each hospital, we created four
cohorts of Medicare fee-for-service (FFS) beneficiaries: those
discharged to SNF, IRF, or HHA within 2 days of hospital
discharge and those with another discharge disposition such as
homewithout formal services or patients transferred to another
acute hospital.
We excluded beneficiaries who died in the hospital (as they

could not be discharged to PAC), younger than the age of 65
(to create a more homogenous population), or enrolled in
Medicare Advantage in the 1 year prior to hospital discharge
(the period during which we measure patient comorbidities) to
ensure that claims are completely identified. We further ex-
cluded beneficiaries discharged to hospice, discharged from
the hospital against medical advice, or admitted for rehabili-
tation care or fitting of prostheses and adjustment devices as
PAC utilization would not be as relevant for this group.
We also separately examined beneficiaries with conditions

that frequently lead to use of PAC by selecting conditions that
are among the 10 most frequent reasons for hospitalization
admitted to SNF, IRF, and HHA. Patients were grouped by
their Medical Severity Diagnosis-Related Group (MS-DRG)
including major joint replacement of lower extremity (Bmajor
joint replacement^) (MS-DRG 469 and 470), hip and femur
fracture surgical repair (Bhip fracture surgery^) (MS-DRG
480-482), coronary artery bypass graft surgery (CABG)
(MS-DRG 231-236), congestive heart failure (CHF) (MS-
DRG 291-293), chronic obstructive pulmonary disease
(COPD) (MS-DRG 190-192, 202, and 203), and acute myo-
cardial infarction (AMI) (MS-DRG 280-282). Our final sub-
group was patients with a high severity of illness, defined as
having an Elixhauser comorbidity score in the top 20% within
the sample.11

Post-Acute Care Utilization and Payments

We used five primary outcome variables: probability of dis-
charge to any PAC (including SNF, IRF, and HHA), probabil-
ity of discharge to IRF, probability of discharge to SNF,
probability of discharge to HHA, and probability of discharge
to Binstitutional PAC^ that comprised IRF and SNF dis-
charges.We also evaluated the probability of discharge to each
PAC type (SNF, IRF, HHA, and IRF/SNF combined) condi-
tional on discharge to any PAC to evaluate whether PAC
utilization shifted among beneficiaries for whom the decision
to discharge to PAC was already made. PAC payments were
measured as Medicare payments over 60 days post-discharge
for each of SNF, IRF, and HHA alone and all PAC combined.
Other secondary outcomes included length of stay in SNF and
IRF (in days) and number of visits for HHA.
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Market Characteristics

We used several time-varyingmarket-level variables to control
for factors that could be associated with ACO participation
and changes in PAC. For each year, we measured the share of
admissions within an HRR that go to an ACO hospital to
control for ACO penetration in a market, each hospital’s
Herfindahl-Hirschman Index (HHI) based on hospital dis-
charges to account for market concentration, the number of
each PAC type (SNF, IRF, HHA) to adjust for PAC capacity in
the market, and aggregate PAC HHI based on PAC beds for
SNF and IRF and staffing (full time equivalents) for HHA to
account for PAC market concentration.

Risk Adjustment

We controlled for patient demographics (age, sex, race), 31
Elixhauser comorbidities, dual eligibility for Medicare and
Medicaid, urban or rural beneficiary ZIP code of residence,
DRG fixed effects (i.e., a dummy variable for each DRG),
hospital fixed effects, time varying HRR/market character-
istics, and a time fixed effect for each 6-month period during
our study. Hospital fixed effects controlled for all unobserv-
able, time-invariant hospital characteristics. Time fixed effects
controlled for national secular trends.

Statistical Analysis

We compared patient-level variables pre- and post-ACO par-
ticipation for patients at ACO-hospitals and prior to and after
January 1, 2013 (the entry date of the third wave of ACOs in
our sample) for the non-ACO hospitals. We also examined the
hospital and market characteristics for ACO versus non-ACO
hospitals. Unadjusted trends in the proportion of discharges to
PAC overall, IRF, SNF, HHA, and other dispositions were
evaluated using line graphs for each wave of ACO hospitals
and non-ACO hospitals.

For the primary analysis, we implemented a difference-in-
differences design using a linear probability model to compare
changes in the probability of PAC utilization among patients
receiving care at 233 hospitals participating in an ACO before
and after their ACO participation began to changes in out-
comes among patients receiving care at 3103 hospitals not
participating in an ACO (comparison group) over the same
time period. Importantly, this approach examines the pre-post
changes among beneficiaries admitted to the same hospital,
allowing each hospital to serve as a control for itself, and for
the same condition (MS-DRG), since the indication for PAC
may vary widely by the clinical reason for admission. We also
examined the effect of ACO participation on length of stay and
Medicare payment for PAC.

We repeated this analysis for specific patient subgroups
including patients in the top 20% of illness severity11 and
with specific medical and surgical conditions that repre-
sent a large share of PAC admissions nationally: major
joint replacement, hip fracture surgery, CABG, CHF,

COPD, and AMI. Next, we repeated the difference-in-
differences analysis conditional on discharge to PAC to
evaluate whether composition of PAC type changed
among patients using PAC. Finally, we examined the
effect of ACO participation when hospitals and PAC pro-
viders co-participate in the same ACO—because ACOs
with both hospitals and PAC providers may respond to
ACO participation differently than ACO hospitals without
a co-participating PAC provider.
We conducted several additional analyses to evaluate

the robustness of our design and results. Because the
difference-in-differences specification assumes that there
will be parallel trends in measured outcomes in the ab-
sence of the ACO intervention, we tested whether trends
in PAC utilization between ACO and non-ACO hospitals
were similar during the pre-ACO period (2010–2011). We
test this graphically and by testing for differences in
trends with regressions for each outcome on binary vari-
ables for 6-month time periods, a binary variable indicat-
ing 1 for eventual ACO participation, and their interac-
tion. We also included the control variables used in the
main analysis. Since ACOs may affect the number of
patients hospitalized in a market, we tested for differences
in the number of admissions based on ACO participation
at the hospital and market levels and examined whether
patterns of PAC utilization changed differentially in ACO
markets versus markets without ACOs.
All analyses used clustered standard errors to account for

multiple patients per hospital and used the Huber-White cor-
rection for heteroscedasticity. Analyses were conducted using
STATA (version 14.2, College Station, TX) and SAS (version
9.4, Cary, NC). All tests of significance were two-tailed at an
alpha of 0.05. The University of Pennsylvania Institutional
Review Board approved the study.

RESULTS

Sample Characteristics

Between 2010 and 2013, 11,683,573 unique Medicare
beneficiaries experienced 26,503,086 discharges across
3336 acute care hospitals, of which 2,933,534 discharges
(11.1%) occurred at the 233 ACO hospitals (Table 1). In
the pre-ACO period (or prior to January 1, 2013 for the
non-ACO hospitals), beneficiaries going to ACO versus
non-ACO hospitals were similar in most characteristics,
including age, sex, percent white, and Elixhauser comor-
bidities. There were notable differences in terms of per-
cent black (8.4 versus 9.7%, respectively), dual eligible
(21.4 versus 23.5%), and residence in an urban location
(94.5 versus 91.6%). The distribution of PAC use was
similar across the two hospital groups, though non-ACO
hospitals had slightly lower use of PAC overall in the
early period compared to ACO hospitals. Despite these
differences, there were no notable differences in the
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changes in these characteristics between the early and late
periods for ACO and non-ACO hospitals.

Hospital and Market Characteristics

A total of 13.7% of ACO hospitals had a SNF partici-
pating in the same ACO, 51.9% had a co-participating
IRF, and over 25% had a co-participating HHA (Ta-
ble 2). Markets with an ACO had more SNFs (73.4
versus 39.2), more IRFs (5.9 vs. 3.1), and more HHAs
(51.7 versus 22.4) though differences in market concen-
tration for PAC care were small. There were no signif-
icant differences in changes in the number of admissions
at ACO hospitals versus non-ACO hospitals, while ACO
markets experienced a small decline relative to non-
ACO markets (− 1480.1 admissions, P < 0.01) (see Sup-
plementary Tables 7 and 8). PAC discharge patterns did
not change in markets with ACO hospitals versus non-
ACO markets (see Supplementary Table 9).

Unadjusted Trends and Test of Parallel Trends

Trends in PAC use were similar among the non-ACO hospitals
and the ACO hospitals grouped by time of ACO-initiation
(Fig. 1). The results of the test of parallel trends indicated that
no consistent divergence before ACOs were implemented in
the pre-2012 period, except for HHA, for which the

magnitudes were very small (changes of 0.2 to 0.4%) (see
Supplementary Tables 10–13).

Risk-Adjusted Differences in Post-Acute Care
Utilization

After risk adjustment, there were no significant changes
in PAC utilization with ACO implementation at ACO
hospitals compared to non-ACO hospitals (Table 3). In
particular, there was no change in probability of dis-
charge to PAC overall, with an estimated change of
0.000 percentage points (P = 0.89) or for discharge to
each PAC type (change in SNF use 0.000 percentage
points, P = 0.73; change in IRF use 0.000, P = 0.96;
change in HHA use 0.001, P = 0.57; and change in
SNF/IRF combined 0.000, P = 0.75).

After stratifying the analyses by type of patient, we
also observed no change in PAC use. This included the
highest risk patients and those admitted with each of six
common conditions (major joint replacement, hip frac-
ture surgery, CABG, CHF, AMI, COPD) using PAC and
when looking at PAC use overall and each type of PAC
use individually. Further, when considering changes in
patterns of PAC use conditional on discharge to PAC,
we again do not observe any differences over time for
ACO and non-ACO hospitals.

Table 1 Sample Characteristics of Medicare Beneficiaries Based on Admission to ACO and Non-ACO Hospitals from 2010 to 2013

Admission to pre-
ACO

Admission to post-
ACO

Non-ACO pre 01/01/
2013

Non-ACO post 01/01/
2013

Unique benificiaries 927,180 363,468 8,155,756 2,237,169
Total number of admissions 2,146,586 786,678 18,779,688 4,789,864
Age, mean (SD) 79.18 (7.72) 79.20 (7.77) 79.00 (7.69) 79.06 (7.75)
Male (%) 41.87 42.08 41.91 42.21
Race (%)
Black 8.44 8.36 9.74 9.67
White 87.90 87.88 85.37 85.21
Hispanic 1.40 1.30 1.95 1.90
Other 2.26 2.46 2.94 3.22

Elixhauser comorbidity score (SD) 8.77 (7.90) 9.56 (8.45) 8.64 (7.81) 9.49 (8.34)
Dual eligible (%) 21.16 19.04 23.54 22.53
Primary diagnosis % (top 5)
Major joint replacement of lower

extremity
4.75 5.44 4.86 5.42

Heart failure and shock 5.00 4.96 5.19 5.17
Simple pneumonia and pleurisy 3.67 3.78 4.07 4.26
Septicemia or severe sepsis 3.48 4.39 3.75 4.83
COPD 3.49 3.23 3.80 3.71

Comorbidity % (top 5)
Hypertension 49.38 51.69 49.87 51.58
Hyperlipidemia 38.51 46.01 37.37 44.12
Coronary atherosclerosis 35.60 38.46 34.99 37.30
Cardiac arrthymia 31.40 34.66 30.29 33.39
Fluid or electrolyte disorder 28.38 31.43 29.21 32.3

Urban zipcode (%) 94.45 94.12 91.62 91.68
Discharge location (%)
SNF 26.41 26.72 23.65 24.42
IRF 3.93 4.14 3.64 3.81
Home with services (HHA) 12.68 13.34 11.84 12.78
Home 55.67 54.33 59.37 57.36
Other 1.31 1.47 1.50 1.63

30-day readmission rate 16.76 15.60 16.44 15.75
30-day mortality rate 4.69 4.73 4.92 5.03

ACO accountable care organization, SD standard deviation, SNF skilled nursing facility, IRF inpatient rehabilitation facility, HHA Home Health
Agency, PAC post-acute care
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Differences in Medicare Payments and Length
of PAC Use

There were no significant changes in Medicare payments over
time by PAC type for patients discharged from ACO versus non-
ACOhospitals. Thiswas true for SNF (− $108.33 per beneficiary,
P= 0.08), IRF (− $119.46 per beneficiary, P= 0.21), and HHA
($1.65 per beneficiary, P= 0.90)) (Table 4). Length of PAC use
did not significantly change for beneficiaries discharged from
ACO hospitals compared to non-ACO hospitals over the study

period at SNF (0.027 days; P= 0.92) or IRF (− 0.071 days; P=
0.34) and HHA (0.018 visits; P= 0.86).

Co-participation of Hospitals and PAC
Providers in an ACO

There were no changes in PAC use between ACO and non-
ACO hospitals over the study period when limiting the ACO-
hospital group to those that also had a PAC provider co-
participating in their ACO (Supplementary Tables 5 and 6).

DISCUSSION

Among all Medicare FFS beneficiaries admitted to hospitals
that initiated participation in the first three waves of MSSP
ACOs, we found no discernible changes in patterns of PAC
utilization and Medicare spending compared to beneficiaries
admitted to hospitals not participating in ACOs over this
period. This lack of association was true among beneficiaries
admitted for six conditions that most commonly use PAC as
well as the most medically complex beneficiaries. Similarly,
hospitals that participated in an ACO with a PAC provider did
not change use of formal PAC relative to non-ACO hospitals.
The lack of association between admission to an ACO hospital
and use of formal or institutional post-acute care was stri-
king—the effects we observe are statistical zeros that are
robust to sub-groups and various definitions of utilization.
Our findings offer a contrast to prior evidence that PAC

patterns for Medicare beneficiaries attributed to ACOs are
associated with significant reductions in institutional PAC
utilization and decreased SNF spending.4, 6, 12, 13 Our analysis
differs in two important ways: first, we focus on the effect in
ACO hospitals rather than among all attributed beneficiaries,
regardless of whether those beneficiaries go to an ACO hos-
pital; and second, we consider the spillover effect to all ben-
eficiaries rather than just attributed beneficiaries. We sought to
answer a different, but complementary question because only
16% of Medicare beneficiaries are attributed to an ACO and
hospitals in ACOs may experience stronger incentives than
non-ACO hospitals for hospital-wide care redesign: namely,
do all beneficiaries admitted to an ACO hospital, regardless of
whether they are eventually attributed to the ACO or not,
experience changes in PAC use?7, 8 Our findings suggest that
ACO hospitals are not redesigning PAC referral patterns hos-
pital-wide, but rather they are doing so for selected beneficia-
ries that would eventually be attributed to them. It seems that
Medicare beneficiaries who are unlikely to be attributed to an
ACO may not benefit from admission to an ACO’s hospital.
Possible reasons for this finding may include that MSSP
provides only small financial incentives to ACO hospitals,
directly proportional to the number of beneficiaries admitted
from its participant ACO, or that system-wide changes take
longer than our sample period. Further, there were trends
toward fewer admissions at the market level during this
time period, with larger reductions in markets with

Table 2 Characteristics of ACO and Non-ACO Hospitals and Their
Markets in 2013*

Hospital (n = 3336)
ACO hospitals
(N = 233)

Non-ACO hospitals
(N = 3103)

No. certified beds, mean
(SD)

356.18 (279.11) 221.80 (220.37)

No. certified beds (%)
≤ 100 10.30 34.97
101–250 31.76 33.64
≥ 250 57.94 31.39

Teaching status (%)
Non-teaching 65.67 81.31
Minor teaching (RB

ratio < 0.25)
21.89 13.66

Major teaching (RB
ration ≥ 0.25)

12.45 4.99

Ownership (%)
Government 10.30 18.34
Not for profit 82.40 58.06
For profit 7.30 23.60

PAC in same hospital ACO (%)
SNF 13.73 NA
IRF 51.93 NA
HHA 25.32 NA

Urban ZIP code§ (%) 90.21 69.93
Market (n = 307)†

With ACO (N =
95)

Without ACO (N =
212)

No. ACOs in market 1.38(0.74) NA
No. ACOs in market (%)
0 0 100
1 72.09 0
2 20.93 0
3+ 6.98 0

ACO hospital admission
in market (%)

32.38 (22.10) NA

No. PACs in market (%)
SNF 73.43 (63.86) 39.15 (35.81)
IRF 5.91 (6.01) 3.09 (3.36)
HHA 51.69 (78.74) 22.36 (27.04)

Herfindahl-Hirschman index, mean (SD)‡
Hospital 2171.96

(1844.53)
3185.14 (2022.89)

SNF 427.04 (277.06) 733.69 (500.10)
IRF 4248.73

(2537.59)
5629.80 (2703.61)

HHA 1751.51
(1104.40)

2033.96 (1365.04)

Aggregate PAC 392.31 (275.00) 622.50 (423.50)

ACO accountable care organization, RB ratio resident-to-bed ratio, SD
standard deviation, SNF skilled nursing facility, IRF inpatient rehabil-
itation facility, HHA Home Health Agency, PAC post-acute care
*ACO Hospitals defined as any hospitals in cohort that participated in
MSSP through January 2013
†Market defined by Dartmouth Atlas Hospital Referral Regions
‡Herfindahl-Hirschman index is based on number of hospital or PAC
admissions
§Hospital urban ZIP code designation was built using US Housing and
Urban Development CBSA to ZIP code
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Fig. 1 Unadjusted proportion of discharges to each post-acute care (PAC) by ACO entry date and non-ACO status for each PAC type, 2010–
2013. a Proportion of discharges to PAC type. Proportion of hospital discharges to particular post-acute care (PAC) provider types before and
after initiation of ACO contracts. ACO waves 1 to 3 correspond to initiation of ACO contract on 04/01/2012, 07/01/2012, and 01/01/2013,

respectively. The three colored vertical lines correspond to the start dates of the ACO waves with the same color. Overall, trends in discharges
to PAC were similar for ACO hospitals pre- and post-initiation of ACO contract and similar to that of non-ACOs in the study period. b
Proportion of discharges to PAC type conditional on PAC discharge. Proportion of hospital discharges to particular post-acute care (PAC)
provider types among patients discharged to any PAC before and after initiation of ACO contracts. ACO waves 1 to 3 correspond to initiation
of ACO contract on 04/01/2012, 07/01/2012, and 01/01/2013, respectively. The three colored vertical lines correspond to the start dates of the
ACO waves with the same color. Overall, trends in discharges by PAC type conditional on discharge to PAC were similar for ACO hospitals

pre- and post-initiation of ACO contract and similar to that of non-ACOs in the study period.
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ACOs, which may be correlated with unobservably sick-
er beneficiaries being admitted to hospitals and subse-
quently discharged to PAC.
Due to Medicare rules on attribution of beneficiaries, ACOs

that do not include PAC services may not be incentivized to rein
in spending on costly post-acute patients.14 However, our find-
ings suggest that financial integration through co-participation of
hospitals and ACOs may not be enough to offset the incentive to

select beneficiaries for whom to change the PAC patterns. Fur-
ther, the practice transformation needed to better target institu-
tional PAC and reduce PAC spending does not seem to extend
system-wide.
A final notable aspect is that conditions with traditionally

high PAC utilization and geographic variation did not experi-
ence any changes, nor did beneficiaries with high illness
severity. Of note, several of these conditions are included in

Table 3 Differential Change in Probability of Discharge to Post-Acute Care from Admission to an ACO Hospital as Compared to Admission to
a Non-ACO Hospital, by PAC type*

Unconditional
Restricted to DRG group

Unrestricted
(n =
25,528,375)

High
risk‡(n =
5,173,403)

Joint
replacement
(n =
1,275,791)

Hip and
femur
fracture
(n =
408,487)

Coronary
artery bypass
(n =
165,139)

Heart failure
(n =
1,319,329)

Chronic lung
disease (n =
1,101,764)

Acute
myocardial
infarction (n =
996,440)

Discharge to
PAC (95%
CI)

0.000 (−
0.003, 0.003)

− 0.003 (−
0.007,
0.002)

− 0.009 (−
0.018, 0.001)

− 0.005 (−
0.011,
0.002)

0.006 (−
0.018, 0.030)

− 0.002 (−
0.11, 0.006)

− 0.005 (−
0.014, 0.003)

− 0.001 (−
0.001, 0.007)

p value 0.89 0.23 0.08 0.15 0.61 0.58 0.22 0.83
Discharge to
SNF (95%
CI)

0.000 (−
0.003, 0.002)

− 0.004 (−
0.008,
0.000)

− 0.006 (−
0.019, 0.006)

− 0.004 (−
0.010,
0.011)

0.002 (−
0.019, 0.022)

− 0.002 (−
0.009,
0.005)

− 0.005 (−
0.012, 0.001)

− 0.003 (−
0.008, 0.003)

p value 0.73 0.06 0.33 0.58 0.87 0.59 0.11 0.39
Discharge to
IRF (95%
CI)

0.000 (−
0.002, 0.002)

0.000 (−
0.002,
0.002)

0.001 (− 0.007,
0.010)

0.0006 (−
0.0011,
0.012)

0.009 (−
0.006, 0.023)

0.001 (−
0.001,
0.003)

0.000 (−
0.002, 0.001)

0.002 (0.000,
0.003)

p value 0.96 0.69 0.80 0.92 0.25 0.19 0.73 0.08
Discharge to
HHA (95%
CI)

0.001 (−
0.002, 0.003)

0.001 (−
0.002,
0.004)

− 0.004 (−
0.017, 0.009)

− 0.001 (−
0.006,
0.003)

− 0.004 (−
0.010, 0.031)

− 0.002 (−
0.008,
0.005)

0.000 (−
0.006, 0.007)

0.000 (− 0.006,
0.006)

p value 0.57 0.68 0.58 0.53 0.72 0.60 0.94 0.99
Conditional on discharge to PAC

Restricted to DRG group
Unrestricted
(n =
10,218,784)

High risk
(n =
2,429,937)

Joint
replacement
(n =
1,008,231)

Hip and
femur
fracture
(n =
370,299)

Coronary
artery bypass
(n =
101,759)

Heart failure
(n =
513,743)

Chronic lung
disease (n =
313,249)

Acute
myocardial
infarction (n =
220,427)

Discharge to
SNF (95%
CI)

0.000 (−
0.005, 0.005)

− 0.003 (−
0.009,
0.003)

− 0.002 (−
0.016, 0.013)

0.000 (−
0.014,
0.014)

0.006 (−
0.019, 0.032)

0.000 (−
0.012,
0.012)

0.000 (−
0.015, 0.015)

− 0.004 (−
0.021, 0.013)

p value 0.98 0.32 0.80 0.99 0.63 0.99 1.00 0.64
Discharge to
IRF (95%
CI)

0.000 (−
0.034, 0.004)

0.001 (−
0.003,
0.005)

0.002 (− 0.009,
0.013)

0.001 (−
0.012,
0.014)

0.009 (−
0.013, 0.030)

0.003 (−
0.002,
0.007)

− 0.001 (−
0.005, 0.004)

0.008 (− 0.001,
0.014)

p value 0.92 0.50 0.66 0.87 0.43 0.20 0.82 0.03
Discharge to
HHA (95%
CI)

0.000 (−
0.005, 0.004)

0.002 (−
0.004,
0.007)

− 0.001 (−
0.015, 0.013)

− 0.001 (−
0.006,
0.004)

− 0.015 (−
0.040, 0.010)

− 0.003 (−
0.015,
0.009)

0.001 (−
0.015, 0.016)

− 0.004 (−
0.020, 0.013)

p value 0.96 0.54 0.94 0.66 0.24 0.63 0.94 0.67

CI confidence interval, PAC post-acute care, SNF skilled nursing facility, IRF intermediate rehabilitation facility, HHA Home Health Agency
*Each coefficient represents a separate regression equation. Discharge location is the dependent variable. Model is a difference-in-differences linear
probability model with hospital, hospital referral region, and time fixed effects. The base model estimates the change in probability of discharge to any
PAC given admission to an ACO hospital versus a non-ACO hospital
†Beneficiaries are considered high risk if weighted Elixhauser Risk Index ≥ 16 (top 20% of sample)

Table 4 Differential Change in Medicare PAC Payments and Length of Stay After Admission to an ACO Hospital as Compared to Admission
to a Non-ACO Hospital, by PAC Type

SNF IRF HHA*

Payment by PAC type ($) (95% CI) − 108.33 (− 228.23, 11.56) − 119.46 (− 304.87, 65.96) 1.65 (− 24.22, 27.53)
p value 0.08 0.21 0.90
PAC length of stay (days) (95% CI) 0.027 (− 0.508, 0.561) − 0.071 (− 0.214, 0.073) 0.018 (− 0.214, 0.073)
p value 0.92 0.34 0.86

Difference in spending and PAC length of stay between ACO hospitals and non-ACO hospitals. Regression conditional on admission to corresponding
PAC location type
CI confidence interval, PAC post-acute care, SNF skilled nursing facility, IRF inpatient rehabilitation facility, HHA Home Health Agency
*Length of stay for HHA corresponds to number of home visits
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Medicare’s voluntary bundled payment program, which has
shown large decreases in PAC use and spending for over-
lapping conditions like major joint replacement of the lower
extremity15, 16 (also the subject of the mandatory Comprehen-
sive Care for Joint Replacement (CJR) program). Our study
suggests that a certain degree of caution should be placed on
the expectations for ACO programs to curb high PAC use and
variation nationwide, perhaps because incentives are not
strong enough.

Limitations

Our study has a number of limitations. First, ACO hospitals may
differ from non-participating hospitals in unobservable ways
because the program is voluntary. However, by using hospital
fixed effects, we compare each hospital to itself, thereby control-
ling for observed and unobserved characteristics of hospitals that
do not change over time, though time-varying characterstics may
still be confounders. Further, our analysis of Bpre-^ trends do not
suggest systematic differences prior to ACO participation. Sec-
ond, our analysis does not differentiate between effects on ben-
eficiaries attributed to ACOs and those not attributed at the same
hospital. However, our focus is on spillover effects and system-
wide changes at ACO hospitals. Third, we focus on a sub-set of
ACOs that include a hospital. While many ACOs are physician-
led, it is critically important to understand how effective ACO
policies are in influencing hospital practice patterns directly.
Finally, we use administrative data, which includes limited clin-
ical data on which to base risk-adjustment.

CONCLUSIONS

The admission of a Medicare beneficiary to a hospital participat-
ing in an MSSP ACO is not associated with hospital-wide
changes in PAC utilization patterns, even when focusing on
high-cost institutional PAC such as SNFs and IRFs. This precise-
ly estimated zero effect is remarkably consistent for beneficiaries
regardless of clinical condition, baseline level of comorbidity, and
definition of utilization. Further, hospitals in ACOs that also
include PAC providers similarly experience no changes relative
to non-ACO hospital counterparts. Understanding the limitations
of the impact of payment reforms such as ACOs can inform the
rollout and future testing of policies that aim to improve health
care value for all beneficiaries.
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