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Background: Accountable care organizations (ACOs) in the
Medicare Shared Savings Program (MSSP) are associated with
modest savings. However, prior research may overstate this effect if high-cost clinicians exit ACOs.
Objective: To evaluate the effect of the MSSP on spending and
quality while accounting for clinicians' nonrandom exit.
Design: Similar to prior MSSP analyses, this study compared
MSSP ACO participants versus control beneﬁciaries using adjusted longitudinal models that accounted for secular trends,
market factors, and beneﬁciary characteristics. To further account for selection effects, the share of nearby clinicians in the
MSSP was used as an instrumental variable. Hip fracture served
as a falsiﬁcation outcome. The authors also tested for compositional changes among MSSP participants.
Setting: Fee-for-service Medicare, 2008 through 2014.
Patients: A 20% sample (97 204 192 beneﬁciary-quarters).
Measurements: Total spending, 4 quality indicators, and hospitalization for hip fracture.
Results: In adjusted longitudinal models, the MSSP was associated with spending reductions (change, ⫺$118 [95% CI, ⫺$151
to ⫺$85] per beneﬁciary-quarter) and improvements in all 4
quality indicators. In instrumental variable models, the MSSP was

A

ccountable care organizations (ACOs) are arguably
the most widespread and far-reaching value-based
reform in the United States, with more than 900 ACO
contracts covering more than 32 million lives (1). A
leading example is the Medicare Shared Savings Program (MSSP), in which groups of clinicians, hospitals,
and other providers voluntarily assume responsibility
for the spending and quality outcomes of a deﬁned
population of fee-for-service Medicare beneﬁciaries.
Evidence suggests that MSSP ACOs are associated with
modest improvements in spending and quality (2– 4).
However, MSSP evaluations may be subject to confounding from nonrandom participation or attrition
within ACOs. Clinicians and provider groups may be
recruited to or choose to join ACOs because of their
desire or ability to deliver high-quality, efﬁcient care (5).
These providers may simultaneously engage in other
payment reforms, such as Medicare Advantage (MA),
that could lower spending (6, 7). Accountable care organizations may also selectively drop high-cost clinicians and their patient panels to reduce measured
spending and earn shared savings (8, 9). Despite these
selective pressures operating at the clinician, provider
group, and MSSP contracting levels, research to date

not associated with spending (change, $5 [CI, ⫺$51 to $62] per
beneﬁciary-quarter) or quality. In falsiﬁcation tests, the MSSP was
associated with hip fracture in the adjusted model (⫺0.24 hospitalizations for hip fracture [CI, ⫺0.32 to ⫺0.16 hospitalizations]
per 1000 beneﬁciary-quarters) but not in the instrumental variable model (0.05 hospitalizations [CI, ⫺0.10 to 0.20 hospitalizations] per 1000 beneﬁciary-quarters). Compositional changes
were driven by high-cost clinicians exiting ACOs: High-cost clinicians (99th percentile) had a 30.4% chance of exiting the MSSP,
compared with a 13.8% chance among median-cost clinicians
(50th percentile).
Limitation: The study used an observational design and administrative data.
Conclusion: After adjustment for clinicians' nonrandom exit, the
MSSP was not associated with improvements in spending or
quality. Selection effects—including exit of high-cost clinicians—
may drive estimates of savings in the MSSP.
Primary Funding Source: Horowitz Foundation for Social Policy, Agency for Healthcare Research and Quality, and National
Institute on Aging.
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has not identiﬁed the degree to which selection bias
may affect evaluations of the MSSP.
In this study, we used national Medicare data to
evaluate changes in spending and quality performance
while accounting for selection effects in the MSSP. As in
previous analyses, we estimated adjusted longitudinal
models that account for secular trends, market-level
factors, and observed differences across MSSP participants and local control beneﬁciaries. To account for clinicians' nonrandom entry to and exit from the MSSP,
we used the share of clinicians participating in the
MSSP within a 50-mile radius of a given clinician's practice location as an instrumental variable. We also tested
for changes in the composition of MSSP participants
over time and whether these changes drive estimates
of spending in the program.

See also:
Web-Only
Supplement
© 2019 American College of Physicians 27

Downloaded from https://annals.org by Kevin Kevin Rosteing on 08/23/2019

ORIGINAL RESEARCH
METHODS
Data Sources and Study Population
We analyzed national claims data from 2008
through 2014 for a random 20% sample of Medicare
fee-for-service beneﬁciaries aged 65 years or older.
Participation in an MSSP was deﬁned using the ACO
Provider- and Beneﬁciary-level ﬁles from the Centers
for Medicare & Medicaid Services (CMS); these ﬁles list
the beneﬁciaries, clinicians, and provider groups participating in the MSSP. Following the MSSP speciﬁcations
given by CMS (10), we attributed ACO beneﬁciaries to
the provider group and clinician (deﬁned by Taxpayer
Identiﬁcation Number) within their ACO from whom
they received the plurality of eligible evaluation and
management services. To improve comparability to
prior work (2, 3), we restricted analyses to beneﬁciaries
who could be attributed using claims submitted by a
primary care clinician in the outpatient setting (Supplement, available at Annals.org).
As speciﬁed by the MSSP (10), in each year we excluded beneﬁciaries who were ineligible for attribution
to an MSSP ACO, were enrolled in MA, or were not
continuously enrolled in Medicare Parts A and B. We
also excluded beneﬁciaries attributed to ACOs with no
listed clinician participants in the MSSP Provider-ﬁle or
who resided outside a hospital referral region.
Study Variables
Primary and Secondary Outcomes

Our primary study outcome was total pricestandardized Medicare spending per beneﬁciary per
quarter. Price standardization accounted for variation
resulting from regional wage indices and payments for
indirect medical education, disproportionate share
hospitals, and new technologies (12).
We included the following secondary outcomes:
component spending for inpatient, outpatient, professional, and skilled-nursing facility services; clinical quality performance, including indicators for diabetes (glycated hemoglobin testing, low-density lipoprotein
cholesterol testing, and diabetic retinal examinations)
and mammography; and hospital use, including rates
of all-cause hospitalization, preventable hospitalization
(for any 1 of 11 ambulatory care–sensitive conditions)
(13), all-cause 30-day readmissions (14), and emergency department visits.
As a falsiﬁcation test, we evaluated the effect of the
MSSP on hospitalization for hip fracture (15). We selected
hip fracture because it is a marker of health status that is
unlikely to be affected by medical practice or ACOs in the
short term. Also, because hip fracture requires hospitalization, it is less subject to changes in diagnostic intensity or
treatment preferences that may be correlated with ACO
participation (16). Previous research has shown that rates
of hip fracture hospitalization are a sensitive indicator of
true population incidence (17, 18).

Exposure

We deﬁned beneﬁciary attribution to the MSSP using a time-varying indicator that equaled 1 if the bene28 Annals of Internal Medicine • Vol. 171 No. 1 • 2 July 2019
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ﬁciary was attributed to an MSSP ACO in a given quarter and otherwise equaled 0. This captured the
staggered entry of ACOs into MSSP contracts (April
2012, July 2012, January 2013, and January 2014) and
the ability of participants to enter and exit ACOs each
year. In light of reports that MSSP savings are concentrated among early entrants (2– 4), we also evaluated
spending changes across ACOs' year of entry into
MSSP contracts.
Instrumental Variable: MSSP Supply

We hypothesized that clinicians practicing in closer
proximity to other MSSP providers would be more
likely to join and remain in MSSP ACOs but would otherwise be similar to local clinicians. Our instrument is
conceptually similar to the commonly used “differential
distance” instrument (19 –21).
In each quarter, MSSP supply was deﬁned as the
ratio of MSSP clinicians to all clinicians within a 50-mile
radius of a given clinician's practice location, after discounting the supply of clinicians who were further away
within the 50-mile radius (22) (Supplement Figure 1,
available at Annals.org). The discount factor was estimated by modeling how the likelihood of 2 clinicians
participating in the same MSSP ACO varied by the inverse distance between those 2 clinicians (22, 23) and
was allowed to vary across urban, large rural, small rural, and isolated ZIP codes (Methods section of the Supplement and Supplement Table 1, available at Annals
.org) (24 –26). We tested the robustness of the
instrumental variable using MSSP supply restricted to a
radius of 10, 25, 50, 75, or 150 miles, with or without
discounting. In contrast to standard longitudinal models, instrumental variable models capture treatment effects among marginal clinicians—that is, those participating in the MSSP because of greater exposure to
MSSP supply.
Statistical Analysis
Performance in the MSSP

We estimated 2 sets of linear regression models for
each spending and quality outcome. First, we estimated adjusted longitudinal models comparing concurrent changes in spending and quality between
MSSP participants and local control beneﬁciaries within
the same health care market, as deﬁned by hospital
referral region (2– 4, 11, 27, 28). Models included a
quarterly indicator for MSSP attribution, market ﬁxed
effects, year ﬁxed effects, seasonal indicators, and beneﬁciary characteristics. We adjusted for beneﬁciary age,
sex, race/ethnicity, disability, end-stage renal disease,
dual eligibility for Medicaid, and CMS Hierarchical Condition Category risk score, as well as area-level poverty
and education (29).
We then estimated instrumental variable models
that were analogous to the adjusted longitudinal
model but used MSSP supply as an instrumental variable. By integrating MSSP supply into a longitudinal
framework, these models speciﬁcally used withinmarket changes in MSSP supply to identify the effect
of the MSSP, thus accounting for secular trends and
Annals.org
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ﬁxed differences across markets that could confound
the relationship between MSSP supply and local performance changes. The Methods section of the Supplement provides model speciﬁcation details.
As a falsiﬁcation test, we estimated the effect of the
MSSP on the rate of hospitalization for hip fracture using the adjusted longitudinal model and the instrumental variable model. Because the MSSP should not affect
hip fracture rates during our study period, observed
associations would suggest the presence of residual
confounding not addressed by the given statistical
model.

Compositional Changes

To identify the degree to which changes in the
composition of MSSP participants drive performance
estimates, we estimated changes in spending and
hip fracture using supplemental longitudinal models
that included market-year ﬁxed effects, beneﬁciary
ﬁxed effects, market-year and ACO ﬁxed effects (with
ACOs deﬁned by groups of Taxpayer Identiﬁcation
Numbers ultimately forming MSSP ACOs) (2, 3, 30),
or clinician ﬁxed effects (Methods section of the Supplement). The model including market-year and ACO
ﬁxed effects is most similar to the models used in the
principal MSSP evaluations (2, 3). We tested instrumental
variable robustness in a similar manner, estimating
changes in spending and hip fracture in models that included market-year ﬁxed effects; market-year and ACO
ﬁxed effects; or MSSP supply restricted to a radius of 10,
25, 50, 75, or 150 miles, with or without discounting.
In supplemental analyses, we evaluated 2 potential
mechanisms underlying changes in the composition of
MSSP participants or their practice environment. First,
we assessed whether MSSP ACOs strategically prune
providers according to spending performance in the
program. Speciﬁcally, we tested whether average
spending by clinicians or provider groups in the MSSP
predicted their exit from an MSSP ACO in the subsequent year. We also tested whether a beneﬁciary
whose primary clinician exited the MSSP was more
likely to exit than a beneﬁciary whose clinician remained in the program. To distinguish nonrandom attrition from random churn of participants in and out of
the MSSP, we examined the association between clinician or provider group spending and entry into the
MSSP. For these analyses, we used models that adjusted for average beneﬁciary characteristics, year ﬁxed
effects, and market ﬁxed effects. We also performed a
series of intention-to-treat analyses to determine the
extent to which nonrandom attrition of clinicians or
beneﬁciaries biased estimates of the MSSP's effect
(Methods section of the Supplement).
Second, we analyzed whether MA penetration (a
proxy for managed care) was associated with MSSP
penetration at the county level and whether adjustment
for county-level MA penetration affected savings estimates of ACOs. If such adjustment reduced savings
estimates, it would suggest that other time-varying
Annals.org
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changes occurring alongside ACOs may bias standard
estimates.
All analyses speciﬁed robust SEs to account for
clustering at the market level. Statistical analyses were
performed using Stata, version 15.1 (StataCorp). The
University of Michigan Institutional Review Board exempted our study from review.
Role of the Funding Source
This research is supported by grants from the
Horowitz Foundation for Social Policy, the Agency for
Healthcare Research and Quality, and the National Institute on Aging. The funders had no role in the analysis
presented here.

RESULTS
MSSP Participation and Spending
Medicare fee-for-service beneﬁciaries contributed
97 204 192 beneﬁciary-quarters from 2008 through
2014 (6 871 934 unique beneﬁciaries). Participants in
the MSSP included 835 100 beneﬁciaries, 30 331 clinicians, 6883 provider groups, and 337 ACOs from 2012
through 2014. Average Medicare spending per
beneﬁciary-quarter was $2335 (SD, $7312).
Instrument Validity
We began by conﬁrming the validity of MSSP supply as an instrumental variable. First, MSSP supply was
highly correlated with MSSP participation (F1,306 statistic = 444, where instruments with F statistics above 10
are considered strong) (31, 32). Second, beneﬁciary covariates were extremely well balanced across MSSP
supply (Table). Third, spending trends in the pre-MSSP
period were similar for beneﬁciaries with high versus
low MSSP supply (differential trend, ⫺$2 [95% CI, ⫺$4
to ⫺$1] per beneﬁciary-quarter) (Supplement Figure 2
and Supplement Table 2, available at Annals.org).
In contrast, across observed MSSP status, MSSP
beneﬁciaries were less likely to be dually eligible or
disabled, have substantial comorbidity, or live in areas
with high poverty or low educational attainment (Table). Spending trends in the pre-MSSP period differed
substantially between beneﬁciaries who did and did
not eventually enter the MSSP (differential trend, $17
[CI, $16 to $19] per beneﬁciary-quarter) (Supplement
Figure 3 and Supplement Table 2, available at Annals
.org), violating the parallel trends assumption. These
ﬁndings suggest that unobserved sources of selection
bias were more evenly distributed across MSSP supply
than across observed MSSP status.
Changes in Spending
Figure 1 shows the association between the
MSSP and spending. In the adjusted longitudinal
model, the MSSP was associated with a reduction in
total spending (change, ⫺$118 [CI, ⫺$151 to ⫺$85]
per beneﬁciary-quarter). Savings in the adjusted
model were due to reductions in inpatient services
(change, ⫺$58 [CI, ⫺$73 to ⫺$44] per beneﬁciaryquarter), outpatient services (change, ⫺$15 [CI,
⫺$24 to ⫺$7] per beneﬁciary-quarter), and skilledAnnals of Internal Medicine • Vol. 171 No. 1 • 2 July 2019 29

ORIGINAL RESEARCH

Performance in the Medicare Shared Savings Program

Table. Characteristics of Beneﬁciaries and Clinicians Across MSSP ACO Participation and MSSP Supply*
Characteristic

Covariate Balance Across MSSP
ACO Status, Pre-ACO Period†
Unadjusted
Mean
Value for
Control
Beneﬁciaries
(n ⴝ 47 948 364
BeneﬁciaryQuarters)†

Unadjusted
Mean
Value for MSSP
Beneﬁciaries
(n ⴝ 8 368 351
BeneﬁciaryQuarters)†

Standardized
Difference

Covariate Balance Across MSSP Supply
(Instrumental Variable), Pre-ACO Period‡
Unadjusted
Mean
Value for Low
MSSP Supply
(n ⴝ 32 627 168
BeneﬁciaryQuarters)‡

Unadjusted
Mean
Value for High
MSSP Supply
(n ⴝ 23 689 544
BeneﬁciaryQuarters)‡

Standardized
Difference

Patient characteristics
Age, y
Female sex, %
Race/ethnicity, %§
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Dual eligibility for Medicaid, mo储
HCC risk score¶
Disability, %**
End-stage renal disease, %**

76.8
60.2

75.4
60.9

−0.20
0.01

76.6
60.3

76.6
60.4

0.00
0.00

85.9
6.9
4.1
3.1
1.5
1.1
8.8
0.7

87.0
6.3
3.6
3.2
1.1
1.0
7.2
0.3

0.03
−0.03
−0.03
0.00
−0.12
−0.22
−0.06
−0.06

85.4
7.0
4.3
3.4
1.4
1.1
8.5
0.7

86.9
6.7
3.7
2.7
1.4
1.1
8.6
0.7

0.05
−0.01
−0.03
−0.04
−0.01
0.01
0.01
0.00

Area-level characteristics, %
Below federal poverty level††
With high school degree††
With college degree††
Enrolled in Medicare Advantage‡‡

13.9
86.4
28.0
21.9

12.3
87.8
31.3
21.5

−0.19
0.17
0.20
−0.04

13.8
86.5
28.6
21.9

13.6
86.8
28.4
21.9

−0.03
0.04
−0.02
0.00

Patient outcomes
Total spending per
beneﬁciary-quarter, $
Hip fractures per 1000
beneﬁciary-quarters, n§§

2510
2.3

17 253
1.2

−0.12
−0.03

2379
2.2

2413
2.2

0.00
0.00

ACO = accountable care organization; HCC = Hierarchical Condition Category; MSSP = Medicare Shared Savings Program.
* Descriptive characteristics were based on the pre-MSSP period (January 2008 –March 2012) and were calculated for all beneﬁciaries appearing in
≥1 quarter of the post-MSSP period, because this was required for determining whether the beneﬁciary's primary clinician was exposed to high vs.
low MSSP supply (n = 56 316 714 beneﬁciary-quarters).
† For descriptive analyses, MSSP participants were deﬁned as beneﬁciaries who ever participated in the MSSP over the study period; control
beneﬁciaries were deﬁned as beneﬁciaries who never participated in the MSSP over the study period. For regression analyses of the effect of the
MSSP on study outcomes, MSSP participation was deﬁned using a time-varying indicator that equaled 1 if the beneﬁciary was attributed to the MSSP
in a given quarter and otherwise equaled 0.
‡ High vs. low MSSP supply was deﬁned by whether the attributed clinician's median MSSP value was above (1 = high) or equal to or below (0 = low)
the median MSSP supply value for the hospital referral region over the entire post-MSSP period. The beginning of the post-MSSP period was
designated as the ﬁrst quarter in which the hospital referral region contained ≥1 clinician participating in the MSSP.
§ Determined from Medicare enrollment ﬁles and based on the Research Triangle Institute race/ethnicity designation.
储 Deﬁned by the number of months in the year that the beneﬁciary's state of residence paid the monthly premium for Part B coverage (range,
0 –12 mo).
¶ Calculated using Medicare demographic and diagnostic data from the prior year's enrollment and claims ﬁles. Higher scores indicate higher
predicted spending in the present year.
** Deﬁned by original reason for Medicare entitlement, regardless of current status.
†† These proportions were deﬁned at the ZIP code tabulation area using American Community Survey data.
‡‡ This proportion was deﬁned at the county level using enrollment data for a 20% random sample of Medicare beneﬁciaries. Beneﬁciaries
were deﬁned as participating in Medicare Advantage if they were enrolled for ≥1 mo during the year and were otherwise deﬁned as not
enrolled in Medicare Advantage.
§§ Deﬁned as an acute care hospital claim with a primary diagnosis of hip fracture (820.xx) in a given quarter.

nursing facility services (change, ⫺$41 [CI, ⫺$55 to
⫺$27] per beneﬁciary-quarter). In the instrumental
variable model, the MSSP was not associated with
changes in total spending (change, $5 [CI, ⫺$51 to
$62] per beneﬁciary-quarter). The instrumental variable estimate for spending differed signiﬁcantly from
the adjusted estimate (difference-in-Sargan test P <
0.001) (Supplement Table 3, available at Annals.org)
(33). Estimated savings were smaller in instrumental
variable models than in adjusted models across each
ACO cohort (Supplement Figure 4, available at
Annals.org).
30 Annals of Internal Medicine • Vol. 171 No. 1 • 2 July 2019
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Falsiﬁcation Test
In the adjusted longitudinal model, the MSSP was
associated with a substantial decrease in the falsiﬁcation outcome, hip fracture (change, ⫺0.24 hospitalizations [CI, ⫺0.32 to ⫺0.16 hospitalizations] per 1000
beneﬁciary-quarters) (Figure 2). This represents an 11%
decrease in the rate of hip fracture hospitalization (0.24
fewer hospitalizations per 1000 beneﬁciary-quarters divided by an adjusted mean rate of 2.12 hospitalizations
per 1000 beneﬁciary-quarters). In contrast, the MSSP
was not associated with hip fracture hospitalizations in
Annals.org
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the instrumental variable model (change, 0.05 hospitalizations [CI, ⫺0.10 to 0.20 hospitalizations] per 1000
beneﬁciary-quarters). The instrumental variable estimate for hip fracture differed signiﬁcantly from the adjusted estimate (difference-in-Sargan test P = 0.002)
(Supplement Table 3) (33).

(⫺$90 per beneﬁciary-quarter), market years and ACOs
(⫺$66 per beneﬁciary-quarter), and clinicians (⫺$28
per beneﬁciary-quarter) (all P < 0.001).
In contrast, the MSSP was not associated with
spending or hip fracture in the instrumental variable
model (Figure 2). This ﬁnding was robust across a wide
range of speciﬁcations, including instrumental variable
models using market-year ﬁxed effects; market-year
and ACO ﬁxed effects; or MSSP supply restricted to a
radius of 25, 50, 75, or 150 miles, with or without discounting (Supplement Figure 5 and Supplement Table
4, available at Annals.org). Although changes in MSSP
and MA penetration were modestly associated at the
county level (Supplement Figure 6, available at Annals
.org), adjustment for MA penetration did not affect
ACO estimates (Supplement Table 4).

Effects of Compositional Change
Figure 2 shows the large inﬂuence of compositional changes on estimates of the MSSP's effect. The
association between the MSSP and hip fracture (Figure
2, top) consistently decreased in models that controlled
for ﬁxed differences across market years (change,
⫺0.28 hospitalizations [CI, ⫺0.37 to ⫺0.20 hospitalizations] per 1000 beneﬁciary-quarters), beneﬁciaries
(change, ⫺0.20 hospitalizations [CI, ⫺0.28 to ⫺0.12
hospitalizations] per 1000 beneﬁciary-quarters), market
years and ACOs (change, ⫺0.17 hospitalizations [CI,
⫺0.24 to ⫺0.10 hospitalizations] per 1000 beneﬁciaryquarters), and clinicians (change, ⫺0.06 hospitalizations [CI, ⫺0.11 to ⫺0.01 hospitalizations] per 1000
beneﬁciary-quarters). The association between the
MSSP and spending (Figure 2, bottom) followed a similar pattern: Estimates of total savings decreased in
models that accounted for ﬁxed differences across market years (⫺$125 per beneﬁciary-quarter), beneﬁciaries

Changes in Quality and Hospital Use
The MSSP was associated with improvements in all
4 clinical quality indicators in the adjusted longitudinal
model but not in the instrumental variable model (Figure 3 and Supplement Table 3). The MSSP was associated with modest decreases in all-cause hospitalizations and preventable hospitalizations in the adjusted
longitudinal model but not in the instrumental variable
model; conversely, reductions in all-cause 30-day read-

Figure 1. Changes in Medicare spending for beneﬁciaries attributed to MSSP ACOs versus control beneﬁciaries.
Spending Type and Model

Mean Spending per
Beneficiary per Quarter, $
Control
MSSP

Change in Spending
per Beneficiary per
Quarter (95% CI), %

P Value

Total Medicare spending
Adjusted longitudinal

2341

2223

–118 (–151 to –85)

<0.001

Instrumental variable

2341

2346

6 (–51 to 62)

0.857

Adjusted longitudinal

847

789

–58 (–73 to –44)

<0.001

Instrumental variable

847

822

–25 (–55 to 6)

0.109

Adjusted longitudinal

336

321

–15 (–24 to –7)

<0.001

Instrumental variable

336

337

1 (–23 to 25)

0.953

Adjusted longitudinal

751

747

–4 (–11 to 3)

0.276

Instrumental variable

751

756

5 (–14 to 25)

0.594

Adjusted longitudinal

286

245

–41 (–55 to –27)

<0.001

Instrumental variable

286

310

24 (3 to 46)

0.024

Inpatient services

Outpatient services

Professional services

Skilled-nursing facilities

–175

–150

–125

–100

–75

–50

–25

0

25

50

75

100

Change in Spending per Beneficiary per Quarter, $

Mean outcomes for control beneﬁciaries were derived from the adjusted longitudinal model. Total spending was the sum of Medicare spending for
inpatient, outpatient, professional, and skilled-nursing facility services. Component spending was deﬁned by claims for services from the following
research identiﬁable ﬁles: Medicare Provider Analysis and Review (for inpatient and skilled-nursing facility services); carrier (for professional services); and outpatient services (for outpatient services). ACO = accountable care organization; MSSP = Medicare Shared Savings Program.
Annals.org
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Figure 2. Changes in hospitalization and spending for hip fracture across models for ﬁxed differences across MSSP
participants versus control beneﬁciaries.
Hip Fracture
Model

Change in Rate of
P Value
Hospitalization for Hip Fracture
per 1000 Beneficiaries per
Quarter (95% CI)

Mean Rate of Hospitalization
for Hip Fracture per 1000
Beneficiaries per Quarter
Control
MSSP

Adjusted longitudinal

2.12

1.88

–0.24 (–0.32 to –0.16)

<0.001

Market-year fixed effects

2.12

1.83

–0.28 (–0.37 to –0.20)

<0.001

Beneficiary fixed effects

2.12

1.92

–0.20 (–0.28 to –0.12)

<0.001

Market-year + ACO fixed effects

2.12

1.95

–0.17 (–0.24 to –0.10)

<0.001

Clinician fixed effects

2.12

2.06

–0.06 (–0.11 to –0.01)

0.024

Instrumental variable

2.12

2.16

0.05 (–0.10 to 0.20)

0.546

–0.5

–0.4

–0.3

–0.2

–0.1

0

0.1

0.2

0.3

Change in Rate of Hospitalization for Hip Fracture per 1000 Beneficiaries per Quarter
Total Spending
Model

Mean Spending per
Beneficiary per Quarter, $
Control
MSSP

Change in Spending
per Beneficiary per
Quarter (95% CI), %

P Value

Adjusted longitudinal

2341

2223

–118 (–151 to –85)

<0.001

Market-year fixed effects

2341

2215

–125 (–161 to –90)

<0.001

Beneficiary fixed effects

2341

2251

–90 (–120 to –59)

<0.001

Market-year + ACO fixed effects

2341

2275

–66 (–86 to –45)

<0.001

Clinician fixed effects

2341

2313

–28 (–44 to –12)

0.001

Instrumental variable

2341

2346

5 (–51 to 62)

0.857

–200 –175 –150 –125 –100 –75 –50 –25

0

25

50

75 100

Change in Spending per Beneficiary per Quarter, %

Mean outcomes for control beneﬁciaries were derived from the adjusted longitudinal model. Hospitalization for hip fracture was deﬁned as a
Medicare acute-care hospital claim for a primary diagnosis of hip fracture (820.xx). Total spending was the sum of Medicare spending for inpatient,
outpatient, professional, and skilled-nursing facility services. ACO = accountable care organization; MSSP = Medicare Shared Savings Program. Top.
Change in rate of hospitalization for hip fracture per 1000 beneﬁciary-quarters. Bottom. Change in total spending per beneﬁciary-quarter.

missions and emergency department visits were observed in both models (Supplement Figure 7 and Supplement Table 3, available at Annals.org).
Clinician Attrition From MSSP ACOs
Between 2013 and 2014, a total of 4054 clinicians
in our sample exited the MSSP. Figure 4 shows the relationship between a clinician's average spending in
the MSSP and subsequent exit from the program. Clinicians in the 95th and 99th percentiles of average
spending had a 22.3% and 30.4% chance, respectively,
of exiting the MSSP in the next year, compared with a
13.8% chance among clinicians with median (50th percentile) spending (risk difference, 8.5 and 16.6 percentage points, respectively; both P < 0.001) (Supplement
Table 5, available at Annals.org). Entry into ACOs was
also modestly higher among clinicians in the 99th percentile of prior spending than among medianspending clinicians (risk difference, 3.8 percentage
points; P < 0.001) (Figure 4 and Supplement Table 5).
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Conversely, MSSP entry and exit by provider groups
was less common and not associated with groups' prior
spending (Supplement Figure 8, available at Annals
.org).
The chance of exiting the MSSP was 21.6 percentage points higher for beneﬁciaries whose primary clinician exited the MSSP than for those whose clinicians
remained in the MSSP (31.1% vs. 9.5%; risk difference
P < 0.001) (Supplement Figure 9 and Supplement Table 6, available at Annals.org). Even among beneﬁciaries whose clinicians remained in the MSSP, however,
the highest-cost beneﬁciaries (99th percentile) had a
greater chance of exiting the MSSP than medianspending beneﬁciaries (17.7% vs. 8.9%; risk difference,
8.8 percentage points; P < 0.001) (Supplement Figure
9 and Supplement Table 6).
In supplemental intention-to-treat analyses that directly addressed attrition of clinicians and beneﬁciaries
from the MSSP, the MSSP was not associated with
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changes in spending or hip fracture (Supplement Table
4). This provides further evidence that nonrandom attrition of high-cost clinicians and high-cost beneﬁciaries
drives estimated savings in the MSSP.

DISCUSSION
Participation in MSSP ACOs was not associated
with improvements in spending, quality, or hip fracture
(the falsiﬁcation outcome) in our instrumental variable
analysis. Adjusted longitudinal models—similar to those
used by other studies to estimate the effect of ACOs—
failed our falsiﬁcation test, suggesting residual confounding from unobserved severity of patient illness.
Before the start of the MSSP, spending trends also differed between beneﬁciaries who did and did not eventually enter the program. Supplemental analyses found
that high-cost clinicians and beneﬁciaries were disproportionately likely to exit MSSP ACOs. Together, our
results suggest that improved quality and spending
performance in this voluntary program may have been

driven by nonrandom exit of clinicians and their patient
panels from the MSSP.
Our conclusion that the MSSP was not associated
with improvements in spending, quality, or most measures of hospital use differs from that of previous evaluations of Medicare ACOs (2– 4, 11, 27, 28). Our instrumental variable model addresses selection effects not
directly captured in previous evaluations. One might
consider addressing selection bias in the MSSP with
standard difference-in-differences models that account
for ﬁxed differences across ACOs. However, the inﬂuence of compositional changes within MSSP ACOs is
highlighted by the consistent reduction in savings and
hip fracture estimates that occurred with progressively
greater adjustment for ﬁxed differences across MSSP
participants and control beneﬁciaries. Instrumental variable models may account for compositional changes
by evaluating spending and quality among clinicians
who join and remain in the MSSP because of their proximity to other MSSP clinicians rather than their record of
spending performance in the program.

Figure 3. Changes in clinical quality performance for beneﬁciaries attributed to MSSP ACOs versus control beneﬁciaries.
Preventive Service and
Model

Mean Proportion of
Beneficiaries Meeting
Quality Indicator per
Quarter, %
Control
MSSP

Change in Proportion
of Beneficiaries
Meeting Quality
Indicator per
Quarter (95% CI), %

P Value

Glycated hemoglobin testing
Adjusted longitudinal

36.4

38.9

2.5 (0.9 to 4.1)

0.002

Instrumental variable

36.4

34.9

–1.5 (–4.1 to 1.1)

0.254

Adjusted longitudinal

60.6

63.3

2.7 (0.4 to 5.0)

0.021

Instrumental variable

60.6

55.9

–4.7 (–9.4 to –0.1)

0.045

Adjusted longitudinal

55.7

57.3

1.7 (1.1 to 2.3)

<0.001

Instrumental variable

55.7

55.8

0.2 (–1.3 to 1.6)

0.825

Adjusted longitudinal

19.9

22.1

2.2 (1.1 to 3.4)

<0.001

Instrumental variable

19.9

18.0

–1.9 (–3.9 to 0.1)

0.063

Adjusted longitudinal

52.2

53.5

1.2 (0.2 to 2.2)

0.016

Instrumental variable

52.2

53.3

1.1 (–2.0 to 4.1)

0.488

LDL cholesterol testing

Diabetic retinal examination

All 3 diabetes measures

Mammography
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–2
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Change in Proportion of Beneficiaries Meeting Quality Indicator per Quarter, %

The proportions of MSSP beneﬁciaries and control beneﬁciaries receiving the preventive service are given in percent. Mean outcomes for control
beneﬁciaries were derived from the adjusted longitudinal model. Diabetes clinical indicators were derived from National Quality Forum speciﬁcations and included glycated hemoglobin testing (in quarter of interest), LDL cholesterol testing (in quarter of interest or previous 3 quarters), and
diabetic retinal examination (in quarter of interest or previous 3 quarters). Analyses were limited to beneﬁciaries with diabetes (n = 15 323 604
beneﬁciary-quarters). The mammography indicator was derived from National Quality Forum speciﬁcations. Beneﬁciaries were deﬁned as meeting
the indicator if they received a mammogram (in quarter of interest or previous 7 quarters). Mammography analyses were limited to female beneﬁciaries
aged 65–69 y (n = 11 922 514 beneﬁciary-quarters). We excluded all observations following a mastectomy. ACO = accountable care organization; LDL = lowdensity lipoprotein; MSSP = Medicare Shared Savings Program.
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Figure 4. Association between clinician spending and probability of clinician exiting or entering the MSSP.
Clinician exit, adjusted
Clinician exit, predicted
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Average clinician spending was deﬁned as the average Medicare spending per beneﬁciary per year of the clinician's attributed patient panel in the
3 y before MSSP exit or entry determination. The probability of a clinician entering or exiting the MSSP was estimated as a function of the clinician's
average spending, average beneﬁciary characteristics of the clinician's attributed patient panel, market ﬁxed effects, and year ﬁxed effects. Quadratic and cubic spending terms were included to allow for any potential nonlinearities in the effect of spending performance on MSSP participation. Analyses of MSSP exit (n = 21 418 clinician-years) were restricted to clinicians participating in the MSSP during the year before analysis.
Analyses of MSSP entry (n = 161 957 clinician-years) were restricted to clinicians not participating in the MSSP during the year before analysis and
did not include ACO formation, i.e., participation in an ACO's ﬁrst contract year. Both sets of analyses were restricted to ACOs that entered MSSP
contracts in 2012 or 2013, because 2012–2014 MSSP data could not be used to determine clinician exit or entry for ACOs formed in 2014. ACO =
accountable care organization; MSSP = Medicare Shared Savings Program.

Our ﬁnding that high-cost clinicians and their patient panels disproportionately exit the MSSP is consistent with prior studies showing that clinicians and beneﬁciaries with higher predicted spending are more
likely to leave Medicare ACOs (8, 9). We found no evidence that MSSP ACOs recruit low-cost clinicians. This
may be because ACOs can more readily observe the
spending of clinicians and beneﬁciaries already in their
ACO than that of those who have not yet joined.
Pruning high-cost clinicians from ACO contracts
could have large effects on spending estimates and
may contribute to reported ﬁndings that MSSP savings
grow over time (3). For example, dropping clinicians in
the top 95th or 99th percentiles of spending from the
MSSP would lower average ACO spending per beneﬁciary in our sample by 3.1% or 0.6%, respectively (Supplement Table 7, available at Annals.org). On the other
hand, average ACO spending per beneﬁciary in our
sample would increase by 1.1% if we included clinicians who exited the MSSP and excluded those who
entered (Supplement Table 8, available at Annals.org).
These changes are similar in magnitude to previous estimates of total savings in the MSSP (2– 4, 27, 28). Our
supplemental intention-to-treat analyses provide further evidence that nonrandom attrition of high-cost clinicians and high-cost beneﬁciaries drives estimated
savings in the MSSP (Supplement Table 4).
Possible limitations of our analysis merit discussion.
First, some unobserved factor may confound the relationship between MSSP supply and performance. Mar34 Annals of Internal Medicine • Vol. 171 No. 1 • 2 July 2019
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kets with greater MSSP supply likely contain more clinicians capable of implementing value-based initiatives.
However, because our instrumental variable models
used only within-market changes in MSSP supply over
time, the instrumental variable is not subject to this concern. Moreover, in contrast to the adjusted longitudinal
model, MSSP supply had excellent covariate balance
and parallel spending trends and was not associated
with changes in the falsiﬁcation outcome. Second, instrumental variable models typically generate less
precise estimates than adjusted models, risking type
II error. However, instrumental variable estimates of
spending, quality, and hip fracture differed signiﬁcantly from adjusted longitudinal estimates (33).
Third, changes in hip fracture hospitalization, our falsiﬁcation outcome, may represent true improvements to
underlying beneﬁciary health by ACOs. However, this is
unlikely during our brief post-MSSP period and in light
of the relatively modest health improvements reported
in other ACO analyses (2– 4, 11, 27, 28). Fourth, because we attributed beneﬁciaries to MSSP ACOs using
CMS's ofﬁcial lists of MSSP beneﬁciaries and clinicians,
our results may differ from initial evaluations that used
their own attribution methods (2– 4, 30). However, assessing whether MSSP ACOs strategically recruit or
drop high-cost clinicians required that we use CMS's
ofﬁcial lists. Fifth, as with prior MSSP evaluations, our
study may be affected by growth in MA participation
over time. However, controlling for MA penetration did
not alter our estimates of spending. Sixth, health care
Annals.org
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use outside ACOs by attributed beneﬁciaries may attenuate the effect of ACOs. Among beneﬁciaries assigned to an ACO, 15.6% of primary care visits and
71.9% of specialist visits are with non-ACO clinicians
(Supplement Table 9, available at Annals.org). However, these patterns of care are common to all ACO
evaluations and should have no bearing on our ﬁndings that savings are driven by selective attrition of
high-cost clinicians from ACOs.
Finally, because instrumental variable models estimate treatment effects among marginal clinicians, our
ﬁndings may not generalize to clinicians who would either always join the MSSP (for example, because they
are employed by an early adopter health system) or
never join the MSSP (for example, because they lack
the desire or capacity to undertake such a reform). At
the same time, this population— clinicians joining the
MSSP because of greater engagement with and access
to other MSSP clinicians—is of intrinsic policy relevance.
That the MSSP had little effect among these participants is pertinent for assessing the potential economic
and health rewards of governmental policies intended
to promote ACO participation, such as the Medicare
Access and CHIP Reauthorization Act of 2015 (34).
Our results challenge the view that MSSP ACOs
have lowered spending and improved quality; they indicate that savings by MSSP ACOs may be driven by
nonrandom exit of high-cost clinicians and their patient
panels from this voluntary program. These ﬁndings
suggest caution in extending ACOs to other settings
and patients without stronger evidence that the program saves money or improves quality of care. Our
study underscores the degree to which selection bias
may affect evaluations of voluntary reforms and the
challenges inherent in evaluating these programs.
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