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1 Introduction

Market-based approaches are increasingly popular means to reduce ine� ciencies in the

provision of public goods. One of them, the pay-for-performance model, is found in a

range of settings, from government agencies (Burgesset al., 2017) to education (Biasi,

2021) and tax collection (Khan et al., 2015). In pay-for-performance, �rms receive a quality

rating of their services, and payments are directly linked to the quality rating. In principle,

�nancial incentives can spur �rms to invest in service quality. In reality, however, pay-

for-performance can direct resources away from investments if the design of the quality

rating is badly aligned with the quality initiative.

The design of the quality rating is especially critical in selection markets like the

insurance market. Here, service quality depends directly on the match between the

needs, or type, of consumers and the service o� ered (Veiga and Weyl, 2016). As a result,

pay-for-performance can create additional incentives to screen consumers if servicing

certain consumer types worsens the quality rating. The selection response can distort

the quality rating with potentially adverse e � ects on consumers. In health insurance

markets, for example, selecting on enrollee characteristics like preexisting conditions

or ethnicity (Bauho � , 2012) can reduce access to care for those who need it the most,

ultimately widening health inequality (e.g., Chetty et al., 2016, Currie and Schwandt,

2016).1 However, we know little about the ways insurers internalize pay-for-performance,

or the e� ect of insurers' responses on quality ratings, payments, and enrollees.

This paper examines how insurers respond to pay-for-performance by exploiting the

introduction of the quality bonus payment initiative in the U.S. Medicare Advantage

market, where Medicare services are provided by private insurers who receive subsidies

from the government. 2 Under pay-for-performance, government subsidies depend on

insurance quality through a quality rating that was already available to prospective

enrollees before the reform. Since the reform shifted insurer payments without a � ecting

consumers' knowledge of the quality rating, we exploit the reform to understand the

incentive e� ects on insurers and the resulting impacts on consumers' access to insurance.

We �nd that insurers with high-quality ratings before the payment reform served less

risky enrollees after the reform. These insurance contracts lowered premiums in healthier,

low-risk counties and simultaneously raised premiums in riskier ones to select healthier

1In the context of this paper, “access” issues are not limited to the absence of high-quality insurance in a
market. We take access also to include insurance price changes due to insurers selecting consumer types.

2Medicare provides near-universal health insurance to Americans over the age of 65. The program costed
the U.S. government $750 bn in 2018, or 20.8% of total health expenditure (CMS, 2018). Around one-third
of Medicare enrollees receive services from private insurers through the Medicare Advantage program.
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enrollees. Risk selection is pro�table because the quality rating relies heavily on health

outcome measures, which are not adjusted for enrollees' health conditions. In response,

selecting insurers in�ated the quality rating by enrolling less risky individuals. Due to

selection, the supply of lower-priced, higher-rated insurance shifted to the healthiest

counties, reducing access for consumers in the riskiest counties.

We motivate our empirical analysis using a stylized model of insurer pricing. The model

predicts that a biased quality rating induces insurers to select healthier enrollees, and the

selection incentive increases with bonus payments. Since the payment reform signi�cantly

increased the bonus payments to higher-rated insurers, we distinguish insurance contracts

by their pre-reform quality ratings and examine the responses of high-rated contracts to

the payment reform in a di � erence-in-di � erences framework.

Empirically, we document shifts in the distribution of risk scores to the lower per-

centiles after the payment reform in high-rated insurance, but not in low-rated insurance.

Consistent with the model predictions, risk scores of high-rated contracts serving health-

ier counties before the payment reform decreased even more – in these “high-selection”

contracts, risk scores dropped by 4 percentage points. We then askhow insurers selected

healthier enrollees and why.

To address how selection happened, we examine the pricing strategy of insurers across

counties. We �nd that prescription drug coverage premiums increased substantially with

county risk scores in high-rated contracts, but not in low-rated contracts. We rule out local

socio-economic factors, market concentration, provider cost and quality as drivers of the

premium di � erences, and show evidence that premiums responded directly to the health

of enrollee across counties. Thus, consistent with our model's predictions, high-rated

contracts selected healthier enrollees by varying premiums across counties.

To understand why the payment reform incentivized the selection of healthier individ-

uals, we inspect sub-measures of quality exploiting the weights they receive in the �nal

rating linked to payments. For high-selection contracts, around 50% of the quality rating

is determined by the health outcome measures. These measures rank contracts based on

improvements in chronic conditions over time but fail to adjust for di � erences in health

conditions at the time of enrollment. As such, these measures are sensitive to the risk

types of enrollees. We �nd that healthier enrollees are associated with better outcome

ratings, and contracts with greater improvements in the risk pool also experienced greater

relative gains in the outcome rating. These results are consistent with insurers selecting

healthier enrollees to in�ate the quality rating and bonus payments.

We quantify the e � ect of selection on the quality rating and payments using an instru-

mental variable strategy. Based on our �nding that insurers selected enrollees through
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premiums, we instrument the risk composition of contracts by the premium di � erences

across counties. We use the IV estimates to calculate rating gains due to the selection of

enrollees, and infer actual quality improvements by removing the selection gains from

the quality rating. We �nd that risk selection explained nearly 80% of the health rating

gains in high-selection contracts, in�ating the overall rating by 0.5 to 1 star (out of 5 stars).

As a result, the star rating became less informative for consumers and bonus payments

increased by 14% for high-selection contracts.

The selection response has sizeable distributional impacts on enrollees. Since average

premiums and enrollee bene�ts did not di � er by quality ratings, premium di � erences

to select healthier enrollees shifted insurance bene�ts from the sickest to the healthiest

enrollees in high-rated insurance. To quantify this shift, the market share of high-rated

insurance increased by more than 17% in the healthiest counties compared to the riskiest

ones after the policy. As the supply of high-rated insurance shifted towards the healthiest

counties in the North West and the South West, access to low-priced, high-rated insurance

worsened in the riskier counties in the South.

Based on our �ndings, we propose policies to counter risk selection. First, the current

rating measures health improvements relative to a uniform threshold for all risk types.

Adjusting the threshold by the expected outcomes of risk types compensates insurers for

enrolling riskier individuals, thereby reducing the selection incentive. Moreover, because

health outcomes are averaged across enrollees in multiple counties, a strati�ed risk adjust-

ment based on the risk in the serviced areas can further reduce the selection incentives.

The adjustment would also result in more informative star ratings for consumers.

Relation to the Literature. This paper is related to a large literature on pay-for-

performance. Our key �ndings are consistent with the theoretical insight that payment in-

centives based on biased measures of performance distort e� orts (Holmstrom and Milgrom

1991, Baker 1992). Applied to healthcare, the distortions are heightened when multiple

procedures are rewarded, in which case standard payment methods such as capitation

may be sub-optimal (Sherry 2016, Eggleston 2005). Empirically, pay-for-performance has

modest impacts on provider behavior (Rosenthal and Frank 2006, Mullen et al. 2010) and

can result in patient selection (Shen 2003) and strategic reporting (Gravelle et al. 2010)

for outcome-based performance measures. We add to this literature by providing the �rst

evidence on insurers' responses to pay-for-performance and the distortions on prices and

the quality rating.

Our results also inform the literature on risk adjustment, without which insurers

would have �nancial incentives to enroll the healthy and avoid the sick. The goal of risk

3



adjustment is to explain the predictable portion of an enrollee's health cost variation (Ellis

and McGuire, 2007). Despite improvements in prediction models (Van De Ven and Ellis,

2000), adjustments based on statistical prediction of service costs can lead to ine� cient

care provision and selection (Glazer and McGuire 2000, Newhouse et al. 2015).3 Moreover,

prediction errors distort bene�t design and shift selection to enrollees cheaper than their

predicted costs (e.g., Brown et al. 2014, Carey 2017, Lavetti and Simon 2018, Geruso

et al. 2019). Adding to this literature, we document selection through premiums across

geographies in response to inadequate adjustments of pay-for-performance measures, even

though revenues are indeed risk-adjusted. We further show that selection shifted the

spatial distribution of insurance, hurting in particular consumers in the riskiest counties. 4

This paper also contributes to an emerging literature on the value-based initiatives of

the ACA. Layton and Ryan (2015) �nd that the quality of MA insurance did not improve

in counties with larger benchmark bonuses. Relatedly, Abaluck et al. (2021) �nd that

the mortality bene�ts of MA contracts are not correlated with the star rating published

by CMS.5 In the hospital setting, penalties applied to low-quality hospitals improved

re-admission rates but also induced patient selection (Gupta, 2021). These �ndings suggest

that pay-for-performance can positively impact health, but may be less e � ective in markets

where selection can substantially improve ratings.

The remainder of the paper is organized as follows. Section 2 introduces the Quality

Bonus Payment demonstration and a conceptual framework of insurer behavior. Following

this framework, we examine the e � ects of bonus payments on risk scores in Section 4 and

the pricing responses across counties in Section 5. We inspect the rating design as the

source of the selection incentive in Section 6 and the distributional impacts across counties

in Section 7. Section 8 discusses the results and concludes.

2 Quality Ratings and Payments in Medicare Advantage

Medicare provides near-universal health insurance to the elderly population (65+) in

the US. Enrollees choose between Traditional Medicare, also known as Fee-For-Service

3Risk adjustment has improved substantially since Newhouse et al. (1997) discussed the need to con-
dition adjustments on diagnoses (see also Breyeret al., 2011). Recent results show that health-based risk
adjustments could also improve market stability in ACA Exchanges by reducing the adverse selection in
consumer sorting (Handel et al. 2015, Layton 2017).

4Our �ndings suggest that insurer responses to payment incentives could contribute to the disparities
in healthcare spending, prices, and health outcomes in the US (e.g., Skinner 2011, Cooper et al. 2018,
Finkelstein et al. 2016, 2021).

5Consistent with the star rating being a noisy signal of insurance quality, the rating has only modest
impacts on consumer welfare (Charbi, 2020) or enrollment (Darden and McCarthy, 2015). This could also
depend on the fact that insurers consolidate contracts to improve their ratings (Meyers et al., 2021).
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Medicare (FFS), and private Medicare insurance from the Medicare Advantage (MA)

market. MA plans provide additional bene�ts over FFS, for which enrollees are charged

the “Part C premium.” Most plans also provide prescription drug coverage, which results

in the “Part D premium.” An insurance contract's service area determines the counties

where enrollees can purchase plans o� ered within the contract. Premiums and bene�t

design can vary across plans within a contract but cannot vary by enrollees in the same

plan. Despite premiums, MA insurance plans critically rely on government subsidies from

the Center for Medicare and Medicaid Services (CMS) to operate, which account for over

80% of the cost of covering an enrollee (Curto et al., 2021).6

CMS introduced the star rating in 2009 as a summary measure of insurance quality.

Through our study period 2009-2014, the rating is computed each year on a scale of 1 to

5 stars with half-star increments. It is displayed to consumers together with premiums

and bene�ts on the plan choice website. With the introduction of pay-for-performance in

MA under the A � ordable Care Act (ACA) in 2012, the star rating also became the basis of

bonus payments to high quality insurance contracts.

The star rating summarizes a large number of measure-level ratings focusing on speci�c

aspects of insurance quality. Measure-level ratings are assigned based on a cluster analysis

of performance data.7 In 2009-2011, the overall star rating is a simple average of measure

ratings. Starting 2012, measures of enrollee health outcomes receive the largest weights

(3.0) in the overall rating. Measures of access and customer services receive 1.5 weights,

and measures of managed care processes such as preventive care receive 1.0 weights.8

Because performance data are collected from all enrollees in the contract, subsidiary plans

share the same quality ratings as the contract.

Not all quality measures account for di � erences in enrollee characteristics when com-

puting the star rating. For instance, according to the health outcome measures, a chronic

condition is “managed” if results from related medical tests meet a predetermined thresh-

old, which however is not adjusted for the severity of conditions. Part D measures of drug

safety and adherence for patients with diabetes or hypertension may su � er from similar

biases. These measures of chronic conditions are derived from the Healthcare E� ective-

ness Data and Information Set (HEDIS), which lacks information on diagnoses to adjust

6Vilsa Curto and coauthors counterfactually estimate that the average enrollee costs a MA plan $805 (see
their Table 3), while plans demand subsidies to CMS for $746 on average (see the notes to their Figure 3-4).
The remainder (20%) is charged to enrollees.

7The cluster analysis generates cut-points of star ratings such that contracts with similar performances
receive the same star rating. Cut-points of speci�c measures are available in the yearly Technical Notes
published by the CMS.

8Appendix Table D2 lists all quality measures in the 2013 rating, together with the weight, the underlying
data source, and the period over which data are collected for each measure.
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health outcomes by disease conditions.9 By contrast, survey-based measures on access

and customer service are adjusted for the age, education, and the general health status of

enrollees.10 Thus, if riskier patients have chronic conditions that are more challenging to

manage, they can worsen the health outcome measures and the overall contract rating.

2.1 Conceptual Framework

Before considering the implications of enrollee risk types for �rm strategy under pay-for-

performance, we start by describing how CMS disburses subsidies. CMS payments to MA

plans are determined by comparing the plan's asking price, or bid, with its benchmark,

which is predetermined by CMS. The bid (denoted b) re�ects the projected cost of an

average enrollee in the plan plus an administrative load. Equation 1 below shows that, if

the bid is below the benchmark (denoted B) times a quality adjustment ( � star), the payment

equals the plan's bid plus a rebate. By law, the rebate is passed on to enrollees as premium

discounts or additional bene�ts. 11 Since payments are capped at the benchmark, a plan

charges enrollees an extra premium if it bids over its benchmark. Formally,

payment=

8
>>><
>>>:

b + rebate if b < � star � B

� star � B if b � � star � B:
(1)

Before 2012, � star = 1 and the rebate was 75% of the positive di � erence betweenB and b

for all contracts. Under the ACA, � star was set to 1.05 for plans with star ratings above 4.0.

A key issue of regulated insurance markets is that di � erent enrollees require di � erent

health services despite the same premium charged to all enrollees. To reduce the scope

for selection, CMS updates per-capita payments to re�ect each enrollee's expected cost,

thereby making potential enrollees equally pro�table to insurers. Instead, under pay-

9The HEDIS measures were �rst introduced in 1991 to monitor patients' health outcomes and compare
them across health plans, but it was not designed to measure a plan's value added because it does not collect
information on diagnoses (Mainous III and Talbert, 1998). The health outcome measures use the lab test data
in HEDIS to monitor the management of chronic conditions. For diabetes, hemoglobin A1c and low-density
lipoprotein cholesterol (LDL-C) test results are collected, and the condition is managed if hemoglobin A1c
is tested below 9%, and LDL-cholesterol level is below 100 mg/dL. Details of the outcome measures are
available in the yearly Technical Note published by CMS.

10The access measures are based on the Consumer Assessment of Healthcare Providers and Systems
(CAHPS) dataset, where respondents rate the health plan in terms of getting needed care, complaint
resolution, and customer service. As explained in AHRQ (2017), adjusting “makes it more likely that
reported di � erences are due to real di� erences in performance, rather than di � erences in the characteristics
of enrollees or patients.”

11Rebate equals
 star � (� star � B � b), which increases for lower bidding plans according to a �xed percent

 star. Similar to the quality adjustment on benchmark, the rebate percent 
 star increased with the star rating
after 2012.
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for-performance, the per capita subsidy is, in turn, a function of quality measures that

may depend on some features of the enrolled population if not adequately risk-adjusted.

Thus, selecting healthier enrollees may result in better quality measures, implying higher

subsidies to the insurer.

The �rst question we raise in this paper is: How do insurers react to pay-for-

performance in the absence of an adequate risk adjustment? To guide our analysis,

Appendix A.1 presents a stylized model of MA insurer behavior which shows that even

with perfect risk adjustments on benchmarks, a biased star rating that is responsive to

the contract's risk pool would push insurers to select healthier enrollees. As a result,

insurers will price-discriminate across counties to select healthier enrollees as premiums

are allowed to di � er across counties for the same contract.

Focusing on an insurer o� ering one insurance contract in two counties, Appendix A.1

�nds that the insurer will set a lower premium in the healthier county if the star rating

rewards a healthier risk pool. The price drop in this county compared to the risky one

is proportional to the di � erence in FFS risk scores across counties (� FFS
1 � � FFS

2 ) and is

mediated by the change in the benchmark bonus due to a change in the contract's average

risk score (d B
d q � @q

@r), as in

� p1 � � p2 / �
d B
d q

�
@q
@r

�
�
� FFS
1 � � FFS

2

�
; (2)

where we denote the premium di � erence in county l before and after the quality initiative

by � pl , the star rating by q, the risk score of an average enrollee in the contract by r , and

the risk score of the FFS population in county l by � FFS
l . The level di � erence in FFS risk

scores naturally drives the premium di � erence because drawing additional enrollees from

counties with lower � FFS
l improves a contract's risk pool and quality rating. 12 Thus, we

expect premiums to drop in low-risk counties compared to high-risk ones. This reasoning

also applies under oligopoly, with the caveat that the selection incentive weakens with the

number of �rms as raising premiums also means losing revenues to competing insurers

(see Appendix A.2).

The second question we raise relates the selection strategy to changes in the market

shares of high-rated insurance across counties. We show in Appendix A.4 that the premium

responses could lead to rising inequality in the access to high-rated insurance across

counties, which may disadvantage consumers in the riskiest counties of Medicare. As

a result, welfare may decrease if enrollees in the riskier counties value MA insurance

12This argument is net of the e � ect of the risk score of the marginal enrollees across counties, which we
account for using �xed e � ects of contract-county pairs in the empirical analysis.
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more than those in the healthy counties. We empirically explore the potential impacts

on welfare examining the shifts in the spatial distribution of insurance and discuss the

implications for consumers.

2.2 Quality Bonus Payment Demonstration

The ACA model was not immediately implemented in MA. Bonus payments were deter-

mined by the QBP demonstration between 2012 and 2014, which CMS introduced on

November 10th, 2010 as a phase-in of the ACA model. We summarize the QBP bonus

rates for benchmarks and rebates in 2009-2014 and the ACA rates (2015) in Appendix

Table D1.

Figure 1: Star rating computation and its implications for benchmarks

(a) Timeline of bidding, enrollment, and star

rating disclosure, 2009-2012

(b) Growth in rating-adjusted benchmarks after

the payment reform

Notes: Panel (a) plots the timeline of Medicare Advantage (MA) enrollment, plan bidding, and star rating
disclosure for enrollment years 2009-2012. Bonus rates for 2012 are calculated from the 2011 star rating
(released in the Fall of 2010), which in turn is derived from the health outcomes of enrollees in 2009. Panel
(b) plots the percent increase in rating-adjusted benchmarks after the payment reform, for contracts below
and above the ACA cut-o� (4.0 stars) in the baseline period (2009-2010). We distinguish contracts by the
maximum quality rating in 2009-2010, and use the baseline rating to determine the bonus rates applicable
to the contract in 2012-2014.

Bonus payments under QBP rewarded a contract's past performances. As illustrated in

panel (a) of Figure 1, a three-year lag exists between enrollment in year t and the payout of

bonus payments in year t + 3. This is because payments for yeart are adjusted by the star

rating in t � 1, where most quality measures are based on enrollee data collected two years
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prior in t � 3.13 The three-year delay e� ectively links enrollees serviced in 2012 (and their

outcomes) with payments in 2015, when the ACA model restricts benchmark bonuses only

to contracts rated 4.0 stars and above. This implies that contracts may begin selecting

healthier enrollees immediately after bonus payments became law. With the passage of the

ACA in early 2010, we examine insurer selection responses on premiums and risk scores

treating 2011 as the �rst post-reform year. 14

To understand the magnitude of benchmark bonuses, panel (b) of Figure 1 predicts

benchmarks both for contracts rated 4.0 stars and above in 2009-2010 and for lower-rated

contracts.15 By 2014, the year when bonus payments aligned with the ACA model for

higher-rated contracts, benchmarks increased by 4.1% for higher-rated contracts, or by

$33 per enrollee-month above the 2009-2010 levels.16

3 Data

We draw data from the administrative registry of all MA insurance plans o � ered in 2009-

2014 (the “Landscape File”). The data contain information on plan characteristics such

as premiums and drug deductibles across the service areas (counties) covered by each

plan. We drop Regional Preferred Provider Organization (PPO) plans and plans with

missing star ratings for payment purposes since these plans are subject to a di� erent set of

payment rules. We further restrict the sample to a homogeneous set of plans covering both

medical and prescription drug expenditures, or the MA-PD plans. Details of the sample

construction are available in Appendix B.

We merge this data with the Payment File containing plan payments and plan risk

scores to examine plan bidding and risk selection. Since the quality rating is calculated

at the level of insurance contracts, we focus on contract-level di � erences by averaging

over subsidiary plans using enrollment weights. The �rst two columns of Appendix Table

D4 summarize the estimation sample. Panel A looks at contract-year observations, while

13In particular, the HEDIS outcome and process measures are based on enrollee health records from two
years prior. Access measure are more up-to-date, with year t ratings derived from CAHPS records from the
�rst half of year t � 1. Appendix Table D2 list the period of data collection for each quality measure in the
2013 rating.

14Appendix Table D3 illustrates the ACA policy variation in bonus rates linking the star rating in year
t with the payment model in t + 3. Relevant for the selection incentive during QBP, benchmark bonuses
increased discretely from 0% to 5% above 4.0 stars.

15We predict quality-adjusted benchmarks for 2012-2014 using the maximum Part C rating in 2009-2010
as the basis. We adjust the raw county benchmarks with the baseline rating, and use the average benchmark
across counties as the predicted benchmark for contracts. In the prediction, we restrict counties to those
already covered by the insurance contract prior to the payment reform.

16The benchmark increase did not exactly match the 5% bonus rate because raw county benchmarks were
generally lower since 2012. We survey more recent policy changes in MA after 2014 in Appendix C.
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Panel B expands the contract-year observations by the counties in the contract's service

area. On average, a MA-PD contract o� ers 3.4 plans covering over 25 counties in its

service area. Most contracts place bids below the benchmark, generating a rebate of$81.04

per enrollee-month. A large number of contracts charge zero premiums and zero drug

deductibles.

4 Evidence of Risk Selection

High- and Low-Rated Contracts. To provide evidence on the selection responses, we

document shifts in the distribution of risk scores across high- and low-rated insurance

contracts. We group insurance contracts by the maximum Part C rating in 2009-2010, our

baseline period.17 High-rated contracts have at least one 4.0-star rating or above in the

baseline, whereas low-rated contracts are rated no more than 3.5 stars in the baseline.18

Over time, risk scores shifted to the lower percentiles in high-rated contracts but not in

low-rated contracts (Appendix Figure E1). In particular, risk scores shifted in high-rated

insurance in 2011, the �rst year after quality bonus payments were signed into law under

the ACA in March 2010 (Appendix Figure E2).

Responses by Star Ratings. We further examine heterogeneous responses across baseline

ratings in Figure 2. We classify contracts by the maximal Part C rating in 2009-2010 and

plot the density shifts for each rating from 3.0 stars to 4.5 stars. 19 Risk scores decreased

the most in marginally high-rated contracts with a maximum 4.0-star rating in the baseline

(panel c), where the density shifted signi�cantly from the middle to the lower percentiles. 20

We �nd weaker selection responses among higher-rated contracts and no signi�cant shifts

in risk scores among low-rated contracts.

Quantile Di � erence-in-Di � erences. We then formally estimate the shifts in the distribu-

tion of risk scores using a quantile-based di � erence-in-di � erences design. We model the

17Part C and Part D ratings are calculated separately for MA-PD contracts in 2009-2010. Because the Part
C rating includes two-thirds of all measures in Part C and D, the overall rating (constructed as the average
of all measure ratings) is primarily driven by the Part C rating. We �nd similar selection responses across
the overall rating in Appendix Figure E3.

18We exclude contracts with a 2.5-star rating or below from our analysis. These contracts are subject to
suspension by the CMS if the Part C rating does not improve above 3.0 stars in three years. Since the threat
of suspension di� ers from our focus on bonus payments, we exclude these contracts from the analysis.

19We do not separately plot risk scores for 5.0-star contracts because very few obtained such rating at
baseline.

20We �nd that contracts closer to 4.0 stars (within a half star radius) show larger drops in risk scores
(Appendix Figure E4). Within those contracts, the drop is further concentrated in those with a maximum
4.0-star rating in the baseline (Appendix Figure E3).
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Figure 2: E� ect on risk scores by the baseline rating, kernel density

(a) 3.0 stars (b) 3.5 stars

(c) 4.0 stars (d) 4.5 stars

Notes: The �gure plots the kernel density of risk scores by the baseline rating of contracts. For each rating
from 3.0 stars to 4.5 stars, the �gure compares the density of risk scores before and after the payment reform,
and tests for the null of equal distribution applying the Kolmogorov–Smirnov (K-S) test with the p-value
shown next to the density. Risk scores are at the level of contracts aggregated from plan risk scores weighted
by enrollment.
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� -th quantile of risk score yqt(� ) for quality rating q in year t as

yqt(� ) = � (� ) � highq � postt + � q(� ) + � t (� ) + � qt(� ); (3)

where high indicates high-rated insurance and post indicates the post-reform years (2011

and after). � (� ) estimates the shift in the � -th quantile of risk scores of high-rated contracts

after the payment reform. We control for rating, � q(� ), and time �xed e � ects, � t (� ).

Appendix Figure E5 estimates equation 3 using the group quantile estimator (Chetverikov

et al., 2016) in panel (a) and the changes-in-changes (Athey and Imbens, 2006) in panel

(b). Both estimates show large and signi�cant reductions in the 20th to 40th percentiles of

risk scores. In these deciles, risk scores dropped by 4-8 percentage points in high-rated

contracts, or by 4%-9% below their baseline levels (Appendix Table D5). The e � ects on

risk scores in the upper deciles are smaller and statistically insigni�cant.

High-Selection Contracts. The quantile analysis indicates highly heterogeneous re-

sponses in risk scores, with most of the reduction concentrated in the lower percentiles

of high-rated insurance. At the contract level, this implies that risk scores decreased

disproportionately for some, but not all, high-rated contracts. To examine the average

and heterogeneous e� ects of the payment reform on high-rated contracts, we estimate the

following speci�cation

yct = � � treatc � postt + � c + � t + � ct ; (4)

where yct is the risk score of contract c in year t . We include contract ( � c) and year (� t )

�xed e � ects. treat indicates di � erent sub-groups of high-rated contracts. � estimates the

e� ect of bonus payments on the risk scores of the high-rated contracts indicated by treat.

Guided by the model in Section 2.1, we explore heterogeneous e� ects for contracts with

di � erent fee-for-service risk scores in the service area. Since contracts can more e� ectively

select healthier enrollees in counties with lower FFS risk scores (equation 2), risk scores

may decrease more for contracts exposed to healthier FFS enrollees in the service area. We

hence calculate the service area risk as the average FFS risk score in the service area and

consider heterogeneous e� ects by the median service area risk in high-rated contracts.

Panel (a) of Appendix Figure E6 plots the raw trends of risk scores for two groups

of high-rated contracts and for low-rated contracts. Risk scores trended similarly for

high-rated contracts above the median service area risk and for low-rated contracts, but

dropped for high-rated contracts serving healthier locations. Panel (c) shows similar

patterns across the lower and upper 25% of service area risks. By contrast, risk scores

decreased in high-rated contracts serving the healthiest locations.
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Appendix Table D6 estimates the heterogeneous e� ects on high-rated contracts using

equation 4. On average, risk scores decreased by 2.6 percentage points in high-rated

contracts (column 1). This e� ect is driven by high-rated contracts in the lower percentiles

of service area risks (column 2-5). Risk scores dropped by 3.7 percentage points below

the median service area risk in column 2, and by 4.3 percentage points below the 25th

percentile in column 4. Conversely, risk scores did not di � er meaningfully between

low-rated contracts and high-rated contracts serving riskier locations (column 3 and 5).

To summarize, the overall decrease in risk scores is concentrated in what we term

“high-selection” contracts – high-rated contracts with below-median service area risks

in the baseline. This heterogeneous e� ect is consistent with the theoretical prediction

that insurers can more e� ectively select healthier enrollees in counties with lower fee-for-

service risk scores. We next examine pricing responses as the mechanism of selection.

5 How did Insurers Risk Select?

Drawing from the discussion in Section 2.1, we investigate whether high-rated insurance

increased (decreased) premiums in riskier (healthier) counties after the payment reform.

Speci�cally, we implement the following tripe-di � erence design

yclt = � 0 � riskcl � highc � postt + � 1 � riskcl � postt + � 2 � highc � postt + � � Xlt + � cl + � t + � clt : (5)

The variables high and post indicate the high-rated contracts and the post reform period

as in Section 4. The outcome variables are prices varying at the level of contract c, year t ,

and county l . In each county, we generate contract-level prices from plan prices weighted

by enrollments. The variable riskcl measures the risk score di� erences across counties in a

contract's service area. In particular, we calculate county l 's deviation to the median county

risk score in the service area of contract c and use the deviation-to-median to measure

riskcl in the analysis.21 By construction, riskcl varies across counties within contracts and

varies across contracts within counties.22

We include contract-county �xed e � ects � cl to absorb preexisting di � erences in prices

and enrollments across contracts and counties.23 We control for year �xed e � ects in � t .

Assuming that premiums in high- and low-risk counties would have followed parallel

21Speci�cally, we derive the median county risk score across all counties covered by a contract and measure
risk score di� erences within contracts relative to the median county. Appendix F explores alternative
measures of risk di� erences within contracts.

22Based on the variation in riskcl , we cluster standard errors by contracts and counties.
23The �xed e � ects absorb local consumer characteristics which did not vary with the payment reform.
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trends absent the payment reform, � 1 gives the e� ect of bonus payments on premiums

in low-rated contracts. Further assuming that premium di � erences by county risk scores

would have trended similarly between high- and low-rated contracts absent the reform, � 0

gives the di� erential e� ect of the payment reform on premiums in high-rated contracts. � 2

gives the e� ect on premiums in the median risk county served by high-rated contracts. 24

We also control for time-varying, location-speci�c payment incentives that may a � ect

prices in these locations. Speci�cally, Xlt includes yearly raw benchmarks, bonus rates,

and bonus-adjusted benchmarks.25 In addition to varying prices, insurers may also enter

high-bonus counties or exit high-risk counties to increase bonus payments. However, we

�nd little evidence of selection over service area characteristics. 26

5.1 Varying Premiums to Risk Select Enrollees

Part D Premiums. Because the health outcome measures in the quality rating focus on

chronic conditions such as diabetes and hypertension, we �rst examine if premiums of

prescription drug coverage (Part D) varied across counties in response to the payment

reform. We show estimates of equation 5 in Table 1. For every 10 percentage point increase

in the risk score, Part D premiums increased more in high-rated contracts by $1.53 (column

3), or by 8.3% above the average premium. The response is driven by high-rated contracts

(column 2), and we do not detect similar di � erences in low-rated contracts (column 1).

To the extent that larger risk di � erences may exacerbate the premium responses, we also

examine premiums across the risk tails of counties in column 4-6. Overall, we �nd very

similar responses in the risk tails.

We illustrate the premium di � erences showing raw trends and event study estimates

in Appendix Figure E7. On the raw trends, we split the service area of each contract into

high- and low-risk counties – grouping either by the median or across the 15% tails –

and plot premium trends across county risks for an average high- and low-rated contract.

In high-rated contracts, Part D premiums deviated from pre-reform parallel trends and

increased signi�cantly in the riskiest counties since 2011. We do not �nd similar increases

in low-rated contracts in the event study.

Part C Premiums. We then examine responses in Part C premiums in Appendix Table D8.

We do not �nd signi�cant premium di � erences across county risk scores in either low- or

24When evaluated at the median county risk, riskcl = 0 and interaction terms containing riskcl vanish in
equation 5. � 2 gives the price change in the median county for high-rated contracts after the reform.

25We use the maximum bonus applied to 5-star contracts to measure a county's benchmark generosity.
26Speci�cally, high-rated contracts did not cover additional counties or change the composition of covered

counties based on risk scores or benchmarks. Appendix Table D7 shows the estimates.
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Table 1: E� ect of the payment reform on Part D premiums, within-contract di � er-

ences

(I) (II) (III) (IV) (V) (VI)

Risk � High � Post 15.28** 17.43**
(6.99) (8.51)

Risk � Post -4.29 17.66*** -2.97 -4.01 16.64** -3.36
(5.00) (5.82) (4.91) (5.57) (7.35) (5.35)

High � Post 1.23 2.38
(2.35) (2.00)

Counties all 15% tails
Contracts low high all low high all
y mean 18.29 29.16 21.27 18.05 27.99 20.74

R2 0.76 0.67 0.75 0.75 0.70 0.75
N 14,861 5,611 20,472 4,393 1,633 6,026

*** p < 0:01 ** p < 0:05 * p < 0:10
Notes: The table shows the within-contract di � erences in Part D premiums over county risk

scores. Column 1-2 show the di� erence-in-di � erences estimates on the premium di� erences in
low- and high-rated contracts, respectively. Column 3 shows the triple-di � erence estimate on
the di � erential variation in high-rated contracts. Column 4-6 repeat the analysis but restrict the
within-contract locations to the lower and upper 15% of county risk scores in the contract's service
area. All regressions control for contract-county �xed e � ects. Standard errors clustered two-way at
the level of contracts and counties in the parenthesis.
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high-rated contracts (column 1-2). In column 4-6, we also do not �nd premium di � erences

across the 15% risk tails of counties. Part C premiums trended similarly across both rating-

groups over the sample period, and the event study estimates generally show insigni�cant

di � erences by county risk scores (Appendix Figure E8). Overall, high-rated contracts

increased their total Part C and D combined premiums by $4 :05 for a ten percentage point

increase in the risk score, or by 7.6% above the mean (Appendix Table D10 and Figure

E10).27

Drug Deductibles. We do not �nd signi�cant di � erences in the drug deductibles of

high-rated contracts (Appendix Table D11). Across risk tails, both high- and low-rated

contracts increased drug deductibles by approximately $3 per ten percentage point risk

score. However, raw trends and event study estimates indicate a signi�cant pre-reform

di � erence in 2009 for high-rated contracts (Appendix Figure E11). Due to the noise in the

data, we do not pursue di � erences in drug deductibles as a potential selection mechanism

of high-rated insurance.

5.2 Mechanism

While the premium di � erences are consistent with the selection of healthier individuals in

low-risk counties, similar di � erences could also emerge from premium responses to other

county characteristics correlated with risk scores. For instance, if high-rated contracts

targeted high-income markets where risk scores tend to be lower, then the premium

di � erences may be driven by selection over (non-risk) demand factors rather than risk

types. Here we consider a range of demand and supply factors that can plausibly generate

the premium di � erences through the correlation with risk. 28

Socio-Economic Factors. Appendix Table D12 estimates the premium di � erences by

county di � erences in per capita income and transfer income. We do not �nd a signi�cant

premium di � erences with either measure of income. Speci�cally, premiums did not

increase in high-transfer counties or decrease in high-income counties, contrary to the risk

composition gain in high-rated contracts. Appendix Table D13 �nds similar null e � ects by

county demographics such as racial composition and college education.

27We also examine the o� ering of zero-premium plans across counties as one particular margin of selection.
Consistent with the di � erences in premiums, high-rated contracts o � ered more plans with zero Part D
premiums in low-risk counties and decreased the o � ering of such plans in high-risk counties (Appendix
Table D9). We do not �nd similar responses for zero Part C premiums, or by low-rated contracts. Appendix
Figure E9 plots the raw trends.

28Details of the county characteristics examined here are provided in Appendix B.2.
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Special Enrollment Period. Premiums may also di � er in response to the Special Enroll-

ment Period (SEP), a policy change in 2012 that allowed enrollees to switch to a 5.0-star

MA contract anytime during the year. SEP may increase the risk exposure of 5.0-star

contracts and hence trigger additional selection responses (Decarolis and Guglielmo,

2017). However, since very few contracts ever achieved 5.0-star ratings, excluding 5.0-star

contracts and counties with 5.0-star contracts has little e � ect on the premium di � erences

across counties (Appendix Table D14).

Market Concentration. We examine the role of market concentration in Appendix Table

D15. High-rated insurance increased premiums more in more concentrated markets

(column 2),29 but because these markets also have healthier enrollees,30 the di � erences

would drive up premiums in healthier markets. However, controlling for the di � erences

in market concentration, premiums increased signi�cantly with county risk scores in high-

rated insurance (column 5). These results are consistent with the prediction in Appendix

A.2 that competition forces could weaken the selection through premiums.

Provider Quality. We next consider di � erences in provider costs and quality as alternative

drivers of the premium di � erences. If high-risk counties are associated with lower quality

and higher costs, then payments to improve outcomes in these counties can crowd out

rebates to enrollees, generating the premium di � erences over risk scores. To investigate

the quality channel, we use hospital readmission rates and preventable hospital stays

as measures of inpatient and outpatient quality. However, we do not detect consistent

di � erences over these measures across counties (Appendix Table D16).

Provider Cost. We investigate the cost channel exploiting adjustments on fee-for-service

(FFS) costs in Appendix Table D17. Premiums did not di � er by FFS costs in low-rated con-

tracts. In high-selection contracts where risk scores decreased more (column 3), premiums

tend to increase with FFS costs. Similar patterns hold when we adjust FFS costs for the

di � erences in price levels in columns 5-8.31 Further adjusting for the risk of enrollees

in price-standardized costs, premiums no longer di � er across FFS costs in columns 9-12,

29We measure concentration using the Her�ndahl-Hirschman Index (HHI), calculated for county l as
HHI l =

P
c(scl)2, where scl is the market share of contract c in the county. Concentration rates across all

contracts a� ect the premiums of high-rated contracts, but concentration within county-quality pairs has no
signi�cant impacts on premiums (column 7-9).

30Across counties, a ten percentage point increase in the risk score is associate with a 6% decrease in
concentration as measured by HHI.

31The adjustment uses national input prices to calculate labor and facility costs and replace local reim-
bursement rates with �xed national ones.
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where the coe� cient for high-selection contracts is insigni�cant. 32 Thus, premiums varied

with costs through the risk composition across space, rather than di � erences in the price

levels or practice styles.

Coding Intensity. Finally, since counties with more intensive coding of diagnoses have

higher risk scores for similar health conditions, premiums could instead respond to the

coding intensity of fee-for-service risk scores. To remove risk score di � erences driven

by coding intensity rather than health, Appendix Table D19 adjusts risk scores with the

diagnosis intensity factors developed by Finkelstein et al. (2017).33 Upon adjustment, we

�nd a stronger variation of Part D premiums over risk scores relative to the main results

in Table 1. Thus, premiums responded directly to the health of enrollees rather than

location-speci�c non-health factors coded in the risk score.

Although it is impossible to consider all correlates of risk, we can rule out common demand

and supply factors as drivers of the premium di � erences over county risks. Moreover,

exploiting adjustments on costs and risk scores, we show that premium responded directly

to the health of enrollees in the county, but not to local price levels, practice style, or other

non-health factors coded in the risk score.

5.3 Insurance Generosity

Other price and non-price designs of the insurance contract may also vary in favor of

healthier individuals. To understand the extent of insurance generosity that can be

explained by premiums, we estimate equation 5 using rebates as the dependent variable

in column 4 of Appendix Table D20. The estimate suggests that rebates increased by

$5:63 less in high-rated contracts for every ten percentage point increase in the county

risk score. Of the $5:63 loss of rebate, $4:07 was added onto premiums in high-rated

contracts (Appendix Table D10). Put together, premium di � erences account for 72% of

the di � erences in the overall generosity by quality. 34

In contrast to the signi�cant premium di � erences across county risk scores, average

rebates and premiums did not increase for high-selection contracts. Speci�cally, we

estimate a contract-level di � erence-in-di � erences (equation 4) where the outcome variable

32Appendix Table D18 �nds similar patterns in the risk tails. We �nd substantially smaller and insigni�-
cant premium di � erences over costs after adjusting for the risk composition across counties.

33These adjusters are generated from movers in the elderly FFS population who have similar underlying
health conditions but di � erent risk scores due to location-speci�c coding intensity. By construction, these
adjustments remove cross-space di� erences in risk scores for a given level of underlying health conditions.

34Similar calculation for high-selection contracts suggests that premium di � erences (Appendix Table D21)
account for about 65% of the rebate di � erences between low-rated and high-selection contracts.
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is the average premium and rebate for enrollees in a high-rated contract (Appendix Table

D22). We estimate a similar null e � ect on rebates for high-rated contracts more generally

(Appendix Table D23). We thus conclude that insurers selected healthier enrollees by

shifting insurance bene�ts – in particular premium discounts – from riskier to healthier

counties, without changing the average bene�t levels of high-rated insurance.

6 Why Does the Payment Reform Induce Risk Selection?

6.1 Selection in the Health Outcome Measures

The quality rating is a weighted average of di � erent measure-level ratings, whose weights

increased di� erentially across measures in 2012 (see Section 2). Although all measures

received unit weights before 2012, CMS increased the weight of health outcome measures

to 3.0, the largest of all weights in the quality rating. The weight change signi�cantly

increased the contribution of outcome measures to the �nal rating linked to payments,

especially for high-rated contracts (Appendix Table D24). Here, we explore biases in the

health outcome measures as a potential driver of selection through two di � erent empirical

strategies. We then examine variation in premiums across counties as a source of selection

to speci�cally improve health outcome measures.

Cross-Contract Evidence. The �rst strategy exploits the payment reform and the cross-

contract di � erences over baseline risk scores in a di� erence-in-di � erences analysis analo-

gous to equation 4. Speci�cally, we estimate

yct = � � riskc � postt + � c + � t + � ct; (6)

where riskc is the baseline enrollee risk score in contract c. The speci�cation compares

the health outcome rating yct across contracts that started out with di � erent risk scores in

the baseline. The results in Appendix Table D25 show that a 10 percentage point increase

in the baseline risk score is associated with a loss of 0.12 stars (over a range of 1-5 stars)

in subsequent outcome ratings (column 1). 35 This correlation is driven by the HEDIS

measures of chronic conditions (column 3), which improved signi�cantly for contracts

with healthier enrollees in the baseline. 36

35In this analysis we consider only outcome measures that consistently appear in the quality rating from
2009 to 2014. Later introduced measures, such as hospital re-admission measures, drug adherence measures,
and quality improvement measures, are not included in the di � erence-in-di � erences analysis. In Section 6.3
we consider the e� ect of risk scores on all quality measures using an instrumental variable approach.

36Appendix Figure E12 plots the raw trends and event study estimates.
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This correlation may re�ect the fact that the HEDIS measures are not adjusted for the

prevalence or severity of health conditions. In turn, this a � ects the ranking of contracts

if contracts di � er signi�cantly by the case-mix of health conditions. 37 In the presence of

such bias, outcome ratings should improve more for selecting contracts when the HEDIS

outcomes of their enrollees enter the quality rating. This observation motivates our second

empirical strategy.

Evidence Over Time. The second empirical strategy examines the relationship between

outcome ratings in year t and risk scores in year t � 2 with the following speci�cation

yct = � � riskct� 2 + � c + � t + � ct: (7)

We lag risk scores by two years because outcome ratings are based on the medical records of

enrollees from two years prior (see Section 2). This implies that if riskier individuals have

worse health outcomes, then the negative e� ect on the outcome rating would appear after

a two-year delay. Consistent with selection on health outcomes, we �nd that lowering risk

scores by ten percentage points improves outcome ratings by 0.30 stars for high-selection

contracts two years later (column 6 of Appendix Table D26). We do not �nd similar

correlation patterns for low- or high-rated contracts across other lag or lead periods.

Premiums and Outcome Measures. The selection incentive implies that premiums may

respond to the chronic conditions targeted by the health outcome measures. We inspect

such pricing responses here. Adopting the triple-di � erence design in equation 5, we

compare premiums across counties with di � erent diabetes prevalence rates in Appendix

Table D27.38 High-selection contracts increased Part D premiums by $9 :47-$12:44 per

ten percentage point increase in the prevalence rate (column 6-7), or by 47%-63% above

the mean. Appendix Figure E13 shows the raw trends and the event study. We also �nd

similar patterns but smaller magnitudes for hypertension (Appendix Table D28).

To summarize, high-selection contracts signi�cantly varied premiums in favor of healthier

37The health literature has raised similar concerns over the lack of risk adjustments on the HEDIS quality
measures. In the case of blood sugar control, for instance, Sa� ord et al. (2009) show that adjusting for
diabetes severity and co-morbidities meaningfully altered the quality ranking and outlier status of facilities
in the Veteran Health Administration. Speci�c to the Medicare Advantage star ratings, Nichols et al. (2018)
shows that patients with multiple co-morbidities are associated with worse medication adherence and blood
sugar control.

38We multiply the raw prevalence rates by the coding-adjusted risk score to construct health-adjusted
prevalence rates for our analysis. Prevalence rates are adjusted downward if enrollees in the county have
fewer and milder conditions. We detail the prevalence rates in Appendix B.
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counties with lower prevalence rates of chronic conditions. Both the risk pool and the

health outcome rating improved for these contracts after the payment reform. Building

on these results, we develop an instrumental variable strategy to quantify the extent of

selection in the health outcome measures.

6.2 Quantifying Risk Selection in the Health Outcome Measures

This section quanti�es the e � ect of risk scores on the HEDIS outcomes by developing an

instrumental variable (IV) strategy that relies on our �nding that insurers varied premiums

across counties to attract healthier individuals and improve the risk pool.

Adjusting for Risk Score. We assume that the health outcome measures are determined

by a contract-speci�c component and a component due to the risk scores of enrollees.

Speci�cally, we estimate the following equation

yct = � c + 
 c � postt + � � riskct� 2 + � t + � ct; (8)

where yct is the health outcome (as measured by HEDIS) of contract c in year t . Since HEDIS

outcomes are measured from enrollees two years prior, riskct� 2 denotes the concurrent risk

score of these enrollees at the contract level. We focus on HEDIS outcomes in 2011-2014

(corresponding to risk scores in 2009-2012) and de�ne post= 1 for 2013-2014.

The intercept � c is a contract �xed e � ect. We interpret � c as the contract's ability to

improve the chronic conditions of a unit-risk enrollee. Other than quality, outcomes may

also improve due to selected risk types in riskct� 2. Selection invalidates the ordinary-

least-square (OLS) estimate of� . We employ an IV strategy to estimate the e� ect of risk

scores on outcomes, and use it to “risk-adjust” the health outcome yct. Controlling for risk

types, we infer the health improvement of a standard risk type from 
 c � post, which we

interpret as the change of insurance quality over time. 39 We estimate � speci�cally for

high-selection contracts, where risk scores decreased more after the payment reform.

Instrument. We exploit the premium di � erences over county risk scores to construct

instruments for riskct� 2. Speci�cally, we construct the instrument riskivct� 2 as

riskivct� 2 = Corr(pct� 2 ;Rc) =
1

jNcj

X

l 2Nc

(pl
ct� 2 � p̄ct� 2) � (Rl

c � R̄c)
� pct� 2

� � Rc

; (9)

39Since controlling for � c � � t would absorb all the variation in our key variable of interest, riskct� 2, we
estimate the change in quality before and after the payment reform by 
 c � post.
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where pct� 2 stacks county l premiums,
�
pl

ct� 2

�

l 2Nc
, in the service areaNc of contract c. The

denominator jNcj refers to the number of counties in Nc. Similarly, Rc stacks the fee-for-

service risk scores of counties covered by contractc in 2009-2010,
�
Rl

c

�

l 2Nc
. We capture

the premium di � erences across county risk scores using the covariance 1
jNcj

P
l 2Nc

(pl
ct� 2 �

p̄ct� 2) (Rl
c � R̄c), where p̄ct� 2 and R̄c are the cross-county averages. We normalize the

covariance by the standard deviation of premiums � pct� 2
and risk scores � Rc

, and use the

correlation coe� cient Corr(pct� 2 ;Rc) as the instrument riskivct� 2.40

The instrument summarizes the responsiveness of premiums to county risk scores.

Contracts with larger riskivct� 2 price-discriminate more on the basis of risks when setting

premiums across counties. These contracts potentially have healthier enrollees and hence

lower risk scores due to the premium di � erences. We therefore predict contract risk scores

using premium di � erences across counties as instruments in the �rst stage. We isolate

premium di � erences by the health of enrollees using coding-adjusted risk scores for Rc

(Finkelstein et al., 2017) in equation 9. We construct additional instruments exploiting

premium di � erences over diabetes and hypertension prevalence rates based on our results

in Section 6.1.41

For the instruments to be valid, premium di � erences should impact the risk score of

contracts but otherwise have no direct impact on the contract's health outcome measures.

This requires that premium di � erences a� ected the composition of enrollee risk types, but

did not a � ect unobserved determinants of health outcomes through the error term � ct. We

examine the plausibility of the exclusion restriction based on the results in Section 5.2.

Speci�cally, we show that premiums di � ered signi�cantly with the health of enrollees but

are not correlated with the supply or quality of providers, demand characteristics, or the

competitiveness of the insurance market across counties. These results lend support to the

exclusion restriction.

Selection in Health Outcome Measures. We report estimates of equation 8 in Table 2.

The OLS estimates do not indicate signi�cant e � ects of risk scores on the HEDIS outcomes.

Based on these estimates, health outcomes improved by 1.8 percentage points in high-rated

contracts (column 2) and by 1.68 percentage points in high-selection contracts (column

4). However, risk selection can bias the OLS estimates and the implied improvements in

40The normalization adjusts for level di � erences in� pct� 2
and � Rc

by contracts, and gives a standardized
measure of premium di � erences comparable across contracts.

41We capture premium di � erences over diabetes prevalence rates withdiabivct� 2 = Corr(pct� 2 ;Dc), where
Dc is the vector of baseline diabetes prevalence rates across counties in contractc. Similarly, we use
hyptivct� 2 = Corr(pct� 2 ;Hc) to capture premium di � erences across hypertension, whereHc is the vector of
baseline hypertension prevalence rates in contract c.
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health outcomes.

To correct for this endogeneity, we show two-stage-least-squares (TSLS) estimates in

Panel B where we instrument risk scores, riskct� 2, with the premium di � erences over

county risk scores, diabetes prevalence rates, and hypertension prevalence rates. The

premium di � erences signi�cantly predict risk scores in high-rated contracts (column

2) and particularly in high-selection contracts (column 4-5). 42 For these contracts, we

�nd signi�cant and negative e � ects of risk scores on the outcome measures, with a ten

percentage point increase in risk score lowering health outcome measures by 9 percentage

points in high-rated contracts. 43

Applying the TSLS estimates, we decompose the gains in the health outcome measures

into a selection component and a component re�ecting the health gains of a standard-risk

enrollee. We calculate the selection component using � Risk � [� T SLS, where � Risk is the risk

score change relative to low-rated contracts after the payment reform. In high-selection

contracts, � Risk is 1.9 percentage points, and the selection increased health outcome

measures by � Risk � [� T SLS = 1:79 percentage points.44 We infer the health gains of a

standard-risk enrollee from estimates of 
 c � post in equation 8. Adjusted for risk, health

outcomes improved by 
 c � post = 0:24 percentage points on average in high-selection

contracts. Compared to the 1.68 percentage point increase in health outcome measures

(panel a), selection of healthier enrollees accounted for 86% of the health measure gains in

high-selection contracts.45

6.3 Quantifying Risk Selection in the Bonus Payments

Selection Gains in the Star Rating. We apply the IV strategy to quantify the selection

gains in the overall star rating and the bonus payments. In Appendix Table D30, we group

measures by their weights in the overall rating and quantify the selection gains for the

outcome rating (measures with 3.0 weights), access rating (1.5 weights), and the process

rating (1.0 weights). Risk selection impacts signi�cantly the outcome rating (column 1-2),

explaining nearly 80% of the rating gains to high-selection contracts. 46 Access and process

42We show the �rst-stage results in Appendix Table D29. We explore alternative combinations of instru-
ments for the health outcome rating in Appendix Table D32.

43To give a sense of the magnitude, a 9 percentage point increase in health outcomes roughly closes 56%
of the health outcome gap between the 15th and 85th percentiles of risk scores in high-rated contracts.

44Speci�cally, � Risk � [� T SLS = � 0:019 � (� 94:09) = 1:79. � Risk is the event study coe� cient for year
2011-2012 in the contract-level analysis of risk scores (panel b of Appendix Figure E6).

45Risk-adjusted health improvements explain 0:24
1:68 = 14:3% of the health measure gains, and selection

explains 1 � 0:24
1:68 = 85:7%.

46The selection e� ect is comparable to but di � erent from the 86% calculated in Section 6.2 because, 1) we
look at ratings on a scale of 2 to 5 stars in this section rather than the raw statistic in each measure, and 2)
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Table 2: E� ect of selection on the HEDIS outcome

(I) (II) (III) (V) (VI)

Panel A: OLS
Risk Score -0.29 -19.20 -6.33 -38.84 -73.83*

(10.10) (17.02) (20.77) (25.34) (36.63)


 c � Post 1.96 1.81 1.27 1.68 1.42

Panel B: TSLS
Risk Score -93.28* -94.09*** -160.57**

(53.70) (35.71) (65.29)

First-stage F-stat 2.00 9.12 3.54 10.09 26.35
Over-id p-value – 0.29 – 0.39 0.13


 c � Post 1.07 0.24 -1.03
� Risk � [� T SLS 1.31 1.79 3.85

Contracts low high high high high
Service area risk >50% � 50% � 25%

y mean 65.66 71.04 71.85 70.37 64.51
N 1,946 669 413 228 116

*** p < 0:01 ** p < 0:05 * p < 0:10
Notes: The table shows the e� ect of risk scores on the HEDIS outcomes. HEDIS out-

comes of a contract are measured by the percentage of enrollees who have controlled
their chronic conditions (i.e., by testing below the medical thresholds). Panel A shows
OLS estimates regressing HEDIS outcomes on contract risk scores. Panel B shows two-
stage-least-squares (TSLS) estimates instrumenting contract risk scores by the premium
di � erences across counties. Speci�cally, we construct instrument riskivct� 2 to summarize
premium di � erences by county risk scores, instrument diabivct� 2 to summarize pre-
mium di � erences by diabetes prevalence rates, and instrumenthyptivct� 2 to summarize
premium di � erences by hypertension prevalence rates. The instruments strongly predict
risk scores in high-rated contracts (column 2) and particularly in high-selection contracts
(column 4-5). For these contracts, we calculate the gains from selection from � Risk
� [� T SLS, where � Risk is the risk score change (relative to low-rated contracts) after the
payment reform in 2011-2012. Removing the selection gains on the outcome measures,
we infer risk-adjusted health improvements for a standard-risk enrollee from 
 c � Post.
We also include changes in the year �xed e � ect � t after the payment reform in 
 c � Post
when inferring health improvements. We show p-values from over-identi�cation tests.
To increase statistical power, we use plan-year observations in the table. Robust standard
errors clustered at the level of contracts in the parenthesis.
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ratings are not a� ected by risk scores. Together, these estimates suggest that risk selection

increased the overall rating by 0.23 stars among high-selection contracts.47

Figure 3: E� ects of selection on the quality rating and overpayments

(a) Share of Enrollees with Star Rating Change

Absent Selection (b) Overpayments due to Selection

Notes: The �gure shows the e� ect of adjusting risk selection on the overall star ratings of high-selection
contracts in panel (a) and on the payments to these contracts in panel (b). Panel (a) plots for each overall
star rating level in 2014 (horizontal axis) the percentage of enrollees receiving lower (by 1 star or 0.5 star)
or higher (by 0.5 star or unchanged) star ratings upon adjustment for selected risk scores. The adjustment
holds the risk composition at the 2010 level (corresponding to 2012 rating), and re-calculates the star
rating discarding the e � ect of selected risk scores since 2011. Based on the changes in panel (a), panel (b)
shows changes in 2015 payments by the 2014 star rating. We assume that contracts receiving a downgrade
(upgrade) in the star rating adjust bids downward (upward) relative to the new benchmarks such that rebates
to enrollees remain unchanged. The assumption is supported by our empirical analysis of bidding and
pricing strategies by high-selection contracts after the payment reform. Overpayments are the amount saved
when the e� ect of selected risk scores since 2011 is removed from the star rating. We show overpayments by
2014 star ratings with and without weighting by enrollment.

We then remove the selection gains in the outcome rating to construct risk-adjusted

star ratings for high-selection contracts in 2014. 48 Figure 3 compares the risk-adjusted

we group together all measures receiving 3.0 weights and focus on the average rating across measures as the
dependent variable. In Section 6.2 we focused only on the three HEDIS measures.

47Due to the weighting across measures, the selection gains on the overall rating is half the selection gains
on the outcome rating (50% � 0:45 = 0:23 stars). Across health outcome measures, HEDIS outcomes are most
sensitive to risk scores (Appendix Table D31), followed by drug related outcomes. These measures explain
all of the selection gains in the outcome rating.

48Recall that the overall rating is based on a weighted average of measure ratings. Here, we subtract the
selection gains in the outcome rating and round the new average rating to the nearest half star to construct
the risk-adjusted rating.
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rating with the original rating in panel (a), grouping contracts by the original rating on the

horizontal axis. The vertical axis reports the percent of enrollees with a contract's rating

change after the adjustment. Around 80% of the enrollees in 4.0-star contracts would

receive a lower rating for their contracts after risk adjustment. In the 3.5-4.0 star range,

98% of enrollees are in marginal high-rated contracts with continuous ratings below 4.0

stars in 2014. Even small increases in the risk score could downgrade their contracts to

3.5 stars and below. By contrast, risk adjustment has smaller impacts in the 4.5-5.0 range,

where all contracts maintain at least a 4.0-star rating after risk adjustment.

Selection and Payments. We next quantify the impact of risk adjustment on the bonus

payments to insurers.49 We determine payments under the risk-adjusted rating assuming

that insurers adjust bids to match the higher benchmarks, for which we �nd empirical

support in Appendix Table D33. 50 We then infer counterfactual bids by inverting equation

1 holding rebates at the pre-adjustment level. 51

We compare payments before and after risk adjustment in panel (b) of Figure 3. We

interpret the di � erence as overpayments that rewarded the selection gains in the star

ratings rather than actual improvements in quality. Overpayments are largest in the 3.5-

4.0 star range, with average bonus payment gains of $25 from selection. Absent selection,

most of these contracts would be rated 3.5 stars or below (panel a) and hence ineligible for

bonus payments under the ACA model. We �nd smaller overpayments ($0.59 per contract)

in the 4.5-4.0 star range where the risk-adjusted rating remains 4.0 stars and above for all

contracts.52

To assess magnitude, we compare the overpayments with the benchmark bonus to

high-selection contracts. Relative to low-rated contracts, high-selection contracts received

$87 more in bonus-adjusted benchmarks in 2015.53 Selection increased bonus payments to

high-selection contracts by $12, or 14% of the benchmark bonus in 2015. For marginally

high-rated contracts (3.5-4.0 stars), selection increased payments by 29% of the benchmark

bonus, or by $59.8 million in 2015 alone. 54

49Since the 2014 star rating determines payments in 2015, we re-calculate 2015 payments using the
risk-adjusted rating and payment rules in Appendix Table D1.

50In particular, high-selection contracts submitted higher bids after the introduction of benchmark
bonuses, narrowed the distance between bids and benchmarks, but did not signi�cantly increase the rebates
to enrollees. Appendix Figure E15 plots the raw trends of the bidding adjustment.

51For insurers bidding above the benchmark, the payment is the benchmark at the new star rating.
52We �nd nearly identical results for overpayments when we calculate the risk score change for each

contract using the synthetic control method (Appendix Figure E14).
53The estimate is the event study coe� cient for 2015 in an extended analysis of contract benchmarks

using the di � erence-in-di � erences model in equation 4.
54Speci�cally, $25 =$87 = 29%. Scaled by the enrollment-months in high-selection contracts, overpayments

amounted to $68.5 million annually in 2015, with $59.8 m concentrated in marginal high-rated contracts.
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6.4 Implications for Risk Adjustment

Our results suggest that the star rating is a poor indicator of the health bene�ts of insurance

due to insurer selection. CMS's standard way to neutralize selection is to risk-adjust per

capita payments so that each enrollee ispredictedto be equally pro�table (e.g., Van De Ven

and Ellis, 2000). However, for health outcome measures in the star rating, an insurer's

marginal payment does not exclusively depend on the health status of the marginal

enrollee as in MA, but also on that of all its enrollees. To provide a concrete example, the

measureDiabetes Care – Controlling Blood Sugaris measured by the fraction of diabetic

enrollees with hemoglobin A1c level below 9%. Enrolling healthier individuals can

improve the overall test results and increase bonus payments for all enrollees in the

contract. Because the star rating examines a wide range of health outcomes, we advocate

risk-adjusting the rating at the level of individual measures while accounting for enrollee

heterogeneity in risk types.

We propose a simple risk-adjustment design in Appendix A.3 to counter the selection

incentive. The adjustment predicts health outcomes for di � erent risk types and assesses

health improvements relative to the predicted outcome as the threshold. The patient-

speci�c threshold neutralizes the gains from selecting healthier individuals, re-directing

e� orts to improving the health of enrollees. In practice, the prediction could be imple-

mented joining the HEDIS outcome data with diagnoses in the claims data. However,

prediction errors could in turn become a source of selection that distorts payments and

contract design (Brown et al. 2014, Lavetti and Simon 2018, Geruso et al. 2019, Carey

2017).55 The imperfections call for more sophisticated models to fully counter selection.

Because of the geographic price discrimination we detect in this paper, we propose

that adjustments be �ne-tuned for contracts with similar risk exposure in the service area.

This could be important if contracts serving riskier counties are exposed to consumers

systematically di � erent from those in healthier counties. In this case, stratifying risk

adjustmens across quantiles of risk scores could reduce selection for contracts serving

similar types of consumers. Following recent proposals by the Medicare Payment Advisory

Commission (2019), we suggest stratifying adjustments also for additional risk factors. 56

While implementing the proposed adjustments creates additional costs and bureaucratic

burden, several HEDIS measures are also used in other value-based programs (e.g., the

California Cal MediConnect, California Department of Health Care Services, 2018), which

55We discuss how imperfect risk adjustments on both the quality rating and benchmarks could impact
selection in Appendix A.3.3.

56Recent studies show that strati�ed risk adjustment can reduce the bias in quality measurement for both
hospitals (McCarthy et al., 2019) and MA plans (Durfey et al., 2018).
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may reduce the cost of setting up a new data infrastructure while increasing its value.

7 Distributional Impacts Across Counties

We next explore the impacts of selection on the spatial distribution of high-rated insurance

across counties. Speci�cally, we compare the market share of high-rated insurance across

counties with di � erent enrollee risk scores in 2009-2010. Because high-rated insurers

decreased (increased) premiums in healthier (riskier) counties after the payment reform,

the enrollment in high-rated insurance may diverge across counties with the healthiest and

the riskiest enrollees. We examine this hypothesis estimating the distribution of high-rated

contracts across county risk scores through

yclt = � 0 � riskl � highc � postt + � 1 � riskl � postt + � 2 � highc � postt + � 3 � highc � riskl (10)

+ � � Xlt + � c + 
 l + � t + � clt ;

where yclt is the market share of contract c in county l and year t . The key independent

variable riskl is the baseline fee-for-service risk score in county l . Therefore, we examine

the changes in market shareyclt as risk scores increase from the healthiest to the riskiest

counties in riskl .57 We control for the baseline di � erences across county risk scores in� 3,

the growth of market shares across counties in � 1, and the growth of high-rated insurance

in � 2. � 0 estimates the di� erential growth of high-rated insurance across county risk

scores.

We plot the raw trends of market shares and the event study estimates from equation

10 in Appendix Figure E16. Market shares raw trends diverged markedly across the 15%

healthiest and riskiest counties. At the contract level (panel a), market shares of high-rated

contracts increased in the healthiest counties (gray lines) and decreased in the riskiest

counties (blue lines). Panel (c) �nds a similar divergence looking at the overall market

shares of high- and low-rated contracts across risk tails (solid lines). Across all counties,

Appendix Table D34 estimates that a 10 percentage point increase in risk scores lowered

the market share of high-rated contracts by 11.8 percentage points (column 2), or by

9 percentage points more compared to low-rated contracts (column 3). 58 We examine

57This is di � erent from equation 5 where the riskcl variable also depends on contract c. Here, we use
the cross-county di� erences inriskl to examine the distribution of high-rated insurance across space. Xlt
controls for the same set of county variables in equation 5.

58To validate the magnitude of the selection response, we estimate the premium elasticity for high-rated
contracts using an IV strategy similar to that in Section 6.2. Appendix G �nds premium elasticities similar
to those in related papers (e.g., Lucarelli et al., 2012, Decarolis et al., 2020, Starc and Town, 2020).
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