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Abstract

Public procurement bodies increasingly resort to pay-for-performance contracts
to promote efficient spending. We show that firm responses to pay-for-performance
can widen the inequality in accessing social services. Focusing on the U.S. Medicare
Advantage market, we find that insurers with higher quality ratings responded to
bonus payments by selecting healthier enrollees with premium differences across
counties. Selection is profitable because the quality rating fails to adjust for differences
in the health of enrollees. Selection inflated the bonus payments and shifted the supply
of high-rated insurance to the healthiest counties, hurting the healthcare access of
sicker patients in the riskiest counties.
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1 Introduction

Market-based approaches are increasingly popular means to reduce inefficiencies in the

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

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

2018) and tax collection (Khan et al., 2015). In pay-for-performance, firms receive a quality

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

financial incentives can spur firms to invest in service quality. In reality, however, pay-for-

performance can direct resources away from actual improvements in quality 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 such as

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

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

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

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

the quality rating with potentially adverse effects on consumers. In health insurance

markets, for example, selecting on enrollee characteristics like pre-existing conditions

or ethnicity (Bauhoff, 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). However, we know little about the ways insurers internalize pay-for-performance,

or the effect of insurers’ responses on the quality rating, payments, and enrollees.

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

the introduction of quality bonus payments in the U.S. Medicare Advantage market,

where Medicare services are provided by private insurers who receive subsidies from the

government.1 Under pay-for-performance, bonus payments depend on insurance quality

through a quality rating that was already available to prospective enrollees before the

payment reform. Since the reform shifted insurer payments without affecting consumers’

knowledge of the quality rating, we exploit the reform to understand insurers’ responses

to pay-for-performance and their impact on consumers’ access to insurance.

We find that insurers with high-quality ratings before the reform served less risky

enrollees after the payment reform. These insurance contracts lowered premiums in

healthier, low-risk counties and increased premiums in riskier ones to select healthier

enrollees. Risk selection is profitable because the quality rating relies heavily on health

outcome measures, but fails to adjust these measures for enrollees’ health conditions. In

1Medicare provides near-universal health insurance to Americans over the age of 65. The program costs
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 a private insurer in the Medicare Advantage program.
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response, selecting insurers inflated the quality rating by avoiding enrollees with more

complicated conditions. Due to the selection response, insurance benefits and the supply

of high-rated insurance shifted to the healthiest counties, hurting in particular sicker

enrollees 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 significantly

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 difference-in-differences framework.

Empirically, we find that the distribution of risk scores shifted to the lower percentiles

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

tent with the model predictions, risk scores decreased even more in high-rated contracts

serving healthier counties before the payment reform – in these “high-selection” contracts,

risk scores dropped by 4 percentage points. These effects suggest that the payment reform

incentivized high-rated insurers to select enrollees based on risk. We next ask how insurers

selected enrollees and why.

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

counties. We find that premiums for prescription drug coverage 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, cost and quality of care as drivers

of the premium differences, 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 final

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 differences in health

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

types of enrollees. We find 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 inflate the quality rating and bonus payments.

We quantify the effect of selection on the quality rating and payments using an instru-

mental variable strategy. Based on our finding that insurers selected enrollees through
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premiums, we instrument the risk composition of contracts using premium differences

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 on the

quality rating. We find that risk selection explained nearly 80% of the health rating gains

in high-selection contracts, inflating the overall rating by 0.5 to 1 star (out of 5 stars). As a

result, bonus payments increased by 16% to high-selection contracts.

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

premiums and enrollee benefits did not differ by the quality rating, premium differences

to select healthier enrollees shifted insurance benefits from the sickest to the healthiest

enrollees in high-rated insurance. The market share of high-rated contracts increased

by more than 17% in the healthiest counties than in the riskiest counties. As insurance

benefits and the supply of high-rated insurance shifted to the healthiest counties, the

access to generous, high-rated insurance worsened particularly for the riskiest enrollees.

Several aspects of the quality rating contributed to the selection responses. The lack of

risk adjustment on health outcomes implies that healthier enrollees are more profitable

to insurers. This is because insurers are under-compensated for treating sicker enrollees

with predictably worse outcomes. Risk-adjusting the health outcome measures – so that

health improvements are relative to the predicted outcomes given risk types – can limit

the selection incentive. Second, the biased outcome measures receive the largest weights

in the quality rating, which magnifies the financial return to gaming these measures with

selection. Since we do not find significant health improvements after adjusting for risk

in the selecting contracts, down-weighting the health outcome measures can lower the

selection incentives without harming the health of enrollees.

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

performance. Our key findings are consistent with the theoretical insight that payment

incentives based on biased measures of performance distort effort (Holmstrom and Mil-

grom 1991, Baker 1992). In relation to the empirical literature on healthcare, previous

studies generally find small effects of pay-for-performance on providers (Rosenthal and

Frank 2006, Mullen et al. 2010), with some evidence of patient selection (Shen 2003,

Gupta 2017) and strategic reporting (Gravelle et al. 2010) in the case of outcome-based

performance measures. We add to this literature by providing the first evidence on how

insurers respond to pay-for-performance incentives and the distortionary effects of these

responses on prices and consumer access to health insurance.

This paper also relates to the literature on the effects of risk adjustment in health

insurance markets (e.g., Newhouse et al. 2015, Breyer et al. 2011). Ideally, risk adjustment

makes different enrollee types equally profitable to insurers. In practice, selection may
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still occur post-adjustment over the residual variation in the profitability created by the

adjustment formula (Brown et al. 2014, Carey 2017, Lavetti and Simon 2018, Geruso and

Layton 2018, Geruso et al. 2019). This paper suggests that the residual variation is a small

price to pay relative to the systematic variation favoring healthier enrollees absent risk

adjustments on quality. The endogenous responses to the regulatory formula, however,

caution against the pitfalls of pure statistical models of risk adjustment in health insurance

markets (Einav et al. 2016, Obermeyer et al. 2019).

This paper contributes to the literature on the regional disparities in health spending

(Skinner, 2011), prices (Cooper et al., 2018), and health outcomes (Dickman et al., 2017) in

the U.S. We complement the vast and descriptive evidence by highlighting one particular

mechanism affecting disparities, namely the gaming of public subsidies by insurers. This

finding suggests the role of supply-side regulations in shaping the regional disparities of

healthcare access, and the role for policy to mitigate the inequalities.2 In Medicare, the

design of the payment model not only affects the pass-through of subsidies to enrollees

(Duggan et al., 2016, Cabral et al., 2018, Curto et al., 2019) and prices (Decarolis, 2015,

Decarolis et al., 2015, Mahoney and Weyl, 2017), but has large distributional consequences

across enrollee types hurting in particular the sicker population in the riskiest counties.

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

ground of private Medicare insurance and the Quality Bonus Payment demonstration.

Section 3 motivates our empirical analysis with a stylized model of insurer responses to

quality bonus payments. Section 4 describes the data. Following the predictions from

the model, we examine the effects of bonus payments on risk scores in Section 5 and the

pricing responses across counties in Section 6. We inspect the rating design as the source

of the selection incentive in Section 7, and address the cost of selection to Medicare and

the distributional impacts across space in Section 8. Section 9 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 the traditional Medicare, also known as the fee-for-

service Medicare, and private Medicare insurance from the Medicare Advantage (MA)

market. MA plans cover at least the same medical services as the traditional Medicare

and typically provide additional benefits to enrollees. For example, most MA plans also

2The effects of supply-side factors on health disparities can also be learned from mover designs that
separate such effects from patient demand characteristics (e.g., Finkelstein et al., 2016, 2019, Deryugina and
Molitor, 2018).
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offer prescription drug coverage. In these plans, consumers will be charged a separate

premium for the traditional Medicare benefits (the Part C premium) and a premium for

the prescription drug coverage (the Part D premium). Private insurers are regulated by

the Centers for Medicare and Medicaid Services (CMS). Insurers offer insurance contracts

including a menu of subsidiary insurance plans, in counties within a contract’s service

area. Premiums and benefit design can vary across plans, but cannot vary by enrollees in

the same plan and county.

2.1 Quality Rating in Medicare Advantage

In 2009, CMS introduced the “star rating,” which provided consumers with a quality

measure of Part C and Part D contracts. The star rating ranks insurance contracts on a

scale from 1 to 5 stars, increasing by half-star increments. All subsidiary plans receive

the same star ratings as the contract. The star rating observed by consumers is a weighted

average of a large number of measure-level star ratings focusing on specific aspects of

insurance quality. Measure-level ratings are assigned to contracts based on their percentile

rank among all contracts in that measure. All measures received equal weights in 2009-

2011. Since 2012, measures of enrollee health outcomes and chronic conditions (the

outcome measures) receive 3.0 weights in the overall rating. Measures of customer services

(the access measures) receive 1.5 weights. Measures of managed care processes such as

preventive care (the process measures) receive 1.0 weights.3 Upon weighting, nearly half

of the overall star rating is determined by the health outcome measures.

Health Outcome Measures. Most of the health outcome measures concern the manage-

ment of chronic conditions such as diabetes and hypertension. The outcome data come

from the Healthcare Effectiveness Data and Information Set (HEDIS), which contains the

medical records of enrollees with chronic conditions. According to the HEDIS, a chronic

condition is “managed” if its related medical test meets a pre-specified threshold.4

The HEDIS outcomes are not adjusted for the risk types of enrollees. Specifically,

the medical thresholds used to measure chronic conditions are pre-determined; if sicker

patients have worse health outcomes, the health outcome measures puts contracts en-

rolling sicker patients at disadvantage. Thus, health outcome measures do not distinguish

3We show the full list of quality measures for MA-PD plans in 2013 in Appendix Table A1 and A2, where
we list the weight, the underlying data source, and the period over which data are collected for each measure.

4For example, hemoglobin A1c and low-density lipoprotein cholesterol (LDL-C) test results are recorded
to monitor the care effectiveness for diabetes patients. 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 available for download with the rating data. The data are accessible at https://
www.cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDrugCovGenIn/PerformanceData.
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an insurer’s quality at disease management from differences in the case-mix of health

conditions. A similar problem exists with the Part D outcomes, such as drug safety and

adherence measures for patients with diabetes or hypertension, which received 3.0 weights

in the overall rating. However, these measures were introduced at different points in

time.5 Therefore, this paper mainly focuses on selection in the HEDIS outcomes.6

Other Measures. The HEDIS data also contribute to a large number of process measures

in the quality rating. The process measures evaluate care effectiveness through the take-up

of screening, functional assessment, and medication reviews.7 Access measures are drawn

from the Consumer Assessment of Healthcare Providers and Systems (CAHPS), where

enrollees rate the health plan in terms of getting needed care, complaint resolution, and

overall customer service. Importantly, these responses are adjusted for the age, education,

and general health status of enrollees.8

Star Ratings Refer To Past Years. All quality measures are based on historic data summa-

rizing past performances of the contract. Health outcome measures, the most weighted in

the star rating scheme, are delayed by two years between measurement and the entry in

the quality rating. For instance, HEDIS measures of diabetes and hypertension control in

the 2011 rating are measured from enrollees serviced in 2009. HEDIS process measures

are similarly delayed by two years. Access measures of customer satisfaction are the most

up-to-date, with the 2011 ratings derived from CAHPS records from early 2010.9 However,

since the 2011 rating is released in the Fall of 2010, the rating does not directly measure

the quality of insurance in the 2011 enrollment year, but is heavily influenced by enrollee

health outcomes from two years prior in 2009.

2.2 Quality Bonus Payments

Insurance plans rely critically on subsidies from CMS to operate. Curto et al. (2019)

estimate that subsidies account for over 80% of the cost of covering an enrollee, with the

5Specifically, CMS introduced three drug adherence measures in 2012. These measures calculate the
share of diabetes, hypertension, and high-cholesterol enrollees taking the prescription as directed. Since
2010, two drug safety measures calculate the share of high-risk patients (e.g., diabetes and hypertension
comorbidity) who are prescribed safe medication appropriate for the complication. Similar measures did
not exist in the 2009 rating.

6In Section 8.1, we detect similar but smaller selection biases for the drug outcomes relative to the HEDIS
outcomes (Appendix Table A32).

7For diabetes care, for example, contracts are ranked based on the percent of patients who had an eye
exam or a kidney function test in the enrollment year.

8As explained in AHRQ (2017), adjusting “makes it more likely that reported differences are due to real
differences in performance, rather than differences in the characteristics of enrollees or patients.”

9The measurement period of all quality measures for 2013 is listed in Appendix Tables A1 and A2.
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remaining 20% charged to enrollees.10 CMS subsidies are competitive. Payments to MA

plans are determined by comparing the plan’s asking price (bid) with its benchmark set by

CMS. The bid (denoted b) reflects the projected cost of an average enrollee in the plan plus

an administrative load. For plans bidding below the benchmark (denoted B), the payment

equals the plan’s bid plus a rebate. The rebate is passed on to enrollees as premium

discounts or additional benefits. The payment from CMS is capped at the benchmark, so a

plan charges enrollees an extra premium if its bid is greater than its benchmark.

Rewarding High Star Ratings. In an effort to promote value-based payments in health-

care, the Affordable Care Act (ACA) – signed into law in March 2010 – varied benchmarks

with the quality rating of contracts. In the ACA model, contracts rated 4.0 stars and above

are eligible for a 5% bonus on the benchmarks. Contracts rated below 4.0 stars are not

eligible for benchmark bonuses. Formally, we can summarize the ACA model as follows

payment =

θ
star ·B if b ≥ θstar ·B

b + rebate if b < θstar ·B,
(1)

where θstar > 1 adjusts benchmark B according to the star rating. In practice, star ratings

in year t−1 are used to calculate bonuses for year t.11 Insurers bidding below the adjusted

benchmark still receive a rebate to be passed along to consumers. Rebates are determined

by γstar · (θstar · B − b), where γstar increases past the 4.0 quality threshold. Given γstar ,

rebates depend on insurers’ responses to benchmark bonuses through the bid b. Before

2012 when bonus payments were introduced, θstar = 1 and γstar = 75% for all contracts.

Timing. Because of the lag in the measurement of quality, improved insurance star ratings

will be rewarded by future bonus payments. Health outcome measures, the most weighted

in the star rating, are derived from the health of enrollees two years prior. In addition,

bonuses for year t are calculated from t − 1 star ratings. Together, the payment rules imply

a three-year lag between the selection of enrollees in year t and the effect of selection

on payments in year t + 3. Panel (a) of Figure 1 illustrates this for enrollment year 2012,

where bonus payments are computed from 2011 star ratings which are in turn derived

from health outcomes in 2009.

Quality Bonus Payment Demonstration. The ACA model was not immediately imple-

10Curto 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).

11This is because year-t ratings are not yet released in June of year t − 1, when insurers must submit bids
for plan offerings in year t. We showcase the timeline of the bidding and enrollment process as well as key
policy changes in 2009-2012 in Appendix Figure 1a.

7



mented in the MA market. Between 2012 and 2014, a different set of payment rules

determined the bonus payments to insurers. These rules were introduced in the Quality

Bonus Payment Demonstration (QBP), announced by the CMS on November 10th, 2010.

Compared to the ACA model, QBP applied less generous bonuses to higher-rated contracts

above 4.0 stars, but increased bonuses to these contracts over time as the QBP model

blended into the ACA model. After the demonstration ended in 2014, payments fully

transitioned to the ACA model in 2015. We summarize θstar and γstar in 2009-2014 and in

the first year of ACA (2015) in Table 1.

Despite rich variation in bonuses and rebates within a year, QBP mainly rewarded the

past performances of contracts. As illustrated in panel (a) of Figure 1, bonus payments in

2012 are affected by the health of enrollees in year 2009. The three-year delay effectively

links enrollees serviced in 2012 (and their outcomes) with payments in 2015, when the

implementation of the ACA results in benchmark bonuses only for contracts rated 4.0

stars and above. Specifically, the discrete change at 4.0 stars increases benchmarks by 5%

for contracts above the cut-off, and generates incentives to score and remain above the

cut-off potentially with the selection of healthier enrollees.12

To understand the magnitude of benchmark bonuses introduced by QBP and ACA, we

plot the predicted benchmark increases for contracts with different 2009-2010 star ratings

in panel (b) of Figure 1.13 Since 2012, benchmarks increased by less than 1% below the 4.0

star cut-off. For higher-rated contracts above the cut-off, benchmarks increased modestly in

2012-2013 under QBP. By 2014, when QBP benchmark bonuses aligned with the ACA rates

for higher-rated contracts, benchmarks increased by 4.1% above the cut-off,14 implying a

$33 increase in payments per enrollee-month compared to the 2009-2010 levels.

3 Conceptual Framework

To gain insight into the selection responses to the quality rating, we build a simple two-

county model, where the insurer uses premium differences across counties to obtain better

ratings and payments. We use the model predictions to guide our empirical analysis.

12Appendix Table A3 illustrates the ACA policy variation in bonus rates linking year t star ratings with
year t+3 payment models. Benchmark bonuses increased discretely from 0% to 5% above the 4.0 star cut-off.

13We predict quality-adjusted benchmarks after the payment reform based on the maximum Part C rating
in 2009-2010. We apply the corresponding bonus rates to the raw county benchmarks, and use the average
benchmark across counties as the predicted benchmark. In the prediction, we restrict counties to those
already covered by the insurance contract prior to the payment reform.

14The benchmark increase did not exactly match the 5% bonus rate because raw county benchmarks were
generally lower since 2012. Benchmark bonuses more than offset the base rate cut for lower-rated contracts,
and substantially increased the benchmarks of higher-rated contracts with 4.0-star ratings or above.
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Setting. An insurer sells Medicare insurance in two counties. The insurer’s revenue

depends on the premiums in the two counties (p1 and p2) and on the county benchmark

B. Under pay-for-performance, benchmark B increases with the insurer’s quality rating q.

The demand for the contract in county l is given by sl = sl(pl), and the average risk score of

contract enrollees is given by r(p1, p2).15

The insurer can increase the quality rating either through investments which incur a

marginal cost c, or through risk selection which lowers the risk score r(p1,p2). To illustrate

the selection incentive due to a biased rating, we examine the case where the insurer

selects healthier enrollees with premiums pl , but does not increase costly investments c.16

We assume perfect risk adjustments on benchmarks and prices so that the insurer is fully

compensated for the health costs of enrollees. In this world, risk selection would have no

bearing on the insurer’s profit absent the linkage with quality and bonus payments.

The insurer’s problem is to maximizes total profits
∑2
l=1(pl +B− c) · sl by choosing p1

and p2.17 From the first order conditions, the optimal premium in county l solves

pl = c − B +
(
1 +

dB
d q
·
∂q

∂r
· ∂r
∂pl

· sl + s−l
sl

)
· |εl |−1, (2)

where the εl is the semi-elasticity of demand to premium in county l.

Selection through Prices. Before the payment reform, the optimal premium equals

marginal cost plus a mark-up, which is inverse to demand semi-elasticity. After the reform,

equation 2 shows that premium also responds to the selection incentives due to a biased

quality rating through the term

∆pl :=
dB
d q
·
∂q

∂r
· ∂r
∂pl
· sl + s−l

sl
· |εl |−1 (3)

The selection term is switched on when d q
d r , 0. In what follows, we examine the case

where risk score r biases the quality rating downward, i.e., ∂q∂r < 0.

The selection incentive affects premiums more in counties with larger ∂r
∂pl

. Specifically,

given d q
d r < 0, premium will be lower in county one relative to county two if, other things

15We assume that demand is responsive to changes in premium pl , but not responsive to changes in the
quality score q. We make this simplifying assumption because premium is the main lever of selection across
markets, whereas the quality rating does not vary across markets. Empirically, Darden and McCarthy (2015)
provides supporting evidence that the demand response to the star rating is fairly weak.

16In practice, insurers adjust both investments and premiums to improve the quality rating. However, as
we show below, the premium responses are driven by the bias in the quality rating. Endogenizing investment
in quality c does not affect the qualitative predictions on premiums.

17To calculate insurer revenue, we follow Curto et al. (2019) and express premium pl as the “excess bid,”
or the difference between payments to the insurer and the benchmark B.
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equal, county one is more conducive to risk selection (i.e., ∂r
∂pl

> ∂r
∂p−l

). Relative to the

pre-reform levels, premiums will drop (∆pl < 0) in counties with ∂r
∂pl

> 0, where lower

premiums decrease the risk score. These price responses will decrease the risk score after

the payment reform according to

∆r = ∆pl
∂r
∂pl

+ ∆p−l
∂r
∂p−l

< 0. (4)

Moreover, the difference in the price change across counties can be shown to depend

on the difference in the fee-for-service risk score Γ FFSl across counties.18 Specifically,

∆p1 − ∆p−l ∝ −
dB
d q
·
∂q

∂r
·
(
Γ FFSl − Γ FFS−l

)
, (5)

which states that other things equal, counties with healthier FFS enrollees are more likely

to see lower premiums after the reform, relative to counties with riskier FFS enrollees.19

This is because the risk score is determined jointly from the risk types of enrollees in both

counties. For a small shift in the enrollment share across counties, the level differences

in Γ FFSl are informative of the risk composition effect on r. Counties with lower Γ FFSl can

more effectively lower the risk score r, and premiums decrease more in these counties.

Empirical Strategies. Equations 4 and 5 predict that contracts eligible for benchmark

bonuses may respond by selecting healthier enrollees across markets. In the ACA model,

contracts above 4.0 stars are eligible for benchmark bonuses (see Appendix Table A3). To

examine the potential selection responses among these contracts, we compare the changes

in risk scores above and below 4.0 stars in a difference-in-differences design.20 To examine

the pricing responses predicted in equation 5, we expand our difference-in-differences

analysis to focus on premium differences across counties as the selection mechanism in

Section 6.

4 Data

Our data come from the administrative registry of all MA-PD plans offered over 2009-2014

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

18Medicare enrollees who did not purchase a Medicare Advantage plan are automatically enrolled in the
fee-for-service program. The average risk of these enrollees is the fee-for-service risk score.

19Omitted derivations are in Appendix C.
20We also explore heterogeneous responses among contracts closer to the 4.0 star cut-off, where the

selection incentive may be stronger due to the loss of bonus payments below the cut-off.
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miums and drug deductibles across 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 different 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 D.

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

scores to understand how differences in product design and premiums affect the risk

types enrolled in the plan. Since the quality rating is calculated at the level of insurance

contracts, we focus on contract-level differences by averaging over subsidiary plans using

enrollment weights. The first two columns of Table 2 summarize the estimation sample.

Panel A looks at contract-year observations, while Panel B expands the contract-year

observations by the counties in the contract’s service area. On average, MA-PD contracts

offer 3.4 plans covering over 25 counties in the service area. Most contracts place bids

below the benchmark, and enrollees receive an average of $81.04 in rebates per month. A

large number of contracts charge zero premiums and zero drug deductibles.

5 Evidence of Risk Selection

In this section, we provide evidence on the selection responses to quality bonus payments

in Medicare Advantage. Because the ACA model restricted bonus payments to contracts

rated 4.0 stars and above, we estimate the potential selection responses among high-rated

contracts (4.0 stars and above) using a difference-in-differences design. We detail the

definition of high- and low-rated contracts and present empirical evidence of selection

below.

High- and Low-Rated Contracts. We classify high- and low-rated contracts based on

the maximum Part C rating in 2009-2010, our baseline period. We focus on Part C

ratings because Part D ratings are calculated separately for MA-PD contracts in 2009-2010,

whereas regulations of contract quality have traditionally focused on the Part C rating.21

Specifically, high-rated contracts are those with at least one Part C rating of 4.0 stars or

above in 2009-2010, and low-rated contracts are those rated between 3.0 stars and 3.5 stars

in 2009-2010.22 We summarize high- and low-rated contracts in column 3-6 of Table 2. In

21For instance, after the introduction of star ratings in 2009, MA contracts receiving Part C ratings below
3.0 stars for three consecutive years are suspended by the CMS. Part D ratings of the same contracts are not
subject to the same regulation.

22We exclude contracts ever rated less than 3.0 stars in the baseline from our analysis, since the threat of
suspension may generate selection incentives that are irrelevant to the bonus payments.
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the empirical analysis, we allow for selection responses in 2011, our first post-reform year.

This is because ACA was signed into law in March 2010, and insurers had until June 2010

to submit the bid and the benefit design for the 2011 enrollment year. We show evidence

of the anticipatory effect examining yearly shifts in the risk score distribution below.

Shifts in the Risk Distribution. We first show evidence that the distribution of risk scores

shifted to the lower percentiles in high-rated contracts. Figure 2 plots the kernel density

of risk scores by contract rating, before (solid blue line) and after (dashed red line) the

payment reform. We see a sharp change in the density of high-rated contracts, where

the post density decreased in the middle of the distribution and increased in the lower

percentiles.23 We do not observe similar density shifts for low-rated contracts. Appendix

Figure B1 further breaks out the density shifts by year for high- and low-rated contracts.

Risk scores followed similar distribution in 2009-2010 for both groups, but shifted to the

lower percentiles only for high-rated contracts since 2011, not for low-rated contracts.

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

ratings in Figure 3. Specifically, we classify contracts by the maximum Part C rating in

2009-2010, and plot the density shifts for each rating from 3.0 stars to 4.5 stars.24 The risk

reduction in high-rated contracts are larger among marginal contracts rated no more than

4.0 stars in the baseline (panel c). For these contracts, risk scores shifted significantly from

the middle to the lower percentiles. We observe a smaller and statistically insignificant

shift for 4.5 star contracts. We do not find similar shifts for 3.5-star or 3.0-star contracts.

Taken together, the selection responses are concentrated among high-rated contracts with

4.0 stars or above in the baseline, consistent with the prediction in Section 3.

Quantile Difference-in-Differences. We then formally estimate the shifts in the distribu-

tion of risk scores using a quantile-based difference-in-differences design. We model the

κ-th quantile of risk score yqt(κ) for quality rating q in year t as

yqt(κ) = β(κ) · highq · postt +αq(κ) + τt(κ) + εqt(κ), (6)

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

and after). High-rated insurance includes contracts with at least one 4.0-star rating or

above in 2009-2010. β(κ) estimates the shift in the κ-th quantile of risk scores of high-

rated contracts after the payment reform. We control for insurance rating, αq(κ), and time

fixed effects, τt(κ). We show estimates of equation 6 using the group quantile estimator

23Formally, we test for the density shift using the Kolmogorov–Smirnov (K-S) test, rejecting the null of
equal distribution with a p-value less than 0.01%.

24We omit the 5.0 star contracts because very few contracts ever obtained 5.0 star ratings in the baseline.
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of Chetverikov et al. (2016). The estimator first constructs quantiles yqt(κ) by rating-year

groups, and then estimates the effects on yqt(κ) using standard OLS regressions. We show

estimates by deciles of risk scores in panel (a) of Figure 4.25 In panel (b), we provide

complementary evidence from changes-in-changes estimates following Athey and Imbens

(2006).26 Both approaches reveal large and significant reductions in the 20% to 40% of

the risk distribution. In these deciles, risk scores dropped by 4-8 percentage points in

high-rated contracts, or 4%-9% below the baseline levels (Appendix Table A4). The effects

on risk scores in the upper deciles are smaller and statistically insignificant.

High-Selection Contracts. The quantile analysis suggests that the effect of bonus pay-

ments on risk scores is highly heterogeneous, 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 in some, but not all, high-rated contracts. To examine

the average and heterogeneous effects of the payment reform on high-rated contracts, we

estimate the following specification

yct = β · treatc · postt +αc + τt + εct , (7)

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

fixed effects, and use treat to indicate different sub-groups of high-rated contracts. β

estimates the effect of bonus payments on the risk scores of high-rated contracts indicated

by treat.

Guided by the model in Section 3, we explore heterogeneous effects for contracts with

different fee-for-service risk scores in the service area. Since MA contracts can more

effectively select healthier enrollees in counties with lower FFS risk scores (equation 5),

contracts more exposed to lower risk types in the service area are potentially better at risk

selecting enrollees. Therefore, we calculate the service area risk as the average FFS risk

score in the service area for high-rated contracts and consider heterogeneous effects by the

median service area risk.

Panel (a) of Figure 5 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 decreased in high-rated

contracts serving healthier locations. Panel (c) shows similar patterns across the lower and

25We block-bootstrap standard errors clustered by contracts from 500 replications, and plot the empirical
95% confidence intervals around the point estimates.

26Changes-in-changes relaxes the functional form assumption on standard difference-in-differences. It
estimates quantile treatment effects when the distribution of unobservables does not vary within groups
over time (Athey and Imbens, 2006). The latter assumption is not required in Chetverikov et al. (2016).
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upper 25% of service area risks. We do not detect differential pre-trends. By contrast, the

risk score declined in high-rated contracts in the healthiest locations.

Table 3 estimates the heterogeneous effects on high-rated contracts using equation 7.

On average, risk scores declined by 2.6 percentage points in high-rated contracts (column

1). This effect 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 score did not differ meaningfully from low-rated contracts for 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 effect is consistent with the theoretical prediction

that insurers can more effectively select healthier enrollees in counties with lower fee-for-

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

6 How did Insurers Risk Select?

Drawing from the prediction in equation 5, we investigate whether high-rated contracts

differentially favored enrollment in healthy counties by lowering premiums in those

counties. Specifically, we implement the following tripe-difference design

yclt = β0 · riskcl ·highc ·postt +β1 · riskcl ·postt +β2 ·highc ·postt +β ·Xlt +αcl + τt + εclt. (8)

The variables high and post identify the high-rated group and the post reform period as

in Section 5. The outcome variables are prices varying at the level of contract c, year t,

and location l. A contract can offer different plans covering different counties. In each

county, we generate contract-level prices from plan premiums and deductibles weighted

by enrollments. The variable riskcl measures the risk score differences 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 measure

in riskcl as the key independent variable in the analysis.27 By construction, riskcl varies

across locations within contracts and varies across contracts given a location.28

27To construct the measure, we take the full set of counties covered by a contract, rank them by the
baseline FFS risk scores in 2009-2010, derive the median county risk in each contract, and construct the
deviation-to-median measure for each county in the service area. Section 6.5 shows the robustness of key
results to alternative measures of risk differences within contracts.

28Based on the variation in riskcl , we cluster standard errors two-way at the level of counties and contracts.
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We include contract-county fixed effects αcl to absorb the baseline differences in prices

and enrollments across contracts and counties.29 We control for year fixed effects in τt.

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

trends absent the payment reform, β1 gives the effect of bonus payments on premiums

in low-rated contracts. Further assuming that premium differences by county risk scores

would have trended similarly between high- and low-rated contracts absent the reform, β0

gives the differential effect of the payment reform on premiums in high-rated contracts. β2

gives the effect on premiums in the median risk county served by high-rated contracts.30

We also control for time-varying, location-specific payment incentives that may affect

prices in these locations. Specifically, Xlt includes yearly raw benchmarks, bonus rates, and

bonus-adjusted benchmarks.31 Other time-varying factors at the contract-location level

are harder to control for but can invalidate the design even with parallel pre-trends. For

example, if high-rated contracts differentially entered high-bonus counties or exited high-

risk counties, then selected service area characteristics would result in biased estimates

of the price differences. However, we find little evidence of selection over service area

characteristics such as risk and benchmark, mitigating this endogeneity concern.32

To illustrate the identifying variation, we show difference-in-differences estimates

separately for high- and low-rated contracts, before showing the triple-difference estimates

for high-rated contracts. In each case, we assess the validity of the identifying assumption

based on raw trends and event study estimates. The assumption in the difference-in-

differences setting is that premium differences by county risk scores follow parallel trends

in pre-reform years. In the triple-difference setting, it further requires that premium

differences between high- and low-rated contracts follow parallel trends in that period.

6.1 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 first examine if premiums of

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

reform. We show estimates of equation 8 in Table 4. Part D premiums varied significantly

29The fixed effects absorb local consumer characteristics which did not vary with the payment reform.
Because the payment reform is a supply-side regulation that did not affect consumers’ knowledge of the
quality rating or the enrollment process, we control for pre-existing consumer characteristics using fixed
effects.

30When evaluated at the median county risk, riskcl = 0 and interaction terms containing riskcl vanish in
equation 8. β2 gives the price change in the median county for high-rated contracts after the reform.

31We use the maximum bonus applied to 5-star contracts to measure a county’s benchmark generosity.
32Specifically, high-rated contracts did not enter additional counties or change the composition of covered

counties based on risk scores or benchmarks. Appendix Table A5 shows the estimates.
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with county risk scores in high-rated contracts. For every 10 percentage point increase in

the risk score, Part D premiums increased by $1.53 in high-rated contracts (column 3), or

by 7.2% above the mean. This effect is very similar to the premium responses estimated

separately for high-rated contracts (column 2), and we do not detect similar responses in

low-rated contracts (column 1). To the extent that larger risk differences may exacerbate

the premium responses, we also examine premiums across the risk tails of counties in

column 4-6. Overall, we find very similar responses in the risk tails.

Figure 6 shows the event study estimates and the raw trends of Part D premiums

in high- and low-rated contracts. The event study shows that in both quality, Part D

premiums followed similar distribution over county risk scores in 2009 and 2010, and

differed similarly between high- and low-rated contracts in 2009 and 2010. After the

reform, Part D premiums in high-rated contracts increased by as much as $2.50 per ten

percentage point increase in the county risk score, or by 12% above the mean. In low-rated

contracts, by contrast, there is no significant difference in premiums across county risk

scores throughout the sample period.

To showcase the premium differences on the raw trend (panels a and c), 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 the trends of Part D premiums across binary

risk groups for an average high- and low-rated contract. In high-rated contracts, Part

D premiums deviated from pre-reform parallel trends and increased particularly in the

riskiest counties since 2011. In low-rated contracts, by contrast, Part D premiums followed

parallel trends with smaller differences across risk tails.

Part C Premiums. We then examine responses in Part C premiums in Table 5. We do not

find significant premium differences across county risk scores in either low- or high-rated

contracts (column 1-2). In column 4-6, we also do not find premium differences across

the 15% risk tails of counties. In Appendix Figure B2, Part C premiums trended similarly

in both quality over the sample period, and the event study estimates generally show

insignificant differences by county risk scores.

Zero Premiums. Since a fair number of Medicare Advantage contracts have zero premiums

(cf Table 2), we examine the offer of zero-premium plans across service areas as one

particular margin of response by insurers. Consistent with the effects on premiums, high-

rated contracts significantly increased the offer of plans with zero Part D premiums in

low-risk counties, and decreased the offer of such plans in high-risk counties (Appendix

Table A6). We do not find similar responses in terms of zero Part C premiums, or by

low-rated contracts. Appendix Figure B3 plots the raw trends.
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Distributional Effects. Combining Part C and Part D premiums, total premiums increased

by $4.05 more in high-rated contracts per ten percentage point risk score in the risk tails

(Appendix Table A7, Appendix Figure B4), or 7.6% above the mean. Despite higher

premiums in riskier counties, premiums of high-rated contracts stayed roughly constant

in the median risk county.33 This result implies that high-rated contracts may have shifted

premiums from low-risk counties to high-risk counties, without changing the premium

level of the median enrollee. In support of the distributional effect, we provide additional

evidence that at the contract level, the premium paid by an average enrollee did not

increase in high-rated contracts after the payment reform.34 Taken together, the results

suggest that high-rated contracts raised premiums in riskier counties and decreased them

by a similar amount in healthier counties, without changing the average contract premium.

6.2 Varying Drug Deductibles to Risk Select Enrollees

Drug deductibles did not vary substantially across service areas or ratings. Appendix

Table A9 shows estimates from equation 8 using drug deductible as the dependent variable.

Both high- and low-rated insurance increased drug deductibles by approximately $3

per ten percentage point risk score. However, raw trends and the event study reveal a

significant pre-reform effect in 2009 in high-rated contracts (Appendix Figure B5). Since

2010, the event study estimates indicate rising drug deductibles with county risk scores in

high-rated contracts. Due to the noise in the data, we do not pursue differences in drug

deductibles as a potential mechanism of the risk composition gain in high-rated insurance

and mainly focus on premiums.

6.3 Mechanism

While the premium differences are consistent with the selection of healthier individuals in

low-risk counties, a similar differences 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

differences 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

33This is indicated by the coefficient before High · P ost in column 3 and 6 of Table A7, or coefficient β2 in
equation 8.

34We showcase this point using a contract-level difference-in-differences (equation 7), where the outcome
variable is the premium paid by an average enrollee in a contract-year. On average, premiums did not
increase more in high-rated contracts (Appendix Table A8).
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premium differences through the correlation with risk.35

Socio-Economic Factors. Appendix Table A10 estimates the premium differences by

county differences in per capita income and transfer income. We do not find a significant

premium differences with either measure of income. Specifically, 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 A11 finds similar null effects by

county demographics such as racial composition and college education.

Special Enrollment Period. Premiums may also differ 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 had little effects on the premium differences

in high-rated contracts (Appendix Table A12).

Market Concentration. Appendix Table A13 explores the role of market concentration

in driving the premium differences. Premiums increased with market concentration in

high-rated contracts (column 2).36 However, since more concentrated markets also have

healthier enrollees,37 the effect of market concentration tends to imply higher premiums

in lower-risk counties. Moreover, controlling for market concentration increased the

premium differences over risk scores (column 5). These results indicate that premium

differences are not driven by the competitive effects on prices, but could be constrained by

such effects in less concentrated markets.

Provider Quality. We next consider differences in provider costs and quality as alternative

drivers of the premium differences over risk scores. 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 differences over risk scores.

To investigate the quality channel, we use hospital readmission rates and preventable

hospital stays as measures of inpatient and outpatient quality. We do not detect a consistent

35Details of the county characteristics examined here are provided in Appendix D.2.
36We measure concentration using the Herfindahl-Hirschman Index (HHI), calculated for county l as

HHIl =
∑
c(scl)

2, where scl is the market share of contract c in the county. More concentration at the county
level increases premiums in high-rated contracts, but concentration within county-quality pairs has no
significant impacts on premiums (column 7-9).

37Across counties, a ten percentage point increase in the risk score is associate with a 6% decrease in
concentration as measured by HHI.
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differences over either quality in Appendix Table A14.

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

(FFS) costs in Appendix Table A15. Premiums did not vary over costs by ratings. In high-

selection contracts where risk scores decreased more (column 3), premiums increased with

FFS costs. Similar patterns hold when we adjust for the price levels in costs in columns

5-8.38 Adjusting price-standardized costs by risk scores in columns 9-12 cuts the effect

size on high-selection contracts by half and renders the differences insignificant.39 These

results imply that premiums did not vary with local price levels or the practice of care,

but varied with costs through the composition of risks across space.

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 in the fee-for-service risk scores. To remove cross-space differences in

the coding of risk scores given health, Appendix Table A17 adjusts risk scores with the

diagnosis intensity factors developed in Finkelstein et al. (2017).40 Upon adjustment, we

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

in Table 4. The effects on Part C premiums and drug deductibles remain insignificant.

Therefore premiums responded directly to the health of enrollees rather than location-

specific 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 differences over county risks. More-

over, 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.

6.4 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 8 using rebates as the dependent variable

in column 4 of Appendix Table A18. The estimate suggests that rebates increased by $5.63

38The adjustment uses national input prices to calculate labor and facility costs, and override local
reimbursement rates with a fixed national schedule.

39Appendix Table A16 finds similar patterns in the risk tails. Premium differences over costs are greatly
reduced once we take out the risk component in costs.

40These adjustors are generated from movers in the elderly FFS population who have similar underlying
health conditions but different risk scores due to location-specific coding intensity. By construction, the
adjustors remove cross-space differences in risk scores for a given level of underlying health conditions.
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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 A7). Put together, premium differences account for 72% of the differences

in the overall generosity by quality.41

In contrast to the significant price differences by county risk scores, average rebates

and premiums did not increase in high-selection contracts. We showcase this point

by estimating a contract-level difference-in-differences (equation 7) where the outcome

variable is the average premium and rebate across markets for a high-rated contract.

Despite price differences across percentiles of county risks, average premiums and rebates

did not increase more in high-selection contracts (Appendix Table A20). We conclude that

insurers selected healthier enrollees by shifting insurance benefits – in particular premium

discounts – from riskier to healthier counties, without changing the average benefit levels

of high-rated insurance.

6.5 Sensitivity Analysis

Alternative Weights. In the main analysis, we weight plan premiums by enrollment

to generate premiums for contracts. The resulting variables capture the joint effect of

insurer price-setting and enrollment responses to prices. Alternatively, to isolate premium

differences due to insurer price-setting, we construct premiums taking simple averages

across plans, and find similar effects across county risk scores in Appendix Table A21

and Appendix Figure B6. We further examine the sensitivity of premium differences to

outliers by using the median plan price as the contract price. The median price shows

similar differences across county risk scores as in the main analysis (Appendix Table A22,

Appendix Figure B7).

Alternative Risk Measures. We show the robustness of results to alternative measures of

risk differences across counties. Although the main analysis uses the deviation-to-median

measure, we find similar differences over risk scores using the deviation-to-mean measure

in Appendix Tables A23. Appendix Figure B8 plots the event study estimates for this set

of estimates. We also examine alternative measures of risk tails. Instead of percentiles,

Appendix Table A24 looks at risk tails defined in terms of standard deviations from the

mean. We find larger differences in Part D premiums across the more remote risk tails.

41Similar calculation for high-selection contracts suggests that premium differences (Appendix Table A19)
account for about 65% of the rebate differences between low-rated and high-selection contracts.
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7 Why Does the Payment Reform Induce Risk Selection?

Under the lenses of the model, the Quality Bonus Payment demonstration could incentivize

selection if some measures in the quality rating are sensitive to enrollee risk types. In this

section, we show that health outcome measures are biased against contracts with sicker

enrollees. High-selection contracts, on the other hand, improved significantly on these

measures mainly through selection.

7.1 Selection in the Health Outcome Measures

The quality rating is a weighted average of different measure-level ratings, whose weights

increased differentially 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 significantly

increased the contribution of outcome measures to the final rating linked to payments,

especially for high-rated contracts (Appendix Table A25). Here, we explore biases in the

health outcome measures as a potential driver of selection.

Cross-Contract Evidence. We apply two empirical strategies to suggest the existence

of biases in the health outcome rating due to risk scores. The first strategy exploits the

payment reform and the cross-contract differences over baseline risk scores in a difference-

in-differences analysis analogous to equation 7. Specifically, we estimate

yct = β · riskc · postt +αc + τt + εct, (9)

where riskc is the baseline enrollee risk score in contract c. The specification compares the

health outcome rating yct across contracts that started out with different risk scores in the

baseline. The results in Table 6 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), on average.42

We also estimate separate effects for different types of outcome measures. Measures of

self-reported health improvements drawn from survey responses in the Health Outcome

Survey (HOS) are minimally correlated with risk scores (column 2). By contrast, measures

of diabetes and blood pressure management, drawn from clinical data in the Healthcare

Effectiveness Data and Information Set (HEDIS), are significantly and negatively correlated

42In 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 difference-in-differences analysis. In Section 8.1
we consider the effect of risk scores on all quality measures using an instrumental variable approach.
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with risk scores (column 3). The overall correlation between risk scores and outcome

ratings is completely driven by the HEDIS measures for chronic conditions.43

This correlation may reflect the fact that the HEDIS measures are not adjusted for the

prevalence or severity of health conditions. In turn, this affects the ranking of contracts

if contracts differ significantly in the case-mix of health condition.44 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. Our second empirical strategy examines the relationship between

outcome ratings in year t and risk scores in year t − 2 with the following specification

yct = β · riskct−2 +αc + τt + εct. (10)

Unlike equation 9, where risk scores are held at the baseline, equation 10 explores how

health outcome ratings respond when risk scores change over time. We lag risk scores by

two years because outcome ratings rely on enrollees’ medical records for two years before

the current enrollment year (see Section 2).

If riskier individuals have worse measured outcomes, the negative effect on the outcome

rating will appear with a two-year delay. We find supporting evidence 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 A26), and the effect is greater

than the average differences by risk scores estimated in Table 6. We do not find similar

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

7.2 Deterring Enrollees with Chronic Conditions Through Premiums

The selection incentive to improve the health outcome rating implies that premiums

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

inspect such pricing responses here. Adopting the triple-difference design in equation 8,

we compare premiums across counties with different diabetes and hypertension prevalence

rates. We interact raw prevalence rates with coding-adjusted county risk scores and use the

43Appendix Figure B9 plots the raw trends and event study estimates.
44The 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, Zhang et al. (2000) and Safford 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. Specific 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.
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health-adjusted prevalence rate as the key independent variable.45 Therefore, a county is

more favorable for risk selection if it has fewer patients with chronic conditions or because

its patients have milder conditions.

We focus on diabetes in Appendix Table A27. In high-selection contracts, Part D

premiums increased by $9.47-$12.44 per ten percentage point increase in the prevalence

rate (column 6-7), or by 47%-63% above the average premium. Figure 7 plots the premium

differences across high- and low-prevalence counties. Although the raw trends suggest

larger premium differences in 2011-2012, the differences over continuous prevalence rates

are comparable over the years in the event study. We find similar patterns but smaller

magnitudes for hypertension (Appendix Table A28).

To summarize, high-selection contracts significantly varied premiums in favor of

healthier 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 in the next section

to quantify the extent of selection in the health outcome measures.

7.3 Quantifying Risk Selection in the Health Outcome Measures

This section quantifies the effect of risk scores on the HEDIS outcomes by developing an

instrumental variable (IV) strategy that relies on our finding 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-specific quality component and a component due to the risk scores of enrollees.

Specifically, we estimate the following equation

yct = αc +γc · postt + β · riskct−2 + τt + εit, (11)

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 define post = 1 for 2013-2014.

The intercept αc is a contract fixed effect. We interpret αc 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. The selection invalidates the

ordinary-least-square (OLS) estimate of β. We employ an IV strategy to estimate the effect

45Prevalence rates are adjusted downward in counties where patients have milder conditions and fewer
complications. We provide more details on the prevalence rates in Appendix D.
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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 γc ·post, which

we interpret as the change of insurance quality over time.46 We estimate β specifically for

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

Instrument. We exploit the premium differences over county risk scores to construct

instruments for riskct−2. Specifically, we construct the instrument riskivct−2 as

riskivct−2 = Corr(pct−2 ,Rc) =
1
|Nc|

∑
l∈Nc

(plct−2 − p̄ct−2) · (Rlc − R̄c)
σpct−2

· σRc
, (12)

where pct−2 stacks county l premiums,
(
plct−2

)
l∈Nc

, in the service area Nc of contract c. The

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

service risk scores of counties covered by contract c in 2009-2010,
(
Rlc

)
l∈Nc

. We capture

the premium differences across county risk scores using the covariance 1
|Nc |

∑
l∈Nc (plct−2 −

p̄ct−2) (Rlc − R̄c), where p̄ct−2 and R̄c are the cross-county averages. We normalize the

covariance by the standard deviation of risks σpct−2
and prices σRc , and use the correlation

coefficient Corr(pct−2 ,Rc) as the instrument riskivct−2.47

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 differences. We therefore predict contract risk

scores using premium differences across markets as instruments in the first stage. We

isolate premium difference by the health of enrollees using coding-adjusted risk scores

for Rc (Finkelstein et al., 2017) in equation 12. We construct additional instruments for

cross-county premium differences by diabetes and hypertension prevalence rates based on

our results in Section 7.2.48

For the instruments to be valid, premium differences should have no direct impacts on

the contract’s quality rating other than through the risk score riskct−2. This requires that

premium differences affected the risk composition of enrollees in the contract, but did not

affect unobserved determinants of contract rating in the error term εct. We examine the

46Since controlling for αc · τt 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 γc · post.

47The normalization adjusts for level differences in σpct−2
and σRc by contracts, and gives a standardized

measure of premium differences comparable across contracts.
48Premium differences by diabetes prevalence rates are instrumented by diabivct−2 = Corr(pct−2 ,Dc),

where Dc is the vector of baseline diabetes prevalence rates in the counties covered by contract c. Similarly,
the instrument hyptivct−2 = Corr(pct−2 ,Hc) captures premium differences by hypertension prevalence rates,
where Hc is the vector of baseline hypertension prevalence rates in the counties covered by contract c.
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plausibility of the exclusion restriction drawing from the analysis in Section 6.3, where we

show that premium differences 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 11 in Table 7.

The OLS estimates do not indicate significant effects of risk scores on the HEDIS out-

comes.49 Based on these estimates, health outcomes improved by 1.8 percentage points in

high-rated contracts after the payment reform (column 2), and by 1.68 percentage points

in high-selection contracts (column 4). However, risk selection can bias the OLS estimates

towards zero, masking the effect of risk scores on the outcome measures.

To correct for this endogeneity, we instrument contract risk scores, riskct−2, by the

premium differences over county risk scores, diabetes prevalence rates and hypertension

prevalence rates in Panel B. Consistent with the drop in risk scores, premium differences

significantly predict risk scores in high-rated contracts (column 2) and particularly in

high-selection contracts (column 4-5).50 In these contracts, two-stage-least-squares (TSLS)

estimates show significant and negative effects 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.51

We then apply the TSLS estimates to decompose the gains in the health outcome

measures into a selection component and a component reflecting the health gains of a

standard-risk enrollee. We calculate the selection component through ∆Risk · β̂T SLS , where

∆Risk is the risk composition gain over 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 · β̂T SLS = 1.79 percentage points.52 Since the TSLS

estimates already control for the effect of risk selection on the health outcome measures,

we infer the health gains of a standard-risk enrollee from estimates of γc · post in equation

11. Adjusted for risk, health outcomes improved by a modest γc · post = 0.24 percentage

49Recall that the HEDIS outcomes tally the share of diabetes and hypertension patients who have controlled
their conditions below specific medical thresholds. We look at the percentage of such enrollees as the
dependent variable in Table 7.

50We show first-stage estimates in Appendix Table A29. Premium differences by county risk scores
strongly and negatively predict contract risk scores in high-rated contracts. Premium differences by diabetes
prevalence rates predict higher risk scores for high-rated contract in riskier areas (column 3), but not for
high-selection contracts. The joint prediction power is concentrated in high-selection contracts. We further
explore the choice of instruments on the implied rating gains of selection in Appendix Table A31.

51To 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 of high-rated contracts.

52Specifically, ∆Risk ·β̂T SLS = −0.019 · (−94.09) = 1.79. ∆Risk is the event study coefficient for year
2011-2012 in the contract-level analysis of risk scores (panel b of Figure 5).
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points on average for high-selection contracts. The adjustment significantly revises the

conclusion from OLS estimates in Panel A. Despite a 1.68 percentage point increase in

health outcome measures, selection of healthier enrollees accounted for 86% of the health

measure gains in high-selection contracts.53

To summarize, high-selection contracts improved the health outcome measures by

selecting healthier enrollees. Adjusted for risk, health outcomes improved only modestly

in high-selection contracts. In the next section, we calculate the financial gains of selection

by estimating the effect of selection on the overall rating linked to payments.

8 Discussion

8.1 The Cost of Selection

In this section, we estimate the effect of selection on the bonus payments by first estimating

the selection gains on the quality rating. We then infer the savings in bonus payments

after removing the selection gains in the quality rating.

Selection and the Quality Rating. We apply the IV strategy developed in Section 7.3

to estimate the effect of risk selection on the quality rating. We group measures by the

weights they receive in the overall rating and estimate the effect of selection on the star

ratings of outcome (3.0 weights), access (1.5 weights), and process (1.0 weights) measures

using equation 11. We show results for high-selection contracts in Appendix Table A30.

Risk scores have large, negative impacts on the outcome rating (column 1-2), where nearly

80% of the rating gain after the payment reform is due to selection.54 Applied to the

risk composition gain over low-rated contracts from 2010 to 2012, these estimates imply

that selection increased outcome ratings by 0.46 stars in high-selection contracts,55 and

increased the overall rating by 0.23 stars.56 Ratings on the lower-weighted access and

process measures are minimally affected by risk scores.

53Specifically, risk-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%.

54The selection effect is comparable to but different from the 90% calculated in Section 7.3 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)
we include all measures receiving 3.0 weights in the health outcome category, whereas in Section 7.3 we
focused only on the three HEDIS measures.

55Since our counterfactual analysis relies heavily on the effect of selection on the health outcome ratings,
we show that the effect is robust to alternative choices of instruments in Appendix Table A31.

56This is because health outcome measures account for 50% of the overall star rating in high-selection
contracts. Within health outcome measures, HEDIS outcomes are most sensitive to risk scores (Appendix
Table A32), followed by drug related outcome ratings. Together, these measures explain all of the selection
effect on the outcome rating. Self-reported health improvements are not affected by risk scores.
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To construct counterfactual ratings absent the selection response, we first recover the

underlying continuous star rating of each contract in 2014.57 From the continuous rating,

we subtract the selection gains due to the risk score change from 2010 to 2012.58 The

adjusted rating holds the risk composition fixed at 2010, and removes the effect of selected

risk scores since 2011 on the quality rating.

We compare risk-adjusted star ratings with the initial rating in panel (a) of Figure 8.

The horizontal axis groups high-selection contracts by the initial star rating in 2014.

The vertical axis shows the percent of enrollees experiencing a change in the star rating,

conditional on the initial rating. Adjusted for risk, the quality rating drops to 3.0 stars for

around half of the enrollees in 4.0-star contracts and all enrollees in 3.5-star contracts. The

affected contracts are marginal high-rated contracts below 4.0 stars on the continuous scale

in 2014. 98% of enrollees in the 3.5-4.0 star range were in marginal high-rated contracts.

Even small increases in the risk score would downgrade their contracts to 3.5 stars and

below. By contrast, risk adjustment has smaller impacts in the 4.5-5.0 range, where 96%

of enrollees are in contracts rated above 4.5 stars on the continuous scale. Adjusted for

risk, all contracts in the 4.5-5.0 range still maintain at least a 4.0-star rating.

Selection and Payments. The new star rating changes the generosity of bonus payments

to insurers (Table 1).59 To determine payments to insurers at the risk-adjusted rating, we

assume that insurers respond by aligning bids to the new benchmark while keeping rebates

to enrollees unchanged. We show empirical support for this assumption by estimating

a near-zero pass-through of benchmark bonuses to enrollees in high-selection contracts

(Appendix Table A33).60 We therefore infer counterfactual bids by inverting equation 1

holding rebates at the pre-adjustment level.61

We then calculate the counterfactual payments under the risk-adjusted quality rating.

The difference in bonus payments indicates the extent of overpayments in the current rat-

ing that fails to adjust for enrollee risks. Panel (b) of Figure 8 shows that overpayments are

largest in the 3.5-4.0 star range, where an average contract gained $25 in bonus payments

due to selection. Risk adjustment would downgrade the star ratings of these contracts to

57The continuous rating is a weighted average of star ratings across measures. The weighted average is
then rounded to the nearest half star as the overall star rating. More information is in Section 2.

58We use the risk composition change relative to low-rated contracts to estimate the selection gains. We
obtain similar results by constructing counterfactual risk scores for each high-selection contracts using the
synthetic control method (Abadie et al., 2010).

59Since the 2014 star rating determines payments in 2015, we re-calculate 2015 payments using the
risk-adjusted rating.

60Specifically, we find that high-selection contracts submitted higher bids after the introduction of
benchmark bonuses, narrowed the distance between bids and benchmarks, and kept the rebates to enrollees
unchanged. Appendix Figure B11 plots the raw trends of the bidding adjustment.

61For insurers bidding above the benchmark, the payment is the benchmark at the new star rating.
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3.0-3.5 stars. Because benchmark bonuses no longer apply below 4.0 stars under the ACA

model, crossing the 4.0-star cut-off significantly increased the bonus payments to marginal

high-quality contracts. Although similar incentives exist for contracts in the 4.5-5.0 range,

overpayments are small ($0.59) because none of the contracts in this range fell below 4.0

stars upon risk adjustment.62

To evaluate the size of the overpayment, we compare it with the benchmark bonus

to high-selection contracts. Including the bonus, high-selection contracts received $87

more in benchmarks in 2015 relative to low-rated contracts.63 Selection raised the bonus

payments to high-selection contracts by $12, or 14% of the benchmark bonus in 2015. In

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

benchmark bonus.64

8.2 Distribution of Quality Ratings Across Counties

We next explore the distributional implications of the selection responses on the market

share of high-rated contracts across counties. Because premiums decreased significantly

in the healthiest counties covered by high-rated contracts, the market share of high-rated

contracts tends to decrease with county risk scores moving from the healthiest to the

riskiest counties. We examine this implication by estimating the distribution of high-rated

contracts across county risk scores using the following specification

yclt = β0 · riskl · highc · postt + β1 · riskl · postt + β2 · highc · postt + β3 · highc · riskl (13)

+ β ·Xlt +αc +γl + τt + εclt,

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. We therefore examine

the changes in market share yclt as risk score increases from the healthiest to the riskiest

counties in riskl .65 We allow market shares to differ by rating in β3, and control for the

effect of bonus payments across counties in β1 and on high-rated insurance in β2. β0 then

estimates the effect of bonus payments on the market share of high-rated insurance across

62We find similar overpayments using the synthetic control method (Appendix Figure B10), which gives
identical results in the 3.5-4.0 star range, and slightly lower overpayments above 4.5 stars.

63The estimate is the event study coefficient for 2015 in an extended analysis of contract benchmarks
using the difference-in-differences model in equation 7.

64Specifically, $25/$87 = 29%. Scaled by the enrollment-months in high-selection contracts, overpayments
amounted to $68.5 m annually in 2015, with nearly $59.8 m concentrated in marginal high-rated contracts.

65This is different from equation 8 where the riskcl variable also depends on contract c. Here, we use
the cross-county differences in riskl to examine the distribution of high-rated insurance across space in
equation 13. We control for the same set of county variables in Xlt .
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county risk scores.

Figure 9 plots the raw trends of market shares on the left panels and the event study

estimates from equation 13 on the right panels. The raw trends focus on counties in the

lower and upper 15% of risk scores, where market shares diverged markedly by rating.

At the contract level (panel a), market shares of high-rated contracts increased in the

lowest-risk counties (gray lines) and decreased in the riskiest counties (blue lines). Panel

(c) looks at the overall market share of high- and low-rated contracts, showing a similar

divergence in the market shares of high-rated contracts across the risk tails (solid lines).

Across all counties, Appendix Table A34 estimates that a 10 percentage point increase in

the risk score 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).

We examine robustness and estimate the distributional effects on premiums in Appendix E.

The shifts in the spatial distribution of high-rated insurance are the result of a supply

shock on insurer revenues. Consumer knowledge of the quality rating and preferences

for quality are not directly affected by the payment reform. Thus, insurer responses to

payment incentives are the primary driver behind the diverging market shares of high-

rated insurance across risk tails. Selecting insurers directed bonus payments and the

supply of high-rated insurance to the healthiest counties, worsening the access to high-

rated insurance in the riskiest counties. Within high-rated contracts, insurance benefits

shifted from the sickest to the healthiest enrollees, worsening the financial protection

of insurance to the sickest enrollees. Therefore, across counties and contracts, insurer

selection increased premiums and lowered benefits for sicker patients in the riskiest

counties, hurting in particular the healthcare access of the more vulnerable population.

8.3 Improving the Quality Rating

The selection response suggests that the raw HEDIS data are not directly suitable for

comparing health outcomes across contracts. When the case-mix of health conditions

differ, the HEDIS outcomes bias the quality rating against contracts with sicker enrollees.

To remove the bias, CMS may consider risk-adjusting the medical thresholds used in the

health outcome measures. The adjustment accounts for predictable outcome differences

due to differences in the health status of enrollees. If sicker patients have worse outcomes in

expectation, then measuring health improvements relative to the risk-adjusted thresholds

can limit the selection incentives on insurers.66

66When linked to payments, the adjusted rating compensates insurers for predictable outcome differences
due to the risk of enrollees. A similar idea underlies the cost prediction for capitated payments.
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CMS may also consider adjusting the incentive structure across different measures of

the quality rating. Currently, health outcome measures account for 25% of all quality

measures, but receive three times the weights as the process measures and twice the

weights as the access measures. Upon weighting, health outcomes account for 50% of the

final rating linked to payments. The high-powered incentives can induce both investments

and the gaming of these measures. We find that selecting contracts gained significantly

from enrolling healthier individuals but, adjusted for risk, health improvements were

small in selecting contracts. Therefore, down-weighting the health outcome measures is

likely to limit the selection responses without harming the health of enrollees.

9 Conclusions

This paper studies how suppliers respond to regulations linking government subsidies

to the quality of social services, and the implications for consumers. We show that the

presence of an efficiency-equity trade-off complicates the design of performance-based

incentives in the social sector. Our results on the Medicare Advantage market suggest that

policy efforts to improve the quality of social services can have unintended consequences

on enrollee access to quality insurance. In particular, failing to correct for selected risk

types in the quality rating worsened the access to high-rated insurance in the riskiest

counties, without substantially improving insurance quality. Our findings illustrate that

supply-side responses to the payment incentives can worsen the geographic disparity in

service quality, undoing the purpose of the reform. Legislators should carefully consider

the distributional consequences of pay-for-performance to effectively improve the quality

and accessibility of social services.
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Tables and Figures

Table 1: Bonus adjustments on benchmarks and rebates

Star Rating

Year ≤2.5 3.0 3.5 4.0 4.5 5.0

Benchmark Bonus θstar = 1 + %
2009/11 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

2012 0.0% 3.0% 3.5% 4.0% 4.0% 5.0%
2013 0.0% 3.0% 3.5% 4.0% 4.0% 5.0%
2014 0.0% 3.0% 3.5% 5.0% 5.0% 5.0%

2015 (ACA) 0.0% 0.0% 0.0% 5.0% 5.0% 5.0%

Rebate Percentage γstar

2009/11 75.0% 75.0% 75.0% 75.0% 75.0% 75.0%
2012 66.7% 66.7% 71.7% 71.7% 73.3% 73.3%
2013 58.3% 58.3% 68.3% 68.3% 71.7% 71.7%
2014 50.0% 50.0% 65.0% 65.0% 70.0% 70.0%

2015 (ACA) 50.0% 50.0% 65.0% 65.0% 70.0% 70.0%

Notes: The table shows the changes in benchmark bonuses and rebate percentages
for year 2009-2014 and for the first year of ACA in 2015. The Quality Bonus
Payment Demonstration (QBP) became effective in 2012. after the payment reform
ended in 2014, the ACA payment model took effect. For benchmark bonuses,
contracts above 4.0 stars continue to receive full benchmark bonuses (5%) from
2015 onward. Contracts below 4.0 stars are no longer eligible for bonus payments.
The rebate percentages under ACA are the same as those in 2014. Quality adjust-
ments on benchmarks and rebates are calculated from lagged star ratings in year
t − 1. Source: Centers for Medicare and Medicaid Services, Advance Notice of
Methodological Changes, Calendar Year 2009-2015.
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Table 2: Summary statistics

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

Full Sample Low-Rated High-Rated
mean s.e. mean s.e. mean s.e.

Panel A: Contract-Year Observations
Risk Score 0.97 0.007 0.97 0.009 0.96 0.12

Number of Counties 25.09 5.40 25.19 7.74 18.18 2.21
Number of Plans 3.40 0.23 3.53 0.31 3.12 0.28
Service Area Risk 0.99 0.007 1.00 0.009 0.96 0.009
Enrollment (k) 334.75 34.95 328.35 39.19 349.06 71.56
Benchmark 899.95 5.82 909.93 6.70 877.67 10.78
Bid 786.05 6.37 787.09 7.76 783.73 11.15
Benchmark-Bid 113.90 5.71 122.84 7.11 93.94 8.89
Rebate 81.04 3.85 86.45 4.83 68.94 5.89

Part C Premium 30.78 2.55 21.06 2.64 52.47 4.69
Zero Part C Premium (%) 48.74 2.81 59.27 3.29 25.23 3.90
Part D Premium 19.96 1.22 15.42 1.40 30.10 1.77
Zero Part D Premium (%) 44.23 2.87 54.98 3.42 20.23 3.68
Drug Deductible 33.33 4.51 33.51 5.84 32.92 6.53
Zero Drug Deduc (%) 84.21 1.89 84.70 2.36 83.11 3.07
N 1,122 775 347

Panel B: Contract-County-Year Observations
Enrollment (k) 18.25 2.35 17.00 2.48 21.57 4.64
Number of Plans 1.76 0.073 1.59 0.088 2.22 0.093
Part C Premium 33.03 2.75 26.05 2.86 51.53 5.66
Zero Part C Premium (%) 37.36 3.25 43.06 4.03 22.25 4.83
Part D Premium 21.27 1.47 18.29 1.79 29.16 2.18
Zero Part D Premium (%) 35.04 3.27 41.49 4.06 17.97 4.29
Drug Deductible 29.44 6.32 30.99 8.31 25.33 6.30
Zero Drug Deduc (%) 84.26 2.95 83.40 3.87 86.55 2.91
Market Share (%) 33.51 1.72 31.77 1.97 38.12 3.20
N 20,472 14,861 5,611

Notes: The table summarizes the estimation sample. We aggregate plan characteristics to the contract-
year level in Panel A, and to the contract-county-year level in Panel B, both weighting by enrollment.
Enrollment is total enrollee-month counts in a year, and price variables are in 2012 dollars per enrollee
per month. Bids and benchmarks are risk-adjusted to reflect the cost of a standard-risk enrollee. Column
3-6 show summary statistics by contract rating. High-rated contracts (column 5-6) have at least one
4.0-star rating or above in the baseline (2009-2010). Low-rated contracts (column 3-4) are never rated
4.0 stars or above in the baseline. We exclude contracts rated below 3.0 stars in both 2009 and 2010:
these contracts are subject to suspension if the star rating does not improve in 2011. Column 1-2
summarizes the full estimation sample combining high- and low-rated contracts. Details of the sample
construction are in Appendix D.
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Table 3: Effect on risk scores, by service area risks

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

Treat · Post -0.026*** -0.037*** -0.016 -0.043*** -0.007
(0.008) (0.010) (0.010) (0.012) (0.016)

Treat high-rated high-rated + risk high-rated + risk
<median >median <25% >75%

Control low-rated low-rated
y mean 0.97 0.97 0.97 0.97 0.97

R2̂ 0.86 0.86 0.85 0.86 0.85
N 1,122 920 941 851 858

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the heterogeneous effects of the payment reform on the risk score of

high-rated contracts. Column 1 shows the average effect on high-rated contracts. Column 2-5
shows heterogeneous effects for contracts with different service area risks. Column 2 and 3
divide high-rated contracts by the median service area risk (0.975), and estimate separate
effects for those below (column 2) and above (column 3) the median. Column 4 and 5 focus
on high-rated contracts in the lower and upper 25% tails of service area risks. Column 4
estimates the effect in the lower 25% of service area risk (<0.902), and column 5 estimates the
effect in the upper 25% (>1.009). All specifications control for contract fixed effects. Standard
errors clustered at the level of contracts in the parenthesis.
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Table 4: Effect of the payment reform on Part D premiums, within-contract differ-

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 differences in Part D premiums over county risk

scores. Column 1-2 show the difference-in-differences estimates on the premium differences in
low- and high-rated contracts, respectively. Column 3 shows the triple-difference estimate on
the differential 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 fixed effects. Standard errors clustered two-way at
the level of contracts and counties in the parenthesis.
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Table 5: Effect of the payment reform on Part C premiums, within-contract

differences

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

Risk · High · Post 23.61** 23.04
(11.73) (15.56)

Risk · Post -10.12 12.00 -11.42 -8.19 10.19 -10.34
(7.27) (11.21) (7.01) (7.38) (14.83) (6.96)

High · Post -7.86** -9.26**
(3.97) (4.29)

Counties all 15% tails
Contracts low high all low high all
y mean 26.05 51.53 33.03 24.84 49.48 31.24

R2 0.77 0.85 0.82 0.77 0.84 0.81
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 differences in Part C premiums over county risk

scores. Column 1-2 show the difference-in-differences estimates on the premium differences in
low- and high-rated contracts, respectively. Column 3 shows the triple-difference estimate on
the differential 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 fixed effects. Standard errors clustered
two-way at the level of contracts and counties in the parenthesis.
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Table 6: Effect on outcome ratings by baseline risk scores

(I) (II) (III)
Outcome Health Diabetes &

Mean Improved Blood Pressure

Risk · Post -1.22** -0.11 -1.37**
(0.48) (0.27) (0.58)

y mean 3.45 3.28 3.60

R2 0.63 0.22 0.69
N 997 888 991

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the effect of baseline enrollee risk scores on

the outcome ratings. The difference-in-differences estimates compare
the rating dynamics across contracts with different baseline risk scores.
Column 1 looks at the average rating over outcome measures. Column
2-3 group the outcome measures by the source of measurement. Mea-
sures of self-reported health improvement in column 2 come from the
Health Outcome Survey (HOS). Measures of managing diabetes and
blood pressure conditions in column 3 come from the Healthcare Ef-
fectiveness Data and Information Set (HEDIS). All regressions include
contract and year fixed effects. Standard errors clustered at the level of
contracts in the parenthesis.
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Table 7: Effect 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)

γc · 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

γc · Post 1.07 0.24 -1.03
∆Risk · β̂T 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 effect 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
differences across counties. Specifically, we construct instrument riskivct−2 to summarize
premium differences by county risk scores, instrument diabivct−2 to summarize pre-
mium differences by diabetes prevalence rates, and instrument hyptivct−2 to summarize
premium differences 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
·β̂T 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 γc · Post.
We also include changes in the year fixed effect τt after the payment reform in γc · Post
when inferring health improvements. We show p-values from over-identification 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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Figure 1: Star rating computation and its implications for benchmarks

(a) Timeline of bidding, enrollment, and star

rating disclosure, 2009-2012
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Notes: The figure in panel (a) plots the timeline of Medicare Advantage (MA) enrollment, plan bidding,
and star rating disclosure for enrollment years 2009-2012. Insurers submit bids by the June of year t − 1
for their plan offerings in year t. The star rating for year t is released in the Fall of year t − 1. Since the
bidding occurs before the release of year-t rating, quality bonuses – effective since enrollment year 2012 –
are calculated based on the star rating of year t − 1. Therefore 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. The figure also marks key policy change dates including the passage of ACA in March 2010 and
the announcement of QBP revising the ACA model for 2012-2014 in November 2010. The figure in panel
(b) plots the percent increase in rating-adjusted benchmarks after the payment reform, for contracts below
and above the ACA cut-off (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. We apply the bonus rates to the raw county benchmarks, and average the
bonus-adjusted benchmarks across counties to predict contract benchmarks. In the prediction, we restrict
counties to those already covered by the insurance contract prior to the payment reform. We compare the
predicted benchmarks with the pre-reform benchmarks and plot the percent increase after the payment
reform.
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Figure 2: Effect on risk scores, kernel density

(a) Low-rated contracts
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Notes: The figure plots the kernel density of risk scores for high-rated contracts in panel (a), and for low-
rated contracts in panel (b). Separate densities are drawn for the before (2009-2010) and after (2011-2014)
the payment reform. We test for the null of equal distribution applying the Kolmogorov–Smirnov (K-S) test,
and show the p-value next to the density. Risk scores are at the level of contracts aggregated from plan risk
scores weighted by enrollment.
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Figure 3: Effect on risk scores by the baseline rating, kernel density
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Notes: The figure 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 figure 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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Figure 4: Distributional effects on risk scores, by deciles

(a) Difference-in-Differences
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Notes: The figure plots the effect of the payment reform across deciles of risk scores in high-rated contracts.
Panel (a) shows estimates from the grouped quantile approach of Chetverikov et al. (2016). Panel (b)
plots the changes-in-changes estimates following Athey and Imbens (2006). In both cases, plotted 95%
confidence intervals are based on the empirical distribution of estimates from 500 replication samples
block-bootstrapped by contracts. Appendix Table A4 shows the corresponding point estimates and standard
errors of the plotted effects, and compares these effects with the baseline risk scores in high-rated contracts.

44



Figure 5: Effect on risk scores, by service area risks, event study

(a) Raw trend
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(d) Event study, 25% tails
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Notes: The figure shows the heterogeneous effects on high-rated contracts with different service area risks.
Panel (a) shows the raw trends of risk scores for high-rated contracts above and below the median service
area risk (0.975) and for low-rated contracts. Panel (b) shows the event study estimates for the high-rated
contracts in panel (a). Panel (c) shows the raw trends of risk scores for high-rated contracts in the lower and
upper 25% of service area risks (below 0.902 or above 1.009) and for low-rated contracts. Panel (d) shows
the event study estimates for the high-rated contracts in panel (c). We plot 95% confidence intervals based
on robust standard errors clustered at the level of contracts in panel (b) and (d).
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Figure 6: Effect on Part D premiums, within-contract differences, event study

(a) Raw trend
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Notes: The figure plots the raw trends of Part D premiums in the left panels and event study estimates of
the within-contract differences over county risk scores in the right panels. The raw trends in panel (a) plot
the premium levels above and below the median risk county within an average low-rated contract (dotted
lines) and an average high-rated contract (solid lines). Panel (c) restricts the within-contract locations to the
lower and upper 15% tails of county risk score, and plot premium levels across 15% tails for an average
low-rated contract (dotted lines) and an average high-rated contract (solid line). Corresponding event study
estimates in panel (b) and (d) show the within-contract differences over continuous risk scores. Plotted
95% confidence intervals are based on robust standard errors clustered two-way at the level of counties and
contracts.
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Figure 7: Effect on Part D premium, within-contract differences over health-adjusted

diabetes prevalence rates, high-selection contracts, event study

(a) High-Selection (<50% Risk), raw trend
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Notes: The figure plots the raw trends of Part D premiums in the left panels and event study estimates of
the within-contract differences over county differences in health-adjusted diabetes prevalence rates in the
right panels. The health-adjusted prevalence rate multiplies the raw prevalence rate by the coding-adjusted
county risk score. We restrict within-contract locations to counties in the lower and upper 15% of baseline
prevalence rates in the contract’s service area. The raw trends plot the price levels across the 15% tails
within an average low-rated contract (dotted lines) and an average high-selection contract (solid lines)
below the median service area risk (0.975) in panel (a), and below the 25th percentile (0.902) in panel (c).
Corresponding event study estimates in panel (b) and (d) show the within-contract differences over county
differences in continuous prevalence rates. Plotted 95% confidence intervals are based on robust standard
errors clustered two-way at the level of counties and contracts.
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Figure 8: Effects of selection on the quality rating and overpayments
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(b) Overpayments due to Selection

0

10

20

30

40

5 stars 4.5 stars 4 stars 3.5 stars
Star rating

O
ve

rp
a
y
m

e
n

t 
($

 p
e

r 
e

n
ro

lle
e

−
m

o
n

th
)

unweighted  weigthed  

Notes: The figure shows the effect 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 effect 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 effect 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.
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Figure 9: Effect on market shares, cross-county differences, event study

(a) Contract-County-Year, raw trend, 15% tails
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Notes: The figure shows the cross-county differences in market shares of contracts in panel (a) and (b), and
by high and low quality ratings (across 4.0 stars in the baseline) in panel (c) and (d), where we examine
changes in the overall market share of high- and low-rated contracts using a balanced panel of county-years.
Plotted 95% confidence intervals are based on robust standard errors clustered two-way at the level of
contracts and counties in panel (b), and based on robust standard errors clustered by counties in panel (d).
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Table A3: Year t selection and bonus rates in year t + 3

Star Rating

Year t ≤2.5 3.0 3.5 4.0 4.5 5.0

t + 3 Benchmark Bonus θstar = 1 + %
2012 0.0% 0.0% 0.0% 5.0% 5.0% 5.0%
2013 0.0% 0.0% 0.0% 5.0% 5.0% 5.0%
2014 0.0% 0.0% 0.0% 5.0% 5.0% 5.0%

t + 3 Rebate Percentage γstar

2012 50.0% 50.0% 65.0% 65.0% 70.0% 70.0%
2013 50.0% 50.0% 65.0% 65.0% 70.0% 70.0%
2014 50.0% 50.0% 65.0% 65.0% 70.0% 70.0%

Notes: The table shows the bonus rates in year t + 3 for contracts with
different star ratings in year t. Contracts failing to maintain the star rating
are subject to greater loss of bonus payments if bonus rates are higher
at the original star rating. This summarizes the incentive to risk-select
healthier enrollees when healthier enrollees improve the star rating. The
table showcases the selection incentive during the Quality Bonus Payment
Demonstration (QBP) in 2012-2014. In the empirical analysis, we also
allow for anticipatory effects, which may happen if insurers respond imme-
diately to the passage of ACA in March, 2010 and begin selecting healthier
enrollees in year 2011. In this case, the selection incentive in 2011 is deter-
mined by the ACA payment model and identical to the incentive structures
for 2012-2014 in the table. Since the ACA model was announced prior
to the payment reform and was phased-in over 2012-2014 before imple-
mented fully in 2015, the incentive structure of the ACA model was known
and anticipated by insurers.
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Table A4: Distributional effects of the payment reform on risk scores, by deciles

(I) (II) (III)
Difference-in-Differences Changes-in-Changes Baseline High

10% -0.039 -0.049*** 0.842
(0.024) (0.018)

20% -0.085*** -0.073*** 0.915
(0.025) (0.017)

30% -0.057*** -0.056*** 0.950
(0.021) (0.020)

40% -0.036** -0.046*** 0.966
(0.015) (0.014)

50% -0.032** -0.039*** 0.980
(0.015) (0.011)

60% -0.014 -0.019 1.002
(0.016) (0.018)

70% -0.023 -0.018 1.026
(0.016) (0.017)

80% -0.016 -0.023 1.057
(0.016) (0.021)

90% -0.038 -0.029 1.096
(0.031) (0.020)

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the effects of the payment reform across deciles of risk scores in high-rated

contracts. Column 1 shows estimates from the grouped quantile approach of Chetverikov et al.
(2016). Column 2 shows the changes-in-changes estimates following Athey and Imbens (2006). In
both cases, standard errors in the parenthesis are based on the empirical distribution of estimates
from 500 replication samples block-bootstrapped by contracts. To help understand effect sizes,
column 3 shows the deciles of risk scores in high-rated contracts in the 2009-2010 baseline.
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Table A5: Effect of the payment reform on service area characteristics

(I) (II) (III) (IV) (V)
# Counties Service Area Benchmark Double-Bonus # Plans

Risk County

High · Post 8.70 0.0028 1.80 -0.020 -0.17
(8.39) (0.0024) (2.94) (0.021) (0.23)

y mean 25.09 0.98 795.12 0.72 3.40

R2 0.73 0.98 0.92 0.90 0.87
N 1,122 1,122 1,122 1,122 1,122

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows difference-in-differences estimates on the composition of service areas along measured

characteristics. We use 2012 values of county benchmarks and FFS risk scores to construct service area charac-
teristics in column 2-4 at the contract-year level. The constructed variables reflect changes in the composition
of service areas by county characteristics, rather than changes in county characteristics over time. Numbers of
counties (column 1) and plans (column 5) are counted within contract-years. Estimated effects indicate selection
over the composition of service areas along measured characteristics rather than the temporal differences in these
characteristics. All regressions include contract fixed effects. Standard errors clustered at the level of contracts in
the parenthesis.
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Table A7: Effect of the payment reform on the total premium (Part C and D),

within-contract differences

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

Risk · High · Post 38.88*** 40.47**
(12.64) (16.17)

Risk · Post -14.41 29.66** -14.39 -12.20 26.83* -13.70
(9.22) (11.35) (9.10) (9.60) (15.44) (9.17)

High · Post -6.64 -6.87
(4.88) (5.17)

Counties all 15% tails
Contracts low high all low high all
y mean 44.33 80.69 54.30 43.89 77.47 52.99

R2 0.85 0.85 0.87 0.85 0.86 0.86
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 differences in total premiums over county risk scores.

Column 1-2 show the difference-in-differences estimates on the premium differences in low- and
high-rated contracts, respectively. Column 3 shows the triple-difference estimate on the differential
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 fixed effects. Standard errors clustered two-way at the level
of contracts and counties in the parenthesis.
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Table A8: Effect of the payment reform on premiums and rebates

(I) (II) (III) (IV)
Part C Part D Zero Rebate

Premium Premium Premium

High · Post -3.29 0.47 0.032 2.72
(3.16) (1.63) (0.025) (3.95)

y mean 30.78 19.96 0.41 81.04

R2 0.87 0.81 0.88 0.87
N 1,122 1,122 1,122 1,122

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows difference-in-difference estimates on premiums and

rebates. Rebates enhance the insurance benefits by lowering premiums and out-
of-pocket costs, and by providing additional coverage such as vision and dental
care. We use rebates as a summary measure of overall insurance generosity. Plan-
level premiums and rebates are averaged to the contract level using enrollment
weights. All regressions include contract fixed effects. Standard errors clustered
at the level of contracts in the parenthesis.
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Table A9: Effect of the payment reform on drug deductibles, within-contract

differences

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

Risk · High · Post 0.96 -15.73
(46.13) (53.70)

Risk · Post 34.54* 60.66 40.03* 30.34* 37.33 34.64**
(19.24) (46.27) (20.66) (15.52) (53.12) (16.62)

High · Post -13.19 -15.55
(10.33) (9.79)

Counties all 15% tails
Contracts low high all low high all
y mean 30.99 25.33 29.44 29.27 25.49 28.25

R2 0.71 0.59 0.68 0.70 0.65 0.69
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 differences in drug deductibles over county risk

scores. Column 1-2 show the difference-in-differences estimates for low- and high-rated contracts,
respectively. Column 3 shows the triple-difference estimate on the differential 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 fixed effects. Standard errors clustered two-way at the level of contracts and
counties in the parenthesis.

9



Table A10: Effect of the payment reform on Part D premiums over income, within-

contract differences

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

County variation in Treat: per capita income per capita transfer income
(thousands) (thousands)

Treat · High · Post -0.15 0.10
(0.11) (0.75)

Treat · Post 0.060 -0.077 0.063 -0.098 -0.021 -0.11
(0.061) (0.088) (0.061) (0.33) (0.70) (0.33)

High · Post 2.69 2.39
(2.03) (2.03)

Counties 15% tails 15% tails
Contracts low high all low high all
y mean 18.00 27.99 20.72 18.00 27.99 20.72

R2 0.75 0.70 0.75 0.75 0.70 0.75
N 4,357 1,633 5,990 4,357 1,633 5,990

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in Part D premiums over county differences

in per capita income (column 1-3) and per capita transfer income (column 4-6). County risk score is
negatively associated with income, and positively associated with transfer income. We show separate
difference-in-differences estimates on low- and high-rated contracts, followed by the triple-difference
estimate on high-rated plans. We restrict locations to counties in the lower or upper 15% of county risk
scores within the contract’s service area, so that we retain the sample of contract-counties used in the main
analysis (Table 4). All regressions include contract-county fixed effects. Standard errors clustered two-way
at the level of contracts and counties in the parenthesis.
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Table A11: Effect of the payment reform on Part D premiums over socio-economic

status, within-contract differences

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

County variation in Treat: non-White (%) some college (%)

Treat · High · Post 0.041 -0.030
(0.059) (0.13)

Treat · Post -0.049 0.026 -0.047 -0.034 -0.053 -0.032
(0.039) (0.049) (0.038) (0.071) (0.11) (0.071)

High · Post 2.34 2.67
(2.06) (2.09)

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

R2 0.75 0.70 0.75 0.75 0.70 0.75
N 4,393 1,633 6,026 4,393 1,633 6,026

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in Part D premiums over county differences in

socio-economic status (SES), proxied by percent White in column 1-3 and percent having some college
education in column 4-6. County risk score is negatively associated with college education and positively
associated with percent non-White. We show separate difference-in-differences estimates on low- and
high-rated contracts, followed by the triple-difference estimate on high quality rating. We restrict
locations to counties in the lower or upper 15% of county risk scores within the contract’s service area,
so that we retain the sample of contract-counties used in the main analysis (Table 4). All regressions
include contract-county fixed effects. Standard errors clustered two-way at the level of contracts and
counties in the parenthesis.

11



Table A12: Effect of the payment reform on Part D premiums due to the Special Enrollment

Period, within-contract differences

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

Risk · High · Post 17.43** 17.88** 17.62**
(8.51) (8.80) (8.80)

Risk · Post -4.01 16.64** 16.73** 16.71** -3.36 -3.52 -3.27
(5.57) (7.35) (7.57) (7.59) (5.35) (5.34) (5.31)

High · Post 2.38 2.50 2.47
(2.00) (2.03) (2.03)

Counties 15% tails
5-star counties Y Y Y N Y Y N
Contracts low high high high (2)-(1) (3)-(1) (4)-(1)
5-star contracts Y N N Y N N
y mean 18.05 27.99 28.13 28.04 20.74 20.75 20.82

R2 0.75 0.70 0.70 0.70 0.75 0.75 0.75
N 4,393 1,633 1,601 1,594 6,026 5,991 5,902

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: Table shows the within-contract differences in Part D premiums over county differences in county

risk scores. Column 1-2 repeats the estimates for low- and high-rated contracts shown in Table 4. Column
3 estimates effects on high-rated contracts excluding contracts with 5.0-star ratings. Due to the Special
Enrollment Period which took effect in 2012, 5.0-star contracts are open to new enrollees year round and
are hence subject to additional selection risks. Column 4 further excludes all counties covered by 5.0-star
contracts. Column 5-7 shows triple-difference effects on high-rated contracts as specified in column 2-4. We
restrict counties to those in the lower or upper 15% of county risk scores in the contract’s service area. All
regressions include contract-county fixed effects. Standard errors clustered two-way at the level of contracts
and counties in the parenthesis.
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Table A14: Effect of the payment reform on Part D premiums over provider quality, within-

contract differences

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

County variation in Treat: hospital re-admission (%) preventable hospital stay (%)

Treat · High · Post 0.42 0.58
(0.30) (0.60)

Treat · Post -0.099 0.39 -0.077 0.16 0.68 0.15
(0.20) (0.25) (0.19) (0.33) (0.49) (0.33)

High · Post 2.31 2.34
(2.01) (2.01)

Counties 15% tails 15% tails
Contracts low high all low high all
y mean 18.10 27.96 20.77 18.07 27.94 20.75

R2 0.75 0.71 0.75 0.76 0.67 0.75
N 4,372 1,619 5,991 4,356 1,621 5,977

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in Part D premiums over county differences in provider

quality, measured by hospital re-admission for inpatient care in column 1-3, and preventable hospital stay for
outpatient care in column 4-6. Risk score is positively associated with both measures, or negatively associated
with quality. We show separate difference-in-differences estimates on low- and high-rated contracts, followed
by the triple-difference estimate on high quality rating. We restrict locations to counties in the lower or upper
15% of county risk scores within the contract’s service area, so that we retain the sample of contract-counties
used in the main analysis (Table 4). All regressions include contract-county fixed effects. Standard errors
clustered two-way at the level of contracts and counties in the parenthesis.
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Table A18: Effect of the payment reform on rebates, within-contract differ-

ences

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

Risk · High · Post -56.32** -89.71***
(25.99) (29.02)

Risk · Post 36.67* -25.47 -58.57** 36.91* 37.50**
(18.74) (18.44) (23.61) (18.88) (18.58)

High · Post 6.28 1.26
(4.01) (4.97)

Counties 15% tails
Contracts low high high + (2) vs. (1) (3) vs. (1)
Service area risk <50%
y mean 70.38 61.96 50.94 68.10 67.54

R2 0.80 0.78 0.79 0.80 0.81
N 4,393 1,633 751 6,026 5,144

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in rebates over county risk scores.

We restrict locations to the lower and upper 15% of county risk scores in the contract’s
service area. Column 1-2 show the difference-in-differences estimates for low- and high-
rated contracts, respectively. Column 3 restricts high-rated contracts to those below the
median service area risk (0.975) in the baseline, or the high-selection contracts. Column 4
(5) shows the triple-difference estimate on the differential variation in high-rated (high-
selection) contracts. All regressions include contract-county fixed effects. Robust standard
errors clustered two-way at the level of contracts and counties in the parenthesis.
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Table A19: Effect of the payment reform on the total premium (Part C and D), within-

contract differences, high-selection contracts

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

Risk · High · Post 40.67** 58.33** 71.62***
(16.17) (23.60) (24.98)

Risk · Post -12.20 26.83* 44.69* 63.74** -13.70 -13.17 -12.60
(9.60) (15.44) (23.04) (24.70) (9.17) (9.29) (9.46)

High · Post -6.87 -4.00 -9.13
(5.17) (5.49) (9.11)

Counties 15% tails
Contracts low high (+ service area risk) (2)-(1) (3)-(1) (4)-(1)
Service area risk <50% <25%
y mean 43.89 77.47 94.55 104.24 52.99 51.28 49.22

R2 0.85 0.86 0.85 0.81 0.86 0.87 0.86
N 4,393 1,633 751 426 6,026 5,144 4,819

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in total premiums (Part C + D) over county risk

scores. We restrict the within-contract locations to the lower or upper 15% of county risk scores in the
contract’s service area. Column 1 and 2 show the difference-in-differences estimates for low- and high-rated
contracts, respectively. Column 3 restricts high-rated contracts to those below the median service area risk
(0.975) in the baseline, or the high-selection contracts. Column 4 further restricts high-selection contracts
to those below the 25th percentile of service area risk (0.902) in the baseline. Column 5 shows the triple-
difference estimate on the differential variation in high-rated contracts relative to the low-rated contracts.
Column 6 and 7 show the tripe-difference estimates on the high-selection contracts defined in column 3 and
4, respectively. All regressions include contract-county fixed effects. Standard errors clustered two-way at
the level of contracts and counties in the parenthesis.
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Table A20: Effect of the payment reform on premiums and rebates,

high-selection contracts

(I) (II) (III) (IV)
Premium Zero Drug Rebate
(Part C+D) Premium Deductible

High · Post 0.099 -0.011 -9.12 -2.59
(4.43) (0.031) (11.29) (4.55)

y mean 45.41 0.45 33.81 80.68

R2 0.91 0.88 0.72 0.87
N 920 920 920 937

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows difference-in-differences estimates on the premiums and

rebates of high-selection contracts. Rebates enhance the insurance benefits by
lowering premiums and out- of-pocket costs, and by providing additional coverage
such as vision and dental care. We use rebates as a summary measure of overall
insurance generosity. Plan-level premiums and rebates are averaged to the contract
level using enrollment weights. All regressions include contract fixed effects.
Standard errors clustered at the level of contracts in the parenthesis.
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Table A25: Weight increase and the composition of measures in the overall star rating

(1) (2) (3) (4) (5) (6)

Measures in Rating Outcome Access Process

Rating · Post 0.53*** 0.71*** -0.16*** 0.078 -0.080** 0.089
(0.045) (0.087) (0.030) (0.10) (0.039) (0.11)

Rating 0.36*** 0.30*** 0.78*** 0.66*** 1.03*** 0.78***
(0.046) (0.055) (0.025) (0.085) (0.031) (0.081)

Contracts all high all high all high
y mean 3.40 4.09 3.40 4.09 3.40 4.09

R2 0.52 0.50 0.66 0.44 0.68 0.52
N 1,692 338 1,692 338 1,692 338

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table estimates the change in the contribution of outcome, access, and process measures

to the overall star rating due to the weight increase in 2012. Column 1-2 estimate the contribution of
outcome measures to the overall rating, corresponding to a weight increase from 1.0 to 3.0 in 2012.
Column 3-4 estimate the contribution of access measures, where weights increased from 1.0 to 1.5 in
2012. Column 5-6 look at the process measures where the weights remained at 1.0 after 2012. We
estimate separate effects for high-rated contracts in even-numbered columns. The contribution of
outcome ratings (column 2) increased substantially for high-rated contracts. The contribution of access
and process ratings did not change meaningfully (column 4 and 6). Robust standard errors clustered at
the level of contracts in the parenthesis.
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Table A27: Effect of the payment reform on Part D premium, within-contract differences over health-

adjusted diabetes prevalence rates, high-selection contracts

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

Diabetes · High · Post 110.53 94.74** 124.36***
(68.60) (37.04) (37.54)

Diabetes · Post -30.92 97.78 81.62** 101.40** -29.55 -30.09 -30.02
(22.07) (61.69) (33.43) (38.20) (22.28) (22.23) (22.20)

High · Post 1.76 4.90** 6.05**
(2.08) (2.27) (2.76)

Counties 15% tails
Contracts low high (+ service area risk) (2) vs. (1) (3) vs. (1) (4) vs. (1)
Service area risk <50% <25%
y mean 18.45 28.69 29.76 33.20 21.25 20.15 19.80

R2 0.74 0.69 0.73 0.68 0.74 0.75 0.75
N 4,400 1652 779 443 6,052 5,179 4,843

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in Part D premium over county differences in health-adjusted

diabetes prevalence rates. The health-adjusted prevalence rate multiples the raw prevalence rate by the coding-adjusted
county risk score. We restrict within-contract locations to counties in the lower and upper 15% tails of the baseline
prevalence rate. Column 1-2 show the difference-in-differences estimates for low- and high-rated contracts, respectively.
Column 3 restricts high-rated contracts to those below the median service area risk (0.975) in the baseline, or the high-
selection contracts. Column 4 further restricts high-selection contracts to those in the lower 25% (less than 0.902) of service
area risks in the baseline. Column 5 shows the triple-difference estimate on the differential variation in high-rated contracts
relative to the low-rated contracts. Column 6-7 show the triple-difference estimates on the high-selection contracts defined
in column 3 and 4, respectively. All regressions control for contract-county fixed effects. Standard errors clustered two-way
at the level of contracts and counties in the parenthesis.
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Table A28: Effect of the payment reform on Part D premium, within-contract differences over health-

adjusted hypertension prevalence rates, high-selection contracts

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

Hypertension · High · Post 27.10 44.49*** 37.04***
(17.29) (15.68) (14.06)

Hypertension · Post -5.34 24.96 40.62** 34.97** -4.80 -4.97 -4.94
(7.12) (15.93) (14.89) (12.95) (7.00) (7.07) (7.08)

High · Post 2.70 5.75** 7.08**
(2.02) (2.36) (2.88)

Counties 15% tails
Contracts low high (+ service area risk) (2) vs. (1) (3) vs. (1) (4) vs. (1)
Service area risk <50% <25%
y mean 18.21 28.35 29.38 32.81 20.98 19.86 19.53

R2 0.75 0.69 0.74 0.68 0.75 0.76 0.76
N 4,457 1,672 771 440 6,129 5,228 4,897

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the within-contract differences in Part D premium over county differences in health-adjusted

hypertension prevalence rates. The health-adjusted prevalence rate multiples the raw prevalence rate by the coding-adjusted
county risk score. We restrict within-contract locations to counties in the lower and upper 15% tails of the baseline prevalence
rate. Column 1-2 show the difference-in-differences estimates for low- and high-rated contracts, respectively. Column 3
restricts higher-rated contracts to those below the median service area risk (0.975) in the baseline, or the high-selection
contracts. Column 4 further restricts high-selection contracts to those in the lower 25% (less than 0.902) of service area risks
in the baseline. Column 5 shows the triple-difference estimate on the differential variation in high-rated contracts relative to
low-rated contracts. Column 6-7 show the triple-difference estimates on the high-selection contracts defined in column 3 and
4, respectively. All regressions control for contract-county fixed effects. Standard errors clustered two-way at the level of
contracts and counties in the parenthesis.
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Table A29: Effect of selection on health outcome measures, first-stage predic-

tion

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

riskivct−2 0.035* -0.052*** -0.083** -0.058*** -0.032***
(0.020) (0.017) (0.032) (0.016) (0.010)

diabivct−2 0.075** 0.031** 0.083*** 0.007 0.030
(0.038) (0.015) (0.031) (0.021) (0.019)

hyptivct−2 -0.085* 0.011 -0.001 0.012 -0.016
(0.049) (0.024) (0.032) (0.020) (0.026)

F-stat 2.11 9.12 3.54 10.09 26.35

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

N 1,280 669 396 228 116

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the first-stage prediction of contract risk scores riskct−2 from three

instrumental variables: premium differences over county risk scores in riskivct−2, premiums
differences over diabetes prevalence rates in diabivct−2, and premium differences over hy-
pertension prevalence rates in hyptivct−2. The outcome of interest in the second stage is the
HEDIS health outcomes of the contract, measured in percentages of enrollees controlling
chronic conditions below the medical thresholds. Robust standard errors clustered at the
level of contracts in the parenthesis.
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Table A30: Effect of selection on the star ratings of outcome, access, and process

measures, high-selection contracts

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

Outcome Ratings Access Ratings Process Ratings

Panel A: OLS
Risk Score -2.93* -1.48 0.69 3.18 -2.26** -2.06

(1.67) (2.97) (2.80) (5.05) (0.93) (1.78)

γc · Post 0.22 0.22 -0.19 -0.13 0.18 0.15

Panel B: TSLS
Risk Score -17.91*** -14.47* -2.26 -0.45 0.054 3.81

(6.60) (7.75) (2.19) (5.65) (4.16) (3.49)

First-stage F-stat 7.04 11.94 7.04 11.94 7.42 11.94
Over-id p-value 0.96 0.22 0.43 0.50 0.33 0.53

γc· Post 0.12 -0.086 -0.18 -0.19 0.17 0.20
∆Risk ·β̂T SLS 0.45 0.52 0.057 0.016 0.00 -0.14

Service area risk ≤50% ≤25% ≤50% ≤25% ≤50% ≤25%

y mean 3.85 3.64 4.18 4.11 3.77 3.60
N 234 122 234 122 234 122

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the effect of risk scores on the star ratings of outcome, access, and process

measures in the quality rating. Specifically, outcome measures include all measures receiving 3.0
weights in the overall star rating in a given year. Access (Process) measures include all measures
receiving 1.5 (1.0) weights in the overall star rating in a given year. Panel A shows OLS estimates
regressing star ratings on contract risk scores. Panel B shows two-stage-least-squares (TSLS) esti-
mates instrumenting contract risk scores by the premium differences across counties. Specifically,
we construct instrument riskivct−2 to summarize premium differences by county risk scores, instru-
ment diabivct−2 to summarize premium differences by diabetes prevalence rates, and instrument
hyptivct−2 to summarize premium differences 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 ·β̂T 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 star ratings, we infer quality rating improvements
for a standard-risk enrollee from γc · Post. We also include changes in the year fixed effect τt after
the payment reform in γc · Post when inferring quality improvements. We show p-values from
over-identification 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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Table A31: Effect of selection on the health outcome ratings, high-

selection contracts

(I) (II) (III) (IV)

Panel A: First Stage
riskivct−2 -0.032** -0.039** -0.045*** -0.045***

(0.015) (0.014) (0.015) (0.016)
diabivct−2 0.013 0.002

(-0.009) (0.024)
hyptivct−2 0.020** 0.018

(0.006) (0.024)

F-stat 4.24 4.97 10.01 7.04

Panel B: TSLS
Risk Score -17.46** -17.96*** -17.88*** -17.91***

(7.90) (6.84) (6.64) (6.60)

Over-id p-value – 0.79 0.81 0.96

γc· Post 0.12 0.12 0.12 0.12
∆Risk ·β̂T SLS 0.44 0.45 0.45 0.45

y mean 3.85 3.85 3.85 3.85
N 234 234 234 234

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the effect of risk scores on the star ratings of health outcome

measures receiving 3.0 weights in the overall rating. We focus on high-selection contracts
serving less risky areas (<50% service area risk) in the table. We construct three instru-
mental variables to correct for selected risk scores in contracts: instrument riskivct−2
summarizing premium differences by county risk scores, instrument diabivct−2 sum-
marizing premium differences by diabetes prevalence rates, and instrument hyptivct−2
summarizing premium differences by hypertension prevalence rates. We show first-
stage estimates for different choices of instruments in Panel A, and show corresponding
two-stage-least-square (TSLS) estimates on the effect of contract risk scores in Panel B.
Based on the TSLS estimates, we calculate the gains from selection from ∆Risk ·β̂T 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 star ratings, we infer quality
rating improvements for a standard-risk enrollee from γc · Post. We also include changes
in the year fixed effect τt after the payment reform in γc · Post when inferring quality
improvements. We show p-values from over-identification 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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Table A32: Effect of selection on the health outcome ratings by types of

measures, high-selection contracts

(I) (II) (III) (IV)
HEDIS Drug Self Report HEDIS+Drug

Panel A: OLS
Risk Score -2.47 -3.85 -0.35 -3.01

(2.59) (3.49) (3.71) (2.64)

αi · Post 0.29 0.37 -0.049 0.35

Panel B: TSLS
Risk Score -21.52** -12.12 2.19 -20.85**

(10.20) (9.41) (9.60) (10.26)

First-stage F-stat 7.04 7.04 7.04 7.04
Over-id p-value 0.63 0.38 0.40 0.99

αi · Post 0.24 -0.073 0.060 0.14
∆Risk ·β̂T SLS 0.54 0.30 -0.055 0.52

y mean 4.02 3.93 3.32 4.02
N 234 234 234 234

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the effect of risk scores on the star ratings of health outcome measures

receiving 3.0 weights in the overall rating. We estimate separate effects for HEDIS outcome
ratings (column 1), drug outcome ratings from Part D (column 2), self-reported health
improvement ratings from HOS (column 3), and the overall effect on HEDIS and drug outcome
ratings (column 4). We focus on high-selection contracts serving less risky areas (<50% service
area risk) in the table. We construct three instrumental variables to correct for selected risk
scores in contracts: instrument riskivct−2 summarizing premium differences by county risk
scores, instrument diabivct−2 summarizing premium differences by diabetes prevalence rates,
and instrument hyptivct−2 summarizing premium differences by hypertension prevalence
rates. We show first-stage estimates for different choices of instruments in Panel A, and show
corresponding two-stage-least-square (TSLS) estimates on the effect of contract risk scores
in Panel B. Based on the TSLS estimates, we calculate the gains from selection from ∆Risk
·β̂T 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 star ratings, we infer quality rating
improvements for a standard-risk enrollee from γc · Post. We also include changes in the year
fixed effect τt after the payment reform in γc · Post when inferring quality improvements. We
show p-values from over-identification 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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Table A33: Effect of the payment reform on benchmarks, bids, and rebates

(I) (II) (III) (IV)
Benchmark Bid Benchmark-Bid Rebate

High · Post 40.56*** 59.17*** -18.61*** -2.22
(10.19) (8.74) (7.32) (4.58)

y mean 903.00 787.45 115.55 82.26

R2 0.80 0.84 0.83 0.86
N 920 920 920 920

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows difference-in-differences estimates on benchmarks, bids and

rebates. We specifically examine the bidding responses of high-selection contracts in
High, relative to low-rated contracts. We aggregate plan level benchmarks (inclusive of
bonus adjustments), bids, and rebates (inclusive of bonus adjustments) to the contract
level using enrollment weights. All regressions include contract fixed effects. Standard
errors clustered at the level of contracts in the parenthesis.
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Table A34: Effect of the payment reform on market shares, across county risk scores

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

Risk · High · Post -0.90** -0.19**
(0.35) (0.074)

Risk · Post -0.38*** -1.18*** -0.36*** -0.14*** -0.24*** -0.095*
(0.12) (0.34) (0.11) (0.050) (0.045) (0.050)

High · Post 0.88** 0.15**
(0.36) (0.072)

Risk · High 0.65* -0.83***
(0.38) (0.079)

Observations contract-county-year rating-county-year
(balanced panel)

Quality rating low high all low high all
y mean 0.31 0.38 0.33 0.28 0.13 0.20

R2 0.64 0.64 0.58 0.73 0.76 0.33
N 15,327 5,660 21,106 17,236 17,236 34,508

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table shows the effect on the market shares of Medicare Advantage contracts across county

risk scores. Column 1-3 estimates the effects on contract market shares using equation 13. Robust
standard errors clustered two-way at the level of contracts and counties in the parenthesis. Column
4-6 estimates the effect on the overall market share of high- and low-rated contracts, using a balanced
panel of county-years and a specification controlling for county, year, and the rating fixed effects. Robust
standard errors clustered at the level of contracts in the parenthesis. Market shares (y mean) are lower
in column 4-6 due to the incidence of zero market shares in the balanced panel.
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B Additional Figures

Figure B1: Contract risk scores, kernel density, by star rating and year

(a) Low-rated contracts

0
1

2
3

4
5

.6 .8 1 1.2 1.4 1.6
risk score

2009 2010 2011
2012 2013 2014

(a) low−quality contracts

0
1

2
3

4
5

.8 1 1.2 1.4 1.6
risk score

2009 2010 2011
2012 2013 2014

(b) high−quality contracts

(b) High-rated contracts

0
1

2
3

4
5

.6 .8 1 1.2 1.4 1.6
risk score

2009 2010 2011
2012 2013 2014

(a) low−quality contracts

0
1

2
3

4
5

.8 1 1.2 1.4 1.6
risk score

2009 2010 2011
2012 2013 2014

(b) high−quality contracts

Notes: The figure plots the kernel density of risk scores in high-rated contracts in panel (a), and the density
of risk scores in low-rated contracts in panel (b). Separate density is drawn for each year. Risk scores are at
the level of contracts aggregated from plan risk scores weighted by enrollment.
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Figure B2: Effect on Part C premiums, within-contract differences, event study

(a) Raw trend
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(b) Event study
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(c) Raw trend, 15% tails
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Notes: The figure plots the raw trends of Part C premiums in the left panels and event study estimates of
the within-contract differences over county risk scores in the right panels. The raw trends in panel (a) plot
the premium levels above and below the median risk county within an average low-rated contract (dotted
lines) and an average high-rated contract (solid lines). Panel (c) restricts the within-contract locations to the
lower and upper 15% tails of county risk score, and plot premium levels across 15% tails for an average
low-rated contract (dotted lines) and an average high-rated contract (solid line). Corresponding event study
estimates in panel (b) and (d) show the within-contract differences over continuous risk scores. Plotted
95% confidence intervals are based on robust standard errors clustered two-way at the level of counties and
contracts.
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Figure B3: Effect on zero-premium and zero-deductible plans and enrollment, 15% tails,

raw trends
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Notes: The figure plots the raw trends of zero-premium and zero-deductible plans in the left panels, and
similar trends without weighting by enrollment in the right panels. Specifically, outcome variables in the
left panels are the percent of zero-premium or zero-drug deductible plans offered by the contract in a
contract-county pair, weighted by enrollment. In the right panels, the percent of plans with zero premiums
or zero drug deductibles is not weighted by enrollment. We restrict locations to counties in the lower or
upper 15% tails of county risk score in the contract’s service area, and plot the share of zero-premiums and
zero-drug deductible plans across the 15% risk tails for an average low-rated contract (dotted lines) and an
average high-rated contract (solid lines).
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Figure B4: Effect on the total premium (Part C and D), within-contract differences, event

study

(a) Raw trend
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−
5
0

0
5
0

1
0
0

2009 2010 2011 2012 2013 2014
ACA QBP

low quality high vs. low high quality

Notes: The figure plots the raw trends of total premiums in the left panels and event study estimates of
the within-contract differences over county risk scores in the right panels. The raw trends in panel (a) plot
the premium levels above and below the median risk county within an average low-rated contract (dotted
lines) and an average high-rated contract (solid lines). Panel (c) restricts the within-contract locations to the
lower and upper 15% tails of county risk score, and plot premium levels across 15% tails for an average
low-rated contract (dotted lines) and an average high-rated contract (solid lines). Corresponding event study
estimates in panel (b) and (d) show the within-contract differences over continuous risk scores. Plotted
95% confidence intervals are based on robust standard errors clustered two-way at the level of counties and
contracts.
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Figure B5: Effect on drug deductibles, within-contract differences, event study

(a) Raw trend
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(d) Event study, 15% tails
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Notes: The figure plots the raw trends of drug deductibles in the left panels and event study estimates of the
within-contract differences over county risk scores in the right panels. The raw trends in panel (a) plot the
price levels above and below the median risk county within an average low-rated contract (dotted lines) and
an average high-rated contract (solid lines). Panel (c) restricts the within-contract locations to the lower and
upper 15% tails of county risk score, and plot price levels across 15% tails for an average low-rated contract
(dotted lines) and an average high-rated contract (solid lines). Corresponding event study estimates in
panel (b) and (d) show the within-contract differences over continuous risk scores. Plotted 95% confidence
intervals are based on robust standard errors clustered two-way at the level of counties and contracts.
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Figure B6: Effect on premiums and drug deductibles, within-contract differences, event

study, unweighted by enrollment

(a) Part C premium, raw trend
2
0

3
0

4
0

5
0

6
0

7
0

2009 2010 2011 2012 2013 2014
ACA QBP

low−quality in <15% counties low−quality in >85% counties

high−quality in <15% counties high−quality in >85% counties

(b) Part C premium, event study

−
4
0

−
2
0

0
2
0

4
0

6
0

2009 2010 2011 2012 2013 2014
ACA QBP

low quality high vs. low high quality

(c) Part D premium, raw trend

1
5

2
0

2
5

3
0

3
5

2009 2010 2011 2012 2013 2014
ACA QBP

low−quality in <15% counties low−quality in >85% counties

high−quality in <15% counties high−quality in >85% counties

(d) Part D premium, event study
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Notes: The figure plots the raw trends of premiums and drug deductibles in the left panels and event study
estimates of the within-contract differences over county risk scores in the right panels. Different from the
main analysis, we aggregate plan prices to the contract-county level taking simple averages. We restrict
locations to the lower and upper 15% tails of county risk scores in the contract’s service area. The raw trends
plot the price levels across the 15% risk tails within an average low-rated contract (dotted lines) and an
average high-rated contract (solid lines). Corresponding event study estimates in the right panels show
the within-contract differences over continuous risk scores. Plotted 95% confidence intervals are based on
robust standard errors clustered two-way at the level of counties and contracts.
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Figure B7: Effect on median premiums and drug deductibles, within-contract differ-

ences, event study

(a) Part C premium, raw trend
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(d) Part D premium, event study
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Notes: The figure plots the raw trends of premiums and drug deductibles in the left panels and event study
estimates of the within-contract differences over county risk scores in the right panels. Different from the
main analysis, we aggregate plan prices to the contract-county level using the median plan price. We restrict
locations to the lower and upper 15% tails of county risk scores in the contract’s service area. The raw trends
plot the price levels across the 15% risk tails within an average low-rated contract (dotted lines) and an
average high-rated contract (solid lines). Corresponding event study estimates in the right panels show
the within-contract differences over continuous risk scores. Plotted 95% confidence intervals are based on
robust standard errors clustered two-way at the level of counties and contracts.
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Figure B8: Effect on premiums and drug deductibles, within-contract differences, event

study, deviation to mean
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Notes: The figure plots the event study estimates of the within-contract differences over county risk scores.
We focus on Part C premiums in panel (a)-(b), Part D premiums in panel (c)-(d), and drug deductibles in
panel (e)-(f). County differences in risk scores are measured as the deviation to the mean county risk in
the service area, as opposed to the deviation-to-median measure in the main analysis. The right panels
restrict within-contract locations to the lower and upper 15% of county risk scores in the contract’s service
area. Plotted 95% confidence intervals are based on robust standard errors clustered two-way at the level of
counties and contracts.
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Figure B9: Outcome ratings by baseline enrollee risk scores, event study

(a) Average outcome rating, raw trend
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Notes: The figure shows the dynamics of outcome ratings by baseline enrollee risk scores. The raw trends
in the left panels plot separate trends for binary groups of contracts above and below the median enrollee
risk score (0.97) in the baseline. The right panels show event study estimates from difference-in-differences
specifications in the baseline risk score. Panel (a) and (b) look at the average rating of outcome measures.
Panel (c) and (d) look at the health improvement measures reported in the Health Outcome Survey (HOS).
Panel (e) and (f) look at measures of managing diabetes and blood pressure from the Healthcare Effectiveness
Data and Information Set (HEDIS). Event study graphs show 95% confidence intervals based on robust
standard errors clustered at the level of contracts.
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Figure B10: Effects of selection on the quality rating and overpayments, synthetic con-

trol
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Notes: The figure shows the effect 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. Different from the
main analysis, we estimate the risk score change for each high-rated contract using a weighted average of
low-rated contracts as the synthetic control (Abadie et al., 2010). The adjustment holds the risk composition
at the 2010 level (corresponding to 2012 rating), and re-calculates the star rating discarding the effect 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 effect 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.
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Figure B11: Effect on benchmarks, bids, and rebates, raw trends
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Notes: The figure shows the raw trends of benchmarks (panel a), bids (panel b), the difference between
benchmarks and bids (panel c), and rebates (panel d) for high-selection contracts and low-rated contracts.
All variables are at the level of contracts aggregated from plan variables weighted by enrollment. All prices
are for a standard-risk enrollee. Benchmarks and rebates are inclusive of bonus adjustments.
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C Theoretical Appendix

In this section we illustrate in details the model in Section 3. The model shows that relative
to the pre-reform prices, premiums decrease more in counties with lower fee-for-service
risk score (Γ FFSl ). From the insurer’s first order condition (equation 2), we define the price
change due to the selection incentive after the payment reform as

∆pl =
dB
d q
·
∂q

∂r
· ∂r
∂pl
· sl + s−l

sl
· |εl |−1. (C1)

To relate the price change ∆pl to the fee-for-service risk score Γ FFSl , we focus on the
term ∂r

∂pl
. The term gives the responsiveness of contract-level risk score r to a small price

change in county l. The contract risk score in turn depends on the weighted average of
enrollee risk scores from the two counties. Specifically,

r =
sl · ΓMAl + s−l · ΓMA−l

sl + s−l

=
Γ̄l − (1− sl) · Γ FFSl + Γ̄−l − (1− s−l) · Γ FFS−l

sl + s−l
, (C2)

where ΓMAl is the average risk score of enrollees in the MA contract in county l. Γl is the
average risk of all consumers in county l. Equation C2 therefore expresses contract risk
score r in terms of enrollment share sl and the fee-for-service risk Γ FFSl in each county,
exploiting the fact that Γ̄l = sl · ΓMAl + (1− sl) · Γ FFSl .

Taking derivative of equation C2 w.r.t. premium in county l yields

∂r
∂pl

=
s′l
s
·
(

1 + s−l
s
· Γ FFSl +

1− s−l
s
· Γ FFS−l − Γ̄l + Γ̄−l

s

)
− 1− sl

s
·
∂Γ FFSl

∂pl
, (C3)

where s = sl + s−l .
The first bracket in equation C3 captures the cross-county composition effect on the

contract risk score. A small increase in pl lowers enrollment by s′l = ∂sl
∂pl

, increasing the
relative enrollment from the other county, −l. Contract risk score r decreases more at lower
enrollee risk scores in the other county, −l. In county l, the price change affects both the
market share sl and the relative enrollment, allowing enrollee risk scores to have larger
impacts on r. In both counties, enrollee risk scores are negatively related to Γ FFSl , and the

relationship is exact up to a marginal term
∂Γ FFSl
∂pl

. We examine premium responses to the

level differences in Γ FFSl , but do not directly exploit the marginal term in the empirical
analysis.

Equation C3 states that for a similar enrollment response, county l is more effective at
lowering r if the fee-for-service risk score is lower in county l. To induce the enrollment
response, premiums need to adjust more in counties with smaller demand elasticity
(equation C1). Substituting equation C3 into equation C1 nets out the semi-elasticity
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εl = s′l / sl . The resulting price change ∆pl relative to the pre-reform level is given by

∆pl = − dB
d q

∂q

∂r
·
1 + s−l

s
· Γ FFSl +

1 − s−l
s
· Γ FFS−l − Γ̄l + Γ̄−l

s
− 1− sl

s′l
·
∂Γ FFSl

∂pl

 ,
where the terms in the parentheses on the right hand side are evaluated at pre-reform
levels of prices, markets shares, and fee-for-service risk scores. Focusing on the differences
by Γ FFSl , the relative price change between counties is

∆pl − ∆p−l ∝ −
dB
d q

∂q

∂r
·
(
Γ FFSl − Γ FFS−l

)
. (C4)

Equation C4 states that other things equal, premiums should increase more in counties
with larger fee-for-service risk scores. On the other hand, the full equation for the relative
price change is given by

∆pl − ∆p−l = − dB
d q

∂q

∂r
·
Γ FFSl − Γ FFS−l − 1− sl

s′l
·
∂Γ FFSl

∂pl
+

1− s−l
s′−l

·
∂Γ FFS−l
∂p−l

 .
Compared to equation C4, the full equation also includes the difference in 1−sl

s′l
· ∂Γ

FFS
l
∂pl

across counties. The additional terms are determined by the consumer characteristics
in each county. Exploiting the fact that the payment reform is a supply-side regulation
that did not affect consumers’ knowledge of the quality rating or preferences, when

evaluating 1−sl
s′l
· ∂Γ

FFS
l
∂pl

at pre-reform prices and market shares, we absorb these terms

using contract-county fixed effects. Controlling for consumer characteristics, equation C4
predicts that premiums increase more relative to the pre-reform levels in riskier counties.
We hence examine heterogeneous responses across baseline fee-for-service risk scores in
the empirical analysis.
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D Data Appendix

D.1 Estimation Sample

This section documents the construction of the estimation sample from administrative
datasets provided by the Centers for Medicare and Medicaid Services (CMS). The basis
of the analysis is the roster file of all Medicare Advantage plans, also known as the
landscape file, which provides information on the plan’s issuer, plan name and ID, and
across the plan’s service area, premium and prescription drug coverage (if any) at the
county level. The roster file does not include plans in the Program of All-Inclusive
Care for the Elderly (PACE plans), Special Needs Plans, Part B only plans, Medicaid
plans, or employer-sponsored Medicare Advantage plans. Annual files from 2009 to 2014
can be downloaded at https://www.cms.gov/Medicare/Prescription-Drug-Coverage/
PrescriptionDrugCovGenIn/index.html?redirect=/PrescriptionDrugCovGenIn/.

We exclude from the samples Regional Preferred Provider Organization (PPO) Plans,
which follow a different bidding process than the rest of Medicare Advantage plans. We
also exclude plans that do not offer integrated prescription drug coverage. We obtain
separate Part C (for Medicare Part A and B coverage) and Part D (prescription drug)
premium from the Premium Source File, available in a separate folder for year 2009-2012
at the url above. The first three columns in Appendix Table D1 summarize the number
of plan-county observations in the raw files, and the remaining sample after dropping
regional PPOs and Part C only plans.

Plan risk scores, payments, and rebates are available at https://www.cms.gov/

Medicare/Medicare-Advantage/Plan-Payment/Plan-Payment-Data.html?DLSort=0&

DLEntries=10&DLPage=1&DLSortDir=ascending. We observe bids and rebates for plans
bidding below the benchmark. We do not directly observe the plan-specific benchmark,
but infer the benchmark from the rebate formula. Also available is the Part C risk score
used to adjust Medicare Advantage benchmarks and payments. The risk score is calculated
from a hierarchical model that accounts for the severity of conditions and the interaction
of conditions from multiple diagnoses. Plans with missing payment information and risk
scores are dropped from the sample.

Moreover, in the Quality Bonus demonstration, star rating in year t-1 is used to adjust
bonus payments in year t. Payments to plans without a quality rating in the previous
year are subject to a different set of rules. For continuing contracts with missing rating
data due to small enrollments, a fixed star rating is applied to all such contracts to
determine benchmark and rebate bonuses.67 Since the incentive structure is generally
different from that of rated contracts in the same year, we drop contract-year observations
where the payment-relevant quality rating is missing. This affects a tiny fraction of the
estimation sample, since the vast majority of contracts rated 3.0 stars and above at least
once in the baseline continue to receive quality ratings over the sample period.68 Data on

67In 2012, a uniform 3.0 star rating is applied to benchmark bonuses in such cases. The rebate bonus
is uniformly set at the level of 4.5 stars. New contracts do not receive a star rating in the first three years.
Instead, a weighted average of existing contracts offered by the organization is used to impute a star rating
for payment purposes.

68Less than 1% of the rated contracts in year t have missing star ratings in t + 1 in the estimation sample.
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measure ratings and overall ratings are available at https://www.cms.gov/Medicare/
Prescription-Drug-Coverage/PrescriptionDrugCovGenIn/PerformanceData.html.
The crosswalk file linking plans and contracts over time is available at
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-

Trends-and-Reports/MCRAdvPartDEnrolData/Plan-Crosswalks.html.

Table D1: Construction of the estimation sample

2009 2010 2011 2012 2013 2014

Landscape File observations 99,147 66,674 36,689 40,637 39,548 31,784
Contract observations 539 495 413 463 461 473
Dropping Regional PPOs -6,181 -7,883 -7,497 -6,877 -6,171 -6,317
Dropping Part C only plans -42.867 -22.489 -9,674 -10,550 -9,423 -6,343
Plan-county observations 50,099 36,302 19,518 23,210 23,954 19,156
Contract observations 514 470 391 443 442 455

Missing payment/risk score -2,449 -2,129 -2,899 -3,819 -3,709 -3,090
Missing quality rating star -21,987 -15,078 -6,712 -5,314 -3,915 -1,426
Plan-county observations 25,663 19,095 9,907 14,077 16,330 14,640
Plan observations 1,183 1,092 829 1,090 1,246 1,349
Contract observations 244 234 248 313 333 336

Linked contract observations 406
Continuing from baseline 244
excluded: less than 3.0 stars in 2009 and 2010 54
low quality rating: less than 4.0 stars, at least one rating ≥3.0 stars 135
high quality rating: at least one rating ≥4.0 stars 55
high selection (<50% service area risk) 27

Notes: The table shows the step-by-step construction of the estimation sample from yearly Landscape Files. Contracts continuing from baseline are those
first appearing in the data in 2009 or 2010. Contracts rated below 3.0 stars in both years of 2009-2010 are excluded from the analysis. Low-rated contracts
are rated less than 4.0 stars in both 2009 and 2010, but have at least one rating between 3.0 stars and 3.5 stars in 2009-2010. High-rated contracts have at
least one 4.0-star rating or above in 2009 or 2010. High-selection contracts are high-rated contracts in service areas where the average fee-for-service risk
score is below 0.975, the median of high-rated contracts.

We merge in enrollment counts at the plan-year-county level from monthly
enrollment counts from https://www.cms.gov/Research-Statistics-Data-and-

Systems/Statistics-Trends-and-Reports/MCRAdvPartDEnrolData/Monthly-

Enrollment-by-Contract-Plan-State-County.html. Annual enrollment sums
over enrollee-months over a 12-month period. However, exact counts are masked
for counties with fewer than 10 enrollees. We include the full range of service areas
when constructing the within-contract differences in county characteristics, but exclude
county-plans with missing enrollments when aggregating prices to the county-contract
level. These missing enrollments affect about one-fourth of the county-contract prices.
Results are similar without dropping low-enrollment county-plans.

In the difference-in-differences analysis, we summarize the location variation using
service area variables at the contract level, and drop the duplicate observations by location.
We end up with a little over 1,000 plans each year, for a total of 6,789 plan-year obser-
vations from 2009-2014. These plans are offered by 406 distinct contracts, of which 244
continued from the baseline in 2009-2010. For these baseline contracts, 65 received at
least one 4.0-star rating or above in 2009-2010. 149 are rated less than 4.0 stars in both
years but have at least one rating at or above 3.0 stars. The remaining contracts are rated

Less than 4% of the baseline contracts have a missing star rating in 2011-2014. Dropping these contracts
from the estimation sample gives very similar results.
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below 3.0 stars in both 2009 and 2010. These contracts are subject to cancellation after
three consecutive ratings below 3.0 stars. We do not include the last set of lowest-rated
contracts in the analysis.

In the triple-difference analysis, we consider a range of county characteristics to un-
derstand the within-contract differences in prices. We summarize the county variables
below.

D.2 County Characteristics

County fee-for-service (FFS) risk scores and costs are from the Medicare Geo-
graphic Variation Public Use File at https://www.cms.gov/Research-Statistics-

Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Geographic-

Variation/GV_PUF.html. We use the 2009-2010 average for the baseline. The
risk scores are calculated from the same Hierarchical Condition Category (HCC) model
that generates Medicare Advantage risk scores. Payments to providers in the FFS Medicare
are adjusted for the case-mix of patient conditions coded in the risk score. We use the
differences in FFS risks scores as measures of potential gains from selection for Medicare
Advantage insurers across the service area.

Three variables measure the cost of medical practices in the FFS program. The first,
unadjusted cost is calculated as the total Part A and Part B claim costs of medical practices
divided by the number of beneficiaries attributed to the practices. The second measure
adjusts the raw average cost by local price factors outside the physician’s control. Specifi-
cally, a national payment scheme is applied to override state-specific fee schedules, and
input prices such as labor and facility costs are standardized at the national level.69 The
price-standardized cost is further adjusted for patient case-mixes in the third, risk-adjusted
cost measure, which captures local costs of medical practices holding fixed both prices
and risk. The adjustments reveal the relevant component in costs which relates to the
differences in prices. The first four rows of Appendix Table D2 summarizes the FFS risk
scores and costs by county.

Diabetes prevalence rates by county are available from the Center of Disease Control
(CDC) at https://gis.cdc.gov/grasp/diabetes/DiabetesAtlas.html#. The estimates
are based on reported diagnoses from adults over age 20 in the Behavioral Risk Factor
Surveillance System (BRFSS). We multiply the age-adjusted estimate, which gives the
prevalence rate in a standard-age population, by the FFS risk score to account for differ-
ences in health conditions: prevalence is adjusted upward in locations where individuals
have more diagnoses in the risk score. We apply the diagnosis intensity factors developed
in Finkelstein et al. (2017) to the FFS risk scores. The resulting prevalence rate accounts
for age, risk, and coding differences across counties.

County hypertension prevalence rates are published by the Institute for
Health Metrics and Evaluation (IHME) for adults over age 30 in 2001-2009
(http://ghdx.healthdata.org/record/ihme-data/united-states-hypertension-
estimates-county-2001-2009). We use the 2009 value for the baseline. The prevalence

69More details of the price adjustments are available at http://www.qualitynet.org/dcs/

ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTier4&cid=1228772057350.
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Table D2: Summary of county characteristics

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

Health Risks and Costs mean s.e. N Socio-Economic Factors mean s.e. N

FFS risk score 0.95 0.002 1,852 Per capita income (k) 35.52 0.20 1,828
Per capita FFS Cost (k) 8.84 0.032 1,852 Per capita transfer income (k) 8.25 0.038 1,828
– price adjusted (k) 8.82 0.031 1,852 Non-White (%) 11.38 0.31 1,852
– price-risk adjusted (k) 9.54 0.023 1,852 Some college (%) 37.23 0.24 1,852
Diabetes (%) 8.85 0.049 1,852 HHI 0.57 0.005 1,852
Hypertension (%) 37.62 0.12 1,852 Low-rated HHI 0.76 0.007 1,401
Hospital re-admission (%) 17.81 0.062 1,840 High-rated HHI 0.89 0.008 584
Preventable hospitalization (%) 7.13 0.059 1,826

Notes: The table summarizes the baseline characteristics of counties in the estimation sample. Counties with missing data of the
characteristics are not included. Quality rating-specific HHIs are only calculated for counties where enrollment in the measured quality
rating is positive in the baseline.

rate is calculated as the percent of respondents having systolic blood pressure above 140
mm Hg or taking anti-hypertensive medication in the National Health and Nutrition
Examination Survey (NHANES) and the BRFSS. The estimates correct for self-report
and coding biases, standardized using national age-race distributions. Details of the
construction are provided in Olives et al. (2013).

Data on hospital re-admission rate and preventable hospital stays are taken from the
Area Health Resources File (AHRF, available at https://data.hrsa.gov/topics/health-
workforce/ahrf). We use the 2010 variables for the baseline. The re-admission rate calcu-
lates the percent of re-admitted patients within 30 days of discharge from an acute hospital.
The measure is associated with the access to and the quality of inpatient care. Preventable
hospital stay calculates the percent of hospital discharge of outpatient treatable conditions
in the FFS population. Higher rate indicates lower quality of outpatient care.

County demographic data come from the Survey of Epidemiology and End Results
(SEER, available at https://www.nber.org/data/seer_u.s._county_population_data.
html), which provides population estimates by age groups and race. We focus on the
elderly (65+) population and the White vs. non-White categories. Percent with col-
lege education is calculated from the American Community Survey (ACS) micro data
(Ruggles et al., 2019). Per capita income and transfer income are from the Bureau
of Economic Analysis (https://www.bea.gov/data/income-saving/personal-income-
county-metro-and-other-areas), where transfer income includes social security, un-
employment insurance, disability, medical and income assistance payments from gov-
ernments, nonprofit organizations, and businesses. Finally, we calculate the Herfindahl-
Hirschman Index (HHI) from contract market shares. The denominator of the market
share is the sum of member-month enrollments in all rated contracts in a county. We
calculate the quality rating-specific HHI for markets at the level of county-rating pairs.
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E Distributional Impacts: Additional Evidence

Following the discussion in Section 8.2, we provide additional evidence on the premium
and market share changes in the upper and lower 15% tails of county risk scores. We focus
on the risk tails because the within-contract differences implies decreasing (increasing)
premiums in the healthiest (riskiest) counties. In the intermediate range, premiums can
either increase or decrease depending on the ranking of county risk scores within contracts
and the distribution of contracts across counties.

Table E1 estimates the effect on premiums separately for the two risk tails using the
specification in equation 13. We expect the effects to be asymmetric since high-rated
contracts in the lower risk tail are predominantly high-selection contracts, whereas in the
upper risk tail, high-selection contracts account for only 10% of the high-rated sample.
Consistent with stronger within-contract differences in high-selection contracts, premiums
of high-rated insurance decreased significantly with county risk scores in the lower risk
tail (column 2), but not in the upper risk tail (column 5). In low-rated insurance, premiums
did not vary with risk scores in either risk tail.

Table E2 estimates the premium differences over pooled county risk scores across
15% tails in column 1-3, and the effects on market shares in column 4-6. We focus on
high-selection contracts in the table. Premiums in high-selection contracts increased
significantly with county risk scores, especially in the lower risk tail. Premiums in low-
rated insurance did not similarly increase with county risk scores. Market shares in general
decreased with county risk score, but decreased much more in high-selection contracts.
Moving from the lower to the upper 15% of county risk scores, premiums of high-rated
contracts increased by an additional $6.51 after the payment reform, and the market share
of high-rated contracts decreased by an additional 12.96 percentage points. Figure E1
shows the event study.

E.1 Robustness

We show robustness of the results on high-rated market shares in two ways. First, since we
distinguish contracts by the baseline quality rating, actual distribution of quality rating
may differ from our estimates if ratings improved differentially across counties. We show
that similar divergence in high-rated market shares occurs when the quality rating is
based on the contemporaneous rating. We also extend our sample to include all Medicare
Advantage contracts in the Landscape Files. In the full sample, we find similar divergence
in high-rated market shares in the risk tails, driven by greater growth rate of high-rated
insurance in the healthiest counties. These results support the finding that the payment
reform worsened the regional disparity in the access to high-rated insurance in Medicare.

E.1.1 Estimation Sample

Figure E2 shows the market share changes when high- and low- rated contracts are defined
using contemporaneous ratings. In the lower 15% risk tail (gray lines), high-rated market
shares narrowed with and overtook low-rated market shares during the sample period.
At the same time, market shares in general decreased in low-rated insurance (dotted
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lines), but decreased less in the riskier counties. In high-rated insurance (solid lines),
market shares were comparable across risk tails prior to the payment reform but increased
differentially in the lower risk tail after the payment reform. Table E3 shows the estimated
effects.

E.1.2 Full Sample of MA Contracts

For a comprehensive view of the quality rating distribution in the Medicare Advantage
market, we construct market shares including all contracts listed in the Landscape Files.
The full sample is different from the estimation sample in that Regional Preferred Provider
Organization (PPO) plans, Part-C only plans, and contracts with missing quality ratings
for payment purposes are retained in the full sample. Contracts with at least a 4.0-star
rating in the given year are classified as high-rated insurance. We construct market shares
of high-rated insurance for county-years with at least one Medicare Advantage contract
listed in the Landscape Files.

Table E4 shows that high-rated market share decreased significantly with county risk
across the 15% risk tails: a ten percentage point increase in the county risk score lowered
high-rated market share by 1.6 percentage points (column 3). We find similar effects across
county risk scores in the estimation sample (column 5 of Table E3). The market share
differences are concentrated in the lower risk tail (column 1), where a ten percentage point
increase in the county risk score decreased high-rated market share by 8.4 percentage
points. Moving from the bottom to the top 15% risk tail, high-rated market share decreased
by 3.7 percentage points (column 4).

Figure E3 compares the growth of high-rated market share in the lower (gray line) and
upper (blue line) risk tail in panel (a). The widening gap across risk tails is driven by
accelerating growth rate of high-rated insurance in the healthiest 15% counties. By 2014,
high-rated market share in the bottom 15% counties surpassed that in the riskiest counties
by as much as 17 percentage points (panel b). Prior to the payment reform, market shares
in both risk tails stayed on close and parallel trends. The temporary drop in 2011 was
caused by a change in the computation of the quality rating combining the Part C and
Part D ratings. The revised rating requires a larger number of measure ratings, some of
which could not be computed for small-enrollment contracts based on historic data. The
disruption is not visible in the estimation sample (Figure E2) and does not affect the main
analysis of continuing contracts differentiated by baseline quality ratings.
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Table E1: Premium differences over county risk scores, lower and upper 15% risk tails

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

Risk · High · Post 133.51** 37.73
(55.65) (32.80)

Risk · Post 63.81 121.40** -15.87 -25.18 32.15 -17.57
(119.09) (54.36) (85.71) (15.85) (58.03) (9.34)

High · Post -109.90** -54.80
(51.75) (43.18)

Risk · High -66.25 -57.18
(40.44) (70.02)

Counties <15% risk >85% risk
Contracts low high all low high all
y mean 41.57 98.14 72.39 41.50 73.33 48.12

R2 0.82 0.82 0.81 0.81 0.76 0.74
N 1,303 1,044 2,322 3,924 1,022 4,935

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table estimates the premium differences over county risk scores in the lower 15% risk tail

(<0.87046) in column 1-3, and in the upper 15% risk tail (>1.028) in column 4-6. Standard errors
clustered two-way at the level of contracts and counties in the parenthesis.
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Table E2: Effect of bonus payments on premiums and market shares across the 15%

risk tails

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

Premium Market Share

Risk · High · Post 45.17 -0.77**
(37.80) (0.32)

Risk · Post 11.91 76.02** 14.36 -0.39*** -0.93** -0.40***
(17.62) (34.27) (18.02) (0.11) (0.32) (0.11)

High · Post -37.95 0.80**
(38.58) (0.33)

Risk · High -77.85 0.26
(49.23) (0.57)

Counties 15% tails 15% tails
Contracts low high + all low high + all
Service area risk <50% <50%
y mean 44.26 99.02 53.24 0.27 0.52 0.31

R2 0.82 0.81 0.84 0.70 0.64 0.69
N 5,143 1,055 6,251 5,143 1,055 6,251

*** p < 0.01 ** p < 0.05 * p < 0.10
Notes: The table estimates the differences in premiums (column 1-3) and market shares (column

4-6) over county risk scores across the 15% risk tails. We restrict high-rated contracts to high-
selection contracts below the median service area risk (0.975) of high-rated insurance. Standard
errors clustered two-way at the level of contracts and counties in the parenthesis.
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Table E3: Effects on market shares, contemporaneous quality rating

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

Risk · High · Post -0.71*** -0.51***
(0.11) (0.12)

Risk · Post 0.28*** -0.21** 0.39*** 0.17** -0.10** 0.29***
(0.069) (0.047) (0.070) (0.079) (0.052) (0.079)

High · Post 1.03*** 0.83***
(0.11) (0.12)

Risk · High -0.29*** -0.35***
(0.088) (0.096)

Counties all 15% tails
Contracts <4.0 stars ≥4.0 stars all <4.0 stars ≥4.0 stars all
y mean 0.70 0.18 0.44 0.69 0.17 0.43

R2 0.49 0.55 0.39 0.49 0.54 0.39
N 17,236 17,236 34,508 5,060 5,060 10,144

Notes: The table estimates the effect of bonus payments on the market shares of high- and low-rated insurance
across county risk scores. We distinguish across quality ratings using the contemporaneous rating, and classify
contracts with a 4.0 star rating and above as high rated. We then aggregate contract market shares to the rating
level in a balanced panel of rating-county-years where counties with masked enrollment data in some but not
all years receive zero market shares for missing enrollments. We show market share changes across the full
sample of counties in the balanced panel in column 1-3, and restrict the sample to counties in the 15% risk tails
in column 4-6. Robust standard errors clustered at the level of counties in the parenthesis.
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Table E4: Effects on high-rated market shares, contempora-

neous quality rating

(I) (II) (III) (IV)

Risk · Post -0.84*** -0.071 -0.15*** -0.034***
(0.27) (0.12) (0.048) (0.013)

Risk continuous county risk scores >85%
Counties <15% >85% 15% tails 15% tails
y mean 0.19 0.13 0.16 0.16

R2 0.50 0.65 0.54 0.54
N 2,410 2,639 5,049 5,049

Notes: The table shows the effect of bonus payments on the market
share of high-rated insurance across county risk scores. We distinguish
across quality ratings using the contemporaneous rating, and classify
contracts with a 4.0 star rating and above as high rated. From contract
market shares, we construct the market share of high-rated insurance
for county-years with at least one MA contract listed in the Landscape
Files. We focus on counties in the bottom 15% of county risk scores
in column 1, in the top 15% risk scores in column 2, and across the
15% risk tails in column 3. In column 4, the Risk variable is a binary
indicator of the top 15% tail, so that the estimate gives the discrete
change in high-rated market share when risk scores increase from the
bottom to the top 15% risk tail. Robust standard errors clustered at the
level of counties in the parenthesis.
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Figure E1: Effect on premiums and market shares across the 15% risk tails

(a) Premium
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Notes: The figure plots the event study estimates on premiums (panel a) and market shares (panel b) across
county risk scores in the 15% risk tails. We restrict high-rated contracts to high-selection contracts below
the median service area risk (0.975) of high-rated insurance. 95% confidence intervals are plotted based on
robust standard errors clustered two-way at the level of contracts and counties.

Figure E2: Effects on market shares, contemporaneous quality rating, 15% risk tails

(a) Raw trend
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Notes: The figure plots the raw trends (panel a) and the event study estimates (panel b) of market shares
by high and low quality rating based on contemporaneous ratings. Contracts receiving a 4.0 star rating or
above are classified as high rating. We construct the quality rating-level market shares in a balanced panel
of county-rating-years where counties with masked enrollment data in some but not all years receive zero
market shares for missing enrollments. We focus on market share changes in the lower and upper 15% of
county risk scores. 95% confidence intervals are plotted based on robust standard errors clustered at the
level of counties.
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Figure E3: Effects on high-rated market shares, contemporaneous quality rating, 15%

tails
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Notes: The figure plots the raw trends (panel a) and the event study estimates (panel b) of high-rated
market shares across county risk scores in 2009-2014. We distinguish across quality ratings using the
contemporaneous rating, and classify contracts with a 4.0 star rating and above as high rating. From contract
market shares, we construct the market share of high-rated insurance for county-years with at least one MA
contract listed in the Landscape Files. The raw trends plot high-rated market shares in the two risk tails.
The event study plots the yearly differences in market shares across continuous county risk scores on the left,
and the discrete change in market shares when risk scores increase from the bottom to the top 15% risk tail
on the right. 95% confidence intervals are plotted based on robust standard errors clustered at the level of
counties.
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