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Abstract

This paper examines the effects of the reference pricing program implemented by the California
Public Employees Retirement System (CalPERS) in 2012. The program uses targeted cost-sharing
to incentivize patient price shopping. We find that the program leads to a 10.3% increase in the use
of low-price providers and reduces the average cost per procedure by 12.5%. We further estimate
that the program reduces price-margin medical spending by $218.8 per procedure, which we
estimate is approximately 53.7% of the excessive spending that is due to patient choice of higher
price providers caused by insurance coverage, at the expense of a $94.3 (or 12.5%) reduction in
consumer surplus. The cost savings from the reference pricing program is about two to three times
as large as the reduction from implementing a high-deductible health plan while the accompanying
consumer surplus reduction is much smaller under reference pricing.

1 Introduction

In response to rising health care spending, many employers and insurers have recently
adopted innovative benefit designs as a means to reduce health care costs. These programs
are often implemented in response to what economists have known for several decades:
generous insurance coverage distorts patient choices. This distortion, commonly referred to
as moral hazard, leads to a sizable deadweight loss (Frick & Chernew, 2009). The RAND
Health Insurance Experiment (HIE) estimated that full insurance coverage increases medical
spending by approximately 20% (Manning et al., 1987). Although the HIE study was
conducted several decades ago, the results have been remarkably consistent with more recent
studies (Baicker & Goldman, 2011).
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Many recent insurance benefit designs are designed to limit the moral hazard effects of
traditional insurance coverage by reducing the generosity of coverage. There are various
types of moral hazard, one of which is the tendency to demand care from a more expensive
provider. This paper examines how a particular benefit design innovation pioneered by one
of the largest purchasers of health insurance in the United States reduces the use of more
expensive providers, an important dimension of moral hazard that has not been previously
studied. In particular, we examine how the reference pricing program implemented by the
California Public Employees Retirement System (CalPERS) for colonoscopy services spurs
price shopping. We find that the program leads to substantial reductions in spending along
the intensive margin, which we define as the price of each procedure, as patients switch
demand to lower-priced providers.1

The most common benefit design change, high-deductible health plans (HDHPs) attempts to
reduce moral hazard by substantially increasing initial patient cost-sharing while still
protecting against catastrophic risks. While the initial hope was that by giving consumers
“skin in the game” HDHPs would spur price shopping for health care services, recent
evidence finds that nearly all of the consumer responses come through decreased utilization
of care (Brot-Goldberg et al, 2015; Haviland et al., 2016). This evidence is not inconsistent
with the HIE. Both the RAND experiment and nearly all subsequent studies have examined
the effect of insurance coverage on total medical spending rather than on price shopping. In
general, the price elasticities estimated by the RAND HIE and other studies consist of price
sensitivities along both the extensive, the decision to receive care, and the intensive, the price
paid conditional on receiving care, margins. This paper is among the first to make a
distinction between these two components of price sensitivity and to focus explicitly on the
latter component-how does insurance coverage impact where patients receive care and the
price of that care?

To examine this question, we leverage data from an innovative program that uses strong
financial incentives to direct patients to low-priced providers. In 2012, CalPERS
implemented a program that limits reimbursement for care received at high-priced providers.
This program sets a “reference price” for common outpatient surgical services, in this case,
$1,500 for colonoscopies. Figure 1 presents a stylized example of how reference pricing
changes consumer cost-sharing. Without insurance coverage, the solid line, consumers are
responsible for the entire marginal cost of care. Under both traditional insurance coverage,
the dotted line, and reference pricing, the dashed line, patients are responsible for the full
cost up to the $500 deductible, and then a 20% coinsurance. However, under reference
pricing, above the $1,500 price threshold, patients are responsible for the full difference in
prices between the provider’s price and the reference price. Due to this construction, the
reference pricing program provides a strong incentive for patients to respond to provider
price variation.

1A similar intensive-margin exists on the choice of the number of colonoscopies to receive, conditional on receiving at least one
colonoscopy. We do not consider this margin, because colonoscopies are invasive procedures and for patients above age 50 and
without elevated risk, are recommended only every 10 years.
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This mechanism is in contrast to HDHPs, under which patients have little financial incentive
to respond to price variation in surgical services, since much of the variation in prices occurs
at prices that typically exceed most deductibles. The underlying intuition of reference
pricing is analogous to “balance billing” policies allowed for non-participating providers
under Medicare. Under balance billing, patients are responsible for the difference between a
provider’s price and the Medicare reimbursement amount, up to a maximum of 9.25% above
the approved Medicare fee schedule for non-participating providers (MedPAC, 2016).
Similarly, under the CalPERS reference pricing program, the maximum amount that a
provider can charge beyond the reference price is the negotiated price between the insurer
and the provider, which will vary across providers and is negotiated annually.

By focusing on the price of received care in response to the policy change, this program
leads to large consumer responses. For colonoscopy services, the focus of this paper, a
previous study shows that by shifting demand from high-priced to low-priced providers,
reference pricing saved CalPERS $7 million over two years (Robinson et a/., 2015a). Aouad
et al. (2017b) finds that the program leads to an approximately 67% increase in the
probability of total costs being below the reference price threshold for the patients who
switch and Aouad ef a/. (2017a) uses a quantile-treatment approach and finds that the
majority of the savings occur from the right tail of the price distribution. This paper extends
the results of these studies. We find that the program increased demand for low-priced
providers, which reduced the average cost per-procedure by approximately 12%. However,
there is an approximately 31% increase in patient cost-sharing.

We then estimate the reduction in spending and consumer surplus due to the program. Our
model shows that the magnitude of the demand and spending difference between the
reference pricing program and traditional coverage depends on own-price elasticities with
respect to consumer cost-sharing. We use a discrete choice model to estimate how the
program changes consumer choice of surgical providers. Using the reference pricing
program as an exogenous shock to patient cost-sharing, we estimate that the Aggregated
Direct Elasticity (ADE) of out-of-pocket spendings ranges from —0.38 to —1.93, depending
on the heterogeneity in provider prices. The price shopping elasticity estimates of our
models and estimates on other product attributes allow us to estimate the magnitude of
consumer surplus reduction compared to a standard benefit design. Across all colonoscopies
received by CalPERS patients following the implementation of the reference pricing
program, we estimate that the program leads to a per-procedure reduction of $218.8 in
spending and a $94.3 reduction in consumer surplus. We further estimate that this reduction
accounts for approximately 53.7% of the excessive spending due to patient choice of more
expansive providers under insurance coverage than when they are not insulated from prices
by insurance. The accompanying reduction in consumer surplus accounts for only 12.5%.

Finally, we use the structural parameters from our choice model to estimate the spending
difference and consumer surplus difference from two alternative reference prices—lowering
the reference price to $1,000 and increasing it to $2,000-and three high-deductible plans (a
deductible of $1,500, $3,000 and $5,000). Each alternative reference prices scenario shows
similar effects as the actual $1,500 reference price. Intuitively, patients are relatively
insensitive to the increased cost-sharing near the reference price. Not until the $2,500 price
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point do consumers change demand. Thus, any localized change in the reference price
doesn’t lead to substantial changes in consumer behavior but simply changes the amount of
the provider’s price that is shifted to consumers. But the cost saving from reference prices is
about two to three times as large as the cost saving from implementing a HDHP. At the same
time, we also estimate that HDHPs lead to a greater reduction in consumer surplus.

The paper proceeds as follows. Section 2 provides an overview of the CalPERS program and
previous studies of both moral hazard in health insurance and the effects of the CalPERS
program. Section 3 describes the data used for this study. Section 4 provides reduced form
evidence of the consumer responses to the program. Section 5 presents and estimates the
structural model, Section 6 estimates counterfactuals, and Section 7 concludes.

2 Institutional Background

The California Public Employees Retirement System (CalPERS), provides health insurance
benefits to California state and municipality employees, retirees, and their dependents. With
approximately 1.4 million enrollees, CalPERS is the second largest purchaser of commercial
health insurance in the United States. CalPERS applied reference pricing to its Anthem Blue
Cross PPO plans, which provides benefits for approximately 225,000 enrollees, with the
remaining CalPERS enrollees being covered by various HMO or Medicare options. In 2011,
CalPERS implemented reference pricing for knee and hip replacement surgeries after
noticing an approximate six-fold variation in negotiated prices (from $20,000 to $120,000)
with no correlation between facility prices and either surgical quality or complication rates.
As a way of providing targeted incentives for patients to receive care from the less expensive
providers, CalPERS implemented a reference price, also known as a reimbursement limit, of
$30,000. Patients receiving care from providers with negotiated rates above $30,000 were
responsible for the entire difference in the provider’s price and the reimbursement limit.
Prior to the reference pricing program, patients were responsible for a deductible of $500 or
$1,000, depending on their specific PPO plan choice, and a coinsurance rate of 20%. The
move from this traditional insurance coverage to reference pricing led to a 20% reduction in
procedure costs for these two services, which saved CalPERS $3 million over two years
(Robinson & Brown, 2013).

After successfully implementing reference pricing for these joint replacement surgeries,
CalPERS expanded the program to outpatient services (colonoscopy, cataract replacement
surgery, and joint arthroscopy surgeries) in 2012. These services have similar degrees of
price dispersion and no measurable relationship between price and quality. Like knee and
hip replacement surgery, these outpatient services are considered “shoppable.” Services are
“shoppable” if they are not immediately required (e.g., not emergency services), quality
varies little across providers, and patients can accurately differentiate between low-price and
high-price providers. In addition, many ambulatory surgical centers (ASCs), which are not
hospital-based, provide these services. As a results, ASCs typically have lower prices than
hospital outpatient departments (HOPDs). Figure 2 shows this difference by plotting the
mean 2011 price for each provider. Each point in this figure represents the mean 2011 price
for a distinct ASC or HOPD provider. In 2011, the mean price for a colonoscopy received at
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a HOPD was $3,026. The mean price for a colonoscopy received at an ASC was
approximately one-third as expensive, $1,047.

To make the expanded reference pricing program easier to understand, CalPERS only
instituted reimbursement limits for services received at HOPDs: $1,500 for colonoscopy,
$2,000 for cataract surgery, and $6,000 for joint arthroscopy. Patients receiving care from an
ASC are only subject to the standard cost-sharing of deductibles and coinsurance, regardless
of the ASC’s price, which will only rarely be greater than the reference price applied to
HOPDs. For cataract replacement surgery, the expanded reference pricing program reduced
average procedure costs by 17.9% and reduced CalPERS medical spending by $1.3 million
over two years (Robinson et al., 2015c). For arthroscopic surgery, the expanded program
reduced average procedure costs by 17.0% for shoulder arthroscopy and 17.6% for knee
arthroscopy, saving CalPERS $2.3 million over two years Robinson et a/. (2015b).

While the existing studies document the financial savings for the reference pricing programs,
they do not fully document the scope of consumer choices. Although the existing studies
show that consumers shift demand from HOPDs to ASCs, they do not examine if patients
also shift to less expensive HOPDs. This aspect is important to consider when evaluating
how consumers understand the program. The existing studies also do not examine how
consumers incorporate provider location, quality, and other non-price attributes into their
provider choices. To incorporate the attributes, we use the same natural experiment used in
the previously discussed reference pricing papers but use a discrete choice model to better
understand how reference pricing influences the full spectrum of provider choices. Our
consumer demand model allows us to better understand the nature of the reference pricing
program and to estimate the reductions in excessive spending and consumer surplus
resulting from the reference pricing program.

2.1 Literature

This paper follows the long health economics literature on cost-sharing as a means to reduce
the moral hazard inherent with insurance coverage (Arrow, 1963; Pauly, 1968; Feldstein,
1973; Feldman & Dowd, 1991; Cutler & Zeckhauser, 2000; Baicker & Goldman, 2011;
Kowalski, 2012; Einav et al., 2013). Medical spending increases due to insurance coverage
can occur along the extensive margin, whether to use any medical care at all (or whether to
use a particular subset of medical care), or along the intensive margin, a change in medical
expenditures, given that a patient has already chosen to receive medical care. Patient
behavior on the intensive margin can be further decomposed into patient behavior regarding
utilization and patient price shopping. We restrict the intensive margin to patient choice of
provider, price shopping, rather than quantity because patients are unlikely to multiple units
of the same service during the same visit.2 Traditional economic models have focused
primarily on the extensive margin, the decision to receive care, and have focused less on
patient price search behavior along the intensive margin.

2This is especially likely for colonoscopies given that the U.S. Preventive Task Force recommends that adults between the ages of 50
and 74 receive a colonoscopy once every 10 years.
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At the same time, much of the recent empirical literature has focused on the moral hazard
effects of high-deductible health plans (HDHP), which require patients to bear the full
burden of initial spending before insurance coverage is applied. Because patients are
responsible for a substantial portion of medical spending, high-deductible and other
traditional cost-sharing plans should theoretically address moral hazard on both margins.
However, evidence suggests that traditional cost-sharing only addresses moral hazard on the
extensive margin. HDHPs lead to an overall reduction in utilization but do not lead patients
to receive care from less expensive providers (Sood et al., 2013; Huckfeldt et a/., 2015; Brot-
Goldberg et al., 2015; Haviland et al., 2016).

More recently, narrow network insurance plans focused exclusively on the intensive margin
moral hazard problem by simply excluding expensive providers from the insurance network.
Patients receiving care at an excluded provider are responsible for the entire price. Gruber &
McKnight (2016) find that the narrow network plan offered by the Massachusetts Group
Insurance Commission, the Massachusetts equivalent to CalPERS, successfully provided
incentives for patients to visit less expensive providers. Likewise, Frank et a/. (2015) find
that a tiered cost-sharing design for inpatient hospitalizations leads to a 7.6 percentage point
shift in demand from high-priced to low-priced providers. Similar work has focused on the
price and utilization effects of the Medicare Part D coverage gap. The Part D literature is
especially relevant to reference pricing due to the non-linear cost-sharing (Joyce et al., 2013;
Einav et al, 2015). Like reference pricing, the Part D coverage gap imposes full cost-sharing
following a period of full coverage. Many Part D plans are even more similar to reference
pricing by offering coverage for low-cost generic drugs.

The reference pricing program we study combines these approaches to reducing moral
hazard. Like narrow network and tiered benefit insurance plans, it operates on the price
shopping aspect of the intensive margin by providing incentives for individuals to receive
less expensive care rather than reduce their utilization of care. In effect, reference pricing
serves to make patients more responsive to the prices of expensive providers.3 Our data
construction allows us to empirically measure the degree of price sensitivity using the
exogenous out-of-pocket spending increase caused by the non-linear benefit coverage of the
reference pricing program. We further estimate the change in spending and consumer
surplus caused by the program.

To estimate the effects of the CalPERS program we use medical claims data from an
Anthem Blue Cross of California PPO plan. Important to this paper, the Anthem PPO
consists of two patient populations. The first population consists of CalPERS patients
enrolled in the Anthem PPO plan. CalPERS patients in the sample were exposed to the
reference pricing program starting in January, 2012. Our second patient population consists
of non-CalPERS patients enrolled in an Anthem PPO that did not include a reference pricing
program. Because Anthem administers each population’s benefits, each in-network

3For this reason, even in reference pricing, there may be a decrease in care utilization as consumer cost increase, but the incentive to
decrease the utilization of care is mitigated or even removed to the extent that providers are available that charge prices at or below the

reference price.
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provider’s negotiated prices are the same for both groups. This aspect makes the non-
CalPERS population an ideal control group for the CalPERS population.

For both populations, we use claims data for colonoscopy services covering the years 2009—
2013 and thus include three years before the program’s implementation and two years
following implementation. While the reference pricing program also applies to joint
replacement surgery, joint arthroscopy, and cataract surgery, we restrict the analysis to
colonoscopy services because colonoscopies are by far the most common of the reference-
priced services.4

As with other medical claims data, this data includes basic demographic information (patient
age, gender, and zip code), the date of service, the facility performing the service, and the
cost of the service, which is separated by consumer cost-sharing and employer spending. To
measure prices, we use the sum of the consumer and employer spending, which is
commonly referred to as the “allowed amount” of the service. The data also contains
information on patient comorbidities and diagnosis codes for one year prior to each patient’s
colonoscopy, which we use to construct Charlson comorbidity scores (Charlson et al., 1987).

Table 1 also presents the descriptive characteristics of each population. The two populations
have similar demographic characteristics. Similar shares of each population received care at
HOPDs in the period before the implementation of CalPERS’ reference pricing program.
Although each patient faces the same price at any given facility, the CalPERS population has
slightly higher average prices than the control population. These higher average prices
reflect the larger shares of CalPERS enrollees located in the Northern California region,
which is more concentrated and typically has higher prices, than the more competitive
Southern California regions.

4 Reduced Form Evidence

4.1 Difference-in-Differences Empirical Strategy

We start by estimating difference-in-differences regressions that measure the overall effects
of the program. For these regressions we use six outcome variables. The first is the price per
colonoscopy service. This price is the bundled “allowed amount” that includes both patient
cost-sharing and payments by the employer or insurer. This price represents the price to
which the reference pricing program was applied. Second, to estimate the effects of the
program on patient spending, we include the amount paid by the patient. This amount
includes traditional cost-sharing (the sum of deductible and coinsurance amounts) up to the
reference price and the additional “surcharge” (provider price less the reference price)
applied to CalPERS members who receive care from high-priced providers following the
program’s implementation. Third, to estimate the effects on spending by CalPERS, we
include the amount spent on each colonoscopy by employers, which is the allowed amount
less patient cost-sharing. Fourth, to measure changes in patient choice of colonoscopy
provider, we also measure the dichotomous outcome of receiving care at a covered provider

4nsa comparison, we include 39,916 CalPERS patients with a colonoscopy while across all years, we only observe 2,038, 7,068, and
3,891 patients for joint replacement, joint arthroscopy, and cataract services, respectively.
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(either an ASC or HOPD with a price below the $1,500 reference price) or a non-covered
provider (HOPD with a price above the reference price). Our final to outcomes measure
changes in non-price attributes that could be impacted by the program. We measure the risks
of procedural complications related to the colonoscopy procedure. The procedural
complications include outcomes such as intestinal perforations, cardiac events, and stomach
pain.5 We also measure the distance between the zip code of the patient and the provider
from which they receive care. We measure the total price, patient cost-sharing, employer
spending, and distance in logarithmic units.

With each outcomej, we estimate

outcomeji =+ 1 CalPERS; +6,,, CalPERS; x post,+Xi+7year;+¢eit. (1)

In this model, CalPERS;identifies CalPERS patients, post;is a dummy for the period
following the 2012 implementation. The year fixed effects negate the need for the main post;
effect. The coefficient on the interaction term, 6pp, captures the effects of the program. For
each outcome, it measures the difference in the before and after 2012 change relative to the
change in the non-CalPERS population. X, controls for patient demographics (age, gender,
Charlson comorbidity score). To account for market effects and market-specific time trends,
we iteratively add fixed effects for Hospital Referral Regions (HRRs) and HRR by year
fixed effects. We estimate each regression using OLS and cluster the standard errors at the
patient HRR-level.

4.2 Difference-in-Differences Results

Figure 3 presents unadjusted trends in each of the six outcomes between the CalPERS (solid
line) and non-CalPERS (dashed line) population. For each outcome, the trends between the
CalPERS and non-CalPERS population are similar until 2012, which is indicated in each
figure by the dashed vertical line. After 2012 and relative to the non-CalPERS population,
the CalPERS population experiences a reduction in the average price per colonoscopy and in
employer spending on colonoscopies. There is an increase in patient cost-sharing and the
probability of receiving care from either an ASC or a HOPD with a price below $1,500. We
do not see evidence of any change in the rate of procedural complications or distance
travelled.

The regression results support the visual evidence presented by the unadjusted trends. For
total spending, the results in Table 2 suggest that the program leads to a sizable reduction in
colonoscopy costs. Depending on the inclusion of HRR and HRR by year fixed effects, the

5F0IIowing Robinson et al. (2015a), we define colonoscopy complications as any procedural complication among three categories in
the 30-days following the index colonoscopy: cardiovascular, serious gastrointestinal, or non-serious gastrointestinal. Cardiac
complications include arrhythmia (427.0-427.4, 427.6-427.9), congestive heart failure (428.0-428.9), cardiac or respiratory arrest
(427.5, 799.1, 997.1), and syncope, hypotension, or shock (453.29, 458.8-458.9, 639.5, 780.2, 785.50-785.51, 998.0, 995.4). Serious
gastrointestinal complications include perforation (ICD-9 codes 569.83, 998.2), lower gastrointestinal bleeding (ICD-9 codes 558.9,
578.1, 995.2, 995.89, 998.1-998.13, 286.5, 459, 562.02-562.03, 562.12, 562.13, 569.3, 569.84-569.86, 578.9, 792.1), and infection
(CPT codes 78066, 790.7, 424.9-424.99). Non-serious gastrointestinal complications include paralytic ileus (560.1), nausea, vomiting,
dehydration (276.5, 536.2, 787.0-02), abdominal pain (789.0), diverticulitis (562.01, 562.03, 562.11, and 562.13), and enterocolitis

(555-556).
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effect size ranges from a 11.3% to 12.5% reduction in per-procedure costs for the CalPERS
population.® At the mean price among CalPES patients in 2011 of $1,716 this effect
translates to a $194.0 to $215.2 reduction in the average cost per colonoscopy service. This
reduction is slightly smaller than the results found in Robinson et a/. (2015a) largely because
the Robinson et al. (2015a) results parametrically control for CalPERS patients with an
exemption from the reference pricing program, effectively excluding them from influencing
the impact of the program, while the current results include all patients. Including the entire
population provides an estimate of exposure for the entire CalPERS population in an intent-
to-treat framework rather than just a defined subset. We also pool both the 2012 and 2013
treatment effects into one post; indicator but the treatment effect in the second year of the
program is larger than the treatment effect in the first year.

The effects on patient and employer spending are shown in Tables 3 and 4. For patients, we
find a price increase that ranges from 25.0% to 30.3% depending on the fixed effects
included in each specification. At the mean baseline patient cost-sharing among CalPERS
patients of $205, this increase translates into a $51.3 to $62.2 increase in patient cost-
sharing. On the other hand, we find that the program leads to a decrease in CalPERS
spending that ranges from 17.6% to 20.7%. At the mean baseline CalPERSs spending of
$1,511, this translates into a $266.5 to $312.9 reduction in reimbursements for colonoscopy
services. The increase in patient cost-sharing is not surprising as the reference pricing
program explicitly increases cost-sharing for high-priced providers. While a sizable share of
patients do switch to the lower-priced alternatives, there is not full compliance with the
program.

Table 5 shows similar results when using provider type as the dependent variable. These
results imply an approximately 6.8 to 7.8 percentage point decrease in the probability of
receiving care from either an ASC or a HOPD with a price below $1,500, compared to a
HOPD with a price above the $1,500 reference price. At the mean baseline rate of 70%, the
percentage point reductions translate to a 10.3% to 9.0% decrease in the probability of
receiving care at a high-priced HOPD provider. When we use the probability that a patient
receives care from an ASC instead of a HOPD, the results are nearly identical. For all three
columns, a Wald test fails to reject the equality of the CalPERS; x post;between regressions
that use the covered provider definition (ASC or HOPD with a price less than $1,500 vs. a
HOPD priced above $1,500) or the ASC vs. HOPD dependent variable. The similarity
between the regressions with each dependent variable implies that the primary choice of
provider is made on the ASC vs. HOPD distinction.

For the non-price attributes, Table 6, shows no change in the rate of procedural
complications related to colonoscopy. All three coefficients are negative, but none of the
three are statistically significant. At least along the quality outcomes represented by
procedural complications, the lack of an effect suggests that there is little link between price
and quality for colonoscopy services. Similarly, in Table 7, we find no effect on the distance
travelled between patients and providers. This lack of an effect implies that the program did
not cause patients to travel further for colonoscopy services. This result may not be

6Because the dependent variable is log-transformed, the coefficients can be converted to percentage changes by apply exp(8) - 1.
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surprising, as the program was intentionally designed to ensure patient access to ASCs.
Patients without an ASC within 30 miles of their home address are able to request an
exemption from the program.

4.2.1 Robustness—In Appendix Tables A.1 to A.6, we estimate the same regressions but
test for parallel time trends between the CalPERS and non-CalPERS populations. We
replace the CalPERS; x post;variable with four yearly interactions that test the difference
between the CalPERS and non-CalPERS population in each year. We use 2011, the year
prior to implementation, as the reference year. For overall colonoscopy prices, we find a
small increase in prices for the CalPERS population in 2010. However, in 2012 and 2013,
this trend reverses and the average cost for a CalPERS patient is considerably lower than for
a non-CalPERS patient. In, Table A.2, we find that patient cost-sharing increased by
approximately 7-10% relative to the non- CalPERS population. Following implementation
of reference pricing, patient cost-sharing for CalPERS patients increased by approximately
25-32% more than for non-CalPERS patients. Table A.3 shows that in the two pre-
implementation years, the employer paid amount was higher for the CalPERS patients.
Following implementation, CalPERS paid approximately 15% less for colonoscopy services
than did non-CalPERS employers. Table A.4 shows no pre-implementation difference in the
choice of covered providers (ASC or HOPD priced below $1,500) vs. non-covered providers
(HOPD priced above $1,500) between the CalPERS and non-CalPERS populations. Finally,
Tables A.5 and A.6 do not show a difference in complication rates or distance travelled
between the CalPERS and non-CalPERS populations in either the pre-implementation or
post-implementation periods.

Similarly, Appendix Figure A.1 presents the quarterly differences in each outcome between
the CalPERS and non-CalPERS populations. Appendix Figure A.2 plots the monthly
differences between the two populations. Each figure plots the CalPERS;indicators from set
of regressions that are restricted to each time period (i.e. each quarter or month). For each
outcome, we do not find meaningful pre-implementation trends. However, for the
colonoscopy price, patient cost-sharing, employer paid amount, and patient choice of
provider outcomes, we do see an immediate impact following implementation relative to the
non-CalPERS population.

5 Structural Model

To estimate the structural model, we use the following discrete choice framework. In this
model, each consumer /receives at least one unit of care from a set of providers j € J We
assume a linear utility function where choices are a function of provider non-price and price
attributes:

Uij=quality ;4+1nOO0Pj;(p;)+pquality ;+pdistance; -+ HOPD j+ej;.
bij 2

Under standard utility maximization, patient 7will receive care from provider if and only if
Ujjz Uj-¥~= j# J. In this model, we include both non-price (provider quality, the distance
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between the patient’s and provider’s zip codes, and an indicator for whether the provider is a
HOPD or ASC) and price attributes that likely influence patient choice of provider.

Our cost-sharing measure OOP;{p)) measures the expected patients out-of-pocket cost for
receiving care and is a function of the provider’s price, pj;, the patient’s remaining amount on
their deductible, D;, and coinsurance, a. In our data, with the exception of the CalPERS
population receiving care at an HOPD in 2012-2013, OOPj{p)) = D+ a(p;— D)). For the
CalPERS population subject to reference pricing who receive care at an HOPD in 2012—
2013, cost-sharing is given by the following schedule:

| Ditalp; — D;) ifpj <R
OOP;(p;)= { Dit+a(R — Di)t+pj — R ifpj>R (3

This expression makes clear the intention of the reference pricing program. For prices below
the reference price, there is no cost-sharing difference between the reference pricing
program and traditional insurance designs. However, at prices above R, patients are
responsible for the full marginal price. Thus, above R, insurance coverage offers no
insulation from provider prices. How this exposure to the full marginal price changes patient
choices is the focus of the rest of the paper.

5.1 Demand Model

To illustrate how the reference pricing changes demand and the welfare implications of these
changes in demand, we consider three insurance coverage scenarios. First, we consider the
case of no insurance, which we denote as UY. In the demand function of equation 2, we
simply replace OOP;{p)) with the full price.

U, i(jj =vquality ;+np;+pquality ;+¢distance;+HOPD j+ej;.

The second scenario we consider is the case of traditional coverage, U7C, where patients are
subject to deductibles and coinsurance. In this case, OOPj{p)) = Dj+ a(p;— D)). The final
scenario we consider is reference pricing, U°, where out-of-pocket costs are given in
equation 3.

We next calculate the changes in patient 7's utility for choosing provider jrelative to a
reference provider ;/ under each insurance scenario, which will be a measure of relative
demand. This change in relative demand occurs along the intensive margin as we are
assuming that each patient still receives one unit of care but substitutes between different
providers. We first consider the case of moving from uninsurance to traditional coverage.
The difference in relative demand is given by

J Health Econ. Author manuscript; available in PMC 2018 December 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Whaley et al.

0 ifp; <R 0
RP _7/TC Py =
Uij _Dij —{ ! —{

Page 12

(U3 O =U)—(UFC =US)=[n(Di+a(pj—Ds)—np;]—[n(Di+a(py—D;))—npjr] =n(a—1)(p;—p;)

(4)

In this expression, the difference in relative demand implied by a move to traditional
insurance coverage from no insurance is a function of price sensitivity around the difference
between full and cost-sharing for spending at different providers. It is straightforward to see
that the relative demand is decreasing in provider price:

o(U°-Uf) (I -UT)

ap; :77(0‘ -1)
<0

Likewise, moving from traditional coverage to reference pricing implies a change in relative

demand given by (U — U ) — (U5 — U©) where

n(D+a(R — D)+p;j — R) —n(D+a(p; — D)) if pj>R nR(a —1) —np;(1 — )

®)

Here, the difference in relative demand between a HOPD whose price is above Rand a
reference provider whose price is below Ris a function of the difference in cost-sharing up
to the reference price and the difference between the full marginal cost of care and cost-
sharing above the reference price. Intuitively, this expression provides the magnitude of the
substitution between providers when moving from traditional coverage to reference pricing.
The magnitude of this substitution represents the change in consumer welfare from having a
traditional coverage instead of a less generous reference pricing plan.

5.1.1 Graphical Representation—The intuition behind this model is shown in Figure 4.
The green line shows demand without insurance coverage, and thus no resulting moral
hazard. Introducing insurance coverage shifts demand up to the blue line. The resulting
moral hazard under traditional coverage with some coinsurance is given by the “ACE”
triangle. Demand under reference pricing is given by the black line and the corresponding
moral hazard is given by the much smaller “BCED” area. The non-linear cost-sharing design
of the reference pricing program reduces moral hazard by shifting demand away from
providers priced above the reference price (“ABD” triangle).

5.2 Estimation

To estimate consumer choices, we use a control function method to address the endogeneity
of OOP;jin our model. The control function approach was originally proposed by Hausman
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(1978) and Heckman (1978). Petrin & Train (2010) illustrate that the control function
approach is a useful alternative to the commonly used BLP approach (Berry et al., 1995),
and these two approaches provide very similar results. In our context, equation 2 is not
identified due to the fact that OOFj;is not independent of &;;.

The control function approach posits that OOP; can be written as a function of all
exogenous variables in &;;and an instrument (z;). Formally

OOPjj(pj)=W (quality ;, distance;;, HOPDy, zij;y) -+

The intuition underlying the control function is that when adding the auxiliary variable (x)
to the systematic part of the utility function, the remaining error will be independent of
OOPj;. To get y;, we use patient exposure to the reference pricing program as an instrument
for expected out-of-pocket spending at each provider /. That is, we instrument for OOP;
with a CalPERS; % postyx HOPD;dummy, which is the unit at which the reference pricing
program impacts OOP;;. The identification of this model comes from the exogenous change
in OOP{p)) that is caused by the reference pricing program. Following implementation of
reference pricing, the expected out-of-pocket costs for CalPERS patients to visit high-priced
HOPDs increases dramatically. We use this exogenous variation in cost-sharing to estimate
changes in consumer demand.

Assuming that error terms are independent and identically distributed (/i@) and follow a
Generalized Extreme Value (GEV) Type I distribution, the predicted choice probabilities are
estimated as

exp(dy)

Pi.zi
Srexp(dix) (6)

In &, we include the quality, distance, cost-sharing measures from equation 2. We also
include an indicator for HOPD providers. We operationalize provider quality as the the z-
score of the provider’s rate of clinical complications related to colonoscopy relative to other
providers in a given HRR. These procedural complications are the same used in the reduced
form regressions above. We define distance as the distance between the patient’s zip code
and the provider’s zip code. We measure cost-sharing as the expected cost-sharing for each
provider in a patient’s choice set based on the patient’s deductible status, the provider’s
price, the provider type (e.g. ASC or HOPD), and whether the patient is currently subject to
reference pricing. We also further include a full set of interactions between the CalPERS
dummy and product attributes to account for heterogeneous preferences between the two
patient populations.

5.2.1 Choices Probabilities and Cost Savings—Using the choice estimation
parameters, we simulate the post-period choice probabilities for CalPERS patients under
both traditional insurance coverage i.e. deductibles and coinsurance) and reference pricing.

We denote the choice probabilities under reference pricing as Pﬁp and the choice
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probabilities under traditional coverage as RjTC. We then aggregate these choices
probabilities to get the difference in each provider’s market share under reference pricing
and traditional insurance coverage:

RP TC

The difference in the market shares gives the changes in consumer demand at the provider
level. For a given provider jwith price pj, this expression gives the differences in demand for
all CalPERS consumers before and after the implementation of the reference pricing
program. We then convert AS;to a change in spending by multiplying it by the provider’s

price, pj.

ASpending;=AS;p;. 8)

5.2.2 Aggregated Direct Elasticity (ADE) of OOP—Because the identification of the
changes in consumer demand are driven by changes in out-of-pocket prices, we can also use
the same model to estimate own-price elasticities. The most important provider
characteristic change is the change in out-of-pocket prices caused by the reference pricing
program. Following Ben-Akiva & Lerman (1985), we define the Aggregated Direct
Elasticity (ADE) of OOP as the effect on the share of consumers in market /m choosing
provider jwhen there’s an incremental change in OOP.

N,
. Ui
ADEm(J)ZWz(l — P;j)P;;O0P;;

1j j=1

where N, is the total number of Anthem and CalPERs consumers in market /7and £
denotes the fitted choice probabilities. We compute the ADE for all providers in the choices
set.

5.2.3 Consumer Welfare—For each CalPERS consumer in the post period, their
expected utility difference between traditional coverage and reference pricing can be
expressed as

K K
E(MaxUY) — E(Max UiTC)zln(Zexp((ﬁP ) — ln(Zexp(éi}zc)).
k=1 k=1

©)

Under the assumption that there are no changes in the marginal utility of money, we can
compute the compensating variation (or changes in consumer surplus in dollars) by
normalizing the above expression by the OOP coefficient:
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1 K K
AConsumerSurplus,=— <ln( Z exp(657)) — In( Z exp(6a°© ))> .
N k=1 k=1 (10)

5.3 Construction of Choice Sets

5.4 Results

To construct the choice sets of providers available to each patient, we use all providers
located within the same Hospital Referral Region (HRR) of the patient’s zip code.
Alternative choice sets consisting of all providers in each patient’s hospital service area
(HSA) yielded similar results. We include the full sample of the CalPERS and the non-
CalPERS population. But patients who selected a hospital outside the HRR of her home
address, and out-of-network provider or providers with fewer than 5 observations in any year
are excluded from this analysis. We also exclude patients in HRRs with fewer than 5
providers for colonoscopy. On average, each patient in our final study sample has
approximately 41 providers in their choice set, although there is substantial variation in the
number of available providers. Patients located in the Los Angeles and San Francisco
regions have an average of 97 providers while those in the more rural areas of California
have an average of 5 available providers.

Table 9 presents the demand model results. The first column presents the results without any
corrections for the correlation between OOP and omitted provider attributes. The results
clearly contradicts the expectation of downward sloping demand curve as the endogeneity of
OOPj{p)) biases the estimates upward. The second and third columns apply the control
function approach by adding the auxiliary variable () to utility function. The price
coefficients are corrected to the expected direction and are significantly negative. While the
coefficients are not directly interpretable, their signs and magnitudes highlight how different
provider attributes change consumer choices. In column 2, all of the provider attributes enter
with expected signs. Columns 3 further presents whether the Anthem population’s tastes for
these provider attributes differ from that of the CalPERS population. Our results suggest that
CalPERS patients are overall more likely to choose a HOPD provider. They are also more
likely to choose a provider with a lower relative complication score. We find little difference
in their tastes for distance between the patient and the provider.

Figure 5 plots the average changes in the choice probabilities (or market share) for each
provider from equation 7 against provider prices. The blue points show changes in demand
for the HOPDs while the red points show the demand changes for ASCs. For HOPDs, the
figure shows an overall reduction in demand for providers with prices above the $1,500
reference price. Moreover, there is an overall decreasing relationship between demand
changes and provider prices. For HOPDs whose prices between $1,500-$4,000, compared to
the expected demand in the absence of the reference pricing program, the more expensive
providers see larger reductions in demand than the less expensive providers. However, for
HOPDs with prices above $4,000, there is a much smaller change in demand, regardless of
provider prices. In contrast, there is an increase in demand for ASCs with prices both above
and below the $1,500 reference price

J Health Econ. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Whaley et al.

Page 16

Figure 6 plots the changes in spendings from equation 8 against provider prices. The blue
points show changes in spendings for HOPDs with price pymultiplied by AS;. The red points
show the same changes in spendings for ASCs. This figure shows the greatest spending
reduction is from HOPDs with prices between $3,000-$4,000. We observe little change in
spending for ASCs and for HOPDs that have prices below $2,000.

To more formally show the difference in the both demand and spendings, we regress the
changes in choice probability and total payment on a dummy for CalPERS vs. Anthem
enrollment. We estimate these regressions separately for provider price categories to
separately identify the relationship between provider prices and changes in demand and
spendings. Figure 7 plots the regression coefficients for changes in demand. We find
minimal changes in demand for providers with prices below $3,000. However, for providers
with prices between $3,000-$4,000 and above $4,000, we find 3.7 and 1.4 percentage point
reductions in demand among CalPERs patients after the implementation of reference
pricing. For the upper two price categories, the mean baseline choice probabilities are 5.0%
and 1.5%. Thus, our results imply that the reference pricing program leads to an
approximately 74% and 93% decrease in demand for these expensive providers. As shown in
Figures 5-8, we find little evidence of behavior change around the reference price.

Figure 8 plots similar regression coefficients for changes in total payment. Between $2,000
and $4,000, we find modest reductions in total spending. These reductions range from a
$24.7 reduction for prices between $2,000-$2,500, an $59.2 reduction for prices between
$2,500-$3,000, and a $128.0 reduction for prices between $3,000 and $4,000. However, we
find a smaller, $72.1, reduction for prices above $4,000. For the CalPERS population, we
sum APr;* Pjacross all alternatives in one’s choice set and find an average spending
reduction of $218.8 per procedure. This result is similar to the reduced form mean effects
discussed above and also the $199 reduction in medical spending reported in Robinson et a/.
(2015a). However, the substantially larger reduction in spending for providers with prices
above $2,500 suggests that most of the effect comes from reductions in demand for these
providers. The overall similarity between the results from the reduced form, where we only
consider changes in prices, and structural, where we include changes in other provider
attributes, models suggests that there is little relationship between provider price and non-
price attributes.

Table 10 presents the estimated ADE by provider price category. These elasticities range
from positive —0.38 for providers with prices below $1,000 to —1.93 for providers with
prices above $4,000. The increasing elasticity with provider prices both follows traditional
consumer demand theory and suggests that at high price levels, patients become increasingly
sensitive to out-of-pocket spending. The average ADE of all providers in our sample is
-0.70. We also calculate the total change in consumer surplus as in equation 10. We find an
average decrease in consumer surplus of $94.3 for the CalPERS population after the
implementation of the reference pricing program.

These elasticity results are higher than the price elasticity results that have traditionally been
reported in the literature. A key distinction between these elasticities and the previously
reported is that our elasticities represent the change in demand for a given provider given
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that provider’s price, conditional on receiving care. We do not measure the sensitivity to
receiving or not receiving care (the extensive margin) with respect to price. Thus, our
elasticities should be thought of as measuring sensitivity to price shopping (the intensive
margin). Our own-price elasticities are smaller than the elasticities of 2.3 to —4.2 for
California hospitals reported in Gaynor & Vogt (2003). One potential reason is that the
Gaynor elasticities cover price sensitivity for all hospital services while we focus on a single
service, colonoscopy. Our elasticity estimates are also similar to the upper bound of the
results in Goldman et al. (2007), which finds elasticity with respect to spending of -0.2 to
-0.6 for pharmaceuticals. One potential reason why our own-price elasticities and the
overall spending elasticities in Goldman et a/. (2007) are similar is that many
pharmaceuticals have multiple close substitutes. Thus it is likely that a larger share of
spending reductions occur through substitution between providers rather than changes in
utilization for pharmaceuticals than for other health care services.

6 Counterfactuals

We next use the structural parameters from our choice model to investigate the impact of two
counterfactuals—changing the reference price limit and implementing altogether different
insurance benefit designs. First, we estimate the effects of altering the reference pricing
program with two different reference price limits: $1,000 and $2,000. Second, we estimate
the effects of two alternative benefit designs—no insurance and a high-deductible health plan.
For both, we use the same model coefficients from Table 9 but change the patient cost-
sharing schedule based on the each alternative scenario.

6.1 Alternative Reference Prices

Figure 10 plots the regression coefficients for estimated changes in demand under each
scenario. The top figure presents the changes in demand for the $1,000 reference price while
the bottom figure plots the estimated changes in demand under a $2,000 reference price.
Under both counterfactual scenarios, we find minimal changes in demand for providers with
prices below $2,500. However, for providers with prices between $3,000-$4,000 and above
$4,000, we find an approximately 4.17 and 1.46 percentage point reduction in demand if the
reference price limit were set at $1,000. The corresponding figures are 3.05 and 1.42 if the
reference price limit were set at $2,000.

Similarly, Figure 10 plots regression coefficients for changes in spending under the two
counterfactual scenarios. If the reference price limit were set at $1,000 per colonoscopy, we
find reductions in spending for providers whose price is above $1,500. Specifically, the
spending reduction is $22.5 for prices between $1,500-$2,000, $34.3 for prices between
$2,000-%2,500, $73.9 for prices between $2,500-$3,000, $144.9 for prices between $3,000
and $4,000, and $72.9 for prices above $4,000. If the reference price were set at $2,000, we
find modest reduction in spending for providers in all the above price categories except for
the $1,500-$2,000 group. The spending reductions are $5.4, $38.4, $106.3 and $70.7 for
prices between $2,000-$2,500, $2,500-$3,000, $3,000-$4,000 and above $4,000,
respectively.
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Across both scenarios, we estimate an average reduction in spending of $281.4 under the
$1,000 reference price and $157.4 under the $2,000 reference price. Compared to the $218.8
estimate from the actual $1,500 reference price, the counterfactual estimates are similar. The
intuition for this similarity is largely due to the heterogeneous change in consumer demand.
Near the reference price, consumers are relatively insensitive to provider prices. Under all
three reference price scenarios, not until the $2,000 price point does consumer demand
change modestly and not until the $2,500 price point does it change substantially. The
similarity of the estimated spending suggests that near the $1,500 mark, the choice of the
specific reference price does not have a large effect on patient demand. However, there are
differences in how much of the reference pricing program’s savings are due to changing
demand for expensive providers versus shifting costs to consumers. We estimate that average
consumer surplus would decrease by $141.7 and $54.6 if the reference price limit were set at
$1,000 or $2,000, respectively.

6.2 Alternative Insurance Designs

We next use the model parameters to estimate the effects of two alternative benefit designs—
no insurance coverage and a high-deductible plan with a deductible of $1,500, $3,000 and
$5,000. For each counterfactual, we follow the model in Section 5.1 and apply the
parameters in Table 9 column (3). For brevity, we present the full figures in Appendix
Figures B.1 and B.2. Our results imply that moving from uninsured to traditional insurance
coverage leads to a $407.5 increase in total payment per colonoscopy procedure and an
average increase in consumer surplus of $751.6. Thus, reference pricing reduces the
increased spending of insurance coverage, intensive-margin moral hazard, per colonoscopy
by approximately 53.7% at the expenses of reducing the consumer surplus by only 12.5%.

On the other hand, compared to traditional insurance coverage, we estimate that a $1,500
deductible, a $3,000 deductible, and a $5,000 deductible would lead to a reduction in
spending of $60.5, $91.2, and $93.1, respectively. Thus, the reduction in spending from
reference pricing is about two to three times as large as the reduction due to implementing a
HDHP. The consumer surplus reductions are $125.9, $140.7, and $141.1 if a deductible of
$1,500, $3,000, or $5,000 were implemented. All the counterfactual HDHPs will lead to a
greater reduction in consumer welfare but a smaller cost saving.

The differences in cost savings largely stem from differences in patient price sensitivity
across the provider price distribution. By definition, HDHP plans only protect consumer’s
spending until the deductible is reached. However, this paper’s results show that patients are
most price sensitive well above the deductible. In this setting, by providing coverage above
the deductible, HDHPs do not protect against spendings at the price ranges in which patients
are most likely to shop. In contrast, the similarity between the no-insurance and the
reference pricing designs are largely because each design fully exposes patients to the upper
tail of prices, which is where patients are the most price-sensitive.

7 Conclusion

Health care prices for the commercially insured population are marked by substantial levels
of variation Cooper et al. (2015). Insurer programs that attempt to respond to this variation
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by shifting demand to low-priced providers have been met with limited success. This paper
examines consumer responses to an innovative benefit design implemented by CalPERS for
colonoscopy services. The reference pricing program’s non-linear cost-sharing provides
explicit incentives for consumers to receive care from less expensive providers. Following
similar work, we find that the program increases demand for the low-priced providers and
leads to a sizable reduction in the average cost per colonoscopy.

A large source of patients’ existing lack of price responsiveness is due to the presence of
generous insurance coverage, which creates excessive medical expenditures. The CalPERS
reference pricing is unique in the sense that it targets the type of excessive medical
expenditures by incentivizing patients to receive care from less expensive providers. This
type of excessive medical expenditures has not been previously studied. To estimate changes
in medical spending and consumer welfare, we use the exogenous change in consumer cost-
sharing induced by the program to estimate aggregated direct elasticities that range from
-0.38 to —1.93. The program leads to an approximately $218.8 decrease in spending that
occurs along the intensive margin of provider prices and a $94.3 decrease in consumer
welfare. The former is approximately 53.7% of the overall spending increase of insurance
coverage while the latter is only 12.5% of the average increase in consumer surplus caused
by insurance coverage. Our counterfactuals suggest that near the chosen reference price of
$1,500 mark, the choice of the specific reference price does not have a large effect on patient
demand or consumer surplus. However, if a deductible of $1,500, $3,000 and $5,000 were
implemented, the cost savings would be much smaller while the consumer welfare reduction
would be much larger.

One limitation of this paper is that we do not examine colonoscopy utilization decisions. We
do not examine the extensive margin decision of whether or not to receive a colonoscopy or
the alternative intensive margin of the number of colonoscopies. Both dimensions are more
commonly studied than the price margin that we consider in this paper. We find a sizable
increase in patient cost-sharing for colonoscopies and so we may be concerned that some
patients elect to not receive the procedure. Because colonoscopies are an especially effective
form of cancer screening, reducing utilization may have important implications for overall
patient health and welfare. Future studies should examine if the CalPERS reference pricing
program has unintended consequences on the use of colonoscopies or patient health.

One limitation to the generalizability of our results is that we examine a single service using
data from a single firm. CalPERS may have implemented reference pricing based on prior
knowledge that the program would work better for the CalPERS population than it would for
other populations (Allcott, 2015). However, the level of price variation observed for
colonoscopies in our data is common across the health care landscape. Thus, the results of
this study suggest that for other services with easily substitutable providers, reference
pricing programs may be useful mechanisms to encourage patients to shop for care.
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A Reduced Form Robustness Tests

Table A.1
Yearly Changes in Colonoscopy Prices
1) @) ©)
In(price) In(price) In(price)
CalPERS x 2009 0.0199 (0.0231) 0.0242 (0.0189) 0.0251 (0.0215)
CalPERS x 2010 0.0308 (0.0199) 0.0402%(0.0173) 0.0364 *(0.0205)
CalPERS x 2012 -0.124™7(0.0268)  -0.116***(0.0274)  -0.104 " (0.0266)
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o) @) )

In(price) In(price) In(price)
CalPERS x 2013 -0.107**(0.0194)  -0.1107¥(0.0191)  -0.0960 ***(0.0181)
CalPERS 0.174™°(0.0444)  0.0997(0.0241)  0.0948 ™ (0.0234)
2009 -0.107 7 (0.0175)  -0.118"7*(0.0164)  0.216 77(0.00563)
2010 -0.0671**"(0.0125) -0.0768**(0.0108)  0.104***(0.00588)
2012 0.107(0.0255)  0.111™7°(0.0269)  0.221777(0.0115)
2013 0.140 ***(0.0266) 0.150**%(0.0293)  0.223%(0.00753)
Observations 320,826 320,826 320,826
R2 0.028 0.141 0.148
Mean CalPERS 2011 price 1,716 1,716 1,716
Fixed Effects HRR HRR x year

This table presents the difference-in-differences results from equation 1 and uses the log of the total colonoscopy cost as the
dependent variable. All columns include controls for patient demographics (age, gender, Charlson risk score), the primary
colonoscopy procedure code, and month. Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR

interactions. Robust standard errors clustered at the provider level are in parentheses.

Aok

p<0.01,

o
p<0.05,

*p<0.1.

Table A.2
Yearly Changes in Patient Cost Sharing
In(pagile)nt+1) In(pa‘EiZgntﬂ) In(pa‘EiggnHl)

CalPERS x 2009 0.06147(0.0289)  0.07157°(0.0302)  0.0769 (0.0333)
CalPERS x 2010 0.103**(0.0281)  0.0995**(0.0278)  0.0880 **(0.0315)
CalPERS x 2012 0.306(0.0558)  0.3217°"(0.0558)  0.343 " (0.0507)
CalPERS x 2013 0.248777(0.0543)  0.267(0.0549)  0.296 " (0.0561)
CalPERS -0.00497 (0.0281)  0.0210 (0.0208) 0.0119 (0.0209)
2009 0.0177 (0.0442) 0.0299 (0.0448) -0.0648 (0.0659)
2010 -0.0254 (0.0216)  -0.0132 (0.0214)  -0.172""7(0.0430)
2012 0.0836 *(0.0461) 0.0735 (0.0456) 0.123%(0.0490)
2013 0.0831 (0.0513) 0.0658 (0.0488)  0.0971***(0.0119)
Observations 320,826 320,826 320,826
R2 0.771 0.775 0.776
Mean CalPERS 2011 cost-share 205 205 205
Fixed Effects HRR HRR x year

This table presents the difference-in-differences results from equation 1 and uses the log of patient spending as the
dependent variable. All columns include controls for patient demographics (age, gender, Charlson risk score), the primary
colonoscopy procedure code, and month. Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR
interactions. Robust standard errors clustered at the provider level are in parentheses.

Aok

p<0.01,
Ak
p<0.05,
*
p<0.1.
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Table A.3

Yearly Changes in Employer and Insurer Spending

@ @ ®)

In(paid+1) In(paid+1) In(paid+1)
CalPERS x 2009 0.125*%(0.0467)  0.125™**(0.0438)  0.105 7 (0.0481)
CalPERS x 2010 0.1247(0.0413)  0.145™7%(0.0397)  0.121***(0.0425)
CalPERS x 2012 -0.0861*7(0.0403) —0.0924 (0.0384)  —0.0720 *(0.0399)
CalPERS x 2013 -0.16777(0.0667)  -0.194(0.0687) -0.167 *¥(0.0676)
CalPERS 0.716 7(0.0887)  0.581™7*(0.0901)  0.582***(0.0868)
2009 0.0349 (0.0398) 0.00510 (0.0396)  0.918 **™(0.0298)
2010 0.0135 (0.0290) -0.0145 (0.0282)  0.561**(0.0211)
2012 0.11977(0.0354)  0.137*7*(0.0364)  0.425**(0.0180)
2013 0.22077°(0.0454)  0.254™**(0.0498)  0.440***(0.0255)
Observations 320,826 320,826 320,826
R2 0.113 0.154 0.156
Mean CalPERS 2011 paid amount 1,511 1,511 1,511
Fixed Effects HRR HRR x year

Page 23

This table presents the difference-in-differences results from equation 1 and uses the log of employer and insurer spending
on colonoscopy services (i.e. allowed amount - patient cost-sharing) as the dependent variable. All columns include
controls for patient demographics (age, gender, Charlson risk score), the primary colonoscopy procedure code, and month.
Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR interactions. Robust standard errors
clustered at the provider level are in parentheses.

Aok

p<0.01,
Ak
p<0.05,
*
p<0.1.

Yearly Changes in Patient Choice of Colonoscopy Provider

Table A.4

HOPD
(1) ) (©)]

covered covered covered
CalPERS x 2009 0.00766 (0.0124) 0.00570 (0.0109) 0.0165 (0.0107)
CalPERS x 2010 0.0166 (0.0103) 0.0120 (0.00772) 0.0123 (0.0101)
CalPERS x 2012 0.0697 **(0.0106)  0.0643**(0.0116)  0.0616 ***(0.0112)
CalPERS x 2013 0.103(0.0168)  0.104™**(0.0171)  0.0953**(0.0154)
CalPERS -0.0727*(0.0230) -0.0329™7(0.0130)  —0.0326 (0.0134)
2009 0.0150 (0.0106) 0.0225*%(0.0106)  -0.154 " (0.00353)
2010 0.00385 (0.00713)  0.0108 *(0.00610)  —0.0920 " (0.00328)
2012 -0.00702 (0.0110)  —0.00723 (0.0117)  -0.104 " (0.00787)
2013 -0.0211 (0.0179) -0.0227 (0.0189)  —-0.0909 ¥ (0.00366)
Observations 320,826 320,826 320,826
Mean CalPERS 2011 share 0.70 0.70 0.70
Fixed Effects HRR HRR x year
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This table presents the difference-in-differences results from equation 1 and uses the probability of choosing either an ASC
or an HOPD with a price below $1,500 as the dependent variable. All columns include controls for patient demographics
(age, gender, Charlson risk score), the primary colonoscopy procedure code, and month. Column 2 adds patient HRR fixed

effects and column 3 adds year by patient HRR interactions. Robust standard errors clustered at the provider level are in

parentheses.
A A
p<0.01,
*
p<0.05,

*
p<0.1.

*:

Table A5

Yearly Changes in Procedural Complications

1 @ ®)

complication complication complication
CalPERS x 2009 0.00112 (0.00211) 0.00109 (0.00209) -0.0000290 (0.00198)
CalPERS x 2010 0.00275 (0.00303) 0.00273 (0.00304) 0.00218 (0.00306)
CalPERS x 2012 -0.00131 (0.00211) -0.00156 (0.00211) -0.000841 (0.00219)
CalPERS x 2013 -0.000644 (0.00349) -0.000895 (0.00343) ~0.000436 (0.00358)
CalPERS -0.00104 (0.00229) -0.000196 (0.00211)  -0.0000463 (0.00217)
2009 -0.00268 ***(0.000710)  -0.00267 ***(0.000716)  0.00206 **(0.000783)
2010 -0.000917 (0.000937)  -0.000937 (0.000954)  0.00372 " (0.000895)
2012 -0.000285 (0.000782)  -0.000226 (0.000776)  0.00239 ™ (0.00109)
2013 -0.00189 (0.000983)  -0.00186 *(0.000965)  0.00690 ***(0.00118)
Observations 320,826 320,826 320,826
R2 0.021 0.021 0.022
Mean CalPERS 2011 complication 0.020 0.020 0.020
rate
Fixed Effects HRR HRR x year

This table presents the difference-in-differences results from equation 1 and uses the probability of receiving a procedural
complication related to colonoscopy as the dependent variable. All columns include controls for patient demographics (age,
gender, Charlson risk score), the primary colonoscopy procedure code, and month. Column 2 adds patient HRR fixed
effects and column 3 adds year by patient HRR interactions. Robust standard errors clustered at the provider level are in

parentheses.
Ak
p<0.01,
Ak
p<0.05,

*
p<0.1.

Table A.6

Yearly Changes in Distance Travelled

In(dist(;zmeﬂ) In(dist(azlgceﬂ) In(dist(ggceﬂ)
CalPERS x 2009 -0.0206 (0.0310)  -0.0215(0.0234)  -0.0153 (0.0236)
CalPERS x 2010 -0.0297 (0.0293)  -0.0134(0.0233)  -0.0155 (0.0240)
CalPERS x 2012 0.00356 (0.0293)  -0.0111 (0.0274)  -0.0102 (0.0288)
CalPERS x 2013 -0.0514 (0.0402)  -0.0630 (0.0402)  -0.0441 (0.0361)
CalPERS 0.0588 (0.0920)  -0.0225(0.0331)  -0.0264 (0.0336)
2009 0.0233(0.0245)  —-0.00589 (0.0169)  0.0829 ***(0.00955)
2010 0.0485*%(0.0207)  0.0168 (0.0126)  0.0556 " (0.00774)
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In(dist%?lceﬂ) In(dist(ir)10e+l) In(disgr)meﬂ)
2012 -0.00875 (0.0112)  0.00278 (0.0103)  0.343**(0.0132)
2013 -0.000598 (0.0252)  0.0222 (0.0227)  0.778**(0.00893)
Observations 320,826 320,826 320,826
R2 0.004 0.130 0.133
Mean CalPERS 2011 distance 33 33 33
Fixed Effects HRR HRR x year

This table presents the difference-in-differences results from equation 1 and uses the distance between the patient’s zip
code and the provider’s zip code as the dependent variable. All columns include controls for patient demographics (age,
gender, Charlson risk score), the primary colonoscopy procedure code, and month. Column 2 adds patient HRR fixed
effects and column 3 adds year by patient HRR interactions. Robust standard errors clustered at the provider level are in

parentheses.
Ak

p<0.01,
Ak

p<0.05,
*
p<0.1.
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(b) Patient Cost-Sharing
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(b) High-deductible plan with $1,500 deductible
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(b) High-deductible plan with $1,500 deductible
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Figure 1.
Reference Pricing Illustration
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Figure 2.
Distribution of Colonoscopy Provider Prices

This figure plots the distribution of colonoscopy prices for CalPERS patients in 2011. The
red points show prices for Ambulatory Surgical Center (ASC) providers while the blue
points show prices for Hospital Outpatient Departments (HOPDs).
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(b) Patient Cost-Sharing
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Moral Hazard Graphical Representation

J Health Econ. Author manuscript; available in PMC 2018 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Whaley et al.

A

0

—1

Average Change in Demand

-2

Page 34

o8O ST T T TS
o o
®
o o
oo

| ! | |

0 2000 4000 6000 8000
Facility Price

O Hospital Outpatient Departments © Ambulatory Surgical Centers

Figure 5.
Demand Changes

This figure plots the change in demand for each provider, AP;from equation 7, against
provider prices.
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Figure 6.
Spending Changes

This figure plots the average change in spending at each provider, from equation 8, against
provider prices. In this figure, the demand changes from Figure 5 are multiplied by provider

prices.
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Change in Demand by Provider Price
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Figure 7.

Demand Change Regressions
This figure plots coefficients from a regression of changes in provider demand (A7) against
a dummy for CalPERS vs. Anthem enrollment.
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Figure 8.

Spending Regressions

This figure plots coefficients from a regression of changes in spending at each provider
against a dummy for CalPERS vs. Anthem enrollment.
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Figure 9.
Counterfactual Demand Change Regressions from Alternative Reference Price
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Changes in Colonoscopy Prices

Table 2

@
In(price)

In(price)

®)
In(price)

CalPERS x post

-0.133™7%(0.0262)

-0.134™**(0.0251)

-0.120***(0.0264)

CalPERS 0.191%(0.0417) 0.121**%(0.0273)  0.115™%(0.0278)
2009 -0.105"%(0.0170)  -0.115"""(0.0159)  0.225 ***(0.00572)
2010 -0.0630 ***(0.0119)  -0.0715*"*(0.0103)  0.116**(0.00356)
2012 0.10877(0.0253)  0.113™**(0.0266)  0.226 *(0.0110)
2013 0.143 % (0.0274) 0.153*%%(0.0299)  0.231*%(0.0104)
Observations 320,826 320,826 320,826

R2 0.028 0.141 0.148

Mean CalPERS 2011 price 1,716 1,716 1,716

Fixed Effects HRR HRR x year

Page 42

This table presents the difference-in-differences results from equation 1 and uses the log of the total colonoscopy cost as the dependent variable. All

columns include controls for patient demographics (age, gender, Charlson risk score), the primary colonoscopy procedure code, and month.

Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR interactions. Robust standard errors clustered at the provider

level are in parentheses.
Ak A
p<0.01,
Ak
p<0.05,

*
p<0.1.
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Table 3
Changes in Patient Cost Sharing
@) 7)) €)

In(patient+1) In(patient+1) In(patient+1)
CalPERS x post 0.223777(0.0432)  0.238™77(0.0439)  0.265*(0.0426)
CalPERS 0.0500 (0.0315) (0781 (0.0214)  0.0671**(0.0221)
2009 0.0258 (0.0438) 0.0393 (0.0445) -0.0393 (0.0659)
2010 ~00117 (0.0233)  -0.0000119 (0.0231)  _q 143***(0.0502)
2012 0.094377(0.0439)  0.08427(0.0434)  0.156(0.0364)
2013 0.0872 (0.0539) 0.0704 (0.0516) 0.110*(0.0171)
Observations 320,826 320,826 320,826
R2 0.771 0.775 0.776
Mean CalPERS 2011 cost-share 205 205 205
Fixed Effects HRR HRR x year

Page 43

This table presents the difference-in-differences results from equation 1 and uses the log of patient spending as the dependent variable. All columns
include controls for patient demographics (age, gender, Charlson risk score), the primary colonoscopy procedure code, and month. Column 2 adds

patient HRR fixed effects and column 3 adds year by patient HRR interactions. Robust standard errors clustered at the provider level are in

parentheses.

Aok

*
p<0.01,

*ok

p<0.05,

*
p<0.1.
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Table 4
Changes in Employer and Insurer Spending
() 0] ®3)

In(paid+1) In(paid+1) In(paid+1)
CalPERS x post -0.209*(0.0542) -0.232777(0.0494)  -0.194 " (0.0545)
CalPERS 0.799°**(0.0838)  0.671***(0.0876)  0.657 ***(0.0893)
2009 0.0514 (0.0352) 0.0216 (0.0353) 0.953** (0.0288)
2010 0.0299 (0.0252) 0.00468 (0.0245) 601 ***(0.0218)
2012 0.13577(0.0371)  0.155™**(0.0377)  0.479**(0.0156)
2013 0.226**(0.0442)  0.260*(0.0479)  0.454**(0.0221)
Observations 320,826 320,826 320,826
R2 0.113 0.154 0.156
Mean CalPERS 2011 paid amount 1,511 1,511 1,511
Fixed Effects HRR HRR x year

This table presents the difference-in-differences results from equation 1 and uses the log of employer and insurer spending on colonoscopy services
(i.e. allowed amount - patient cost-sharing) as the dependent variable. All columns include controls for patient demographics (age, gender, Charlson
risk score), the primary colonoscopy procedure code, and month. Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR

interactions. Robust standard errors clustered at the provider level are in parentheses.

Aok

*
p<0.01,
b
p<0.05,

*
p<0.1.
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Table 5

Changes in Patient Choice of Colonoscopy Provider

HOPD
(1) ) (©)]

CalPERS x post 0.0779(0.0142)  0.0777***(0.0139)  0.0682 **(0.0125)
CalPERS -0.0647 77(0.0215)  -0.0270"7(0.0118)  -0.0229 *(0.0129)
2009 0.0160 (0.0110) 0.02327(0.0110)  -0.149 ™ (0.00337)
2010 0.00605 (0.00686) 00124 (0.00592) -0.0879 " (0.00242)
2012 (0.0113) ~0.00879 (0.0118)  _0.110**%(0.00868)
2013 -0.0182 (0.0176) -0.0198 (0.0185)  _0 0836 ™*** (0.00285)
Observations 320,826 320,826 320,826
Mean CalPERS 2011 share 0.70 0.70 0.70
Fixed Effects HRR HRR x year

Page 45

This table presents the difference-in-differences results from equation 1 and uses the probability of choosing either an ASC or an HOPD with a

price below $1,500 as the dependent variable. All columns include controls for patient demographics (age, gender, Charlson risk score), the

primary colonoscopy procedure code, and month. Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR interactions.
Robust standard errors clustered at the provider level are in parentheses.

Aok

*
p<0.01,

*:

ok
p<0.05,

*
p<0.1.
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Table 6
Changes in Procedural Complications
(N @ @)

complication complication complication
CalPERS x post -0.00227 (0.00159) -0.00251 (0.00156) -0.00136 (0.00151)
CalPERS 0.000250 (0.00122) 0.00107 (0.000921) 0.000666 (0.000943)
2009 -0.00253 7*(0.000728)  -0.00253 ***(0.000727)  0.00208 ***(0.000429)
2010 -0.000552 (0.000744) -0.000575 (0.000753) (00441 *** (0.000356)
2012 -0.000153 (0.000784)  -0.0000977 (0.000776) ¢ 00251 *** (0.000847)
2013 -0.00169 (0.000906)  -0.00166 *(0.000897)  0.00719 ***(0.000596)
Observations 320,826 320,826 320,826
R2 0.021 0.021 0.022
Mean CalPERS 2011 complication rate 0.020 0.020 0.020
Fixed Effects HRR HRR x year

This table presents the difference-in-differences results from equation 1 and uses the probability of receiving a procedural complication related to
colonoscopy as the dependent variable. All columns include controls for patient demographics (age, gender, Charlson risk score), the primary
colonoscopy procedure code, and month. Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR interactions. Robust
standard errors clustered at the provider level are in parentheses.

Ak A
p<0.01,
Ak
p<0.05,

*
p<0.1.
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Changes in Distance Travelled

Table 7

N6
In(distance+1)

@ @
In(distance+1) In(distance+1)

-0.0245 (0.0255)  —0.0163 (0.0238)
-0.0342 (0.0282)  —0.0367 (0.0289)

-0.00870 (0.0167) 0.0779 fololal (0.00639)
0.0150 (0.0120) 0.0505 ***(0'00573)

0.00428 (0.0109) g .350***(0.0121)

0.0178(0.0227) 0,771 (0.00613)

CalPERS x post -0.00627 (0.0252)
CalPERS 0.0420 (0.0812)
2009 0.0206 (0.0231)
2010 0.0446 7 (0.0183)
2012 -0.00773 (0.0117)
2013 -0.00586 (0.0260)
Observations 320,826

R2 0.004

Mean CalPERS 2011 distance 33

Fixed Effects

320,826 320,826
0.130 0.133
33 33
HRR HRR x year

Page 47

This table presents the difference-in-differences results from equation 1 and uses the distance between the patient’s zip code and the provider’s zip
code as the dependent variable. All columns include controls for patient demographics (age, gender, Charlson risk score), the primary colonoscopy
procedure code, and month. Column 2 adds patient HRR fixed effects and column 3 adds year by patient HRR interactions. Robust standard errors

clustered at the provider level are in parentheses.
A AA
p<0.01,
Ak

p<0.05,

*
p<0.1.
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Table 9
Choice Regressions
) [0 ©®

Uncorrected With CF With CF
oop 0.078™77(0.001) -0.119%(0.012) -0.166(0.014)
quality 0.543*(0.015)  0.387*(0.018)  0.3277*(0.019)
quality x CalPERS 0.223 % (0.045)
distance -0.162 7 (0.001) -0.165"*(0.001) —0.167 **(0.001)
distance x CalPERS 0.019 ***(0_002)
HOPD -1.2287(0.010) -0.570"(0.040) -0.432***(0.045)
HOPD x CalPERS 0.309 ***(0.038)
Observations 4,004,966 4,004,966 4,004,966

Standard errors in parentheses, OOP is measured in hundreds

Ak
p<0.01,
*Kk

p<0.05,

*
p<0.1
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