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1.  Background and Literature Review 

1.1  New-Cap, Old-Cap, and No-Cap States 

Many states have adopted a variety of tort reforms, which are intended to reduce medical 
malpractice (“med mal”) liability risk.  Caps on non-economic or total damages (“damage caps”) 
are the most important of the commonly adopted reforms. We study the effects of caps on non-
economic damages, adopted by nine states during the third reform wave in the early 2000s (from 
2002-2005).  An additional 22 Old-Cap states had damage caps already in place during our study 
period.  Another 20 states (including the District of Columbia) had no damage caps during our 
study period.   

Table 1 in the text lists the three groups of states, and the cap adoption years for the New-Cap 
states, and their adoption years.  We rely on Avraham’s (2014) coding of med mal reforms.1 

1.2. Effects of Damage Caps on Malpractice Risk 

There is evidence that damage caps significantly reduce both claim rates and payout per claim.  
In the principal datasets on med mal claims, which cover only closed claims, the effects on claim 
rates and payouts appear gradually during the post-reform period as pre-reform claims are closed 
(Paik, Black, and Hyman, 2013a, 2013b).2   

1.3.  Effects of Damage Caps on Health Care Spending 

A principal policy rationale for cap adoption is the belief that caps will decrease defensive 
medicine and its associated costs.  The effect of damage caps on healthcare spending has been 
studied a number of times, with mixed results.  We discuss prior DiD studies here; Paik, Black, 
and Hyman (2017) provide a recent, more complete review. 

The best-known studies are by Kessler and McClellan (1996, 2002).  They studied the effect of 
mid-1980s damage caps on Medicare spending for in-hospital care for heart disease (acute 
myocardial infarction or ischemic disease), and found that damage caps and other “direct” tort 
reforms reduced in-hospital spending over the next year by 4-5% without adverse health 
outcomes.  The Congressional Budget Office (CBO, 2006) found a 5.2% drop in Part A (hospital 
services) spending.  However, when the CBO controlled for hospital prices prior to the 1984 
implementation of the Medicare prospective payment system for hospitals, the estimated post-
cap drop in Part A spending fell to 1.6% and was statistically insignificant.  The CBO also found 
a statistically insignificant 1.7% drop in Part B spending.  Sloan and Shadle (2009) studied the 
effect of second-wave tort reforms on Medicare spending for hospitalized patients, in the year of 

                                                 
1  We use Avraham’s “regular” DSTLR 5.1, not his “clever” variant, and correct several mistakes in 

Avraham’s coding; these corrections are available from the authors on request.  We use the actual reform year as 
year 0 (Avraham treats reforms adopted July 1 or after as occurring the following year).  In robustness checks, our 
results are similar if we use Avraham’s time-shifted years, use his “clever” variant, or do not correct his errors. 

2  Some earlier studies, which did not allow for the effect of caps to phase in over time, found mixed 
evidence that damage caps lead to lower post-cap claim rates and payouts.  See, e.g., Avraham (2007); Donohue and 
Ho (2007); Waters (2007), and the literature review in Paik, Black and Hyman (2013b).  
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hospitalization occurs for heart attack, breast cancer, diabetes, and stroke over 1984-2000, with 
mixed results across these conditions. 

Paik, Black, and Hyman (2017) study third-wave damage caps, using county-level spending data. 
They found that damage caps have no significant impact on part A spending, but predict 4-5% 
higher Medicare part B spending. Avraham and Schanzenbach (2015) study heart attack 
treatment after third-wave reforms and find a post-cap increase in medical management and a 
corresponding drop in combined PCI and CABG rates, but also substitution away from less-
invasive PCI toward more-invasive CABG. 

A notable non-DiD study by Baicker, Fisher and Chandra (2007) used med mal payments by 
physicians reported to the National Practitioner Database and med mal insurance premia from 
Medical Liability Monitor as a proxy for med mal risk.  They found an insignificant overall 
association with total Medicare spending, but found that higher premia predicted higher spending 
on imaging tests, but not other diagnostic tests. 

1.4.  Studies of Specific Clinical Decisions 

A number of studies of Cesarean section rates are similar in spirit to ours, in that they focus on a 
specific clinical decision rather than spending.  These studies also find mixed results.  See Currie 
and MacLeod (2008); Frakes (2013); Yang et al. (2009). 

Avraham and Schanzenbach (2015) is the prior study that is closest to ours.  They study heart 
attack treatment in hospitals after adoption of third wave caps.  Avraham and Schanzenbach find 
a modest post-cap increase in medical management and a corresponding drop in 
revascularization rates.  In related work in progress, we confirm the small drop in overall 
revascularization rates (Moghtaderi, Farmer, and Black, 2017)). 

In sum, prior research finds either no evidence that cap adoption affects healthcare spending or 
clinical decision or, at most, evidence for small effects.  Thus, while physicians often say that 
they practice defensive medicine, their decisions do not seem to change much, if malpractice risk 
falls.  

1.5. Trends in Diagnostic Imaging Procedures 

Rates for various imaging rates increased through around 2005-2010, depending on the test, but 
then first leveled off and have since declined (see, e.g., Lucas and DeLorenzo, 2006; Andrus and 
Welch, 2012, Singh and Ward, 2016; and results for our sample in this Appendix).  Physician 
often cite fear of malpractice as a reason for higher utilization of diagnostic testing for 
emergency department patients presenting with possible acute coronary syndrome (Katz and 
Williams, 2005; Kanzaria and Hoffman, 2015). 

In response to rising imaging rates, several organizations launched initiatives aimed at reducing 
inappropriate testing.  In 2005, the American College of Cardiology Foundation in conjunction 
with subspecialty societies and organizations developed Appropriate Use Criteria for cardiac 
procedures, initially for SPECT (2005), but later expanded to include stress tests, coronary 
angiography, and PCI (Hendel et al., 2013).  The AUCs were initially quite general, but have 
been periodically revised and somewhat narrowed based on new evidence.   



© 2018 American Medical Association. All rights reserved. 

In 2009, the National Physicians Alliance launched the Choosing Wisely Campaign (Morden and 
Colla, 2014).  Rosenberg and Agiro (2015) report that cardiac imaging rates declined for low-
risk patients between 2011 and 2013; MedPAC (2015) reports a more general decline starting in 
2010.   

In Figure App-1, we find that stress-testing rates in the Medicare FFS population peaked around 
2005 and have fallen since; these campaigns could have contributed to that decline. 

 

1.6 Testing and Treatment Decision Making for Coronary Artery Disease 

Coronary artery disease is common, symptoms are often ambiguous, and risk assessments 
involve a degree of subjectivity. CAD is also a leading cause of morbidity and mortality in the 
United States. Consequently, a large proportion of Medicare patients undergo testing and 
treatment for CAD every year. 

A number of options exist to test for coronary artery disease including, exercise treadmill testing, 
stress echocardiography, and single photon emission tomography (SPECT), in order of 
increasing cost. There are advantages and disadvantages to each of these noninvasive tests, and 
all of them have meaningful rates of diagnostic error (either false negative or false positive). 
Invasive angiography is the definitive test for coronary artery disease, but it requires a left heart 
catheterization and caries low but meaning risk of adverse outcomes in addition to substantial 
cost. If obstructive CAD is demonstrated, treatment options include medical treatment, 
percutaneous coronary intervention (PCI), and coronary artery bypass grafting (CABG). Both 
PCI and CABG carry meaning risk to patients, and both are very costly. 

Where testing is contemplated, guidelines recommend that patients at low to intermediate risk of 
CAD undergo stress testing as an initial diagnostic test. If noninvasive testing is indeterminate or 
positive, patients often proceed to invasive angiography. Patients at high risk should go directly 
to angiography. Intervention for CAD is generally indicated where disease is obstructive. 

 

2.  Data and Empirical Methods 

2.1.  Medicare Data 

As discussed in the text, our core dataset is the 5% Medicare fee-for-service random sample, 
covering Medicare part A (hospital services, both inpatient and outpatient) and Part B (physician 
services), for patients age 65+ from 1999-2013.  This is claim level data, on 5% of all Medicare 
beneficiaries (roughly 2 million people), followed over time.  We have information on when 
eligibility starts and ends, and monthly information on whether the beneficiary is covered by 
Medicare FFS or Medicare Advantage.  Each claim identifies both the physician who ordered a 
test or procedure, and the physician who performed the test or procedure (these can be the same 
person). 

To compute stress test and procedure rates per beneficiary-year, we need to define a 
denominator:  We include a beneficiary in the denominator for the period during which the 
beneficiary is (i) Medicare eligible, and (ii) covered by Medicare FFS rather than Medicare 
Advantage.  As beneficiaries leave the sample (principally through death), the sample is 
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“refreshed” annually with new beneficiaries, about 70% of whom are age 65 when they enter our 
sample. 

2.2.  Physician Crosswalk 

Our principal regression models use physician fixed effects.  Physicians are uniquely identified 
by UPIN (unique physician identification number) for 1999-2006, and by NPI (national provider 
identifier) for 2007 on.  We use a variety of sources to build a “Master Individual Provider 
Crosswalk,” which links NPI and UPIN for the same physician where possible.  The crosswalk is 
compiled from:  (i) NPPES (National Plan and Provider Enumeration System) records since 
inception of NPPES in 2007; (ii) A UPIN directory compiled by ResDAC annually during 2003-
2007; (iii) Medicare claims data (the 5% national Medicare random sample) over 1999-2014 (the 
“Carrier” file, which includes all claims by individual providers); (iv) a NPI-DEA directory 
available from 2010-2012, initially prepared by CMS. 

The Master Individual Provider Crosswalk has 4,740,433 records including 1,518,291 distinct 
NPIs (unique providers), of whom 804,034 (53%) are physicians.  The crosswalk includes all 
providers with claims included in the Medicare Carrier file.  Each provider has a unique NPI, 
may have a unique UPIN, and can have one or more Medicare PINs.  Of the 804,034 physicians 
in the Crosswalk: 571,119 have UPIN; 759,770 have at least one Medicare PIN (most have 
more); 549,741 have all three main identifiers (NPI, UPIN and Medicare PIN).  The physicians 
with all three identifiers account for 83% of the cardiac stress tests performed by physicians for 
1999 and 89% for 2006. 

We study the 97,821 physicians with NPI, UPIN, or both who ordered or performed 2+ coronary 
angiographies (below simply, “angiography”) in our sample, including 36,647 in New-Cap 
states; 39,154 in No-Cap states, and 22,020 in Old-Cap states.  In robustness checks we obtain 
similar results if we limit the physician sample to those with all three identifiers. 

Our identifying variation in New-Cap states comes only from physicians who perform the 
relevant test or procedure at least once before, and at least once after cap adoption.  For the Any 
Stress Test measure, this is 20,205 New-Cap physicians (66% of all Angiography Cohort 
physicians).   

2.3.  Estimation Models 

We use a difference-in-difference (DiD) research design. DiD methods are a standard way to 
estimate the causal impact of legal changes, including adoption of damage caps.  The “simple 
DiD” regression results reported in Table 3 are based on the regression model: 

Yijst=αj + δs+ γt + λ (Xit) + θ (Xct) + β*(capst) + εizt      (1) 

Here i indexes beneficiary, j indexes physician (the αj are physician fixed effects), s indexes state 
in which the service was rendered (the δs are state fixed effects), c indexes the county where the 
test was rendered, and t indexes calendar quarter (the γt are quarter fixed effects). 

Yijst is a 0-1 variable for our outcome variables. For testing rates (stress test, initial angiography, 
any angiography), Yijst = 1 if physician j referred beneficiary i for the indicated test in period t.  
For progression from stress test to angiography, Yijst = 1 if physician j referred beneficiary i for 
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angiography within 30 days after a stress test.  For progression from initial ischemic evaluation 
(or angiography) to revascularization, Yijst = 1 if physician j referred beneficiary i for the initial 
evaluation (or angiography), and beneficiary i received revascularization angiography within 30 
days after this evaluation (angiography).3  

Xit is a vector of patient characteristics, drawn from our Medicare claims data: dummy variables 
for age in years, gender, race, ethnicity, and dummy variables for each of the 17 elements of the 
Charlson comorbidity index.4 Xct is a vector of time-varying county characteristics (available 
annually):  percent male, white, black, Hispanic, disabled (percent of Medicare beneficiaries 
receiving disability benefits), and aged 65-74, 75-84, and 85 and above, ln(population), active 
practicing non-federal physicians per capita, unemployment rate, ln(median household income), 
and managed care penetration (ratio of Medicare advantage enrollees/all Medicare eligible 
people over age 65).5 

The treatment variable capst = 0 in control states for all t.  In treated states, capst = 0 for years 
before the adoption year, =1 in years after the adoption year.  For treated states, we drop year 0 
because it does not fit cleanly into either the pre- or the post-reform period.  

To investigate whether pre-treatment trends differ between treatment and control states, we use a 
leads and lags model in event time, with the reform year set to zero, following Equation 2.   

Yijst = αj + δs+ γt + λ (Xit) + θ(Xct) + ∑ 	βk * Dst
k  + εizt     (2) 

Here, k indexes “event time” in years relative to the cap adoption year. Dst
k = 0 for control states 

for all t and k. For treated states, Dst
k = 1 for the kth year relative to the adoption year, 0 

otherwise. For example, Dst
4 =1 four years after the non-econ cap adoption year, 0 otherwise. 

Therefore, β1 provides the effect of reform one year after cap adoption, and β-1 is the estimated 
effect one year before adoption. We are limited to using 4 leads in equation (2), because for 
additional leads we lose the five states that adopt caps in 2003.  We include 6 lags in equation 
(2), and combine years 6 and after into a single “lag 6+” dummy variable.  We adjust the 
coefficients by subtracting β-3 from each, so that the reported β-3 ≡ 0. 

                                                 
3  If the initial ischemic evaluation is in quarter t, and the follow-up progression event is in the next quarter, 

we assign the progression to quarter t.  Results are similar if we assign the progression event to quarter t+1. 
4  We measure patient age at the end of each year.  In each quarter, we measure comorbidities over the prior 

four quarters.  For the first four quarters in which a patient appears in the sample, we use comorbidities from the 
fifth quarter.  The elements of the Charlson index are myocardial infarction, congestive heart failure, peripheral 
heart disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatic disease, peptic ulcer disease, 
mild liver disease, diabetes without chronic complications, diabetes with chronic complications, hemiplegia or 
paraplegia, renal disease, any malignancy (including lymphoma and leukemia, except malignant neoplasm of skin), 
moderate or severe liver disease, metastatic solid tumor, and AIDS/HIV. 

5  We control for both managed care penetration and (managed care penetration)2, because prior research 
(Frakes, 2013; Paik, Black and Hyman, 2017) finds evidence of a non-linear association between this covariate and 
Medicare spending.  We obtain county demographic characteristics from the Census Bureau.  Source:  
http://www.census.gov/popest/.  The omitted race category is “other.”  We use mid-year estimates of resident 
population -- inter-census estimates for 1991-1999 and 2001-2009, and post-census estimates for 2011 on.  We 
obtain data on number of physicians, unemployment rate, median household income, percent of Medicare enrollees 
receiving disability benefits, and managed care penetration from the 2014-2015 release of the Area Health Resource 
File (AHRF).  Source:  http://arf.hrsa.gov/.  For physician counts for 2009, we interpolate between 2008 and 2010. 
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We also report results from a “distributed lag” model, which allows the treatment effect to 
evolve during the post reform period: 

Yijzt= αj + δz + γt + λ (Xit) + θ(Xct) + ∑ 	 βk * Dzt
k-lag)+ εizt      (3) 

Here the first treatment lag  equals 1 in for a patient in a treated state in the cap adoption 

year and all subsequent years;  turns on in the year after reform, and stays on,  
turns on in the second year after reform, and stays on, and so on for additional lags.  Thus, the 
coefficient on  estimates the impact of reform in the year of reform; the coefficient on 

 estimated the additional impact in the first full year after reform; the coefficient on 

 estimates the additional impact in the second year after reform, and so on.  One can sum 
the lagged effects to obtain an overall treatment effect (∑ , and accompanying t-statistic 
(using the lincom command in Stata).  The principal difference between the leads-and-lags and 
distributed lag models is that the leads-and-lags model provides a coefficient and standard error 
for each year by itself, relative to a base year.  In contrast, the distributed lag model provides 
estimates for annual incremental changes, starting from a pre-reform average; we then compute a 
“sum of coefficients” for the post-reform period. 

The horserace regressions reported in Appendix Table 8 involve an extension of Eqn. (1), to add 
a dummy variable hiy

st which equals 1 for high-rate states in year y and after. 

Yijst=αj + δs+ γt + λ (Xit) + θ (Xct) + β*(capst) + η* hiy
st + εizt      (4) 

We generally report regression coefficients multipled by 400, to turn them from quarterly 
fraction al rates into annual percentage rates.  In addition to regression coefficients, we report 
percentage changes, computed for tests and procedures as: 

	
	 ∗ 400

	 	 	 	 	2002
 

2.4.  Samples for Different Outcome Variables 

For ischemic evaluation regressions, the sample includes all patients who visited one or more 
physicians in our physician sample.  We discuss below the three separate physician cohorts we 
study.  For progression, the sample is restricted to those patients who had the initial test; we 
looked 30 days forward to see whether a patient had any of the indicated progressions. 

3.  Details on State Groups, Sample Years, and Test and Procedure Coding 

Table App-1 lists the New-Cap, No-Cap and Old-Cap States.  This table also indicates the states 
used in the control group of 9 geographically and culturally similar Old-Cap States, and the 
states in the top and bottom thirds for stress testing rates in 2002.  We drop IL and SC from the 
New-Cap group for 2010 and after due to invalidation of these states’ damage caps by state 
supreme courts in early 2010, and drop NC and TN from the Old-Cap group for 2012 on, due to 
cap adoptions in late 2011.  To reduce the 21 No-Cap States to 9 similar states, we first excluded 
10 Northeast and Mid-Atlantic states (none of the New-Cap States are in these regions), and then 
made subjective judgments to exclude North Carolina, and then to exclude Oregon (but keep 
Washington). 
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Our Medicare data starts in 1999, and the New-Cap reforms take place over 2002-2005, so we 
have 3-6 pre-cap years for each New-Cap state, depending on that New-Cap state’s cap adoption 
year; and a minimum of 8 post-cap years.  
Table App-2 provides details on the HCPCs, ICD-9 procedures codes, and DRG codes that we 
used to identify cardiac tests and procedures.  

4.  Alternative Physician Cohorts 

In the text we study the Angiography Cohort of physicians who ordered or performed 2+ 
angiographies in our dataset.  In this Appendix, we consider both broader and narrower cohorts.  
We study a broad “Stress Test Cohort,” consisting of the 155,008 physicians who order 2+ stress 
tests in our dataset.  Recall that we use the 5% Medicare sample, so these physicians are 
expected to have ordered around 40 stress tests; also physician FE will absorb any results from a 
single evaluation.  This broad cohort should include all cardiologists, and also many other 
physicians, including primary care, emergency medicine, and hospitalists.  We also study a 
narrower “Invasive Cardiologist Cohort,” consisting of the 13,011 physicians who performed 2+ 
angiographies in our dataset.  This cohort should include only invasive cardiologists.   

These cohorts are not mutually exclusive; indeed almost all Invasive Cardiologists appear in the 
Angiography Cohort, and almost all Angiography Cohort physicians appear in the Stress Test 
Cohort.  For each cohort, we study physicians’ decisions for all patients seen by those physicians 
at any time during our sample period.  Thus, the same patient can appear in the data used to 
study more than one physician cohort.   

4.1   Summary Statistics for Alternative Physician Cohorts 

In text Table 1, we present summary statistics for the patients who were seen by the physicians in 
Angiography Cohort.  In Table App-3, we present additional information for the Angiography 
Cohort, for the Old-Cap states, which we use as part of the broad control group, and also 
summary statistics for all three groups of states, for the patients who were seen by the physicians 
in the alternative physician cohorts.   

As Table App-3 shows, the Old-Cap states have lower stress test, initial angiography, and initial 
ischemic evaluation rates than the No-Cap states which form our main control group, yet 
somewhat higher rates for progression from ischemic evaluation to revascularization, and 
substantially higher rates for progression from angiography to revascularization.  Thus, if we 
find similar treatment effect estimates for both the narrow and broad control groups, as we do 
below, this supports an inference that the effects we find are not driven by baseline differences in 
testing and progression rates.  

Most of the differences in patients seen across physician cohorts are modest.  As one might 
expect, patients seen by the Invasive Cardiologist Cohort are somewhat sicker (measured by 
number of comorbidities), and include a higher percentage of men. There are important 
differences in practice patterns across the three groups, for example the fraction of patients who 
receive ischemic evaluation is lower for the broad Stress Test Cohort, somewhat higher for the 
Angiography Cohort, and much higher for the Invasive Cardiologist Cohort.  But rates for 
progression to revascularization are similar across all three cohorts.  Thus, if we find similar 
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percentage treatment effect estimates for all three cohorts, as we do below, this further supports 
the robustness of the effects that we report in the text for the Angiography Cohort. 

4.2.  Regression Results for Alternative Physician Cohorts 

In text Table 2, we present simple DiD results for the Angiography Cohort.  In Table App-4, we 
present DiD regression results for each physician cohort for ischemic evaluation rates:  overall 
initial ischemic evaluation rates; stress test rates; initial angiography rates; initial angiography as 
fraction of initial ischemic evaluation, and total angiography rates.  In Table App-5, we present 
simple DiD regression results for progression rates, again for each physician cohort and each 
control group.  Tables App-6 and App-7 are similar but present distributed lag sums of 
coefficients.  In each of these tables, we present results for all three physician cohorts, using both 
our main control group of No-Cap States, and the alternative control groups discussed in the next 
section.  The columns show results for different physician cohorts; the initial rows show results 
for different control groups.  We show covariates only for the main control group. 

For initial ischemic evaluation and stress tests, results for the Stress Test and Angiography 
Cohorts are quite similar.  There is no significant change in initial ischemic evaluation rates, 
comprised of a statistically insignificant rise in initial stress testing (marginally significant with 
the alternative control groups discussed in the next section), offset by a large drop in initial 
angiographies.   

Regression coefficients are much larger for the Invasive Cardiologist Cohort.  This is expected 
due to the different patient population seen by this cohort.  Initial ischemic evaluation rates fall 
slightly, albeit not statistically significantly, for the Invasive Cardiologists; this difference from 
the other physician cohorts could reflect post-cap changes on which patients are referred to the 
Invasive Cardiologists.  For initial angiography, all angiography, and fraction of initial ischemic 
evaluation performed through angiography, the percentage drops are larger for the Invasive 
Cardiologists than for the Angiography Cohort, but there is a lower drop in the percentage of 
patients who progress from ischemic evaluation to revascularization.  These differences from the 
other physician cohorts could reflect changes in which patients are referred to the Invasive 
Cardiologists. 

5.  Alternative Control Groups 

In text Table 2, we present simple DiD and distributed-lag regression results using No-Cap states 
as the control group.  In this Appendix, we also present simple DiD regression results for 
ischemic evaluation rates (Table App-4) and progression rates, for each physician cohort (Table 
App-5), and the corresponding distributed lag results (Tables App-6 and App-7), using the 
following alternative control groups: 

(i) A broad control group consisting of both No-Cap and Old-Cap states. 

(ii) A narrower control group consisting of nine no-cap states that we judged to be 
more culturally and geographically similar to the new-cap states (Table App-1 
lists these states). 

Percentage changes in testing and progression rates are very similar across these control groups.  
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6.  Univariate Graphs in Calendar Time 

In the text, Figure 1 presents selected calendar-time graphs for our three principal state groups 
(New-Cap, No-Cap, and Old-Cap states).  Figure App-1 presents additional calendar time 
graphs, omitted from the text for space reasons.   

Taking the calendar time graphs as a whole, ischemic evaluation rates are reasonable parallel 
during the entire sample period, and grow more rapidly in New-Cap states relative to no-cap 
states after damage cap adoption. Stress test rates rise in New-Cap states, relative to No-Cap 
states over 2003-2007, but decline a bit more rapidly after that; rates are similar at the beginning 
and end of the sample period. Angiography rates show a more rapid decline in New-Cap states 
from 2002 on, consistent with the leads-and-lags graphs presented in the text.  Turning from 
testing rates to progression, progression from stress test to angiography, from ischemic 
evaluation to revascularization and from angiography to revascularization drops more rapidly in 
New-Cap states over 2003-2007, again consistent with the leads-and-lags graphs. 

7.  Additional Leads and Lags Graphs 

In the text, Figures 2 and 3 present selected leads-and-lags graphs which show relative changes 
in stress testing, ischemic evaluation, angiography, revascularization, and progression rates, from 
1999-2013 for the Angiography Cohort.  We present additional leads-and-lags graphs in the 
Appendix. 

7.1.  Additional Leads-and-Lags Graphs for Main Control Group and Physician Cohort 

Figure App-2, Panel A Figure App-2, Panel A presents a leads-and-lags graph for the percentage 
of initial ischemic evaluations that take place through initial angiography, using our main control 
group of No-Cap States, and our main Angiography physician cohort.  This graph was omitted 
from the text for space reasons.  Angiography as a percentage of initial ischemic evaluation 
declines in New-Cap states relative to No-Cap states after damage cap adoption, however, there 
are also non-parallel pre-treatment trends, which could explain the post-cap declines.  Comparing 
this figure to the leads-and-lags graph in the text, the relative fall in initial angiography appears 
to be driven by rising rates for stress tests, rather than falling rates for initial angiography. 

In the text, Figure 3, we show relative progression rates from any initial ischemic evaluation to 
any revascularization.  In Figure App-2, Panels B and C, we present relative progression rates 
separately for progression to PCI and progression to CABG.  All of the drop in progression to 
revascularization comes from reduced PCI.  CABG rates rise slightly following cap adoption, 
although this could be only continuation of a pre-treatment trends. 

7.2.  Leads-and-Lags Graphs for Alternative Physician Cohorts 

Figure App-3 presents leads-and-lags graphs using our alternative physician cohorts – the 
broader Stress Test Cohort, and the narrower Invasive Cardiologist Cohort.   As was the case for 
regression results with these alternative physician cohorts, the leads-and-lags graphs are 
generally consistent across physician cohorts. Results are noisier for invasive cardiologist cohort. 
This is expected since this cohort has least number of physicians among all three cohorts. There 
is one notable difference in stress test rate for invasive cardiologist cohort unlike two other 
cohorts. 



© 2018 American Medical Association. All rights reserved. 

7.3.  Leads-and-Lags Graphs with Alternative Control Groups 

Figure App-4 presents leads-and-lags graphs for our alternative control groups with angiography 
physician cohort:  broad control group that includes no-cap and old-cap states, and narrow 
control group that includes nine No-Cap states that we judged to be more culturally and 
geographically to New-Cap states. The results are consistent across all three control groups. The 
estimated coefficients are less precisely estimated when we use narrow control group, mostly 
because of smaller sample sizes.  

8.  Sensitivity to National Factors 

During our sample period, there were several national events that may have affected stress 
testing rates, revascularization rates, or both.  The American College of Cardiology Foundation, 
together with subspecialty societies and organizations, developed Appropriate Use Criteria 
(AUC) for SPECT in 2005, and revised these criteria in 2009.  AUC for stress Echo were 
published in 2008 (Hendel and Patel, 2013). In 2009, the National Physicians Alliance launched 
the Choosing Wisely Campaign (Morden and Colla, 2014).  Results from the Courage trial, 
which found no reduction in mortality or cardiovascular events from PCI in patients with stable 
angina, relative to optimal medical therapy alone, were published in early 2007 (Boden et al., 
2007).  

These three “National Events” could have differentially affected New-Cap states relative to other 
states, perhaps because population base rates for stress testing, angiography and 
revascularization were higher in the New-Cap states (text Table 1).  A natural hypothesis is that 
these national events may have affected high rate states more than low-rate states, and thus, as a 
byproduct, affected New-Cap states more strongly than our control groups.   

Our results are not consistent with this hypothesis.  First, stress test rates rise in New-Cap states 
relative to the other control groups, rather than fall, albeit insignificantly; while overall ischemic 
evaluation rates in New Cap states are almost unchanged relative to the other control groups.  
Second, our principal results are for the choice between stress test and initial angiography as a 
first diagnostic test, and for progression from initial stress test to angiography or from initial 
ischemic evaluation to revascularization.  None of the National Events directly affect the first 
two of these outcomes, and only the Courage trial could potentially affect the third.  Third, our 
principal results appear by event year +3 in leads-and-lags graphs (text Figures 2 and 3), and by 
calendar year 2006 in calendar time graphs (text Figure 1).  Given that six of the nine cap 
adoptions were in 2002-2003, this is too early for Choosing Wisely to impact them, and rather 
early for the Courage trial as well.   

We can also directly address the hypothesis that the National Events differentially affected the 
New-Cap states.  In Table App-8, we report results from DiD regressions for Angiography 
Cohort physicians, in which we first limit the sample to 17 high-rate states (the top third of states 
based on ischemic evaluation rates in 2002) and 17 low-rate states (the bottom third of states 
based on 2002 ischemic evaluation rates), and drop the middle third of states.  Of the nine New-
Cap states, eight are high-rate states; one is a low-rate state.  We then run DiD regressions, 
similar to those in text Table 2, except that we add a separate dummy variable for high-rate states 
starting in 2005, when the initial AUC for SPECT were issued (=1 for high-rates states in 2005 
and after).   
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Contrary to the hypothesis that the 2005 AUC had a larger impact in reducing stress testing in 
high-rate states, the coefficients on the high-rate state dummy are positive (opposite from 
predicted) for stress testing and overall ischemic evaluation rates.  Overall angiography rates did 
not fall, and there was no significant change in progression rates.  The average 2005 ischemic 
evaluation rate in high rate states (excluding New-Cap states) was 154/1,000 patients versus 103 
in low-rate states (ratio=1.49); in 2013, these figures were 112 and 68/1,000 patients 
(ratio=1.65).  Our DiD results for New-Cap states survive with the control for high-rate states.  

A further test is to: (i) limit the treatment group to the six “Early Treatment States,” which 
adopted damage caps in 2002 and 2003; and (ii) end the sample period in 2009.  This restricted 
sample period ends before Choosing Wisely, and around the time that AUC were narrowed and 
extended beyond SPECT.  Moreover, if, as we find, our principal results continue to appear by 
event year +3 (thus, calendar year 2005-2006), this will also predate the Courage trial.  We 
present regression results for this approach in Tables App-9 (for ischemic evaluation rates) and 
App-10 (for progression rates), and leads-and-lags graphs in Figure App-5.  The results with this 
limited set of treatment states and limited treatment period are consistent in magnitude and 
statistical significance to those we report in the text.   

9. Sensitivity to physician movement and patient composition 

9.1.  Physician Movement 

Damage cap adoption might cause some physicians to move from no-cap states to new-cap 
states; the movers might have different practice styles than non-moving physicians.  Our main 
analysis uses physician*zip code fixed effects, and thus effectively estimates a treatment effect 
only for physicians who do not move.  We assessed how common moving across state lines was, 
and whether moving appears to be driven by cap adoption, as follows.  We created sets of 
Angiography Cohort physicians who practiced in New-Cap, No-Cap, and Old-Cap states in 
1999-2001, prior to the New-Cap adoption period of 2002-2005.  We then tracked how many of 
these physicians moved from a No-Cap state to a New-Cap state, in or after the year when the 
New-Cap state adopted a damages cap.  We similarly tracked movement from Old-Cap states to 
New-Cap states.  Thus, in 2002, we count physicians who move to Nevada (the only New Cap 
state which adopted a cap in 2002); in 2003; we count physicians who moved to any of FL, MI, 
NV, OH, OK, and TX, and so on.   

We present results in Figure App-6, for the proportions of No-Cap and Old-Cap physicians (the 
respective denominators are the numbers of physicians who practiced in each state group over 
1999-2001.  The movement rates are modest, and are virtually identical for movement from No-
Cap and Old-Cap states.  These findings are consistent with prior research, which finds no 
evidence that damage caps affect aggregate physician supply (Paik et al., 2016).  This provides 
strong evidence that cap adoption is not an important driver of physician movement.  Thus, while 
the practice styles of moving physicians could still differ from those of non-movers, there is no 
reason to expect that any differences are related to the existence of damage caps. 

9.2.  Patient Composition 

It is also possible that cap adoption might change which patients physicians are willing to treat 
for suspected CAD.  Our main analysis includes extensive controls for observed patient 
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characteristics.  It remains possible that patient composition changes, in ways not captured by 
these covariates.  We can assess this possibility by examining whether patient composition 
appears to change differentially across New-Cap, No-Cap, and Old-Cap states for observed 
covariates.  If not, this makes it less plausible that there were important differential changes in 
unobserved patient characteristics.  In Figure App-7, we plot the mean number of comorbidities 
for the patients who visited Angiography Cohort physicians in each state group over time, over 
2000-2013.  The graph begins in 2000 because we use a rolling four-quarter lookback period to 
count comorbidities.  The number of comorbidities gradually rises over over this period, but the 
rise is similar in all three groups of states.  The rise is slightly larger in New-Cap states than in 
No-Cap states, and slightly larger in No-Cap than in Old-Cap states, and thus does not appear to 
be related to the presence of a damage cap. 
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Table App-1.  States with and without damage caps and year of enactment. 

Italics indicates narrow control group of nine no-cap states, which we judged to be more geographically and 
culturally similar to the new-cap states.  We chose these states by (i) excluding from the No-Cap states 10 Northeast 
and Mid-Atlantic states (none of the New-Cap states are in these regions); and then (ii) making the subjective 
judgment to exclude North Carolina and Oregon to get to a control group of 9 similar states. 

New-cap states (9) No-cap states (21) Old-cap states (21) 
Florida (2003)+ Alabama+ Alaska (1986)++ 
Georgia (2005-2010)*+ Arizona+ California (1975) 
Illinois (2005-2010)*+ Arkansas Colorado (1988)++ 
Mississippi (2003)++ Connecticut+ Hawaii (1986)++ 
Nevada (2002)+ Delaware+ Idaho (1987)++ 
Ohio (2003)+ Dist. Of Columbia Indiana (1975)+ 
Oklahoma (2003) Iowa Kansas (1986) 
South Carolina (2005)+ Kentucky Louisiana (1975)+ 
Texas (2003)+ Maine Maryland (1986)+ 
 Minnesota++ Massachusetts (1986)++ 
 New Hampshire++ Michigan (1986)+ 
 New Jersey+ Missouri (1986) 
 New York Montana (1995)++ 
 North Carolina** Nebraska (1976) 
 Oregon (1987)***++ New Mexico (1976)++ 
 Pennsylvania North Dakota (1995) 
 Rhode Island++ South Dakota (1996)++ 
 Tennessee** Utah (1987) 
 Vermont++ Virginia (1977) 
 Washington++ West Virginia (1986)+ 
 Wyoming++ Wisconsin (1995)++ 

* Damage cap reversed by state supreme court in 2010. 

** Adopted weak damage cap in late 2011. 

*** Damage cap reversed by state supreme court in 2000. 

+ High-rate state based on all initial ischemic evaluation rates in 2002. 

++ Low-rate state based on all initial ischemic evaluation rates in 2002. 
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Table App-2.  Administrative codes for ischemic evaluation and revascularization. 

This table lists the codes we used to identify ischemic evaluations and revascularizations.   

Procedure Code Type Codes Notes 

Coronary artery bypass 
grafting (CABG) 

ICD-9 36.10, 36.11, 36.12, 36.13, 
36.14, 36.15, 36.16, 36.17, 
36.19, 

All codes were used from 1999-2015. 

 DRG 106, 107, 109, 547, 548, 
549, 550, 231, 232, 233, 
234, 235, 236 

Codes 107 and 109 are used from 1999-
2005. Code 106 is used from 1999-2006. 
Codes 231, 232, 233, 234, 235 and 236 
are used from 2008-2015. 

 CPT/HCPCs 33510, 33511, 35512, 
35513, 33514, 33516, 
33533, 33534, 33535, 
33536, S2205, S2206, 
S2207, S2208, S2209 

Codes S2205, S2206, S2207, S2208 and 
S2209 are used from 2000-2015. All 
other codes were used from 1999-2015. 

Percutaneous coronary 
intervention (PCI) 

ICD-9 0.66, 36.01, 36.02, 36.03, 
36.04, 36.05, 36.06, 36.07, 
36.09, 17.55 

Code 0.66 is used from 2006-2015. 
Codes 36.01 and 36.02 are used from 
1999-2005. Code 17.55 is used from 
2011-2015. All other codes are used 
from 1999-2015. 

 DRG 112, 116, 246, 247, 248, 
249, 250, 251, 516, 517, 
518, 526, 527, 555, 556, 
557, 558 

Code 112 is used in 2000. Code 116 is 
used from 1999-2000. Codes 246, 247, 
248 and 249 are used from October 
2007-2015. Codes 250 and 251 are used 
from 2008-2015. Codes 516 and 518 are 
used from 2001-2005. Code 517 is used 
from 2001-September of 2005. Codes 
526 and 527 are used from April 2003-
Septemeber 2005. Codes 555, 556, 557 
and 558 are used from October 2005-
September 2007. 

 CPT/HCPCs 92920, 92924, 92928, 
92933, 92937, 92941, 
92943, 92980, 92982, 
92995, C1874, C1875, 
C9600, C9602, C9604, 
C9606, C9607, G0290, 
G0291 

Codes 92920, 92924, 92928, 92933, 
92937, 92941, 92943, C9600, C9602, 
C9604, C9606, and C9607 are used from 
2013-2015. Codes 92980, 92982 and 
92995are used from 1999-2012. Codes 
C1874 and C1875 are used from 2001-
2015. Codes G0290 and G0291 are used 
from 2003-2012. 

Left heart catheterization 
(angiography) and 
combined angiography and 
RHC 

CPT/HCPCs 93501, 93508, 93510, 
93511, 93524, 93526, 
93527, 93452, 93453, 
93454, 93455, 93456, 
93457, 93458, 93459, 
93460, 93461, 93539, 
93540, 93543, 93544, 
93545, 93555, 93556, 
93571, 93572, 93564, 
93565, 93567 

Codes 93501, 93508, 93510, 93511, 
93524, 93526, 93527, 93539, 93540, 
93543, 93544, 93555 and 93556 are use 
from 1999-2010. Codes 93542, 93543, 
93454, 93455, 93456, 93457, 93458, 
93459, 93460, 93461, 93564, 93565, 
93567 are used from 2011-2015. All 
other codes are used from 1999-2015. 
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Single-photon emission 
computed tomography 
(SPECT) 

CPT/HCPCs 78451, 78452, 78464, 
78465, 78468, 78469, 
78478, 78480, G0038, 
G0039, G0042, G0043 

Codes 78451 and 78452 are used from 
2010-2015. Codes 78464, 78465, 78478 
and 78480 are used from 1999-2009. All 
other codes are used from 1999-2015. 

Stress echocardiogram 
(Stress ECHO) 

CPT/HCPCs 93350, 93351, 93015, 
93016, 93017, 93018, 
93320, 93321, 93325, 
93352, A9700, C1759, 
C8928, C8930, G8961, 
G8962 

Code 93015 is used from 1999-2008. 
Codes 93351and C8930 are used from 
2009-2015. Code C8928 is used from 
2008-2015. Codes G8961 and G8962 are 
used from 2013-2015. All other codes 
are used from 1999-2015. 

Stress Electrocardiogram 
(ECG) 

CPT/HCPCs 93015, 93016, 93017, 
93018 

All codes are used from 1999-2015. 
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Table App-3- Patient Characteristics for Different Physician Cohorts  

Table provides summary statistics for 2002 (just prior to third reform wave of damage cap adoptions) for indicated 
physician cohorts, and patients seen by each cohort.   Reform states and control states are listed in Table 1.  Data is 
at county level, and weighted by county population.  Progression is within 30 days.  Per-physician rates are fraction 
of patients receiving indicated test or procedure. 

Per-Physician Rates New-Cap (n=9) No Cap (n=21) 
Old-Cap 
(n=21) 

t-test (New- 
vs No-Cap 

p value 

Stress Test Cohort and their patients      
physicians 71,685 83,323 85,297   
distinct patients 1,230,703 1,387,075 1,358,246   
Rates per 1,000 patients seen      
stress tests 2.92 2.74 2.97 1.49 0.13 
Any ischemic eval. (stress test, initial 
angiography) 

3.54 3.30 3.50 1.76 0.07 

Stress test as % of ischemic eval. 83.88 85.06 86.30 1.91 0.05 
All angiography 0.92 0.86 0.80 0.64 0.52 

Initial angiography 0.62 0.56 0.53 1.22 0.22 
Progression rates      

Stress Testing to angiography 11.08 9.70 9.53 3.30 <0.01 
Ischemic Eval. to Revascularization 8.66 8.31 9.09 1.02 0.31 
angiography to Revascularization 30.93 31.97 35.18 1.13 0.26 

Mean Age 76.47 76.88 76.81 6.82 <0.01 
Number of comorbidities 1.81 1.83 1.77 1.66 0.010 
% Male 33.54 33.45 34.36 0.29 0.77 
% White 83.98 87.06 83.46 5.17 <0.01 
% Black 10.19 8.01 6.93 4.30 <0.01 
% Hispanic 2.95 1.45 2.41 5.86 <0.01 
Angiography Cohort and  their patients     
physicians 36,647 39,154 39,116   
distinct patients 1,069,752 1,157,822 1,130,984   
Rates per 1,000 patients seen      
stress tests 3.35 3.31 3.54 0.32 0.75 
Any ischemic eval. (stress test, initial 
angiography) 

4.42 4.49 4.61 0.47 0.64 

Stress test as % of ischemic eval. 78.19 77.10 79.42 1.45 0.15 
All angiography 1.66 1.75 1.57 0.89 0.37 

Initial angiography 1.13 1.23 1.07 1.08 0.28 
Progression rates      

Stress Testing to angiography 13.91 13.15 12.91 1.40 0.16 
Ischemic Eval. to Revascularization 10.32 9.99 11.12 0.85 0.39 
angiography to Revascularization 30.96 31.85 35.13 0.97 0.33 

Mean age 76.66 77.01  5.01 < 0.001 
Number of comorbidities 1.85 1.88 1.83 1.64 0.10 
% Male 34.91 35.29 30.00 0.90 0.37 
% White 84.96 87.90 83.92 4.96 < 0.001 
% Black 9.30 7.49 6.55 3.64 < 0.001 
% Hispanic 2.96 1.32 2.39 6.06 < 0.001 
Invasive-cardiologist Cohort and  their patients     
physicians 6,333 6,678 7,196   
distinct patients 495,158 474,543 509,831   
Rates per 1,000 patients seen      
stress tests 9.50 8.58 9.47 1.66 0.09 
Any ischemic eval. (stress test, initial 
angiography) 

12.89 12.21 12.34 1.06 0.29 
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Per-Physician Rates New-Cap (n=9) No Cap (n=21) 
Old-Cap 
(n=21) 

t-test (New- 
vs No-Cap 

p value 

Stress test as % of ischemic eval. 74.53 73.11 78.08 1.19 0.23 
All angiography 5.13 5.26 4.02 0.32 0.75 

Initial angiography 3.39 3.63 2.87 0.71 0.48 
Progression rates      

Stress Testing to angiography 17.46 17.20 13.11 0.25 0.80 
Ischemic Eval. to Revascularization 19.02 20.33 19.95 1.94 0.05 
angiography to Revascularization 30.93 31.98 35.22 1.14 0.25 

Mean age 76.66 76.87 77.06 1.59 0.11 
Number of comorbidities 2.11 2.19 2.13 2.29 0.02 
% Male 42.44 41.51 43.30 1.07 0.28 
% White 87.28 87.78 84.32 0.56 0.57 
% Black 7.25 7.43 6.29 0.26 0.79 
% Hispanic 3.03 1.57 2.42 3.61 <0.01 
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Table App-4:  Simple DiD Regressions with Alternative Physician Cohorts and Control Groups:  Ischemic Evaluation Rates  

Simple DiD regressions of indicated outcomes (dependent variable = 1 if a beneficiary had the indicated outcome in a calendar quarter, 0 otherwise), indicated 
control groups and physician cohorts (Stress Test, angiography and Invasive Cardiologist cohorts), using linear probability model. Based on panel regressions 
with physician, state, and quarter fixed effects and patient-level and demographic covariates.  Sample period is 1999-2013.  Coefficients on damage-cap dummy 
are multiplied by 400 to provide annual percentage rates.  For covariates, we present results using No-Cap states as control group and suppress coefficients for 
other control groups.  Standard errors, using state clusters, in parentheses.  Row underneath standard errors show percentage change relative to 2002.  *,**,*** 
indicates statistical significance at the 10%, 5%, and 1% levels, respectively.  Significant results for cap dummy, at 5% level or better, in boldface.   

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Outcome Initial Ischemic Evaluation Any Stress Test Initial angiography All angiography 
Initial angio./Initial 

Ischemic Eval. 

Physician Cohort 
Stress 
Test 

angio-
graphy 

Inv. Cardio. Stress Test 
angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

Cap dummy (controls: No-Cap 
states) 

0.052 -0.002 -0.263 0.248 0.262 0.718 -0.270*** -0.952** -0.344** -1.418** -5.582*** -6.163*** 
(0.152) (0.172) (0.761) (0.166) (0.167) (0.649) (0.089) (0.393) (0.124) (0.581) (2.049) (2.353) 

percentage change 1.47% -0.05% -2.04% 8.49% 7.82% 7.56% -23.86% -28.08% -20.76% -27.64% -23.86% -23.09% 

Cap dummy (controls: 9 
similar No-Cap states) 

0.178 0.148 -0.289 0.347* 0.396* 0.896 -0.251** -1.165*** -0.314** -1.787*** -5.268*** -7.852*** 
(0.164) (0.179) (0.947) (0.186) (0.211) (0.864) (0.101) (0.364) (0.143) (0.553) (2.657) (2.559) 

percentage change 5.03% 3.35% -2.24% 11.88% 11.82% 9.43% -22.21% -34.36% -18.91% -34.83% -22.52% -33.57% 

Cap dummy (controls: No-Cap 
and Old-Cap states) 

0.153 0.144 -0.415 0.328* 0.372* 0.595 -0.227*** -0.996*** -0.279** -1.474*** -5.716*** -6.922*** 
(0.160) (0.181) (0.698) (0.175) (0.196) (0.638) (0.080) (0.352) (0.111) (0.514) (1.902) (2.362) 

percentage change 4.32% 3.26% -3.22% 11.23% 11.10% 6.26% -20.09% -29.38% -16.81% -28.73% -24.44% -25.93% 

Covariates (with No-Cap states as control group)          
Male 0.007*** 0.008*** 0.008*** 0.006*** 0.007*** 0.007*** 0.002*** 0.00218** 0.003*** 0.005*** 0.008*** 0.004** 

(0.0003) (0.0003) (0.001) (0.0003) (0.0003) (0.001) (6.69e-05) (0.000235) (9.58e-05) (0.0004) (0.001) (0.002) 

White -0.002*** -0.002*** -0.009*** -0.002*** -0.002*** -0.009*** -2.36e-05 -0.000192 0.0002 0.001 0.010** 0.013* 

(0.0003) (0.0005) (0.002) (0.0003) (0.0004) (0.002) (0.0002) (0.00123) (0.0003) (0.001) (0.004) (0.007) 

Black -0.002*** -0.003*** -0.006*** -0.002*** -0.003*** -0.006*** -0.0005* 0.000174 -0.0003 0.001 0.0001 0.011 

(0.0002) (0.0004) (0.002) (0.0003) (0.0005) (0.002) (0.0003) (0.00133) (0.0003) (0.001) (0.005) (0.008) 

Hispanic 0.001** 0.001* 0.006** 0.0005 0.0003 0.002 0.0009** 0.00363** 0.0014*** 0.005*** 0.010* 0.014* 

(0.0004) (0.001) (0.003) (0.0004) (0.0006) (0.003) (0.0003) (0.00140) (0.0003) (0.001) (0.005) (0.008) 
Fraction of population age 65- 0.031* 0.040* 0.014 0.014 0.015 -0.051 0.028*** 0.0554 0.044*** 0.087 0.223 0.498 

(0.018) (0.023) (0.178) (0.017) (0.021) (0.166) (0.010) (0.0765) (0.015) (0.106) (0.192) (0.486) 
Fraction age 75- 84 -0.039 -0.057* 0.117 -0.001 0.0004 0.290 -0.059*** -0.161 -0.069*** -0.151 -0.619* -0.971 

(0.025) (0.029) (0.285) (0.026) (0.030) (0.271) (0.017) (0.111) (0.025) (0.165) (0.349) (0.766) 
Fraction age 85+ 0.092 0.159* -0.014 0.039 0.073 -0.235 0.086*** 0.195 0.115*** 0.161 0.983* 0.271 

(0.062) (0.081) (0.601) (0.057) (0.073) (0.606) (0.020) (0.136) (0.029) (0.197) (0.553) (1.416) 
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Fraction white -0.003 -0.004 -0.061 -0.005 -0.010 -0.068** 0.006** 0.00605 0.008* 0.006 0.080 0.132* 

(0.005) (0.011) (0.036) (0.004) (0.009) (0.030) (0.003) (0.0104) (0.004) (0.014) (0.056) (0.076) 
Fraction Black -0.002 -0.005 -0.083* -0.006 -0.013 -0.098** 0.008** 0.0136 0.009** 0.011 0.137** 0.209*** 

(0.006) (0.013) (0.046) (0.005) (0.011) (0.036) (0.003) (0.0127) (0.004) (0.017) (0.053) (0.071) 
Fraction male 0.012 0.020 -0.097 0.005 0.008 -0.064 0.009 -0.0467 0.016 -0.053 0.076 -0.330 

(0.010) (0.018) (0.201) (0.009) (0.018) (0.176) (0.010) (0.0936) (0.013) (0.121) (0.270) (0.558) 
Fraction Hispanic -0.001 -0.001 0.019 0.0008 0.001 0.020* -0.003 -0.000235 -0.003* 0.0030 -0.074* -0.034 

(0.002) (0.004) (0.015) (0.002) (0.003) (0.011) (0.002) (0.00870) (0.002) (0.009) (0.040) (0.047) 
Fraction below poverty line 0.0006 -0.0002 0.013 0.0005 -0.0001 0.010 0.0003 0.00395 0.0001 0.002 0.015 0.063 

(0.003) (0.005) (0.025) (0.003) (0.005) (0.021) (0.002) (0.0129) (0.003) (0.020) (0.047) (0.078) 
Unemployment rate 0.020* 0.021 0.027 0.021** 0.022** 0.037 -0.002 -0.0113 -0.0008 -0.002 -0.139** -0.159 

(0.010) (0.012) (0.046) (0.008) (0.011) (0.039) (0.003) (0.0162) (0.005) (0.026) (0.067) (0.111) 
Fraction of population 0.008 0.015 0.038 0.007 0.010 0.023 0.006 0.0144 0.013** 0.031 0.068 0.101 

(0.008) (0.011) (0.058) (0.007) (0.009) (0.044) (0.004) (0.0207) (0.006) (0.027) (0.081) (0.091) 
Ln (population) 0.001** 0.001* 0.001 0.0005** 0.0005* 0.001 0.0002 -0.000380 0.0003 -0.0004 0.0003 -0.006 

(0.0002) (0.0003) (0.002) (0.0002) (0.0003) (0.002) (0.0002) (0.00110) (0.0003) (0.001) (0.003) (0.005) 
Physicians/1000 population -0.0002* -0.0001 0.0004 -0.0002*** -0.0002* -0.0001 8.41e-05 0.000560 0.0001 0.001* 0.002** 0.004** 

(8.57e-05) (0.0001) (0.001) (6.27e-05) (0.0001) (0.0005) (0.0001) (0.000383) (0.0001) (0.0004) (0.001) (0.002) 
Ln(household median income) 0.003 0.003 0.011 0.003* 0.003 0.010 -4.78e-06 0.00138 0.0009 0.004 -0.0003 0.017 

(0.002) (0.002) (0.011) (0.002) (0.002) (0.011) (0.0010) (0.00408) (0.001) (0.006) (0.022) (0.035) 
Medicare penetration  -0.008** -0.009** -0.037 -0.007** -0.008** -0.038* -0.001 -0.000224 -0.001 -0.005 0.017 0.135* 

(0.003) (0.004) (0.031) (0.003) (0.004) (0.022) (0.002) (0.0148) (0.002) (0.021) (0.033) (0.070) 
(Medicare penetration)2 0.011 0.012 0.046 0.010 0.012 0.065 0.0001 -0.0174 -0.0008 -0.020 -0.040 -0.287* 

(0.007) (0.008) (0.057) (0.007) (0.008) (0.041) (0.003) (0.0286) (0.004) (0.040) (0.072) (0.147) 

Constant 0.003 0.034 0.267* 0.025** 0.034* 0.216* 0.001 0.0623 -0.005 0.071 0.064 0.170 

(0.004) (0.021) (0.142) (0.011) (0.020) (0.124) (0.007) (0.0461) (0.009) (0.057) (0.160) (0.305) 

Observations 59,256,10 38,474,986 5,218,611 59,256,106 38,474,98 5,218,611 38,474,98 5,218,611 38,474,986 5,218,611 1,457,799 598,521 
R-squared 0.029 0.061 0.059 0.051 0.052 0.054 0.029 0.035 0.040 0.049 0.188 0.183 
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Table App-5:  Simple DiD Regressions with Alternative Physician Cohorts and Control Groups:  Progression Rates  

Simple DiD regressions for indicated progressions (dependent variable = 1 if a beneficiary had the indicated progression in a calendar quarter, 0 otherwise), 
indicated control groups and physician cohorts, using linear probability model.  Sample period, fixed effects, and covariates are same as in Table App-4.  
Coefficients on damage-cap dummy are multiplied by 400 to provide annual percentage rates.  For covariates, we present results using No-Cap states as control 
group and suppress coefficients for other control groups.  Standard errors, using state clusters, in parentheses.  *,**,*** indicates statistical significance at the 
10%, 5%, and 1% levels, respectively.  Significant results for cap dummy, at 5% level or better, in boldface.   

(1) (2) (3) (4) (5) (6) (7) 
Outcome Initial chemic Eval. to Revascularization Stress Test to angiography Angio./Revasc. 

Physician Cohort Stress Test angiography 
Invasive 

cardiologist 
Stress Test angiography 

Invasive 
Cardiologist 

Invasive 
Cardiologist 

Cap dummy (controls: No-Cap states) 
-2.328** -2.368** -3.104** -2.922** -2.914** -4.809** -2.418 
(0.844) (0.964) (1.454) (1.198) (1.299) (2.294) (2.576) 

percentage change -26.88% -22.92% -16.32% -26.37% -20.95% -27.52% -7.81 

Cap dummy (controls: 9 similar No-
Cap states) 

-2.156** -2.095* -3.353* -2.750 -2.804 -6.854** -1.138 
(0.906) (1.031) (1.612) (1.643) (1.792) (2.398) (2.086) 

percentage change -24.89% -20.28 -17.63% -24.82% -20.16% -39.25% -3.68 

Cap dummy (controls: No-Cap and 
Old-Cap states) 

-1.829** -1.766** -2.521** -2.804** -2.779*** -4.913** -1.529 
(0.705) (0.787) (1.228) (1.090) (1.185) (2.227) (2.184) 

percentage change -21.12% -17.09% -13.25% -25.31% -19.98% -28.14% -4.94 

Covariates (with No-Cap states as control group)     
Male 0.039*** 0.042*** 0.054*** 0.018*** 0.020*** 0.017*** 0.090*** 

(0.001) (0.001) (0.002) (0.001) (0.001) (0.002) (0.002) 
White 0.012*** 0.013*** 0.017*** 0.013*** 0.014*** 0.015*** 0.014 

(0.002) (0.003) (0.004) (0.002) (0.002) (0.003) (0.009) 
Black -0.017*** -0.018*** -0.026*** 0.013*** 0.014*** 0.019*** -0.064*** 

(0.002) (0.003) (0.004) (0.002) (0.003) (0.004) (0.008) 
Hispanic -0.003 -0.004 -0.007 0.008*** 0.010*** 0.009*** -0.028*** 

(0.003) (0.003) (0.005) (0.002) (0.002) (0.003) (0.007) 
Fraction of population age 65- 74 0.133 0.108 -0.030 0.243 0.292* 0.593* -0.080 

(0.113) (0.117) (0.205) (0.143) (0.158) (0.334) (0.369) 
Fraction age 75- 84 0.120 0.166 0.683** -0.129 -0.163 -0.295 1.465** 

(0.166) (0.162) (0.267) (0.289) (0.299) (0.482) (0.609) 
Fraction age 85+ 0.250 0.311 -0.532 0.661 0.748 -0.190 -1.919 

(0.261) (0.272) (0.477) (0.414) (0.456) (1.032) (1.405) 
Fraction white 0.011 0.046 0.047 0.026 0.046 0.097 -0.071 

(0.040) (0.046) (0.065) (0.038) (0.047) (0.083) (0.070) 
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Fraction Black 0.010 0.041 0.032 0.037 0.060 0.099 -0.097 
(0.036) (0.043) (0.065) (0.042) (0.051) (0.088) (0.060) 

Fraction male -0.165 -0.180 -0.211 0.035 0.066 -0.060 -0.285 
(0.119) (0.133) (0.265) (0.115) (0.144) (0.261) (0.273) 

Fraction Hispanic -0.021 -0.025* -0.058*** 0.0015 0.002 0.027 -0.066* 
(0.012) (0.014) (0.020) (0.017) (0.019) (0.046) (0.036) 

Fraction below poverty line 0.018 0.024 0.041 0.021 0.016 0.025 0.039 
(0.042) (0.049) (0.067) (0.038) (0.044) (0.105) (0.098) 

Unemployment rate 0.004 0.007 0.013 -0.058 -0.062 -0.020 -0.064 
(0.062) (0.068) (0.098) (0.047) (0.052) (0.107) (0.157) 

Fraction of population disabled 0.072 0.080 0.096 0.118** 0.145** 0.167** 0.043 
(0.050) (0.055) (0.076) (0.053) (0.060) (0.080) (0.098) 

Ln (population) 0.002 0.002 0.002 -0.0003 -0.001 -0.003 -0.003 
(0.002) (0.002) (0.002) (0.002) (0.002) (0.003) (0.005) 

Physicians/1000 population 0.001 0.001 0.001 0.002** 0.002** 0.005*** -0.0002 
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002) 

Ln(household median income) 0.013 0.015 0.014 0.018 0.019 0.025 0.023 
(0.012) (0.013) (0.021) (0.012) (0.014) (0.026) (0.042) 

Medicare penetration  -0.001 0.004 0.010 -0.001 0.003 0.046 -0.020 
(0.021) (0.022) (0.033) (0.028) (0.031) (0.054) (0.044) 

(Medicare penetration)2 -0.021 -0.032 -0.046 -0.027 -0.042 -0.146 0.049 
(0.050) (0.051) (0.077) (0.053) (0.061) (0.098) (0.092) 

Constant 0.077 0.054 0.116 -0.065 -0.097 -0.097 0.343* 
(0.078) (0.090) (0.170) (0.063) (0.076) (0.132) (0.196) 

Observations 1,862,420 1,567,591 857,838 1,493,938 1,197,663 483,087 470,116 
R-squared 0.134 0.121 0.080 0.155 0.142 0.137 0.069 
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Table App-6:  Distributed Lag Regressions with Alternative Physician Cohorts and Control Groups:  Ischemic Evaluation 
Rates  

Distributed lag regressions of indicated outcomes (dependent variable = 1 if a beneficiary had the indicated outcome in a calendar quarter, 0 otherwise), indicated 
control groups and physician cohorts, using linear probability model and 3 lags (cap adoption year, and years +1 to +3).  Coefficients are multiplied by 400 to 
provide annual percentage rates.  Top rows show distributed lag sum of coefficients for indicated control groups.  Later rows show coefficients for individual 
lags, for control group of No-Cap states; coefficients on individual lags are suppressed for other control groups.  Sample period, fixed effects, and covariates are 
same as in Table App-4; coefficients on covariates are suppressed.  Standard errors, using state clusters, in parentheses.  *,**,*** indicates statistical significance 
at the 10%, 5%, and 1% levels, respectively.  Significant results for cap dummy, at 5% level or better, in boldface.   

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Outcome Initial Ischemic Evaluation Any Stress Test Initial angiography All angiography 
Initial angio./Initial 

Ischemic Eval. 

Physician Cohort Stress Test 
angio-
graphy 

Inv. Cardio. Stress Test 
angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

Cap dummy (controls: No-Cap 
states) 

0.126 0.090 -0.194 0.441* 0.495* 1.197 -0.437*** -1.357** -0.545*** -2.062** -9.231*** -8.760** 
(0.231) (0.281) (1.540) (0.223) (0.259) (1.326) (0.120) (0.554) (0.172) (0.816) (2.415) (3.472) 

percentage change 3.56% 2.03% -1.50% 15.21% 14.78% 12.60% -38.67% -40.03% -32.83% -40.19% -39.46% -32.82% 

Cap dummy (controls: 9 similar 
No-Cap states) 

0.342 0.289 0.035 0.584** 0.643** 1.315 -0.360** -1.317** -0.448* -2.048** -8.871** -8.608* 
(0.238) (0.274) (1.330) (0.249) (0.279) (1.201) (0.152) (0.561) (0.221) (0.828) (3.703) (4.384) 

percentage change 9.66% 6.44% 0.27% 20.00% 19.19% 13.84% -31.86% -38.85% -26.99% -39.92% -37.93% -32.25% 

Cap dummy (controls: No-Cap 
and Old-Cap states) 

0.338* 0.388* -0.422 0.578*** 0.684*** 0.941 -0.296*** -1.363*** -0.366** -2.055*** -8.677*** -9.411*** 
(0.199) (0.231) (1.121) (0.197) (0.220) (0.980) (0.109) (0.476) (0.152) (0.685) (2.165) (3.143) 

percentage change 9.55% 8.78% -3.27% 19.79%% 20.42% 9.90% -26.19% -40.21% -22.05% -40.06% -37.10% -35.26% 

Individual Lags with No-Cap control group          

Cap adoption year 
0.018 -0.077 -0.392 0.101 0.035 -0.031 -0.130** -0.412 -0.163* -0.536 -3.392** -2.496 

(0.134) (0.189) (0.640) (0.124) (0.178) (0.720) (0.058) (0.424) -0.081 (0.620) (1.388) (3.372) 

Year +1 
0.115 0.180 1.248 0.190 0.279 1.588 -0.091 -0.294 -0.138* -0.512 -2.264** -4.68 

(0.140) (0.234) (1.044) (0.128) (0.202) (1.004) (0.055) (0.327) -0.078 (0.512) (1.096) (2.868) 

Year +2 
0.044 0.036 -0.052 0.084 0.074 0.267 -0.017** -0.174 0.010 -0.217 -0.504 -0.2528 

(0.079) (0.086) (0.732) (0.077) (0.074) (0.536) (0.040) (0.288) (0.040) (0.346) (0.960) (1.452) 

Year +3 and after 
-0.052 -0.049 -1.000 0.066 0.108 -0.624 -0.176 -0.480 -0.254** -0.796 -3.076*** -1.34 
(0.109) (0.150) (0.724) (0.082) (0.114) (0.620) (0.065) (0.305) (0.108) (0.548) (1.024) (1.856) 

Observations 60,417,878 39,344,579 5,316,265 60,417,878 39,344,579 5,316,265 39,344,57 5,316,265 39,344,579 5,316,265 1,499,680 613,883 
R-squared 0.060 0.061 0.059 0.051 0.052 0.054 0.029 0.035 0.040 0.049 0.186 0.182 
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Table App-7:  Distributed Lag Regressions with Alternative Physician Cohorts and 
Control Groups:  Progression Rates  

Distributed lag regressions of indicated outcomes (dependent variable = 1 if a beneficiary had the indicated outcome 
in a calendar quarter, 0 otherwise), indicated control groups and physician cohorts, using linear probability model 
and 3 lags (cap adoption year, and years +1 to +3).  Coefficients are multiplied by 400 to provide annual percentage 
rates.  Top rows show distributed lag sum of coefficients for indicated control groups.  Later rows show coefficients 
for individual lags, for control group of No-Cap states; coefficients on individual lags are suppressed for other 
control groups.  Sample period, fixed effects, and covariates are same as in Table App-4; coefficients on covariates 
are suppressed.  Standard errors, using state clusters, in parentheses.  *,**,*** indicates statistical significance at the 
10%, 5%, and 1% levels, respectively.  Significant results for cap dummy, at 5% level or better, in boldface.   

(1) (2) (3) (4) (5) (6) (7) 
Outcome Ischemic Evaluation to Revasc. Stress Test to angiography Angio./Revasc. 

Physician Cohort Stress Test 
angio-
graphy 

Invasive 
Cardiologist 

Stress Test 
angio-
graphy 

Invasive 
Cardiologist 

Invasive 
Cardiologist 

Sum of distributed lag coefficients       
Cap dummy (controls: No-Cap 
states) 

-3.239** -3.102** -3.745* -4.871*** -4.854** -6.939** -4.200 
(1.276) (1.433) (1.988) (1.660) (1.799) (3.310) (3.544) 

percentage change -37.40% -30.03% -18.80% -43.96% -34.89% -39.74% -13.58 
Cap dummy (controls: 9 similar 
No-Cap states) 

-2.452 -2.339 -3.717 -4.258 -4.435 -7.869* -2.104 
(1.662) (1.846) (2.677) (2.792) (2.971) (4.212) (2.875) 

percentage change -28.33% -22.64% -18.66% -38.43% -31.88% -45.07% -6.80 

Cap dummy (controls: No-Cap and 
Old-Cap states) 

-2.299** -2.013* -2.652* -4.557*** -4.542*** -7.016** -2.745 
(0.918) (1.016) (1.396) (1.352) (1.475) (2.892) (2.995) 

percentage change -26.55% -19.87% -13.31% -41.13% -32.00% -40.18% -8.87 
Individual Lags with No-Cap control group     

Cap adoption year 
-1.416 -1.556 -2.104 -1.576 -1.688 -1.500 -1.348 
(0.860) (0.940) (1.472) (1.076) (1.208) (2.972) (2.732) 

Year +1 
-1.304 -1.588 -2.332 -1.868** -1.952* -3.620 -0.2872 
(0.880) (0.968) (1.468) (0.884) (0.984) (2.696) (1.876) 

Year +2 
0.2048 0.548 1.056 0.584 0.904 0.056 -1.16 
(0.668) (0.796) (1.184) (0.628) (0.720) (1.136) (1.660) 

Year +3 and after 
-0.724 -0.508 -0.365 -2.008 -2.120 -1.876 -1.404 
(0.880) (0.952) (1.328) (1.200) (1.320) (2.660) (1.824) 

Observations 1,912,019 1,612,985 881,369 1,532,967 1,232,209 495,587 484,387 
R-squared 0.133 0.121 0.079 0.153 0.141 0.137 0.068 
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Table App-8: Environmental Factors, CAD Testing, and Progression 

Results from difference-in-differences regressions, for 71,562 Angiography Cohort physicians (36,647 in New-Cap states). Sample is 17 high-rate states (top 
third of states based on ischemic evaluation rates in 2002) and 17 low-rate states (bottom third of states based on 2002 ischemic evaluation rates). Regressions 
and sample period are same as Table 2 except that we add a separate dummy variable for high-rate states (=1 for 2005 and after). Base rate is annual percentage 
rate in 2002. Regression coefficients are for New-Cap state indicator; are multiplied by 400 to provide annual percentage rates. Percentage change = reported 
regression coefficient)/base rate.  CI = Confidence Interval. 

 High Rate state indicator  New-Cap state indicator 
 Obs. coeff.  Base Rate 

(%) 
Change 
(%) 

95% CI P-value coeff. Base Rate 
(%) 

Change (%) 95% CI P-value 

Testing 
All Initial Ischemic Evaluation 38,094,656 0.83 4.51 18.48 [2.68, 34.29] 0.02 0.07 4.42 1.64 [-7.28, 10.57] 0.71 

Stress testing 38,094,656 0.82 3.43 23.87 [7.08, 40.66] <0.01 0.30 3.35 9.08 [-7.25, 41.63] 0.16 
Initial angiography 38,094,656 0.01 1.08 1.11 [-21.31, 23.54] 0.92 -0.23 1.13 -20.35 [-35.90, -5.22] 0.01 

Initial angio./initial isch. eval 1,397,201 -4.10 20.12 -20.39 [-43.89, 3.11] 0.09 -5.34 23.39 -23.21 [-41.62, -4.06] 0.02 
All angiography 38,094,656 0.05 1.58 3.49 [-19.60, 26.58] 0.76 -0.28 1.66 -16.79 [-31.39, -2.19] 0.03 

Progression 
Stress test to angiography 1,216,519 -0.88 13.15 -6.70 [-39.86, 26.45] 0.68 -2.64 13.91 -18.96 [-38.71, 0.79] 0.06 
Ischemic eval. to revasc. 1,575,710 0.59 10.08 6.89 [-10.12, 23.90] 0.42 -1.53 10.33 -14.78 [-29.27, -0.28] 0.05 
angio. to revasc. 461,068 -2.08 32.17 -6.47 [-25.10, 12.15] 0.48 -0.12 30.96 -0.39 [-14.64, 4.29] 0.96 
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Table App-9:  Simple DiD Regressions with Early Treatment Group:  Ischemic Evaluation Rates  

Simple DiD regressions for Early Treatment Group (six states which adopted damage caps in 2002-2003) of indicated outcomes (dependent variable = 1 if a 
beneficiary had the indicated outcome in a calendar quarter, 0 otherwise), indicated control groups and physician cohorts, using linear probability model.  
Coefficients are multiplied by 400 to provide annual percentage rates.  Sample period is 1999-2009 (versus 1999-2013 in the text and in Tables App-4 to App-7); 
fixed effects and covariates are same as in Table App-4; coefficients on covariates are suppressed.  Standard errors, using state clusters, in parentheses.  *,**,*** 
indicates statistical significance at the 10%, 5%, and 1% levels, respectively.  Significant results, at 5% level or better, in boldface.   

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Outcome Initial Ischemic Evaluation Any Stress Test Initial angiography All angiography 
Initial angio.y/Initial 

Ischemic Eval. 

Physician Cohort 
Stress 
Test 

angio-
graphy 

Inv. Cardio. 
Stress 
Test 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

angio-
graphy 

Inv. 
Cardio. 

Cap dummy (controls are No-
Cap states) 

0.220 0.142 -0.281 0.496** 0.516* 0.843 -0.381*** -1.101*** -0.509*** -1.619*** -7.538*** -5.597 
(0.206) (0.243) (1.152) (0.211) (0.254) (1.266) (0.116) (0.348) (0.162) (0.548) (2.557) (3.850) 

percentage change 6.21% 3.21% -2.18% 16.97% 15.40% 8.87% -45.04% -32.48% -30.66% -31.56% -32.23% -20.97% 

Cap dummy (controls are 9 
similar No-Cap states) 

0.346 0.316 0.204 0.676* 0.777* 1.607 -0.465*** -1.388** -0.655*** -2.235*** -10.152** -9.929* 
(0.296) (0.340) (1.660) (0.321) (0.386) (1.725) (0.142) (0.470) (0.186) (0.732) (3.871) (4.792) 

percentage change 9.77% 7.15% 1.58% 23.15% 23.19% 16.91% -41.15% -40.94% -39.46% -43.56% -43.40% -37.20% 

Cap dummy (controls are No-
Cap and Old-Cap states) 

0.301* 0.286* 0.310 0.517*** 0.566*** 1.111 -0.275** -0.763** -0.343** -1.068** -7.069*** -6.383* 
(0.160) (0.168) (0.938) (0.155) (0.161) (0.988) (0.113) (0.321) (0.161) (0.487) (2.274) (3.290) 

percentage change 8.50% 6.47% 2.40% 17.70% 16.89% 11.69% -24.34% -22.51% -20.66% -20.82% -30.22% -23.91% 
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Table App-10:  Simple DiD Regressions with Early Treatment Group:  Progression Rates  

Simple DiD regressions for Early Treatment Group (six states which adopted damage caps in 2002-2003) of 
indicated outcomes (dependent variable = 1 if a beneficiary had the indicated outcome in a calendar quarter, 0 
otherwise), for indicated control groups and physician cohorts, using physician fixed effects and linear probability 
model.  Coefficients are multiplied by 400 to provide annual percentage rates.  Sample period is 1999-2009 (versus 
1999-2013 in the text and in Tables App-4 to App-7); fixed effects and covariates are same as in Table App-4; 
coefficients on covariates are suppressed.  Standard errors, using state clusters, in parentheses.  *,**,*** indicates 
statistical significance at the 10%, 5%, and 1% levels, respectively.  Significant results, at 5% level or better, in 
boldface.   

 

(1) (2) (3) (4) (5) (6) (7) (8) 

Outcome 
Ischemic Evaluation to 

Revascularization 
Stress Test to angiography angiography to 

Revascularization 

Physician Cohort 
Stress 
Test 

angio-
graphy 

Invasive 
Cardiologist 

Stress 
Test 

angio-
graphy 

Invasive 
Cardiologi

angio-
graphy 

Invasive 
Cardiologist 

Cap dummy (controls are No-
Cap states) 

-2.853** -3.057** -3.487** -4.401*** -4.562** -3.839 -1.541 -1.543 
(1.063) (1.142) (1.670) (1.549) (1.731) (3.553) (3.043) (3.043) 

percentage change -32.94% -29.62% -18.33% -36.74% -32.80% -21.99% -4.98% -4.99% 

Cap dummy (controls are 9 
similar No-Cap states) 

-4.108*** -4.044*** -5.594** -7.017*** -7.628*** -9.112** -1.138 -0.812 
(1.017) (1.218) (2.124) (2.162) (2.330) (4.062) (2.086) (2.204) 

percentage change -47.44% -39.19% -29.41% -58.73% -54.84% -52.19% -3.68% -2.62% 

Cap dummy (controls are No-
Cap and Old-Cap states) 

-2.127** -2.213** -2.962*** -3.299** -3.344** -3.273 -1.529 -0.811 
(0.795) (0.822) (1.092) (1.413) (1.563) (2.905) (2.184) (2.728) 

percentage change -24.56% -21.44% -15.57% -27.54% -24.04% -28.75% -4.94% -2.62% 
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Figure App-1. – Calendar Time Graphs 

Annual rates for indicated outcomes, separately for New-Cap, No-Cap, and Old-Cap states over 1999-2013, for 
progressions.  State means are equally weighted within each group.. Vertical lines indicate start and end of third 
reform wave period. Outcomes for rates are the fraction of the patients seen by each Angiography Cohort physician 
who received the indicated test; outcomes for progressions are the fraction of patients seen by these physicians who 
progress to angiography or revascularization, as indicated. 

Panel A: Progression from stress test to angiography  

 
Panel B: Progress from any ischemic eval. to revascularization  

 

Panel C: Progress from angiography to revascularization  
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Figure App-2:  Additional Leads and lags graphs for Angiography Cohort  

Panel A.  Graph (omitted from text for space reasons) shows annual differences in initial angiography as percentage 
of all initial ischemic evaluation, from leads and lags regressions with physician fixed effects, for New-Cap states 
relative to No-Cap states. 

Panels B and C.  Sensitivity analyses, in which we measure relative progression rates from initial ischemic 
evaluation to revascularization separately for PCI (Panel B) and CABG (Panel C). 

All panels:  Physician sample is Angiography Cohort.  Sample period is 1999-2013; covariates are same as in Table 
App-4.  Years are in “event time” relative to cap adoption year.  Coefficient for year -3 is pegged to zero.  Squares 
show annual point estimates, vertical lines show 95% CIs.  Ischemic evaluation = stress testing (stress ECG, stress 
ECHO, or SPECT) or initial angiography. 
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Panel A.  Initial Angiography as Percentage of All Initial Ischemic Evaluation 

 

Panel B.  Progression from Initial Ischemic Evaluation to PCI 
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Panel C.  Progression from Initial Ischemic Evaluation to CABG 
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eFigure 3:  Imaging Rates:  Early Treatment Group; Sample Period Ends in 2009. 

Graphs show differences in annual percentage rates for indicated outcomes, from leads and lags regressions for 6 New-Cap 
states that adopted caps in 2002-2003 (FL, MI, NV, OH, OK, TX), relative to No-Cap states, for Angiography Cohort.  
Sample period is limited to 1999-2009.  Covariates and outcomes are same as in Figure App-3.  Years are in “event time” 
relative to cap adoption year.  Squares show annual point estimates, vertical lines show 95% CIs.  Number of pre-cap years 
with available data is 3-4depending on each New-Cap state’s cap adoption year; number of post-cap years is 6-7, depending 
on cap-adoption year. 

Panel A: Overall ischemic evaluation rate Panel B: Initial angiography Rate 

  

Panel C: Stress Test Rate Panel D: All angiography Rate 
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Panel E: Progression from stress test to angiography 

 
Panel F: Progression from any ischemic evaluation to revascularization 

 

Panel G: Progression from any angiography to revascularization 
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Figure App-4:  Leads and lags graphs for Alternative Control Groups 

Graphs show differences in annual percentage rates for indicated outcomes, from leads and lags regressions with 
physician fixed effects, for New-Cap states relative to broad control group (No-Cap plus Old-Cap states) and narrow 
control group (9 culturally and geographically similar No-Cap states), for Angiography Cohort of physicians.  
Sample period, covariates, and outcomes are same as in Figure App-3.  Years are in “event time” relative to cap 
adoption year.  Coefficient for year -3 is pegged to zero.  Squares show annual point estimates, vertical lines show 
95% CIs.   

Panel A: Stress Testing Rate (Broad control group) Panel B: Stress Testing Rate (Narrow control group) 

  

Panel C: Ischemic Eval. Rate (Broad control group) Panel D: Ischemic Eval. Rate (Narrow control group) 
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Panel E: Initial angiography Rate (Broad control 
group) 

Panel F: Initial angiography Rate (Narrow control group) 

  

Panel G: All angiography Rate (Broad control group) Panel H: All angiography Rate (Narrow control group) 
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Panel I: Progress: stress test to angiography (Broad 
control group) 

Panel J: Progress: stress test to angiography (Narrow 
control group) 

  

Panel K: Progress: any ischemic evaluation to 
revascularization (Broad control group) 

Panel L: Progress: any ischemic evaluation to 
revascularization (Narrow control group) 

  

Panel M: Progress: angiography to revascularization 
(Broad control group) 

Panel N: Progress: angiography to revascularization 
(Narrow control group) 
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eFigure 5:  Leads and lags graphs for Alternative Physician Cohorts 

Graphs show differences in annual percentage rates for indicated outcomes, from leads and lags regressions with 
physician fixed effects, for New-Cap states relative to No-Cap states, for Stress Test and Invasive Cardiologist 
physician cohorts.  Sample period, covariates, and definitions of outcomes are same as in Figure App-2.  Years are 
in “event time” relative to cap adoption year.  Coefficient for year -3 is pegged to zero.  Squares show annual point 
estimates, vertical lines show 95% CIs.   

Panel A: Stress Testing Rate (Stress Test Cohort) Panel B: Stress Testing Rate (Inv. Cardiologist Cohort) 

  

Panel C: Ischemic Eval. Rate (Stress Test Cohort) Panel D: Ischemic Eval. Rate (Inv. Cardiologist Cohort) 
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Panel E: Initial angiography Rate (Inv. Cardiologist 
Cohort) 

Panel F: All angiography Rate (Invasive Cardiologist 
Cohort) 

  

Panel G: Progress: stress test to angiography (Stress 
Test Cohort) 

Panel H: Progress: stress test to angiography (Invasive 
Cardiologist Cohort) 
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Panel I: Progression: Any ischemic evaluation to 
revascularization (Stress Test Cohort) 

Panel J: Any ischemic evaluation to revascularization 
(Invasive Cardiologist Cohort) 

  

Panel K: Progression: Any angiography to revascularization (Invasive Cardiologist Cohort) 
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Figure App-6:  Physician Movement to New-Cap States 

Fraction of Angiography Cohort physicians who saw Medicare patients in (a) No-Cap states or (b) Old-Cap states 
during 1999-2001, who moved to a New-Cap state in or after the New-Cap state’s cap adoption year.  Sample is 
26,904 No-Cap physicians and 26,982 Old-Cap physicians. 
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Figure App-7: Mean Number of Patient Comorbidities  

Figure shows mean number of comorbidities for patients who visited Angiography Cohort physicians in New-Cap, 
No-Cap and Old-Cap states over 2000-2013.  Comorbidities are measured using a four-quarter lookback period. 
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