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eAppendix 

A1. Data 

The analysis sample is limited to inpatient hospital claims from general-acute care hospitals with 

greater than 10 beds and at least 25 admissions per year observed in the HCCI data. Hospitals 

designated as critical access hospitals or sole community provider hospitals are also excluded. 

The final data set includes hospitals meeting the inclusion criteria and with characteristics from 

the American Hospital Association (AHA) Annual Survey and the Centers for Medicare and 

Medicaid Services’ Hospital Cost Report Information System (HCRIS) in all years, resulting in 

the same 1,889 hospital observations for each year 2011-2015.  

We limit the claims for analysis to those with Major Diagnostic Category (MDC) codes for 

general acute care admissions and exclude claims for transfers. Inpatient admissions were 

required to have a length of stay of 1 day or more. We also exclude claims for admissions greater 

than 180 miles from a patients ZIP code of residence. Additionally, we remove from the analysis 

sample any observations with erroneous or incomplete data, such as unclassifiable DRG codes or 

negative total allowed payments or billed charges. We remove claims with unreasonably low 

allowed payments which are suggestive of incomplete claims or coordination of benefits 

payments that do not reflect the actual price paid. Claims with a small allowed payment relative 

to the billed charge are indicative of coordination of benefits payments - meaning the claim 

observed is the secondary source of payment – and not a reliable price estimate. This approach to 

cleaning claims data is consistent with approaches in prior studies, although it does not replicate 

any given inclusion/exclusion criteria.1-3 



A1.1 Contract classification validation 

We leverage the breadth of fields within the HCCI data to validate our contract categorization 

methodology using the same intuition used by other researchers.1,4 HCCI data include a unique 

benefit group ID and product type detail (e.g. health maintenance organization or preferred 

provider organization) for each member. Assuming a hospital payment contract is unique to the 

group-product-hospital in a year, we can test if all claims for group-product-hospital-year quad 

are classified as the same contract type. This is a strong assumption for two reasons. First, 

contracts are not necessarily aligned by calendar years. Second, as we discuss in the main text, 

many contracts include a variety of variations of the three main contract type terms (e.g. outlier 

payments, carve-outs, etc.).5  Therefore, we do not expect all quads to have exactly the same 

contract type but anticipate that the majority of contracts will be the same in any given quad.   

We find that of the 1,553,200 quads, 85.5 percent of all categorized admissions within a quad 

have the same contract type across all admissions. However, a novel feature of our classification 

methodology is the ability to classify individual admissions. Thus, small quads with single 

admissions may inflate the estimate. Among the 744,925 quads with 2 or more admissions, 69.9 

percent have a single contract. Alternatively, we impose a stricter test and examine contract 

classifications by group-product-hospital triples. This imposes an additional assumption that the 

contract type does not change year to year. Using this approach, we find 65.0 percent of all 

triples with 2 or more admissions have a single contract type – fixed rate, charge discount or per 

diem - over 5 years. 

Because complex contracting is often related to specific services or even specific items, we also 

examine quads with varying contract types. We hypothesize that certain types of admissions are 

more likely to be paid by one contract type than another and examine contract types by service 



line in all quads with nonconstant contract types and over 100 admissions. This subset of 

admissions account for 10.6 percent of total admissions. eAppendix Table 1 presents the 

percentage of admissions for the 10 most common major diagnostic categories (MDCs) and 

among fixed rate contracts from these admissions. The table also includes the percentages of 

admissions for discounted charges and per diem contract types for those MDCs. We do observe 

similar rates of admissions for MDCs by contract type in many of the MDCs, in particular 

among the 6th through 10th most common. However, as expected we do find that some services 

are more likely to have certain contract types. For example, MDC 15 (newborns) accounts for 

nearly twice as many fixed rate claims as discounted charges claims. MDC 14 (pregnancy) is 

also less common among discounted charges contracts than it is among either fixed rate or per 

diem contracts. Conversely, MDC 8 (orthopedics) is a much smaller share of the fixed rate 

claims compared to per diem or discounted charges contracts. Although these results are not 

conclusive evidence of complex contracts the findings are consistent with how contracts are 

known to vary.  

eAppendix Table 1. 
MDC MDC title Fixed 

rate 
Discounted 

charges 
Per 

diem 
14 Pregnancy, Childbirth And Puerperium 34.2% 27.5% 34.6% 
15 Newborn And Other Neonates (Perinatal Period) 19.9% 11.2% 8.4% 
6 Diseases and Disorders of the Digestive System 7.8% 9.3% 7.4% 
5 Diseases and Disorders of the Circulatory System 5.8% 7.2% 7.2% 

8 Diseases and Disorders of the Musculoskeletal System And 
Connective Tissue 5.0% 10.6% 13.1% 

4 Diseases and Disorders of the Respiratory System 4.6% 5.8% 4.2% 
1 Diseases and Disorders of the Nervous System 3.6% 4.5% 3.8% 

10 Diseases and Disorders of the Endocrine, Nutritional And 
Metabolic System 3.1% 3.8% 4.5% 

13 Diseases and Disorders of the Female Reproductive System 3.0% 2.9% 4.2% 
11 Diseases and Disorders of the Kidney And Urinary Tract 2.6% 3.2% 2.6% 

Total percent of claims 89.6% 86.0% 90.0% 
Note: The table reports the shares of claims among group-product-hospital-year groupings composed of a minimum of 100 
classified claims and include more than one contract type classification. The MDCs included in the table are the 10 most common 
MDCs among fixed rate contract claims in the data underlying the table. 

 



Our method for contract classification requires claim-line detail. Other researchers have 

proposed methods for classifying administrative claims data by contract types that require, at a 

minimum, multiple observations of the same DRG within a hospital.1,4 Subsequently, previous 

approaches are not able to classify a substantial number of claims but the methods are applicable 

with less detailed data sources. As an additional validation test for our method and to quantify 

the additional classifiable admissions, we used the bunching algorithm method with our data.1  

The results of both methods of contract classification are presented in eAppendix Table 2. The 

first two columns of results show the percent of the over 5.2 million admissions in our data set 

classified as fixed rate, discounted charge, or per diem using both methods. The claim-line based 

approach classifies 78.4% of percent of admissions compared to the bunching approach that 

classifies 49.6%. The second two columns show the overlap in classified claims. Although the 

claims-line based approach classifies more admissions overall it does not necessarily classify the 

same admissions as the bunching algorithm. Therefore, we report overlap from both approaches. 

The third column from the left reports the percent of admissions classified with the bunching 

method that are classified the same using the claim-line approach. The fourth column reports the 

percent of claims classified the using the claim-line approach that are classified the same using 

the bunching method. Overall, the overlap between approaches is 83.8% or 88.0%, respectively. 

Although it is impossible to verify the contract classifications without observing contracts with 

the claims data, the concordance between the claim-line approach results when using a bunching 

method gives us confidence that our approach provides a reasonable and valid classification.  

A potential discrepancy in approaches appears in admissions that are classified as charge 

discount using the bunching method versus how those are classified using the claim-line 

approach. The overlap in this group is 60.3%. Of the approximately 40% “mismatched” 



admissions, 5% were classified as per diem contracts. The remaining 35% of admissions were 

classified as fixed rate using the claim-line approach. It is possible that within a given hospital 

the same types and amounts of resources are used for each admission for a specific DRG, for 

small volumes of some DRGs. If the revenue centers coded on the claims and their associated 

charges are always the same as well as the payments for those charges fixed rate contracts may 

appear as discounted charge contracts because the payment to charge ratio will not vary.  

eAppendix Table 2. Comparison of contract classification methods 
 Bunching 

algorithm 
method 

Claim-line 
payments 
method 

Percent of bunching 
classified matched to 

claim-line classification 

Percent of claim-line 
classified matched to 

bunching classification 
Percent of total admissions 
classified (excludes mixed) 49.6% 78.4% 83.8% 88.0% 

Fixed rate 32.6% 53.1% 95.1% 85.1% 
Discounted charge 17.0% 19.8% 60.3% 99.1% 
Per diem N/A 5.5% N/A N/A 

Percentages based on 5,298,699 admissions.  

A1.2 Price and Charge Severity Adjustment 

The analysis of allowed payments (“prices”), billed charges (“charges”), costs and length of stay 

(LOS) in our study is performed at a hospital-year level of observation. Admission level costs are 

estimated by multiplying charges by a hospital’s annual cost-to-charge ratio from the HCRIS 

data. However, hospitals may have differing mixes of patient demographics and severity due to 

differences in the population surrounding the hospital and the types of services the hospitals offer 

and their reputations. Therefore, patient-level demographics and claims in the analytic sample 

are used to calculate severity-adjusted annual hospital-level prices, charges, costs, and LOS. 

Similar severity adjustment approaches have been used in multiple other studies to construct 

hospital-level prices.1-3 

For prices, charges, and costs we divide the variable of interest by the Medicare MS-DRG 

weight. The weight is a relative measure of the resource intensity of the admission. The weights 

are matched to admissions by the MS-DRG code field that is in the HCCI data. This is populated 



for all admissions in the analytic sample. Then for each year of data we regress the resource-

adjusted variable of interest on individual characteristics (age, gender, age-gender interactions) 

and hospital fixed effects. We use the estimated regression coefficients and the population of 

patients from all hospitals plus the estimated hospital fixed effects to predict a severity-adjusted 

mean hospital-level estimate of price, charge, and costs for each year of data. We use a similar 

approach to severity adjust LOS but rather than divide LOS by the MS-DRG weight we include 

the weight as an independent variable in the regression. We choose to divide the other variables 

by the weight to remain consistent with the literature. The predicted variable of interest reflects 

the mean price (charge, cost, or LOS) of a hospital in a year assuming the mix of population 

characteristics and admission resource needs is the same as every other hospital in the sample in 

that year. The severity-adjusted LOS is negative for 7 observations. To maintain the full panel 

the negative LOS values were replaced with the 1st percentile of the severity adjusted LOS. The 

coefficient estimates on contract shares are quantitatively similar when the observations are 

excluded. 

A1.3 Control variables 

We include a rich set of patient and hospital characteristic controls in our analysis. Patient-level 

variables include age category, sex, and plan type: point-of-service (POS), preferred-provider 

organization (PPO), or health maintenance organization (HMO) and exclusive provider 

organization (EPO). Hospital characteristics controls include hospital size (ln(number of beds)), 

ownership type (government or for-profit; private not-for-profit is the omitted category), payer 

mix (Medicare discharges as a percent of total discharges and Medicaid discharges as a percent 

of total discharges), an indicator for rural location, an indicator for teaching status (determined 

by the presence of teaching programs), as well as a measure of the size of the teaching program 



(number of interns and residents per bed) and system affiliation. We control for a measure of 

hospital service offerings referred to as a hospital technology index described in previous 

hospital price studies.1We also control for hospital vertical integration with indicators based on 

measures of hospitals' reported system affiliation and financial relationships with physicians 

reported in the AHA Annual Survey data. The vertical integration indication is constructed as 

described in prior studies to control for potential differences in contracting related to differences 

in internal financial structures.6  

Hospital market power has been shown to be a significant driver of prices and may impact other 

financial measures. Recent research suggests that flexible concentration measures like the 

hospital-specific HHI are more reliable measures of hospital market power than HHIs calculated 

using fixed boundaries.7 We control for hospital market power using the hospital-specific 

Herfindahl-Hirschman Index (HHI) measure of concentration, which is a weighted average of 

ZIP-code level HHIs where the weights are determined by the importance of the zip code for the 

hospital's patient demand.8 The HHI variable is commonly reported as a multiple of 10,000, i.e. 

an HHI value of 10,000 signifies a monopoly. We also proxy for insurer market power using the 

hospital county-level percent of HCCI coverage of the employer-sponsored insurance (ESI) 

population.  

Descriptive statistics of the control variables as well as the performance measures and contract 

type measures employed in our analyses are presented in eAppendix Table A3. Contract type is 

summarized at the patient level. Hospital characteristics statistics are admission weighted.  



eAppendix Table 3. Patient and admission weighted hospital-level summary statistics  
 Meana 
Contract type  

Fixed rate 53% 
Discounted charge 20% 
Per diem 5% 
Mixed 22% 

Performance measures  
Charge $30,685 (38345) 
Payment $14,077 (19452) 
Length of stay 3.2 (2.65) 

Severity-adjusted performance measuresb  
Charge $24,823 (9658) 
Price $11,868 (4056) 
Cost $5,591 (1573) 
Length of stay 3.1 (0.5) 

DRG weight 1.21 (1.03) 
PPO 11% 
POS 71% 
HMO 12% 
Female 66% 
Age 18-24 6% 
Age 25-34 24% 
Age 35-44 16% 
Age 45-54 16% 
Age 55-64 21% 
Bedsb 466 (366) 
For-profitb 15% 
Government not-for-profitb 7% 
Systemb 81% 
Teachingb 58% 
HHIb 4,070 (1,115) 
Ruralb 0% 
Tech indexb 0.52 (0.21) 
Interns & Residents/bedb 0.15 (0.24) 
Medicare admitsb 30% 
Medicaid admitsb 11% 
Vertical integrationab 47% 
HCCI shareb 26% 

Notes: a. Standard deviations are shown in parentheses; b. hospital characteristics statistics are weighted by admissions.  
 
 
 
 
 



A2. Statistical analysis 

A2.1 Regression Specifications 

Our analysis uses two approaches to attempt to identify a relationship between contract type and 

hospital performance: between hospital variation and within hospital variation. We exploit 

between hospital variation with a linear hospital-year level regression. Separate models are 

estimate for each severity-adjusted performance measure. The dependent variable in each 

regression is the natural log of the performance measure of interest. The specification includes 

measures of the percentage of admissions paid by discounted charges, per diem, and mixed (i.e. 

unclassified) contracts. In other words, the share measured as a decimal between 0 and 1 is 

multiplied by 100 for use in the regression estimation. This allows interpretation of the 

coefficient estimate in terms of a 1 percent change in the percentage contract type. The share of 

fixed rate contracts is omitted as the reference category in all models. Control variables in the 

model include ln(beds), teaching status, for-profit status, government not-for-profit status, 

system affiliation, technology index, percent Medicare admissions, percent Medicaid admissions, 

share of patient plan types (PPO, HMO, POS), hospital based HHI, interns and residents per bed, 

vertical integration indicator, HCCI county-level coverage as well as state and year fixed effects. 

The specification also includes state fixed effects to control for time-invariant characteristics 

such as labor market costs or state level policies that would affect all hospitals similarly. Year 

fixed effects are included to control for time varying factors that may affect the entire sample in 

a year such as medical price inflation or changes in federal policy that may influence hospitals 

behavior. All regressions are weighted by HCCI admissions and standard errors are clustered by 

hospital.  Hospital-level regression results are reported in eAppendix Table 4. 

We leverage within hospital variation with a patient-level regression. This specification includes 

indicators for contract type for each admission. The natural log transformation of unadjusted 



performance measures are the dependent variables in these models. This specification includes 

patient-level characteristics: age, sex, and plan type as an indicator for each patient, rather than 

share within the hospital. Importantly, this specification includes hospital-DRG fixed effects. 

Thus, aspects of an admission that are the same within a hospital for a given admission type (i.e. 

DRG) over time will be captured by the fixed effect. We also include year fixed effects in this 

model and cluster standard errors by hospital. Hospital-level regression results are reported in 

eAppendix Table 5. 

 



eAppendix Table 4. Hospital-level regression results 
 Ln(price) Ln(charge) Ln(cost) Ln(LOS) 
Discounted charges 0.00432*** -0.000155 0.000876*** 0.00003 
 (0.000441) (0.000436) (0.000324) (0.00013) 
Per diem -0.00481** -0.00116 -0.00186 -0.00301*** 
 (0.00207) (0.00217) (0.00147) (0.00076) 
Mixed 0.00682*** 0.00445*** 0.00398*** 0.00107*** 
 (0.000608) (0.000700) (0.000465) (0.00033) 
2012 0.0493*** 0.0372*** 0.00693*** -0.00118 
 (0.00322) (0.00263) (0.00267) (0.00152) 
2013 0.0968*** 0.0828*** 0.00968*** -0.00173 
 (0.00436) (0.00380) (0.00349) (0.00199) 
2014 0.137*** 0.122*** 0.00918** 0.00767*** 
 (0.00591) (0.00605) (0.00458) (0.00247) 
2015 0.174*** 0.161*** 0.0231*** 0.01144*** 
 (0.00671) (0.00730) (0.00526) (0.00296) 
Ln(Beds) 0.0423*** 0.0540*** 0.00849 0.05339*** 
 (0.0137) (0.0145) (0.0101) (0.00653) 
Teaching -0.0418*** -0.0335** 0.00632 -0.01438** 
 (0.0148) (0.0154) (0.0115) (0.00574) 
For-profit 0.0398* 0.270*** -0.141*** -0.01094 
 (0.0226) (0.0242) (0.0150) (0.009) 
Government not-for-profit -0.0501* -0.0484 0.0256 0.02616*** 
 (0.0283) (0.0296) (0.0200) (0.00967) 
System 0.0947*** 0.0795*** 0.0202 0.01029 
 (0.0165) (0.0196) (0.0123) (0.00652) 
Technology index 0.180*** 0.0796** 0.133*** 0.00076 
 (0.0360) (0.0388) (0.0284) (0.01332) 
Percent Medicare -0.221*** -0.168* -0.250*** -0.08122** 
 (0.0735) (0.0875) (0.0588) (0.03365) 
PPO -0.141 -0.184 -0.172** -0.10553*** 
 (0.132) (0.124) (0.0810) (0.04006) 
HMO -0.184 -0.137 -0.246*** -0.07436* 
 (0.137) (0.127) (0.0855) (0.04253) 
POS -0.123 -0.135 -0.0340 -0.04303 
 (0.130) (0.119) (0.0756) (0.04052) 
Percent Medicaid -0.105 -0.0756 -0.0101 0.03079 
 (0.0669) (0.0641) (0.0478) (0.02384) 
HHI 1.33e-05** -1.31e-05* -5.46e-06 -9.98e-06*** 
 (6.52e-06) (7.48e-06) (4.88e-06) (2.40e-06) 
Rural 0.0835 0.0391 0.0166 0.01078 
 (0.0590) (0.118) (0.0595) (0.0261) 
Interns/residents per bed 0.196*** 0.241*** 0.273*** 0.0430*** 
 (0.0393) (0.0435) (0.0286) (0.01529) 
Vertically integrated -0.0129 -0.000787 -0.0258*** -0.01680*** 
 (0.0133) (0.0143) (0.00943) (0.00485) 
HCCI ESI coverage -0.0226 0.231** 0.247*** -0.0575* 
 (0.0923) (0.0967) (0.0656) (0.02986) 
Constant 8.772*** 9.590*** 8.450*** 0.9596*** 
 (0.154) (0.142) (0.0967) (0.0553) 
Adjusted R-squared 0.510 0.661 0.642 0.324 
All regressions include 9,445 observations. Share of fixed rate contracts, year 2011, private non-for-profit, EPO product share 
are omitted. All regressions also include state fixed effects. Regressions are weighted by hospital claims. Standard errors 
clustered by hospital are shown in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 



eAppendix Table 5. Patient-level regression results 
 Ln(price) Ln(charge) Ln(LOS) 
Discounted charges 0.108*** -0.0667*** -0.000742 
 (0.0119) (0.00919) (0.00652) 
Per diem 0.1385*** 0.0556*** -0.00787 
 (0.0061) (0.00420) (0.00482) 
Mixed 0.3001*** 0.244*** 0.220*** 
 (0.0088) (0.00554) (0.00503) 
2012 0.0590*** 0.0418*** -0.00691*** 
 (0.0027) (0.00182) (0.00104) 
2013 0.1200*** 0.0955*** -0.0118*** 
 (0.0039) (0.00301) (0.00134) 
2014 0.1691*** 0.140*** -0.00984*** 
 (0.0045) (0.00442) (0.00178) 
2015 0.2144*** 0.187*** -0.0150*** 
 (0.0055) (0.00564) (0.00209) 
Female -0.1178*** -0.0225*** 0.0277*** 
 (0.00117) (0.00162) (0.000904) 
Ages 18-24 0.109*** 0.283*** 0.114*** 
 (0.00795) (0.00813) (0.00477) 
Ages 25-34 0.117*** 0.268*** 0.0886*** 
 (0.00776) (0.00802) (0.00498) 
Ages 35-44 0.124*** 0.282*** 0.0986*** 
 (0.00792) (0.00824) (0.00490) 
Ages 45-54 0.133*** 0.324*** 0.139*** 
 (0.00831) (0.00834) (0.00506) 
Ages 55-64 0.102*** 0.333*** 0.179*** 
 (0.00852) (0.00840) (0.00525) 
PPO -0.0328*** 0.000657 -0.0224*** 
 (0.00955) (0.00310) (0.00206) 
HMO -0.0322*** -0.00800** -0.0330*** 
 (0.00864) (0.00370) (0.00236) 
POS -0.0189*** -0.00555** -0.0149*** 
 (0.00689) (0.00249) (0.00141) 
Table continues on next page.    

 
 



Table 5. Continued    
 Ln(price) Ln(charge) Ln(LOS) 
Ln(Beds) 0.0579*** 0.0428*** 0.0156* 
 (0.0210) (0.0149) (0.00834) 
Teaching -0.00406 -0.00469 -0.00375 
 (0.00893) (0.00853) (0.00520) 
For-profit 0.00327 0.0397* -0.00962 
 (0.0340) (0.0238) (0.00904) 
Government not-for-profit -0.0268 -0.00632 -0.00194 
 (0.0570) (0.0200) (0.0168) 
System 0.0135 -0.0212* 0.000440 
 (0.0150) (0.0125) (0.00565) 
Technology index 0.00835 -0.0133 0.00940* 
 (0.0222) (0.0147) (0.00555) 
Percent Medicare -0.118* -0.265*** 0.00312 
 (0.0623) (0.0687) (0.0248) 
Percent Medicaid -0.0278 -0.0365 0.000981 
 (0.0406) (0.0257) (0.0138) 
HHI 6.08e-07 1.99e-06 -3.66e-06* 
 (5.26e-06) (5.21e-06) (2.06e-06) 
Rural 0.0404** -0.0126 0.0330*** 
 (0.0164) (0.0605) (0.00312) 
Interns/residents per bed -0.0295 -0.0592 -0.0171 
 (0.0559) (0.0574) (0.0176) 
Vertically integrated 0.00497 -0.00461 -0.00276 
 (0.00727) (0.00987) (0.00248) 
HCCI ESI coverage -0.0687 0.122 0.0382 
 (0.0981) (0.0899) (0.0345) 
Constant 8.470*** 9.274*** 0.708*** 
 (0.132) (0.103) (0.0546) 
Adjusted R-squared 0.685 0.777 0.402 

All regressions include 5,298,699 observations. Share of fixed rate contracts, year 2011, private non-for-profit, EPO product 
share are omitted. Regressions also include hospital-DRG fixed effects. Standard errors clustered by hospital are shown in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1  



A3. Sensitivity analyses 

We perform two sensitivity analyses in addition to the analyses reported in the manuscript. One 

sensitivity analysis is a series of hospital-level regression estimations using an alternative 

specification that includes the share of only 1 contract type, the combined share of all other 

contract types is the (omitted) reference category. Thus, the coefficient estimate from these 

regressions can be interpreted as the relationship of that contract type with hospital performance 

relative to all other contract types. Results of this specification are shown in eAppendix Tables 6 

through 9. Because the reference category is different in these estimates than in the main 

specification the point estimates are not directly comparable across specifications. However, the 

findings of this sensitivity analysis are qualitatively consistent with the main model results. For 

example, fixed rate contracts are associated with lower prices compared to all other contract 

types and discounted charge contract charges are not significantly different from charges 

associated with other contract types. 



eAppendix Table 6. Hospital-level regression results – fixed rate share relative to share of 
all other contracts 

 Ln(price) Ln(charge) Ln(cost) Ln(LOS) 
Fixed rate -0.00447*** -0.00125*** -0.00167*** -0.00014 
 (0.000367) (0.000376) (0.000282) (0.00013) 
2012 0.0471*** 0.0394*** 0.00757*** -0.00181 
 (0.00310) (0.00255) (0.00258) (0.0015) 
2013 0.0947*** 0.0828*** 0.00918*** -0.00242 
 (0.00449) (0.00387) (0.00355) (0.00199) 
2014 0.135*** 0.124*** 0.00975** 0.00708*** 
 (0.00595) (0.00605) (0.00455) (0.00246) 
2015 0.172*** 0.162*** 0.0232*** 0.01079*** 
 (0.00678) (0.00728) (0.00528) (0.00295) 
Ln(Beds) 0.0432*** 0.0579*** 0.0108 0.05387*** 
 (0.0142) (0.0144) (0.0102) (0.00643) 
Teaching -0.0431*** -0.0370** 0.00414 -0.01497*** 
 (0.0150) (0.0154) (0.0116) (0.0057) 
For-profit 0.0363 0.278*** -0.137*** -0.0117 
 (0.0233) (0.0242) (0.0153) (0.00902) 
Government not-for-profit -0.0525* -0.0402 0.0295 0.02575*** 
 (0.0284) (0.0302) (0.0206) (0.0982) 
System 0.0947*** 0.0804*** 0.0207* 0.01032 
 (0.0165) (0.0199) (0.0124) (0.0065) 
Technology index 0.172*** 0.0706* 0.126*** -0.00242 
 (0.0366) (0.0394) (0.0286) (0.01318) 
Percent Medicare -0.192** -0.150* -0.233*** -0.0709** 
 (0.0745) (0.0877) (0.0602) (0.03313) 
PPO -0.145 -0.136 -0.147* -0.01046** 
 (0.135) (0.126) (0.0824) (0.04069) 
HMO -0.219 -0.0501 -0.207** -0.08199* 
 (0.140) (0.131) (0.0875) (0.04225) 
POS -0.113 -0.111 -0.0184 -0.03862 
 (0.132) (0.120) (0.0762) (0.04124) 
Percent Medicaid -0.0980 -0.0858 -0.0140 0.03255 
 (0.0675) (0.0654) (0.0489) (0.02406) 
HHI 9.75e-06 -1.86e-05** -9.33e-06* -1.14e-05*** 
 (6.55e-06) (7.47e-06) (4.97e-06) (2.40e-06) 
Rural 0.0834 0.0202 0.00632 0.00984 
 (0.0591) (0.127) (0.0624) (0.02642) 
Interns/residents per bed 0.215*** 0.259*** 0.288*** 0.05031*** 
 (0.0399) (0.0434) (0.0293) (0.0155) 
Vertically integrated -0.0114 0.00242 -0.0238** -0.01618*** 
 (0.0136) (0.0145) (0.00947) (0.00489) 
HCCI ESI coverage -0.0449 0.253*** 0.254*** -0.06376** 
 (0.0925) (0.0978) (0.0658) (0.02956) 
Constant 9.223*** 9.700*** 8.610*** 0.97458*** 
 (0.162) (0.145) (0.105) (0.06052) 
Adjusted R-squared 0.503 0.654 0.636 0.318 
All regressions include 9,445 observations. Combined share of discounted charge, per diem, and mixed contracts as well as 
year 2011, private non-for-profit, EPO product share are omitted. All regressions also include state fixed effects. Regressions 
are weighted by hospital claims. Standard errors clustered by hospital are shown in parentheses. ***p<0.01, **p<0.05, *p<0.1 

 

  



eAppendix Table 7. Hospital-level regression results – discounted charge share relative to 
share of all other contracts 

 Ln(price) Ln(charge) Ln(cost) Ln(LOS) 
Discounted charges 0.00418*** -0.000365 0.000738** 0.00014 
 (0.000438) (0.000427) (0.000327) (0.00013) 
2012 0.0538*** 0.0411*** 0.0100*** -0.0016 
 (0.00295) (0.00251) (0.00258) (0.00015) 
2013 0.0971*** 0.0836*** 0.0101*** -0.00235 
 (0.00430) (0.00385) (0.00356) (0.00199) 
2014 0.139*** 0.123*** 0.0103** 0.0072*** 
 (0.00576) (0.00608) (0.00461) (0.00247) 
2015 0.172*** 0.160*** 0.0226*** 0.01082*** 
 (0.00646) (0.00734) (0.00531) (0.00298) 
Ln(Beds) 0.0511*** 0.0603*** 0.0139 0.05412*** 
 (0.0144) (0.0147) (0.0104) (0.00634) 
Teaching -0.0429*** -0.0338** 0.00590 -0.015*** 
 (0.0154) (0.0154) (0.0118) (0.00572) 
For-profit 0.0547** 0.282*** -0.131*** -0.01111 
 (0.0235) (0.0242) (0.0155) (0.00899) 
Government not-for-profit -0.0401 -0.0405 0.0321 0.02616*** 
 (0.0290) (0.0299) (0.0210) (0.00984) 
System 0.0982*** 0.0820*** 0.0223* 0.01043 
 (0.0173) (0.0200) (0.0125) (0.00648) 
Technology index 0.156*** 0.0639 0.119*** -0.0029 
 (0.0378) (0.0394) (0.0288) (0.0131) 
Percent Medicare -0.124* -0.102 -0.192*** -0.0689** 
 (0.0739) (0.0879) (0.0603) (0.03248) 
PPO -0.0967 -0.151 -0.144* -0.1029** 
 (0.132) (0.125) (0.0834) (0.0406) 
HMO -0.112 -0.0765 -0.198** -0.07826* 
 (0.139) (0.130) (0.0893) (0.04242) 
POS -0.0885 -0.113 -0.0139 -0.0378 
 (0.128) (0.120) (0.0770) (0.04118) 
Percent Medicaid -0.123* -0.0909 -0.0224 0.031736 
 (0.0703) (0.0657) (0.0496) (0.02411) 
HHI 8.26e-06 -1.58e-05** -8.12e-06 -1.15e-06*** 
 (6.83e-06) (7.56e-06) (5.20e-06) (2.40e-06) 
Rural 0.0528 0.0166 -0.00248 0.00883 
 (0.0677) (0.127) (0.0625) (0.02688) 
Interns/residents per bed 0.245*** 0.272*** 0.302*** 0.05123*** 
 (0.0396) (0.0436) (0.0295) (0.01551) 
Vertically integrated -0.00993 0.000941 -0.0242** -0.01613*** 
 (0.0134) (0.0144) (0.00949) (0.004878) 
HCCI ESI coverage -0.0250 0.233** 0.248*** -0.06299** 
 (0.0922) (0.100) (0.0670) (0.02957) 
Constant 8.799*** 9.610*** 8.467*** 0.96086*** 
 (0.153) (0.144) (0.0990) (0.0561) 
Adjusted R-squared 0.479 0.651 0.626 0.318 
All regressions include 9,445 observations. Combined share of fixed rate, per diem, and mixed contracts as well as year 2011, 
private non-for-profit, EPO product share are omitted. All regressions also include state fixed effects. Regressions are 
weighted by hospital claims. Standard errors clustered by hospital are shown in parentheses. ***p<0.01, **p<0.05, *p<0.1 

 

  



eAppendix Table 8. Hospital-level regression results – per diem share relative to share of 
all other contracts 

 Ln(price) Ln(charge) Ln(cost) Ln(LOS) 
Per diem 0.00133 0.00553*** 0.00320** -0.00147** 
 (0.00218) (0.00194) (0.00139) (0.0006) 
2012 0.0528*** 0.0384*** 0.00835*** -0.00088 
 (0.00307) (0.00261) (0.00261) (0.00153) 
2013 0.0969*** 0.0819*** 0.00922*** -0.00192 
 (0.00435) (0.00387) (0.00356) (0.002) 
2014 0.135*** 0.122*** 0.00854* 0.00761*** 
 (0.00572) (0.00606) (0.00465) (0.0025) 
2015 0.167*** 0.159*** 0.0209*** 0.01104*** 
 (0.00651) (0.00729) (0.00535) (0.003) 
Ln(Beds) 0.0513*** 0.0587*** 0.0131 0.05455*** 
 (0.0156) (0.0148) (0.0106) (0.00642) 
Teaching -0.0345** -0.0349** 0.00716 -0.01459** 
 (0.0154) (0.0153) (0.0117) (0.00575) 
For-profit 0.0492** 0.276*** -0.135*** -0.00953 
 (0.0249) (0.0245) (0.0160) (0.00905) 
Government not-for-profit -0.0515* -0.0443 0.0276 0.02704 
 (0.0294) (0.0299) (0.0207) (0.00982) 
System 0.0998*** 0.0811*** 0.0222* 0.01071 
 (0.0180) (0.0199) (0.0125) (0.00651) 
Technology index 0.150*** 0.0642 0.117*** -0.00304 
 (0.0390) (0.0393) (0.0285) (0.01314) 
Percent Medicare -0.0437 -0.110 -0.178*** -0.06602** 
 (0.0740) (0.0882) (0.0587) (0.03246) 
PPO -0.178 -0.161 -0.167** -0.010108** 
 (0.137) (0.126) (0.0843) (0.04098) 
HMO -0.277* -0.112 -0.253*** -0.07041 
 (0.142) (0.128) (0.0885) (0.04354) 
POS -0.112 -0.113 -0.0193 0.03801 
 (0.130) (0.120) (0.0770) (0.0413) 
Percent Medicaid -0.116 -0.0816 -0.0159 0.02933 
 (0.0708) (0.0648) (0.0489) (0.02401) 
HHI 1.69e-05** -1.76e-05** -7.16e-06 1.09e-05*** 
 (6.88e-06) (7.45e-06) (5.27e-06) (2.38e-06) 
Rural 0.0682 0.0235 0.00456 0.00715 
 (0.0592) (0.124) (0.0598) (0.02763) 
Interns/residents per bed 0.260*** 0.273*** 0.306*** 0.05105*** 
 (0.0404) (0.0437) (0.0291) (0.01544) 
Vertically integrated -0.0151 0.00151 -0.0251*** -0.01633*** 
 (0.0135) (0.0145) (0.00958) (0.0049) 
HCCI ESI coverage -0.0976 0.222** 0.225*** -0.06055** 
 (0.0963) (0.0992) (0.0684) (0.0299) 
Constant 8.878*** 9.603*** 8.480*** 0.96377*** 
 (0.159) (0.145) (0.101) (0.05715) 
Adjusted R-squared 0.443 0.654 0.626 0.320 
All regressions include 9,445 observations. Combined share of fixed rate, discounted charge, and mixed contracts 
as well as year 2011, private non-for-profit, EPO product share are omitted. All regressions also include state 
fixed effects. Regressions are weighted by hospital claims. Standard errors clustered by hospital are shown in 
parentheses. ***p<0.01, **p<0.05, *p<0.1 

 

 



eAppendix Table 9. Hospital-level regression results – mixed share relative to share of all 
other contracts 

 Ln(price) Ln(charge) Ln(cost) Ln(LOS) 
Mixed 0.00510*** 0.00421*** 0.00343*** 0.000380 
 (0.000628) (0.000636) (0.000456) (0.000250) 
2012 0.0483*** 0.0369*** 0.00648** -0.00201 
 (0.00310) (0.00260) (0.00270) (0.00151) 
2013 0.0960*** 0.0825*** 0.00931*** -0.00245 
 (0.00446) (0.00391) (0.00355) (0.00198) 
2014 0.133*** 0.122*** 0.00801* 0.00687*** 
 (0.00585) (0.00605) (0.00461) (0.00246) 
2015 0.168*** 0.160*** 0.0217*** 0.0107*** 
 (0.00678) (0.00731) (0.00533) (0.00293) 
Ln(Beds) 0.0442*** 0.0540*** 0.00891 0.0533*** 
 (0.0152) (0.0145) (0.0103) (0.00649) 
Teaching -0.0337** -0.0339** 0.00788 -0.0146** 
 (0.0148) (0.0153) (0.0115) (0.00573) 
For-profit 0.0354 0.270*** -0.142*** -0.0122 
 (0.0238) (0.0244) (0.0152) (0.00907) 
Government not-for-profit -0.0611** -0.0485 0.0231 0.0250** 
 (0.0287) (0.0297) (0.0201) (0.00984) 
System 0.0970*** 0.0794*** 0.0206* 0.0102 
 (0.0173) (0.0196) (0.0123) (0.00650) 
Technology index 0.168*** 0.0790** 0.129*** -0.00164 
 (0.0373) (0.0390) (0.0280) (0.0132) 
Percent Medicare -0.114 -0.167* -0.225*** -0.0718** 
 (0.0740) (0.0870) (0.0574) (0.0335) 
PPO -0.220 -0.182 -0.188** -0.108*** 
 (0.138) (0.125) (0.0827) (0.0408) 
HMO -0.355** -0.137 -0.285*** -0.0900** 
 (0.144) (0.130) (0.0873) (0.0425) 
POS -0.140 -0.133 -0.0367 -0.0403 
 (0.133) (0.119) (0.0762) (0.0412) 
Percent Medicaid -0.0978 -0.0747 -0.00795 0.0329 
 (0.0688) (0.0642) (0.0476) (0.0240) 
HHI 2.05e-05*** -1.38e-05* -4.31e-06 -1.09e-05*** 
 (6.64e-06) (7.38e-06) (5.02e-06) (2.40e-06) 
Rural 0.0948* 0.0390 0.0191 0.0112 
 (0.0520) (0.118) (0.0575) (0.0258) 
Interns/residents per bed 0.225*** 0.242*** 0.281*** 0.0493*** 
 (0.0407) (0.0435) (0.0284) (0.0154) 
Vertically integrated -0.0174 -0.000464 -0.0266*** -0.0165*** 
 (0.0135) (0.0145) (0.00956) (0.00488) 
HCCI ESI coverage -0.105 0.230** 0.228*** -0.0659** 
 (0.0953) (0.0971) (0.0668) (0.0295) 
Constant 8.859*** 9.588*** 8.468*** 0.963*** 
 (0.162) (0.143) (0.0993) (0.0559) 
Adjusted R-squared 0.466 0.661 0.639 0.318 
All regressions include 9,445 observations. Combined share of fixed rate, discounted charge, and per diem contracts as well as 
year 2011, private non-for-profit, EPO product share are omitted. All regressions also include state fixed effects. Regressions 
are weighted by hospital claims. Standard errors clustered by hospital are shown in parentheses. *** p<0.01, ** p<0.05, * 
p<0.1 

 
  



We estimate an alternative patient-level regression specification in order to conduct a second 

sensitivity test. In the alternative specification we include year, DRG, and hospital fixed effects, 

rather than unique hospital-DRG fixed effects. The DRG fixed effects control for patient-

hospital-time invariant aspects of each DRG as they relate to the hospital performance measures. 

The hospital fixed effects control for time invariant characteristics of the hospital such as quality 

or management style. We estimate separate regressions by contract type. For example, we 

estimate 4 patient-level regressions of patient and hospital characteristics with year, DRG, and 

hospital fixed on ln(price), one for each contract type. These regressions generate hospital fixed 

effect estimates specific to each contract type. This approach is analogous to estimating a model 

using all observations with contract type interacted with hospital fixed effects. However, with 

our approach the result is four sets of contract-type specific hospital fixed effects.  

We employ the fixed effects estimates to test for differences in contract types after controlling 

for observable patient and hospital characteristics. Table 10 presents correlation coefficients of 

the sets of fixed effects for each performance measure. It is possible that time invariant aspects 

of the hospitals such as quality or management strategy or local input cost levels have different 

effects in hospital negotiations by contract types. However, we still expect higher price hospitals 

have higher prices across all types of contracts. Our results are consistent with our hypothesis. 

We find positive correlations of fixed effects between contract types from the price regressions, 

the correlations range from 0.460 to 0.806. The correlations between fixed effect estimates from 

the charges regressions are substantially higher, ranging from 0.780 to 0.917. Because a single 

set of charges (i.e. list prices) is set by a hospital, regardless of contract type, we expect a 

relatively higher correlation in charges across contract types. As with all of our analyses these 

results are not causal as this specification does not control for unobservable time-varying factors 



that may impact contract types and performance measures. However, the findings are consistent 

with our hypothesis that contract type is related to prices through factors other than market 

power or observable characteristics and that charges are unrelated to contract type. 

 

eAppendix Table 10. Hospital fixed effect correlation coefficients 
 FR 

price 
FR 

charge 
FR 
cost 

FR 
LOS 

DC 
price 

DC 
charge 

DC 
cost 

DC 
LOS 

PD 
price 

PD 
charge 

PD 
cost 

PD 
LOS 

Fixed rate  
price 1.00            

Fixed rate  
charge 0.409 1.00           

Fixed rate  
cost 0.456 0.367 1.00          

Fixed rate  
LOS 0.038 0.062 0.243 1.00         

Discounted 
charge price 0.460 0.271 0.312 -0.106 1.00        

Discounted 
charge charge 0.264 0.780 0.209 -0.169 0.519 1.00       

Discounted 
charge cost 0.239 0.162 0.646 -0.073 0.579 0.539 1.00      

Discounted 
charge LOS -0.200 0.046 -0.088 0.151 0.068 0.320 0.276 1.00     

Per diem  
price 0.771 0.330 0.387 -0.031 0.599 0.349 0.376 -0.136 1.00    

Per diem  
charge 0.332 0.885 0.208 -0.134 0.315 0.806 0.181 0.079 0.409 1.00   

Per diem  
cost 0.344 0.252 0.787 -0.002 0.376 0.273 0.684 -0.033 0.491 0.408 1.00  

Per diem  
LOS -0.111 -0.045 -0.089 0.073 0.141 0.074 0.073 0.162 0.133 0.086 0.093 1.00 

Mixed  
price 0.649 0.479 0.363 -0.133 0.738 0.578 0.466 -0.004 0.806 0.535 0.445 0.081 

Mixed 
charge 0.283 0.915 0.187 -0.118 0.295 0.848 0.190 0.138 0.302 0.917 0.230 -0.023 

Mixed  
cost 0.313 0.338 0.822 -0.001 0.387 0.388 0.756 0.054 0.388 0.339 0.828 -0.062 

Mixed 
LOS -0.119 0.180 0.050 0.339 -0.174 0.130 0.008 0.415 -0.172 0.121 -0.010 -0.099 

The coefficients reported are from correlations of hospital fixed effect estimates obtained from regressions of patient and hospital 
characteristics on a given performance measure with data limited to a given contract type. The regressions included controls for 
age categories, female, patient plan type (PPO, HMO, POS), ln(beds), teaching status, for-profit status, government not-for-profit 
status, system affiliation, technology index, percent Medicare admissions, percent Medicaid admissions, hospital based HHI, 
interns and residents per bed, vertical integration indicator, HCCI county-level coverage as well as year and DRG fixed effects. 
Standard errors of the regression model are clustered by hospital. 
 
  



In Table 11 we report the results of an additional comparison of the contract type-specific 

hospital fixed effects. We use paired t-tests (e.g. the fixed effect of hospital A from the fixed rate 

price regression matched to the fixed effect of hospital A from the discounted charges price 

regression) to compare the fixed effects between contract types. Our null test hypothesis is that 

the time invariant hospital characteristics effect on the outcome of interest do not differ by 

contract type within a hospital. We reject the null hypothesis at the P<.05 level for discounted 

charge vs. fixed rate prices and at the P<0.001 for all other comparisons. These findings are also 

consistent with our research hypothesis that contract type is related to performance through 

factors besides market power or hospital characteristics.   

eAppendix Table 11. Hospital fixed effect estimate summary and t-tests of contract type 
specific admission-level regressions  

 Fixed rate mean Comparator 
contract mean Mean difference Pair t-test 

P-value 
Discounted charge (N = 1,888)     

ln(price) -0.069 (0.009) -0089 (0.010) 0.20 (0.010) 0.043 
ln(charge) -0.102 (0.009) 0.009 (0.011) -0.111(0.007) <0.001 
ln(cost) -0.076 (0.006) -0.118 (0.009) 0.042 (0.007) <0.001 
ln(LOS) -0.021 (0.002) 0.003 (0.002) -0.017 (0.0004) <0.001 

Per diem (N=1,875)     
ln(price) -0.064 (0.008) -0.013 (0.009) -0.052 (0.006) <0.001 
ln(charge) -0.100 (0.009) -0.077 (0.009) -0.023(0.004) <0.001 
ln(cost) -0.075 (0.006) -0.032 (0.007) -0.043 (0.005) <0.001 
ln(LOS) -0.022 (0.002) 0.004 (0.003) -0.024 (0.003) <0.001 

Mixed (N=1,889)     
ln(price) -0.069 (0.009) -0.003 (0.008) -0.066 (0.007) <0.001 
ln(charge) -0.103 (0.009) -0.059 (0.009) -0.043 (0.004) <0.001 
ln(cost) -0.076 (0.006) -0.029 (0.006) -0.047 (0.004) <0.001 
ln(LOS) -0.004 (0.003) 0.003 (0.002) -0.26 (0.003) <0.001 

The columns of means are averages of hospital fixed effect estimates from patient level regressions limited to admissions with a 
given contract type – fixed rate or the type in the headings in the left column. N shows the number of matched fixed effect 
estimates. Standard errors are shown in parentheses. The P-value reported in the rightmost column is the result of a paired t-test 
of hospital fixed effect estimates for the performance measure listed in the left column. The regressions included controls for age 
categories, female, patient plan type (PPO, HMO, POS), ln(beds), teaching status, for-profit status, government not-for-profit 
status, system affiliation, technology index, percent Medicare admissions, percent Medicaid admissions, hospital based HHI, 
interns and residents per bed, vertical integration indicator, HCCI county-level coverage as well as year and DRG fixed effects. 
Standard errors of the regression model are clustered by hospital. 
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