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Abstract

This study analyzes the effect of hospital consolidation on inpatient safety indicators and mortality
as a clinical measure of hospital quality. The hospital industry is unique in several aspects, including
price structure and the role of insurance networks in determining consumer choice sets, which makes
understanding the effect of consolidation on consumer welfare important. Additionally, the high value of
life and health imply that even modest improvements in clinical quality may justify hospital mergers that
would potentially raise prices or otherwise decrease consumer welfare. To study the effect on quality, I
analyze within- hospital changes in mortality rates and rates of adverse safety events for various patient
subsets, before and after consolidation. Fixed effects estimates reveal mixed results on the effect of
hospital acquisitions on quality of inpatient health care and outcomes. There is evidence of longer
lengths of stay for some groups of patients with specific admitting diagnoses (increasing their costs), but
no associated change in mortality. Instead, I found that hospitals improved mortality rates only in the
specific procedure of coronary artery bypass grafts, but not the others studied, and slightly improved
quality of care by decreasing the number of postoperative hip fractures and preventing respiratory failure
for surgical patients after surgery in hospitals. Conversely, there is also a worsening of quality of caring
for perioperative hemorrhages or hematomas after an acquisition. Given that the overall the welfare
changes are specific to the patient’s diagnosis and the procedures performed, and that the number of
patients involved in these specific procedures that improved is relatively low, the high value of health
and life improvements might not outweigh the economic costs associated with decreased competition.

1 Introduction

This study analyzes the effect of hospital consolidation on inpatient mortality and patient safety as

a clinical measure of hospital quality. Like most large firm consolidation activities, hospital mergers and

acquisitions are evaluated by the Department of Justice (DOJ) and Federal Trade Commission (FTC) with

respect to antitrust concerns. The DOJ and FTC argue that hospital mergers increase market power,

potentially allowing hospitals to negotiate higher prices with insurance agency payers. These higher prices

may then be passed on to the consumer through higher premiums, resulting in lower consumer welfare.

The resulting higher prices would also be considered illegal if they generated above normal profits according

the Section 7 of the Clayton Act, which prohibits mergers if their effect “may be substantially to lessen

competition, or to tend to create a monopoly” (15 U.S.C. §18, 1988). This is what motivates the DOJ

and FTC to litigate and challenge hospital mergers on antitrust grounds. However, in addition to the way
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hospital consolidation affects consumer welfare through prices, it may also affect consumer welfare in a

number of other ways; for example, through changes in the quality of health care received, through limiting

the choice sets of health care providers, and through increasing other non-monetary costs to patients such as

travel time. This paper will focus on what is arguably the most important aspect of consumer welfare and

measure of hospital quality - inpatient mortality. Additionally, I consider rates of Patient Safety Indicators

for adverse events that may occur during inpatient stays, measures developed by the Agency for Healthcare

Research on Quality (AHRQ). The high value of life implies that even modest improvements in mortality and

morbidity may justify hospital mergers that would potentially raise prices or otherwise decrease consumer

welfare. As such, this work has significant implications for health policy and regulation.

Why should we expect hospital consolidation to have any impact on inpatient mortality, or hospital

quality in general? When defending hospital mergers against antitrust litigation, hospitals usually claim

that mergers lead to efficiency gains due to economies of scale. In the “Improving Healthcare” report

issued by the FTC and DOJ, the chapter on competition law in hospitals cites that “claimed efficiencies

have included avoidance of capital expenditures, reductions in management and operational support jobs,

consolidation of specific services to one location (e.g., all cardiac care at Hospital A and all cancer treatments

at Hospital B), and reducing operational costs, such as purchasing and accounting.1. Additionally in the

Horizontal Merger Guidelines, they recognize that “efficiencies generated through mergers can enhance the

merged firm’s ability and incentive to compete, which may result in lower prices, improved quality, enhanced

service, or new products.2 Another argument could be that hospitals that are acquired may be selected

through already having low performance measures such as profits or quality, so that the acquiring entity can

make ‘easy’ changes to improve these results (this is the ‘low hanging fruit’ idea).

Supposing that the arguments above are correct, we expect that hospital acquisitions should improve

hospital quality, and therefore inpatient mortality as well. In order to empirically test the claim that

acquisitions will improve mortality and inpatient safety, I employ a two-way fixed effects approach, comparing

inpatient outcomes from acquired and non-acquired hospitals, before and after acquisitions occur.

Previous studies on effects of consolidation on hospitals focus on only mergers (rather than acquisitions) in

a much earlier time period, with a restrictive set of quality outcomes. This paper contributes by considering

the effect of acquisitions specifically, with a wider range of diagnosis groups, larger variety of quality measures,

more recent time period, and a new setting with many hospitals (Texas). I also examine heterogeneous

impacts based on payor status and whether the system is located in or out-of-state.

To study the effect on quality, I analyzed within- hospital changes in mortality rates and rates of adverse

safety events for various patient subsets, before and after consolidation. Fixed effects estimates reveal mixed

results on the effect of hospital acquisitions on quality of inpatient health care and outcomes. The complex

1The Federal Trade Commission and the Department of Justice (2004)
2The U.S. Department of Justice, and the Federal Trade Commission (1997)
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nature of inpatient care, as well as unobservable patient and hospital factors make it difficult to understand

the underlying changes that take place in practice and care following consolidation. I find that the length of

stay for the selected group of admits and for heart attack patients in acquired hospitals increases by about

6.5% and 9.2%) after acquisition, respectively, which increases costs while having no impact on the corre-

sponding mortality rates. Instead, from the IQIs I conclude that acquired hospitals improve mortality rates

in the specific procedure of coronary artery bypass grafts, but not the others presented. This improvement

is about 71.6% of the mean, but relatively few patients receive a coronary artery bypass graft. For patients

admitted with low-mortality DRGs, the care they receive at an acquired hospital post-acquisition is slightly

better than before, compared to the average hospital if it were to face the same patients. There is also

some evidence of slight improvement of quality by decreasing the number of postoperative hip fractures and

preventing respiratory failure for surgical patients after surgery in hospitals after an acquisition. However,

there is also a worsening of quality of caring for perioperative hemorrhages or hematomas after an acquisi-

tion. Given that the overall the welfare changes are specific to the patient’s diagnosis and the procedures

performed, and that the number of patients involved in these specific procedures that improved is relatively

low, the high value of health and life improvements might not outweigh the economic costs associated with

decreased competition.

The rest of the paper proceeds as follows: Section 2 discusses previous literature and the contribution of

this research, Section 3 introduces the data sources and describes the relevant subsets and variables, Section

4 details the empirical strategy, Section 5 presents descriptive statistics, Section 6 contains the main results,

and Section 7 concludes.

2 Previous Literature

This study contributes to a broad literature on the industrial organization of health care. More specifi-

cally, this study relates to the literature examining quality determination in provider markets, and the effects

of hospital consolidation. For comprehensive reviews of the literature on markets for health care services,

see Gaynor, Ho, and Town (2015), Gaynor and Town (2011), and Bazzoli et al. (2004). Within this field,

the relevant literature can be grouped into several categories: the effect of mergers on hospital quality, how

to measure the quality of health care in hospitals, the effect of mergers on other outcomes such as prices,

and hospital quality due to things other than mergers. Of papers that look at the effects of mergers, the

most common outcomes are cost, prices, and quality.

The papers that consider the effect of competition on hospital quality deliver mixed results. Of these,

some consider administered price systems such as Medicare in the U.S. or the National Health Service (NHS)

in England, while others consider market-determined prices. The distinction is important because there are
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theoretical and empirical differences deriving from whether or not price is a strategic variable for hospitals

serving patients under various payment regimes.

Another dimension of variation is that some studies examine hospital mergers directly, while others

consider concentration measures such as HHI or deregulation policies affecting the markets. The remainder

of this section will discuss the various strains of findings separately.

2.1 Market Concentration and Administered Prices

Kessler and McClellan (2000) study the consequences of hospital market concentration for heart attack

care of Medicare beneficiaries from 1985 - 1994. They examine a relatively exogenous determinants of

hospital choice, travel distance, as well as the impact of HMO enrollment on the competitiveness of hospital

markets. The outcomes they examine are expenditures on treatment and risk-adjusted one-year mortality

from acute myocardial infarction (AMI, i.e., a heart attack) for Medicare patients. The approach is to

use a structure-conduct-performance (SCP) framework with instrumental variables and fixed effects. The

Herfindahl-Hirschman Index (HHI) of market concentration is instrumented with hospital market shares

predicted from a model of patient choice of hospital, where patient choice is largely determined by distance

from the hospital. Zip code fixed effects are included, and the effects of hospital market concentration are

identified by changes in the predicted HHI. They find that in the 1980’s, the welfare effects of competition

were ambiguous, but that in the 1990’s competition improved social welfare, since the risk-adjusted one-year

mortality of Medicare AMI patients is significantly higher in more concentrated markets. They also find

significant impacts on expenditures and conclude that competition improves welfare.

2.2 Market Concentration and Market-Determined Prices

The following papers all find that competition improves hospital quality for cases of market-determined

prices, indirectly implying that acquisitions would negatively impact quality.

Propper, Burgess, and Green (2004) were motivated by reforms to the UK health service in the 1990’s

which involved an increase in payer-driven competition. They use data on hospital level death rates after

treatment following heart attacks, and find that the relationship between competition and quality of care

appears to be negative. That is, greater competition is associated with higher death rates (for heart attack

patients), controlling for patient mix and other observed characteristics of the hospital, as well as the area

from which it draws its patients. However, the estimated impact of competition is small.

Sari (2002) empirically investigates the impact of managed care and hospital competition on in-hospital

errors such as inappropriate utilization, wound infections, and adverse/iatrogenic complications as a measure

of quality. He uses hospital panel data from 16 states in the period 1992 - 1997. Using random effects ,

fixed effects, and instrumental variable fixed effects models, he finds that higher managed care penetration
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increases quality and higher hospital market share and market concentration are associated with lower

quality. He concludes that hospital mergers have undesirable quality consequences.

Gowrisankaran and Town (2003) estimate the effects of competition for Medicare and HMO patients

on the quality decisions of hospitals. They use discharge data for hospitals in Southern Callifornia over

the period 1989 - 1993, and consider risk-adjusted hospital mortality rates for pneumonia as the outcome

variable. They use a simple OLS regression and find that an increase in the degree of competition for health

maintenance organization (HMO) patients is associated with a decrease in risk-adjusted hospital mortality

rates for pneumonia. Conversely, an increase in competition for Medicare enrollees is associated with an

increase in risk-adjusted mortality rates. Overall, increasing competition has a positive effect for HMO

patients and negative effect for Medicare patients, resulting in little net effect on hospital quality overall in

their sample.

2.3 Mergers and Market-Determined Prices

Ho and Hamilton (2000) examine the effect of hospital mergers on quality directly. They study 130

hospital mergers of various types (in California) from 1992-1995, and their quality measures include inpatient

mortality for heart attack and stroke patients, 90-day readmission rates, and the early discharge (within 48

hours) of newborns. The approach is to use hospital-specific fixed effects to control for time-invariant

hospital characteristics that may be related to a merger. Overall, Ho and Hamilton (2000) find no significant

impact of hospital mergers on the quality of care. They found recent mergers and acquisitions have not

had a measurable impact on inpatient mortality, although the associated standard errors are large, and that

readmission rates and early discharge increased in some cases.

Capps (2005) uses a set of quality indicators developed by the U.S. Agency for Healthcare Research and

Quality (AHRQ) to compare quality from merging and non-merging hospitals. He uses data from 25 merging

hospitals and 221 non-merging hospitals in New York during the period 1995-2000. Capps (2005) finds no

significant impact of hospital mergers on the quality of care.

Romano and Balan (2011) conduct a case study to learn the impact on quality of care of a consummated

merger between two hospitals in the Chicago suburbs that was the subject of an antitrust suit by the FTC.

They compare the changes in quality measures at the two merged hospitals before and after the merger to

the changes at control hospitals over the same time period (difference in difference approach), and find no

significant impact of the merger on many quality measures, but there is a significant negative impact on

some, and a few with positive impacts. Romano and Balan conclude that overall, there is no reason to infer

that the merger had salutary effects on quality.

Within this category, which is the most similar to the present study, the authors find no significant effects

of mergers on hospital quality when there are market-determined prices.
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2.4 Other Studies

Other interesting studies consider the effect of other inputs on hospital quality, or the effect of hospital

mergers on different outcomes. A few worth noting follow below.

Agha (2010) analyzes the impact of health information technology (HIT) on the quality and intensity

of care delivered to Medicare inpatients. She first builds a theoretical organizational model to show how

the adoption of HIT may improve patient health, and then conducts an empirical study to test this theory.

Using data from Medicare claims, the Health Information and Management Systems Survey (HIMSS), and

the American Hospital Association Annual Survey, she measures quality of care by patient mortality, medical

complication rates, adverse drug events, and readmission rates. Agha uses event studies and a two way

fixed approach to compare the quality outcome within an HIT adopting hospital before and after adoption,

controlling for the counterfactual time trend the hospital would have experienced in the absence of adoption,

and finds that HIT adoption appears to have little impact on the quality of care measures through five years

after adoption.

Dafny (2009) examines the effect of consummated hospital mergers on price using an instrumental vari-

ables (IV) strategy to obtain unbiased estimates. A general endogeneity concern is that merging and non-

merging hospitals may differ in unobserved ways that independently affect the outcomes of interest. To

address this, Dafny (2009) uses physical colocation of rivals as an instrument for whether they merge. She

is motivated by Salop’s (1979) circular city model, where the location of firms along a circle is exogenously

determined, and the firms that are more closely located are more likely to merge. With this IV strategy,

Dafny (2009) finds a one-time sizable increase in price following a rival’s merger, with the greatest increase

occurring among hospitals nearest the merging hospitals. This validates some of the FTC and DOJ concerns

about how mergers might adversely affect patients through decreased competition and increased prices.

2.5 Contribution

Of the studies mentioned, only Gowrisankaran and Town (2003) consider the heterogeneous implications

of concentration under different payment schemes. Very few papers consider the impact of mergers on quality

directly, most consider only a few measures of quality, and all of the studies use relatively old data. This

paper contributes to the literature by considering the effect of acquisitions specifically, with a wider range of

diagnosis groups, larger variety of quality measures, more recent time period, and a new setting with many

hospitals (Texas).

Finally, I focus on the effects of acquisitions by systems rather than individual hospital mergers. Many

of the papers mentioned above use data from the 1990’s which saw a wave of independent hospital mergers,

but less is known about hospitals acquired by systems. I also focus on the effects on hospitals acquired by

within-state versus out-of-state systems, since some of the economy of scale arguments for efficiency could be
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different in these two scenarios, and the effects on quality of care might also be different due to heterogeneous

administration changes.

3 Data

3.1 Data Sources and Descriptions

My analysis utilizes three main sources of data: the Hospital Acquisition Report compiled by Irving

Levin Associates, the American Hospital Association (AHA) Annual Survey of Hospitals, and Texas hospital

inpatient discharge records from the Texas Department of State Health Services.

Mergers and acquisitions are initially identified from the Hospital Acquisition Report compiled by Irving

Levin Associates, an industry leader in publishing health care financial reports.3 Other researchers examining

mergers and acquisitions also use this report including Schmitt (2017) and Agha (2014), as it is instrumental

in identifying the incidence and timing of hospital consolidation. Each Hospital Acquisition Report details

several years of merger and acquisition transactions in the hospital industry, including the name and address

of both the target entity and the acquirer, the date of the acquisition, and the price of the acquisition in

some instances.

From the Hospital Acquisition Report, I am able to construct a list of every consummated hospital

merger or acquisition that occurred in the U.S. between 2001 and mid 2013. However, I only utilize the

transactions that occurred through 2010 due to data availability from my other sources. Between 2001 and

2010, there were an average of 61 transactions per year, for a total of 821 transactions. The states with the

largest number of targeted hospitals are, in order: Texas, Pennsylvania, and California. Similarly, the states

with the largest number of acquiring hospitals or systems are, in order: Tennessee, Texas, Pennsylvania,

and California. Cumulatively, the states with the most transactions (targets and acquirers) are, in order:

Tennessee, Texas, Pennsylvania, California, Florida, Illinois, Georgia, Louisiana, New York, and Ohio (see

table 1).

These rankings, along with the high cost of medical data, motivate my current focus on just the state

of Texas. Between 2001 and 2010, Texas had a total of 95 transactions that accounted for approximately

9% of all hospital mergers and acquisitions across the US. Of the transactions occurring in Texas, there

are 41 individual hospitals that consolidate from 2001 - 2010. This number excludes repeat acquisitions

and excludes systems that were acquired by other systems. Of those 41, two individual hospitals merged

with each other, 21 hospitals were acquired by within-state systems, and 18 hospitals were acquired by

out-of-state systems. I will restrict my analysis to the 39 hospitals that were acquired by systems in and

out of Texas. Table 2 shows the breakdown of Texas acquisitions by year. Figure 1 depicts the location

3I purchased the first, second, and fourth editions of this report which detail transactions spanning the years 2001 - 2013.
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of hospitals acquired in Texas over the sample period. Of the 254 counties in Texas, there is one acquired

hospital per county in 24 of those counties, then Travis County (Austin) has 2 hospitals acquired, Bexar

County (San Antonio) has 2 hospitals acquired, Dallas County (Dallas) has 6 hospitals acquired, and Harris

County (Houston) has 5 hospitals acquired over the sample period.

Public use data files for Texas hospital inpatient discharges are collected by the Texas Health Care

Information Council (THCIC) and were acquired from the Texas Department of State Health Services for

the years 2001 - 2010. The de-identified discharge files include an entry for every patient admitted to a

Texas hospital in a given quarter and year, with variables for admitting diagnosis (ICD-9 code), principal

and other diagnosis codes, surgical procedure codes, risk of mortality and severity of illness scores, patient

mortality, and some limited hospital and patient characteristics. Unfortunately there is no way to track

readmissions in this dataset. Table 3 summarizes the number of reporting hospitals and the number of

inpatient records for each year. There are more than 2.4 million inpatient discharges per year in the data,

and more than 33 million discharge records total for the period 2001 - 2010. An average of 474 hospitals

reported their inpatient discharges each quarter. This is not all of the hospitals in Texas, as some reporting

exemptions exist. Exempt hospitals include those located in a county with a population less than 35,000,

or those located in a county with a population more than 35,000 and with fewer than 100 licensed hospital

beds and not located in an area that is delineated as an urbanized area by the U.S. Bureau of the Census.

Exempt hospitals also include hospitals that do not seek insurance payment or government reimbursement.

Note that this analysis includes only inpatient discharge records and does not include outpatient or

emergency department records due to data availability. Texas outpatient discharge records are only available

beginning in the fourth quarter of 2009, and THCIC began collecting Outpatient Emergency Department

(ED) data with service dates of January 1, 2015 and later.

I also use date from the American Hospital Association (AHA) Annual Survey of Hospitals, years 2001

- 2010. The Annual Survey contains information for each hospital in the U.S. on a wide variety of top-

ics including organizational structure, facilities, services, staffing, and utilization. Some key variables for

this analysis are the control code (for-profit, not-for-profit, private versus public), system membership iden-

tification code, address coordinates, total hospital beds, number of physicians and nurses, medical school

affiliation, medicare certification, and codes for certain services offered such as adult cardiology and oncology

services.

3.2 Hospital IDs and Key Variables

To incorporate the AHA Annual Survey hospital characteristics into the inpatient discharge records

for my various analyses, I must make a match on hospitals ids. Each hospital in the Annual Survey has

a unique identification number, which I match to the unique Texas Health Care Information Collection
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(THCIC) identification number from the Texas inpatient discharge data. This match is made manually by

comparing the names, street addresses, cities, and zip codes of hospitals across the two datasets and over

time. This matching process must be done manually because, for instance, some hospital names change

over time without changing locations, some hospitals change locations over time, and some conventions for

abbreviating hospital names or street addresses are inconsistent over time (e.g., Memorial Hermann versus

Mem Hermann; First Avenue South versus 1st Ave. S. versus First Ave. S). Additionally, suburbs of large

cities are sometimes listed as the city of a hospital address, while other times the larger city is (e.g. Plano or

Fort-Worth are suburbs of Dallas, but are also individual cities). Finally, the AHA identification number does

not change over time (i.e., even with ownership changes), however the THCIC identification system contains

numerical changes over time, for example as hospitals change ownership. Thus, I also cross-reference some ids

with the Texas Hospital Inpatient Discharge PUDF user manuals, which include a section on the reporting

status of Texas Hospitals that includes THCIC-ID numbers and some brief comments on the reporting.

By comparing all four characteristics - hospital name, street address, zip code, and city - and cross-

referencing with the discharge user manuals and the list provided by THCIC, I am able to make a 99%

match of AHA ids and THCIC ids. That is, of the 713 distinct hospitals that appear in the AHA Annual

survey, I am able to match ids to 706 distinct hospitals that also appear in the Texas inpatient datasets.

The remaining 7 unmatched hospitals account for 1,290 discharge records, only 0.1% of all of the discharge

records in the subsample of patients admitted with the relevant group of diagnoses. After this matching of

ids, I am able to link AHA Annual Survey hospital characteristics data to the Texas inpatient discharge data

as well as account for the timing and incidence of acquisitions and exposure to such acquisitions.

Since the AHA Annual Survey tracks system membership (starting in 1985), I am able to verify the

acquisitions listed in the Irving Levin Associates data by comparing the system identification code across

years. I then construct an indicator variable for each hospital if it was the target of an acquisition (acquired),

as this will be my treated group.

For hospitals that are acquired, I calculate a running time variable for years from that acquisition (for

example, τ = −2 if a discharge record occurs two years before the hospital is acquired). For all hospitals,

I also create a variable indicating if the discharge occurs after the acquisition, post = I(τ > 0). Note that

post ≡ 0 for all non-acquired control hospitals by construction.

Next, I also create an indicator for hospitals that were members of a system that acquired another hospital

or system, and years from that acquisition. These hospitals will be excluded from the primary analysis since

they are not directly treated (by being acquired in the relevant time period), nor are they proper control

hospitals since the acquisition of another hospital by their system owner may still affect various aspects of

their operation.
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3.3 Quality Measure and Data Subsamples

Within the Texas inpatient discharge data I restrict my sample to various subsets for analysis, and I

focus on clinical quality rather than other quality dimensions such as patient experience or ‘hotel’ quality

of amenities. As mentioned before, one clinical quality measure I use is mortality, which is unambiguously

defined in the data and is the harshest outcome to occur, and the other quality measure I use is the rate of

adverse inpatient safety events.

This choice of outcomes reflects the most used quality measure found throughout the literature. For

example, Ho and Hamilton (2000) examine inpatient mortality for heart attack and stroke patients, 90-day

readmission for heart attack patients, and discharge within 48 hours for normal newborn babies; Sari (2002)

uses in-hospital complications, including inappropriate utilization, wound infections, and adverse/iatrogenic

complications; Gowrisankaran and Town (2003) use risk-adjusted hospital mortality rates for pneumonia;

Propper, Burgess, and Green (2004) use death rates of patients after treatment following heart attacks; and

Agha (2014) uses patient mortality, medical complication rates, adverse drug events, and readmission rates

for sample of patients admitted to a hospital with a certain set of primary diagnoses.

With these previous studies in mind, my primary subsample is those patients that were admitted with an

admitting or primary diagnoses of heart attack (acute myocardial infarction, AMI), stroke (cerebrovascular

event), hip or pelvis fracture, lung cancer, colon cancer, gastrointestinal hemorrhage, or pneumonia. This

set of conditions was chosen following Agha (2014) since hospitalization for these conditions is considered to

be a good proxy for disease incidence, and because mortality for these conditions occurs frequently enough

to be an outcome of relevance and importance. Patients admitted with these conditions account for about

7-9% of all inpatient discharges per year. My final sample contains 2,585,998 total observations for the set

of admitting conditions (see table 5 for the breakdown of patients per year in this subsample). From here

on out, I will refer to this subsample as the “conditions subsample”.

For the conditions subsample, I construct an indicator for mortality, which is unambiguously defined

in the discharge data, with patient status is listed as ‘patient expired’. It is also important to note that

mortality is a very severe outcome to observe, and it is also censored by only being observable if the patient

is in the hospital. In some specifications, I will use a hazard model to account for the censoring of mortality

based on hospital length of stay (i.e., I cannot observe if someone dies outside of the hospital, and the longer

they stay in the hospital the more likely I am to observe if they die). Gowrisankaran and Town (1999) show

that there is very little difference between the two specifications.

My next subsample is based on the Agency for Healthcare Research on Quality’s (AHRQ) Inpatient

Quality Indicators (IQIs) and Patient Safety Indicators (PSIs). This will be known as the “Quality Indicator

(QI) subsample”. The data are constructed using software provided by the AHRQ which calculates rates of

relevant conditions or outcomes per 100 discharges for each hospital and each year in the sample. Observed
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rates are the count of discharge records including the health outcome of interest, divided by the count of

discharge records in the patient population at risk for the relevant hospital per year. Expected and risk-

adjusted rates are also calculated in the QI software. The expected rate generates the average performance

from the universe of inpatient records per year, applied to the individual hospital’s mix of patients with

their specific risk profiles. The ratio of the observed rate to the expected rate indicates how well a hospital

is performing relative to the average (with ratios less than 1 being better). Finally, the risk-adjusted rate

uses the hospital’s individual performance and applies that to a representative mix of patients and their risk

profiles from all inpatient records that year. This measure ensures that all hospitals are evaluated on an

identical mix of patients, so it essentially removes some of the confounding influence of patient mix on the

observed outcomes.

The outcomes we consider in the QI subsample include mortality rates for inpatient procedures and

conditions (IQIs), and potentially preventable complications and iatrogenic events for inpatients (PSIs). The

mortality rates are applied to inpatients that have procedures such as an esophageal resection, a pancreatic

resection, an abdominal aortic aneurysm (AAA) repair or coronary artery bypass graft (CABG), and hip

replacements, as well as to patients with certain conditions including acute myocardial infarction (AMI),

heart failure, stroke, gastrointestinal hemorrhage, hip fracture, or pneumonia. These are very similar to

the conditions considered in my condition subsample, so will be a good check of the mortality outcomes

considered there.

Next, the PSIs used in the analysis are listed in Table 39 on page 70. These PSIs consider “medical

conditions and surgical procedures that have been shown to have complication or adverse event rates that

vary substantially across institutions and for which evidence suggests that high complication or adverse

event rates may be associated with deficiencies in the quality of care” . Some of the relevant PSIs include

avoidable deaths or complications such as the death rate in low-mortality DRGs, pressure ulcer rate, death

rate among surgical inpatients with serious treatable complications; hospital acquired infections such as the

iatrogenic pneumothorax rate, central venous catheter-related blood stream infection rate, and postoperative

sepsis rate; problems with surgical care such as perioperative hemorrhage or hematoma rate, perioperative

pulmonary embolism or deep vein thrombosis rate, and accidental puncture or laceration rate; and postop-

erative care such as postoperative hip fracture rate, postoperative physiologic and metabolic derangement

rate, postoperative respiratory failure rate, and postoperative wound dehiscence rate. All of the specific QIs

I include in the analysis are listed and described in Appendix C.

The observation level in all of the QI subsample analysis is the mortality or adverse event rate per 100

relevant admits per hospital per year.

11



K. Yewell, Hospital Consolidation and Quality August 2017

4 Empirical Strategy

My empirical approach is to compare outcomes in hospitals that do and do not join a system, before

and after the acquisition. I employ two-way fixed effects for this purpose. Hospital-specific fixed effects

control for time-invariant hospital characteristics that may be related to mortality, and are unobservable to

the econometrician. Year fixed effects control for time trends common to all hospitals. In this way, I am

able to isolate the effects of consolidation on mortality.

My primary empirical specification is as follows:

Yijt = α+ β(acquirejt × postjt) + γXijt + φ1Hj + φ2timet + εijt (1)

where Y is the outcome of interest (mortality or safety indicator) for patient i at hospital j at time t, acquire

is an indicator for whether a hospital is ever acquired, post is an indicator for whether a hospital has already

experienced an acquisition, X controls for observed patient demographics, characteristics of their illness, and

of the visit, H and time are hospital and time fixed effects, respectively, and ε is an error term. In some

specifications using QIs, the quality outcome occurs at the hospital-time level rather than the individual

level. In this case, I drop the individual controls from the above equation. In all specifications, standard

errors are clustered at the hospital level.

Some of the relevant patient demographic variables in X include indicators for female, black, white,

and hispanic, age bins, insurance type, and the “travel distance” calculated as the distance in miles from

the centroid of the patient’s zip code to the hospital address. There are also some relevant admission and

visit characteristics such as whether they were an emergency admit, were admitted on a weekday, were

admitted via a referral or transfer, the number of other diagnosis codes and procedure codes associated with

the discharge, the severity of illness score (1-4) and the risk of mortality (1-4). Finally, I include observed

hospital characteristics such as indicators for whether it is for-profit or not-for profit, is Catholic Church

operated, is a teaching hospital, has a residency training approved by the Accreditation Council for graduate

Medical Education, has a Medical school affiliation reported to American Medical Association, is a member

of Council of Teaching Hospitals (COTH) of the Association of American Medical Colleges; whether it is

Blue Cross contracting or participating, has formal written contracts with an HMO or PPO and how many

contracts it has for each, is Medicare certified by US Department of Health and Human Services, or has

a cancer program approved by the American College of Surgeons; whether it has obstetrics care, neonatal

intensive care, medical/surgical intensive care, cardiac intensive care, adult cardiac surgery, neurological

services, chemotherapy, oncology services, or orthopedic services; whether the hospital has ambulatory care,

an emergency department, is trauma certified, the log of the number of beds, the percent of discharges that

are medicare or medicaid for the subsample, the number of full and part time doctors, residents, registered
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nurses, and other personnel, and the number of hospitals in the county.

In the equation above, β is our coefficient of interest; it tells us the effect of acquisition on our measure of

quality. Identification in this setting requires a few key assumptions. First, we must assume that unobserved

differences between hospitals are not changing over time, so that the fixed effects difference out any of

these unobservable characteristics. However, one valid concern is that consolidation is endogenous. That is,

consolidating and non-consolidating hospitals may differ in unobservable ways that affect the incidence of

consolidation. I will try to address this concern descriptively, however it does appear that consolidating and

non-consolidating hospitals differ even in observable ways.

Another key assumption under the empirical specification is that unobserved patient severity is uncorre-

lated with hospital choice. The concern here is that more severely ill patients may self-select towards higher

quality hospitals, which would bias my estimates towards zero because if that is the case, then those with an

existing higher probability of death might receive better care, lessening the effect we can see on mortality.

In the next section, I will discuss some descriptive statistics that relate to this assumption and go into

further detail about whether we should be concerned with biased estimates. I will also explore some event

studies (regressions with leads and lags relative to the timing of the acquisition) that will reveal some

underlying trends in the data which will inform the empirical results we see later on.

5 Descriptive Statistics

5.1 Conditions Subsample

Recall that the conditions subsample is restricted to patients that were admitted with an admitting or

primary diagnoses of heart attack (acute myocardial infarction, AMI), stroke (cerebrovascular event), hip or

pelvis fracture, lung cancer, colon cancer, gastrointestinal hemorrhage, or pneumonia. Hospitalization for

these conditions is considered to be a good proxy for disease incidence (Agha, 2014), and these conditions

also correspond to many of those used by other papers considering quality. Finally, they also correspond to

many of the conditions in the IQI mortality calculations, allowing us to compare and verify our results.

Table 5 contains the discharge volume of Texas patients admitted with the relevant conditions per year

for the full sample, for the subsample of hospitals that were acquired at some point, and for the subsample

of hospitals that were never acquired. The number of patients with relevant conditions at acquired hospitals

(treated group) across all years is 153,245, which is about 11.5% of the number of patients at control hospitals

(there were 1,337,267 patients admitted with relevant conditions across all years at those hospitals that were

never acquired and were also not members of the systems that acquired hospitals in this time frame).

To gain an intuition for changes that occur as a result of an acquisition, I compare means across patient,

visit, hospital, and market characteristics for hospitals that are acquired versus those that are not. Table 6
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presents means and standard deviations of key patient demographics for all hospitals (column 1), all non-

acquired hospitals (column 2), non-acquired hospitals that were members of systems that acquired hospitals

(column 3), non-acquired hospitals that are in the control group (column 4), all acquired hospitals (column

5), acquired hospitals in the cumulative years before the acquisition (column 6), and acquired hospitals in

the cumulative years following the acquisition (column 7). Note that columns 6 and 7 exclude the year of

the acquisition (τ = 0), but column 5 does not. Overall, in the subsample of patients admitted with the

relevant conditions, 52% are female, 12% are black, 69% are white, 21% are hispanic, 58% are at least 65

years old, 56% have medicare, 14% have private insurance, 9% have medicaid, and the average patient travel

distance is about 18.67 miles.

Next, I test the difference in means between acquired hospitals before and after acquisition , acquired

and control hospitals , and acquired versus all non-acquired hospitals. Since we expect a hospital that is

acquired (treated) to have altered behavior or outcomes after the acquisition, the mean across all years

(both before and after acquisition) will not be a true representation of how similar or dissimilar they are

to non-treated hospitals. Acquired hospitals have 2 percentage points more female patients that are ad-

mitted with the relevant diagnoses than control hospitals in the initial year, but this difference shrinks to

1 percentage point across all years. While these differences are statistically significant, the magnitudes are

not meaningful/substantial compared to the mean. Acquired hospitals admit the same percentage of black

patients as control hospitals in the initial year, but 1 percentage point fewer over all years (again, not a

meaningful difference). Conversely, acquired hospitals admit 8 percentage points fewer white patients and

9 percentage points more hispanic patients than control hospitals in the initial year of observation, but the

difference only persists meaningfully for the hispanic population. There are also some age differences between

acquired and control hospitals, but they vary by age bins. Acquired hospitals have 1 percentage point fewer

patients ages 0 - 17 and ages 18 - 44, which is significant compared to the 8 percent of patients falling into

each of those age categories on average. Keep in mind that these numbers pertain only to patients admitted

with the aforementioned group of diagnoses, the prevalence of which we would expect to be lower in the

younger populations anyways. In the older population, one percentage point fewer 45 - 64 year olds and

three percentage point more 65+ year olds are admitted to acquired hospitals in the initial year than control

hospitals. Compared to the means, these differences range from about a 3 to 5 percent difference in the

initial year. What’s interesting is that these differences also persist (and in fact grow) in the overall means,

so it must be that acquired hospitals are admitting fewer middle aged adults and more retirement-aged and

older adults over time.

Next, we see some interesting differences in insurance status of admitted inpatients. Initially there

is no difference in patients Medicare coverage, but 1 percentage point more patients with Medicaid and 3

percentage points more with private insurance in hospitals that are eventually acquired than control hospitals
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in their initial year. These are 10 percent and 25 percent differences compared to the means. The average

percentage of Medicaid patients does not seem to change much when including all years, however the number

of private insurance patients falls for acquired hospitals, and overall they have two percentage points fewer

privately insured patients than control hospitals, which is about 16 percent less. This change may possibly be

attributed to the profit motives of systems that acquire hospitals. A histogram of the percent of discharges

that are Medicare or Medicaid patients is in figure 2.4

Finally, patients that are admitted to acquired hospitals “travel” significantly fewer miles to the hospital

than patients admitted to control hospitals.5 The difference is nearly 11 miles in the initial year, and 7

miles over all years, compared to an average travel distance of about 19 miles. While the differences are

significant, the direction of change is also important. Notice that patients travel fewer miles to get to acquired

hospitals, but also that the difference shrinks over time. The travel time/distance that patients are willing

to travel to acquire healthcare has been shown to be highly correlated with hospital “quality” , so we could

reasonably interpret these differences to mean that control hospitals are of better quality than acquired

hospitals, but that acquired hospitals make up some of this difference over time with various improvements.

Whatever these improvements are, we further expect them to show up in our outcome measures, which we

will address later. In any case, patient travel distance is an important proxy for unobserved differences in

hospital quality that may be driving some patient selection, so I will control for it in all specifications that

include any characteristics. A histogram of patient travel distance is in figure 3.6

Table 7 presents the means and standard deviations of admission characteristics for the inpatient stay,

including emergency, urgent, or elective admission, referral, transfer, or ER source of admission, length of

stay, number of other diagnoses, total charges, weekend admit, and travel distance. Again, this is presented

for the full sample, for the subsample of hospitals that were acquired at some point, and for the subsample

of hospitals that were never acquired.

6 Results

In this section I will discuss the effect that consolidation has on patient outcomes as revealed through

the fixed effects approach described in section 4. In addition to the mortality results in the condition and

IQI subsamples, I will also examine the timing of changes that occur in patient mix through a series of

event studies. While these are controlled for in the final specification, it is informative to understand some

of the underlying changes that correspond to the timing of the acquisition, as these may also influence the

outcomes.

4For the subset of patients admitted with the relevant conditions.
5Travel distance is somewhat crudely calculated based on the coordinates at the centroid of the patient’s zip code of residence,

and the exact coordinates of the hospital address.
6For the subset of patients admitted with the relevant conditions.
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6.1 Event Studies

Graphical depictions of event studies start on page 30. The event studies depict coefficient estimates

for leads and lags in a regression where the year before the acquisition is the omitted category, with 95%

confidence intervals shown as a shaded area around the estimates. Since these regressions are all with

respect to the timing of a merger, they only represent effects within the treated subsample of hospitals that

are acquired at some point within the study period (i.e., they don’t compare acquired hospitals to non-

acquired hospitals, they compare acquired hospitals at various points in time relative to acquired hospitals

the year before the acquisition).

Figure 5 displays graphical event studies for patient characteristics with hospital and year fixed effects.

We see that there is a downward trend in patients admitted with private insurance, and more patients

admitted with medicare. There is also an upward trend in female patients that are admitted with the

relevant conditions.

Figure 6 displays graphical event studies for admission and visit characteristics with hospital and year

fixed effects. This shows that the number of other diagnoses and the severity of illness of patients admitted

in the years before an acquisition are less than in the year directly before acquisition, and are trending

upwards. We additionally see an upward trend in emergency admits and elective admits, in weekend admits,

and in the risk of mortality score for patients with the relevant conditions. Conversely, the number of urgent

admits decreases over all years, and the number of procedures decreases in the year of and the year following

the acquisition. The length of stay in days is slightly less two years before the acquisition than in the year

before acquisition, but there are no significant trends post acquisition. These changes may point to changes

in patient mix (especially severity of patients admitted and the way in which they are admitted), but may

alternatively point to one way in which acquired hospitals could increase profits - by changing their coding

and procedural practices to increase the number of diagnoses and severity of illness scores (e.g. for increased

reimbursements), while slightly decreasing or not changing the number of procedures significantly (for no

changed or decreased costs).

Next, consider some of the outcomes. Figure 7 displays graphical event studies for length of stay and

mortality with hospital and year fixed effects for patients admitted with a primary diagnosis of heart attack,

stroke, or the group of conditions combined (heart attack, stroke, hip or pelvis fracture, lung cancer, colon

cancer, gastrointestinal hemorrhage, or pneumonia). We see that heart attack patients appear to stay in

the hospital slightly less in the two and three years preceding an acquisition than later. Other than that,

there are no effects to be found in a regression on the outcomes with leads and lags and with hospital and

year fixed effects. With respect to mortality, there is no significant change in mortality for stroke or group

patients either before or after acquisition, but the mortality for heart attack patients appears to increase

in the years following acquisition. This works against the proposition that hospital acquisitions increase
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quality of care. All of these results will be explored in more depth in the following section, where the joint

significance of before versus after effects are tested relative to the control group of hospitals that are never

acquired and are not part of a system that acquires more hospitals.

In the next subsection, I will apply the fixed effects estimation strategy to test the joint significance of

the quality outcomes before versus after acquisition, relative to the control group of hospitals that are never

acquired and are not part of a system that acquires more hospitals.

6.2 Fixed Effects Estimates

The section containing results figures and tables start on page 33. For convenience, in addition to

providing tables of regression estimates, I have also created graphical representations of the point estimates

with confidence intervals shown.

Figure 8 shows the coefficient estimates of the effect of acquisition on length of stay and mortality rates

for the condition subsample. Corresponding to this figure is table 8, in which panel A shows the estimated

effect on length of stay and mortality for heart attack patients, panel B shows the estimated effect for stroke

patients, and Panel C shows the estimated effect for the selected group of patients. Results are presented

for estimates with no controls, with hospital and year fixed effects, and with additional controls including

patient characteristics, admission and visit characteristics, and hospital characteristics.7 The third model,

with hospital and year fixed effects and with all of the additional controls, is the preferred specification.

The results indicate that the length of stay for heart attack patients increased by .16 days (approximately

3.8 hours) to 0.52 days (12.5 hours) depending on the specification, with the increase being significantly

different from zero in the model with fixed effects and additional covariates. The length of stay for stroke

patents is more ambiguous, with the estimates from the regression with no covariates indicating that in the

year of the acquisition the length of stay was 1.39 days (approximately 33 hours) fewer, and in the years

following the acquisition the length of say was 1.29 days (almost 31 hours) fewer, both being significant at

the 95% level or above. However, the significance and the magnitude of these changes decreases significantly

in the models with fixed effects, and the direction of change becomes ambiguous as well. For patients

admitted with the selected group of conditions, the magnitude and direction of change also depends on the

specification. In the regression with no covariates, the length of stay decreases by .78 days (18.72 hours), and

7Patient characteristics include female, black, white, and hispanic, age bins, insurance type, and “travel distance”. Admission
and visit characteristics include emergency admit, weekday admit, admitted via a referral or transfer, the number of other
diagnosis codes and procedure codes associated with the discharge, the severity of illness score (1-4) and the risk of mortality
(1-4). Hospital characteristics include indicators for whether it is for-profit or not-for profit, is Catholic Church operated, is
a teaching hospital, has a residency training, has a Medical school affiliation, is a member of Council of Teaching Hospitals;
whether it is Blue Cross contracting or participating, has formal written contracts with an HMO or PPO and how many
contracts it has for each, is Medicare certified, or has a cancer program approved by the American College of Surgeons; whether
it has obstetrics care, neonatal intensive care, medical/surgical intensive care, cardiac intensive care, adult cardiac surgery,
neurological services, chemotherapy, oncology services, or orthopedic services; whether the hospital has ambulatory care, an
emergency department, is trauma certified, the number of beds, the percent of discharges that are medicare or medicaid for
the subsample, the number of full and part time doctors, residents, registered nurses, and other personnel, and the number of
hospitals in the county.
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in the regression with fixed effects and additional covariates, the length of stay increases by .41 days (9.84

hours) on average for the group of conditions. Given that this last specification is the preferred one with the

most explanatory power, I conclude that the length of stay increases for this group and for the heart attack

patients by 0.4 and 0.5 days, respectively. Compared to the mean length of stays for these two subsets, this

is an increase in length of stay of 9.2 percent for heart attack patients and 6.5 percent for patents with the

group of conditions.

On the other hand, there is no significant effect on mortality for any of the considered groups of admits,

in any specification. The direction of change is ambiguous for heart attack admits depending on the specifi-

cation, and the magnitudes range from a decrease of 7 percent to an increase in 12.3 percent off of the mean

in the two models with fixed effects. For stroke patients, the models with fixed effects reveal an increase in

mortality of 12.1 to 19.6 percent relative to the mean, however these estimates are very imprecise. Finally,

for the selected group of conditions, the models with fixed effects predict a decrease in mortality following

acquisition of about 4 percent relative to the mean. Again, we cannot reject the hypothesis that any of these

effects are zero with more than 95% certainty.

Figures 10 and 11 and tables 27 - 24 show the coefficient estimates of the effect of acquisition on all

of the mortality rates in the Inpatient Quality Indicators. As before, results are presented for estimates

from regressions with no controls, with hospital and year fixed effects, and controlling for additional hospital

characteristics (the same as before). For observed IQI rates, the regressions with no controls reveal an

apparent decrease in the rates of IQI 16 (heart failure mortality rate) and IQI 20 (pneumonia mortality rate)

after acquisition. The magnitudes are a decrease by 2.5 deaths per 100 inpatients with heart failure, and

a decrease by 2.7 deaths per 100 inpatients with pneumonia. Compared to the mean rates of 6 deaths and

6.7 deaths per 100 admits, respectively, this amounts to a decrease in observed mortality of 42.4% for heart

failure and 40.27% for pneumonia, which are large effects. However, these effects do not remain significant

in the models with fixed effects, and the direction of change is even the opposite in the case of heart failure.

For heart failure and pneumonia, similar improvements (although somewhat smaller in magnitude) appear

in the observed/expected ratio, expected rate, and risk-adjusted rate when no controls are taken into effect,

however these again disappear and are oppositely signed when fixed effects and other covariates are taken

into account.

In the specification with fixed effects and hospital controls, the expected rate for IQI 11 (abdominal

aortic aneurysm repair) increases by 2.5-2.7 deaths per 100 admits, a change of 69% - 73.3% relative to the

mean. Since these do not show up in the observed rates, this implies that the acquired hospitals worsens

their performance relative to the average hospital on this measure, although the effect is insignificant. From

the interpretation of the expected rate, this is due to the average level of care observed in all hospitals being

better if applied to the locally observed distribution of patients. That implies that the patients at acquired

18



K. Yewell, Hospital Consolidation and Quality August 2017

hospitals are less risky with respect to abdominal aortic aneurysms after the acquisition, compared to before

and compared to all other hospitals.

In the specification with fixed effects and hospital controls, the observed rate for IQI 12 (coronary artery

bypass graft) decreases by 2.77 deaths per 100 admits, which is a 71.6% decrease from the mean rate of 3.87.

This also translates to a decrease in the observed to expected IQI 12 ratio by about 76.9%, indicating that

acquired hospitals largely improve their performance relative to the average hospital on this measure. Finally,

the risk-adjusted rate of deaths for coronary artery bypass grafts decreases by 0.31 deaths per 100 patients

after acquisition, which is a decrease of about 73.6% from the mean. This means that after acquisition, the

quality of care at acquired hospitals would mean a significant decrease in deaths if they served the average

patient mix of all hospitals. This last measure evaluates all hospitals on the same mix of patients, so it

eliminates the bias of risky patients from the analysis.

Overall, we see that acquired hospitals improve quality as measured by mortality rates in the specific

procedure of coronary artery bypass grafts, and worsen the expected mortality rates for abdominal aortic

aneurysm repairs. However, there is no significant change in the mortality outcomes that are most similar

to those considered in the condition subsample - IQI 14 (hip replacement mortality rate), IQI 15 (AMI

mortality rate), IQI 17 (acute stroke mortality rate), IQI 18 (gastrointestinal hemorrhage mortality rate),

IQI 19 (hip fracture mortality rate), and IQI 20 (pneumonia mortality rate). This reinforces the results from

the condition subsample, that there is no significant effect on mortality for any of the considered groups of

admits. Since these are the outcomes studied by previous authors in this field, it is no wonder that many

have found no effect on quality.

Next, Figures 12 and 13 and tables 25 - 37 show the coefficient estimates of the effect of acquisition

on all of the adverse outcomes in the Patient Safety Indicators. Results are again presented for estimates

from regressions with no controls, with hospital and year fixed effects, and controlling for additional hospital

characteristics.

In the regressions with no controls, acquired hospitals experience significant decreases in several of the

PSIs after acquisition. The ones that stand out with decreases across multiple categories are PSI 02 (death

rate in low-mortality DRGs), PSI 08 (postoperative hip fracture rate), and PSI 10 (postoperative physiologic

and metabolic derangement rate). From PSI 02, the observed death rate in low-mortality DRGs decreases by

131% of the mean, the expected rate decreases by about 68.7% of the mean, the risk-adjusted rate decreases

by about 39.4% of the mean, and the observed/expected ratio decreases by 41% of the mean. The significance

goes away with more controls, and both the magnitudes and signs of the effects change in the models with

fixed effects. The exception is the risk-adjusted rate, which remains negative and increases in magnitude so

that the predicted post-acquisition risk-adjusted death rate in acquired hospitals is 128% less than the mean

for all hospitals. Thus, if acquired hospitals faced the same average patient mix as all hospitals, they would
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perform much better with respect to low-mortality DRGs.

The observed rate, risk-adjusted rate, and observed/expected ratio of PSI 08 (postoperative hip frac-

ture) also show large improvements in the models with no controls (126%, 81.8%, 81.5% relative to the

means, respectively), but again they disappear and even change sign when introducing fixed effects into the

regressions. On the other hand, the observed rate, risk-adjusted rate, and observed/expected ratio of PSI

10 (postoperative physiologic and metabolic derangement rate) show improvements in the models with no

controls (66.2%, 42.2%, 42.2% relative to the means, respectively) and retain the same signs in the models

with fixed effects. In this case, the observed rate decreases by twice as much, while the risk-adjsuted rate

and observed/expected ratio decrease by a little less than half. Although these estimates are insignificant,

they suggest some improvement with respect to this safety indicator.

For PSI 07 (central venous catheter-related blood stream infection rate), the regression with no controls

predicts about a 45% decrease in the risk-adjusted rate and observed/expected ratio, however these do not

hold up to the models with fixed effects. Thus, we cannot conclude that the quality of care improves relative

to the average hospital. On the other hand, hospitals that are acquired see improvements in the risk-adjusted

rate and observed/expected ratio for PSI 11 (postoperative respiratory failure rate) of about 81% relative

to the mean (in the two-way fixed effects specification), and these persist somewhat in the models with

additional hospital controls (no longer significant, but improvements of about 21.6%). This indicates that

acquired hospitals provide better care for surgical patients facing respiratory failure after procedures than

they did before, relative to the average. Last but not least, the result for PSI 09 (perioperative hemorrhage

or hematoma rate) indicate an increase in the risk-adjusted rate and in the observed/expected ratio of about

89% relative to the mean for acquired hospitals after acquisition. This implies that they do much worse at

controlling bleeding of patients in the duration of surgical procedures and recovery.

Taking all of these results into mind, it is difficult to definitively conclude whether hospital acquisitions

improve quality of inpatient health care outcomes or not. The complex nature of inpatient care, as well as

unobservable patient and hospital factors make it difficult to nail down a complete story. However, I have

shown here that the length of stay for the selected group of admits and for heart attack patients in acquired

hospitals increases by about 0.4 to 0.5 days (a change of 6.5% and 9.2%) after acquisition, respectively, while

having no impact on the corresponding mortality rates. Instead, from the IQIs we conclude that acquired

hospitals improve mortality rates in the specific procedure of coronary artery bypass grafts. For patients

admitted with low-mortality DRGs, the care they receive at an acquired hospital post-acquisition is better

than the average hospital facing the same patients. There is also some evidence of slight improvement of

quality by decreasing the number of postoperative hip fractures and preventing respiratory failure for surgical

patients after surgery in hospitals after an acquisition. However, we also see a worsening of quality of caring

for perioperative hemorrhages or hematomas after an acquisition. Thus, overall the welfare changes are
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specific to the patient’s diagnosis and the procedures performed, and might not outweigh the economic costs

associated with decreased competition.

7 Conclusion and Discussion

This study has analyzed the effect of hospital consolidation on inpatient safety indicators and mortality

as clinical measures of hospital quality. The unique features of the hospital industry make understanding

the effect of consolidation on consumer welfare important. While the FTC and DOJ are concerned with

the market power effects of consolidating markets, the high value of life and health imply that even modest

improvements in clinical quality may justify consolidations that would potentially raise prices or otherwise

decrease consumer welfare.

To study the effect on quality, I analyzed within- hospital changes in mortality rates and rates of adverse

safety events for various patient subsets, before and after consolidation. Fixed effects estimates revealed

mixed results on the effect of hospital acquisitions on quality of inpatient health care and outcomes. The

complex nature of inpatient care, as well as unobservable patient and hospital factors make it difficult to

understand the underlying changes that take place in practice and care following consolidation. However,

I have shown here that the length of stay for the selected group of admits and for heart attack patients in

acquired hospitals increases by about 6.5% and 9.2%) after acquisition, respectively, which increases costs

while having no impact on the corresponding mortality rates. Instead, from the IQIs we conclude that

acquired hospitals improve mortality rates in the specific procedure of coronary artery bypass grafts, but

not the others presented. This improvement is about 71.6% of the mean, but relatively few patients receive

a coronary artery bypass graft. For patients admitted with low-mortality DRGs, the care they receive at an

acquired hospital post-acquisition is slightly better than before, compared to the average hospital if it were

to face the same patients. There is also some evidence of slight improvement of quality by decreasing the

number of postoperative hip fractures and preventing respiratory failure for surgical patients after surgery

in hospitals after an acquisition. However, we also see a worsening of quality of caring for perioperative

hemorrhages or hematomas after an acquisition. Given that the overall the welfare changes are specific to

the patient’s diagnosis and the procedures performed, and that the number of patients involved in these

specific procedures that improved is relatively low, the high value of health and life improvements might not

outweigh the economic costs associated with decreased competition.
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Tables and Figures

Data

Table 1: States with the Most Hospital Mergers and Acquisitions, 2001-2009

State Freq. Target Freq. Acquire Total Frequency Percent
1 Tennessee 22 110 132 12.94
2 Texas 50 45 95 9.31
3 Pennsylvania 41 40 81 7.94
4 California 40 40 80 7.84
5 Florida 21 34 55 5.39
6 Illinois 27 19 46 4.51
7 Georgia 19 18 37 3.63
8 Louisiana 24 10 34 3.33
9 New York 14 17 31 3.04
10 Ohio 15 14 29 2.84

Table 2: Number of Texas Hospitals Acquired per Year

Year All Acquisitions Within-state Out-of-state
2001 5 2 3
2002 1 0 1
2003 2 0 2
2004 4 3 1
2005 3 2 1
2006 4 0 4
2007 5 4 1
2008 1 0 1
2009 6 3 3
2010 8 7 1
Total 39 21 18
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Figure 1: Location of Hospitals Acquired in Texas, 2001 - 2010

Table 3: Texas Inpatient Data Summary

Discharge Average number of Total Inpatient
Year reporting hospitals Records
2001 425.25 2,679,784
2002 434 2,770,312
2003 434 2,810,530
2004 449.75 2,818,460
2005 482.25 2,854,342
2006 518.25 2,917,188
2007 522.75 2,937,770
2008 525 2,918,553
2009 533 2,951,296
2010 551 2,944,378
Total Unique
Average/Year

Note: The data is at the quarterly level, so the number of reporting hospitals
can change quarterly. The number presented is a yearly average.
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Table 4: Number of Texas Hospitals in AHA Annual Survey per Year

Acquired Member of Control All
Year Sometime Acquiring System Hospital Hospitals
2001 31 129 354 514
2002 31 126 357 514
2003 31 125 351 507
2004 33 124 379 536
2005 33 126 404 563
2006 32 141 404 577
2007 32 149 394 575
2008 29 148 403 580
2009 29 149 407 585
2010 29 146 417 592
Total Unique
Average/Year

Table 5: Number of Texas Patients Admitted with Relevant Conditions per Year

Acquired Member of
Year Sometime Acquiring System Control Hospital Total
2001 16,745 102,918 130,800 250,463
2002 17,504 103,290 139,303 260,097
2003 16,769 107,000 134,734 258,503
2004 15,930 99,557 131,595 247,082
2005 16,456 101,827 141,490 259,773
2006 15,023 95,735 140,259 251,017
2007 15,225 111,347 132,448 259,020
2008 13,916 110,475 129,762 254,153
2009 13,457 115,882 128,156 257,495
2010 12,220 113,706 128,720 254,646
Total 153,245 1,061,737 1,337,267 2,552,249
Average/Year 15,325 106,174 133,727 255,225
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Descriptive Statistics

Table 6: Patient Characteristics

(1) (2) (3) (4) (5) (6) (7)
All All Non-Acq Members Control All Acq Acq Before Acq After

Female 0.52 0.52 0.52 0.52 0.52 0.52 0.52
(0.50) (0.50) (0.50) (0.50) (0.50) (0.50) (0.50)

Black 0.12 0.12 0.12 0.13 0.10 0.11 0.09
(0.33) (0.33) (0.32) (0.33) (0.30) (0.31) (0.29)

White 0.69 0.69 0.66 0.71 0.69 0.67 0.72
(0.46) (0.46) (0.47) (0.46) (0.46) (0.47) (0.45)

Hispanic 0.21 0.20 0.20 0.20 0.30 0.18 0.45
(0.40) (0.40) (0.40) (0.40) (0.46) (0.39) (0.50)

Age 0-17 0.08 0.08 0.07 0.09 0.08 0.07 0.10
(0.27) (0.27) (0.25) (0.28) (0.27) (0.25) (0.30)

Age 18-44 0.08 0.08 0.08 0.08 0.07 0.07 0.07
(0.27) (0.27) (0.27) (0.27) (0.25) (0.25) (0.26)

Age 45-64 0.27 0.27 0.27 0.27 0.24 0.24 0.24
(0.44) (0.44) (0.44) (0.44) (0.43) (0.43) (0.43)

Age 65+ 0.58 0.58 0.59 0.57 0.61 0.63 0.58
(0.49) (0.49) (0.49) (0.50) (0.49) (0.48) (0.49)

Patient Travel (mi) 18.67 18.89 15.72 21.49 15.39 16.39 13.98
(93.07) (94.74) (70.34) (110.80) (62.08) (50.69) (69.62)

Medicare 0.56 0.56 0.56 0.56 0.58 0.60 0.55
(0.50) (0.50) (0.50) (0.50) (0.49) (0.49) (0.50)

Medicaid 0.09 0.08 0.07 0.10 0.10 0.07 0.13
(0.28) (0.28) (0.26) (0.29) (0.30) (0.26) (0.34)

Private Insurance 0.14 0.15 0.15 0.14 0.11 0.10 0.14
(0.35) (0.35) (0.36) (0.35) (0.32) (0.30) (0.34)

Observations 2,300,029 2,158,622 974,473 1,184,149 141,407 73,743 52,599
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

The table reports mean with standard deviations in parentheses.

Note: Columns 6 and 7 exclude the year of the acquisition
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Table 7: Admission and Visit Characteristics

(1) (2) (3) (4) (5) (6) (7)
All All Non-Acq Members Control All Acq Acq Before Acq After

Emergency Admission 0.62 0.62 0.67 0.59 0.58 0.51 0.66
(0.49) (0.48) (0.47) (0.49) (0.49) (0.50) (0.47)

Urgent Admission 0.19 0.19 0.17 0.21 0.24 0.31 0.16
(0.40) (0.39) (0.37) (0.41) (0.43) (0.46) (0.36)

Elective Admission 0.18 0.18 0.17 0.19 0.18 0.18 0.18
(0.38) (0.38) (0.37) (0.39) (0.38) (0.39) (0.38)

Trauma Center Admit 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.04) (0.04) (0.03) (0.04) (0.01) (0.00) (0.01)

Weekday Admit 0.75 0.75 0.75 0.75 0.74 0.74 0.75
(0.43) (0.43) (0.43) (0.43) (0.44) (0.44) (0.43)

Weekend Admit 0.25 0.25 0.25 0.25 0.26 0.26 0.25
(0.43) (0.43) (0.43) (0.43) (0.44) (0.44) (0.43)

Admitted through ER 0.62 0.62 0.65 0.60 0.64 0.63 0.66
(0.49) (0.49) (0.48) (0.49) (0.48) (0.48) (0.47)

Physician Referral 0.27 0.27 0.26 0.28 0.28 0.26 0.31
(0.45) (0.45) (0.44) (0.45) (0.45) (0.44) (0.46)

Clinic Referral 0.02 0.02 0.01 0.02 0.01 0.01 0.00
(0.12) (0.13) (0.10) (0.14) (0.08) (0.08) (0.07)

HMO Referral 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.04) (0.04) (0.04) (0.03) (0.02) (0.02) (0.02)

Length of Stay (days) 6.34 6.36 6.17 6.51 5.92 6.06 5.71
(9.55) (9.71) (6.52) (11.63) (6.46) (6.74) (6.00)

n Other Diagnoses 7.25 7.27 7.58 7.01 6.96 6.58 7.30
(4.39) (4.41) (4.50) (4.31) (4.03) (3.77) (4.11)

n Procedures 1.83 1.84 1.88 1.81 1.63 1.79 1.38
(2.38) (2.39) (2.42) (2.36) (2.26) (2.35) (2.06)

Severity of Illness (1-4) 2.37 2.37 2.38 2.36 2.32 2.31 2.32
(0.88) (0.88) (0.89) (0.88) (0.88) (0.87) (0.88)

Risk of Mortality (1-4) 2.05 2.05 2.07 2.04 2.03 2.05 2.00
(0.96) (0.96) (0.97) (0.95) (0.95) (0.95) (0.94)

Observations 2,550,354 2,397,589 1,061,015 1,336,574 152,765 79,684 56,678
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure 2: Histogram of Percent of Discharges that are Medicare or Medicaid Patients

(a) Medicare (b) Medicaid

Figure 3: Histogram of Patient Travel Distance (miles)

Figure 4: Histogram of HHI, various market definitions

(a) Zip Code (b) City (c) County
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Event Studies

Figure 5: Patient Characteristics Event Studies, with hospital and year fixed effects

(a) Female (b) Black (c) White

(d) Hispanic (e) Age 0-17 (f) Age 18-44

(g) Age 45-64 (h) Age 65+ (i) Travel Distance (mi)

(j) Medicare (k) Medicaid (l) Private Ins

Note: These event studies depict coefficient estimates for leads and lags in a regression with hospital and year fixed effects.
The year before the merger is the omitted category. 95% confidence intervals are shown as the area shaded in gray.
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Figure 6: Admission and Visit Event Studies, with hospital and year fixed effects

(a) Emergency Admit (b) Urgent Admit (c) Elective Admit

(d) Physician Referral (e) Admitted through ER (f) Weekday Admit

(g) Weekend Admit (h) Length of Stay (days) (i) Number of other diagnoses

(j) Number of Procedures (k) Severity of Illness Score (1-4) (l) Risk of Mortality Score (1-4)

Note: These event studies depict coefficient estimates for leads and lags in a regression with hospital and year fixed effects.
The year before the merger is the omitted category. 95% confidence intervals are shown as the area shaded in gray.
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Figure 7: Length of Stay and Mortality Event Studies, with hospital and year fixed effects

(a) Heart Attack Length of Stay (b) Heart Attack Mortality

(c) Stroke Length of Stay (d) Stroke Mortality

(e) Selected group of conditions Length of Stay (f) Selected group of conditions Mortality

Note: These event studies depict coefficient estimates for leads and lags in a regression with hospital and year fixed effects.

The year before the merger is the omitted category. 95% confidence intervals are shown as the area shaded in gray.
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Results

Figure 8: Coefficient Estimates of the Effect of Acquisition on LOS and Mortality Rates for the Condition
Subsample

Length of Stay Mortality
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Table 8: Regression Results for Condition Subsample

Panel A: Heart Attack Admits

Outcome: Length of Stay Outcome: Mortality
(1) (2) (3)

postMA 0.1617 0.2462 0.5175∗∗

(0.4623) (0.2349) (0.1934)
MAyear0 -0.4410 0.0123 0.0173

(0.3177) (0.1330) (0.1646)
cons 5.5718∗∗∗ 5.8580∗∗∗ -5.5350∗∗

(0.1185) (0.0780) (1.8857)
Hospital & Year FE No Yes Yes
Other Covariatesa No No Yes
N 240715 240715 116314
R2 0.0001 0.0842 0.3356
N clusters 410 410 280

(1) (2) (3)
postMA 0.0122 -0.0057 0.0086

(0.0092) (0.0114) (0.0073)
MAyear0 0.0014 -0.0019 0.0008

(0.0115) (0.0056) (0.0083)
cons 0.0684∗∗∗ 0.0823∗∗∗ -0.1053

(0.0017) (0.0022) (0.1000)
Hospital & Year FE No Yes Yes
Other Covariatesa No No Yes
N 240834 240834 116420
R2 0.0001 0.0102 0.1265
N clusters 410 410 280

Panel B: Stroke Admits

Outcome: Length of Stay Outcome: Mortality
(1) (2) (3)

postMA -1.2944∗ 0.3885 -0.2002
(0.5440) (0.4327) (0.5442)

MAyear0 -1.3947∗∗ 0.3313 -0.7023
(0.5161) (0.3486) (0.3694)

cons 7.6644∗∗∗ 8.0132∗∗∗ -0.4264
(0.2801) (0.0990) (2.7056)

Hospital & Year FE No Yes Yes
Other Covariatesa No No Yes
N 233260 233260 113238
R2 0.0007 0.2113 0.3855
N clusters 436 436 295

(1) (2) (3)
postMA -0.0076 0.0157 0.0097

(0.0071) (0.0124) (0.0156)
MAyear0 -0.0091 0.0029 0.0109

(0.0075) (0.0068) (0.0136)
cons 0.0820∗∗∗ 0.0950∗∗∗ -0.0057

(0.0037) (0.0025) (0.0635)
Hospital & Year FE No Yes Yes
Other Covariatesa No No Yes
N 233312 233312 113290
R2 0.0000 0.0197 0.1947
N clusters 436 436 295

Panel C: Admits with Selected Group of Conditionsb

Outcome: Length of Stay Outcome: Mortality
(1) (2) (3)

postMA -0.7781∗ 0.2256 0.4127∗∗

(0.3632) (0.1766) (0.1452)
MAyear0 -0.5403∗ 0.1290 -0.0445

(0.2737) (0.1288) (0.1786)
cons 6.4987∗∗∗ 6.7786∗∗∗ -0.3776

(0.1199) (0.0450) (1.5544)
Hospital & Year FE No Yes Yes
Other Covariatesa No No Yes
N 1448035 1448035 710518
R2 0.0002 0.0762 0.3403
N clusters 492 492 332

(1) (2) (3)
postMA -0.0065 -0.0022 -0.0024

(0.0045) (0.0039) (0.0052)
MAyear0 -0.0021 -0.0011 0.0020

(0.0039) (0.0027) (0.0036)
cons 0.0558∗∗∗ 0.0686∗∗∗ -0.0782∗∗

(0.0016) (0.0013) (0.0280)
Hospital & Year FE No Yes Yes
Other Covariatesa No No Yes
N 1448437 1448437 710889
R2 0.0000 0.0121 0.1115
N clusters 492 492 332

aOther covariates include patient characteristics, admission and visit characteristics, hospital characteristics, and market characteristics
bRecall: selected group of conditions includes heart attack (acute myocardial infarction, AMI), stroke (cerebrovascular event),

hip or pelvis fracture, lung cancer, colon cancer, gastrointestinal hemorrhage, or pneumonia.

Standard errors in parentheses, clustered at the hospital level
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure 9: Coefficient Estimates of the Effect of Acquisition on 7 Day Mortality Rates for the Condition
Subsample
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Table 9: Regression Results for 7-Day Mortality, Condition Subsample

Panel A: Heart Attack Admits

(1) (2) (3)
postMA 0.0117 -0.0051 -0.0018

(0.0079) (0.0070) (0.0060)
MAyear0 -0.0002 -0.0022 -0.0016

(0.0083) (0.0045) (0.0061)
(0.0006)

cons 0.0531∗∗∗ 0.0636∗∗∗ -0.0584
(0.0014) (0.0018) (0.0936)

Hosp & Year FE No Yes Yes
Patient/Visit/Hospital Char. No No Yes
N 240834 240834 116420
r2 0.0001 0.0093 0.0955
N clusters 410 410 280

Panel B: Stroke Admits

(1) (2) (3)
postMA -0.0063 -0.0029 0.0007

(0.0047) (0.0088) (0.0135)
MAyear0 -0.0109 -0.0065 0.0105

(0.0059) (0.0064) (0.0140)
(0.0008)

cons 0.0637∗∗∗ 0.0726∗∗∗ 0.1025
(0.0030) (0.0022) (0.0607)

Hosp & Year FE No Yes Yes
Patient/Visit/Hospital Char. No No Yes
N 233312 233312 113290
r2 0.0000 0.0152 0.1585
N clusters 436 436 295

Panel C: Admits with Selected Group of Conditionsb

(1) (2) (3)
postMA -0.0026 -0.0035 -0.0045

(0.0025) (0.0029) (0.0033)
MAyear0 -0.0019 -0.0022 0.0016

(0.0027) (0.0023) (0.0036)
(0.0003)

cons 0.0378∗∗∗ 0.0463∗∗∗ -0.0270
(0.0011) (0.0009) (0.0189)

Hosp & Year FE No Yes Yes
Patient/Visit/Hospital Char. No No Yes
N 1448437 1448437 710889
r2 0.0000 0.0058 0.0739
N clusters 492 492 332

bRecall: selected group of conditions includes heart attack (acute myocardial infarction, AMI),

stroke (cerebrovascular event), hip or pelvis fracture, lung cancer, colon cancer, gastrointestinal

hemorrhage, or pneumonia.

Standard errors in parentheses, clustered at the hospital level
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure 10: Coefficient Estimates of the Effect of Acquisition on Observed IQI Rates and the Ob-
served/Expected IQI Ratio

Observed IQI Rates Observed/Expected IQI Ratio
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Figure 11: Coefficient Estimates of the Effect of Acquisition on Expected and Risk-Adjusted IQI Rates

Expected IQI Rates Risk-Adjusted IQI Rates
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Table 10: Regression Results for IQI 08

IQI08: Esophageal Resection Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -2.9997 - - -0.2994∗∗∗ - -
(5.7271) (.) (.) (0.0502) (.) (.)

MAyear0 -9.2497∗∗∗ -0.5185 -5.2929 - - -
(1.3322) (5.9697) (6.6933) (.) (.) (.)

Constant 9.2497∗∗∗ 13.2858∗ -167.4004 0.2994∗∗∗ 0.2974∗ 1.0307
(1.3322) (5.6829) (103.7208) (0.0502) (0.1225) (6.7298)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 347 347 167 125 125 75
R2 0.0008 0.3742 0.7540 0.0049 0.4733 0.8224
N clusters 94 94 58 33 33 21

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.1455 - - -1.2010∗∗∗ - -
(0.2926) (.) (.) (0.2013) (.) (.)

MAyear0 - - - - - -
(.) (.) (.) (.) (.) (.)

Constant 27.1207∗∗∗ 26.8088∗∗∗ 18.5971 1.2010∗∗∗ 1.1930∗ 4.1347
(0.2926) (0.8381) (27.2635) (0.2013) (0.4914) (26.9960)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 125 125 75 125 125 75
R2 0.0001 0.6544 0.9078 0.0049 0.4733 0.8224
N clusters 33 33 21 33 33 21

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

39



K. Yewell, Hospital Consolidation and Quality August 2017

Table 11: Regression Results for IQI 09

IQI09: Pancreatic Resection Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA 5.2494 -15.5289 -5.0575 0.0428 - -
(4.1545) (13.3250) (4.8276) (0.2448) (.) (.)

MAyear0 -0.0363 -2.4257 -2.5170 - - -
(7.7053) (3.9356) (4.5849) (.) (.) (.)

Constant 8.3696∗∗∗ 9.2061∗∗ 10.5842 0.4123∗∗∗ 0.3680∗∗∗ 0.8647
(0.9699) (3.2405) (57.6103) (0.1014) (0.0912) (2.8689)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 614 614 270 323 323 169
R2 0.0016 0.4115 0.6522 - 0.5389 0.5520
N clusters 142 142 80 73 73 49

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -1.1688 - - 0.1209 - -
(3.1096) (.) (.) (0.6918) (.) (.)

MAyear0 - - - - - -
(.) (.) (.) (.) (.) (.)

Constant 24.7468∗∗∗ 26.6441∗∗∗ 6.5046 1.1651∗∗∗ 1.0400∗∗∗ 2.4436
(0.6747) (0.9497) (30.6187) (0.2866) (0.2578) (8.1078)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 323 323 169 323 323 169
R2 0.0006 0.5369 0.7312 - 0.5389 0.5520
N clusters 73 73 49 73 73 49

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 12: Regression Results for IQI 11

IQI11: Abdominal Aortic Aneurysm (AAA) Repair Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -3.3762 -17.3427 0.9461 1.8888 -2.3021 -2.1453
(2.1146) (16.1782) (4.9129) (1.7272) (2.2752) (1.4952)

MAyear0 0.4425 -2.0763 2.0454 0.0934 0.5227 0.7331
(7.4488) (5.3791) (3.1135) (1.3204) (0.6478) (0.8903)

Constant 9.1379∗∗∗ 14.1495∗∗∗ 35.4302 1.5901∗∗∗ 2.2045∗∗∗ 2.7293
(0.8222) (2.7831) (34.6426) (0.1215) (0.3726) (5.7226)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 801 801 359 623 623 303
R2 0.0011 0.4009 0.6491 0.0160 0.4077 0.6507
N clusters 152 152 91 121 121 74

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.2509 2.5464∗∗∗ 2.7074∗∗∗ 6.9595 -8.4824 -7.9047
(0.3199) (0.5603) (0.3478) (6.3641) (8.3833) (5.5092)

MAyear0 -1.0374∗∗∗ 0.3035 0.3000 0.3441 1.9261 2.7013
(0.2608) (0.3500) (0.3368) (4.8655) (2.3869) (3.2806)

Constant 3.7121∗∗∗ 4.5060∗∗∗ 6.4548 5.8590∗∗∗ 8.1229∗∗∗ 10.0567
(0.1122) (0.3117) (6.8370) (0.4476) (1.3728) (21.0863)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 623 623 303 623 623 303
R2 0.0037 0.4943 0.6526 0.0160 0.4077 0.6507
N clusters 121 121 74 121 121 74

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 13: Regression Results for IQI 12

IQI12: Coronary Artery Bypass Graft (CABG) Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.3697 -1.4109 -2.7725∗∗∗ 0.0051 -0.0372 -0.1230∗∗∗

(1.2387) (1.7587) (0.7701) (0.0672) (0.0668) (0.0272)
MAyear0 -0.4904 -1.5653 -0.1307 -0.0120 -0.0540 -0.0400

(1.0305) (1.1807) (0.8827) (0.0417) (0.0450) (0.0280)
Constant 3.7847∗∗∗ 4.4722∗∗∗ -15.6708 0.1545∗∗∗ 0.1902∗∗∗ -0.0665

(0.2324) (0.4051) (8.2030) (0.0068) (0.0163) (0.2576)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 675 675 340 645 645 327
R2 0.0004 0.7180 0.8109 0.0003 0.4641 0.6490
N clusters 124 124 85 111 111 75

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.0012 -0.1340 -1.0764 0.0129 -0.0946 -0.3127∗∗∗

(0.1729) (0.5880) (0.9677) (0.1707) (0.1698) (0.0691)
MAyear0 0.4398 0.1884 -0.1356 -0.0304 -0.1373 -0.1017

(0.2534) (0.2966) (0.4633) (0.1060) (0.1144) (0.0713)
Constant 23.9225∗∗∗ 24.0227∗∗∗ 24.4677∗∗∗ 0.3925∗∗∗ 0.4833∗∗∗ -0.1691

(0.0571) (0.0721) (2.6795) (0.0172) (0.0415) (0.6546)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 645 645 327 645 645 327
R2 0.0064 0.5728 0.7178 0.0003 0.4641 0.6490
N clusters 111 111 75 111 111 75

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 14: Regression Results for IQI 13

IQI13: Craniotomy Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -1.3405 -4.2780 -2.8067 -0.0837 -0.5951 -0.1746
(1.8324) (7.1786) (3.9913) (0.3098) (0.9771) (0.5147)

MAyear0 -0.3118 -1.9759 -4.5915∗ 0.1477 -0.3824 -0.6558∗

(3.0398) (3.3811) (2.0414) (0.5482) (0.5579) (0.2731)
Constant 6.1388∗∗∗ 7.6083∗∗∗ 32.8029 0.9735∗∗∗ 1.2055∗∗∗ -0.2222

(0.4575) (1.2432) (24.7135) (0.0629) (0.1478) (2.0257)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 801 801 409 633 633 322
R2 0.0006 0.4495 0.6517 0.0005 0.4504 0.6021
N clusters 186 186 124 109 109 76

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA 0.2902∗ -0.0291 -0.1039 -0.4816 -3.4260 -1.0053
(0.1322) (0.1179) (0.1706) (1.7836) (5.6250) (2.9633)

MAyear0 0.3494 0.0937 0.1474 0.8501 -2.2012 -3.7753∗

(0.1985) (0.1372) (0.1364) (3.1561) (3.2117) (1.5724)
Constant 7.0724∗∗∗ 7.0126∗∗∗ 6.0153∗∗∗ 5.6041∗∗∗ 6.9397∗∗∗ -1.2793

(0.1017) (0.0295) (0.8702) (0.3620) (0.8510) (11.6616)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 633 633 322 633 633 322
R2 0.0048 0.9450 0.9680 0.0005 0.4504 0.6021
N clusters 109 109 76 109 109 76

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 15: Regression Results for IQI 14

IQI14: Hip Replacement Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA 1.3031 -0.4684 -1.3801 0.1450 -0.7080 -2.5722
(1.3479) (0.6228) (1.8545) (0.2944) (1.2854) (1.7070)

MAyear0 -0.0279 -0.1293 0.3131 0.1657 -0.1087 0.3195
(0.2717) (0.2330) (0.5012) (0.4160) (0.4262) (0.4793)

Constant 0.2883∗∗ 0.1895∗ -18.2010 0.2572∗∗∗ 0.0808 -2.4758
(0.0937) (0.0844) (15.5164) (0.0550) (0.1130) (2.9588)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1393 1393 671 1211 1211 588
R2 0.0048 0.3770 0.4041 0.0004 0.2662 0.2923
N clusters 261 261 166 224 224 144

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.0049 -0.0041 -0.0306 0.0098 -0.0477 -0.1733
(0.0141) (0.0202) (0.0160) (0.0198) (0.0866) (0.1150)

MAyear0 0.0148 0.0056 0.0347∗ 0.0112 -0.0073 0.0215
(0.0193) (0.0208) (0.0145) (0.0280) (0.0287) (0.0323)

Constant 0.7287∗∗∗ 0.7355∗∗∗ 0.7640∗∗∗ 0.0173∗∗∗ 0.0054 -0.1668
(0.0038) (0.0067) (0.1386) (0.0037) (0.0076) (0.1993)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1211 1211 588 1211 1211 588
R2 0.0008 0.4717 0.5747 0.0004 0.2662 0.2923
N clusters 224 224 144 224 224 144

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 16: Regression Results for IQI 15

IQI15: Acute Myocardial Infarction (AMI) Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -1.7628 -2.5382 -1.5669 0.1179 0.1233 0.4866
(1.3854) (4.6401) (5.2448) (0.1532) (0.5320) (0.3468)

MAyear0 2.8298 2.6701 3.4828 0.1284 0.1446 0.3770
(3.0937) (4.1218) (4.4523) (0.2028) (0.2469) (0.4042)

Constant 13.8189∗∗∗ 16.2074∗∗∗ -34.5974 1.3028∗∗∗ 1.5463∗∗∗ 2.9450
(0.6362) (1.1745) (30.7385) (0.0501) (0.0897) (1.5325)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1957 1957 925 1641 1641 757
R2 0.0009 0.4881 0.4859 0.0007 0.5469 0.5591
N clusters 386 386 238 318 318 195

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.0430 -0.1854 -0.2027 0.6646 0.6953 2.7428
(0.1674) (0.1946) (0.2737) (0.8637) (2.9991) (1.9551)

MAyear0 -0.0118 0.0062 0.0230 0.7238 0.8148 2.1253
(0.1414) (0.1318) (0.1755) (1.1432) (1.3918) (2.2785)

Constant 9.3841∗∗∗ 9.3764∗∗∗ 9.9974∗∗∗ 7.3439∗∗∗ 8.7165∗∗∗ 16.6006
(0.0560) (0.0407) (0.8677) (0.2825) (0.5057) (8.6382)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1641 1641 757 1641 1641 757
R2 0.0001 0.8289 0.8661 0.0007 0.5469 0.5591
N clusters 318 318 195 318 318 195

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

45



K. Yewell, Hospital Consolidation and Quality August 2017

Table 17: Regression Results for IQI 16

IQI16: Heart Failure Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -2.5440∗∗∗ 2.0187 3.2120 -0.1891∗∗ 0.2650 0.2122
(0.5905) (2.3102) (3.2603) (0.0658) (0.2689) (0.2989)

MAyear0 1.9661 3.7280 5.8753 0.0394 0.2392 0.4437
(2.4906) (2.6540) (4.8137) (0.1832) (0.2007) (0.3817)

Constant 6.5128∗∗∗ 6.7618∗∗∗ -6.1894 0.7574∗∗∗ 0.8469∗∗∗ 0.0032
(0.3695) (0.5194) (10.3078) (0.0337) (0.0519) (1.1849)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2559 2559 1199 2404 2404 1133
R2 0.0027 0.5536 0.5799 0.0017 0.5620 0.5930
N clusters 464 464 301 437 437 282

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.8489∗∗∗ 0.3029 0.1912 -0.5817∗∗ 0.8149 0.6526
(0.2481) (0.1646) (0.1472) (0.2024) (0.8270) (0.9192)

MAyear0 -0.3509 0.1418 0.0165 0.1212 0.7358 1.3648
(0.3032) (0.1537) (0.1344) (0.5634) (0.6174) (1.1738)

Constant 7.6163∗∗∗ 7.3544∗∗∗ 8.6374∗∗∗ 2.3296∗∗∗ 2.6048∗∗∗ 0.0099
(0.1097) (0.0714) (1.5561) (0.1035) (0.1597) (3.6443)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2404 2404 1133 2404 2404 1133
R2 0.0064 0.8993 0.9195 0.0017 0.5620 0.5930
N clusters 437 437 282 437 437 282

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 18: Regression Results for IQI 17

IQI17: Acute Stroke Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.2392 5.3394 3.8632 -0.0048 0.2067 0.4463
(1.3724) (5.0989) (3.4609) (0.1147) (0.2148) (0.3670)

MAyear0 1.9896 5.1697 0.9394 -0.1692 -0.0267 0.0771
(3.2893) (4.0528) (2.9486) (0.1026) (0.1415) (0.2265)

Constant 9.6975∗∗∗ 10.9066∗∗∗ 78.4651∗∗∗ 0.8518∗∗∗ 0.9548∗∗∗ -0.3189
(0.4123) (0.9854) (13.7780) (0.0310) (0.0645) (1.3001)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2198 2198 1011 1923 1923 885
R2 0.0004 0.4000 0.5570 0.0007 0.5436 0.5838
N clusters 428 428 266 366 366 223

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA 0.1313 0.3621 0.2660 -0.0398 1.7202 3.7148
(0.1559) (0.1991) (0.2712) (0.9549) (1.7877) (3.0548)

MAyear0 0.0710 0.1330 -0.0695 -1.4084 -0.2224 0.6421
(0.1221) (0.1499) (0.3004) (0.8540) (1.1778) (1.8850)

Constant 10.8359∗∗∗ 10.9341∗∗∗ 11.1481∗∗∗ 7.0896∗∗∗ 7.9469∗∗∗ -2.6539
(0.0554) (0.0587) (1.2992) (0.2583) (0.5371) (10.8208)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1923 1923 885 1923 1923 885
R2 0.0008 0.7015 0.7552 0.0007 0.5436 0.5838
N clusters 366 366 223 366 366 223

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 19: Regression Results for IQI 18

IQI18: Gastrointestinal Hemorrhage Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.3270 -4.6144 -1.4967 -0.0538 -0.1294 -0.4182
(1.0772) (3.4010) (2.3973) (0.0877) (0.3841) (0.3506)

MAyear0 -1.0397 -2.5628 -1.0032 0.0215 -0.0677 -0.3807∗

(0.9105) (2.2293) (1.5130) (0.2397) (0.3918) (0.1845)
Constant 3.6598∗∗∗ 3.6217∗∗∗ -44.1005 0.7202∗∗∗ 0.7959∗∗∗ 8.0613∗∗∗

(0.3038) (0.6711) (34.0935) (0.0332) (0.1005) (1.8502)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2186 2186 1027 1826 1826 870
R2 0.0002 0.5059 0.6041 0.0001 0.4623 0.5412
N clusters 439 439 273 333 333 212

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.0442∗∗∗ 0.0067 0.0103 -0.1204 -0.2893 -0.9349
(0.0109) (0.0189) (0.0244) (0.1960) (0.8588) (0.7839)

MAyear0 -0.0348∗ 0.0009 0.0044 0.0481 -0.1513 -0.8512∗

(0.0136) (0.0111) (0.0147) (0.5359) (0.8759) (0.4124)
Constant 3.7496∗∗∗ 3.7288∗∗∗ 3.7048∗∗∗ 1.6102∗∗∗ 1.7796∗∗∗ 18.0234∗∗∗

(0.0074) (0.0085) (0.0818) (0.0741) (0.2247) (4.1367)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1826 1826 870 1826 1826 870
R2 0.0044 0.8793 0.8967 0.0001 0.4623 0.5412
N clusters 333 333 212 333 333 212

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 20: Regression Results for IQI 19

IQI19: Hip Fracture Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA 0.7467 0.1378 0.4484 0.0180 -0.0757 0.0447
(1.2274) (1.4612) (1.8666) (0.0460) (0.1484) (0.2184)

MAyear0 -0.1307 0.3928 2.2348 0.0736 0.0188 0.1654
(0.7096) (1.2046) (1.5765) (0.0706) (0.1173) (0.1320)

Constant 3.1226∗∗∗ 3.7917∗∗∗ 24.3137 0.2596∗∗∗ 0.2520∗∗∗ 0.0227
(0.2566) (0.7292) (18.6559) (0.0133) (0.0278) (0.7905)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1796 1796 802 1537 1537 690
R2 0.0003 0.5252 0.4436 0.0006 0.4230 0.4997
N clusters 375 375 224 296 296 180

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.2355∗ -0.5440 -0.2851 0.0455 -0.1914 0.1131
(0.1059) (0.3503) (0.4170) (0.1164) (0.3752) (0.5523)

MAyear0 -0.0964 -0.1745 0.0787 0.1861 0.0475 0.4182
(0.1791) (0.2275) (0.3303) (0.1787) (0.2966) (0.3339)

Constant 10.9773∗∗∗ 10.9450∗∗∗ 9.5426∗∗∗ 0.6564∗∗∗ 0.6373∗∗∗ 0.0575
(0.0378) (0.0573) (1.5703) (0.0337) (0.0702) (1.9991)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1537 1537 690 1537 1537 690
R2 0.0037 0.4848 0.5868 0.0006 0.4230 0.4997
N clusters 296 296 180 296 296 180

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 21: Regression Results for IQI 20

IQI20: Pneumonia Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -2.7022∗∗∗ 0.3367 -0.2676 -0.2453∗∗∗ 0.0148 -0.1001
(0.5311) (1.5114) (1.7893) (0.0515) (0.1068) (0.1757)

MAyear0 -0.5271 0.2457 1.4722 -0.0932 -0.0149 0.0783
(1.0545) (1.0313) (1.7809) (0.0797) (0.0791) (0.1349)

Constant 6.9399∗∗∗ 9.1596∗∗∗ -8.4712 0.7342∗∗∗ 0.9894∗∗∗ -0.8398
(0.3359) (0.4245) (10.9034) (0.0318) (0.0652) (1.3120)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2650 2650 1234 2541 2541 1190
R2 0.0032 0.6578 0.6290 0.0028 0.4663 0.4360
N clusters 478 478 310 449 449 294

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.6860∗∗ 0.2184 0.2991 -0.8589∗∗∗ 0.0518 -0.3504
(0.2174) (0.2910) (0.1907) (0.1803) (0.3740) (0.6151)

MAyear0 0.0382 0.1751 0.1609 -0.3262 -0.0522 0.2743
(0.2766) (0.1621) (0.1713) (0.2790) (0.2771) (0.4724)

Constant 9.2240∗∗∗ 9.2184∗∗∗ 10.0622∗∗∗ 2.5710∗∗∗ 3.4647∗∗∗ -2.9406
(0.1137) (0.0708) (1.4718) (0.1114) (0.2282) (4.5942)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2541 2541 1190 2541 2541 1190
R2 0.0036 0.9124 0.9425 0.0028 0.4663 0.4360
N clusters 449 449 294 449 449 294

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 22: Regression Results for IQI 30

IQI30: Percutaneous Coronary Intervention (PCI) Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA 0.2244 -0.4332 -0.3991 0.0290 -0.0293 -0.0434
(0.4372) (0.9258) (0.6424) (0.0375) (0.0842) (0.0617)

MAyear0 4.3657 -1.2636∗∗ -0.8032 -0.0936∗∗ -0.1110∗∗ -0.0904∗

(5.3926) (0.4021) (0.4630) (0.0281) (0.0351) (0.0407)
Constant 1.8153∗∗∗ 1.6593∗∗∗ -3.3375 0.1635∗∗∗ 0.1596∗∗∗ -0.1218

(0.1630) (0.2188) (2.8247) (0.0083) (0.0202) (0.3056)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 838 838 412 778 778 387
R2 0.0142 0.8818 0.5760 0.0101 0.3906 0.5611
N clusters 161 161 105 137 137 91

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA 0.1076 0.4792 0.1834 0.0616 -0.0624 -0.0924
(0.1082) (0.4142) (0.1593) (0.0797) (0.1791) (0.1313)

MAyear0 0.0237 -0.0363 -0.0930 -0.1993∗∗ -0.2361∗∗ -0.1923∗

(0.1166) (0.0931) (0.1764) (0.0599) (0.0746) (0.0866)
Constant 10.7191∗∗∗ 10.6685∗∗∗ 11.5877∗∗∗ 0.3478∗∗∗ 0.3397∗∗∗ -0.2593

(0.0433) (0.0657) (0.8189) (0.0177) (0.0430) (0.6503)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 778 778 387 778 778 387
R2 0.0018 0.6795 0.8169 0.0101 0.3906 0.5611

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 23: Regression Results for IQI 31

IQI31: Carotid Endarterectomy Mortality Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.2421 -1.4052 0.6912 -0.0300 -0.1683 0.0892
(0.2193) (1.6840) (0.4317) (0.0285) (0.2024) (0.0484)

MAyear0 -0.2042 -0.2602 0.5378 -0.0188 -0.0291 0.0516
(0.5804) (0.5347) (0.6268) (0.0750) (0.0669) (0.0491)

Constant 0.9061∗∗∗ 0.6947∗∗ -0.7385 0.1114∗∗∗ 0.0770∗∗ -0.2602
(0.1385) (0.2654) (4.8988) (0.0175) (0.0287) (0.8687)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1023 1023 476 927 927 441
R2 0.0002 0.4662 0.4882 0.0002 0.3689 0.6637
N clusters 186 186 114 161 161 105

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.0682 -0.0961 -0.0758 -0.0132 -0.0742 0.0393
(0.1604) (0.3801) (0.4943) (0.0126) (0.0892) (0.0214)

MAyear0 -0.1414 0.1024 -0.0087 -0.0083 -0.0128 0.0228
(0.2415) (0.2343) (0.3144) (0.0330) (0.0295) (0.0217)

Constant 8.9660∗∗∗ 8.9674∗∗∗ 10.5822∗∗∗ 0.0491∗∗∗ 0.0339∗∗ -0.1147
(0.0499) (0.0734) (1.2055) (0.0077) (0.0126) (0.3829)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 927 927 441 927 927 441
R2 0.0010 0.5053 0.6187 0.0002 0.3689 0.6637
N clusters 161 161 105 161 161 105

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 24: Regression Results for IQI 32

IQI32: Acute Myocardial Infarction (AMI) Mortality Rate, Without Transfer Cases

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -2.0037 -1.1681 -0.3271 0.0871 0.0971 0.4159
(1.3891) (4.7874) (4.7429) (0.1373) (0.4731) (0.3167)

MAyear0 2.6662 3.3983 4.8213 0.1097 0.1383 0.3494
(3.0883) (4.1210) (4.1474) (0.1833) (0.2236) (0.3619)

Constant 14.0614∗∗∗ 16.3368∗∗∗ 3.5993 1.1832∗∗∗ 1.4116∗∗∗ 2.5157
(0.6487) (1.3271) (19.8744) (0.0454) (0.0836) (1.4003)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1799 1799 871 1558 1558 739
R2 0.0011 0.4797 0.4849 0.0005 0.5055 0.5312
N clusters 339 339 214 287 287 186

Panel B

Expected Rates Risk-Adjusted Rates
(7) (8) (9) (10) (11) (12)

postMA -0.0811 -0.2377 -0.2596 0.5101 0.5684 2.4349
(0.1677) (0.2115) (0.3115) (0.8039) (2.7699) (1.8541)

MAyear0 -0.0283 -0.0439 -0.0243 0.6423 0.8100 2.0456
(0.1398) (0.1432) (0.1820) (1.0730) (1.3089) (2.1191)

Constant 10.5275∗∗∗ 10.4886∗∗∗ 11.3416∗∗∗ 6.9275∗∗∗ 8.2646∗∗∗ 14.7289
(0.0567) (0.0393) (0.8839) (0.2656) (0.4893) (8.1984)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1558 1558 739 1558 1558 739
R2 0.0005 0.8210 0.8517 0.0005 0.5055 0.5312
N clusters 287 287 186 287 287 186

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure 12: Coefficient Estimates of the Effect of Acquisition on Observed PSI Rates and the Ob-
served/Expected PSI Ratio

Observed PSI Rates Observed/Expected PSI Ratio
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Figure 13: Coefficient Estimates of the Effect of Acquisition on Expected and Risk-Adjusted PSI Rates

Expected PSI Rates Risk-Adjusted PSI Rates
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Table 25: Regression Results for PSI 02

PSI02: Death Rate in Low-Mortality DRGs

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.7214∗∗∗ -0.1822 0.0718 -1.4546∗∗ -2.3315 -4.7409
(0.1259) (0.2421) (0.4589) (0.4990) (1.8324) (4.2887)

MAyear0 -0.5631∗∗ -0.1256 -0.0007 -1.3575 -0.8659 -1.5655
(0.2013) (0.2920) (0.3230) (1.2100) (0.9477) (1.7878)

Constant 0.7843∗∗∗ 0.8449∗∗∗ -0.0971 3.6761∗∗∗ 4.1935∗∗∗ 6.9764
(0.1255) (0.1382) (2.9336) (0.3758) (0.6572) (8.0410)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3330 3330 1472 3157 3157 1397
R2 0.0008 0.4186 0.4022 0.0008 0.4604 0.3989
N clusters 604 604 362 575 575 346

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.0618∗∗∗ 0.0033 0.0057 -0.0473∗∗ -0.0758 -0.1541
(0.0094) (0.0256) (0.0183) (0.0162) (0.0595) (0.1394)

MAyear0 -0.0081 0.0387 0.0102 -0.0441 -0.0281 -0.0509
(0.0384) (0.0287) (0.0164) (0.0393) (0.0308) (0.0581)

Constant 0.1005∗∗∗ 0.0820∗∗∗ 0.0318 0.1195∗∗∗ 0.1363∗∗∗ 0.2267
(0.0072) (0.0070) (0.0969) (0.0122) (0.0214) (0.2613)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3157 3157 1397 3157 3157 1397
R2 0.0033 0.7601 0.7677 0.0008 0.4604 0.3989
N clusters 575 575 346 575 575 346

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 26: Regression Results for PSI 03

PSI03: Pressure Ulcer Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.1748 0.1329 0.2844 -0.2129 0.1327 1.1785
(0.5862) (2.0826) (1.2876) (0.3205) (1.0589) (0.9549)

MAyear0 0.1244 -0.1734 -0.3867 0.0013 0.1254 0.4337
(0.6738) (1.0585) (1.0742) (0.3583) (0.4505) (0.6137)

Constant 3.2019∗∗∗ 3.1885∗∗∗ 12.9192 2.8112∗∗∗ 3.2232∗∗∗ 1.4338
(0.1849) (0.3085) (9.5268) (0.1235) (0.2354) (4.7336)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3393 3393 1494 3251 3251 1429
R2 0 0.4800 0.5982 0.0001 0.4354 0.4728
N clusters 611 611 367 590 590 354

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA 0.3409∗ 0.3578 -0.0953 -0.2080 0.1296 1.1513
(0.1450) (0.3424) (0.0943) (0.3131) (1.0345) (0.9329)

MAyear0 0.2053∗ 0.1003 0.0092 0.0013 0.1225 0.4237
(0.0822) (0.1139) (0.0498) (0.3500) (0.4401) (0.5995)

Constant 0.9470∗∗∗ 0.8009∗∗∗ 0.9943∗ 2.7464∗∗∗ 3.1489∗∗∗ 1.4007
(0.0272) (0.0204) (0.3875) (0.1207) (0.2300) (4.6245)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3251 3251 1429 3251 3251 1429
R2 0.0091 0.8119 0.8594 0.0001 0.4354 0.4728
N clusters 590 590 354 590 590 354

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 27: Regression Results for PSI 04

PSI04: Death Rate among Surgical Inpatients with Serious Treatable Complications

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -2.5047∗ -5.4151 -7.2002 -0.0626 -0.3791 -0.4746
(1.2031) (2.8211) (4.3455) (0.1129) (0.2686) (0.3234)

MAyear0 -3.5607∗ -4.9223 -9.8447 -0.1940 -0.2291 -0.3360
(1.6592) (3.0059) (5.1031) (0.1284) (0.2426) (0.3518)

Constant 12.9565∗∗∗ 15.4873∗∗∗ 9.6557 1.1034∗∗∗ 1.3538∗∗∗ 0.8535
(0.5189) (1.2165) (18.7963) (0.0344) (0.0806) (1.3850)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2186 2186 1022 1778 1778 823
R2 0.0018 0.4374 0.5121 0.0008 0.3820 0.5156
N clusters 433 433 274 349 349 218

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.5497 0.0070 1.0689 -0.7487 -4.5312 -5.6722
(0.4841) (0.8781) (1.2841) (1.3488) (3.2103) (3.8653)

MAyear0 -0.3249 -0.6553 -0.3071 -2.3190 -2.7382 -4.0150
(0.6563) (0.5202) (0.6996) (1.5350) (2.8999) (4.2044)

Constant 11.5848∗∗∗ 11.8375∗∗∗ 11.0720∗∗ 13.1867∗∗∗ 16.1788∗∗∗ 10.2006
(0.1999) (0.2520) (3.3851) (0.4106) (0.9630) (16.5523)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1778 1778 823 1778 1778 823
R2 0.0010 0.7310 0.7859 0.0008 0.3820 0.5156
N clusters 349 349 218 349 349 218

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 28: Regression Results for PSI 06

PSI06: Iatrogenic Pneumothorax Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.0030 -0.0309 -0.0362 -0.1631 -0.2994 -0.2597
(0.0072) (0.0210) (0.0346) (0.1533) (0.3109) (0.7004)

MAyear0 -0.0029 -0.0134 -0.0225 -0.1203 0.1285 0.2282
(0.0082) (0.0167) (0.0403) (0.2436) (0.3282) (0.7512)

Constant 0.0427∗∗∗ 0.0438∗∗∗ 0.1294 1.0397∗∗∗ 0.9880∗∗∗ 5.2196
(0.0029) (0.0067) (0.0977) (0.0787) (0.1934) (2.9638)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3484 3484 1536 3464 3464 1527
R2 0 0.3584 0.4478 0.0001 0.3167 0.4652
N clusters 615 615 373 612 612 370

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA 0.0046 0.0068 -0.0014 -0.0072 -0.0133 -0.0115
(0.0050) (0.0076) (0.0042) (0.0068) (0.0138) (0.0311)

MAyear0 0.0192∗∗ 0.0050 0.0029 -0.0053 0.0057 0.0101
(0.0065) (0.0037) (0.0034) (0.0108) (0.0146) (0.0333)

Constant 0.0408∗∗∗ 0.0415∗∗∗ 0.0458∗∗ 0.0462∗∗∗ 0.0439∗∗∗ 0.2317
(0.0016) (0.0014) (0.0170) (0.0035) (0.0086) (0.1316)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3464 3464 1527 3464 3464 1527
R2 0.0041 0.8908 0.9348 0.0001 0.3167 0.4652
N clusters 612 612 370 612 612 370

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 29: Regression Results for PSI 07

PSI07: Central Venous Catheter-Related Blood Stream Infection Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.1480 0.7024 0.2743 -2.7501∗∗ 1.5019 2.4053
(0.2523) (0.4211) (0.3294) (0.9303) (1.3222) (2.6727)

MAyear0 0.9771 1.1403∗ 0.5023 0.5273 2.4085 1.2249
(0.5614) (0.5321) (0.4533) (1.6528) (1.7313) (2.2757)

Constant 0.4696∗∗∗ 0.2078∗∗ -0.2342 6.1645∗∗∗ 5.5181∗∗∗ -32.2138
(0.0523) (0.0741) (0.8270) (0.5014) (0.5482) (41.0659)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3483 3483 1536 3462 3462 1527
R2 0.0065 0.7055 0.8060 0.0009 0.4707 0.4941
N clusters 615 615 373 612 612 370

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.0061 0.0119 -0.0033 -0.0901∗∗ 0.0492 0.0788
(0.0117) (0.0144) (0.0079) (0.0305) (0.0433) (0.0876)

MAyear0 0.0198 0.0127 0.0048 0.0173 0.0789 0.0402
(0.0152) (0.0088) (0.0102) (0.0542) (0.0568) (0.0746)

Constant 0.0418∗∗∗ 0.0279∗∗∗ 0.0373 0.2021∗∗∗ 0.1809∗∗∗ -1.0559
(0.0028) (0.0029) (0.0266) (0.0164) (0.0180) (1.3461)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3462 3462 1527 3462 3462 1527
R2 0.0014 0.8570 0.9323 0.0009 0.4707 0.4941
N clusters 612 612 370 612 612 370

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 30: Regression Results for PSI 08

PSI08: Postoperative Hip Fracture Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.1389∗ -0.1147 0.0035 -5.3524∗ -3.2806 2.4932
(0.0568) (0.1704) (0.0549) (2.3857) (10.0244) (1.9632)

MAyear0 -0.0875 -0.0059 0.0053 -2.0060 3.2636 1.6314
(0.0886) (0.1445) (0.0357) (4.9966) (8.5477) (2.1340)

Constant 0.1687∗∗ -0.0142 0.9620 7.2045∗∗∗ 13.0439 7.8577
(0.0545) (0.3115) (0.7164) (2.1543) (7.0806) (26.9209)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2675 2675 1234 2548 2548 1177
R2 0.0001 0.5670 0.9180 0.0002 0.5114 0.8440
N clusters 502 502 318 468 468 297

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA 0.0002 0 0.0001 -0.0982∗ -0.0602 0.0457
(0.0004) (0.0001) (0.0002) (0.0438) (0.1839) (0.0360)

MAyear0 0.0002 -0.0002 -0.0002 -0.0368 0.0599 0.0299
(0.0004) (0.0001) (0.0002) (0.0917) (0.1568) (0.0391)

Constant 0.0168∗∗∗ 0.0168∗∗∗ 0.0155∗∗∗ 0.1322∗∗∗ 0.2393 0.1441
(0.0001) (0.0001) (0.0011) (0.0395) (0.1299) (0.4939)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2548 2548 1177 2548 2548 1177
R2 0.0008 0.8937 0.9260 0.0002 0.5114 0.8440
N clusters 468 468 297 468 468 297

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 31: Regression Results for PSI 09

PSI09: Perioperative Hemorrhage or Hematoma Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA 0.0250 -0.0707 0.3697 0.0657 -0.1359 0.6168∗

(0.0595) (0.1623) (0.2003) (0.1013) (0.2607) (0.3027)
MAyear0 0.1072 0.1234 0.3083 0.0591 0.1417 0.3751

(0.1153) (0.1578) (0.2584) (0.1513) (0.1845) (0.2846)
Constant 0.4023∗∗∗ 0.4680∗∗∗ -1.0072 0.7050∗∗∗ 0.7901∗∗∗ -1.9386

(0.0235) (0.0964) (0.8535) (0.0350) (0.1910) (1.8972)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2695 2695 1238 2557 2557 1179
R2 0.0002 0.3706 0.4412 0.0001 0.2854 0.4317
N clusters 510 510 323 472 472 298

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.0592∗ 0.0185 -0.0074 0.0379 -0.0784 0.3560∗

(0.0298) (0.0323) (0.0369) (0.0585) (0.1505) (0.1747)
MAyear0 0.0248 0.0067 -0.0313 0.0341 0.0818 0.2165

(0.0331) (0.0155) (0.0352) (0.0874) (0.1065) (0.1643)
Constant 0.6670∗∗∗ 0.6521∗∗∗ 0.6648∗∗∗ 0.4069∗∗∗ 0.4560∗∗∗ -1.1190

(0.0114) (0.0093) (0.1311) (0.0202) (0.1102) (1.0951)
Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2557 2557 1179 2557 2557 1179
R2 0.0027 0.8737 0.9122 0.0001 0.2854 0.4317
N clusters 472 472 298 472 472 298

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 32: Regression Results for PSI 10

PSI10: Postoperative Psysiologic and Metabolic Derangement Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.0860∗ -0.1769 -0.2075 -0.2449∗ 0.0514 -0.1298
(0.0362) (0.1771) (0.2459) (0.1096) (0.2261) (0.3664)

MAyear0 -0.0795 -0.1151 -0.2785 -0.1809 0.1138 -0.1563
(0.0416) (0.1235) (0.3728) (0.1645) (0.2646) (0.4588)

Constant 0.1413∗∗∗ -0.0381 0.1836 0.5260∗∗∗ 0.2084∗ 1.4313
(0.0276) (0.1037) (0.6446) (0.0639) (0.0916) (1.7476)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2434 2434 1113 2257 2257 1036
R2 0.0003 0.2722 0.7935 0.0005 0.3228 0.9133
N clusters 471 471 290 430 430 263

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.0241 0.0803 0.0224 -0.0338∗ 0.0071 -0.0179
(0.0241) (0.0540) (0.0233) (0.0151) (0.0312) (0.0506)

MAyear0 0.1081 0.1186 0.0034 -0.0250 0.0157 -0.0216
(0.0701) (0.0710) (0.0205) (0.0227) (0.0365) (0.0633)

Constant 0.1784∗∗∗ 0.1369∗∗∗ 0.1314 0.0726∗∗∗ 0.0288∗ 0.1975
(0.0094) (0.0132) (0.1841) (0.0088) (0.0126) (0.2411)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2257 2257 1036 2257 2257 1036
R2 0.0057 0.7703 0.8210 0.0005 0.3228 0.9133
N clusters 430 430 263 430 430 263

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 33: Regression Results for PSI 11

PSI11: Postoperative Respiratory Failure Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.5264 -1.1653 -2.1089∗ -0.1454 -0.8069∗ -0.2142
(0.5019) (1.1769) (0.9469) (0.1547) (0.3713) (0.3661)

MAyear0 0.0451 -0.4251 -1.5903 -0.2896 -0.4861 -0.0533
(1.1340) (1.2803) (0.9351) (0.1536) (0.2811) (0.1974)

Constant 1.7364∗∗∗ 1.1911∗∗∗ 0.3639 0.9793∗∗∗ 1.2819∗∗∗ -1.1125
(0.1628) (0.3092) (3.4940) (0.0537) (0.2184) (1.6276)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2395 2395 1089 2221 2221 1021
R2 0.0005 0.4896 0.5772 0.0011 0.4690 0.5984
N clusters 466 466 283 422 422 258

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.1563 0.9849 0.6424 -0.1510 -0.8379∗ -0.2224
(0.4759) (0.6735) (0.7369) (0.1607) (0.3856) (0.3802)

MAyear0 0.4919 0.9407 1.3486 -0.3007 -0.5048 -0.0554
(0.5769) (0.7203) (1.0199) (0.1595) (0.2919) (0.2050)

Constant 1.5643∗∗∗ 1.0791∗∗∗ 1.9478 1.0169∗∗∗ 1.3312∗∗∗ -1.1552
(0.1085) (0.1129) (1.3281) (0.0558) (0.2268) (1.6901)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2221 2221 1021 2221 2221 1021
R2 0.0009 0.7749 0.8601 0.0011 0.4690 0.5984
N clusters 422 422 258 422 422 258

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 34: Regression Results for PSI 12

PSI12: Perioperative Pulmonary Embolism or Deep Vein Thrombosis Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.4396 1.5297∗ -0.0869 -0.4797 1.6376 0.9892
(0.4623) (0.7550) (0.5857) (0.3006) (1.3031) (0.8751)

MAyear0 0.8578 1.4550 -0.5288 1.4063 2.2447 0.0882
(1.0994) (1.3781) (0.8930) (1.8635) (2.6557) (0.7239)

Constant 1.8537∗∗∗ 1.0933∗∗∗ 4.6287 2.3134∗∗∗ 1.8541∗∗∗ 6.4294
(0.1467) (0.2516) (2.5963) (0.1433) (0.4669) (3.8387)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2702 2702 1242 2565 2565 1183
R2 0.0009 0.4260 0.7096 0.0017 0.4562 0.6993
N clusters 510 510 324 473 473 299

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.0732 0.1173 -0.2089∗ -0.4015 1.3705 0.8278
(0.1195) (0.2607) (0.0949) (0.2516) (1.0905) (0.7323)

MAyear0 -0.0748 -0.0327 -0.1768 1.1769 1.8785 0.0738
(0.0809) (0.1050) (0.1160) (1.5595) (2.2225) (0.6058)

Constant 0.7050∗∗∗ 0.5385∗∗∗ 1.0167 1.9360∗∗∗ 1.5516∗∗∗ 5.3806
(0.0288) (0.0276) (0.5575) (0.1200) (0.3908) (3.2125)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2565 2565 1183 2565 2565 1183
R2 0.0005 0.7119 0.8303 0.0017 0.4562 0.6993
N clusters 473 473 299 473 473 299

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 35: Regression Results for PSI 13

PSI13: Postoperative Sepsis Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.6770 2.6995 -8.9968 -0.2549 -1.3679 -1.6118
(1.2066) (7.7665) (5.4712) (0.1536) (0.7609) (1.0299)

MAyear0 3.9612 2.6480 -4.7521 0.9776 0.1719 0.2524
(2.7666) (3.5470) (4.4132) (0.6591) (0.3583) (0.3656)

Constant 3.5569∗∗∗ 1.5681∗∗ 0.6033 1.1402∗∗∗ 0.7574∗∗∗ -0.0106
(0.3432) (0.5758) (13.6459) (0.0665) (0.1217) (2.5766)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2285 2285 1043 2025 2025 924
R2 0.0029 0.5200 0.5603 0.0052 0.4762 0.6622
N clusters 459 459 279 401 401 243

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.2343 -0.1382 -0.6878 -0.3362 -1.8039 -2.1255
(0.6497) (0.4868) (0.8513) (0.2026) (1.0034) (1.3582)

MAyear0 0.0899 -0.0024 -0.3725 1.2891 0.2267 0.3329
(0.5553) (0.2616) (0.7328) (0.8692) (0.4725) (0.4821)

Constant 2.3774∗∗∗ 2.0632∗∗∗ 3.5373 1.5036∗∗∗ 0.9987∗∗∗ -0.0140
(0.1609) (0.1606) (1.8591) (0.0877) (0.1605) (3.3978)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2025 2025 924 2025 2025 924
R2 0.0003 0.8230 0.8701 0.0052 0.4762 0.6622
N clusters 401 401 243 401 401 243

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 36: Regression Results for PSI 14

PSI14: Postoperative Wound Dehiscence Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA -0.1237 -0.0158 0.2382 -0.2967 -0.0011 1.7351
(0.0655) (0.1475) (0.4631) (0.2260) (0.7307) (1.4166)

MAyear0 -0.0168 0.1046 0.6923 0.4598 0.9503 3.3535
(0.0961) (0.1348) (0.4784) (0.5264) (0.7707) (1.7423)

Constant 0.2124∗∗∗ 0.1180 -7.1093 1.0241∗∗∗ 0.9950∗∗∗ -5.6049
(0.0601) (0.0961) (5.7853) (0.0823) (0.1913) (3.8441)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 2177 2177 1021 1939 1939 920
R2 0.0001 0.1634 0.3657 0.0010 0.2787 0.4896
N clusters 410 410 259 360 360 230

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA -0.0063 -0.0044 0.0009 -0.0551 -0.0002 0.3220
(0.0086) (0.0132) (0.0157) (0.0419) (0.1356) (0.2629)

MAyear0 -0.0107 -0.0089 -0.0060 0.0853 0.1764 0.6224
(0.0062) (0.0094) (0.0137) (0.0977) (0.1430) (0.3234)

Constant 0.1366∗∗∗ 0.1223∗∗∗ 0.1794∗∗∗ 0.1901∗∗∗ 0.1847∗∗∗ -1.0403
(0.0036) (0.0031) (0.0449) (0.0153) (0.0355) (0.7135)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 1939 1939 920 1939 1939 920
R2 0.0005 0.7650 0.8719 0.0010 0.2787 0.4896
N clusters 360 360 230 360 360 230

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 37: Regression Results for PSI 15

PSI15: Accidental Puncture or Laceration Rate

Panel A

Observed Rates Observed/Expected Ratio
(1) (2) (3) (4) (5) (6)

postMA 0.0280 -0.1228 -0.1154 0.0086 -0.6420 -0.7414
(0.0333) (0.0909) (0.0869) (0.1431) (0.3822) (0.4591)

MAyear0 0.0012 -0.0477 -0.0397 -0.2122 -0.4976 -0.4242
(0.0294) (0.0386) (0.0498) (0.1278) (0.2988) (0.3888)

Constant 0.1707∗∗∗ 0.1640∗∗∗ 0.6087 0.9250∗∗∗ 1.0422∗∗∗ 1.1837
(0.0114) (0.0131) (0.3381) (0.0775) (0.2389) (2.2049)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3485 3485 1536 3464 3464 1527
R2 0.0003 0.6663 0.7135 0 0.4129 0.4422
N clusters 615 615 373 612 612 370

Panel B

Expected Rates Risk-Adjusted Rates
(1) (2) (3) (4) (5) (6)

postMA 0.0468 0.0336 0.0112 0.0021 -0.1591 -0.1838
(0.0316) (0.0297) (0.0351) (0.0355) (0.0947) (0.1138)

MAyear0 0.0243 0.0082 0.0065 -0.0526 -0.1233 -0.1051
(0.0156) (0.0098) (0.0127) (0.0317) (0.0741) (0.0964)

Constant 0.1674∗∗∗ 0.1847∗∗∗ 0.3510∗∗ 0.2293∗∗∗ 0.2583∗∗∗ 0.2934
(0.0088) (0.0076) (0.1355) (0.0192) (0.0592) (0.5465)

Hospital & Year FE No Yes Yes No Yes Yes
Hospital Characteristics No No Yes No No Yes
Observations 3464 3464 1527 3464 3464 1527
R2 0.0017 0.8971 0.9449 0 0.4129 0.4422
N clusters 612 612 370 612 612 370

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Appendices

Appendix C: AHRQ Quality Indicator Descriptions

Table 38: AHRQ Inpatient Quality Indicators

IQI # IQI Name Description
IQI 08 Esophageal Resection Mortality

Rate
the surgical removal of the esophagus, nearby lymph nodes, and
sometimes a portion of the stomach

IQI 09 Pancreatic Resection Mortality
Rate

sometimes called ”Whipples Procedure”, is an operation to re-
move part of the pancreas, the gall bladder, some of the bile
ducts and a piece of the small bowel. Sometimes a portion of
stomach is also removed

IQI 11 Abdominal Aortic Aneurysm
(AAA) Repair Mortality Rate

Surgery to repair an enlargement of the aorta, the main blood
vessel that delivers blood to the body, at the level of the abdomen.
The doctor makes a large incision in the abdomen to expose the
aorta. Once he or she has opened the abdomen, a graft can be
used to repair the aneurysm.

IQI 12 Coronary Artery Bypass Graft
(CABG) Mortality Rate

The surgery creates a new path for blood to flow to the heart. The
surgeon takes a healthy piece of vein from the leg or artery from
the chest or wrist. Then the surgeon attaches it to the coronary
artery, just above and below the narrowed area or blockage. This
allows blood to bypass (get around) the blockage.

IQI 13 Craniotomy Mortality Rate Surgical removal of part of the bone from the skull to expose the
brain.

IQI 14 Hip Replacement Mortality Rate

IQI 15 Acute Myocardial Infarction
(AMI) Mortality Rate

IQI 16 Heart Failure Mortality Rate

IQI 17 Acute Stroke Mortality Rate

IQI 18 Gastrointestinal Hemorrhage
Mortality Rate

IQI 19 Hip Fracture Mortality Rate

IQI 20 Pneumonia Mortality Rate

IQI 30 Percutaneous Coronary Inter-
vention (PCI) Mortality Rate

Also known as coronary angioplasty, is a nonsurgical procedure
that improves blood flow to your heart. PCI requires cardiac
catheterization, which is the insertion of a catheter tube and in-
jection of contrast dye, usually iodine-based, into your coronary
arteries. Doctors use PCI to open coronary arteries that are nar-
rowed or blocked by the buildup of atherosclerotic plaque.

IQI 31 Carotid Endarterectomy Mor-
tality Rate

A surgical procedure used to reduce the risk of stroke by correct-
ing stenosis (narrowing) in the common carotid artery or internal
carotid artery by removal of material on the inside of the artery

IQI 32 Acute Myocardial Infarction
(AMI) Mortality Rate, Without
Transfer Cases
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Table 39: AHRQ Patient Safety Indicators

PSI # PSI Name Description
PSI 02 Death Rate in Low-Mortality

Diagnosis Related Groups
(DRGs)

PSI 03 Pressure Ulcer Rate Areas of damaged skin caused by staying in one position for too
long

PSI 04 Death Rate among Surgical In-
patients with Serious Treatable
Complications

Treatable complications include deep vein thrombosis/pulmonary
embolism, pneumonia, sepsis, shock/cardiac arrest, and gastroin-
testinal hemorrhage/acute ulcer

PSI 06 Iatrogenic Pneumothorax Rate a condition in which air or gas is present in the pleural cavity as
a result of mechanical ventilation, tracheostomy tube placement,
or other therapeutic intervention

PSI 07 Central Venous Catheter-
Related Blood Stream Infection
Rate

Blood infection arising from the tubular, flexible surgical instru-
ment that is inserted into a cavity of the body to withdraw or
introduce fluid.

PSI 08 Postoperative Hip Fracture Rate Hip fractures after an operation when hip fracture was not present
on admission excluding some cases such as muscular disorders or
violent seizures where fracture may not be fault of hospital

PSI 09 Perioperative Hemorrhage or
Hematoma Rate

Bleeding or bruising after an operation

PSI 10 Postoperative Physiologic and
Metabolic Derangement Rate

Deficiency in the amount of oxygen reaching body tissues or other
physiological complications

PSI 11 Postoperative Respiratory Fail-
ure Rate

Conditions that affect breathing function or the lungs themselves

PSI 12 Perioperative Pulmonary Em-
bolism or Deep Vein Thrombosis
Rate

Blockage of main artery of the lung or one of its branches by a
substance that has traveled from elsewhere in the body or a blood
clot in a deep vein

PSI 13 Postoperative Sepsis Rate Bloodstream infection

PSI 14 Postoperative Wound Dehis-
cence Rate

Surgical complication in which a wound ruptures along a surgical
incision

PSI 15 Accidental Puncture or Lacera-
tion Rate

Accidental puncture or cut during procedure

Appendix D: Hospital Characteristics Descriptive Statistics

(Condition Subsample)
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Table 40: Hospital Characteristics

All Acquired Member of Acquired vs.
Hospitals Sometime Acquiring System Control Hospital Control
All Years All Years All Years All Years All Years Initial Year

Local Government Operated 0.12 0.00 0.00 0.23 -0.23∗∗∗ -0.22∗∗∗

(0.32) (0.06) (0.05) (0.42) (0.00) (0.00)
Private, Not-for-profit 0.54 0.35 0.45 0.64 -0.28∗∗∗ -0.39∗∗∗

(0.50) (0.48) (0.50) (0.48) (0.00) (0.00)
Private, For-profit 0.34 0.64 0.55 0.13 0.51∗∗∗ 0.62∗∗∗

(0.47) (0.48) (0.50) (0.34) (0.00) (0.00)
Network Participant 0.42 0.25 0.41 0.44 -0.19∗∗∗ -0.09∗∗∗

(0.49) (0.43) (0.49) (0.50) (0.00) (0.00)
Has formal HMO contract 0.86 0.95 0.93 0.79 0.16∗∗∗ 0.03∗∗∗

(0.35) (0.21) (0.25) (0.41) (0.00) (0.00)
Number of HMO contracts 80.17 642.22 102.43 11.13 631.09∗∗∗ 0.12

(1171.77) (3556.68) (1331.30) (44.88) (0.00) (0.68)
Has formal PPO contract 0.95 0.97 0.97 0.94 0.04∗∗∗ 0.02∗∗∗

(0.21) (0.16) (0.16) (0.25) (0.00) (0.00)
Number of PPO contracts 53.96 185.75 69.21 30.82 154.93∗∗∗ -21.60∗∗∗

(479.90) (1435.61) (577.52) (43.18) (0.00) (0.00)
Teaching Hospital 8 0.19 0.05 0.12 0.24 -0.19∗∗∗ -0.15∗∗∗

(0.39) (0.21) (0.33) (0.43) (0.00) (0.00)
Residency Training Program 9 0.29 0.05 0.19 0.40 -0.35∗∗∗ -0.51∗∗∗

(0.45) (0.22) (0.39) (0.49) (0.00) (0.00)
Medical School Affiliation 10 0.33 0.05 0.24 0.43 -0.38∗∗∗ -0.45∗∗∗

(0.47) (0.22) (0.43) (0.50) (0.00) (0.00)
Member, Council of Teaching Hospitals 11 0.14 0.00 0.06 0.21 -0.21∗∗∗ -0.22∗∗∗

(0.34) (0.00) (0.24) (0.41) (0.00) (0.00)
Cancer Program 12 0.45 0.00 0.44 0.49 -0.48∗∗∗ -0.58∗∗∗

(0.50) (0.06) (0.50) (0.50) (0.00) (0.00)
Blue Cross Contracting or Participating 0.96 0.97 0.98 0.95 0.02∗∗∗ -0.14∗∗∗

Continued on next page

8as designated in THCIC PUDF
9approved by the Accreditation Council for Graduate Medical Education

10reported to American Medical Association
11of the Association of American Medical Colleges
12approved by American College of Surgeons
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Table 40, continued
All Acquired Member of Acquired vs.

Hospitals Sometime Acquiring System Control Hospital Control
All Years All Years All Years All Years All Years Initial Year

(0.19) (0.17) (0.16) (0.21) (0.00) (0.00)
Medicare Certification 0.97 0.99 0.97 0.97 0.02∗∗∗ -0.10∗∗∗

(0.16) (0.11) (0.16) (0.17) (0.00) (0.00)
Catholic Church Operated 0.13 0.06 0.09 0.17 -0.10∗∗∗ -0.12∗∗∗

(0.34) (0.24) (0.29) (0.37) (0.00) (0.00)
Electronic Health Record 13 0.78 0.54 0.80 0.79 -0.25∗∗∗ 0.04∗∗∗

(0.41) (0.50) (0.40) (0.40) (0.00) (0.00)
CT Scanner 0.97 0.99 0.99 0.95 0.04∗∗∗ 0.04∗∗∗

(0.17) (0.11) (0.11) (0.21) (0.00) (0.00)
MRI 0.91 0.87 0.94 0.89 -0.02∗∗∗ -0.07∗∗∗

(0.29) (0.34) (0.23) (0.32) (0.00) (0.00)
PET Scanner 0.20 0.03 0.18 0.23 -0.20∗∗∗ -0.07∗∗∗

(0.40) (0.17) (0.38) (0.42) (0.00) (0.00)
PET/CT Scanner 0.25 0.03 0.21 0.31 -0.28∗∗∗ -0.22∗∗∗

(0.43) (0.18) (0.41) (0.46) (0.00) (0.00)
Ultrasound 0.97 0.98 0.99 0.95 0.02∗∗∗ 0.04∗∗∗

(0.17) (0.16) (0.10) (0.22) (0.00) (0.00)
Linguistic/translation services 0.60 0.40 0.54 0.66 -0.26∗∗∗ -0.36∗∗∗

(0.49) (0.49) (0.50) (0.47) (0.00) (0.00)
Ambulance Services 0.17 0.00 0.08 0.26 -0.26∗∗∗ 0.00

(0.38) (0.06) (0.27) (0.44) (0.00) (.)
Emergency Department 0.98 0.99 0.99 0.96 0.02∗∗∗ 0.00

(0.15) (0.11) (0.08) (0.19) (0.00) (0.23)
Certified Trauma Center 0.54 0.59 0.42 0.63 -0.04∗∗∗ 0.06∗∗∗

(0.50) (0.49) (0.49) (0.48) (0.00) (0.00)
Obstetrics Care 0.88 0.85 0.95 0.82 0.02∗∗∗ 0.05∗∗∗

(0.32) (0.36) (0.21) (0.38) (0.00) (0.00)
Neonatal Intensive Care 0.53 0.42 0.62 0.47 -0.05∗∗∗ -0.23∗∗∗

(0.50) (0.49) (0.49) (0.50) (0.00) (0.00)
Medical/surgical Intensive Care 0.92 0.87 0.97 0.88 -0.01∗∗∗ -0.13∗∗∗

(0.28) (0.34) (0.17) (0.33) (0.00) (0.00)
Cardiac Intensive Care 0.54 0.28 0.56 0.55 -0.27∗∗∗ -0.14∗∗∗

Continued on next page

13Partially or fully implemented
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Table 40, continued
All Acquired Member of Acquired vs.

Hospitals Sometime Acquiring System Control Hospital Control
All Years All Years All Years All Years All Years Initial Year

(0.50) (0.45) (0.50) (0.50) (0.00) (0.00)
Adult Cardiac Surgery 0.72 0.62 0.81 0.66 -0.04∗∗∗ -0.62∗∗∗

(0.45) (0.48) (0.39) (0.47) (0.00) (0.00)
Neurological Services 0.79 0.65 0.82 0.77 -0.12∗∗∗ -0.31∗∗∗

(0.41) (0.48) (0.38) (0.42) (0.00) (0.00)
Chemotherapy hospital 0.77 0.55 0.79 0.77 -0.23∗∗∗ -0.43∗∗∗

(0.42) (0.50) (0.41) (0.42) (0.00) (0.00)
Oncology Services 0.82 0.66 0.83 0.82 -0.16∗∗∗ -0.12∗∗∗

(0.39) (0.47) (0.37) (0.39) (0.00) (0.00)
Orthopedic Services 0.90 0.83 0.93 0.89 -0.06∗∗∗ -0.47∗∗∗

(0.29) (0.38) (0.26) (0.31) (0.00) (0.00)
Bone Marrow Transplant 0.10 0.00 0.08 0.13 -0.13∗∗∗ 0.00

(0.30) (0.00) (0.27) (0.34) (0.00) (.)
Heart Transplant hospital 0.09 0.00 0.08 0.11 -0.11∗∗∗ 0.00

(0.29) (0.00) (0.27) (0.31) (0.00) (.)
Kidney Transplant hospital 0.20 0.00 0.18 0.24 -0.24∗∗∗ 0.00

(0.40) (0.00) (0.39) (0.43) (0.00) (.)
Liver Transplant hospital 0.10 0.00 0.09 0.12 -0.12∗∗∗ 0.00

(0.30) (0.00) (0.29) (0.32) (0.00) (.)
Lung Transplant hospital 0.06 0.00 0.03 0.09 -0.09∗∗∗ 0.00

(0.24) (0.00) (0.18) (0.29) (0.00) (.)
Tissue Transplant hospital 0.13 0.00 0.10 0.16 -0.16∗∗∗ -0.00

(0.33) (0.00) (0.30) (0.37) (0.00) (0.32)
Other Transplant hospital 0.12 0.00 0.12 0.14 -0.14∗∗∗ 0.00

(0.33) (0.00) (0.32) (0.35) (0.00) (.)
Total Hospital Beds 328.02 185.23 326.00 340.31 -155.17∗∗∗ -227.03∗∗∗

(238.47) (104.74) (232.42) (247.22) (0.00) (0.00)
Ln(total hospital beds) 5.51 5.01 5.55 5.51 -0.50∗∗∗ -0.86∗∗∗

(0.82) (0.73) (0.71) (0.90) (0.00) (0.00)
Number of operating rooms 15.08 8.05 15.43 15.31 -7.26∗∗∗ -8.03∗∗∗

(11.72) (4.45) (12.16) (11.55) (0.00) (0.00)
Inpatient days 76868.88 58000.26 87702.63 66005.33 -7098.33∗∗∗ -44096.01∗∗∗

(51198.44) (24292.61) (59404.17) (38247.89) (0.00) (0.00)

Continued on next page
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Table 40, continued
All Acquired Member of Acquired vs.

Hospitals Sometime Acquiring System Control Hospital Control
All Years All Years All Years All Years All Years Initial Year

% discharges Medicare 14 0.55 0.54 0.54 0.55 -0.01∗∗∗ -0.09∗∗∗

(0.15) (0.12) (0.12) (0.18) (0.00) (0.00)
% discharges Medicaid 15 0.10 0.12 0.08 0.11 0.01∗∗∗ 0.01∗∗∗

(0.10) (0.10) (0.08) (0.12) (0.00) (0.00)
Total Births 16 2229.99 1593.56 2423.53 2104.73 -511.17∗∗∗ -901.66∗∗∗

(2257.94) (1428.77) (1908.91) (2556.75) (0.00) (0.00)
Total full time hospital personnel 1656.75 624.15 1337.13 2006.67 -1383.63∗∗∗ -1645.34∗∗∗

(1927.40) (378.19) (1193.84) (2377.94) (0.00) (0.00)
Total part time hospital personnel 357.27 128.81 303.38 420.23 -291.25∗∗∗ -204.76∗∗∗

(442.19) (95.75) (317.93) (529.16) (0.00) (0.00)
Full time physicians 14.60 1.12 8.16 21.11 -19.51∗∗∗ -9.90∗∗∗

(86.18) (3.69) (68.88) (100.91) (0.00) (0.00)
Part time physicians 2.82 0.06 1.96 3.76 -3.66∗∗∗ -1.53∗∗∗

(12.13) (0.39) (10.33) (13.81) (0.00) (0.00)
Full time residents 31.62 0.21 7.70 54.47 -53.08∗∗∗ -55.38∗∗∗

(115.34) (1.70) (42.99) (151.76) (0.00) (0.00)
Part time residents 1.95 0.00 0.18 3.61 -3.45∗∗∗ -5.29∗∗∗

(19.24) (0.00) (1.68) (26.59) (0.00) (0.00)
Full time registered nurses 437.94 173.43 411.80 479.69 -301.84∗∗∗ -282.88∗∗∗

(416.44) (113.40) (368.88) (458.04) (0.00) (0.00)
Part time registered nurses 125.98 45.17 109.02 146.45 -101.35∗∗∗ -72.11∗∗∗

(186.29) (38.76) (112.76) (234.25) (0.00) (0.00)
Observations 2,047,267 76,687 927,327 1,043,253 1,119,940 87,444

Note: For patients admitted with relevant conditions only. The table reports means (standard deviations) across hospitals in various categories. The last columns
compare the difference in means for acquired vs. control hospitals and shows the associated p-value. All statistics are calculated using all years of the data, with the
exception of the last column which uses only the initial year of data for each hospital.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

14Calculated from the discharges that are part of this subset of conditions only
15Calculated from the discharges that are part of this subset of conditions only
16Excluding fetal deaths
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Table 41: Hospital Market Characteristics

All Acquired Member of Acquired vs.
Hospitals Sometime Acquiring System Control Hospital Control
All Years All Years All Years All Years All Years Initial Year

Number of Discharges per Hospital 1,327.30 760.39 1,344.52 1,353.67 -168.94∗∗∗ -315.68∗∗∗

(809.28) (444.41) (795.64) (826.69) (0.00) (0.00)
Number of Discharges per Zip Code 2,122.63 792.52 2,169.46 2,178.78 -682.91∗∗∗ -743.52∗∗∗

(2,015.20) (492.63) (2,115.51) (1,959.15) (0.00) (0.00)
Number of Discharges per City 5,432.22 2,469.99 6,272.90 4,902.71 -882.45∗∗∗ -1,036.47∗∗∗

(5,687.09) (4,273.80) (6,229.44) (5,106.80) (0.00) (0.00)
Number of Discharges per County 9,029.19 4,936.17 1,0611.11 7,923.93 -526.73∗∗∗ 1,210.85∗∗∗

(8,680.57) (7,356.25) (9,167.53) (8,031.85) (0.00) (0.00)
Number of Hospitals per Zip Code 2.63 1.43 2.87 2.51 -0.30∗∗∗ -0.11∗∗∗

(2.33) (0.69) (2.51) (2.20) (0.00) (0.00)
Number of Hospitals per City 10.67 5.06 12.72 9.26 -1.29∗∗∗ -1.00∗∗∗

(12.07) (8.90) (13.23) (10.79) (0.00) (0.00)
Number of Hospitals per County 18.20 10.28 21.67 15.70 -0.57∗∗∗ 2.86∗∗∗

(18.19) (15.53) (19.05) (16.96) (0.00) (0.00)
Hospital Share of Discharges, Zip Code 81.89 97.17 82.02 80.66 16.52∗∗∗ 13.30∗∗∗

(27.96) (10.55) (27.30) (29.06) (0.00) (0.00)
Hospital Share of Discharges, City 53.80 73.60 48.72 56.86 16.74∗∗∗ 18.78∗∗∗

(36.71) (34.28) (36.26) (36.45) (0.00) (0.00)
Hospital Share of Discharges, County 37.16 53.49 29.26 42.97 10.51∗∗∗ 7.16∗∗∗

(33.12) (39.29) (28.48) (34.77) (0.00) (0.00)
HHI, Zip Code 7,487.73 9,553.89 7,472.20 7,349.66 2,204.24∗∗∗ 1,657.12∗∗∗

(3,600.71) (1,333.46) (3,616.06) (3,654.57) (0.00) (0.00)
HHI, City 4,242.20 6,591.30 3,688.54 4,561.66 2,029.64∗∗∗ 2,521.29∗∗∗

(4,164.61) (3,974.98) (4,118.11) (4,125.49) (0.00) (0.00)
HHI, County 2,477.49 4,404.46 1,667.35 3,055.96 1,348.51∗∗∗ 1,442.97∗∗∗

(3,414.74) (4,284.47) (2,887.84) (3,595.71) (0.00) (0.00)
Observations 2,047,267 76,687 927,327 1,043,253 1,661,119 172,126

Note: For patients admitted with relevant conditions only. The table reports means (standard deviations) across hospitals in
various categories. The last columns compare the difference in means for acquired vs. control hospitals and shows the associated
p-value. All statistics are calculated using all years of the data, with the exception of the last column which uses only the initial
year of data for each hospital.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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