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Racial and ethnic differences in hospital utilization for cardiovascular surgeries have 

been studied for many years, but most of this research is limited to the Medicare or veteran 

population. The present study extends to the wider Texas population including all insurance 

types, and includes non-Hispanic whites, non-Hispanic blacks, Hispanics, and others. This 

retrospective cross-sectional study examines racial/ ethnic differences in the utilization of 

cardiac procedures. Descriptive analyses and multiple logistic regression models adjusted for 

demographic, clinical, and hospital level factors are used to test the racial/ ethnic differences 

in the use of cardiovascular procedures. Results suggest that racial and ethnic differences in 

the utilization of cardiac procedures exist in Texas and are observed across all types of 

msurance. 
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CHAPTER I 

INTRODUCTION 

Cardiac catheterization, coronary artery bypass graft (CABG), and percutaneous 

transluminal coronary angioplasty (PTCA) are proven and tested surgical procedures 

commonly used to treat critical heart disorders (Schneider, Leape, Weissman, et al., 2001). 

According to the American Heart Association (AHA) from 1979 to 2004 there has been 432 

percent increase in the total number of inpatient cardiovascular operations and procedures 

(AHA, 2007). Further, the AHA estimates that 1,297,000 inpatient cardiac catheterizations 

and 664,000 PTCA procedures were performed in 2004. Despite superlative surgical and 

therapeutic advances, cardiovascular disease remains one of the leading causes of death in 

the United States. Currendy, in United States, there are about 15,800,00 prevalent cases of 

coronary heart disease, 7,900,000 prevalent cases of myocardial infarction and 8,900,000 

prevalent cases of chest pain (AHA, 2007). Although being well-established surgical 

procedures for several years, substantial variation in hospital utilization for these three 

procedures still exists. 

Wennberg and Gittlesohn (1973) first examined variation in hospital utilization and 

the consequent impact of legislation and regulation on how health care is distributed. 

According to Wennberg and Gittlesohn, wide utilization variations and the differences in 

rates was a result of choice of medical practices, not illness distribution. Further, they 

concluded that rates of utilization did not vary consistendy with expected rates of illness. 

Following this revolutionary work on variations in hospital utilization, a growing number of 
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studies have repeatedly observed these differences in hospital utilization aming different 

groups of interest including race and ethnicity, gender and socioeconomic status across US 

populations. 

Mukamel, Weimer, Buchmueller, Ladd, and Mushlin (2007) suggest that the long 

existing racial/ ethnic disparities between non-Hispanic black and non-Hispanic white 

Medicare populations in 1990's may have diminished for CABG surgery in recent years. 

Further, they demonstrate that even if the gap in these disparities has reduced to a certain 

extent, non-Hispanic black patients still had surgery at less than half the rate compared with 

white patients. According to Mukamel et al., (2007), one of the potential explanations might 

be substitution of CABG by PTCA. Such trends raise some important questions such as: are 

the racial/ ethnic disparities for older surgical procedures like CABG declining whereas they 

still exist for newer surgical advances like PTCA? The increased use of CABG by non

Hispanic black patients may suggest that they do not enjoy the same access to PTCA as non

Hispanic white patients (Mukamel et al., 2007). Therefore, the important question being 

raised here was: are non-Hispanic blacks deprived of access to newer advances in cardiac 

surgical procedures? 

Medicare is a health insurance program designed to assist the elderly US population 

65 years of age or above to meet hospital, medical, and other health costs. The program 

includes two related health insurance programs: hospital insurance (Part A) and 

supplementary medical insurance (Part B) (CMS, 2006). Although many studies have 

demonstrated racial/ ethnic disparities in the use of cardiac procedures most have been 

restricted to Medicare data or a specific health care delivery system like the Veterans 

administration system. Secondly, most of these studies have been limited to racial disparities 
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between non-Hispanic whites and non-Hispanic blacks. Very few studies have investigated 

these disparities across other health insurance categories including the uninsured and other 

races and ethnicities. Carlisle, Leake, and Shapiro (1997) studied the association between 

racial/ ethnic disparities in use of cardiovascular surgeries and the type of health care 

insurance. They concluded that statistically significant differences remained.within several 

health insurance categories even after adjustment for potential confounders. Philbin, 

McCullough, and DiSalvo (2001) found out that Medicaid insurance is a significant 

independent negative predictor of cardiac catheterization, PTCA, and any revascularization 

procedure after controlling for demographic factors, clinical factors and hospital 

characteristics 

The State of Texas has a diverse population with a fair representation of the largest 

racial and ethnic groups in the US. Along with non-Hispanic whites and non-Hispanic blacks 

it also has a large Hispanic community. Further, the state was ranked number one among all 

other states in the percentage of the uninsured population, with 25.1 percent of Texas 

population uninsured (U.S. Census Bureau, 2005). Thus State of Texas provides an ideal 

population to investigate racial and ethnic variation in use of cardiovascular surgical 

procedures. This study ~s to study racial/ ethnic variation in utilization of cardiac 

procedures across different insurance categories using the 2004 and 2005 hospital discharge 

data for the State of Texas. 

Rationale 

In order to reduce racial and ethnic variation in hospital utilization for cardiac 

procedures in Texas it is important to identify factors responsible for these variations. 1bis 

study examined racial and ethnic variations in hospital utilization for cardiac procedures 
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across different health insurance categories including the uninsured in Texas. This would 

provide hospital administrators, health practitioners, public health professionals, and policy 

makers in Texas valuable information on factors responsible for these variations. Ultimately, 

the findings of this study may contribute to reduce racial and ethnic disparities in 

cardiovascular surgical procedures in Texas. 

Statement of Purpose 

The purpose of this retrospective cross-sectional study was to examine the 

association between race/ ethnicity and variation in hospital utilization for cardiac procedures 

across different insurance categories in Texas. Variation in hospital utilization for 

cardiovascular surgical procedures have been studied extensively, but most of this research 

has been done at national level primarily on Medicare data and much remains to be explored 

at the State level across other insurance categories including the uninsured population. 

Research Question 

Does the race/ ethnicity related variation in hospital utilization for cardiac 

catheterization, PTCA, and CABG vary across different insurance categories? 

Hypothesis 

Patterns of racial/ ethnic variations in utilization of cardiac procedures namely 

cardiac catheterization, PTCA, and CABG should differ across different insurance categories 

after controlling for other confounding factors. Particularly, there should not be any 

racial/ ethnic differences within patients with private insurance. 

Delimitations 

The study was delimited by excluding patients admitted with conditions related to 

pregnancy, childbirth, puerperium, and patients with HIV or drug/alcohol use. Secondly, 
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this study was restricted to patients age 30 and above. Further, patients discharged from or 

admitted to other acute care hospitals were excluded from the study to minimize the 

possibility of patient redundancy (Carlisle et al., 1997). Additional exclusions included 

patients admitted due to court and law enforcement, patients discharged to federal health 

care facility, and patients discharged to other institutions like psychiatric hospital. Further 

patients with unknown, invalid, or missing data for all variables included in this study were 

excluded. 

Data Limitations 

The data in the 2004 and 2005 Texas Health Care Information Council (THCIC) 

public use data file (PUDF) were subject to many limitations. One data limitation was that 

the participating hospitals are required to submit discharge data to the Department of State 

Health Services no later than 60 days after the close of a calendar quarter (THCIC Manual, 

2005). Depending on the hospital's collection and billing cycles, not all discharge data may 

have been reported during each quarter. As a result of these inconsistencies, the accuracy of 

variables like source of payment, specifically, self-pay, and charity was questionable and may 

later affect quality of the insurance variable (THCIC Manual, 2005). Further, hospitals 

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 delineated as an urbanized area by the United States Bureau of the Census are 

exempt from the reporting requirement to THCIC. Exempt hospitals also include hospitals 

that do not seek insurance payment or government reimbursement (THCIC Manual, 2005). 

5 



S tucfy Design Limitations 

One of the primary variables of interest in this study was patient race/ ethnicity. 1bis 

variable was not specifically included in the dataset and has been created by combining the 

race variable and the ethnicity variable. Furthermore, these two variables are not generally 

collected by the hospital and may be subjectively captured, which means that conclusions 

based on race/ ethnicity must be interpreted cautiously. Secondly, no adjustment has been 

made for the socioeconomic status of patients directly as THCIC data does not contain 

information on socioeconomic status. Another important limitation was one imposed by the 

data itself. The THCIC public use data are administrative data and not collected for research 

or clinical purposes. Rather, the data represented the best efforts of each facility to meet the 

state requirements for reporting. 

Definition ofTerms 

Cardiac catheterization. -1bis is a procedure done on the heart. A thin plastic tube 

called catheter is inserted into an artery or vein in the arm or leg. The catheter can be further 

advanced into the chambers of the heart or into the coronary arteries. Catheters are also 

used to inject dye into the coronary arteries. 1bis test is used to get information about the 

pumping ability of the heart muscle, to check for any plaques or clogs in arteries (AHA, 

n.d.). 

Percutaneous transluminal coronary angioplasry (PTCA). - It is a surgery commonly used to 

treat patients with clogged arteries of the heart. Typically, PTCA is performed by threading a 

slender balloon-tipped tube called catheter from an artery in the groin to the clogged artery 

of the heart. The balloon is then inflated, compressing the plaque and dilating the narrowed 
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coronary artery so that blood can flow more easily. 'Ibis is often accompanied by inserting 

an expandable metal stent (AHA, n.d.). 

Coronary artery bypass graft (CABG). - The coronary arteries that supply blood to the 

heart muscle can become clogged by plaque (a buildup of fat, cholesterol and other 

substances). 'Ibis results in reduced blood flow and oxygen supply to the heart, leading to 

chest pain or a heart attack. CABG is a type of heart surgery which bypasses around the 

clogged arteries to improve blood flow and oxygen supply to the heart. Surgeons take a 

segment of healthy blood vessel from another part of the body and make a detour around 

the blocked part of coronary artery (AHA, n.d.). 

Importance of 5 tutfy 

Hospital services and utilization for cardiovascular surgical procedures vary widely 

across the nation. Such variation is of particular interest in examining cardiac health care 

across the State of Texas, including differences in racial and ethnic disparities across 

different insurance categories. A greater understanding of population health and utilization 

of services is critical for effective decision making and planning by state and local public 

health agencies. 'Ibis study examined these variations and may help the state and local public 

health agencies to identify populations with deprived access to advanced cardiac care. 

Recognizing racial and ethnic disparities in cardiovascular surgical procedures as a quality 

issue, can improve the ability to monitor and decrease health disparities in cardiovascular 

care, and help to achieve equality in medical treatment. 
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CHAPTER II 

THE LITERATURE 

The literature on variation in hospital utilization for cardiac catheterization, CABG 

and PTCA is abundant. Schneider, Leape, Weissman, et al. (2001) studied a random sample 

of Medicare beneficiaries during 1991 and 1992 in one of the five U.S. states (Alabama, 

California, Georgia, New Jersey and Pennsylvania) that had a coronary angiography. They 

reported that non-Hispanic white patients were 1.7 times more likely than non-Hispanic 

black patients to receive CABG surgery and 1.2 times more likely to receive PTCA. Further, 

they suggest that underuse among non-Hispanic black patients for whom the procedure is 

necessary, rather than overuse among non-Hispanic white patients, is a more plausible 

explanation for racial disparities in rates of procedure use (Schneider, et al. 2001). 

Lucas, DeLorenzo, Siewers, and Wennberg (2006) provided temporal trends in 

utilization of cardiac testing and revascularization using Medicare claims data from 1993 to 

2001. They reported a substantial increase in the utilization of procedures for the diagnosis 

and treatment of coronary artery disease from 1993 to 2001, and this increase was unlikely to 

be related to underlying disease prevalence because the rate for acute myocardial infarction 

in the same population did not increase. Further, Lucas et al. (2006) reported catheterization 

rates were two times higher in non-Hispanic black women and increased by 60% to 80% in 

the remaining subgroups as compared to non-Hispanic white women and percutaneous 

coronary intervention rates increased by two times in other subgroups and three times in 

non-Hispanic blacks as compared to non-Hispanic whites regardless of gender. 

8 



Jha, Staiger, Lucas, and Chandra (2007) examined hospitalized patients in Veteran's 

Administration (VA) Hospitals from 1993 to 2001. Jha et al. (2007) concluded that racial 

differences in cardiovascular procedure rates existed throughout the VA health care system 

and the magnitude of these differences varied according to the inpatient racial composition 

of VA hospitals. 

Epstein, Weissman, Schneider, et al. (2003) examined Medicare data to study quality 

of care, they utilized failure to use or underuse either PTCA or CABG as a measure of 

quality of care. They concluded that racial differences in procedure use reflect higher rates of 

clinical appropriateness among whites, greater underuse among non-Hispanic blacks, and 

more frequent revascularization when it was not clinically indicated among whites (Epstein, 

et al., 2003). A large population-based cohort study of Medicare beneficiaries hospitalized for 

AMI who underwent cardiac catheterization demonstrated that women are less likely to 

undergo coronary revascularization after AMI than men (Rathore, Foody, Radford, & 

Krumholz, 2003). 

A recent study done by Maynard, Sun, Lowy, Sales, and Fihn (2006) examined non

Hispanic black and non-Hispanic white veterans who were admitted to Veterans Health 

Administration (VHA) medical centers between July 2003 and August 2004. Maynard, et al., 

concluded that in this era of more aggressive treatment for AMI, non-Hispanic black versus 

non-Hispanic white differences in the use of percutaneous coronary intervention persist in 

VHA where access to procedures is not based on ability to pay (2006). Barnhart, Fang and 

Alderman (2003) findings were consistent with previous research and they lead to a similar 

conclusion that non-Hispanic blacks are less likely to have an angiography or be 

9 



revascularized than non-Hispanic whites. They further suggested that both clinical and non

clinical factors are responsible for these differences. 

Kuykendall, Johnson, and Geraci (1995) studied patients treated for coronary 

atherosclerosis from California acute care hospitals in California during 1989. They 

concluded that the odds of a PTCA for privately insured patient were much higher than 

odds for those covered by Medicaid and the uninsured. Kuykendall et al. (1995) further 

suggested a trend toward greater chances of revascularization existed for the Medicaid 

insured compared with the uninsured however this was not statistically significant. 

Philbin, McCullough, DiSalvo, et al. (2001) examined the influence of insurance 

payor status and other demographic and clinical factors and hospital characteristics on the 

use of invasive procedures among patients treated for acute myocardial infarction. Philbin, et 

al. reported that crude rates of PTCA are lower among Medicaid patients. Further, they 

controlled for demographic and clinical factors and hospital characteristics to demonstrate 

that Medicaid insurance is a significant independent negative predictor of cardiac 

catheterization, PTCA, and any revascularization procedure. 

Brown (2004) raised the question ofwhether economic considerations may have 

partially contributed to the degree of differences observed among payor groups. Brown 

concluded that patients with Health Maintenance Organization (HMO) insurance have a 

lower likelihood of having a cardiac catheterization than patients with fee-for-service 

insurance. Further, Brown and O'Connell (2004) hypothesized that races will present 

different profiles of insurance coverage with non-Hispanic blacks more likely to depend on 

Medicaid, self pay, and HMO's compared to non-Hispanic whites who are more likely to 
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depend on Medicare and fee-for-service plans, and they concluded that marked differences 

in access, to cardiac care exist, among races, even among those with the best insurance. 

Carlisle, Leake, and Shapiro (1995), in their study on racial and ethnic disparities in 

invasive cardiac procedures, adjusted for hospital procedure volume. They found out that 

procedure volume adjustment diminished disparities in angiography and bypass graft surgery 

and eliminated disparities in angioplasty for Hispanics. At the same time it had little effect on 

disparities in bypass graft surgery and angioplasty for non-Hispanic blacks, while it 

eliminated disparities in angiography for the same group. Further, another study evaluated 

ethnicity-related disparities in cardiac procedures across a wide range of insurance categories 

and concluded that people with private insurance were not likely to show ethnicity related 

disparities in the odds of receiving any cardiac procedure (Carlisle, Leake, & Shapiro, 1997). 

Conigliaro, Whittle, Good, et al. (2000) did a retrospective study on patients 

admitted to Veteran Affairs Hospitals from October 1,1989 to September 30, 1995 with 

acute myocardial infarction. These authors compared non-Hispanic black and non-Hispanic 

white male patients matched on age, race, admitting diagnosis, and medical center and they 

found that non-Hispanic black patients underwent CABG or PTCA less often than non

Hispanic whites. 

Trivedi, Sequist, and Ayanian (2006) explored the racial/ ethnic disparities in the use 

of high volume and low volume hospitals and concluded that minority patients are more 

likely to undergo surgery in hospitals that have less experience with complex cardiovascular 

procedures. The research work done by Bamato, Lucas, Staiger, Wennberg, and Chandra 

(2005) brings forward an interesting aspect about racial disparities at hospital leveL In this 

study Bamato et al., show that utilization of different hospitals by non-Hispanic blacks and 
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non-Hispanic whites contributed substantially to observed treatment disparities and 

conclude that, on average, non-Hispanic blacks went to hospital that had lower rates of 

evidence-based medical treatments and higher rates of cardiac procedures after acute 

myocardial infarction. 

Using a nationally representative sample, Sonel, Good, Mulgund, et al. (2005) 

concluded that non-Hispanic blacks with acute coronary symptoms have a 20% to 40% 

lower likelihood of cardiac catheterization and revascularization even after adjustment for 

various baseline patient and hospital level variables. Non-Hispanic blacks and non-Hispanic 

whites are generally assumed to have different levels of co-morbid conditions and important 

differences in socioeconomic factors. According to Jha et al. (2007), these differences 

whether or not clinically appropriate have only modest effect on the true relationship 

between race and treatment outcomes in cardiac care. 

Laouri, Kravitz, French, et al., (1997) found that the provision of necessary 

revascularization procedures were driven by clinical factors. They reported that clinical 

illness severity was the most important predictor of whether revascularization is performed. 

They provided sufficient evidence to conclude that non-clinical factors were also 

significantly associated with underuse of CABG and PTCA. They found that patients in 

public hospitals were less likely to undergo PTCA than those in private hospitals and non

Hispanic blacks were less likely to undergo both CABG and PTCA even after controlling for 

important clinical factors (Laouri, et al., 1997). 

Hannan, Racz, J ollis, and Peterson (1997) questioned the use of Medicare data for 

studying hospital quality, since Medicare does not represent all patients and the authors 

recommend the using administrative databases with some clinical data elements for studying 
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disparities in hospital utilization for cardiac procedures to have better representation of all 

patients. 

"Significant progress in eliminating racial/ ethnic health and health care disparities, 

including disparities in cardiac care, cannot be made unless there is broad recognition that 

disparities exist and that they are unacceptable." (Lillie-Blanton, Maddox, Rushing, & 

Mensah, 2004, p. 507). 
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CHAPTER III 

METHODOLOGY 

Data Sources 

The data used for this retrospective cross-sectional study were the 2004 and 2005 

Texas Hospital Inpatient Discharge Public Use Data Files. These data were comprised of 

two parts; a base data file and a charges data file. For the purpose of this study only 2004 and 

2005 base data files were used. Beginning September 1, 2004 Texas Health Care Information 

Council (THCIC) became a part of the Texas Department of State Health Services (DSHS). 

DSHS has now become responsible for the collection and release of hospital discharge data. 

The hospitals are required to submit discharged inpatient claims data in the uniform bill 

(UB-92) format. Data validation is done through a process of automated auditing and 

verification. The individual records are subjected to series of audits to check for consistency 

and conformity with definitions stated in the data specification manual. Further, THCIC 

check and adjust for missing and invalid codes and generate the Public Use Data File 

(THCIC, 2005). 

Population and Sample 

All patients age 30 and above with principal diagnosis of acute myocardial infarction 

(International Classification ofDiseases, fl" Revision, Clinical Modification [ICD-9-CM) codes 410, 

410.0 through 410.9), coronary atherosclerosis or other heart disease (ICD-9-CM codes 

411.0, 411.1, 411.8, 411.81, 411.89,412, 413.0, 413.1, 413.9, 414.0, 414.00, 414.01, 414.03, 

414.06, 414.8, 414.9, V4581, and V4582), and chest pain (ICD-9-CM codes 786.50, 786.51, 
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786.59) were identified for this study. There were 273,389 patients identified with these three 

diagnoses from the 2004 and 2005 THCIC base files. In all, 88,076 patients were excluded 

from the analysis due to missing data for the variables included in this study. This resulted in 

a final sample size of 185,313 patients, of which 47,499 were diagnosed with acute 

myocardial infarction, 114,237 were diagnosed with coronary atherosclerosis or other heart 

disease, and 23,577 were diagnosed with chest pain. 

Protection ofHuman Participants 

This study complied with the University of North Texas Health Science Center 

Institutional Review Board (IRB) requirements for use of secondary healthcare data. A 

waiver of informed consent was requested and approved by the Institutional Review Board 

(IRB) at the University of North Texas Health Science Center prior to the start of this study. 

Furthermore, THCIC employs appropriate safeguards to protect physician and patient 

confidentiality while creating the public use data file through the use of a uniform 

identification number for the patients and physicians in practice (fHCIC Manual, 

2005). This study accessed pre-existing hospital discharge data for public use purposes 

contained in a database with no identifiers. 

Stucfy Variables 

Outcome variable 

For this study, the principal surgical procedure ICD-9-CM code variable and the first 

8 surgical procedure code variables were used to identify patients who underwent cardiac 

catheterization (ICD-9-CM codes 37.21 to 37.23, 88.52 to 88.57), PTCA (ICD-9-CM codes 

0066,36.01, 36.02, 36.05), and CABG (ICD-9-CM codes 36.10 to 36.17,36.19,36.2, 36.3, 
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36.32 to 36.34, 36.39). Binary outcome variables were created for all three procedures and 

are used as dependant variables for this study. 

Age 

Patient age was classified into 5 age categories of 30-39 years, 40-49 years, 50-64 

years, 65-74 years and 75+ years respectively. It is a well-established fact that age is an 

important confounder in public health research. Hence, age was included as one of the 

covariates in this analysis. 

Gender 

Gender differences in utilization of hospitals for cardiac surgical procedures have 

been repeatedly demonstrated in numerous studies. In general male patients have higher 

odds of utilizing surgical cardiac procedures as compared to females. Previous research by 

Watson, Stein, Dwamena, et al. (2001) and Rathore et al. (2003) demonstrated the presence 

significant gender disparities in the use of cardiac procedures. All patients with missing or 

unknown data for gender were excluded from this study. Patients were categorized as male or 

female. 

Race/ ethnici!J 

Racial and ethnic disparities in use of cardiovascular surgical procedures are well

documented for almost two decades. Race/ ethniciry is the primary variable of interest for this 

study. RAce and ethnicity are recorded as two different variables in the data. In this study, 

race was combined with ethnicity to create a race/ ethnicity variable, which includes non-
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Hispanic White, non-Hispanic Black, Hispanic, and other. Due to small numbers of American 

Indians and Asian/Pacific Islanders, these patients were classified as other. 

Primary Diagnosis 

. The primary diagnosis variable was created using the ICD-9-CM diagnosis codes 

given under the principal diagnosis code variable in the THCIC data. The clinical 

classification software tool provided by the Healthcare Cost and Utilization Project (HCUP) 

was used to classify the principle diagnosis codes into the three broad categories as acute 

myocardial ischemia, coronary atherosclerosis or other heart diseases, and chest pain. 

Insurance 

This study used the primary payment source variable as an indicator to assess patient 

health insurance status (fHCIC Manual, 2005). The primary payment source was recoded as 

Insurance and categorized based on THCIC codes into five categories as Medicaid, Medicare, 

Private, None, and other. Previous scholarship by Bacak, Callaghan, Dietz, and Crouse (2004) 

used the same methodology to group primary payment source variables. 

Illness Severity 

The illness severity variable in the THCIC data indicated the extent of physiologic 

decomposition and was included in this study to adjust for co-morbid conditions associated 

with the primary diagnosis. Assignment of a severity of illness score was done from All 

Patient Refined (APR) Diagnosis Related Group (DRG) using the 3M APR-DRG Grouper, 

version 20 (fHCIC user manual, 2005). It was categorized into four categories as minor, 
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moderate, major, and extreme. For this study, the illness severity variable was narrowed 

down to two broad categories: minor to moderate and major to extreme. 

Type of Admission 

The type of admission variable was included as a potential confounder for possible 

racial/ ethnic disparities. This variable was classified into four categories as emezy,enry, uzy,ent, 

elective and other. 

Procedu~ Volume 

Procedure volume was considered a potential confounder for cardiac surgical 

procedures as not all hospitals have facilities to provide these surgeries. To control for these 

volume differences an additional variable was created by computing the total number of · 

surgeries per year performed in each hospital for the period 2004 to 2005. The procedure 

volumes were classified as less than 100, 100 through 200 and mo~ than 200 per year. In 

previous research, Carlisle, et al. (1997, 1995) utilized similar methods to classify the 

procedure volume. 

Measu~s 

A primary descriptive analysis was performed to study the distribution of the 

population within each race/ ethnicity category across all independent variables. A secondary 

descriptive analysis was employed to study the distribution of patients for each of the three 

cardiac procedures across all independent variables. The distributions for all descriptive 

analyses were reported as proportions. Overall tests of association for the three cardiac 

procedures by race/ ethnicity and all other independent variables were performed using the 

chi-square statistic. Multiple logistic regression models were used to examine the relationship 
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between hospital utilization for each procedure and race/ ethnicity stratified by insurance 

categories. The unit of analysis used for these analyses was each hospital discharge record. 

Both unadjusted and adjusted models were used to compare odds ratios for each 

race/ ethnicity categories. Non-Hispanic white patients were used as the reference group in 

all five insurance specific analyses performed for each of the three cardiac procedures. All 

analyses were done using SAS software, Version 9. 1 of the SAS system for Windows. 
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CHAPTER IV 

RESULTS 

Results from Descriptive Ana!Jses 

The study population for this study consisted of 185,313 patients admitted with a 

diagnosis of acute myocardial infarction, coronary atherosclerosis or other heart disease, and 

chest pain from hospitals within Texas. In general, the sample had more males (59%) than 

females (41 %). The proportion of non-Hispanic white males (61 %) is much higher than 

non-Hispanic white females (38%). Conversely, non-Hispanic black females (55%) had 

much higher proportion than non-Hispanic black males (45%). More than 75% of the study 

population were 50 years of age or older. About 2% of non-Hispanic whites had Medicaid 

insurance whereas 7.4% non-Hispanic black and 8% Hispanics had Medicaid insurance. 

Appendix Table 1 presents the results of descriptive analyses for distribution of the study 

population across the race/ ethnicity categories for all potential confounding variables and 

the insurance categories used in this study. 

Similarly, the number of uninsured in the study population was much higher for 

non-Hispanic blacks (12%) and Hispanics (11 %) as compared to non-Hispanic whites (6%). 

Non-Hispanic blacks (62%) showed a substantially higher percentage of population admitted 

as emergency admissions as compared to non-Hispanic whites (45%) and Hispanics (45%). 

For elective admissions non-Hispanic blacks (21 %) demonstrated a significantly less 

proportion of population as compared to Hispanics (34%) and non-Hispanic white (36%). 
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Approximately 24 % of the non-Hispanic black population were diagnosed with 

chest pain as primary diagnosis, whereas in non-Hispanic white and Hispanic populations 

only around 11% and 13% patients were diagnosed with chest pain, respectively. Patients 

diagnosed with acute myocardial infarction as a primary diagnosis had a similar distribution 

across all race/ ethnicity categories. Almost 64% non-Hispanic whites and 60% Hispanics 

were diagnosed with coronary atherosclerosis and other heart diseases whereas only about 

49% non-Hispanic black had coronary atherosclerosis or other heart diseases. A higher 

percentage of non-Hispanic blacks (24%) and Hispanics (23%) as compared to non

Hispanic whites (20%) were likely to have their illness severity score between major to 

extreme. 

About 79% of non-Hispanic black population utilized hospitals with a procedure 

volume more than 200 per year for cardiac catheterization, whereas higher percentage of 

non-Hispanic white (89%) and Hispanic (86%) utilized hospitals with similar procedure 

volume for cardiac catheterization. In the case of hospitals with a procedure volume of less 

than 100 per year, non-Hispanic blacks (16%) had higher utilization for cardiac 

catheterization as compared to non-Hispanic whites (7%) and Hispanics (9%). Almost 20% 

of non-Hispanic blacks utilized hospitals with less than 100 PTCA procedures per year as 

compared to 10% of non-Hispanic whites and 14% Hispanics. Higher percentages of non

Hispanic whites (82%) and Hispanics (75%) underwent PTCA at hospitals with procedure 

volumes more than 200 procedures per year as compared to non-Hispanic blacks. Forty-four 

percent of non-Hispanic blacks were admitted at a hospital with a volume of less than 100 

CABG procedures per year. Only 32% non-Hispanic whites and 29% Hispanics had a 

CABG surgery at hospitals with a procedure volume of less than 100 per year. 
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During the study period 2004-2005, a total of 144,172 cardiac catheterizations, 

80,576 percutaneous transluminal coronary angioplasties, and 31,302 coronary artery bypass 

grafts were performed in State of Texas. Due to the large sample size, chi-square tests for all 

associations between outcome variables, and the independent variables were significant at 

the 0.05 level of significance and were not reported. Appendix Table 2 describes the 

distribution of study population by the three outcome variables. 

More than 65% of utilizations for the three cardiac procedures were by non-Hispanic 

whites. Males utilized the three cardiac procedures to a much greater extent as compared to 

females; 71% of males used the CABG procedure, whereas only 29% female used the same. 

Similarly for PTCA surgery, males (64%) had much higher utilization, as compared to 

females (36%). Patients with Medicare and private insurance used these cardiac procedures 

to a much greater extent, as compared to those with Medicaid and those who were 

uninsured. More than 70% of the cardiac catheterization and 60% PTCA procedures were 

likely to be used by emergency and urgent admissions. Patients diagnosed with coronary 

atherosclerosis or other heart diseases were most likely to use these three cardiac procedures 

as compared to acute myocardial infarction. 

Patients with illness severity rated as minor to moderate were most likely to utilize 

these three cardiac procedures; 82% used cardiac catheterizations, 87% used PTCA and 63% 

used CABG. Hospitals showing procedure volumes of more than 200 per year performed 

the highest percentages of these procedures, 89%, 92%, and 94% respectively, for cardiac 

catheterization, PTCA, and CABG. 
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Results from Multiple Lngistic Regrrssion Models 

Cardiac catheterization as a binary outcome variable (Yes/No) 

Unadjusted models were used to study the relationship between race/ ethnicity and 

the binary outcome variable for cardiac catheterization. Non-Hispanic blacks with Medicaid 

insurance had 0.82 times less odds of receiving a cardiac catheterization as compared to non

Hispanic whites (95% CI (0.70, 0.95),p = 0.0072). Hispanics and non-Hispanic blacks with 

Medicare, Private, and those who were uninsured showed significant differences in hospital 

utilizations for cardiac catheterization with p < 0.05. Appendix Table 3 presents the results 

of multiple logistic regression models for cardiac catheterization as an outcome variable. 

Adjusted models controlling for potential confounders like age, gender, type of 

admission, primary diagnosis, illness severity, and procedure volume were then used to 

identify deviations from results obtained in the unadjusted model. After adjusting for 

potential confounders, it was found that all Medicaid and other insurance patients had no 

significant differences across race/ ethnicity categories with p > 0.05. Differences in hospital 

utilization for non-Hispanic blacks with private insurance reduced considerably but were still 

significant (OR 0.85, 95% CI (0.79, 0.91),p < 0.0001). The odds ratios for non-Hispanic 

blacks, Hispanics and others with Medicare were significant in negative direction. 

Hispanic patients with private insurance did not differ from non-Hispanic whites 

(OR 0.94, 95% CI (0.89,1.0),p > 0.05). Uninsured non-Hispanic blacks and Hispanics had 

significant differences in hospital utilizations for cardiac catheterization with OR 0.59, 95% 

CI (0.52, 0.67) and OR 0.72, 95% CI (0.64, 0.80), respectively,p < 0.0001. Patients 

categorized as other, that is, American Indians and Asian/Pacific Islanders, with private 
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insurance had 1.1 times higher odds of getting a cardiac catheterization done as compared to 

non-Hispanic whites (95% CI (1.0, 1.2),p = 0.0387). 

PTCA as binary outcome variable (Yes/No) 

Unadjusted models were used to study the relationship between race/ ethnicity and 

the binary outcome variable for PTCA. Significant differences in hospital utilization for the 

PTCA procedure were observed for non-Hispanic blacks and Hispanics as compared to 

non-Hispanic whites across all insurance categories with p < 0.05 except Hispanics having 

Medicaid insurance (OR 0.94, 95% CI (0.83, 1.06),p > 0.05). Results obtained from adjusted 

models controlling for potential confounders did not vary substantially from the unadjusted 

model. But Hispanics having Medicaid insurance significantly differed in hospital utilization 

for PTCA as compared to non-Hispanic whites (OR 0.80 95% CI (0.69, 0.92),p = 0.0023). 

Patients from other race/ ethnicity showed no significant difference across any of the 

insurance categories. Appendix Table 4 displays the results of multiple logistic regression 

models used for the PTCA outcome variable. 

CABG as binary outcome variable (Yes/No) 

Unadjusted models were used to study the relationship between race/ ethnicity and 

the binary outcome variable for CABG across insurance categories. Non-Hispanic black 

patients had significant differences in hospital utilizations for CABG procedure across all 

insurance categories (p < 0.0001). Hispanics having Medicare insurance significantly differed 

&om non-Hispanic whites (OR 0.91, 95% CI (0.87, 0.96),p = 0.0001). A similar trend was 

observed after controlling for the potential confounders in the adjusted model. The odds 

-_ ~ for ft()n-Hispanic black patients with Medicare, Private insurance, and the uninsured 
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were significant in the negative direction. Hispanics having Medicare insurance continued to 

differ significandy from non-Hispanic whites (OR 0.86, 95% CI (0.81, 0.90),p < 0.0001). 

Patients from the other race/ ethnicity category with Medicare insurance had significandy 

higher odds (1.14, 95% CI (1.04, 1.25), p = 0.0055) of getting a CABG surgery as compared 

to non-Hispanic whites. Similarly, in the uninsured population the other race/ ethnicity had 

1.4 times higher odds of getting a CABG surgery as compared to non-Hispanic whites (95% 

CI (1.14, 1.72),p = 0.0012). The adjusted models for Medicaid and other insurance 

categories were not presented because of small sample size and a questionable validity. 

Appendix Table 5 indicates the results of multiple logistic models used for the CABG 

outcome variable. 
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CHAPTERV 

DISCUSSION 

The main objective of this study was to examine racial and ethnic differences in 

hospital utilizations for cardiovascular surgical procedures in Texas across major insurance 

categories. The primary hypothesis of this study was that patients having private insurance 

would not show race/ ethnicity related differences in hospital utilization for cardiac 

procedures. These findings clearly demonstrated that statistically significant differences 

existed even among patients having private insurance, and therefore the hypothesis was 

rejected. The principal finding of this study is that significant racial and ethnic differences in 

hospital utilization for cardiovascular surgical procedures exist after adjusting for age, 

gender, admission type, primary diagnosis, illness severity, and hospital procedure volume. 

The results of this study are consistent with previous studies. Racial and ethnic 

differences in hospital utilization for the cardiovascular procedures are evident among non

Hispanic whites and non-Hispanic blacks. This study contributes valuable information about 

race and ethnicity minority groups like Hispanics and people of the other group, which 

includes American Indians and Asian/Pacific Islanders. This study demonstartes that 

privately insured non-Hispanic blacks in Texas are less likely .to receive cardiac 

catheterization, CABG, and PTCA procedures as compared to non-Hispanic whites. 

Another interesting finding of this study is that privately insured Hispanic patients do not 

differ from non-Hispanic whites in terms of hospital utilizations for cardiac catheterization 

and CABG. The racial and ethnic differences were more prominent in hospital utilization for 
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PTCA versus CABG procedures in both Hispanics and non-Hispanic blacks as compared to 

non-Hispanic whites. 

One of the strengths of this study is racial and ethnic differences in the utilization of 

cardiovascular surgical procedures across all major insurance categories including Medicaid, 

Medicare, and private insurance as well as the uninsured were examined. Most previous 

research has primarily used Medicare data, which fails to provide complete representation of 

population utilizing cardiovascular procedures. The finding that racial and ethnic differences 

in cardiovascular surgical procedures are clearly evident in patients having private insurance 

is of particular concern as it suggests that provider-level racial and ethnic differences in these 

procedures may exist. Another important highlight of this study involves the results being 

adjusted for illness severity, an important confounder in these types of studies. 

Further, this study has been focused on Texas population, and to date, litde research 

has been done at the State level. This study may be used to assist in the development of State 

health policies and strategies to reduce these disparities. The finding that non-Hispanic 

blacks in Texas are most likely to be deprived of access to all three cardiac procedures is 

disturbing and needs to be further investigated. Furthermore, American Indians and 

Asian/Pacific Islanders classified as other with private insurance are more likely to get a 

cardiac catheterization procedure as compared to non-Hispanic whites and the same group 

with Medicare insurance is more likely to get a CABG surgery as compared to non-Hispanic 

whites. These findings bear further investigation. 

This study has several limitations. First, this is a cross-sectional study using the Texas 

population and only includes the years 2004-2005. The findings of this study cannot be 

generalized to other populations in the past or future. Secondly, due to cross-sectional nature 
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of the study, a cause and effect relationship cannot be inferred. Further, the study may have 

been affected by selection bias as hospitals located in a county with a population less than 

35,000 or with fewer than 100 licensed hospital beds or located in rural area were exempted 

from reporting the data to THCIC. The study statistics have not been adjusted for 

socioeconomic status variable directly, but the fact that racial and ethnic differences were 

examined across different insurance types might have indirectly adjusted for effects of 

socioeconomic status in this study. Previous research (Home, Muhlestein, Lappe, 2004; 

Nordstrom, Diez Roux,Jackson, Gardin, & Cardiovascular Health Study, 2004) has 

demonstrated an association between socioeconomic status and the type of insurance. It is 

most likely that employed people have private insurance, poor people are likely to have 

Medicaid, and people not otherwise eligible for Medicaid or Medicare are most likely 

uninsured. 

The differences in utilization of CABG and PTCA procedures between non

Hispanic whites and non-Hispanic blacks observed in this study are similar to earlier 

research work done by- Fang and Alderman (2004) who concluded that blacks are less likely 

to utilize cardiac procedures regardless of there insurance status. Similarly, Cromwell, 

McCall, Burton, and Urato (2005) concluded that elderly patients having similar Medicare 

health insurance are significantly different in utilizations not only between whites and other 

minorities but also within minority groups themselves. 

The use of cardiovascular surgical procedures should be strictly dependent on a 

patient's clinical diagnosis and his or her preference for such a surgery. However, the 

findings of this study demonstrate a strong relationship between a patient's race and 

ethnicity and the use of these procedures even after controlling for patient's illness severity. 
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The fact that these racial and ethnic differences exists and are evident across all insurance 

types including the uninsured population in the State of Texas is a major concern and should 

be investigated to detail. Further research at several levels including hospital level and 

regional level is recommended. If possible, a multilevel analysis should be employed to adjust 

for patient level, hospital level, and regional level variables associated with racial and ethnic 

disparities in cardiovascular surgeries. This will help us to identify important information on 

possible causes of these racial and ethnic disparities. 

In summary, the findings of this study help to expose the racial and ethnic disparities 

in use of cardiovascular surgical procedures in State of Texas. These findings are of much 

interest since disparities in utilization of cardiovascular surgeries exist in all types of 

insurance after controlling for demographic, clinical, and hospital level confounders. An 

important foundation for further investigation has been established. 
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TABLE 1 

Characteristics of Patients Diagnosed with AC11te Myocardial lnfarrtion, Coronary Atherosclerosis or Other 

Heart Disease, and Chest Pain by Race/Ethnicity: Inpatient Hospital Dischatges, Texas, 2004-2005 

Total Non-Hispanic Non-Hispanic 
(N= White Black Hispanic Other 

185313) (n= 120366) (n =18040) (n = 34611) (n = 12296) 
% % % % % 

Gender 
Male 58.9 61.5 45.0 56.0 62.5 
Female 41.1 38.5 55.0 44.0 37.4 

Age 
30-39 years 2.3 1.8 4.8 2.8 2.1 
40-49 11.8 10.5 18.4 12.9 12.3 
50-64 37.2 36.1 41.1 38.8 38.3 
65-74 26.4 27.2 21.2 26.2 27.5 
75+ 22.1 24.4 14.5 19.3 19.8 

Insurance 
Medicaid 3.9 2.13 7.4 7.9 4.2 
Medicare 51.5 52.7 47.5 50.8 47.6 
Private 35.1 37.6 30.8 27.9 36.6 
None 8.1 6.4 12.2 11 .4 10.3 
Other 1.4 1.2 2.1 1.9 1.2 

Type of admission 
Emergency 46.9 45.2 61.6 45.0 46.6 
Urgent 19.0 18.7 16.9 20.4 21.5 
Elective 34.0 36.1 21.5 34.2 31.8 
Other 0.05 0.04 0.04 0.08 0.06 

Primary Diagnosis 
AMI 25.6 24.8 26.6 27.3 27.1 
CA or other heart disease 61.6 63.8 49.3 59.8 63.8 
Chest pain 12.7 11.3 24.1 12.9 9.1 

Illness severity 
Minor to moderate 79.1 80.4 75.6 76.5 78.8 
Major to Extreme 20.9 19.6 24.4 23.5 21.2 

CC volume/year 
Less than 100 8.5 7.2 15.8 8.9 9.9 
100 to 200 4.4 4.1 4.8 5.1 5.3 
More than 200 87.0 88.7 79.4 86.0 84.7 

PTCA volume/year 
Less than 100 11.8 10.2 19.6 13.6 12.0 
100 to 200 9.0 7.7 11.8 11 .0 12.4 
More than 200 79.1 82.1 68.5 75.4 75.6 

CABG volume/year 
Less than 100 34.0 32.5 44.5 29.5 46.0 

100 to 200 33.0 34.2 27.6 36.4 19.9 

More than 200 33.0 33.3 27.9 34.1 34.1 
Note. CC = Cardiac catheterization, PTCA- Percutaneous transluminal coronary angioplasty, CABG-

Coronary artery bypass graft, AMI= Acute myocardial infarction, CA= Coronary atherosclerosis. 
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TABLE2 

Patient Characteristics by Three Cardiac Procedures: Inpatient Hospital Dischaf!.es, Texas, 2004-2005 

Race/Ethnicity 
Non-Hispanic white 
Non-Hispanic black 
Hispanic 
Other 

Gender 
Male 
Female 

Age 
30-39 years 
40-49 
50-64 
65-74 
75+ 

Insurance 
Medicaid 
Medicare 
Private 
None 
Other 

Type of admission 
Emergency 
Urgent 
Elective 
Other 

Primary Diagnosis 
AMI 
CA or other heart disease 
Chest pain 

Illness severity 
Minor to moderate 
Major to Extreme 

CC volume/year 
Less than 100 
100 to 200 
More than 200 

PTCA volume/year 
Less than 100 
100 to 200 
More than 200 

CABG volume/year 
Less than 100 
100 to 200 

CC (n = 144172) PTCA (n = 80576) CABG (n = 31302) 
Ofo OJo OJo 

66.0 
9.03 
18.2 
6.7 

59.6 
40.4 

2.3 
12.4 
38.5 
26.3 
20.6 

3.7 
49.4 
37.1 

8.4 
1.4 

48.0 
19.4 
32.5 
0.04 

26.8 
63.1 
10.2 

82.3 
17.7 

7.0 
4.1 

88.8 

69.3 
7.2 

16.3 
7.1 

64.0 
36.0 

1.5 
10.7 
38.7 
27.6 
21.4 

2.7 
50.5 
38.2 

7.3 
1.2 

38.7 
19.4 
41.9 
0.05 

30.2 
69.7 
0.2 

87.4 
12.6 

4.2 
3.7 

92.1 

66.3 
5.8 

21.0 
6.9 

71.0 
29.0 

0.82 
7.4 

38.1 
32.9 
20.7 

3.3 
53.4 
35.5 
6.6 
1.3 

26.4 
18.7 
54.8 
0.0 

18.8 
81.2 

0.0 

63.6 
36.4 

0.4 
5.7 

More than 200 93.9 
Note. CC =Cardiac catheterization, PTCA= Percutaneous transluminal coronary angioplasty, CABG= 
Coronary artery bypass graft, AMI= Acute myocardial infarction, CA = Coronary atherosclerosis. 
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TABLE3 

Odds Ratios and 95% Confidence Intervals of Cardiac Catheterization for Race/ Ethnici!J Stratified by 

Inmrance Category: Inpatient Hospital Dischafl.eS, Texas, 2004-2005 

Non-Hispanic Black Hispanic .QrlRI 

OR 95%CI p OR 95%CI p OR 95%CI p 

Unadjusted 

Medicaid 0.82 (0.70, 0.95) 0.0072 1.14 (1.01' 1.29) 0.0371 1.01 (0.81, 1.25) 0.9484 

Medicare 0.63 (0.60, 0.66) <0.0001 0.81 (0. 78, 0.84) <0.0001 0.95 (0.89, 1.01) 0.0939 

Private 0.81 (0.76, 0.87) <0.0001 0.92 (0.87, 0.97) 0.0047 1.4 (1.04, 1.24) 0.0031 

None 0.50 (0.45, 0.57) <0.0001 0.72 (0.65, 0.79) <0.0001 0.65 (0.56, 0.76) <0.0001 

Other 0.79 (0.61, 1.03) 0.0778 1.05 (0.84,1.32) 0.6442 1.14 (0.74, 1.74) 0.5558 

Adjusted* 

Medicaid 0.93 (0.79, 1.08) 0.3392 1.13 (0.99, 1.2) 0.0713 0.95 (0.76, 1.19) 0.6743 

Medicare 0.75 (0.71,0.79) <0.0001 0.86 (0.82, 0.89) <0.0001 0.93 (0.88, 0.99) 0.0445 

Private 0.85 (0.79, 0.91) <0.0001 0.94 (0.89, 1.00) 0.0547 1.1 (1.0, 1.2) 0.0387 

None 0.59 (0.52, 0.67) <0.0001 0.72 (0.64, 0.80) <0.0001 0.62 (0.52, 0.72) <0.0001 

Other 1.03 (0.78, 1.37) 0.8254 1.01 (0.72, 1.28) 0.9377 1.13 (0.72, 1.78) 0.6036 

Note. *Adjusted for age, gender, type of admission, primary diagnosis, illness severity and procedure volwne. 
Non-Hispanic white patients were used as reference group. 
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TABLE4 

Odds Ratios and 95% Confidence Intervals of Pem~taneo11s Transl11minal Coronary AngioplasrJ (PTCA) 

for Race/ EthnicirJ Stratified by lnst~rance Category: Inpatient Hospital Discharges, Texas, 2004-2005 

Non-Hispanic Black Hispanic .Q.tW 

OR 95%CI p OR 95%CI p OR 95%CI p 

Unadjusted 

Medicaid 0.55 (0.47, 0.64) <0.0001 0.94 (0.83, 1.06) 0.2992 1.12 (0.91 , 1.38) 0.2968 

Medicare 0.44 (0.42, 0.47) <0.0001 0.71 (0.68, 0.74) <0.0001 1.03 (0.97, 1.09) 0.3651 

Private 0.46 (0.43, 0.49) <0.0001 0.71 (0.68, 0.75) <0.0001 1.05 (0.98, 1.12) 0.2017 

None 0.47 (0.42, 0.52) <0.0001 0.79 (0.72, 0.86) <0.0001 1.19 (1.05, 1.36) 0.0087 

Other 0.45 (0.34, 0.58) <0.0001 0.78 (0.64, 0.96) 0.0212 1.26 (0.86, 1.87) 0.2375 

Adjusted* 

Medicaid 0.73 (0.61, 0.88) 0.0009 0.80 (0.69, 0.92) 0.0023 0.89 (0.70, 1.14) 0.3635 

Medicare 0.66 (0.62, 0. 70) <0.0001 0.73 (0.70, 0.76) <0.0001 1.07 (0.99, 1.14) 0.0678 

Private 0.65 (0.60, 0.71) <0.0001 0.71 (0.66, 0.75) <0.0001 1.01 (0.93, 1.10) 0.7399 

None 0.61 (0.54, 0.70) <0.0001 0.76 (0.68, 0.84) <0.0001 0.98 (0.83, 1.15) 0.8040 

Other 0.67 (0.47, 0.94) 0.0215 0.75 (0.57, 0.97) 0.0286 0.77 (0.49, 1.20) 0.2490 

Nott. *Adjusted for age, gender, type of admission, primary diagnosis, illness severity and procedure volume. 
Non-Hispanic white patients were used as reference group. 
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TABLES 

OddJ Ratios and 95% Confidence Interoals of Coronary Artery Bypass Graft (CABG)for Race/Ethniciry 

Stratified by Insurance Category: Inpatient Hospital Dischatges, Texas, 2004-2005 

Non-Hispanic Black Hispanic ~ 

OR 95%CI p OR 95%CI p OR 95%CI p 

Unadjusted 

Medicaid 0.49 (0.38, 0.62) <0.0001 1.73 (1.47, 2.03) <0.0001 1.62 (1.23, 2.12) 0.0005 

Medicare 0.37 (0.42, 0.47) <0.0001 0.91 (0.87, 0.96) 0.0001 1.00 (0.93, 1.09) 0.9830 

Private 0.40 (0.36, 0.44) <0.0001 0.95 (0.90, 1.02) 0.1416 0.99 (0.91, 1.09) 0.8946 

None 0.39 (0.32, 0.46) <0.0001 1.11 (0.99, 1.24) 0.0723 1.62 (1.36, 1.92) <0.0001 

Other 0.40 (0.26, 0.60) <0.0001 1.55 (1 .20, 2.07) 0.0008 2.15 (1.35, 3.42) 0.0013 

Adjusted* 

Medicaid 

Medicare 0.53 (0.48, 0.58) <0.0001 0.86 (0.81, 0.90) <0.0001 1.14 (1.04, 1.25) 0.0055 

Private 0.57 (0.51, 0.64) <0.0001 0.95 (0.88, 1.03) 0.1844 1.02 (0.91, 1.14) 0.7319 

None 0.50 (0.41, 0.61) <0.0001 1.04 (0.91 , 1.20) 0.5434 1.40 (1.14, 1.72) 0.0012 

Other 

Note. *Adjusted for age, gender, type of admission, primary diagnosis, illness severity and procedure volwne. 
Non-Hispanic white patients were used as reference group. Models for 'Medicaid' and 'other' insurance 
categories did not converge due to small sample size and are not reported. 
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