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BACKGROUND: Segregation index (SI) has been associated with worsened health. However, the relationship between SI within 
health care teams (degree of heterogeneity between teams caring for Black compared with White patients) and cardiovascular 
care is unclear among adequately insured populations. We sought to assess the relationship between health care team SI, 
patient race, receipt of care by a cardiologist, 1-year survival, and 30-day readmission rates for Black compared with White 
patients admitted with heart failure, ischemic heart disease, or valvular heart disease.

METHODS: Using Optum’s de-identified Clinformatics Data Mart Database (CDM) from 2009 to 2020, generalized linear mixed-
effects were used to analyze effects of patient race and SI on receipt of care by a cardiologist, and care by a cardiologist on 
1-year survival and 30-day readmission.

RESULTS: Among 6572 patients (17.1% Black), the odds of receiving care by a cardiologist were 31.3% less for Black than White 
patients (adjusted odds ratio 0.687 [95% CI, 0.545–0.872]; P=0.001). However, there was no statistically significant association 
of SI on receipt of care by a cardiologist (P=0.14). For those seen by a cardiologist, the adjusted odds ratio (Black-to-White) of 
1-year survival increased with increasing SI (P=0.02). SI had no statistically significant effect on 30-day readmission (P=0.86).

CONCLUSIONS: Among patients hospitalized for heart failure, ischemic heart disease, or valvular heart disease, segregation 
of health care teams was not associated with receipt of care by cardiologists in Indiana hospitals. When cardiologists were 
included, the odds of 1-year survival increased for Black versus White patients with increasing segregation of clinicians, and 
segregation was not associated with 30-day readmission.
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Non-Hispanic Black patients have the greatest 
cardiovascular disease (CVD) burden,1 with the 
highest mortality post–myocardial infarction, 

higher readmission rates for heart failure (HF), and the 
highest overall death rate from CVD.2–4 Despite numer-
ous studies showing racial disparities for non-Hispanic 
Black patients with CVD in the United States, signifi-
cant differences persist in the quality of care delivered. 
In fact, non-Hispanic Black patients are less likely to 
be evaluated by a cardiologist when presenting to the 
emergency room or admitted to the intensive care unit 
for HF.5,6 A recent study demonstrated that segregated 
care teams were associated with racial disparities in 
survival following coronary artery bypass grafting and 
posited that reducing clinician care team segregation 
within a hospital may reduce racial inequalities after 
coronary artery bypass grafting.7

Major challenges to reducing racial inequalities in 
CVD are related to implicit bias, structural racism, and 
social determinants of health.8–11 Financial toxicity, 

underinsurance, and lack of standardized care in the 
up-titration of guideline-directed medical therapy also 
contribute to inequitable care, particularly in Black pa-
tients with HF.12 Attempts to uncover barriers in CVD care 
have been challenging due to the underrepresentation 
of non-Hispanic Black relative to non-Hispanic White 
patients within many medical studies and trials.2,3,13,14 
Furthermore, studies have yet to evaluate the relationship 
between the health care team, patient race, receipt of 
care, and their impact on overall CVD outcomes.

Segregation index (SI) has been used to measure 
the degree of segregation between racial groups within 
specific geographic areas and is associated with worse 
health outcomes.5 Neither the degree of segregation of 
care in Indiana hospitals for CVD nor the relationship 
between health care team SI, patient race, and receipt 
of care for non-Hispanic Black patients is known. It is 
also unclear how SI and receipt of care are associated 
with survival between racial groups. We used a national 
claims database to evaluate the effects of health care 
team SI and patient race on the receipt of care by a 
cardiologist and the effects of all 3 factors on patient 
outcomes, 1-year survival, and 30-day readmission 
among non-Hispanic Black and non-Hispanic White pa-
tients admitted with HF, ischemic heart disease (IHD), or 
valvular heart disease (VHD) as a primary diagnosis in 
hospitals in Indiana. This study raises the importance of 
receipt of care by a cardiologist to achieve equity.

METHODS
Data Source
Our analyses used Optum’s de-identified Clinformatics 
Data Mart Database (CDM), a commercial and Medicare 
Advantage plan claims database of ≈67 million bene-
ficiaries across all 50 United States. CDM is a closed 
system of administrative health claims that includes in-
formation on patient demographics, including race and 
ethnicity, medical, pharmacy, and inpatient confine-
ment claims. Optum has licensed these data to Indiana 
University for use in research projects.15 Since data are 
de-identified, this study was exempt from review by the 
Indiana Institutional Review Board. Requests for de-
identified data must go through Optum licensing pro-
cess for CDM because the authors do not own the data.

Segregation Index
SI was calculated as an absolute value (Clinician Care 
Team Segregation=0.5 ∑|bi − wi|), where bi is the rela-
tive frequency of Black patients, and wi is the relative 
frequency of White patients for the ith clinician7; where 
the relative frequency is the number of patients of the 
specified race for the ith clinician, divided by the total 
number of Black and White patients for the ith clinician. 
We calculated SI by hospital-year combination, so the 

CLINICAL PERSPECTIVE

What Is New?
•	 In this study of 6572 patients, segregation index 

was not statistically significantly associated with 
the odds of receiving care by a cardiologist 
(P=0.14).

•	 There was a synergistic relationship between 
care by cardiologist, race, and segregation 
index on 1-year survival.

•	 For those seen by a cardiologist, the adjusted 
odds ratio of 1-year survival for Black relative 
to White patients increased with increasing 
segregation (P=0.02); segregation index had 
no statistically significant effect on 30-day 
readmission (P=0.86).

What Are the Clinical Implications?
•	 Complex interactions exist between health care 

segregation, receipt of care by a cardiologist, 
1-year survival, 30-day readmission, and race; 
further investigation should address how car-
diologists are selected for patients’ health care 
teams.

Nonstandard Abbreviations and Acronyms

CDM	 Clinformatics Data Mart Database
IHD	 ischemic heart disease
SI	 segregation index
VHD	 valvular heart disease
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summation is over all clinicians in a hospital year. Zero 
represents a situation where the ratio between the num-
bers of Black and White patients treated by a clinician 
is the same for all clinicians (ie, no clinician care team 
segregation exists). When the measure equals 1, the cli-
nician care teams are completely segregated such that 
each clinician in a hospital’s care team treats only Black 
or White patients.7 This measure is equivalent to the dis-
similarity index, substantiated in the health care dispari-
ties literature.16 Clinicians were defined as any individual 
“provider” in CDM (eg, physicians, nurses, physical ther-
apists, nutritionists, and social workers).

Hospital Population
For the calculation of SI, we first selected all International 
Classification of Diseases, Ninth Revision (ICD-9) and 
International Classification of Diseases, Tenth Revision 
(ICD-10) codes corresponding to admissions with a pri-
mary diagnosis of HF, IHD, or VHD (Table S1) at Indiana 
hospitals between January 1, 2009 and December 31, 
2020 where the patient race was either Non-Hispanic 
White (White) or Non-Hispanic Black (Black) (Figure 1). 
SI was calculated for a hospital in a year if there were 
at least 10 White and at least 10 Black patients in that 
calendar year. When an individual patient had admis-
sions at more than 1 hospital in a year and/or multi-
ple years at the same or different hospitals, a patient 
was counted once for each hospital-year combination 

with at least 1 admission. We only included hospitals 
where we could calculate SI for at least 3 years. We in-
cluded SI for 96 Hospital-Year combinations (12 unique 
hospitals).

Study Outcomes and Patient Population
We examined 3 patient-level outcomes: receipt of care 
by a cardiologist during the admission, 1-year survival 
following discharge, and all-cause 30-day readmission 
following discharge. Only patients in hospital-years 
with a calculated SI were included. Furthermore, we 
included only the first admission for each patient and 
only included patients with discharge dates before 
April 2020 (to ensure a full year of follow-up following 
discharge). We excluded patients with unknown sex 
(n=1) and those <18 years of age at admission (n=2). 
Death was only available as year and month, so for 
calculating 1-year survival, the date of death was as-
sumed to be the 15th of the month and based on all-
cause death. To determine whether a cardiologist saw 
a patient during the admission, we examined all medi-
cal claims associated with that admission and checked 
the clinician type for all clinicians associated with those 
claims. A patient was determined to have been seen 
by a cardiologist during the admission if any claim had 
1 of the following CDM designated clinician types: 
cardiac electrophysiologist, cardiac rehabilitation, car-
diologist, cardiology group, cardiovascular disease 

Figure 1.  Flow chart for patient selection.
HF indicates heart failure; IHD, ischemic heart disease; SI, segregation index; and VHD, valvular heart disease. *Note that the 3775 
admissions excluded represent >1226 unique patients because we are excluding second, third (etc.) admissions for included patients.

22 858 unique patients out of 32 381 admissions

with a primary diagnosis of HF, VHD, or ICD in

an Indiana hospital between January 1st, 2009

and September 30th, 2021.

Included 20 732 out of 29 465 patients who

identified as White or Black race.

Included admissions and patients used to calculate

SI for each hospital-year.

• 7801 unique patients out of 10 350

admissions.

Included only the first admission from each patient

and only patients with a discharge date on or

before March 31st, 2020.

• 6575 unique patients

6572 unique patients were used in the statistical

models.

Excluded:

Patients who identified as Asian, Hispanic, missing, or unknown race.

• Excluded 2917 admissions representing 2126 unique patients.

Excluded:

Admissions at a hospital-year combination where SI was not calculated 

due to insufficient sample size.

Excluded:

All but the first admission for a given patient. Admissions where the

discharge date was after 31 March 2020.

• Excluded 3775 admissions* and 1226 unique patients.

Excluded:

• Unknown sex (n=1)

• <18 y/o (n=2)
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specialist, diagnostic cardiology, interventional cardiol-
ogy, nuclear cardiology, and pediatric cardiologist.

Statistical Analysis
Patient characteristics were summarized using 
frequency (n) and percent for categorical variables 
and median and interquartile range for quantitative 
variables. We compared the characteristics between 
Black and White patients using Fisher exact test for 
categorical variables and the Kruskal–Wallis rank sum 
test for quantitative variables.

Our 3 binary outcomes were analyzed using gen-
eralized linear mixed-effects models with a logit-link. 
Independent variables for the model for receipt of care 
by a cardiologist included patient race and SI. We ini-
tially included a race–SI interaction, but this was not 
statistically significant (P=0.76), so we removed it for the 
sake of interpretability. For the models for 1-year sur-
vival and 30-day readmission, independent variables 
included race, SI, and whether the patient received car-
diology care, as well as all 2-way and 3-way interactions 
of patient race, SI, and cardiology care. For the model 
of 30-day readmission, the 3-way interaction was not 
significant (P=0.53); thus, this was removed. After re-
moving the 3-way interaction, the only 2-way interaction 
that was significant was the race–cardiology interaction; 
therefore, for interpretability, this was the only interac-
tion included in our final model for 30-day readmission. 
We performed additional sensitivity analyses identi-
cal to those in the primary analysis for each of the 3 
outcomes: seen by a cardiologist, 1-year survival, and 
30-day readmission, on the following subsets of data: 
admissions post-2012, Medicare beneficiaries, patients 
with a primary diagnosis of HF, and patients with a 
primary diagnosis of IHD (Data S1). All models also in-
cluded the following variables: sex, cubic splines for age 
at admission and for Charlson Comorbidity Index, and 
a random hospital-year intercept. Because we had only 
birth year, not date of birth, age at admission was cal-
culated assuming patients were born on July 1 of their 
birth year. Charlson Comorbidity Index was calculated 
following Glasheen et al.17 All analyses were conducted 
in R versions 4.1.1. and 4.3.1.18

RESULTS
We obtained data specific to White and Black patients 
hospitalized with a primary diagnosis of HF, IHD, or VHD 
in Indiana. In total, 6572 patients met our inclusion crite-
ria. Of those, 1127 (17.1%) were Black, and 5445 (82.9%) 
were White patients (Table 1). The majority of patients 
were male (56.3%). The median age on admission for 
Black and White patients was 71 and 73 years, respec-
tively. The primary diagnosis on admission was 36.6% HF, 
53.7% IHD, and 9.7% VHD. Hypertension was the most 

common comorbidity (87.5% Black and 80.7% White 
patients). Moreover, 50.9% of Black and 41.0% of White 
patients had diabetes, and 38.8% of Black and 32.7% 
of White patients had chronic obstructive pulmonary 
disease. Atrial fibrillation was present among less than 
one third of patients (21.6% Black and 29.7% White). The 
median Charlson Comorbidity Index was between 2 and 
3 for all racial groups and diseases (Table S2). Among 
both Black and White patients, coverage by Medicare 
was more common than coverage by commercial insur-
ance. A higher proportion of Black patients than White 
patients had Medicare Dual insurance (Medicare and 
Medicaid) or Medicare Low Income Subsidy. Over the 
96 Hospital-Years, SI ranged from 0.323 to 0.693, with 
considerable variation across years for some hospitals 
(Figure 2). Sensitivity analysis for each outcome yielded 
results similar to those of our original analysis (Figures S1 
through S3).

Receipt of Care by a Cardiologist
Of the 6572 patients, 6099 (92.8%) were seen by a car-
diologist, including 89.0% of Black patients and 93.6% 
of White patients. After model adjustment, the odds of 
receiving care by a cardiologist were 31.3% less for Black 
patients than White patients (adjusted odds ratio (aOR) 
0.687 [95% CI, 0.545–0.872] P=0.001). SI, however, was 
not statistically significantly associated with the odds of 
receiving care by a cardiologist (per 0.1 increase in SI, the 
aOR was 0.868 [95% CI, 0.720–1.053]; P=0.14).

One-Year Survival
One-year survival was similar across races, with 78.7% 
Black and 80.4% of White patients surviving at least 
1 year after discharge. The interaction between race, re-
ceipt of care by a cardiologist, and SI was statistically 
significant (P=0.038). For those not seen by a cardi-
ologist, there was no statistically significant change in 
the aOR (Black:White) of 1-year survival over the span 
of SI (P=0.20 [ie, the slope of the peach-colored line in 
Figure 3 is not statistically significantly different from 0]). 
However, for those seen by a cardiologist, there was 
a statistically significant change in the aOR of 1-year 
survival over the range of SI (P=0.02); as illustrated by 
Figure 3, the odds of 1-year survival for Black patients 
increased with increasing SI, relative to White patients.

Thirty-Day Readmission
Readmission rates were similar across races, with 
16.6% of Black and 15.4% of White patients readmit-
ted within 30 days of discharge. There was a significant 
interaction between patient race and care by cardiol-
ogy on 30-day readmission (P=0.01). For those seen 
by a cardiologist, the odds of 30-day readmission were 
not significantly different for Black patients compared 
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with White patients (aOR 1.07 [95% CI, 0.89–1.30]; 
P=0.46). However, for patients not seen by a cardiolo-
gist, the odds of 30-day readmission were lower for 
Black patients than for White patients (aOR 0.52 [95% 
CI, 0.30–0.89]; P=0.02). There was no impact of SI on 
30-day readmission (P=0.86).

DISCUSSION
Among the CDM commercial and Medicare beneficiar-
ies in the state of Indiana, Black patients admitted for 
HF, IHD, and VHD were less likely to receive care from 
a cardiologist relative to White patients, irrespective of 
the SI. For those seen by a cardiologist, 1-year survival 
for Black patients increased relative to White patients 
with increasing segregation of the clinician care team. 
In the absence of a cardiologist on the care team, there 
was no significant change in relative survival of Black 
patients compared with White patients over the range 
of SI observed in our study. SI was not statistically 
significantly associated with 30-day readmission. For 

those seen by a cardiologist, the 30-day readmission 
rate was not statistically significant for Black and White 
patients. However, when cardiologists were not on the 
care team, the odds of 30-day readmission were lower 
for Black patients compared with White patients.

Our findings are similar to other studies that have 
identified racial differences in survival and readmission 
for CVD. In 2018 Breathett et al. showed that among a 
national sample of 104 835 patients admitted to the in-
tensive care unit for HF, Black patients were less likely 
than White patients to receive care by a cardiologist.5 
Similarly, Hollingsworth et al. studied Medicare bene-
ficiaries with IHD who underwent coronary artery by-
pass grafting and found that race was associated with 
survival post–coronary bypass graft surgery according 
to level of provider care team segregation.7 VHD stud-
ies have also shown racial disparities. Black patients 
have lower odds of referral to cardiothoracic surgeons 
and subsequently undergo surgical aortic valve re-
placement and transcatheter aortic valve replacement 
less often than White patients.19–21

Table 1.  Patient Characteristics

Demographics
Non-Hispanic  
Black N = 1127

Non-Hispanic  
White N = 5445 P value Total N=6572

Sex

Male 502 (44.5%) 3198 (58.7%) <0.001 3700 (56.3%)

Age, y (IQR) 71 (64–79) 73 (66–80) <0.001 73 (66–80)

Primary diagnosis <0.001

HF 596 (52.9%) 1812 (33.3%) 2408 (36.6%)

IHD 484 (42.9%) 3044 (55.9%) 3528 (53.7%)

VHD 47 (4.2%) 589 (10.8%) 636 (9.7%)

Charlson Comorbidity Index (IQR) 3 (2–5) 3 (2–4) <0.001 3 (2–4)

Comorbidities

Atrial fibrillation 243 (21.6%) 1615 (29.7%) <0.001 1858 (28.3%)

COPD 437 (38.8%) 1778 (32.7%) <0.001 2215 (33.7%)

CKD III–V 313 (27.8%) 1174 (21.6%) <0.001 1487 (22.6%)

Depression 91 (8.1%) 413 (7.6%) 0.580 504 (7.7%)

Diabetes 574 (50.9%) 2232 (41.0%) <0.001 2806 (42.7%)

ESRD 72 (6.4%) 139 (2.6%) <0.001 211 (3.2%)

HTN 986 (87.5%) 4396 (80.7%) <0.001 5382 (81.9%)

Obesity 281 (24.9%) 1151 (21.1%) 0.006 1432 (21.8%)

Ventricular arrhythmia 85 (7.5%) 453 (8.3%) 0.404 538 (8.2%)

Insurance <0.001

Commercial 120 (10.6%) 734 (13.5%) 854 (13.0%)

Medicare 577 (51.2%) 3850 (70.7%) 4427 (67.4%)

Medicare dual 262 (23.2%) 416 (7.6%) 678 (10.3%)

Medicare LIS 163 (14.5%) 434 (8.0%) 597 (9.1%)

Unknown 5 (0.4%) 11 (0.2%) 16 (0.2%)

P values shown are based on Fisher exact test for categorical variables and the Kruskal–Wallis rank sum test for quantitative variables. CKD III–V indicates 
chronic kidney disease III–V; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; HF, heart failure; HTN, hypertension; IHD, ischemic 
heart disease; IQR, interquartile range; LIS, low-income subsidy; and VHD, valvular heart disease.
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Our study differs from others by focusing on clini-
cian SI. Even though SI in itself was not statistically 
significantly associated with the likelihood of receiv-
ing care by a cardiologist, the effect of cardiology 
care and race on 1-year survival was influenced by SI. 
These findings may be explained by multiple factors. 
First, it is well recognized that inclusion of cardiolo-
gists is associated with better outcomes,5,22,23 and 
it appears that inclusion of a cardiologist may coun-
teract an increasing level of segregation. Second, 
clinicians who routinely provide care to Black and 
White patients may be more adept at offering equita-
ble care and perhaps less subject to discriminatory 
decision-making.10,24 Third, findings may correspond 
with the outcomes of the Hospital Readmission 
Reduction Act where efforts focused on reducing 
30-day readmission (to avoid financial penalties) 
were adversely associated with higher mortality.25 
Data examining the Hospital Readmission Reduction 
Act were not parsed by clinical teams or inclusion 
of cardiologists, which may change findings as ob-
served in our study.

The difference between the 2 outcomes can be ex-
plained by the different time frames. While there was 
no statistically significant interaction between SI and 
30-day readmission, SI significantly impacted 1-year 
survival in patients seen by cardiologists. First, the 
impact of the care team and care by a cardiologist 
may have a more significant impact over long periods 
of time. Second, the fact that our findings for 30-day 
readmission was not affected by SI could imply that 
efforts are directed toward decreasing readmission 
rates by improving patient education, discharge plan-
ning, and close follow-up with patients. Additionally, 
our significant 3-way interaction observed for 1-year 
survival could suggest that ongoing care disparities, 
such as accessibility to health care, access to subspe-
cialized care, and patient comorbidities, may have a 
more pronounced impact on the long-term outcomes 
in Black patients compared with White patients. These 
findings underscore the need to explore approaches to 
addressing health disparities while recognizing that in-
terventions may have differing impacts on short versus 
long-term outcomes in cardiovascular care.

Figure 2.  Segregation index over time for individual hospitals.
Each panel represents an individual hospital. Points are shown only for years where SI was calculated. 
Larger values of the SI indicate more highly segregated care teams. SI indicates segregation index.
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Investigation is needed to develop implementa-
tion science strategies to routinely include cardiolo-
gists during admissions for primary cardiovascular 
diseases, particularly for segregated care teams.26 
Structural racism embedded within society has con-
tributed to persistent differences in receipt of care by 
cardiologists according to patient race.5,6,27 The rela-
tionship between segregated clinician care teams and 
cardiovascular outcomes are complex. This is a prime 
opportunity to understand barriers and facilitators to 
system changes. It should be a priority to use scientific 
frameworks and theories to identify the best strategies 
for improving access to a cardiologist.

Limitations
This study was funded to address system care is-
sues for the state of Indiana. While this is 1 of 50 
states, demographic representation by race is simi-
lar to the United States and generalizable. This study 
also examines care patterns for adequately insured 
patients by using the CDM database. As a strength, 
this study demonstrates how disparities persist with 
appropriate insurance. We recognize there are other 
types of social determinants of health and structural 
racism, such as residential segregation and relation 
to the hospital type, that can contribute to dispari-
ties. The data set did not have this identifiable level of 

Figure 3.  Odds ratio of 1-year survival of Black compared with White patients according to receipt of care by a 
cardiologist across segregation index.
Odds ratios >1 indicate higher survival for Black patients compared with White patients and are shown with 95% CI 
bands. Larger values of the segregation index indicate increased clinician care team segregation.
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data to include in our study. Additional investigation 
is needed to determine how outcomes vary with un-
derinsured populations.

CONCLUSIONS
Among the CDM patients who were admitted for HF, 
IHD, or VHD in Indiana, this study demonstrates that 
in the presence of care by a cardiologist, the aOR of 
1-year survival increased for Black patients relative 
to White patients as segregation levels increased. SI 
was not statistically significantly associated with 30-
day readmission. Future investigation should explore 
the granularity of cardiovascular care patterns to un-
derstand how cardiologists are selected for inclusion, 
how segregation occurs, and how to develop equitable 
outcomes by race.
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