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ORIGINAL RESEARCH

Within-Physician Differences in Patient 
Sharing Between Primary Care Physicians 
and Cardiologists Who Treat White and 
Black Patients With Heart Disease
Luke J. Matthews , PhD; Cheryl L. Damberg , PhD; Shiyuan Zhang , M ED; Jose J. Escarce, PhD;  
C. Ben Gibson , PhD; Megan Schuler , PhD; Ioana Popescu , MD, MPH

BACKGROUND: Black-White disparities in heart disease treatment may be attributable to differences in physician referral net-
works. We mapped physician networks for Medicare patients and examined within-physician Black-White differences in 
patient sharing between primary care physicians and cardiologists.

METHODS AND RESULTS: Using Medicare fee-for-service files for 2016 to 2017, we identified a cohort of Black and White pa-
tients with heart disease and the primary care physicians and cardiologists treating them. To ensure the robustness of within-
physician comparisons, we restricted the sample to regional health care markets (ie, hospital referral regions) with at least 10 
physicians sharing ≥3 Black and White patients. We used claims to construct 2 race-specific physician network measures: 
degree (number of cardiologists with whom a primary care physician shares patients) and transitivity (network tightness). 
Measures were adjusted for Black-White differences in physician panel size and calculated for all settings (hospital and office) 
and for office settings only. Of 306 US hospital referral regions, 226 and 145 met study criteria for all settings and office set-
ting analyses, respectively. Black patients had more cardiology encounters overall (6.9 versus 6.6; P<0.001) and with unique 
cardiologists (3.0 versus 2.6; P<0.001), but fewer office encounters (31.7% versus 41.1%; P<0.001). Primary care physicians 
shared Black patients with more cardiologists than White patients (mean differential degree 23.4 for all settings and 3.6 for 
office analyses; P<0.001 for both). Black patient-sharing networks were less tightly connected in all but office settings (mean 
differential transitivity −0.2 for all settings [P<0.001] and near 0 for office analyses [P=0.74]).

CONCLUSIONS: Within-physician Black-White differences in patient sharing exist and may contribute to disparities in cardiac 
care.

Key Words: cardiology referrals ■ Medicare ■ patient sharing ■ physician networks ■ racial disparities

Black-White disparities in heart disease treatment 
have been widely described and persist despite 
decades of sustained attention. Compared with 

White patients, Black patients with heart disease are 
less likely to receive evidence-based therapies,1–3 
and they have higher rates of adverse outcomes after 
treatment.4–8 Disparities may be related in part to 

differences in the providers treating Black and White 
patients.9–16

The role of physicians in health care disparities 
is supported by a growing body of evidence. Older 
studies have shown that the care of Black patients is 
concentrated among a small number of primary care 
physicians (PCPs) who may have difficulty obtaining 
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specialty referrals, advanced treatments, and elective 
hospital admissions for their patients.17–19 More recent 
studies using computationally powerful social network 
analysis (SNA) methods20,21 to map large-scale physi-
cian patient-sharing networks have shown substantial 
differences in networks treating White and Black pa-
tients. Some SNA studies found that physicians prac-
ticing in areas with large Black populations had fewer 
interactions with other network physicians than those 
practicing in other areas22,23; this relative network iso-
lation may have negative consequences for quality of 
care. Other SNA work found that the segregation of 
provider teams performing cardiac surgery on Black 
and White patients within hospitals is associated with 
higher postoperative mortality for Black patients.24 
One SNA analysis explicitly measured the segregation 
of physician networks for Black and White patients,25 
but it stopped short of specifically focusing on PCP to 
specialist (referral) relationships.

To date, little is known about differences in the way 
Black and White patients are shared by their PCPs 
with cardiac care specialists. Only 1 prior study26 
evaluated this key entry point into an increasingly inte-
grated health care system27 and potential pathway for 

disparities in quality of care. The study, which exam-
ined 6 high-volume specialties, including cardiology, 
found that PCPs shared Black patients with fewer and 
different specialists, raising concerns of racial bias in 
referrals to specialty care. However, analyses were re-
stricted to 12 markets with large proportions of Black 
patients, providing an incomplete picture of PCP to 
specialist patient-sharing patterns. A comprehensive 
assessment of these patterns is necessary to better 
understand the contributions of specialty referrals to 
disparities.

In this study, we conducted a national examina-
tion of differences in the way PCPs share their Black 
and White patients with heart disease with cardiol-
ogists across market-level physician networks. We 
used claims data for Medicare beneficiaries and SNA 
methods to map separate market-level patient-sharing 
physician networks treating Black and White patients 
with heart disease and assessed differences in patient 
sharing between PCPs and cardiologists.

METHODS
This study was approved by the RAND Institutional 
Review Board. Because of the retrospective nature of 
this study, the requirement for informed consent was 
waived. The sponsors of this study were not involved 
in data analysis and article preparation. Because 
of a strict Data Use Agreement with the Centers for 
Medicare & Medicaid Services, requests to access the 
data set from qualified researchers trained in human 
subject confidentiality protocols may be sent to the 
Centers for Medicare & Medicaid Services.

Data Sources and Study Sample
We used the 100% Medicare Beneficiary Summary File 
to identify all Black and White fee-for-service Medicare 
patients with heart disease during 2016 to 2017, based 
on chronic conditions flags28 for acute myocardial in-
farction, ischemic heart disease, heart failure, and atrial 
fibrillation. To ascertain race, we used the Research 
Triangle Institute Medicare variable, which uses an algo-
rithm including names, surnames, and geography to im-
prove the accuracy of the original Medicare enrollment 
variable; the Research Triangle Institute variable has high 
validity for Black and White race.29 Because racial dis-
parities are often mediated by social drivers of health, 
we also analyzed a subset of Medicare-Medicaid dually 
eligible (low-income) Black and White patients.30

We used Medicare Carrier and Outpatient files to 
obtain all claims submitted for these patients by PCPs 
(ie, internal medicine, family medicine, geriatrics, and 
general practice physicians) and cardiologists. We 
used Medicare specialty codes present on claims to 
ascertain physician specialty.

CLINICAL PERSPECTIVE

What Is New?
• Black patients are shared by the same pri-

mary care physician with more cardiologists 
than White patients irrespective of clinical care 
setting.

• These differences occur after adjusting for phy-
sicians’ White and Black patient panel size.

What Are the Clinical Implications?
• Black-White differences in patient sharing be-

tween primary care physicians and cardiolo-
gists may lead to disparities in care coordination 
and quality of care.

• Factors underlying differences in the way pri-
mary care physicians share their Black and 
White patients with cardiologists may include 
differences in treatment setting, disease com-
plexity, and patient preferences.

• Each of these factors have different implications 
for policy and local interventions and need to be 
better understood.

Nonstandard Abbreviations and Acronyms

HRR hospital referral region
SNA social network analysis
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Mapping Physician Networks for Cardiac 
Care
We mapped physician networks at the US hospital re-
ferral region (HRR) level. HRRs are regional markets for 
tertiary health care with at least 1 hospital performing 
major cardiac procedures. We assigned Medicare pa-
tients to HRRs based on their residential zip code. We 
then assigned PCPs and cardiac specialists to HRRs 
as follows: First, we identified all the HRRs where pa-
tients treated by each physician resided. Second, we 
identified each physician’s organizational affiliations 
using a unique data set developed by the RAND Center 
of Excellence on Health System Performance.31,32 
Within this data set, physicians are assigned to physi-
cian organizations; in turn, physician organizations are 
assigned to HRRs. We included physicians in a par-
ticular HRR network if (1) the physician treated patients 
residing in the HRR and (2) the physician’s organization 
had office locations in that HRR. Using this algorithm, 
we assigned 98% of physicians to HRR networks, with 
most (92%) assigned to 1 or 2 networks.

We used physician claims and SNA methods to 
map the HRR networks.20 In these networks, nodes 
represent physicians, and ties between nodes repre-
sent shared patients (ie, patients for whom both phy-
sicians submitted claims). Following prior work,21,26 we 
ascertained a tie between 2 physicians if they shared 
≥3 patients. This ensured that we identified nonspu-
rious relationships between physicians. To focus on 
specialty referrals, we restricted networks to ties be-
tween PCPs and cardiologists.

For each HRR, we mapped 2 physician networks 
for comparison: one reflecting PCP-cardiologist con-
nections based on shared White patients, and the 
other reflecting connections based on shared Black 
patients. In this approach, 2 physicians may be con-
nected in 1 patient-sharing network but not in the other 
within the HRR (Figure). Because the study focused 
on within-PCP racial differences in patient sharing, we 
limited our analyses to physicians sharing at least 3 
Black and 3 White patients and HRRs with at least 10 
such physicians, to ensure the statistical robustness of 
comparisons.

In addition, because differences in Black and White 
patient-sharing networks’ characteristics may be attrib-
utable to Black and White patients using medical ser-
vices differently by setting (eg, Black patients use PCPs 
less often as usual source of care33), we mapped net-
works from claims submitted in all settings of care (ie, 
hospital inpatient or outpatient, emergency department, 
and office type settings), and then only using claims 
submitted in office type settings. Office settings were 
identified via Evaluation and Management Healthcare 
Common Procedure Coding System codes. Analyses 
of all care settings included 226 HRRs, whereas those 

restricted to office settings included 145 HRRs. Included 
HRRs were located in all 4 US Census regions: 14.2% 
in the Northeast, 49.6% in the South, 24.8% in the 
Midwest, and 11.5% in the West for all setting analyses; 
and 13.8% in the Northeast, 55.9% in the South, 22.8% 
in the Midwest, and 7.6% in the West for office setting 
analyses. Excluded HRRs had smaller patient popula-
tions, fewer physicians, and fewer connections among 
them (Table S1).

The final study cohort included 88% of all White 
and 99% of all Black Medicare fee-for-service bene-
ficiaries with heart disease during 2016 to 2017 in all 
setting analyses, and 67% of White and 92% of Black 
Medicare beneficiaries in office analyses.

Last, to approximate episodes of care, we con-
ducted analyses using network ties observed during 
the entire study period (2 years) and restricted to en-
counters occurring within 90 days of each other.

Measuring Network Characteristics
We calculated 2 network measures that are potentially 
relevant to understanding differences in referral net-
works: degree and transitivity.34 Degree is a measure 
of a physician’s connections with other physicians in 
the network, via shared patients. In this analysis of net-
work relationships between PCPs and cardiologists, 
the Black and White physician degree measures repre-
sent the number of cardiologists with whom each PCP 
shares his/her Black and White patients, respectively. 
Higher degree per physician has been associated with 
increased hospital and emergency department use for 
network patients.35,36 Transitivity describes the tight-
ness of a network or the propensity of each physician 
to share patients (ie, form triads) with network physi-
cians who are also connected to each other. Although 

Figure. Physician participation in Black and White market-
level patient-sharing networks: an example.
Physicians are represented as nodes, and shared patients are 
represented as ties. Physicians A, C, and E share ≥3 Black 
patients and ≥3 White patients and are included in both the Black 
(A) and White (B) patient-sharing networks, whereas physicians 
B and D only share ≥3 White patients and are included only in the 
White patient-sharing network.
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there are no established absolute cutoffs for high ver-
sus low network transitivity, higher values represent 
higher network tightness and values can be compared 
across similarly constructed networks, such as the 
Black and White patient-sharing networks in this study. 
In our case, Black and White transitivity values are 
based on the proportion of an individual physician’s 
peers who also share patients with each other in the 
Black or White patient-sharing networks, respectively. 
Higher network transitivity has been associated with 
better care coordination and patient satisfaction.35,37

For each physician who shared both Black and 
White patients, we computed separate Black and 
White degree and transitivity measures and the Black-
White difference in measures based on their participa-
tion in the Black and White patient-sharing networks. 
The Black-White differential degree represents the dif-
ference in the number of cardiologists with whom each 
PCP is sharing his/her Black versus White patients, 
whereas the Black-White differential transitivity rep-
resents the difference in the probability for a physician 
to share Black versus White patients with other physi-
cians also connected to each other. These differences 
are calculated for each physician in comparison to her-
self/himself, using either their Black or White patients.

More important, the probability that a physician ap-
pears in the White patient-sharing network but not in 
the Black network (or vice versa) increases with the in-
crease in difference between each physician’s Black 
and White patient panel sizes; therefore, we adjusted 
the measures for differences in these counts. Most 
HRRs, and most physicians within them, had more 
White patients. For these HRRs, we refitted networks 
by randomly sampling 10 sets of White patients from 
each physician’s own White patient panel using a sam-
ple size equal to his/her own number of Black patients. 
We then calculated the degree and transitivity based on 
each of the 10 random samples and averaged across 

to obtain resampled estimates of White patient-sharing 
network degree and transitivity measures. Three HRRs 
had higher Black patient counts; the same correction 
method was applied, but randomly sampling was used 
among the Black patients of each physician. This ad-
justment allowed us to understand whether degree 
and transitivity differ systematically based on how phy-
sicians share their White and Black patients rather than 
simply reflecting a difference in Black and White patient 
counts.36 Finally, for HRR-level comparisons, we aver-
aged physician-level measures of degree and transitiv-
ity within an HRR.

Statistical Analysis
We used t tests for all study comparisons. For com-
parisons of Black and White Medicare patients’ en-
counter rates with different provider specialties, we 
applied the Welch (2-sample unequal variances) t test 
with Satterthwaite approximation and applied across 
all beneficiaries. For within-physician comparisons of 
Black versus White patient sharing, we used 1-sample 
t tests. All t tests were 2-tailed. The units of analysis 
were unique Medicare beneficiaries for Black-White 
comparisons of encounters by type of setting and 
unique physicians for within-physician Black-White 
comparisons of degree and transitivity. All data man-
agement steps and statistical tests for patient encoun-
ters and type of settings were performed with SAS, 
version 9.4. All physician network statistical analyses 
were performed with base R, version 4.1.3.

RESULTS
Table  1 describes the overall specialty composition 
and structure of physician patient-sharing HRR net-
works. The number of PCPs and cardiologists varied 
widely across study networks from 113 to 5112 PCPs 

Table 1. Characteristics of HRR-Level Patient-Sharing Networks for Black and White Medicare Beneficiaries Treated for 
Heart Disease During 2016 to 2017

HRR characteristic

All care settings (N=226)* Office settings (N=145)*

Mean (SD) Range Mean (SD) Range

No. of PCPs 935.5 (810.0) 113–5112 604.3 (533.3) 49–3014

No. of cardiologists 175.7 (150.6) 11–1032 121.1 (118.4) 11–611

Overall† network degree 36.9 (16.0) 11.2–93.5 12.8 (4.2) 4.3–24.9

Overall† network transitivity 0.8 (0.0) 0.7–0.8 0.6 (0.1) 0.4–0.8

PCP network degree 23.9 (10.5) 6.1–61.0 8.0 (2.6) 2.9–15.5

PCP network transitivity 0.8 (0.0) 0.7–0.9 0.6 (0.1) 0.5–0.8

% PCPs included‡ in network comparisons 46.2 (18.2) 9.3–86.1 30.8 (20.2) 2.0–79.6

% Cardiologists included‡ in network comparisons 57.4 (20.9) 13.2–100 52.5 (19.9) 6.8–95.3

HRR indicates hospital referral region; N, number of HRRs; and PCP, primary care physician.
*Analyses were restricted to HRRs for which we were able to calculate Black-White differential degree and transitivity.
†Network measures calculated for all PCPs and cardiologists within the HRR who shared at least 3 Medicare patients with heart disease.
‡Physicians who shared at least 3 Black and 3 White patients within the HRR and were thus included in final analyses of differential degree and transitivity.
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and from 11 to 1032 cardiologists in all setting analyses 
and from 49 to 3014 PCPs and from 11 to 611 cardiolo-
gists in office setting analyses.

The mean overall network degree (ie, including 
PCPs and cardiologists sharing at least 3 patients ir-
respective of race) was 36.9 for all care settings and 
12.8 for office settings (Table 1), meaning that, on av-
erage, physicians shared Medicare patients with heart 
disease with 37 other physicians in all settings and 13 
other physicians in office settings over the entire study 
period. The mean overall network transitivity was 0.8 
and 0.6 in all settings versus office settings only, re-
spectively. The mean degree for PCPs only was some-
what lower (degree, 23.9 versus 8.0), whereas mean 
transitivity was similar (0.8 versus 0.6) to the overall 
network measures, in analyses of all settings and office 
settings, respectively.

Physicians included in the final Black-White differ-
ential degree and transitivity comparisons (ie, those 
sharing at least 3 Black and 3 White patients with 
cardiologists within the HRR) represented on average 
46.2% of all PCPs and 57.4% of all cardiologists in all 
setting networks, and 30.8% of all PCPs and 52.5% of 
all cardiologists in office setting only networks (Table 1).

Table 2 presents the proportion of cardiology en-
counters occurring in different types of care settings 
and the numbers of total visits and visits with unique 
cardiologists for Black and White Medicare patients. 
Black Medicare patients saw a cardiologist signifi-
cantly less often in office settings (31.7% versus 41.1%; 
P<0.001) and more often in nonoffice settings (68.3% 
versus 58.9%; P<0.001). In analyses of all care settings, 
Black Medicare patients had more visits with cardiolo-
gists overall (mean, 6.9 versus 6.6; P<0.001) and with 
unique cardiologists (3.0 versus 2.6; P<0.001) than 
White Medicare patients. This difference stemmed 

from higher numbers of visits in the nonoffice setting: 
office-based visits were similar for Black and White pa-
tients (Table 2).

In analyses of all care settings, 21% of Medicare 
patients were Medicare-Medicaid dually eligible for 
at least 1 month during the study, but the percent-
age varied substantially by race (18% White and 50% 
Black Medicare patients were dually eligible). In anal-
yses of office settings, percentages were smaller, but 
the Black-White difference remained substantial (12% 
overall, 12% White, and 28% Black Medicare patients 
were dually eligible).

Table 3 describes the types of heart diseases for 
which Black and White Medicare patients in the study 
sample were treated, and the prevalence of 1 versus 
>1 distinct condition. Black patients were treated more 
often for heart failure, whereas White patients were 
more often treated for atrial fibrillation; the prevalence 
of coronary heart disease was relatively similar. Black 
patients were also treated for >1 condition slightly more 
often than White patients.

Table 4 and Table S2 present the HRR-level Black-
White differences in adjusted network degree and 
transitivity for most HRRs, which had higher numbers 
of White patients, and for 3 HRRs with higher num-
bers of Black patients, respectively. A mean difference 
near 0 for a particular network characteristic indicates 
that the White and Black patient-sharing networks are 
highly similar with respect to that characteristic.

For most HRRs (Table 4), the mean adjusted degree 
was significantly higher in the Black patient-sharing net-
works than in the White patient-sharing networks (dif-
ferential Black-White degree, 23.4 for all settings and 
3.6 for office settings only; P<0.001 for both), mean-
ing that, compared with White patients, PCPs shared 
their Black patients with heart disease with 23.4 more 

Table 2. Counts of Cardiology Encounters for Black and White Medicare Patients With Heart Disease During 2016 to 2017, 
Overall and by Type of Setting

Variable
Black beneficiaries 
(N=945 227)

White beneficiaries 
(N=6 980 486) P value*

All care settings

No. of cardiology encounters, mean (SD) 6.9 (8.4) 6.8 (7.6) <0.001

Encounters with unique cardiologists, mean (SD) 3.0 (2.7) 2.6 (2.2) <0.001

Office settings

% of All visits 31.7 (34.6) 41.1 (35.4) <0.001

No. of cardiology encounters, mean (SD) 3.8 (3.7) 3.9 (3.8) <0.001

Encounters with unique cardiologists, mean (SD) 1.3 (0.6) 1.2 (0.6) <0.001

Nonoffice settings

% of All visits 68.3 (34.6) 58.9 (35.4) <0.001

No. of cardiology encounters, mean (SD) 5.2 (7.3) 4.6 (5.9) <0.001

Encounters with unique cardiologists, mean (SD) 2.9 (2.7) 2.6 (2.2) <0.001

All data are reported as mean (SD). N indicates number of Black and White Medicare beneficiaries.
*P values were estimated via 2-tailed Welch (2-sample unequal variances) t test with Satterthwaite approximation and applied across all beneficiaries in the 

study hospital referral regions.
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cardiologists in all settings and 3.6 more cardiologists 
in office settings during the 2-year study period. Mean 
adjusted transitivity (network tightness) was lower for 
Black patient-sharing networks in analyses of all set-
tings (−0.2; P<0.001), meaning that physicians were 
less connected in the Black patient-sharing networks, 
but analyses restricted to offices settings yielded sim-
ilar transitivity for White and Black patient-sharing 
networks.

Subanalyses of dual-eligible patient-sharing net-
works were limited to all care settings (only 6 HRRs 
had physicians sharing ≥3 White and ≥3 Black dual- 
eligible patients in office settings, and power was in-
sufficient for calculating differential network measures). 
These analyses also found robust Black-White degree 
and transitivity differences (Table 4). Finally, analyses 
restricted to networks based on encounters occurring 
within 90 days yielded similar results in terms of direc-
tion, magnitude, and significance (Table 4).

The 3 HRRs with higher numbers of Black patients 
(Table  S2) also showed higher adjusted degree for 
Black versus White patient-sharing networks, but, dif-
ferent from the other HRRs, adjusted transitivity was 
larger (except for New Orleans, LA office settings), 

meaning that for these 3 markets, Black patient-shar-
ing networks were more tightly connected.

DISCUSSION
In this study of physician networks for cardiac care, 
we found significant differences in the way Black and 
White fee-for-service Medicare beneficiaries are shared 
between PCPs and cardiologists. First, we found that 
Black beneficiaries were shared by their PCPs with 
more specialists, on average, compared with White 
beneficiaries. This finding was consistent in analyses 
using all claims (ie, including hospital and emergency 
department settings) and in analyses restricted to 
office-based claims, but the magnitude of difference 
was attenuated when restricted to the office setting. 
Second, we found that network transitivity (tightness) 
was lower for Black versus White patient-sharing net-
works in all setting analyses, but this difference be-
came nonsignificant in analyses restricted to the office 
setting. For both network measures, the substantial 
decrease in the Black-White difference between all 
settings and office settings may be attributable to 

Table 3. Types and Counts of Heart Diseases That Study Black and White Medicare Patients Were Treated For

Variable

All settings Office settings only

Black patients 
(N=1 246 260) White patients (N=10 279 661)

Black patients 
(N=993 867) White patients (N=9 032 347)

Heart failure (yes/no) 57.9 43.0 56.4 41.3

Atrial fibrillation (yes/no) 15.5 29.7 15.9 30.5

Ischemic heart disease (yes/no) 79.2 81.4 80.4 82.2

AMI condition flag (yes/no) 4.6 4.4 4.6 4.3

No. of heart diseases

1 54.8 56.8 55.4 57.3

≥2 45.2 43.2 44.6 42.7

Data are given as percentage of each group. AMI indicates acute myocardial infarction; and N, number of Black and White Medicare beneficiaries.

Table 4. Mean HRR-Level Black-White Differential Network Degree and Transitivity for Patient-Sharing Networks With 
Higher Numbers of White Medicare Patients

Network type HRRs, N
Black-White differential 
degree, mean (SD) P value*

Black-White differential 
transitivity, mean (SD) P value*

Networks based on patients shared at any point during the entire study period

PCP−cardiologist ties, all settings 222 23.4 (10.4) <0.001 −0.2 (0.1) <0.001

PCP−cardiologist ties, office settings 139 3.6 (1.9) <0.001 −0.0 (0.1) 0.74

Networks restricted to Medicare-Medicaid dually eligible patients†

PCP−cardiologist ties, all settings 202 10.3 (5.8) <0.001 −0.09 (0.09) <0.001

Networks restricted to patients shared within 90 d

PCP−cardiologist ties, all settings 223 23.8 (10.5) <0.001 −0.4 (0.1) <0.001

PCP-cardiologist ties, office settings 135 4.1 (2.1) <0.001 −0.0 (0.1) 0.31

HRR indicates hospital referral region; N HRR, number of HRRs for which we could calculate differential degree and transitivity; and PCP, primary care 
physician.

*P values were estimated via 1-sample, 2-tailed t tests of the differences in each physician’s Black and resampled White degree and transitivity.
†For this subset of patients, we did not have sufficient power to perform comparisons limited to office settings only.
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greater use of nonoffice care settings among Black 
beneficiaries with heart disease, as those types of 
settings (eg, emergency department or hospital care) 
likely result in sharing of patients between physicians 
who do not typically work together (eg, PCPs provid-
ing usual care and cardiologists providing emergency 
care at hospitals that the PCPs are not affiliated with). 
This type of sharing would both increase degree and 
reduce transitivity.

Perhaps the single most important finding of the 
current study is that Black patients are shared by the 
same PCP with more cardiologists (eg, referred to 
more cardiologists) than White patients, even in analy-
ses restricted to office settings. In contrast, another re-
cent study26 found that Black patients may be shared 
with fewer specialists compared with White patients, 
a finding explained as possibly attributable to lesser 
access to specialty care for Black patients. The prior 
study was limited to 12 select markets with large Black 
populations, and primary analyses did not account 
for differences arising from 1 patient group (Black pa-
tients) being much smaller than the other patient group 
(White patients). In secondary analyses that similarly 
performed a resampling procedure to account for 
these differences, however, the results became non-
significant or changed direction.

The patterns we observe in our analyses (ie, Black 
Medicare patients with heart disease being shared 
with a higher number of specialists) may be attribut-
able to several reasons. The large Black-White differ-
ential degree observed in analyses of all settings may 
be related at least in part to Black Medicare patients 
receiving treatment for heart disease more often in 
nonoffice settings, attributable to either having less 
often a usual source or care or higher disease sever-
ity. However, in analyses restricted to office settings, 
we also observed a smaller but significant difference 
in the number of cardiologists that a PCP shared their 
Black and White patients with. The relationships cap-
tured in these analyses are likely to be mostly referrals, 
as self-referral to specialty care is relatively rare in the 
office setting.38,39 This finding may have several impli-
cations that deserve discussion.

First, little is known about physician referral pro-
cesses in general,40 and even less about racial dif-
ferences in referrals and how they may lead to health 
disparities. Coordination of care has been shown to 
improve patient outcomes,41 yet may be difficult to 
achieve if the specialists with whom PCPs share their 
patients change often; PCPs rely on communications 
with and from specialists to provide timely, good qual-
ity care.42 Recent SNA work found that patients in 
networks with more specialist connections per PCP 
and less stable ties had higher rates of emergency de-
partment visits35 and hospitalizations.43 Consequently, 
fewer PCP to specialist ties (as noted for White patients 

in our study) may reflect more continuity of care and 
possibly better care coordination. This explanation is 
also strengthened by prior work showing that fewer, 
repeated interactions between PCPs and specialists 
(ie, PCPs referring patients to fewer distinct specialists) 
result in lower health care service use while maintain-
ing high quality of care.44

Second, prior work shows that Black patients are 
more likely to receive care at large, urban teaching hos-
pitals.45,46 Thus, it is possible that Black patients may 
be seen more often by different members of cardiology 
groups at these large academic medical centers, al-
though they may be referred to the same practice con-
sistently. This is particularly true for patients seen by 
medical trainees who submit claims under the National 
Provider Identifiers of interchangeable supervising at-
tending physicians, and prior work has shown that 
Black and low-income patients are more often treated 
by trainees than White patients at the same academic 
medical center.47

Third, Black patients may present for cardiac care 
with more complex heart disease, leading to greater 
use of more and diverse cardiology specialists. In 
our study, Black patients were more often treated for 
heart failure and had ≥2 distinct conditions slightly 
more often. Heart failure is treatment intensive, po-
tentially requiring visits to different subspecialists (eg, 
interventional cardiologists, electrophysiologists, and 
advanced heart failure/transplant specialists), which, 
in addition to other heart diseases, may contribute 
to our finding of a significant Black-White differential 
degree. However, Black-White differences in encoun-
ters with unique cardiologists were small, suggesting 
that these differences are unlikely to explain the with-
in-PCP difference in patient sharing observed in all 
settings. Fourth, subanalyses limited to dually eligible 
Medicare-Medicaid patients, who typically have low 
income and high medical complexity, showed similar 
findings, suggesting that the differential degree is not 
mediated by Black patients’ being disproportionately 
enrolled in these programs. Last, prior work showing 
persistent geographic and health care segregation33,48 
and high levels of health care system distrust for Black 
patients33,49–51 suggests that Black patients may also 
follow different referral patterns because of unmea-
sured factors, such as geographic access and patient 
preferences.

Unlike differences in degree, differences in transi-
tivity were not significant for networks limited to of-
fice settings, meaning that overall, physicians have 
similarly (more or less) tight office-based connections 
with their network peers when providing care to Black 
and White Medicare patients with heart disease. 
Although this finding may be more difficult to interpret 
in terms of access to specialty care, prior work has 
shown that higher transitivity is associated with better 
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coordination of care as well as better patient expe-
rience,37 implying that Black and White patients re-
ceive, at least in some respects, similar quality of care. 
Further work is needed to better understand both the 
properties of transitivity in physician networks and its 
implications for processes of care52 and disparities in 
quality of care.

Several limitations to the current study should be 
noted. First, although PCP to cardiologist referrals 
likely contribute the largest share to the observed pa-
tient-sharing patterns, these patterns may also include 
other types of shared care (eg, emergent care for all 
settings or self-referral for office settings). In addition, 
to assess within-physician differences in patient shar-
ing, our study has focused on physicians sharing both 
White and Black patients with heart disease and HRRs 
with at least 10 such physicians. Other types of anal-
yses are needed to understand differences between 
physicians treating only or predominantly Black pa-
tients or White patients, or physicians treating lower 
numbers of patients in smaller, excluded HRRs. Finally, 
prior work suggests that network structure differs 
based on the types of claims used.53 Our findings are 
based on claims submitted for aged Medicare fee-for-
service beneficiaries; however, other types of health 
care disparities could be investigated using different 
claims and similar methods.

Despite these limitations, the current study offers 
the most comprehensive analysis to date of phy-
sician networks for cardiac care, as well as a start-
ing point for research into the factors underlying the 
differences in the way PCPs share (eg, refer) their 
Black and White patients with specialists and con-
sequences for outcome disparities. Each of the po-
tential factors contributing to the observed patterns, 
as discussed above, may have different implications 
for local disparities’ policy. For example, differences 
in PCP degree that are attributable to the care setting 
(eg, academic center) may need interventions to im-
prove equal access to types of specialists practicing 
in those settings, whereas differences attributable to 
patients’ comfort level with specialists at some insti-
tutions may need interventions to regain community 
trust. Disentangling these scenarios will require fur-
ther qualitative and survey research, combined with 
local in-depth analyses focused on referral patterns 
and the relative roles of patients and providers in 
treatment decision-making.
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