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Abstract

Background Hospitals account for approximately 6% of United States' gross domestic product. We examined
the association between hospital competition and outcomes in elderly with localized prostate cancer (PCa). We
also assessed if race moderated this association.

Methods Retrospective study using Surveillance, Epidemiology, and End Results (SEER) — Medicare database. Cohort
included fee-for-service, African American and white men aged > 66, diagnosed with localized PCa between 1998
and 2011 and their claims between 1997 and 2016.

We used Hirschman-Herfindahl index (HHI) to measure of hospital competition. Outcomes were emergency room
(ER) visits, hospitalizations, Medicare expenditure and mortality assessed in acute survivorship phase (two years
post-PCa diagnosis), and long-term mortality. We used Generalized Linear Models for analyzing expenditure, Poisson
models for ER visits and hospitalizations, and Cox models for mortality. We used propensity score to minimize bias.

Results Among 253,176 patients, percent change in incident rate of ER visit was 17% higher for one unit increase

in HHI (IRR: 1.17,95% Cl: 1.15-1.19). Incident rate of ER was 24% higher for whites and 48% higher for African Ameri-
cans. For one unit increase in HHI, hazard of short-term all-cause mortality was 7% higher for whites and 11% lower
for African Americans. The hazard of long-term all-cause mortality was 10% higher for whites and 13% higher for Afri-
can Americans.

Conclusions Lower hospital competition was associated with impaired outcomes of localized PCa care. Magni-
tude of impairment was higher for African Americans, compared to whites. Future research will explore process
through which competition affects outcomes and racial disparity.
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Introduction

Hospitals are an important sector of the United States’
(US) economy and account for approximately 6% of its
gross domestic product [1]. Hospital Competition Act of
2019 stresses the importance of hospital competition in
improving quality of health services and outcomes [2].

The move towards consolidation of the US healthcare
markers has resulted in a complex relationship between
hospital competition, access to care, quality of care and
outcomes. Hospital competition affects a patient’s qual-
ity of care and outcomes in many ways given the differ-
ences in patient demographics, their preferences and
decision-making [3]. For stakeholders such as healthcare
providers, decision-makers and purchasers, assessing the
quality of health services and outcomes is important to
satisfy the demand for quality transparency, cost control
and lowering the variations in clinical practice.

Impact of competition on quality of care and outcomes
can go either way: competition may forces hospitals to
cut prices and quality, or to improve quality [3-7]. Less
competitive areas contain less densely populated areas
[8]. Hospitals in these areas tend to be non-teaching hos-
pitals, are often smaller and so benefit less from scale
economies and have less investment in high tech equip-
ment [8]. If competitive forces remain low, such hospi-
tals have no incentives to take more complex and costly
patients. If less-costly patients are also healthy with fewer
or no comorbidities, then there will be a negative associa-
tion between quality of care, outcomes and competition.
This is not attributable to the relative strength of quality
signals but is the outcome of selection that can accom-
pany competition. Thus, hospital competition can play
an important role in the quality of care and outcomes of
care.

Hospital competition can have socially beneficial as
well as harmful effects. Hospital competition can have a
major influence on the configuration of cancer services
[3], cost [9], and hospital admissions [10]. Prior studies
have reported mixed results regarding the association
between competition and quality [3-6, 11, 12]. Studies
have demonstrated that when government regulation
“fixes” prices, and thus forces providers to compete on
quality, it can result in higher-quality care and better out-
comes [13-15]. At the same time government price regu-
lations and other policies such as barriers to entry, may
act as incentives to consolidate [14, 15].

Prostate cancer (PCa) is the most frequent cancer
among men in the US and exerts substantial burden on
the healthcare system. Hospital and physician character-
istics, particularly volume, are associated with the varia-
tions in PCa outcomes including cost, health service use,
complications, and mortality. Hospital volume is often
considered as a surrogate for quality of care, and studies
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have suggested that referring patients from low-volume
to high-volume provider may improve the quality of care
and reduce health service use and cost [16—-18]. Among
surgically treated patients, those treated by high-volume
surgeons had half the risk of complications and shorter
length of stay compared to those treated by low-volume
surgeons [16, 17, 19]. Volume based arguments indicate
a significant gain in the overall quality of care if one redi-
rects complicated surgery from low to high volume phy-
sicians or hospitals [16, 17, 19].

As US hospital market is becoming more consoli-
dated, it is important to assess how hospital competi-
tion can play a role in improving health care quality and
outcomes and reduce cost [20]. Unlike hospital volume,
association of hospital competition with health service
use, expenditure and mortality in the context of PCa care
remains unclear. Additionally, impact of the interaction
of competition and race on outcomes of PCa care is yet
to be explored. Our study is based on the Donabedian
model of quality of care which consists of three compo-
nents: structure, process and outcomes of care [21-24].
Per this model we have assessed the association between
structure (hospitals) and outcomes of care. Thus, in this
paper, we examined the association between hospital
competition with health service use, Medicare expendi-
ture, all-cause mortality and PCa-specific mortality, in
acute survivorship phase (two years post-PCa diagnosis),
and long-term mortality in older Medicare fee-for-ser-
vice beneficiaries with localized PCa. We also assessed if
these associations varied by race (African American and
white).

Methods

Data and cohort selection

We used Surveillance, Epidemiology, and End Results
(SEER)-Medicare database of the National Cancer Insti-
tute for the period between 1998 and 2016. These data
provide information about Medicare beneficiaries with
cancer who reside in the SEER regions. The SEER pro-
gram collects data on cancer incidence, treatment, and
mortality from sixteen SEER sites and encompasses 26%
of the US population [25]. We used following SEER-
Medicare files: (1) Patient Entitlement and Diagnosis File
(PEDSF) containing SEER registry data and Medicare
entitlement information; (2) Medicare Provider Analysis
and Review file (MEDPAR) containing claims for hospital
inpatient and skilled nursing facility stays; (3) Outpatient
Standard Analytic File (outpatient) containing claims for
hospital outpatient services; and (4) Physician/Supplier
File (NCH) containing claims for physician/other medi-
cal services. We also used hospital file from SEER-Medi-
care and from the American Hospital Association (AHA)
[26]. This paper follows the strengthening the Reporting
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of Observational Studies in Epidemiology (STROBE)
reporting guidelines. The local institutional review board
approved this study.

Study cohort

Our study cohort consisted of African American and
white male fee-for-service Medicare enrollees who were
diagnosed with localized PCa between 1998 and 2011
and were aged 66 or older at the time of diagnosis. Inpa-
tient, outpatient and provider service claims for this
cohort between 1997 and 2016 were used.

Acute survivorship phase

Majority of the PCa patients receive treatment during
the two-year period following PCa diagnosis, and may
continue to experience treatment related morbidity and
mortality beyond this phase. Therefore, we operational-
ized acute survivorship phase as the two-year period fol-
lowing PCa diagnosis [27].

Dependent variables - outcomes of care

Short-term outcomes that were assessed over the acute
survivorship phase were emergency room (ER) visits, any
hospitalizations, Medicare expenditure (Medicare reim-
bursement) and mortality (all-cause and PCa-specific).
We also assessed long-term mortality (all-cause and PCa-
specific) over the follow-up of up to 20 years (i.e., up to
12/31/2016).

ERvisits

We used outpatient claims to determine ER visits that
did not result in hospitalizations (Revenue Center Codes
0450-0459, 0981).

Hospitalizations
We used MEDPAR files of SEER-Medicare to identify all
hospitalizations.

Medicare expenditure

Medicare expenditure was the sum of Medicare reim-
bursements for all hospitalizations, outpatient and pro-
vider services in the acute survivorship phase.

Mortality

The PEDSF consists of mortality data reported by both
SEER and Medicare. SEER only reports month and year
of death, therefore, we assigned middle of the month as
the day of death to construct the SEER date of death.
Medicare date of death was constructed using the Medi-
care day, month, and year of death. A patient was coded
as deceased if SEER and/or Medicare date of death was
available. Those who were alive at the end of study period
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(12/31/2016) were censored. We extracted SEER reported
prostate cancer-specific mortality data from PEDSE.

Independent variables

Hospital competition

The Hirschman-Herfindahl index (HHI) is a common
measure of competition and market competitiveness
(HHI) [28, 29]. The HHI is measured at the hospital level
and is the sum of squares of market share in a particu-
lar Hospital Service Area (HSA) and can range from near
zero to 10,000.

HHI = Z;SE

A market for PCa patients will have an HHI near zero
if there were several competing hospitals from which
patients can receive care [15, 30]. HSAs represent local
healthcare market and were defined by assigning ZIP
codes to the hospital area where the greatest proportion
of their Medicare residents were hospitalized, leading to
3,436 HSAs [30].

Hirschman—Herfindahl index (HHI) calculation

The HHI was calculated as the ratio of hospital count
over sum of hospital counts for a given HSA. Specific
steps in the calculation of HHI are as following: (1) Iden-
tify all hospitals from hospitalizations and outpatient
services for each patient during the acute survivorship
phase. (2) Create a frequency count for each hospital. (3)
Use American Hospital Association’s annual HSA-hospi-
tal crosswalk to create a master file of hospitals and HSA.
(4) Cross the files created in steps (2) and (3) to attach a
HSA to each hospital from (2). (5) Sum the hospital count
for each HSA. (6) Create a proportion where numerator
is the hospital count and denominator is the sum of hos-
pital count by HSA. (7) Square the proportion from step
6 and sum it over a HSA. Result is the HHI for a given
HSA. The HHI ranges from 0 to 10,000 [20], lower value
indicates higher competition.

Treatment type

Exclusive categories of treatment received during acute
survivorship phase were surgery (alone or with radia-
tion, chemotherapy, and/or hormone therapy), radiation
therapy/chemotherapy/hormone therapy (alone or com-
binations of), and no treatment. Treatment was extracted
from both PEDSF and Medicare claims (see eTable 1 for
ICD codes and CPT codes for treatment).

Demographic and clinical characteristics

Data on demographic variables (age at diagnosis, mari-
tal status, race (African American or white), and census
tract poverty index), were obtained from PEDSE. Clinical
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between 1998-2011*

n = 665,073

Diagnosed with prostate cancer

Excluded, n = 332,286
+ Missing age or date of
diagnosis, n = 6,563
« Diagnosed on autopsy

A 4

Localized
n=253,176

l l

African American
n=32,744

White
n=220,432

only, n=5,366

* Younger than 66 years
of age, n = 251,727

* Not matched with HSA,
n = 68,630

= Race other than African
American or white

n = 40,844
* Advanced disease
n = 38,767

*Followed-up until 2016

Fig. 1 Cohort selection for prostate cancer cases diagnosed between 1998 and 2011 The mean annual HHI score between 1998 and 2011
remained mostly stable (eFigure 1). In Table 1, we show the comparison of demographic and clinical characteristics between four quartiles of HHI

score

attributes were co-morbidity measured as Charlson
comorbidity index score, and cancer grade. Data on can-
cer grade was obtained from PEDSF. We used Medicare
inpatient, outpatient and provider claims from the one-
year before PCa diagnosis to develop Charlson co-mor-
bidity index [31]. Localized PCa cases were identified by
selecting ‘localized’ codes for the SEER variable ‘Sum-
mary stage 2000’ from PEDSE. This variable is derived
from Collaborative Stages (CS) for 2004+ and extent of
disease (EOD) prior to that, and is used in most SEER
publications [32].

Statistical analysis

All analyses were conducted at the PCa patient level. The
main exposure variable, hospital competition, was opera-
tionalized as HHI score (continuous variable). First, we
used multinomial logistic regression to examine the asso-
ciation between hospital competition and PCa treatment.
Short-term outcomes (assessed over the acute survivor-
ship phase) were ER visits, any hospitalizations, Medicare
expenditure and mortality (all-cause and PCa specific).
For ER visits and hospitalizations, we used Poisson
regression models. For Medicare expenditure, we used
generalized linear models (GLM) with log-link (gamma
distribution). Cox proportional hazard model was used
for all-cause mortality and Fine and Gray model of com-
peting risk was used for PCa-specific mortality. Long-
term outcome was mortality (all-cause and PCa specific)
over the follow-up of up to 20 years (as of 12/31/2016).

We ran two set of models for each outcome. First set
yielded the main effects of hospital competition. The sec-
ond set included interaction between race and hospital
competition. For Poisson models, we reported incidence
rate ratios (IRR) and 95% confidence interval (CI). For
GLM models we reported the exponentiated beta esti-
mates (ef) and 95% Cls, and for the survival models, we
reported hazard ratio (HR) and 95%CI.

Treatment assignment for PCa is non-random, there-
fore, we used propensity score to address selection bias
[33]. Using multi-nominal logistic regression, we esti-
mated for each patient the probability (propensity) of
receiving a specific PCa treatment after accounting for
age, race and ethnicity, marital status, cancer grade, cen-
sus tract poverty indicator, and Charlson co-morbidity
score. All analytical models were weighted by the inverse
of propensity score. Statistical Analysis System (SAS),
Version 9.4 (SAS Institute, Cary, NC, USA) was used for
analysis.

Results
Our cohort consisted of 253,176 Medicare fee-for-service
patients with localized PCa. Of these 32,744 were Afri-
can American and 220,432 were white (see Fig. 1 for flow
chart) Table 1.
Unadjusted comparison of outcomes between African
Americans and white patients is presented in Table 2.
Multinomial logit model results showed that a one unit
increase in HHI score was associated with 0.80 decrease
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Table 1 Comparison of socio-demographic and clinical characteristics for localized prostate cancer patients by race, by quartiles of

HHI score, n=253, 176

Quartile 1 N=62,483

Quartile 2 N=64,189

Quartile 3 N=60,291 Quartile 4 N=66,213

Race, n (%)°

African American 1,305 (20.9) 7,605 (11.9) 7,034 (11.7) 5,020 (7.6.)
White 49,398 (79.1) 56,584 (88.2) 53,257 (88.3) 61,193 (92.4)
Age in years (mean = std)° 742+£59 74.8+£6.1 749+6.0 753+£6.2
Married, n (%) 40,595 (64.9) 43,032 (67.0) 39,954 (66.3) 43,129 (65.1)
Census poverty index, n (%)

0%- < 5% poverty 16,874 (27.0) 18,569 (28.9) 20,508 (34.0) 20,432 (30.9)
5% to < 10% poverty 17,017 (27.2) 17,602 (27.4) 10,888 (28.0) 18,855 (28.5)
10% to < 20% poverty 15,683 (25.1) 17,165 (26.7) 14,522 (24.1) 17,402 (26.2)
0% to 100% poverty 12,731 (20.4) 10,539 (16.4) 8,151 (13.5) 9,193 (13.9)
Unknown 178 (0.28) 314 (0.49) 222(0.37) 331(0.50)
Comorbidity, n (%)°

0 32,091 (51.4) 33,684 (52.5) 32415 (55.8) 36,345 (54.9)
1-2 27,205 (43.5) 27,174 (42.3) 24,543 (40.7) 26,2375 (39.6)
>3 3,187 (5.1) 3,331 (5.2) 3,333(5.5) 3,613 (5.5)
Grade, n (%)°

Well differentiated 1,279 (2.1) 1,612 (2.5) 1,369 (2.3) 1,832 (2.8)
Moderately differentiated 33,364 (53.4) 33,624 (524) 32,625 (54.1) 35,155 (53.1)
Poorly/Undifferentiated/ 24,821 (39.7) 25,485 (39.7) 23,142 (384) 25312 (38.2)
Unknown 3,019 (4.8) 3,468 (5.4) 3,155 (5.2) 3,914 (5.9)
Treatment, n (%)

Surgery 11,870 (19.0) 11,857 (18.5) 9,261 (15.4) 9,672 (14.6)
Radiation/Hormone 32,706 (52.3) 32,992 (51.4) 34,390 (57.0) 37,083 (56.0)
/Chemotherapy

No treatment 17,907 (28.7) 19,340 (30.1) 16,640 (27.6) 19,452 (29.4)

2 P for comparison of white and African American prostate cancer patients, with P<.05 denoting statistical significance

BT tests for comparison of means

€ Chi sq test for comparison of proportions

in the relative log odds of receiving surgery vs. no treat-
ment. Additionally, a one unit increase in HHI score was
associated with 1.27 increase in the relative log odds of
receiving radiation vs. no treatment, holding other covari-
ates constant. Thus, lower competition (one unit increase
in HHI score) was associated with lower likelihood of
receiving surgery, and higher likelihood of receiving radia-
tion, instead of no treatment (data not shown).

Emergency room visits

As seen from Model 1 (Table 3), the percent change in
the incident rate of ER visit was 17% higher for one unit
increase in HHI score, holding other variables constant
(IRR: 1.17, 95% CI: 1.15-1.19).

Thus, lower competition was associated with higher ER
visits. Model 2 showed statistically significant interac-
tion between race and HHI score. For white PCa patients,
the incident rate of ER visits was 24% higher (IRR:1.24,
95% CI: 1.22, 1.27) for one unit increase in HHI score.

The effect of higher HHI score for African American PCa
patient was 1.19 times that for whites (IRR=1.19, 95%
CI=1.15, 1.23). The interaction effect represents by how
much the effect of hospital competition differs between
African American and white patients in multiplicative
terms. Thus, the incident rate of ER visits was 48% higher
for African Americans.

Hospitalizations

Main effects of hospital competition (HHI score) for
hospitalizations was significant (IRR: 1.03, 95%CI:
1.01-1.09). Model 2 showed statistically significant
interaction between race and HHI score. For whites,
the association between HHI and hospitalizations
was not significant. The effect of higher HHI score for
African Americans was 1.03 times that of their white
counterparts (IRR=1.03, 95% CI=1.00, 1.07). Thus,
the incident rate of hospitalizations was 3% higher for
African Americans.
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Table 2 Unadjusted comparison of health service use, Medicare expenditure and mortality outcomes in the follow-up period for
localized prostate cancer patients by race, by quartiles of HHI score, n=253, 176

Quartile 1 N=62,483

Quartile 2 N=64,189

Quartile 3 N=60,291 Quartile4 N=66,213

Short term outcomes (acute survivorship phase i.e. two years post prostate cancer diagnosis)

ER Visits, n (%)°

0 45913 (73.5) 45,171 (70.5) 42,107 (69.8) 44,629 (67.4)
1-3 12,986 (20.8) 14,737 (22.9) 14,275 (23.7) 16,705 (25.2)
>4 3,584 (5.7) 4,281 (6.7) 3,909 (6.5) 4,879 (7.4)
Hospitalizations, n 9%)P

0 32,079 (51.3) 32,154 (50.1) 32,465 (53.9) 35,601 (53.8)
1-3 26,534 (42.5) 27,543 (42.9) 23,695 (39.3) 25,906 (39.1)
>4 3,870 (6.2) 4,492 (7.0) 4,131 (6.9) 4,706 (7.1)
All-cause mortality, n (%)° 5,073 (8.1) 5,678 (8.9) 5,162 (8.6) 6,171 (9.3)
Prostate cancer-specific mortality, n (9%)° 975 (1.6) 1,062 (1.7) 904 (1.5) 1,272 (1.0)
Medicare expenditure (3), 22,827 22,972 25,607 24,392
mean+SD +31,481 +28,814 +29,804 +27914
Long term outcomes (up to 19 years post prostate cancer diagnosis)

All-cause mortality, n (%)° 34,218 (54.8) 37,765 (58.8) 35,040 (58.1) 40,048 (60.5)
Prostate cancer-specific mortality, n (96)° 4880 (7.8) 5,367 (84) 4,747 (7.9) 5837 (8.8)

@ P for comparison of white and African American prostate cancer patients, with P<.05 denoting statistical significance

b Chi sq test for comparison of proportions

Medicare expenditure

One unit increase in HHI score was associated with 8%
increase in expenditure (eP:=1.08, 95% CI, 1.05-1.10).
However, the interaction between race and hospital com-
petition was statistically non-significant.

Short-term all-cause mortality

Main effects of hospital competition for short-term all-
cause mortality was not significant (Hazard Ratio (HR):
1.03, 95% CI: 0.99, 1.07; Model 1). Interaction between
race and hospital competition was significant. For white
PCa patients, the hazard of all-cause mortality was 7%
higher (HR: 1.07, 95% CI: 1.03, 1.11) for one unit increase
in HHI score. The effect of higher HHI score for African
American PCa patient was 0.83 times that for whites (HR:
0.83, 95% CI: 0.75 0.91). Thus, the hazard of short-term
all-cause mortality was 11% lower for African Americans.

Short-term PCa-specific mortality

Main effects of hospital competition (HHI score) for
PCa-specific mortality was not statistically significant.
Model 2 showed statistically significant interaction
between race and hospital competition. The effect of
higher HHI score for African American PCa patient was
0.71 times that of their white counterparts (HR: 0.71, 95%
CI: 0.57, 0.88). Thus, the hazard of PCa specific mortality
was 28% lower for African Americans.

Long-term all-cause mortality

Main effects of hospital competition for long-term
all-cause mortality (HR: 1.09, 95% CI: 1.08, 1.11) was
observed (Model 1). One unit increase in HHI score (i.e.,
decrease in competition) was associated with 9% increase
in hazard of long-term mortality. Interaction between
race and competition was significant (Model 2). For white
PCa patients, the hazard of long-term all-cause mortality
was 10% higher (HR: 1.10, 95% CI: 1.08, 1.12) for one unit
increase in HHI score. The effect of higher HHI score for
African American PCa patient was 1.03 times that for
whites (HR: 1.03, 95% CI: 1.01, 1.08). Thus, the hazard of
long-term all-cause mortality was 13% higher for African
Americans.

Long-term PCa-specific mortality

The main effects of hospital competition for long-term
PCa-specific mortality showed that for one unit increase
in HHI score (i.e., lower competition), the hazard of PCa-
specific mortality was 5% higher (HR: 1.05, 95% CI: 1.01,
1.09). However, interaction between race and hospital
competition was not significant.

Discussion

Hospital competition is an instrument for organizing the
decisions about efficient use of resources [4, 33]. Hos-
pital Competition Act of 2019 stresses the importance
of hospital competition in improving the efficiency and
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Table 3 Summary of 2 Series of Models on the interactive effects of race and hospital completion on ER visits, hospitalizations,
Medicare expenditure, all-cause mortality and cancer-specific mortality,” for localized prostate cancer patients, n=253,176

Model 1: Main Effects Model 2:

Model 1 Plus

Interaction
Short-term outcomes
ER visit IRR (95% CI)° IRR (95% CI)P
Race (African American) 1.16(1.14,1.18) 1.05(1.02,1.07)
HHI score 1.17(1.15,1.19) 124(1.22,1.27)
HHI x African American 1.19(1.15,1.23)
Hospitalization IRR (95% CI)° IRR (95% CI)°
Race (African American) 1.09(1.08,1.11) 1.08 (1.05,1.10)
HHI score 1.03(1.01, 1.09) 1.00(0.98, 1.02)
HHI x African American 1.03 (1.00, 1.07)
Medicare expenditure eP (95% CI) © eP (95% cI)*
Race (African American) 1.01 (0.98, 1.02) 1.02 (0.98, 1.06)
HHI score 1.08 (1.05, 1.10) 1.06 (1.03, 1.09)
HHI x African American 0.96 (0.91,1.02)
All-cause Mortality HR (95% CI)¢ HR (95% CI)¢
Race (African American) 1.05 (1.01, 1.09) 1.23(1.14,1.32)
HHI score 1.03 (0.99, 1.07) 1.07 (1.03,1.11)
HHI x African American 0.83(0.75,0.91)
Prostate Cancer-specific Mortality HR (95% Cl)¢ HR (95% CI)¢
Race (African American) 1.30(1.21,141) 1.61(1.39,1.89)
HHI score 0.95(0.87, 1.04) 1.02(0.92,1.13)

HHI x African American

Long-term outcomes

All-cause Mortality

Race (African American)

HHI score

HHI x African American

Prostate Cancer-specific Mortality
Race (African American)

HHI score

HHI x African American

HR (95% CI)¢

0.71(0.57,0.88)

HR (95% Cl)¢

1.05 (1.03, 1.06) 109 (1.06,1.12)
1.09(1.08,1.11) 1.10(1.08,1.12)
1.03(1.01,1.08)
HR (95% CI)¢ HR (95% CI)¢
127 (1.26,1.32) 1.32(1.23,143)
1.05 (1.01,1.09) 107 (1.02,1.12)

0.99 (0.89, 1.10)

? Weighted by propensity score. All models were also adjusted for age, marital status, Charlson comorbidity score, grade and treatment

® RR Incidence rate ratio

cef exponent of beta estimate; 9 HR Hazard ratio

quality of healthcare[1]. In our first of its kind study, we
observed that lower competition was associated with
impaired outcomes of ER visits, hospitalizations, Medi-
care expenditure and mortality. In our study, majority
of the hospitals (more than 90%) served Medicare and
Medicaid patients, two-thirds were non-profit, 55% were
urban hospitals, and 28% were teaching hospital. Lower
competition was associated with higher use of health ser-
vices, and Medicare expenditure. The magnitude of the
association between lower competition and higher ER
use differed by race. The association between hospital
competition and Medicare expenditure did not differ by

race. Short-term mortality (all-cause and PCa-specific)
was not associated with hospital competition. Lower
competition was associated with higher hazard of long-
term mortality (all-cause mortality and PCa-specific).
The association between low competition and long-term
all-cause mortality differed by race, and the hazard was
higher for African Americans than that for whites.

There exists a debate about the role of hospital com-
petition in healthcare quality and cost [34-36]. Poli-
cies have been introduced for improving the quality of
care and outcomes by stimulating competition between
hospitals and allowing hospital choice [37-40]. When
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hospitals compete on quality and not on price, this is
expected to attract patients [13, 38—40]. In a UK based
study, PCa patients receiving radical prostatectomy in a
highly competitive environment reported lower urinary
complications, ER admissions within 30 days, and shorter
length of stay, irrespective of hospital volume [41].

In accordance with the economic theory, our study sug-
gests that increased competition can lead to lower prostate
cancer care costs. Less competition among practices was
associated with substantially higher prices paid for office
visits to physicians [9]. Competitive environment affects
the quality of care delivered by hospitals, which, in turn,
affects outcomes, and quality and length of life. Hospital
volume and its effect on treatment, quality of care and
other outcomes have been explored [16, 17, 19]. Hospital
volume has an impact on hospital and surgeon perfor-
mance in terms of costs, and quality of care [12, 13, 18,
42]. Higher prices paid to the hospitals/physicians with-
out accompanying improvements in quality, satisfaction,
or outcomes, can generate inefficiency in the system [43].
Hospital competition can also affect treatment received by
patients through adoption of new procedures and technol-
ogies. In a recent study Wright et al., showed that patients
in a more competitive environment are more likely to
receive robotic assisted procedures compared to less com-
petitive hospital environment [8]. Thus, understanding the
process through which hospital competition affects out-
comes can aid in development of appropriate policy tools.

Limitations

We note following limitations to our study. Due to
the observational data, we were not able to establish a
causal relationship between hospital competition and
outcomes. Patients may have changed hospitals in the
long-term, which we did was not capture in our analysis.
Our measure of HHI was static and did not account for
changes in competition over the study period. Our data
is clustered in nature, however, we focused on the asso-
ciation between hospitals (HHI) and outcomes at the
patient level. Our analyses did not include intermediate
outcomes like cancer recurrence, and change in disease
severity. Additionally, there was differential length of
follow-up used in the assessment of long-term mortality.
We used HHI as a measure of hospital competition, and
limitations of HHI are applicable. Our cohort consisted
of fee-for-service Medicare beneficiaries aged > 66 years
and living in a SEER region. While the age and race and
ethnic distribution for persons>66 years is compara-
ble with that of older adults in the US, the SEER regions
have a higher proportion of non-white persons. Mortality
rates derived from SEER data may not be representative
of national data on cancer mortality rates [25].
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Conclusions

Our results provide important insights regarding asso-
ciation between hospital competition, quality of PCa
outcomes, and its variation across African American
and white patients. We note several strengths of our
study, including focus on fee-for-service Medicare ben-
eficiaries, thus minimizing potential bias due to health
insurance; short-term and long-term outcomes; and
accounting for patient level clinical and demographic
attributes. In the world of finite resources, hospital com-
petition is an important tool for efficient resource allo-
cation. Although healthcare is not a perfect competition
environment, hospital competition is associated with
improved outcomes of care, as we observed. In addition,
improved hospital competition may help lower racial
disparity in outcomes. Our study results have impor-
tant implications for patients as we observed that higher
competition is associated with improved quality of care
outcomes, lower Medicare expenditure and lower racial
disparity. Thus, results our study support policies that
improve hospital competition such as reducing barriers
to entry, implementation of antitrust laws, and minimiz-
ing anticompetitive measures. The policy implication
of our study for CMS is that reimbursement policies
should enhance competitive environment. This poses a
significant challenge to payment reform. Future research
should investigate process through which hospital com-
petitions improves quality of care outcomes.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512913-023-09851-4.

Additional file 1.
Additional file 2.

Acknowledgements

This study used the linked SEER-Medicare database. The interpretation and
reporting of these data are the sole responsibility of the authors. We acknowl-
edge the efforts of the Applied Research Program, National Cancer Institute
(NCI); the Office of Research, Development and Information, Centers for Medi-
care and Medicaid Services (CMS); Information Management Services; and the
SEER program tumor registries in the creation of the SEER-Medicare database.

Authors’ contributions

R.J: Conceptualization, Methodology, Software, Validation, Investigation, Writ-
ing- Original Draft, Writing-Review and Editing, Supervision, Funding acquisi-
tion. S. B.M.: Writing-Review and Editing. N.V.: Writing-Review and Editing.
T.J.G.: Writing-Review and Editing. S.C.: Software, Validation, Formal Analysis,
Investigation, Writing- Original Draft, Writing-Review and Editing.

Funding

The study was supported by Agency for Healthcare and Research Quality
grant (AHRQ).

RO1 HS24106-04 (PI: Jayadevappa, Ravishankar) and by Department of
Defense (DOD) Health Disparity Scholar Award W81XWH1910461 (PI: Jay-
adevappa, Ravishankar).


https://doi.org/10.1186/s12913-023-09851-4
https://doi.org/10.1186/s12913-023-09851-4

Jayadevappa et al. BMC Health Services Research (2023) 23:828

Availability of data and materials

The data that support the findings of this study are available from SEER-
Medicare. Restrictions apply to the availability of these data, which were

used under license for this study. Data are available from the authors with the
permission of SEER-Medicare.

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the Declaration of Helsinki and
was approved by University of Pennsylvania’s Institutional Review Board. The
study uses secondary data and as such consent requirement is not applicable
as determined by the University of Pennsylvania’s Institutional Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 December 2022 Accepted: 26 July 2023
Published online: 05 August 2023

References

1. NHE Fact Sheet. Centers for Medicare and Medicaid Services. https://
www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-
and-Reports/NationalHealthExpendData/NHE-Fact-Sheet. Published
2021. Accessed 24 Jan 2022.

2. Hospital Competition Act of 2019. In. 1st ed2019:1-10.

3. Aggarwal A, Lewis D, Mason M, Purushotham A, Sullivan R, Meulen J.
Effect of patient choice and hospital competition on service configura-
tion and technology adoption within cancer surgery: a national,
population-based study. Lancet Oncology. 2017;18:1445-53.

4. Brekke KR, Siciliani L, Straume OR. Hospital Competition and Quality
with Regulated Prices. Scand J Econ. 2011;133(2):444-69.

5. Croes RR, Krabbe-Alkemade YJFM, Mikkers MC. Competition and qual-
ity indicators in the health care sector: empirical evidence from the
Dutch hospital sector. Eur J Health Econ. 2018;19:5-19.

6. Gaynor M. What Do We Know About Competition and Quality in
Health Care Markets? NBER workign Paper No12301. 2006.

7. Beaulieu ND, Dafny LS, Landon BE, Dalton JB, Kuye I, McWilliams JM.
Changes in quality of care after hospital mergers and acquisitions. N
Engl J Med. 2020;382(1):51-9.

8. Wright JD, Tergas Al, Hou JY, et al. Effect of Regional Hospital Competi-
tion and Hospital Financial Status on the Use of Robotic-Assisted
Surgery. JAMA Surg. 2016;151(7):612-20.

9. Baker LC, Bundorf MK, Royalty AB, Levin Z. Physician Practice Com-
petition and Prices Paid by Private Insurers for Office Visits. JAMA.
2014;312(16):1653-62.

10. Cho KH, Park EC, Nam YS, Lee SH, Nam CM, Lee SG. Impact of Market
Competition on Continuity of Care and Hospital Admissions for
Asthmatic Children: A Longitudinal Analysis of Nationwide Health
Insurance Data 2009-2013. PLOS-One. 2016;11(3): e0150926.

11. Colla C, Bynum J, Austin A, Skinner J. Hospital Competition, Quality,
and Expenditures in the U.S. Medicare Population. 2016.

12. Cerullo M, Sheckter CC, Canner JK, Rogers SO, Offodile AC II. Is Bigger
Better? The Effect of Hospital Consolidation on Index Hospitalization
Costs and Outcomes Among Privately Insured Recipients of Immediate
Breast Reconstruction. Ann Surg. 2019;270:681-91.

13. White LJ. Quality variation when prices are regulated. Bell J Econ
Manag Sci. 1972;3:425-36.

14. Gaynor M, Ho K, Town RJ. The Industrial Organization of Health-Care
Marketst. Journal of Economic Literature. 2015;53(2):235-84.

15. Erickson KF, Zheng Y, Ho V, Winkelmayer WC, Bhattacharya J, Chertow
GM. Market Competition and Health Outcomes inHemodialysis. HSR:
Health Services Research. 2018;53(5, part 1):3680-3703.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

Page 9 of 10

. Gooden KM, et al. The effect of hospital and surgeon volume on racial

differences in recurrence-free survival after radical prostatectomy. Med
Care. 2008;46:1170-6.

. Jayadevappa R, Chhatre S, Johnson JC, Malkowicz SB. Association

between ethnicity and prostate cancer outcomes across hospital and
surgeon volume groups. Health Policy. 2011;99:97-106.

. Ross JS, Normand ST, Wang Y, et al. Hospital Volume and

30-day Mortality for Three Common Medical Conditions NEJM.
2010;362(12):1110-1118.

. Xia L, Sperling CD, Taylor BL, et al. Associations Between Hospital

Volume and Outcomes of Robot-Assisted Radical Prostatectomy The
Jounral of Urology. 2020;203(5):926-32.

Fulton BD. Health care market concentration trends in the United
States: Evidence and policy responses. Health Aff. 2017;36(9):1530-8.
Donabedian A. Explorations in quality assessment and monitoring: The
definition of quality and approaches to its assessment Ann Arbor. Michi-
gan: Health Administration Press; 1980.

Donabedian A. The quality of care. How can it be assessed? 1988. Arch
Pathol Lab Med. 1997;121(11):1145-50.

Donabedian A. Evaluating the Quality of Medical Care. Milbank Q.
2005;83(4):691-729.

Jayadevappa R, et al. Variation in Quality of Care Among Older Men
With Localized Prostate Cancer. Cancer. 2011;117:2520-9.

Warren JL, Klabunder CN, Schrag D, Bach PB, Riley GF. Overview of

the SEER-Medicare data-content, research application and gen-
eralizability to the United States elderly population. Med Care.
20028;40(suppl):IV-3-IV—18.

Schrag D, et al. Identifying and measuring hospital characteristics
using the SEER-Medicare data and other claims-based sources. Med
Care. 2002;40(suppl):IV-96-IV—103.

What is Survivorship? https://www.cancer.net/survivorship/what-survi
vorship. Published 2018. Accessed 21 June 2023.

Wong HS, Zhan C, Mutter R. Do Different Measures of Hospital Compe-
tition Matter in Empirical Investigations of Hospital Behavior? Rev Ind
Organ. 2005;26:61-87.

Federal Trade Commission; Department of Justice. Horizontal Merger
Guidelines. August 19, 2010. 2010.

Dartmouth Atlas Project. https://www.dartmouthatlas.org/fag/#hospi
tal-specific-fag. Accessed 1 Jan 2022.

. Elixhauser A, Steiner C, Harris DR, et al. Comorbidity measures for use

with administrative data. Med Care. 1998;36:8-27.

Adamo MB, Johnson CH, Ruhl JL, Dickie Le. 2013 SEER Program Coding
and Staging Manual. National Cancer Institute.> Bethesda, MD2013.
Gaynor M, Town RJ. Competition in Health Care Markets. In: Pauly MV,
McGuire TG, Barros PP, eds. Handbook of Health Economics Volume 2.
Vol Volume 2. New York: Elsevier; 2012:499-637.

Dafny L. How health care consolidation is contributing to higher prices
and spending, and reforms that could bolster antitrust enforcement
and preserve and promote competition in health care markets. Testi-
mony before the U.S. House Committee on the Judiciary Subcommit-
tee on Antitrust, Commercial and Administrative Law,. In:2021.

Gaynor M. Antitrust applied: Hospital consolidation concerns and solu-
tions. Statement before the U.S. Senate Committee on the Judiciary,
Subcommittee on Competition Policy, Antitrust, and Consumer Rights
In:2021.

Neprash HT, JM M. Provider consolidation and potential efficiency gains:
A review of theory and evidence. Antitrust Law Journal. 2018;82:551.
Siciliani I, Chalkley M, Gravelle H. Policies towards hospital and GP com-
petition in 190 five European countries. Health Policy. 2017;212:103-10.
Dranove D, Shanley M, Simon C. Is Hospital competition Wasteful?
Rand J Health Econ. 1992;23(2):247-62.

Autry P, Thomas D. Competitive strategy in the hospital industry.
Health Care Manage Rev. 1986;11(7):7-14.

Lesser C, Ginsburg P. Strategies to enhance price and quality competi-
tion in health care: lessons learned from tracking local markets. J
Health Polit Policy Law. 2006;31(3):557-67.

Aggarwal KA, Sujenthiran A, Lewis D, et al. Impact of Patient Choice
and Hospital Competition on Patient Outcomes After Prostate

Cancer Surgery: A National Population-Based Study. Cancer.
2019;125:1898-907.


https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NHE-Fact-Sheet
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NHE-Fact-Sheet
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NHE-Fact-Sheet
https://www.cancer.net/survivorship/what-survivorship
https://www.cancer.net/survivorship/what-survivorship
https://www.dartmouthatlas.org/faq/#hospital-specific-faq
https://www.dartmouthatlas.org/faq/#hospital-specific-faq

Jayadevappa et al. BMC Health Services Research (2023) 23:828

42. Krabbe-Alkemade YJFM, Groot TLCM, Lindeboom M. Competition in
the Dutch hospital sector: an analysis of health care volume and cost.
Eur J Health Econ. 2017;18:139-53.

43. Cutler D, Skinner J, Stern AD, Wennberg D. Physician beliefs and patient

preferences a new at regional variatio in health care spending NBER;2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Association between hospital competition and quality of prostate cancer care
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data and cohort selection
	Study cohort
	Acute survivorship phase

	Dependent variables – outcomes of care
	ER visits
	Hospitalizations
	Medicare expenditure
	Mortality

	Independent variables
	Hospital competition

	Hirschman—Herfindahl index (HHI) calculation
	Treatment type
	Demographic and clinical characteristics
	Statistical analysis

	Results
	Emergency room visits
	Hospitalizations
	Medicare expenditure
	Short-term all-cause mortality
	Short-term PCa-specific mortality
	Long-term all-cause mortality
	Long-term PCa-specific mortality

	Discussion
	Limitations

	Conclusions
	Anchor 34
	Acknowledgements
	References


