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Background: The Centers for Medicare & Medicaid Services (CMS) collects data on hospital outpatient 
imaging efficiency (OIE) to reduce unnecessary exposure to contrast materials and prevent wasteful use of 
Medicare resources. In 2013, CMS implemented the Inpatient Hospital Value-Based Purchasing Program 
to improve quality and efficiency. There has been no systematic study that examines the association between 
hospital inpatient hospital value-based purchasing (HVBP) total performance, market competition, and OIE. 
This study fills the gap in the literature.
Methods: Using a longitudinal study design, data from the 2015–2018 American Hospital Association 
Annual Survey, the Medicare Hospital Compare, and the Area Health Resources Files (AHRF) database 
were utilized. Statistical analyses were conducted using fixed effects multivariate linear panel regression 
model for all hospitals (n=4,093). The main outcome variables for this study were the six OIE variables 
measuring the efficient use of medical imaging tests, including magnetic resonance imaging (MRI) lumbar 
spine for low back pain, mammography follow-up rates, thorax computerized tomography use of contrast 
material, abdomen computerized tomography use of contrast material, cardiac imaging for preoperative risk 
assessment for non-cardiac low-risk surgery, and simultaneous use of brain computerized tomography and 
sinus computerized tomography. The main predictor variables were hospital inpatient total performance 
score (TPS) and hospital market concentration, defined by Herfindahl-Hirschman index (HHI).
Results: The multivariate panel data analysis indicated that hospitals with low TPSs also had a significantly 
lower rate of imaging services utilization for abdomen computerized tomography use of contrast material 
[coefficient (b) =–0.58; standard error (SE) =–0.22], indicating higher efficiency. also, hospitals in more 
competitive markets had a significantly higher rate of thorax computerized tomography use of contrast 
material (b=0.59; SE =–0.28), indicating lower efficiency of these services.
Conclusions: The findings from this study provide significant policy and practice implications. On the 
one hand, hospitals located in more competitive markets should consider strategies to improve their total 
performance to be better reimbursed by Medicare instead of offering more expensive outpatient imaging 
services. On the other hand, policymakers should monitor high performing hospitals since these hospitals 
also tend to provide more unnecessary outpatient imaging tests.
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Introduction

In the early 2000s, diagnostic imaging technology increased 
rapidly with a parallel increase in outpatient medical 
imaging utilization. This increase in imaging utilization in 
the outpatient setting has provided value to the delivery 
of care but also has been associated with large growths 
in healthcare expenditures (1,2). In addition, much of 
the increase in imaging has been deemed wasteful, and 
potentially harmful to patients (3,4). This study seeks to 
investigate how the Hospital Outpatient Quality Reporting 
(OQR), and Hospital Value-Based Purchasing (HVBP) 
programs have affected hospital outpatient imaging 
efficiency (OIE).

Between 1996 and 2010, computed tomography (CT) 
examinations tripled with a 7.8% annual growth rate, and 
magnetic resonance imaging (MRI) quadrupled with a 10% 
annual growth (4). Key drivers for this increase include 
perceptions of positive clinical outcomes resulting from 
preventative imaging techniques, patient preferences, 
practice behaviors, and increased liability concerns leading 
physicians to utilize preemptive imaging steps for patient 
care (1). This increased usage of imaging technology 
eventually sparked exponential growth in expenditures for 
both patients and insurance companies (2,3). In the latter 
part of the decade, the rate of outpatient medical imaging 
began to drop (5). Previously conducted studies attributed 
technological maturation, radiation awareness, market 
saturation, and increased policy implementation to the 
eventual slowing down of this exponential surge in medical 
imaging (6,7). However, despite this reduction in the rate of 
growth, concerns surrounding the efficient use of imaging 
technologies abound (8-10).

The OQR program is a pay for quality data reporting 
program mandated through the Tax Relief and Health 
Care Act of 2006 (11). This program took effect in 2009 
and was created to reduce unnecessary exposure to contrast 
materials and radiation, ensure adherence to evidence-based 
medicine and practice guidelines, and prevent wasteful use 
of Medicare resources. The hospital OQR consists of six 
outpatient medical imaging efficiency measures intended to 
capture the quality of outpatient imaging (12). Outpatient 

medical imaging efficiency indicates how often a hospital 
provides specific imaging tests for Medicare beneficiaries 
under circumstances where they may not be medically 
appropriate (13). Under the hospital OQR Program, 
hospitals must meet certain requirements or receive a two 
percentage point reduction in their annual payment update 
(APU) under the Outpatient Prospective Payment System 
(OPPS) (12).

In addition to providing hospitals with a financial 
incentive to report their quality of care measure data on 
outpatient services, the HVBP program was implemented 
in 2013. HVBP was launched as part of the Patient 
Protection and Affordable Care Act (ACA) of 2010 to 
increase population health outcomes and cost efficiency (14). 
The specific purpose of HVBP is to link hospital inpatient 
quality to payment. Currently, this program affects over 
3,000 hospitals across the United States (15). Under this 
new payment system, hospitals are paid for inpatient acute 
care services based on the quality of care hospitals provide, 
not just the quantity of services.

The hospitals involved in HVBP must achieve certain 
performance standards to receive full reimbursement from 
Medicare. The HVBP imposes a financial penalty for 
hospitals that do not meet specific quality measures in the 
following domains: process, outcome, efficiency, and patient 
experience. Under HVBP, each of the previously mentioned 
domains is weighted and combined to calculate a total 
performance score (TPS), which is utilized to measure the 
hospital’s value of care (15). In the fiscal year 2015, TPS was 
calculated based on the following weights for each domain: 
(I) clinical process of care (20%), (II) patient experience of 
care (30%), (III) outcome domain score (30%), and (IV) 
efficiency domain score (20%) (16).

Based on OQR and HVBP, it is clear that hospitals need 
to maintain a certain level of quality in both the inpatient 
and outpatient settings to ensure a higher level of payment 
from Medicare. The Centers for Medicare & Medicaid 
Services (CMS) estimates that roughly half of participating 
hospitals will receive a net increase in payments, leaving half 
of the hospitals participating to experience a net decrease 
in payments (15). Previous studies have sought to address 
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the shifting market in technological advancement and the 
policies implemented to curb unnecessary financial costs 
of diagnostic imaging, but these studies fail to examine the 
effect of TPSs and the current market condition (4,6,17-19). 
Therefore, it is important to examine the potential impact 
of HVBP incentives combined with market conditions 
on outpatient imaging services. These aspects of the care 
delivery environment are likely to heavily influence the 
care delivery process. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/jhmhp-20-127).

Conceptual framework

Before 1983, hospitals were reimbursed based on cost-
based retrospective payment, which created a non-price 
competition among hospitals. This increased non-price 
competition among hospitals decreased hospital efficiency 
and increased hospital costs (20,21). The prospective 
payment system (PPS), which started in 1983, exerted heavy 
cost reduction pressure on hospitals, and therefore, created 
price-based competition (22).

In 2013, the HVBP Program added another layer of 
financial incentives to hospitals through adjustments in 
payments to reward or penalize hospitals based on the 
quality of care that they provide to patients, rather than the 
quantity of care. The HVBP resulted in positive payment 
adjustments to over 1,800 participating hospitals (23). The 
bonus and penalty structure of this arrangement should 
promote additional efficiencies in the market as hospitals 
attempt to retain or gain payments from CMS. However, 
these arrangements are not likely to increase competition 
between hospitals as the incentive structure is not based 
on comparisons between hospitals but only an internal 
measurement of each hospital that falls within the program. 
Market competition, therefore, should not necessarily 
be affected by HVBP or the hospital OQR programs. 
However, market competition does influence which services 
are provided, as well as the cost of care (24). Therefore, 
when hospitals are located in a more competitive market, 
they may use more than necessary outpatient imaging 
services to satisfy their patients’ requests or to protect 
against lawsuits (25,26).

Hypothesis 1: hospitals that are located in more 
competitive markets will have lower OIE.

Hospital inpatient quality of care is likely to influence 
outpatient efficiency. Although there have been conflicting 
findings, the positive effect of quality on efficiency has been 

increasingly observed (27). In a systematic review of the 
association between quality and cost, 34% of studies report 
that higher costs are associated with higher quality, and 30% 
of the studies indicated that lower costs were associated 
with higher quality (27). Based on the literature, when 
resources are constrained, there seems to be an inevitable 
trade-off between quality and efficiency in the healthcare 
industry. For example, Morey and colleagues (28) found 
that a 1% increase in the quality of care was estimated to 
increase hospital cost by an average of 1.34%. In addition, 
Schreyögg and Stargardt (29) found that increased costs 
for acute myocardial infarction cases were associated with 
better outcomes. However, subsequent findings indicate the 
association may not be as strong as initially believed (30).

Furthermore, how a hospital organizes and manages its 
inpatient services should be reflected in how it manages 
and organizes its outpatient services. As such, intentional 
adherence to policies and procedures which influence care 
practices should permeate the organization and should be 
evidenced by performance measures. The ACA promotes 
changes that can improve quality and efficiency through 
the implementation of HVBP and the TPS. Hospitals that 
perform well in TPS domains, and the overall TPS are 
likely directly focusing on these measures in an attempt to 
meet the criteria. Similarly, outpatient imaging performance 
measured by hospital OQR promotes best practices for 
outpatient imaging. Likely, the same management and 
practice focus that allows hospitals to score highly in HVBP 
measures are also utilized in the outpatient setting, allowing 
for better performance on OQR measures.

Hypothesis 2: hospitals that have higher inpatient 
quality of care will have higher outpatient medical imaging 
efficiency.

Methods

Data sources, variables, and measures

Our analytic sample comprises 732 nonfederal acute-care 
U.S. hospitals spanning 2015–2018 with 2,912 unique 
hospitals and a total of 4,093 observations. Data were 
obtained from the Hospital Compare database—OIE and 
TPS, the Area Health Resources Files (AHRF) database, and 
the American Hospital Association Annual Survey (AHA) 
database (31). The OIE database provides OIE information, 
such as the use of MRI, CT scans, and mammography (32).  
The TPS database provides the hospital TPSs under 
the HVBP program. The AHRF database provides the 
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market variables such as market competition, aging 
population, and per capita income (33). Finally, the AHA 
annual survey offers hospital information such as bed 
size, ownership, payer mix, location, and others (34).  
We developed a nationwide panel data sample of nonfederal 
(U.S.) acute-care hospitals by merging hospital-level data 
from these three sources using the Medicare provider 
number. Hospitals with missing data were removed from 
the sample.

The dependent variables for this study come from the 
hospital OIE database. Six OIE variables were chosen by 
CMS (13) to measure the efficient use of medical imaging 
tests. These six measures are MRI lumbar spine for low 
back pain, mammography follow-up rates, thorax CT use 
of contrast material, abdomen CT use of contrast material, 
cardiac imaging for preoperative risk assessment for non-
cardiac low-risk surgery, and simultaneous use of brain CT 
and sinus CT. With each measure, the higher the score the 
lower the efficiency.

The key independent variables for this study include 
hospital inpatient TPS and market concentration, defined 
by Herfindahl-Hirschman index (HHI). The TPS is a 
combined single measure that determines the adjustment 
to reimbursement during one fiscal year under Medicare’s 
HVBP program. TPS is derived from four domains in 
FY 2015—20% of clinical process of care, 30% of patient 
experience of care, 30% of outcome, and 20% of efficiency 
domains. Starting in FY 2018, the percentage for each 
domain changed to 25%. The TPS is a continuous variable. 
To measure the threshold effect of the TPS on OIE, we 
separate this measure into three groups: low (bottom 
quartile of the TPS), high (top quartile of the TPS), and 
average (middle 50% of TPS).

The hospital HHI is the standard measure used in 
economic analyses of market competition (35,36). The 
HHI is constructed by dividing the number of inpatient 
days for each facility by the total number of inpatient days 
within the county to obtain each hospital’s share. The 
share of each facility then is squared, and the shares of all 
hospitals are summed to create an index. Market shares 
for hospitals in a county that belong to the same hospital 
system are combined and treated as the same organization 
because they do not compete. The HHI takes into account 
the relative size distribution of the hospitals in a market. 
It approaches zero when a market is occupied by a large 
number of hospitals of relatively equal size and hence 
more competitive. It reaches its maximum of one when 
a market is controlled by a single hospital and hence is 

less competitive. The HHI increases both as the number 
of hospitals in the market decreases, and as the disparity 
in size between those hospitals increases. Data from the 
American Hospital Association annual survey were used to 
calculate HHI. Because the market in this study was highly 
concentrated, we separated the market into two groups: the 
lowest quartile of the HHI and the reference group, which 
includes the second, third, and fourth quartiles.

Several other market variables were also included in the 
analysis. The percentage of population aged 65 or older, per 
capita income, and total hospital beds per 1,000 population 
may affect demand and supply for a hospital’s services and 
thus are included in the model (36-38).

Hospital characteristic variables are also included to 
control for confounding factors. Hospital bed size, defined 
as the number of staffed hospital beds, may influence 
hospital medical imaging utilization and the OIE (39). 
Because hospital bed size ranges from very few beds to more 
than 2,000, we separated them into three categories: small 
(fewer than 100 beds), medium [100–399], and large (400 
beds and more). Ownership status, defined as for-profit, 
not-for-profit, and public, may reflect different objectives, 
service provision, and ultimate quality and efficiency (40). 
Furthermore, variation in hospital payer mix may reflect 
differences in patient service needs and thus affect the 
utilization and efficiency of care (41). Hence, Medicaid and 
Medicare percentages of inpatient days are included in the 
model to control for this confounding factor. A Hospital 
system refers to either a multihospital or a diversified single 
hospital system, which may impact productive efficiency (42).  
Hospital located in rural counties, as opposed to urban ones, 
may not be exposed to powerful constituents who expect 
that these hospitals provide high efficiency of care (43). 
Finally, hospitals’ case mix index, measured by the Medicare 
case mix index, may have the capabilities and experiences 
to ensure that their patients receive efficient care (44). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The Institutional Review 
Board (IRB) categorized the research as exempt since the 
study analyzed secondary data that is publicly available and 
informed consent was waived.

Statistical analysis

Both descriptive statistics and panel analyses are conducted 
for the study. Our data was a balanced short and wide panel, 
allowing us to examine a large number of hospitals over a 
shorter period. The statistical analysis for each of the six 
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OIE variables was conducted by estimating linear panel 
regression models with both hospital-specific individual 
and year specific time fixed effects. As Wooldridge (45), we 
conducted the standard Hausman test and its alternative 
robust formulation, which resulted in the rejection of the 
random effects model—an alternative approach to account 
for individual heterogeneity. A fixed-effects (within) model 
examined the relationship between hospital TPS, HHI, and 
six OIEs, controlling for other market characteristics and 
hospital characteristics such as size, ownership, payer mix, 
hospital system, rural location, and case mix index.

In all regression models, we used year dummies to 
account for unobserved period-specific fixed effects, and 
time-variant hospital and market characteristics to account 
for hospital and environment changes over time. We also 
conducted a robustness check by analyzing panel data of 
only large hospitals (with at least 400 beds) that are most 
likely to have advanced OIE systems. All analyses were 
performed in Stata 14 SE (Stata, RRID: SCR_012763).

Results

Table 1 highlights the descriptive characteristics of all the 
outcome variables in this study. The six OIE measures serve 
as the dependent variables. For the facilities eligible to 
report MRI lumbar spine for low back pain for 2015–2018, 
the mean performance rate was 39.55%. Similarly, the rate 
for imaging efficiency mammography follow-up was 8.64%, 
8.00% for imaging efficiency abdomen CT use of contrast 
material, 1.87% for imaging efficiency thorax CT use of 
contrast material, 4.71% for outpatients who got cardiac 
imaging stress tests before low-risk outpatient surgery, and 

1.53% for outpatients with brain CT scans who got a sinus 
CT scan at the same time. For imaging efficiency, MRI 
lumbar spine for low back pain, mammography follow-
up rates, abdomen CT use of contrast material, and thorax 
CT use of contrast material, 2018 had the lowest mean 
performance rate. For outpatients who got cardiac imaging 
stress tests before low-risk outpatient surgery and imaging 
efficiency outpatients with brain CT scans and a sinus CT 
scan at the same time, the lowest mean performance rate 
was in 2017 and the highest being in 2016.

Table 2 highlights the descriptive characteristics of 
all the variables in this study. Hospital TPS is separated 
into three groups (low, average, and high) to measure the 
threshold effect. For all years sampled, the mean percentage 
of hospitals falling in the low 25% of TPS category was 
32.79%, 28.68% of hospitals fell into the average 50% of 
TPS category, and 38.53% of hospitals fell into the high 
top 25% of TPS category. In 2018, 40.51% of hospitals 
were among those in the top 25% of TPS, the highest 
percentage than any other year. Consequently, in 2018, 
30.59% of hospitals were among the low 25% of TPS, 
the lowest percentage than any other year. Another key 
independent variable is hospital market competition, 
measured by the HHI. The mean HHI of hospitals for all 
years sampled was 0.47, indicating an overall competitive 
market. Furthermore, 21.64% of hospitals were among the 
high top 25% of HHI in 2015, the highest than any other 
year; conversely, in 2015, 35.59% of hospitals were among 
the low bottom 25% of HHI, the lowest than any other 
year.

Other market variables showed that 15.31% of the 
population were 65 years of age or older, and the average 

Table 1 Description of OIE for 1,080 U.S. acute-care hospitals (all hospitals; 2015–2018; n=4,083 hospital-years)*

OIE measures All (n=4,093) 2015 (n=989) 2016 (n=1,080) 2017 (n=1,076) 2018 (n=948)

Imaging efficiency MRI lumbar spine for low back pain 39.55 (6.46) 39.45 (6.46) 39.64 (6.69) 39.9 (6.36) 39.14 (6.31)

Imaging efficiency mammography follow-up rates 8.64 (4.88) 8.76 (4.47) 8.61 (4.73) 8.63 (5.03) 8.57 (5.29)

Imaging efficiency abdomen CT use of contrast material 8.00 (6.64) 8.79 (8.67) 7.94 (6.61) 8.17 (5.77) 7.05 (4.77)

Imaging efficiency thorax CT use of contrast material 1.87 (3.68) 2.34 (4.27) 1.90 (3.84) 1.74 (3.45) 1.51 (2.94)

Outpatients who got cardiac imaging stress tests before 
low-risk outpatient surgery

4.71 (1.71) 4.76 (1.7) 4.77 (1.76) 4.58 (1.62) 4.72 (1.78)

Imaging efficiency outpatients with brain CT scans and a 
sinus CT scan at the same time

1.53 (1.09) 2.66 (1.35) 1.44 (0.77) 1.00 (0.55) 1.06 (0.54)

*, for all continuous variables mean (SD) is reported. OIE, outpatient imaging efficiency; MRI, magnetic resonance imaging; CT, computed 
tomography; SD, standard deviation.
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Table 2 Description of organizational and market characteristics for 1,080 U.S. acute-care hospitals (all hospitals; 2015–2018; n=4,083  
hospital-years)*

Organizational and market characteristics All (n=4,093) 2015 (n=989) 2016 (n=1,080) 2017 (n=1,076) 2018 (n=948)

Hospital TPS, %

Low (bottom 25% of TPS) 32.79 34.98 32.96 32.53 30.59

Average (middle 50%) 28.68 24.67 29.07 31.78 28.90

High (top 25% of TPS) 38.53 40.34 37.96 35.69 40.51

Market condition

HHI, %

Low (bottom 25% of HHI) 37.50 35.59 38.06 37.55 38.82

Average (middle 50% of HHI) 42.51 42.77 41.39 42.57 43.46

High (top 25% of HHI) 19.99 21.64 20.56 19.89 17.72

Aging population, mean (SD) 15.31 (3.65) 14.64 (3.57) 15.1 (3.54) 15.53 (3.68) 15.99 (3.67)

Per capita income (1,000 s), mean (SD) 30.24 (7.46) 29.56 (7.41) 29.85 (7.21) 30.45 (7.39) 31.15 (7.78)

Hospital beds/1,000 population, mean (SD) 2.48 (2.92) 2.65 (4.59) 2.5 (2.28) 2.42 (2.02) 2.37 (2.06)

Hospital characteristics

Ownership, %

Government (non-federal) 14.39 14.36 14.81 14.03 14.35

For-profit 9.92 10.11 10.09 9.76 9.70

Not-for-profit 75.69 75.53 75.09 76.21 75.95

Size, %

Small 15.00 12.64 15.00 16.36 15.93

Medium 60.42 61.68 60.83 59.85 59.28

Large 24.58 25.68 24.17 23.79 24.79

Rural location, %

No 77.62 79.58 77.22 76.58 77.22

Yes 22.38 20.42 22.78 23.42 22.78

Part of a system, %

No 25.85 26.29 27.87 25.00 24.05

Yes 74.15 73.71 72.13 75.00 75.95

Hospital Medicare percentage, mean (SD) 52.45 (11.56) 52.9 (11.22) 51.55 (12.31) 52.41 (11.27) 53.06 (11.30)

Hospital Medicaid percentage, mean (SD) 19.95 (9.82) 19.66 (9.56) 19.55 (10.20) 20.09 (9.68) 20.52 (9.77)

Outpatient revenue percentage, mean (SD) 56.66 (12.19) 55.13 (11.97) 56.29 (12.25) 57.28 (12.12) 57.98 (12.28)

Case mix index, mean (SD) 1.64 (0.25) 1.61 (0.24) 1.63 (0.25) 1.63 (0.25) 1.68 (0.26)

*, for all indicator variables proportion estimates are reported and for continuous variables mean (SD) is reported. TPS, total performance 
score; HHI, Herfindahl-Hirschman index; SD, standard deviation.
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per capita income was $30,240 for the sampled hospitals. 
In addition, the mean hospital beds were 2.48 per 1,000 
residents. Of the hospitals surveyed, 24.58% were large 
hospitals, 60.42% were medium-sized, and 15% were 
small. Of these, 9.92% of the hospitals were for-profit, 
and 75.69% of the hospitals were not-for-profit. Roughly 
74.15% of the hospitals surveyed were part of a system. 
Additionally, 22.38% of the hospitals surveyed were in 
a rural location. The entire compilation of hospitals 
surveyed had an average case mix index of 1.64. The patient 
population consisted of about 52% Medicare and 19.95% 
Medicaid beneficiaries. Finally, the hospitals surveyed had 
an average outpatient revenue percentage mean of 56.66.

Table 3 displays the multivariate analysis performed on 
the imaging efficiency variables. Compared to average 
TPS performance hospitals, the hospitals with low TPS (in 
the lowest quartile performance) had a significantly lower 
rate [coefficient (b) =–0.58; standard error (SE) =–0.22] of 
imaging services utilization for abdomen CT use of contrast 
material, indicating higher efficiency for one out of the 
six measures; no other imaging efficiency measures were 
statistically significant for low and high TPS. This result is 
inconsistent with hypothesis 2, as it highlights that a lower 
quality scoring inpatient setting may be correlated with 
higher imaging efficiency in an outpatient setting.

Compared to hospitals located in average competitive 
markets, hospitals with low HHI (more competitive market) 
had a significantly higher rate (b=0.59; SE =–0.28) of thorax 
CT use of contrast material, indicating lower efficiency of 
these services; there was no significant effect of the HHI on 
the other five OIE for low HHI and six OIE for high HHI. 
Per capita income was the only other market condition to 
provide some statistically significant findings. Two of the six 
OIE: MRI lumbar spine for low back pain and abdomen CT 
use of contrast material were associated with less efficient 
use of these services. These findings are inconsistent with 
hypothesis 1.

Several hospital characteristics were significantly 
associated with OIE. Compared to the government 
hospitals, for-profit and not-for-profit hospitals had 
significantly higher OIE (lower percentage or rate 
indicating increased efficiency), but only with brain CT 
scans (b=0.59; SE =–0.14) and sinus CT scans at the same 
time (b=0.33; SE =–0.10). Conversely, for-profit (b=–1.00; 
SE =–0.31), and not-for-profit (b=–0.61; SE =–0.23) had 
significantly lower OIE for cardiac imaging stress tests 
before low-risk outpatient surgery. Furthermore, not-
for-profit hospitals had significantly lower OIE, but with 

mammography follow-up rates (b=–1.22; SE =–0.40) 
and abdomen CT use of contrast material (b=–1.41; SE 
=–0.61), as compared to government hospitals. Medium 
sized hospitals, as compared to small hospitals, were 
positively (b=0.69; SE =–0.34) associated with thorax CT 
use of contrast material, signifying less efficiency in these 
hospitals. Compared to small hospitals, large hospitals were 
found to have no significant findings for any of the six OIE. 
Rurality was found to have no significant impact on any of 
the six OIE measures. Further, the use of medical imaging 
in response to hospital Medicare percentage shows a 
negative relationship, signifying the percentage of Medicare 
patients in a hospital is related to higher imaging efficiency 
for imaging services in cardiac imaging stress tests before 
low-risk outpatient surgery. However, the Medicaid payer 
mix was negative related to OIE measures: mammography 
follows up rates, cardiac imaging stress tests before low-risk 
outpatient surgery, and brain CT scans and a sinus CT scan 
at the same time—indicating higher efficiency. A higher 
case mix index resulted in an overall higher OIE, with a 
statistically significant negative association with thorax CT 
use of contrast material and with brain CT scans and a sinus 
CT scan at the same time. The impact of being part of a 
system was only negatively associated with brain CT scans 
and a sinus CT scan at the same time (higher efficiency). 
Additionally, the outpatient revenue percentage was not 
statistically significant among any of the 6 OIE. Finally, as 
compared to 2015, the years 2016, 2017, and 2018 were 
found to be more efficient in the use of the following three 
OIE: abdomen CT use of contrast material, thorax CT use 
of contrast material, and brain CT scans and sinus CT scans 
at the same time. Compared to 2015, the year 2016 was 
found to be more efficient with mammography follow-up 
rates.

Discussion

With the introduction of the ACA, the government 
implemented policies to generate better access to 
healthcare, reduce costs, and improve the quality of care. 
The HVBP Program rewards hospitals with incentive 
payments or penalties depending on the quality of care 
provided to Medicare patients. The HVBP payment 
approach was designed to optimize outcomes and reduce 
costs, so hospitals are motivated to change how they 
organize and deliver care to survive. However, contrary to 
the purpose of HVBP, this study found that hospitals with 
lower total performance were more efficient in outpatient 
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Table 3 Estimation of incremental effects of OIE on inpatient quality, hospital characteristics and market characteristics at U.S. acute-care  
hospitals [all hospitals (n=2,692); balanced panel; 2015–2018]

Organizational and market  
characteristics

Coefficient (SE)

Imaging  
efficiency MRI 
lumbar spine 
for low back 

pain

Imaging 
efficiency 

mammography 
follow-up rates

Imaging  
efficiency  

abdomen CT 
use of contrast 

material

Imaging  
efficiency  

thorax CT use  
of contrast  

material

Outpatients who 
got cardiac imaging 
stress tests before  
low-risk outpatient 

surgery

Imaging efficiency  
outpatients with 

brain CT scans and 
a sinus CT scan at 

the same time

Hospital TPS (referent: average)

Low (bottom 25% of TPS) –0.34 (–0.31) –0.27 (–0.15) –0.58** (–0.22) –0.19 (–0.11) 0.08 (–0.08) –0.002 (–0.03)

High (top 25% of TPS) –0.031 (–0.35) –0.06 (–0.17) –0.14 (–0.25) 0.04 (–0.13) –0.10 (–0.10) 0.04 (–0.04)

Market condition

HHI (referent: average)

Low (bottom 25% of HHI) –0.89 (–0.75) –0.49 (–0.36) –0.33 (–0.54) 0.59* (–0.28) –0.26 (–0.21) –0.05 (–0.09)

High (top 25% of HHI) –0.30 (–0.67) 0.20 (–0.32) –0.05 (–0.48) –0.10 (–0.25) –0.18 (–0.18) –0.05 (–0.08)

Aging population (%) –0.27 (–0.60) 0.15 (–0.28) 0.13 (–0.43) 0.34 (–0.22) 0.03 (–0.16) –0.06 (–0.07)

Per capita income (1,000 s) 0.59* (–0.23) 0.12 (–0.11) 0.53** (–0.17) 0.13 (–0.09) –0.03 (–0.06) 0.04 (–0.03)

Hospital beds/1,000 population –0.18 (–0.31) –0.19 (–0.15) 0.14 (–0.22) 0.15 (–0.12) –0.03 (–0.09) 0.001 (–0.0)

Hospital characteristics

Ownership [referent: government (non-federal)]

For-profit 2.08 (–1.13) 0.27 (–0.53) 0.33 (–0.81) –0.72 (–0.42) –1.00** (–0.31) 0.60*** (–0.14)

Not-for-profit 0.83 (–0.85) –1.22** (–0.40) –1.41* (–0.61) –0.62 (–0.32) –0.61** (–0.23) 0.33** (–0.10)

Size (referent: small)

Medium 0.22 (–0.91) 0.69 (–0.43) 0.20 (–0.65) 0.70* (–0.34) –0.42 (–0.25) –0.06 (–0.11)

Large –1.25 (–1.00) 0.40 (–0.47) 0.11 (–0.71) 0.64 (–0.37) –0.28 (–0.27) –0.02 (–0.12)

Rural location (referent: no)

Yes 1.40 (–3.39) 0.57 (–1.61) –0.45 (–2.43) –0.25 (–1.26) 0.90 (–0.93) –0.03 (–0.41)

Hospital Medicare percentage –0.02 (–0.02) –0.004 (–0.01) 0.01 (–0.01) 0.01 (–0.01) –0.01** (–0.005) 0.004 (–0.002)

Hospital Medicaid percentage –0.02 (–0.02) –0.03** (–0.01) 0.02 (–0.01) –0.002 (–0.01) –0.01* (–0.01) 0.01*** (–0.003)

Case mix index 0.90 (–0.99) 0.25 (–0.47) 1.07 (–0.71) –1.02** (–0.37) 0.05 (–0.27) –0.24* (–0.12)

Part of a system (referent: no)

Yes 0.59 (–0.461) –0.19 (–0.22) –0.08 (–0.33) –0.10 (–0.17) –0.074 (–0.13) –0.13* (–0.06)

Outpatient revenue percentage –0.002 (–0.02) 0.01 (–0.01) 0.02 (–0.01) 0.01 (–0.01) –0.002 (–0.005) –0.002 (–0.002)

Year (referent: 2015)

2016 –0.15 (–0.40) –0.38* (–0.19) –0.87** (–0.28) –0.74*** (–0.15) –0.01 (–0.11) –1.09*** (–0.05)

2017 –0.27 (–0.62) –0.41 (–0.30) –1.25** (–0.45) –1.13*** (–0.23) –0.15 (–0.17) –1.54*** (–0.08)

2018 –1.36 (–0.89) –0.57 (–0.42) –2.58*** (–0.64) –1.44*** (–0.33) 0.003 (–0.24) –1.46*** (–0.11)

*, P<0.05; **, P<0.01, ***, P<0.001. Robust SEs are in parentheses. OIE, outpatient imaging efficiency; SE, standard error; TPS, total  
performance score; HHI, Herfindahl-Hirschman index.
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imaging services utilization, though this only showed in 
the imaging efficiency of abdomen CT use of contrast 
material. This is also contrary to other researchers (46) 
who found that VA medical centers with high performance 
were generally more efficient. However, the direct impact 
of quality on efficiency was mixed when hospital quality 
was measured with different indicators (47). Our study used 
the TPS, which combined hospital inpatient process (later 
changed to patient safety), patient experience, outcome, and 
inpatient efficiency to examine the relationship between 
hospital quality and outpatient efficiency. The study results 
suggest that TPS reflects only the inpatient performance, 
but not the assumption of outpatient efficiency. This 
may also reflect that to obtain a higher inpatient TPS, 
hospitals may have overused these expensive outpatient 
imaging tests. Diagnostic imaging such as MRI and CT 
scans are usually very expensive; therefore, any inefficient 
use of those services could be a waste of scarce health care 
resources. Medicare realized the inefficient use of resources 
in the hospital outpatient department (HOPD) due to the 
different payment rates for the same service across different 
sites of care in 2014 (48). Thus, Medicare recommended 
adjusting the rates for certain services when provided in 
HOPDs, so they more closely align with the rates paid in 
freestanding physician offices to reduce costs.

Our study results also indicate that greater market 
competition resulted in lower OIE, though this is only 
significant in one of the six measures. This is consistent with 
other researchers’ findings that market competition may 
not reduce costs or lead to greater efficiency in hospitals 
(49,50). Possible reasons may be related to the nature that 
competition in the healthcare sector is heavily influenced 
by governmental policies regarding reimbursement to 
providers, the extent of health insurance coverage, level 
of out-of-pocket payments, and flexibility of choosing a 
provider (51).

A notable finding from this study is the positive effect 
of time trends on hospital outpatient efficiency. Hospital 
outpatient efficiency has been significantly improved for 
most of these imaging services between 2015 and 2018. 
This is contrary to the findings from “Trends in Hospital 
Performance on the Medicare National Outpatient Imaging 
Metrics”, which studied the same group of hospitals 
from 2011 to 2016 (52). This difference may reflect that 
hospitals have significantly improved their efficiency after 
its initial time of implementation of the Medicare Hospital 
Outpatient Quality Reporting Program (HOQRP), which 
includes “imaging efficiency” metrics evaluating appropriate 

utilization of imaging examinations.
Finally, a variety of hospital characteristics had a 

significant impact on OIE. Compared to government-
owned hospitals, private not-for-profit hospitals had 
significantly higher medical imaging efficiency, while this 
effect was barely observed in the for-profit hospitals. This 
is contrary to the literature that for-profit hospitals were 
more efficient than their counterparts (53). Hospital size 
was observed to have a little effect on OIE. This may 
reflect the fact that hospital size changes from year to year 
were not that significant. Additionally, hospital payer mix 
such as Medicare and Medicaid showed some significant 
influence on OIEs; this is especially obvious for Medicaid 
patients. The higher the percentage change of Medicaid 
patients, the higher efficiency of the hospital OIE, which 
is consistent with previous studies (54). Medicare covers 
most of the imaging services to patients, and non-self-pay 
patients are more likely to request otherwise expensive 
imaging tests than those paying out of pocket. However, 
the effect was either marginal or significant in only one of 
the six measures. Finally, a greater case mix index resulted 
in greater efficiency, most likely because hospitals with 
more complex patients are less likely to request or endorse 
unnecessary imaging tests.

While this study addressed a very important issue related 
to the effect of market conditions and quality on outpatient 
medical imaging efficiency, it has its limitations. First, 
hospital competition can be measured in a variety of ways. 
The HHI calculated market competition where the markets 
were defined by geopolitical boundaries based on counties. 
However, there are three other ways to define the market: 
fixed radius, variable radius, and patient flow (55). Second, 
although panel data availability can be an advantage, the 
application of panel data econometric techniques has its 
disadvantages. For example, because this study focuses 
on the relations between year-to-year changes in hospital 
OIE and year-to-year changes in hospital characteristics 
and markets, the data’s signal-to-noise ratio may decline 
significantly. Nevertheless, this study provides important 
insights into the hospital market, quality, and outpatient 
efficiency with the latest data available.

Conclusions

This  s tudy provides  important  ins ights  into the 
relationship between market competition and hospital 
OIE. Policymakers need to understand that policies that 
encourage a more competitive marketplace may contribute 
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to hospital inefficiencies. For example, hospitals may 
compete by providing patients with more services than 
needed to increase patient satisfaction. Typically, providing 
more diagnostic services indicates providing a higher quality 
of care in the absence of patient outcome data. Therefore, 
policymakers should develop policies that encourage greater 
transparency for TPS measures that require outpatient 
imaging services.

Our research also indicates that regulations that 
encourage greater quality and efficiency within the inpatient 
experience, such as the ACA, may not translate into greater 
quality and efficiency for outpatient services. Therefore, 
policymakers need to keep in mind that favorable inpatient 
hospital quality measures may not be a proxy for outpatient 
quality and efficiency. Because of our findings and similar 
findings presented by Narayan et al. (52) health service 
researchers need to rigorously evaluate the effectiveness and 
appropriateness of hospital quality measures and help guide 
policymakers.

Finally, the findings presented in this study offer 
important implications for hospital administrators. The 
U.S. healthcare system is expected to continue to evolve 
toward greater efficiency and value in both the inpatient 
and outpatient settings. Administrators should prepare for 
a healthcare environment with a much greater cost and 
quality transparency (56,57). As a result, the competition 
will likely be based on healthcare quality, with quality 
defined as providing optimal outcomes at a reasonable 
cost instead of providing more services with substandard 
outcomes.
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