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Abstract

Background Limited empirical evidence exists regarding the effect of price changes on hospital behavior and, ultimately,
the quality of care. Additionally, an overview of the results of prior literature is lacking.

Objective This study aims to provide a synthesis of existing research concerning the relationship between hospital cost/
price and the quality of care.

Methods Searches for literature related to the effect of hospital cost and price on the quality of care, including studies pub-
lished between 1990 and March 2019, were carried out using four electronic databases. In total, 47 studies were identified,
and the data were extracted and summarized in different tables to identify the patterns of the relationships between hospital
costs/prices and the quality of care.

Results The study findings are highly heterogenous. The proportion of studies detecting a significant positive association
between price/cost and the quality of care is higher when (a) price/reimbursement is used (instead of cost); (b) process
measures are used (instead of outcome measures); (c) the focus is on acute myocardial infarction, congestive heart failure,
and stroke patients (instead of patients with other clinical conditions or all patients); and (d) the methodological approach
used to address confounding is more sophisticated.

Conclusion Our results suggest that there is no general relationship between cost/price and the quality of care. However,
the relationship seems to depend on the condition and specific resource utilization. Policy makers should be prudent with
the measures used to reduce hospital costs to avoid endangering the quality of care, especially in resource-sensitive settings.

1 Introduction to global budgets, and diagnosis-related group (DRG) pay-
ments have spread across numerous countries [2]. DRG

Providing high-quality healthcare services at a reasonable ~ Systems in various countries often rely on hospitals’ cost
cost is among the main policy goals in many countries [1]. information and are subject to changes over time. Theo-
In recent decades, hospital reimbursement systems have retical works predict that increasing DRG prices provides
undergone substantial revisions in many countries to reduce incentives for hospitals to attract more patients [3]. Several
spending and increase the quality of care. Hence, hospital empirical studies analyzed the impact of a change in reim-
prices have been subject to changes. In general, hospital bursement or price on hospital efficiency and the number of

pricing mechanisms range from fee-for-service price lists ~ patients treated. For instance, Dafny [4] analyzed how hos-
pitals respond to changes in DRG prices in the US and found

no volume changes with DRGs subjected to the largest price
Electronic supplementary material The online version of this 1ncr€.3ase. Street et al. [5] r§v1ewed t}.le impact of the intro-
article (https://doi.org/10.1007/s40258-020-00577-6) contains duction of a DRG system in Australia, Denmark, Norway,
supplementary material, which is available to authorized users. and Sweden. Their findings suggest that DRGs increased
hospital efficiency by reducing the length of hospital stays
and increasing hospital case volumes. Januleviciute et al.
[6] investigated the impact of DRG price changes in Norwe-
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Key Points for Decision Makers

There is no general relationship between cost/price and
the quality of care.

The relationship between cost/price and the quality
of care seems to depend on the condition and specific
resource utilization.

Policy makers should be prudent with the measures used
to reduce hospital costs to avoid endangering the quality
of care, especially in resource-sensitive settings.

Changes in price might also affect the hospital quality
in several ways. First, if hospitals increase their volume
after a price increase, the increase in volume could lead to
a higher quality due to institutional learning effects [7, 8].
Additionally, higher prices might enable hospitals to spend
more money (i.e. increase resources) on service provision,
which might also have positive effects on the quality of
care. However, hospitals might also be unwilling or unable
to adjust their volume or resource input and instead maxi-
mize profits such that a price change has no effect on the
quality of care.

Limited empirical evidence exists regarding the effect
of price/price changes on hospital quality of care. Drawing
upon evidence suggesting that a link exists between cost
and quality appears to be fruitful because DRG prices in
most countries are based on hospital cost information such
that costs and prices are closely related. Several studies
have investigated the cost-quality relationship, revealing
highly heterogeneous characteristics and findings. This link
is among the more controversial topics in health policy [9],
and several potential mechanisms can explain the relation-
ship between cost and quality. As outlined above, increases
in resources (i.e. cost) could lead to quality increases. For
instance, some technologies may lead to the increased use
of medical personnel, material supplies, or training. In par-
ticular, some technologies may improve the efficiency of
care delivery by reducing the procedure time, length of
stay, or number of hospitalizations, thereby increasing the
capacity of hospitals to treat additional patients. Conse-
quently, the overall cost may increase, but such technol-
ogy is likely to result in improved health outcomes for a
higher number of patients. Some other technologies can
help extend survival (e.g. in patients with life-threatening
or chronic conditions), which may result in higher spend-
ing due to extended years of health-care utilization. How-
ever, in parallel, a given technology also allows individu-
als to live additional years with a higher quality of life or
an improved health state, which could provide potential

A\ Adis

cost savings [10]. However, if resources are not used effi-
ciently and effectively, changes in cost might be unrelated
to the quality of care. In some instances, quality improve-
ments may even decrease costs. Therefore, some technolo-
gies may reduce staff or time requirements or shift care
to less costly care settings (e.g. inpatient to outpatient)
while simultaneously improving the quality of care. For
instance, percutaneous transluminal coronary angioplasty
(PTCA) may facilitate a reduction in spending. The PTCA
outcome improved following the introduction of coronary
stents, leading to the reduced occurrence of restenosis,
heart attacks, emergency coronary artery bypass graft-
ing (CABG), and mortality [10]. In contrast, poor quality
leads to more frequent readmissions and increased treat-
ment of (avoidable) complications and hence, higher costs.
Finally, the relationship between cost and quality might
not be linear and unidirectional and might depend on the
level of quality and cost. For instance, a U-shaped relation
could exist in which increases in low levels of quality are
associated with decreases in cost (if poor quality drives
costs) until a certain threshold is reached; after reaching
the threshold, further quality increases require increases
in resources and, hence, higher cost. Simultaneously, one
could imagine the opposite scenario in the form of an
inverted U-shaped relationship in which quality increases
initially require more resources and result in higher costs,
and after a certain threshold is reached, synergy effects
lead to increases in quality and simultaneous decreases in
cost.

In summary, both price and cost can relate in various
ways to hospital quality of care. In addition, several critical
design characteristics may alter the association between
cost/price and the quality of care [9]. Therefore, it is essen-
tial to separate the results based on defined key characteris-
tics. In this study, we assess whether the results systemati-
cally vary depending on (i) the cost/price measures used;
(ii) the quality measures used; (iii) the country in which the
study was conducted; (iv) the clinical condition(s) investi-
gated; and (v) the methodological approach used, particu-
larly the degree to which studies approximate the causal
effect based on the method used to address confounding.

We conducted a systematic review to synthesize the evi-
dence regarding the association between hospital cost/price
and the quality of care and identified sources of heteroge-
neity across studies. To date, only one systematic review
performed by Hussey et al. [9] has analyzed the association
between cost and the quality of care; however, some ques-
tions remain unanswered. First, their review only focuses
on the association between cost measures and the quality
of care; these authors do not consider price/reimburse-
ment. Therefore, an overview of the price-quality rela-
tionship is lacking. Second, these authors exclude studies
involving non-US data sources. Therefore, an overview of
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cross-country comparisons is lacking. Finally, an overview
of whether the results differ depending on the clinical condi-
tion is lacking. This paper addresses these gaps in the litera-
ture and considers studies published since 2012, substan-
tially increasing the quantity of evidence.

Accordingly, this study aims to provide an overview of
the existing evidence regarding how price affects the quality
of care in the hospital setting. Therefore, we conduct a lit-
erature review of studies analyzing the association between
price and the quality of care in hospitals. However, because
few studies investigating this relationship exist and prices
often rely on the costs of hospital care, we additionally pro-
vide a literature review of studies investigating the relation-
ship between hospital cost and the quality of care.

2 Methods

This review is reported in accordance with The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
[11] guidelines. A review protocol was developed to identify
all published articles investigating the association between
hospital cost/price and the quality of care.

2.1 Search Strategy and Data Sources

We defined the search process for each relationship (‘cost-
quality’ & ‘price-quality’) separately.

In the literature review of the cost-quality of care rela-
tionship, we first included all 29 studies identified by Hus-
sey et al. [9] at the hospital level. Then, a three-step search
process was used to identify new studies. First, by applying
the problem, intervention, comparison, and outcome frame-
work [12], we derived the primary keywords. Then, a lim-
ited preliminary search was performed using ScienceDirect,
Scopus, and PubMed to analyze the primary keywords in the
titles, abstracts, and keywords. Following this analysis, the
final keywords were selected (the search was restricted to the
titles and abstracts), and the search strategy was developed.
The search strategy was tailored to individual databases
based on their criteria but always followed the PICO frame-
work (see Appendix A for the full electronic search strategy
used to search PubMed as an example).

A systematic search was performed by following the
search strategy using 4 electronic bibliographic databases,
namely, PubMed (MedLine), Scopus, EconLit (ProQuest),
and ScienceDirect, from 2012 to 2018, and the search was
repeated to identify studies published between 1990 and
2012 (the time horizon of Hussey et al. [9]), while the results
were restricted to studies outside the USA.

Additionally, the references cited in the relevant stud-
ies were manually searched to identify additional relevant
studies.

The retrieved articles were stored in EndNote (version
X8). First, duplicate studies were excluded. Second, the title
and abstract of each study were reviewed by two independ-
ent reviewers (SJ and VW) to exclude irrelevant articles. In
cases where it was difficult to determine the relevance of an
article based on the abstract, the full text was retrieved and
examined by two reviewers (SJ and VW) independently to
determine whether to include the paper. Then, the full texts
of the relevant articles were examined by two reviewers (SJ
and VW) separately using the selection criteria. All disa-
greements were resolved by either discussion or the involve-
ment of a third researcher (JS).

For the literature review of the price-quality of care rela-
tionship, we conducted ad hoc searches and consultations
with experts to derive an initial list of relevant studies, yield-
ing four initial relevant studies [4, 13—15]. While attempting
to derive keywords from these studies for a more systematic
review, it became evident that the studies’ wordings were
highly heterogeneous such that no common keywords could
be identified. Searching by terms, such as ‘price’, ‘quality of
care’, and ‘hospitals’, yielded overflowing lists with less than
1% of the results being relevant to our context. Therefore,
we decided to rely on backward and forward searching of
the initial studies while assuming that we could identify the
most relevant and influential studies concerning the “price-
quality” association.

2.2 Selection Criteria

The studies were included if they were published, analyzed
the association between cost/price and the quality of care in
the hospital setting, employed quantitative methodology and
were available (full text) in English.

We restricted the quality of care measurement to out-
come and process measures as valid and reliable indicators
of what actually occurs in medical practice [16]. Moreover,
we restricted the cost/price measures to monetary measures.
Eight studies included by Hussey et al. [9] were excluded
because they relied on a care intensity index, which is a
nonmonetary measure (4 studies), composite quality meas-
ure (i.e. composite measure of 30-day mortality and kidney
transplant volume), which was not based on outcome or
process measures (1 study), patient experience (1 study),
caregiver rating of the patients’ quality of death (1 study),
and a structure measure (1 study).

No restrictions were imposed on the study design or dura-
tion. Articles were excluded if they were reviews or nonpri-
mary articles (newspaper articles, editorials, book chapters,
and conference abstracts).

! The authors continued to add new results up to March 2019.
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2.3 Data Extraction

To ensure that all data relevant to the question of interest
of the review were collected, the data were entered into
two tables. Table 1 provides information regarding the
characteristics of each study, e.g. the population and data
years. Another table (see Appendix C) provides informa-
tion regarding each finding, i.e. association. As one study
can have more than one finding, this table is more detailed
and includes information regarding the type of cost/price
measure, type of quality measure, and clinical condition
investigated per association tested. All disagreements were
resolved by either discussion or the involvement of a third
researcher (JS).

The extracted data included the articles’ title, author,
year of the study, the country in which the study was con-
ducted, samples and years of data collection, study design,
clinical condition(s) investigated, types of quality measures,
types of cost/price measures, methodological approach, and
the direction of the association/causality between hospital
cost/price and the quality of care. As some studies reported
more than one result (i.e. different countries, conditions, and
quality and/or cost measures), the number of data entries
(“results,” “associations”) exceeds the number of studies.

2.4 Data Analysis

The extracted data were analyzed using a narrative format.
As the studies were highly heterogeneous, a meta-analysis
was not performed.

The main study outcome of interest was the direction and
statistical significance of the reported association between
the hospital cost/price and the quality of care. We evalu-
ated the direction of the association by indicating whether
the association was (significantly linear/nonlinear) positive,
(significantly linear) negative, (significantly) U-shaped/
inverted U-shaped, or not significant.

Statistically significant (p <0.1) results were classified
according to the direction of the association. Some empiri-
cal studies revealed a simple, linear cost-quality relationship
and assumed a constant marginal cost associated with qual-
ity improvement. A linear positive (negative) association
implies that the higher the hospital cost/price, the higher
(lower) the quality of care. If different ordered categories
were compared with a reference group, when either at least
75% of the coefficients reported were significantly linear
positive/negative or all coefficients were in the same direc-
tion with at least one being significant, the direction of the
association was classified as positive/negative.

Additionally, some other studies assumed that the mar-
ginal cost may vary over the range of quality. These studies
allowed for a nonlinear association between costs and quality
by including the squared terms in their estimation model.
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If the squared term was significant, the associations were
coded as nonlinear. Such significant nonlinear associations
were further categorized into the following three possible
forms: (i) U-shaped relationship (i.e. in the lower range of
quality, quality improves as costs decrease; however, after a
certain threshold, higher quality can only be achieved with
higher costs); (ii) inverted-U relationship (i.e. in the lower
range of quality, quality improves with increasing costs;
however, after a threshold, significant quality improve-
ment can be achieved with relatively small increments in
cost (decreasing marginal cost); and (iii) nonlinear posi-
tive relationship (i.e. quality improvement is achieved with
increasing costs but decreasing marginal returns) (see Figs. 1
and 2). These forms were identified based on the authors’
reports. In the results section, we merged the significant lin-
ear positive and nonlinear positive relationships due to their
positive direction. Studies that did not find/report a signifi-
cant result (p > 0.1) were coded as not significant.

The quality of care measures were classified into the fol-
lowing two categories: outcome (e.g. mortality, readmis-
sion, complication/morbidity, quality of life indexes, and
composite measures) and process measurements. Process
indicators vary depending on the clinical conditions inves-
tigated; therefore, we classified the process indicators based
on the clinical condition [i.e. process measures for CABG,
pneumonia, congestive heart failure (CHF), acute myocar-
dial infarction (AMI), and stroke]. For instance, two process
measures for CABG are prophylactic antibiotic administered
on the day of the intervention and antibiotic discontinued
within 48 h.

The cost measures were classified into the following two
categories: (i) accounting costs reflecting the best use of hos-
pital resources (measured by the providers’ accounting sys-
tem or cost-to-charge ratio) and (ii) costs due to inefficiency,
i.e. costs associated with waste or inefficiency, obtained from
a cost frontier analysis or data envelopment analysis. As very
few studies assessed cost due to inefficiency, we do not dif-
ferentiate the two categories in the results section.

The price measures were based on price/reimbursement,
which reflects the payment that hospitals or other healthcare
providers receive for providing medical services to patients
(this could be a DRG-based payment or other reimbursement
and price changes).

The clinical conditions were classified into the following
6 main categories: (i) AMI, (ii) CHF, (iii) pneumonia, (iv)
stroke, (v) CABG, and (vi) hip replacement/fracture. We fur-
ther aggregated various surgical procedures that had fewer
than 5 associations into one category named other surgical
procedures, which included vascular surgery, colectomy,
abdominal aortic aneurysm repair, cholecystectomy, gen-
eral surgery, orthopedic surgery, cardiothoracic or gastroin-
testinal operation, knee replacement surgery, varicose vein
surgery, and groin hernia surgery. Moreover, we aggregated
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Table 1 (continued)

Data years

Sample characteristics and size

Study (ref.) (year), country

2003-2007

Nationwide Inpatient Sample of 2,635,510 patients admitted to 1201 US acute-care hospi-

Romely et al. [60] (2013), USA

tals for 6 major medical conditions
35,446 children aged < 18 undergoing surgery for CHF admitted to 332 US acute-care

2003, 2006, and 2009

Romely et al. [61] (2014), USA

hospitals

2005

48,574 pneumonia patients aged > 18 admitted to 189 New York hospitals

20,926 patients from 261 acute-care hospitals enrolled in the QIP

Saleh et al. [62] (2012), USA
Sasaki et al. [63] (2017), Japan

2010-2011

2000-2006
2004-2006

2010

116 VHA hospitals with 35,279 patients with hospitalization for AMI

Schreyogg & Stargardt [64] (2010), USA
Stargardt et al. [14] (2014), Germany

Yeh et al. [65] (2014), USA

Patients with an admission for AMI, insured in TK in 318 German hospitals

A 20% stratified sample of HCUP-NIS discharges with a primary diagnosis of acute pan-

creatitis from community US hospitals

AMI acute myocardial infarction, CABG coronary artery bypass grafting, CHF congestive heart failure, DRG diagnosis-related group, ED emergency department, GI gastrointestinal, HCUP-NIS

Healthcare Cost and Utilization Project-Nationwide Inpatient Sample, QIP quality improvement plan, 7K Techniker Krankenkasse, VHA Veterans Health Administration

all diverse medical conditions with fewer than 5 associations
into one category named other medical conditions, which
included circulatory system diseases, cerebrovascular disor-
der, bronchitis and asthma, cardiac arrhythmia, angina pec-
toris, gastrointestinal hemorrhage, esophagitis, nutritional
disorders, sepsis, emergency medical conditions, pediatric
critical care, psychosomatic patients with somatoform pain
disorder, and acute pancreatitis. Studies that either consid-
ered no specific conditions or all patients overall were cat-
egorized as indeterminate.

The countries were classified into twelve categories,
including the USA, Canada, the UK, Germany, Italy, Spain,
France, Hungary, Japan, Korea, Nordic countries (i.e. Swe-
den, Norway, Finland, and Denmark), and associations based
on pooled sample countries.

The systematic search included the years between 1990
and 2018. We distinguished among the following three
periods of approximately 10 years each: (i) 1990-1999, (ii)
2000-2009, and (iii) 2010-2018.

We classified the studies’ methods by the degree to which
they approximated the causal effect based on the method
used to address confounding as follows: (i) experimental
studies, including RCT and natural or quasi-experiments
(e.g. difference-in-difference design); none of our reviewed
studies used an experimental design; (ii) nonexperimental
studies using techniques that control for unobservables, such
as an instrumental variable approach; (iii) studies controlling
for observables to adjust for confounding via a regression
approach (e.g. panel or cross-section); and (iv) studies using
a correlation analysis.

3 Results

In total, 4416 articles were retrieved from the systematic
search for studies newer than 2012 and studies conducted
outside the USA between 1990 and 2012. After removing
duplicates, 2225 articles remained. Following the exclusion
of articles based on the titles or abstracts, 54 articles were
subjected to full-text reading. The full texts of the included
studies were independently examined by two reviewers. On
the basis of the inclusion and exclusion criteria, 22 articles
were included through the systematic search (see Fig. 3).
In addition, 21 studies included by Hussey et al. and four
initial studies investigating the ‘price-quality’ relationship
were added to our final review (i.e. a total of 47 studies). No
additional articles were identified by searching the reference
lists of these four studies. Moreover, all studies identified
through the forward search had already been detected by
the systematic search processes targeting the cost-quality
relationship.

In total, 47 studies were included in the review, includ-
ing nine studies that analyzed the price-quality relationship
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and 38 studies that assessed the cost-quality relationship. In
these 47 studies, 225 associations between cost/price and
quality measures were reported. The data extracted from the
included studies are presented in Table 1, Appendix B (study
level), and Appendix C (association level).

Most studies (66%) were conducted in the USA, 29% of
the studies were conducted in Europe, and the remaining 5%
of the studies were conducted in Asia. Additionally, most
studies (69%) were published between 2010 and 2018.

The evidence regarding the association between cost/
price and the quality of care is summarized in Appendix C.
The included studies were widely heterogeneous in terms
of the cost measures, quality measures, clinical conditions,
countries, and methods used to control for observables and
unobservables.

Overall, 74 (33%) associations between the unit cost/price
and the unit quality were significantly positive, 33 (15%)
associations were significantly negative, 11 (5%) associa-
tions were significantly U-shaped/inverted-U-shaped, and
105 (47%) associations were not significant.

3.1 Findings by Cost/price Measurement

Among the included studies, cost/price was assessed via
multiple indicators (Table 2). Of the 225 associations, 165
(73%) were based on cost measures (accounting costs or
costs due to inefficiency), while 60 (27%) associations relied
on price/reimbursement measures. Compared to the stud-
ies using cost measures, a larger share of the significant
positive associations occurred in the studies based on price
measures (33% vs 37%, respectively). Overall, the results of
the associations were more mixed among the cost measure
associations.

3.2 Findings by the Quality of Care Measurement

As presented in Table 2, the quality of care was assessed
using different outcome and process indicators. The outcome
indicators comprised the following five main categories:
mortality, readmission, complication/morbidity, composite
measures, and quality of life indexes. These five categories
consist of several subcategories or different measures. Mor-
tality comprises in-hospital, infant and posthospital mortal-
ity (i.e. 30-day, 6-month, 1-, 2- and 3-year mortality, and
time to death with a maximum of 365 days). Readmission
covers return periods of 14 days, 30 days, and one year. The
quality-of-life indexes include generic PROM (such as the
EQ-5D and EQ-VAS), condition-specific PROM (including
the Oxford Hip Score, Oxford Knee Score, and Aberdeen
Varicose Vein Questionnaire), the Health Activity Limita-
tions index, and the overall functioning of mental health
(MCS-8 score).
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In total, 192 (85%) associations relied on the outcome
quality of care measures, while only 33 (15%) associations
were based on process measures. The most commonly used
outcome measure was mortality (140 of 192, 73%). Among
the 140 studies using mortality, most relied on the 30-day
mortality (63 of 140, 45%) or in-hospital mortality (57 of
140, 41%).

The share of nonsignificant associations reported when
process measures were used was lower than that when out-
come measures were used (36-48%). The shares of both sig-
nificant positive and significant negative associations using
process measures were higher than those using outcome
measures. When further differentiating among the types of
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outcome measures, the share of significant negative associa-
tions was especially high using complications/comorbidities
as the quality measure. This result is intuitive because as a
negative quality outcome, complications have the highest
potential to increase costs (i.e. the lower the quality and the
greater the number of complications, the higher the costs).

3.3 Findings by Clinical Condition(s)

Of the reviewed studies, 89% focused on specific condi-
tions, and the other 11% of the studies considered either no
specific conditions or all patients. Of those that focused on
specific condition(s), the most commonly studied conditions
were surgical procedures (32 of 201, 16%), AMI (30 of 201,
15%), stroke (28 of 201, 14%), pneumonia (20 of 201, 10%),
and CHF (19 of 201, 9%). The most positive evidence of an
association between cost/price and the quality of care was
observed in AMI, CHF, and stroke. Among the 30 studies
investigating AMI, 21 (70%) found a significantly positive
association; of the 19 studies investigating CHF, 12 (63%)
found a significantly positive association; and of the 28
studies investigating stroke, 14 (50%) found a significantly
positive association. Relatively higher shares of significantly
negative associations were found in the other surgical proce-
dures (12 of 32 associations, 38%), CABG (4 of 11, 36%),
and pneumonia (6 of 20, 30%). The share of nonsignificant
associations was especially high in the other medical condi-
tions (32 of 49, 65%) and pneumonia (13 of 20, 65%).

3.4 Findings by Country

In total, 148 of 225 or 66% of all associations were based on
US data. The second most frequent data source was Nordic
countries (Denmark, Sweden, Finland, and Norway), with
an aggregate of 32 associations. Only two other countries—
Japan and the UK—yielded at least 10 associations. Among
the countries with at least 10 associations, the findings of
two data origins deviate substantially from the overall dis-
tribution of findings as follows: the Japanese data had a
high share of significantly positive findings (6 of 10, 60%),
and the UK data had a high share of U-shaped associations
(27%).

3.5 Findings by Year

Most studies were conducted during the last period (from
2010 to 2018, representing 69% of all associations), and the
share of nonsignificant associations decreased over time
(from 68% in 1990-1999 to 40% in 2010-2018). The most
mixed results were reported during the period from 2000
to 20009.

3.6 Findings by Methodological Approach

The included studies exhibited considerable heterogeneity
in methodology. Of the 225 associations, 8 (4%) studies
used a correlation analysis, 163 (72%) studies controlled
for observables via a regression analysis (e.g. panel or cross-
section), and 54 (24%) studies controlled for unobservables
using instrumental variables to address confounding.

As the degree of sophistication and approximation of
the true causal effect increased, the share of nonsignificant
associations decreased (from 75% in the studies using cor-
relation analyses to 32% in the studies using IV analyses).
Of all methods, the IV approach yielded the highest share
of positive associations (50% compared to 29% or less in the
studies using other methods).

3.7 Findings by Price Measurement Sub-section

In the final step, we focused on the findings of studies using
price, as these studies have not been previously subjected to
a literature review. In particular, we aim to assess whether a
distinct picture emerges regarding findings solely based on
the price-quality relationship. The 60 associations included
are divided by the previously used categorizations and sum-
marized in Table 3. In total, as already displayed in Table 2,
the associations are slightly more often significantly posi-
tive, and no study found a U-shaped relationship between
price and the quality of care.

Regarding the quality-of-care measurement, 53 (88%)
associations relied on an outcome quality measure, while
only 7 (12%) associations were based on process measures.
The most commonly used outcome measure was mortal-
ity (40 of 53, 75%). Process measures were investigated
only in the case of stroke, and when process measures were
used, the share of nonsignificant associations was lower
than that when outcome measures were used (14-39%). Of
the reviewed studies investigating the price-quality associa-
tion, the most commonly studied conditions were medical
conditions (24 of 56, 43%). The most positive evidence
was observed in stroke, AMI, and CHF. In total, 83% of all
associations were based on US data, and the Japanese data
had a high share of significantly positive findings (6 of 9,
60%). Most studies were conducted during the last period
(from 2010 to 2018, representing 50% of all associations),
and the share of nonsignificant associations decreased over
time (from 85% in 1990-1999 to 17% in 2010-2018). Of all
methods, the IV approach yielded the highest share of posi-
tive associations (87.5% compared to 67% or less in studies
using other methods).
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Fig.3 Flow diagram of the literature search

4 Discussion

In this study, we conducted a systematic literature review to
identify and summarize evidence regarding the association
between cost/price and the quality of care in the hospital
setting. To the best of our knowledge, this study represents
the first comprehensive systematic literature review focus-
ing on the association between cost/price and the quality of
care that is not geographically restricted. The most frequent
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finding in our included studies was a nonsignificant associa-
tion between price/cost and the quality of care (47% of all
associations). We conducted a systematic review to synthe-
size the evidence regarding the association between hospital
cost/price and the quality of care and identify sources of
heterogeneity across studies. To date, only one systematic
review performed by Hussey et al. [9] analyzed the associa-
tion between cost and the quality of care and aggregated
and reported the results at the study level [9]. Our findings
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Table 2 Overview on study findings on the cost/price-quality relationship in total and for different subcategories

Sign linear/non-  Sign linear negative  Sign non-linear Not sign Total
linear positive U-shaped/ inverted
U-shaped
(n) (% of ni) (n) (% of ni) (n) ( % of ni) (n) (% ofni)  (n;) (% of 225)
Total 76 (33%) 33 (15%) 11 (5%) 105 (47%) 225 (100%)
Cost/price measure
Price/reimbursement 22 (37%) 7 (11%) 0(0%) 31 (52%) 60 (27%)
Cost (aggregate) 54 (33%) 26 (16%) 11 (6%) 74 (45%) 165 (73%)
Quality of care measure
Outcome 62 (32%) 26 (14%) 11 (6%) 93 (48%) 192 (85%)
Mortality 56 (40%) 12 (9%) 4 (3%) 68 (49%) 140 (62%)
Readmission 3 (25%) 1 (8%) 3(25%) 5 (42%) 12 (5%)
Complication/morbidity 0 (0%) 12 (46%) 1 (4%) 13 (50%) 26 (12%)
Quality of Life Index (QoL) 3 (23%) 1 (8%) 3(23%) 6 (46%) 13 (6%)
Composite measure 0 (0%) 0 (0%) 0(0%) 1 (100%) 1 (05%)
Process measures 14 (43%) 7 (21%) 0 (0%) 12 (36%) 33 (15%)
Process (unspecified) 1 (100%) 0 (0%) 0(0%) 0(0%) 1 (05%)
CABG process measure 2 (29%) 3 (43%) 0 (0%) 2 (29%) 7 3%)
Pneumonia process measure 0 (0%) 4 (33%) 0 (0%) 8 (67%) 12 (5%)
CHF process measure 4 (80%) 0 (0%) 0 (0%) 1 (20%) 52%)
AMI process measure 1 (100%) 0 (0%) 0 (0%) 0 (0%) 1 (05%)
Stroke process measure 6 (86%) 0 (0%) 0 (0%) 1 (14%) 7 3%)
Clinical conditions
AMI 21 (70%) 0 (0%) 0 (0%) 9 (30%) 30 (135%)
CHF 12 (63%) 4 (21%) 0 (0%) 3 (16%) 19 (8%)
Pneumonia 1 (5%) 6 (30%) 0 (0%) 13 (65%) 20 (9%)
Stroke 14 (50%) 0 (0%) 2 (7%) 12 (43%) 28 (125%)
CABG 2 (18%) 4 (36%) 0 (0%) 5 (45%) 11 (5%)
Hip fracture/replacement 1(8%) 1 (8%) 4 (33%) 6 (50%) 12 (5%)
Other surgical procedures 5 (16%) 12 (38%) 3 (9%) 12 (38%) 32 (14%)
Other medical conditions 11 (22%) 4 (8%) 2 (4%) 32 (65%) 49 (22%)
Not available conditions 9 (38%) 2 (8%) 0 (0%) 13 (54%) 24 (11%)
Country
Canada 2 (100%) 0 (0%) 0 (0%) 0 (0%) 2 (1%)
Germany 2 (50%) 0 (0%) 0 (0%) 2 (50%) 4 (2%)
Italy 3 (75%) 0 (0%) 0 (0%) 1 (25%) 4 (2%)
Nordic countries (Denmark, Estonia, 8 (25%) 4 (1%) 3 (9%) 17 (53%) 32 (14%)
Finland, Iceland, Norway, Sweden)
Japan 6 (60%) 0 (0%) 0 (0%) 4 (40%) 10 4%)
Korea 0 (0%) 0 (0%) 0 (0%) 1 (100%) 1 (05%)
France 0 (0%) 0 (0%) 0 (0%) 2 (100%) 2 (1%)
Hungary 2 (50%) 0 (0%) 1 (25%) 1 (25%) 4 (2%)
Spain 0 (0%) 0 (0%) 0 (0%) 2 (100%) 2 (1%)
UK 1 (9%) 1 (9%) 3 (27%) 6 (55%) 11 5%)
USA 49 (33%) 28 (19%) 4 (3%) 67 (45%) 148 (66%)
Pooled Sample 3 (60%) 0 (0%) 0 (0%) 2 (40%) 5(25%)
Year
1990-1999 3 (8%) 5 (14%) 4 (11%) 25 (68%) 37 (16%)
2000-2009 14 (41%) 2 (6%) 0 (0%) 18 (53%) 34 (15%)
2010-2019 59 (38%) 26 (17%) 7 (5%) 62 (40%) 154 (69%)
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Table 2 (continued)

Sign linear/non-  Sign linear negative ~ Sign non-linear Not sign Total
linear positive U-shaped/ inverted
U-shaped
(n) ( % of ni) (n) ( % of ni) (n) ( % of ni) (m) (% ofni)  (n;) (% of 225)
Methods

Correlation 2 (25%) 0 (0%) 0 (0%) 6 (75%) 8 (4%)
Cfo—regression approach 47 (29%) 29 (18%) 5(3%) 82 (50%) 163 (72%)
CfU—IV approaches 27 (50%) 4 (7%) 6 (11%) 17 (32%) 54 (24%)

CfO controlling for observables, CfU controlling for unobservables, /V instrumental variable

are partially contradictory to those reported by Hussey et al.
[9], who found nonsignificant or mixed findings in only 26%
of their studies. Some differences can be explained by our
inclusion of price instead of only costs, the inclusion of the
clinical conditions investigated in each paper, the addition of
countries other than the USA, and the longer time frame, all
leading to increases in the share of nonsignificant findings.
Moreover, a large part might also be due to differences in
the classification of the results and the level of aggregation
(study level vs association level).

In summary, we find highly mixed evidence of the asso-
ciation. One potential explanation is the multiple ways that
price and cost can relate to the quality of care. Another
explanation might be the high heterogeneity across the
included studies. Most notably, the overall pattern of the
relationships between hospitals’ price-quality and cost-
quality were quite similar. Indeed, some variations can be
explained by the studies’ characteristics. In particular, we
find that the proportion of studies that detected a signifi-
cantly positive association is higher when: (a) price/reim-
bursement is used (instead of cost); (b) process measures are
used (instead of outcome measures); (c) the focus is on AMI,
CHF, and stroke patients (instead of patients with other clini-
cal conditions or all patients); and (d) the methodological
approach used to address confounding is more sophisticated.
In the following, we discuss the extent to which these results
can be explained to increase our understanding of the cost/
price-quality of care relationship.

Regarding our findings, the share of positive associations
between cost/price and the quality of care is higher when
price is assessed instead of cost. One potential mechanism
implies that in the face of a price increase for a particu-
lar diagnosis or treatment, more patients may be admitted
to the hospital (i.e. volume increases), which could lead
to a higher quality of care due to institutional learning [8,
17, 18]. Moreover, higher prices might enable hospitals to
spend more on service provision, which might have a posi-
tive effect on the quality of care. This line of argument is
supported by prior evidence showing that when the price/
cost margins are high, hospitals may compete in quality to
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attract more patients [19]. This view is also consistent with
the traditional profit-maximization model of hospital behav-
ior, which predicts that a reduction in price will lead to a
reduction in quality [3]. However, the profit-maximization
model might not adequately describe a hospital’s decision
making because a high proportion of hospitals are organ-
ized as not-for-profit institutions. Therefore, as described in
Newhouse’s [21] theory of nonprofit behavior, hospitals use
the excess of payments over costs for those patient groups
that are profitable to expand the quality of services [20, 21].

Based on our findings, the share of positive associations
between cost/price and the quality of care is higher when
process rather than outcome measures are assessed. Process
measures might be more sensitive to changes in a hospi-
tal’s cost/price and more reflective of the factors under the
hospital’s control than outcome measures [22]. Moreover,
changes in process measures might affect the hospital cost.
For example, providing appropriate care frequently requires
additional physician visits and medications [23].

Regarding our findings, the share of positive associations
between cost/price and the quality of care is higher when
the focus is on AMI, CHF, and/or stroke patients (instead of
patients with other clinical conditions or all patients). Notably,
in contrast to many other conditions, AMI, CHF, and stroke are
emergency conditions. For these conditions, the steering and
organization of emergency pathways (e.g. centralization and tel-
emedicine) lead to an increase in patients, and costs are higher
due to 24/7 infrastructure and operation (contingency) costs. In
this case, quality (particularly mortality measures) should also
increase because of the volume/outcome relationship.

Based on our findings, the share of positive associations
between cost/price and the quality of care is higher when
the methodological approach used to address confounding is
more advanced. Endogeneity is clearly an issue in the price/
cost-quality relationship, e.g. due to the high risk of omitted
variable bias (e.g. insufficient risk adjustment, unobserved
variations in hospital equipment and organization of service
provision). If methods that more appropriately rule out endo-
geneity bias find stronger support, this might imply that the
other studies underestimate the true effect.
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Tablg 3 Over Vie“.’ on S““?y Sign linear positive  Sign linear negative ~ Not sign Total
findings on the price-quality . . . .
relationship in total and for (n) (% of ni) (n) (% of ni) (n) (% of ni)  (ni) (% of 60)
different subcategories Total price/reimbursement 22 (37%) 7 (115%) 31(515%) 60 (100%)
Quality of care measure
Outcome 16 (30%) 7 13%) 21 (39%) 53 (88%)
Mortality 16 (40%) 4 (10%) 20 (50%) 40 (67%)
Readmission 0 (0%) 0 (0%) 1 (100%) 1(1%)
Complication/morbidity 0 (0%) 3 (25%) 9 (75%) 12 (20%)
Process measures 6 (86%) 0 (0%) 1 (14%) 7 (12%)
Stroke process measure 6 (86%) 0 (0%) 1 (14%) 7 (12%)
Clinical conditions
AMI 4 (67%) 0 (0%) 2 (33%) 6 (10%)
CHF 2 (67%) 1 (34%) 0 (0%) 3(5%)
Stroke 9 (75%) 0 (0%) 3 (25%) 12 (20%)
Pneumonia 0 (0%) 1 (34%) 2 (66%) 3(5
Hip fracture/replacement 1 (100%) 0 (0%) 0 (0%) 1 (15%)
Other surgical procedures 4 (57%) 3 (43%) 0 (0%) 7 (115%)
Other medical conditions 2 (85%) 2 (85%) 20 (83%) 24 (40%)
Not available conditions 0 (0%) 0 (0%) 4 (100%) 4 (7%)
Country
Germany 1 (100%) 0 (0%) 0 (0%) 1 2%)
Japan 6 (60%) 0 (0%) 3 (40%) 9 (15%)
USA 15 (30%) 7 (14%) 28 (56%) 50 (83%)
Year
1990-1999 1 (4%) 3(11%) 22 (85%) 26 (43%)
2000-2009 0 (0%) 0 (0%) 4 (100%) 4 (7%)
2010-2018 21 (70%) 4 (13%) 5 (17%) 30 (50%)
Methods
CfO a multivariable model 6 (67%) 0 (0%) 3 (34%) 9 (15%)
(cross-section)
CfO b multivariate model 9 (21%) 7 (16%) 27 (63%) 43 (72%)
CfU—IV approaches 7 (875%) 0 (0%) 1 (125%) 8 (13%)

CfO controlling for observables, CfU controlling for unobservables, /V instrumental variable

During our analysis, we observed that only a small share
of studies tested for a nonlinear cost-quality relationship.
Among these studies, U-shaped/inverted U-shapes relation-
ships were assessed mostly in studies using more advanced
econometric methods (e.g. the IV approach) and those con-
centrating on hip fracture/replacement conditions.

The current systematic review is subject to several limita-
tions. First, the heterogeneity in the studies’ criteria limited
our ability to perform a quantitative synthesis or any other
comparisons across the studies. In addition, this review was
limited by the quality of the included studies. Moreover,
there is a possibility of publication bias because no gray
literature was searched, and non-English language publica-
tions were excluded.

Although our study may answer important questions
regarding the association between cost/price and the qual-
ity of care, other related questions may remain unanswered.

Given our findings, we observed some differences in the
associations between surgical and medical conditions.
Future work could explain the reason for these differences.
Additionally, we focus on several critical design character-
istics that may alter the association between cost/price and
the quality of care; however, some other characteristics, such
as market characteristics (e.g. competition), might be able to
explain some differences in the cost/price-quality relation-
ship.? For example, hospitals with a large number of beds
relative to the population size might have more competition
for nurses, which increases labor costs [24]. This review
also suggests that more research is needed to generate robust
evidence regarding the association between cost/price and
the quality of care.

In conclusion, our review suggests that there is no gen-
eral relationship between cost/price and the quality of care.

2 None of the included studies controlled for such covariates.
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However, when accounting for endogeneity, the evidence
suggests that a positive relationship exists. Additionally,
the relationship appears to depend on the condition and the
specific resource utilization. Thus, the potential to increase
the quality of care while maintaining or reducing the price
and cost levels is low for several conditions, while for other
conditions, the evidence is inconclusive. Moreover, differ-
ent countries/regions have different regulations for quality
assurance (e.g. staffing regulation, mortality and morbidity-
conferences, technology use, and minimum volumes), which
clearly has an effect on cost and quality. Therefore, policy
makers should be prudent with the measures used to reduce
hospital costs to avoid endangering the quality of care, espe-
cially in resource-sensitive settings.
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