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Impact of Price Display on Provider Ordering: A Systematic Review
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BACKGROUND: Displaying order prices to physicians is 1
potential strategy to reduce unnecessary health expendi-
tures, but its impact on patterns of care is unclear.

OBJECTIVE: To review characteristics of previous price dis-
play interventions, impact on order costs and volume,
effects on patient safety, acceptability to physicians, and
the quality of this evidence.

DESIGN: Systematic review of studies that showed numeric
prices of laboratory tests, imaging studies, or medications to
providers in real time during the ordering process and eval-
uated the impact on provider ordering. Two investigators
independently extracted data for each study and evaluated
study quality using a modified Downs and Black checklist.

RESULTS: Of 1494 studies reviewed, 19 met inclusion crite-
ria, including 5 randomized trials, 13 pre-post intervention
studies, and 1 time series analysis. Studies were published

between 1983 and 2014. Of 15 studies reporting the quanti-
tative impact of price display on aggregate order costs or
volume, 10 demonstrated a statistically significant decrease
in the intervention group. Price display was found to
decrease aggregate order costs (9 of 13 studies) more fre-
quently than order volume (3 of 8 studies). Patient safety
was evaluated in 5 studies and was unaffected by price dis-
play. Provider acceptability tended to be positive, although
evidence was limited. Study quality was mixed, with check-
list scores ranging from 5/21 to 20/21.

CONCLUSIONS: Provider price display likely reduces order
costs to a modest degree. Patient safety appeared
unchanged, though evidence was limited. More high-quality
evidence is needed to confirm these findings within a mod-
ern context. Journal of Hospital Medicine 2016;11:65-76.
© 2015 Society of Hospital Medicine

Rising healthcare spending has garnered significant
public attention, and is considered a threat to other
national priorities. Up to one-third of national health
expenditures are wasteful, the largest fraction
generated through unnecessary services that could be
substituted for less-costly alternatives or omitted alto-
gether.! Physicians play a central role in health spend-
ing, as they “purchase” nearly all tests and therapies
on behalf of patients.

One strategy to enhance cost-conscious physician
ordering is to increase transparency of cost data for
providers.>™ Although physicians consider price an
important factor in ordering decisions, they have diffi-
culty estimating costs accurately or finding price infor-
mation easily.>® Improving physicians’ knowledge of
order costs may prompt them to forego diagnostic
tests or therapies of low utility, or shift ordering to
lower-cost alternatives. Real-time price display during
provider order entry is 1 approach for achieving this
goal. Modern electronic health records (EHRs) with
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computerized physician order entry (CPOE) make
price display not only practical but also scalable. Inte-
grating price display into clinical workflow, however,
can be challenging, and there remains lack of clarity
about potential risks and benefits. The dissemination
of real-time CPOE price display, therefore, requires an
understanding of its impact on clinical care.

Over the past 3 decades, several studies in the medi-
cal literature have evaluated the effect of price display
on physician ordering behavior. To date, however,
there has been only 1 narrative review of this litera-
ture, which did not include several recent studies on
the topic or formally address study quality and physi-
cian acceptance of price display modules.” Therefore,
to help inform healthcare leaders, technology innova-
tors, and policy makers, we conducted a systematic
review to address 4 key questions: (1) What are the
characteristics of interventions that have displayed
order prices to physicians in the context of actual
practice? (2) To what degree does real-time display of
order prices impact order costs and order volume? (3)
Does price display impact patient safety outcomes,
and is it acceptable to providers? (4) What is the qual-
ity of the current literature on this topic?

METHODS

Data Sources

We searched 2 electronic databases, MEDLINE and
Embase, using a combination of controlled vocabulary
terms and keywords that covered both the targeted
intervention (eg, fees and charges) and the outcome of
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interest (eg, physician’s practice patterns), limited to
English language articles with no restriction on coun-
try or year of publication (see Supporting Information,
Appendix 1, in the online version of this article). The
search was run through August 2014. Results from
both database searches were combined and duplicates
eliminated. We also ran a MEDLINE keyword search
on titles and abstracts of articles from 2014 that were
not yet indexed. A medical librarian was involved in
all aspects of the search process.®

Study Selection

Studies were included if they evaluated the effect of
displaying actual order prices to providers during the
ordering process and reported the impact on provider
ordering practices. Reports in any clinical context and
with any study design were included. To assess most
accurately the effect of price display on real-life order-
ing and patient outcomes, studies were excluded if:
(1) they were review articles, commentaries, or edito-
rials; (2) they did not show order prices to providers;
(3) the context was a simulation; (4) the prices dis-
played were relative (eg, $/$$/$$$) or were only
cumulative; (5) prices were not presented real-time
during the ordering process; or (6) the primary out-
come was neither order costs nor order volume. We
decided a priori to exclude simulations because these
may not accurately reflect provider behavior when
treating real patients, and to exclude studies showing
relative prices due to concerns that it is a less signifi-
cant price transparency intervention and that pro-
viders may interpret relative prices differently from
actual prices.

Two reviewers, both physicians and health service
researchers (M.T.S. and T.R.B.), separately reviewed
the full list of titles and abstracts. For studies that
potentially met inclusion criteria, full articles were
obtained and were independently read for inclusion in
the final review. The references of all included studies
were searched manually, and the Scopus database was
used to search all studies that cited the included stud-
ies. We also searched the references of relevant litera-
ture reviews.”'! Articles of interest discovered
through manual search were then subjected to the
same process.

Data Extraction and Quality Assessment
Two reviewers (M.T.S. and T.R.B.) independently per-
formed data extraction using a standardized spread-
sheet. Discrepancies were resolved by reviewer
consensus. Extracted study characteristics included
study design and duration, clinical setting, study size,
type of orders involved, characteristics of price display
intervention and control, and type of outcome. Find-
ings regarding patient safety and provider acceptabil-
ity were also extracted when available.

Study quality was independently evaluated and
scored by both reviewers using the Downs and Black

checklist, designed to assess quality of both random-
ized and nonrandomized studies.'® The checklist con-
tains 5 items pertaining to allocation concealment,
blinding, or follow-up that are not applicable to an
administrative intervention like price display, so these
questions were excluded. Additionally, few studies cal-
culated sample size or reported post hoc statistical
power, so we also excluded this question, leaving a
modified 21-item checklist. We also assessed each
study for sources of bias that were not already
assessed by the Downs and Black checklist, including
contamination between study groups, confounding of
results, and incomplete intervention or data collection.

Data Synthesis

Data are reported in tabular form for all included
studies. Due to heterogeneity of study designs and
outcome measures, data from the studies were not
pooled quantitatively. This review is reported accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guidelines.

RESULTS

Database searches yielded a total of 1400 articles, of
which 18 were selected on the basis of title and
abstract for detailed assessment. Reference searching
led us to retrieve 94 further studies of possible inter-
est, of which 23 were selected on the basis of abstract
for detailed assessment. Thus, 41 publications under-
went full manuscript review, 19 of which met all
inclusion criteria (see Supporting Information, Appen-
dix 2, in the online version of this article).!*>=3! These
studies were published between 1983 and 2014, and
were conducted primarily in the United States.

Study Characteristics

There was considerable heterogeneity among the 19
studies with regard to design, setting, and scope (Table
1). There were 5 randomized trials, for which the units
of randomization were patient (1), provider team (2),
and test (2). There were 13 pre-post intervention stud-
ies, 5 of which used a concomitant control group, and
2 of which included a washout period. There was 1
interrupted time series study. Studies were conducted
within inpatient hospital floors (8), outpatient clinics
(4), emergency departments (ED) or urgent care facili-
ties (4), and hospital operating rooms (3).

Prices were displayed for laboratory tests (12 stud-
ies), imaging tests (8 studies), and medications (7 stud-
ies). Study scope ranged from examining a single
medication class to evaluating all inpatient orders.
The type of price used for the display varied, with the
most common being the facility charges or
“chargemaster prices” (6 studies), and Medicare prices
(3 studies). In several cases, price display was only 1
component of the study, and 6 studies introduced
additional interventions concurrent with price display,
such as cost-effective ordering menus,>” medication
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FIG. 1. Impact of price display on aggregate order costs and volume.

comparison modules,?® or display of test turnaround
times.'* Seven of the 19 studies were conducted in the
past decade, of which 5 displayed prices within an
EHR.13_17

Order Costs and Volume
Thirteen studies reported the numeric impact of price
display on aggregate order costs (Table 2). Nine of
these demonstrated a statistically significant (P <
0.05) decrease in order costs, with effect sizes ranging
from 10.7% to 62.8%.'3:16:18:20:23.24.28-30 1y reqges
were found for lab costs, imaging costs, and medica-
tion costs, and were observed in both the inpatient
and outpatient settings. Three of these 9 studies were
randomized. For example, in 1 study randomizing 61
lab tests to price display or no price display, costs for
the intervention labs dropped 9.6% compared to the
year prior, whereas costs for control labs increased
2.9% (P < 0.001).'® Two studies randomized by pro-
vider group showed that providers seeing order prices
accrued 12.7% fewer charges per inpatient admission
(P = 0.02) and 12.9% fewer test charges per outpa-
tient visit (P < 0.05).2%*° Three studies found no sig-
nificant association between price display and order
costs, with effect sizes ranging from a decrease of
18.8% to an increase of 4.3%.'”?*?7 These studies
also evaluated lab, imaging, and medication costs, and
included 1 randomized trial. One additional large
study noted a 12.5% decrease in medication costs
after initiation of price display, but did not statisti-
cally evaluate this difference.*’

Eight studies reported the numeric impact of price
display on aggregate order volume. Three of these
demonstrated a statistically significant decrease in

order volume, with effect sizes ranging from 14.2% to
25.5%.1%16:30 Decreases were found for lab and imag-
ing tests, and were observed in both inpatient and
outpatient settings. For example, 1 pre-post study dis-
playing prices for inpatient send-out lab tests demon-
strated a 25.5% reduction in send-out labs per 1000
patient-days (P < 0.001), whereas there was no
change for the control group in-house lab tests, for
which prices were not shown.'* The other 5 studies
reported no significant association between price dis-
play and order volume, with effect sizes ranging from
a decrease of 18.4% to an increase of
5.8%.'7:20:22:2728 These studies evaluated lab, imag-
ing, and medication volume. One trial randomizing by
individual inpatient showed a nonsignificant decrease
of 4.5% in lab orders per admission in the interven-
tion group (P = 0.74), although the authors noted
that their study had insufficient power to detect differ-
ences less than 10%.%” Of note, 2 of the 5 studies
reporting nonsignificant impacts on order volume
(—=3.1%, P = 0.56; and —18.4%, P = 0.12) did dem-
onstrate significant decreases in order costs (—17.1%,
P = 0.04; and —22.0%, P < 0.05).>>*°

There were an additional 2 studies that reported the
impact of price display on order volume for individual
orders only. In 1 time-series study showing lab test
prices, there was a statistically significant decrease in
order volume for 5 of 27 individual tests studied
(using a Bonferroni-adjusted threshold of significance),
with no tests showing a significant increase.'” In 1
pre-post study showing prices for H2-antagonist
drugs, there was a statistically significant 57.1%
decrease in order volume for the high-cost medication,
with a corresponding 58.7% increase in the low-cost
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option.?! These studies did not report impact on
aggregate order costs. Two further studies in this
review did not report outcomes numerically, but did
state in their articles that significant impacts on order
volume were not observed.?®!

Therefore, of the 19 studies included in this review,
17 reported numeric results. Of these 17 studies, 12
showed that price display was associated with statisti-
cally significant decreases in either order costs or vol-
ume, either in aggregate (10 studies; Figure 1) or for
individual orders (2 studies). Of the 7 studies con-
ducted within the past decade, 5 noted significant
decreases in order costs or volume. Prices were
embedded into an EHR in 5 of these recent studies,
and 4 of the 5 observed significant decreases in order
costs or volume. Only 2 studies from the past dec-
ade—1 from Belgium and 1 from the United States—
incorporated prices into an EHR and reported aggre-
gate order costs. Both found statistically significant
decreases in order costs with price display.'*'®

Patient Safety and Provider Acceptability

Five studies reported patient-safety outcomes. One
inpatient randomized trial showed similar rates of
postdischarge utilization and charges between the
intervention and control groups.”” An outpatient
randomized trial showed similar rates of hospital
admissions, ED visits, and outpatient visits between
the intervention and control groups.’® Two pre-post
studies showing anesthesia prices in hospital operating
rooms included a quality assurance review and
showed no changes in adverse outcomes such as pro-
longed postoperative intubation, recovery room stay,
or unplanned intensive care unit admissions.”*** The
only adverse safety finding was in a pre-post study in
a pediatric ED, which showed a higher rate of
unscheduled follow-up care during the intervention
period compared to the control period (24.4% vs
17.8%, P < 0.01) but similar rates of patients “feeling
better” (83.4% vs 86.7%, P = 0.05). These findings,
however, were based on self-report during telephone
follow-up with a 47% response rate.

Five studies reported on provider acceptability of
price display. Two conducted questionnaires as part
of the study plan, whereas the other 3 offered general
provider feedback. One questionnaire revealed that
83% of practices were “satisfied” or “very satisfied”
with the price display.”® The other questionnaire
found that 81% of physicians felt the price display
“improved my knowledge of the relative costs of tests
I order” and similarly 81% “would like additional
cost information displayed” for other orders.'® Three
studies reported subjectively that showing prices
“initially caused questions from most physicians,”"?
but that ultimately, physicians “like seeing this
information”?” and gave feedback that was “generally
positive.”*! One study evaluated the impact of price
display on provider cost knowledge. Providers in the

intervention group did not improve in their cost-
awareness, with average errors in cost estimates
exceeding 40% even after 6 months of price display.>®

Study Quality

Using a modified Downs and Black checklist of 21
items, studies in this review ranged in scores from §
to 20, with a median score of 15. Studies most fre-
quently lost points for being nonrandomized, failing
to describe or adjust for potential confounders, being
prone to historical confounding, or not evaluating
potential adverse events.

We supplemented this modified Downs and Black
checklist by reviewing 3 categories of study limitations
not well-reflected in the checklist scoring (Table 3).
The first was potential for contamination between
study groups, which was a concern in 4 studies. For
example, 1 pre-post study assessing medication order-
ing included clinical pharmacists in patient encounters
both before and after the price display intervention.**
This may have enhanced cost-awareness even before
prices were shown. The second set of limitations,
present in 12 studies, included confounders that were
not addressed by study design or analysis. For exam-
ple, the intervention in 1 study displayed not just test
cost but also test turnaround time, which may have
separately influenced providers against ordering a par-
ticular test."* The third set of limitations included
unanticipated gaps in the display of prices or in the
collection of ordering data, which occurred in 5 stud-
ies. If studies did not report on gaps in the interven-
tion or data collection, we assumed there were none.

Even among the 5 randomized trials there were sub-
stantial limitations. For example, 2 trials used individ-
ual tests as the unit of randomization, although
ordering patterns for these tests are not independent
of each other (eg, ordering rates for comprehensive
metabolic panels are not independent of ordering
rates for basic metabolic panels)."®!” This creates
“interference between units” that was not accounted
for in the analysis.’* A third trial was randomized at
the level of the patient, so was subject to contamina-
tion as providers seeing the price display for interven-
tion group patients may have remained cost-conscious
while placing orders for control group patients.”” In a
fourth trial, the measured impact of the price display
may have been confounded by other aspects of the
overall cost intervention, which included cost-effective
test menus and suggestions for reasonable testing
intervals.”’

The highest-quality study was a cluster-randomized
trial published in 1990 specifically measuring the
effect of price display on a wide range of orders.*”
Providers and patients were separated by clinic session
so as to avoid contamination between groups, and the
trial included more than 15,000 outpatient visits. The
intervention group providers ordered 14.3% fewer
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tests than control group providers, which resulted in
12.9% lower charges.

DISCUSSION

We identified 19 published reports of interventions
that displayed real-time order prices to providers and
evaluated the impact on provider ordering. There was
substantial heterogeneity in study setting, design, and
quality. Although there is insufficient evidence on
which to base strong conclusions, these studies collec-
tively suggest that provider price display likely reduces
order costs to a modest degree. Data on patient safety
were largely lacking, although in the few studies that
examined patient outcomes, there was little evidence
that patient safety was adversely affected by the inter-
vention. Providers widely viewed display of prices
positively.

Our findings align with those of a recent systematic
review that concluded that real-time price information
changed provider ordering in the majority of studies.”
Whereas that review evaluated 17 studies from both
clinical settings and simulations, our review focused
exclusively on studies conducted in actual ordering
environments. Additionally, our literature search
yielded 8 studies not previously reviewed. We believe
that the alignment of our findings with the prior
review, despite the differences in studies included,
adds validity to the conclusion that price display likely
has a modest impact on reducing order costs. Our
review contains several additions important for those
considering price display interventions. We provide
detailed information on study settings and interven-
tion characteristics. We present a formal assessment
of study quality to evaluate the strength of individual
study findings and to guide future research in this
area. Finally, because both patient safety and provider
acceptability may be a concern when prices are
shown, we describe all safety outcomes and provider
feedback that these studies reported.

The largest effect sizes were noted in 5 studies
reporting decreases in order volume or costs greater
than 25%.131%18:2324 Thege were all pre-post interven-
tion studies, so the effect sizes may have been exagger-
ated by historical confounding. However, the 2 studies
with concurrent control groups found no decreases in
order volume or cost in the control group.'*'® Among
the 5 studies that did not find a significant association
between price display and provider ordering, 3 were
subject to contamination between study groups,'”***’
1 was underpowered,'” and 1 noted a substantial effect
size but did not perform a statistical analysis.”> We
also found that order costs were more frequently
reduced than order volume, likely because shifts in
ordering to less expensive alternatives may cause costs
to decrease while volume remains unchanged.”**®

If price display reduces order costs, as the majority
of studies in this review indicate, this finding carries
broad implications. Policy makers could promote cost-

Price Display Systematic Review | Silvestri et al

conscious care by creating incentives for widespread
adoption of price display. Hospital and health system
leaders could improve transparency and reduce
expenses by prioritizing price display. The specific ben-
eficiaries of any reduced spending would depend on
payment structures. With shifts toward financial risk-
bearing arrangements like accountable care organiza-
tions, healthcare institutions may have a financial inter-
est in adopting price display. Because price display is
an administrative intervention that can be developed
within EHRs, it is potentially 1 of the most rapidly
scalable strategies for reducing healthcare spending.
Even modest reductions in spending on laboratory
tests, imaging studies, and medications would result in
substantial savings on a system-wide basis.

Implementing price display does not come without
challenges. Prices need to be calculated or obtained,
loaded into an EHR system, and updated periodically.
Technology innovators could enhance EHR software
by making these processes easier. Healthcare institu-
tions may find displaying relative prices (eg, $/$$/$$$)
logistically simpler in some contexts than showing
actual prices (eg, purchase cost), such as when con-
tracts require prices to be confidential. Although we
decided to exclude studies displaying relative prices,
our search identified no studies that met other inclu-
sion criteria but displayed relative prices, suggesting a
lack of evidence regarding the impact of relative price
display as an alternative to actual price display.

There are 4 key limitations to our review. First, the
heterogeneity of the study designs and reported out-
comes precluded pooling of data. The variety of clini-
cal settings and mechanisms through which prices
were displayed enhances the generalizability of our
findings, but makes it difficult to identify particular
contexts (eg, type of price or type of order) in which
the intervention may be most effective. Second,
although the presence of negative studies on this sub-
ject reduces the concern for reporting bias, it remains
possible that sites willing to implement and study
price displays may be inherently more sensitive to pri-
ces, such that published results might be more pro-
nounced than if the intervention were widely
implemented across multiple sites. Third, the mixed
study quality limits the strength of conclusions that
can be drawn. Several studies with both positive and
negative findings had issues of bias, contamination, or
confounding that make it difficult to be confident of
the direction or magnitude of the main findings. Stud-
ies evaluating price display are challenging to conduct
without these limitations, and that was apparent in
our review. Finally, because over half of the studies
were conducted over 15 years ago, it may limit their
generalizability to modern ordering environments.

We believe there remains a need for high-quality
evidence on this subject within a contemporary con-
text to confirm these findings. The optimal methodol-
ogy for evaluating this intervention is a cluster
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randomized trial by facility or provider group, similar
to that reported by Tierney et al. in 1990, with a pri-
mary outcome of aggregate order costs.>® Given the
substantial investment this would require, a large time
series study could also be informative. As most prior
price display interventions have been under 6 months
in duration, it would be useful to know if the impact
on order costs is sustained over a longer time period.
The concurrent introduction of any EHR alerts that
could impact ordering (eg, duplicate test warnings)
should be simultaneously measured and reported.
Studies also need to determine the impact of price dis-
play alone compared to “price comparison” displays
(displaying prices for the selected order along with
reasonable alternatives). Although price comparison
was a component of the intervention in some of the
studies in this review, it was not evaluated relative to
price display alone. Furthermore, it would be helpful
to know if the type of price displayed affects its
impact. For instance, if providers are most sensitive to
the absolute magnitude of prices, then displaying
chargemaster prices may impact ordering more than
showing hospital costs. If, however, relative prices are
all that providers need, then showing lower numbers,
such as Medicare prices or hospital costs, may be suf-
ficient. Finally, it would be reassuring to have addi-
tional evidence that price display does not adversely
impact patient outcomes.

Although some details need elucidation, the studies
synthesized in this review provide valuable data in the
current climate of increased emphasis on price trans-
parency. Although substantial attention has been
devoted by the academic community, technology
start-ups, private insurers, and even state legislatures
to improving price transparency to patients, less focus
has been given to physicians, for whom healthcare pri-
ces are often just as opaque.* The findings from this
review suggest that provider price display may be an
effective, safe, and acceptable approach to empower
physicians to control healthcare spending.

Disclosures: Dr. Silvestri, Dr. Bongiovanni, and Ms. Glover have noth-
ing to disclose. Dr. Gross reports grants from Johnson & Johnson, Med-
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