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Policy Points:

� Dissemination of ChoosingWisely guidelines alone is unlikely to reduce
the use of low-value health services.

� Interventions by health systems to implement Choosing Wisely guide-
lines can reduce the use of low-value services.

� Multicomponent interventions targeting clinicians are currently the
most effective types of interventions.

Context: Choosing Wisely aims to reduce the use of unnecessary, low-value
medical services through development of recommendations related to service
utilization. Despite the creation and dissemination of these recommendations,
evidence shows low-value services are still prevalent. This paper synthesizes
literature on interventions designed to reduce medical care identified as low
value by Choosing Wisely and evaluates which intervention characteristics are
most effective.

Methods: We searched peer-reviewed and gray literature from the inception
of Choosing Wisely in 2012 through June 2019 to identify interventions in
the United States motivated by or using Choosing Wisely recommendations.
We also included studies measuring the impact of ChoosingWisely on its own,
without interventions. We developed a coding guide and established coding
agreement. We coded all included articles for types of services targeted, com-
ponents of each intervention, results of the intervention, study type, and, where
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applicable, study quality. We measured the success rate of interventions, using
chi-squared tests or Wald tests to compare across interventions.

Findings: We reviewed 131 articles. Eighty-eight percent of interventions fo-
cused on clinicians only; 48% included multiple components. Compared with
dissemination of Choosing Wisely recommendations only, active interventions
were more likely to generate intended results (65% vs 13%, p < 0.001) and,
among those, interventions with multiple components were more successful
than those with one component (77% vs 47%, p = 0.002). The type of services
targeted did not matter for success. Clinician-based interventions were more
effective than consumer-based, though there is a dearth of studies on consumer-
based interventions. Only 17% of studies included a control arm.

Conclusions: Interventions built on the Choosing Wisely recommendations
can be effective at changing practice patterns to reduce the use of low-value
care. Interventions are more effective when targeting clinicians and using more
than one component. There is a need for high-quality studies that include active
controls.

Keywords: delivery of health care, health services/standards, health ser-
vices/economics, Choosing Wisely guidelines, health care quality.

Reducing the use of medical services that do not
improve patients’ health is crucial for both the efficiency and
quality of the health care system. One of the largest efforts to

do so is the Choosing Wisely campaign, which launched in 2012 to re-
duce utilization of unnecessary tests and procedures. In the past eight
years, it has attracted historic levels of engagement from medical soci-
eties, health care delivery systems, employers, and patient groups. To
date, more than 80 medical specialist organizations have participated in
the campaign and generated lists of often unnecessary services pertaining
to their specialty. These efforts have producedmore than 600 recommen-
dations for ways to reduce overused services and align medical care with
clinical value.

Since its inception, the campaign has garnered widespread public-
ity both within the medical community and beyond. It has been the
subject of numerous research papers, journal commentaries, and policy
papers.1-4 Additionally, it has gained attention through national news
coverage, academic and clinical conferences, and dissemination through
specialty societies. Despite the attention, a key question remains: has
Choosing Wisely reduced use of low-value care?
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Recent work suggests low-value services remain prevalent in the US
health care system, leading to as much as $101 billion in additional
spending.5-9 Impediments to aligning service use with the goals of the
Choosing Wisely campaign include identifying recommendations that
are both motivated by evidence and have the potential to significantly
impact patient care, physician awareness of the campaign, and measure-
ment of low-value services.8,10,11 One key challenge is that while dissem-
ination of the recommendations has been widespread, actual interven-
tions to implement the recommendations have been piecemeal. Efforts
to measure and reduce low-value care have primarily fallen to individ-
ual health systems, hospitals, or divisions within facilities, with little
coordination among them. The literature includes numerous reports of
efforts to reduce low-value services identified by the Choosing Wisely
campaign; yet, to our knowledge, no review has set out to synthesize
the results of these individual efforts. In particular, it is not known what
types of strategies are most commonly employed by health care providers
and payers to implement the ChoosingWisely recommendations and the
effectiveness of these strategies. Although one notable review by Colla
et al. looked at low-value services, it encompassed services both within
and beyond Choosing Wisely.12 It contained articles from before the
Choosing Wisely campaign and up to early 2015; many interventions
tied to the campaign were published after this date.

This literature review provides a focused update to previous work by
analyzing existing evidence on interventions that sought to reduce the
use of low-value services targeted or motivated by the Choosing Wisely
campaign. We describe interventions used by health systems, payers,
hospitals, and clinics, and the interventions’ impacts on specific low-
value medical services from the inception of Choosing Wisely in 2012
through the middle of 2019. We also assess the quality of extant litera-
ture. Our aim is to inform policymakers, health system leaders, payers,
and clinicians about the components needed for successful implementa-
tion of Choosing Wisely recommendations and, as such, generate more
widespread reductions in low-value care.

Methods

Search Strategy

This systematic review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines13
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and was registered in the PROSPERO registry (study no. CRD
42019140501).14 With the help of a reference librarian, we developed a
search algorithm for both full-text article searches and title/abstract title
searches. We aimed for sensitivity over specificity in our initial search,
thus using a full range of terms related to low-value or unnecessary care.
We searched Medline (via OVID), Scopus, Web of Science, and Dimen-
sionsPlus for English-language peer-reviewed and gray literature pub-
lished from 2012 to June 2019. The full list of keywords and search
terms is available in Appendix S1 in the Supplement.

Study Screening and Selection

After removing duplicates from the results, one author screened articles
based on titles and abstracts. After the initial screening, we retrieved
full-text articles that were assessed for eligibility by two authors and
one research assistant. Articles were included if they (1) included US-
based patients or health care providers; (2) measured the rate of use over
time of at least one low-value service identified or explicitly motivated
by the Choosing Wisely campaign; (3) mentioned the Choosing Wisely
campaign or the ABIM Foundation in one of the article’s fields (e.g.,
title, abstract, full text, funding source); and (4) included at least one
intervention, such as the use of the Choosing Wisely list or a clinician-
or consumer-focused strategy to reduce low-value service utilization. Ar-
ticles were excluded if they (1) only measured opinions about or knowl-
edge of Choosing Wisely recommendations; (2) were descriptions of or
opinions about the ChoosingWisely campaign; or (3) did not include an
intervention as previously defined. For uncertainties or disagreements on
the inclusion of specific articles, the authors discussed until a consensus
was reached.

We also hand-searched reference lists of all full-text articles for studies
that may have been missed in the original search. Similarly, experts in
the field, including those at the ABIM Foundation, were consulted for
relevant articles. Unique titles identified from this step were assessed for
eligibility based on the aforementioned inclusion and exclusion criteria.

Data Collection and Synthesis

We extracted the following data from the included articles: study type,
setting, medical field or specialty, target population, components of the
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intervention, length of intervention and follow-up period, other out-
come measures (e.g., satisfaction, health outcomes, costs), and up to 10
primary outcomes related to low-value service utilization.

We followed and expanded on the framework of Colla et al. to de-
velop a list of possible clinician- and consumer-focused intervention
components.12 (See Table S1 in the Supplement for a list of intervention
components and definitions.) Components included clinician-focused
tactics such as point-of-care alerts in the electronic health record (EHR),
feedback about service utilization, and clinician education or academic
detailing. Consumer-focused tactics included patient cost sharing or pa-
tient educationmaterials.We also measured outcomes from the develop-
ment and dissemination of the Choosing Wisely recommendation lists
without any intervention.

Our central interest is the effects of interventions on low-value med-
ical care identified or informed by the Choosing Wisely initiative. Our
unit of analysis is a single study; no study described more than one inter-
vention, though many interventions had multiple components. Because
many interventions also measured effects on more than one low-value
service, we determined whether the intervention produced statistically
significant and intended results across all primary outcomes (e.g., reduc-
tions in low-value services), no statistically significant results for any pri-
mary outcomes, unintended results across all primary outcomes (e.g., an
increase in low-value services) or, finally, mixed results, which included
any combination of intended, no, and unintended results. For studies
in which authors split primary outcomes (such as an aggregate measure
of low-value service use in addition to individual service measures), we
examined studies on a case-by-case basis, with the default being to split
services by types of service. When studies included services that were
not on a Choosing Wisely list, we examined only services that were part
of the list or, in cases where the intervention was explicitly part of a
Choosing Wisely–motivated initiative, all primary outcomes. To com-
pare outcomes across types of interventions, we used chi-squared tests of
independence or, to cluster standard errors in service-level comparisons,
Wald tests. We assessed all studies for which outcomes and statistical
significance could be measured. Then, we separately assessed the subset
of articles that included control groups to measure whether studies with
more rigor had different rates of success than those with less rigorous
designs.
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Risk of Bias Within Studies

We classified studies based on the taxonomy developed by the Oxford
Centre for Evidence-basedMedicine, which includes, in order of decreas-
ing evidence strength, (1) properly powered and conducted randomized
controlled trial (RCT); (2) well-designed controlled trial without ran-
domization or prospective cohort trials; (3) case-control study or retro-
spective cohort study; and (4) case series or cross-sectional study.15

To assess study quality and risk of bias in controlled studies, we used
an adapted version of the ROBINS-I (Risk of Bias in Non-randomized
Studies–of Interventions) tool published by the US Agency for Health-
care Research and Quality.16 We appraised only RCTs, nonrandomized
controlled trials, prospective comparative cohort trials, and case-control
studies. The quality of all other study types without controls (e.g., cross-
sectional studies, case series) was not assessed, though these studies may
be prone to confounding by underlying trends and factors that affect out-
comes and are not related to the intervention.17 Two authors conducted
the quality assessment; when disagreements arose, discussions were held
until a consensus was reached.

Risk of Bias Across Studies

We qualitatively assessed the risk of two types of dissemination bias
in this review: publication bias and reporting bias.18 Publication bias
is the selective publication of large studies and/or studies with posi-
tive results, which leads to the underreporting of null results; report-
ing bias is the selective release of statistically significant outcomes by
researchers.19

We addressed publication bias, in part, through the use of multiple
research databases and the inclusion of gray literature in our search. We
also searched ClinicalTrials.gov, the largest trial registration database
maintained by the National Library of Medicine of the National Insti-
tutes of Health, for unpublished trials that could meet our inclusion
criteria. We could not use commonly used graphical and statistical
approaches to test publication bias in meta-analyses because outcome
measures between studies in our final sample were not uniform and
did not lend themselves to such methods.18,20,21 To assess reporting
bias, we followed the PRISMA recommendation and cross-checked
RCT results against their published protocols, including those in
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ClinicalTrials.gov, to determine deviations in the planned and reported
outcomes.22

Results

Our initial search resulted in 13,313 nonduplicated articles. After an
initial screen that excluded articles not relevant to the topic, not in
English, or without either a full text or abstract, we were left with 1,095
articles that received full-text review. Most of the articles excluded at
the full-text review stage either were commentary about the Choosing
Wisely campaign or were not explicitly motivated by the Choosing
Wisely campaign or one of its lists. Our final sample included 131
articles. (A PRISMA diagram is found in Figure S1 in the Supplement.)

The majority of our sample included articles published since 2017
(Table 1), though some articles were published as early as 2014. More
than 80 percent of included research was designed as cross-sectional
or case series studies (e.g., pre-post design without a control group).
Many of these studies were health care system quality improvement
projects. Most studies were conducted in inpatient settings or in more
than one setting or medical specialty. Several studies included more than
one hospital system, particularly those that examined consumer-focused
interventions.23–29 About two-thirds of studies were done in academic
medical centers, and 88% targeted just clinicians. Of studies reviewed
with an intervention, 40% had one primary outcome (n = 53 studies);
16% had two outcomes (n = 22 studies), 13% had three outcomes (n
= 17 studies), and 12% had between four and nine outcomes (n =
16). Imaging scans and lab tests were the two most common types of
service outcomes examined, followed by procedures. Prescriptions and
medical product use (including blood products) were also examined;
clinician visits were rarely studied (Table 1). This prevalence of mea-
sured service types differs slightly from the Choosing Wisely lists. Of
the 667 recommendations included in Choosing Wisely in 2019, pro-
cedures make up the highest percentage (26%), followed by imaging
(22%), medications (19%), lab tests (17%), blood products (3%), and
exams (<1%) (Kelly Rand, ABIM Foundation, written communication,
January 2021). Among the studies that reported length of intervention,
the range was between two weeks30 and 60 months.31 (For full details
of each included study by intervention type, see Tables S3-S17 in the
Supplement.)
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Table 1. Summary of Selected Characteristics of Included Articles

Study Characteristic Number Percent

Type of study

Case series; cross-sectional study 109 83
Case-control studies; retrospective
cohort study

4 3

Randomized controlled trial 8 6
Well-designed controlled trial
without randomization;
prospective comparative cohort
trial

10 8

Publication year

2014 10 8
2015 20 15
2016 21 16
2017 32 24
2018 31 24
2019 17 13

Type of setting

Emergency department 15 11
Hospital inpatient 33 25
Hospital outpatient 13 10
Hospital-affiliated lab 1 1
Laboratory (not within a hospital) 1 1
Outpatient medical clinic (either
single or multispecialty)

13 10

System-wide or multiple settings 75 57
Veterans Administration system 1 1

Academic medical center

Yes 81 62
No 33 26
Not stated 16 12

Continued
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Table 1. (Continued)

Study Characteristic Number Percent

Medical specialty

Hospitalist or general inpatient
medicine

39 30

Primary care
b

32 24
Oncology

c
20 15

Emergency medicine 13 10
Critical care 10 8
Surgery 10 8
Cardiology 9 7
Radiology 9 7
Hematology 7 5
Anesthesiology 4 3
Other

d
27 20

Social or health system costs considered

Yes 44 34

Types of low-value services

Imaging/scanning tests 87 29
Lab test 83 28
Medical product (e.g., blood
products)

29 10

Prescription 31 10
Procedure (e.g., urinary catheter,
telemetry monitoring)

61 20

Clinician visit 7 2

Number of intervention components

Choosing Wisely guideline
development only

e
23 18

1
f

45 34
2 32 24
3 20 15
4 or more 11 8

Intervention targets

Clinician-focused 115 88
Consumer-focused 4 3
Both clinicians and consumers 12 9

Continued
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Table 1. (Continued)

Study Characteristic Number Percent

Types of intervention components

Clinician-focused
Recommendation guideline
dissemination only

23 18

Behavioral nudges 6 5
Change to order set or clinical
documentation

32 24

Clinical decision support: mandatory
or optional utilization review

6 5

Clinical decision support:
point-of-care information or alert

36 27

Increasing access or use of health
information exchange

2 2

Clinician champions 9 7
Clinician education or academic
detailing

58 44

Creation of new clinical pathways or
discontinuation criteria

11 8

Clinician feedback or report cards to
clinicians

34 26

Creation of organizational change
frameworks

9 7

Risk-sharing or alternative payment
methods

4 3

Consumer-focused
Patient cost sharing 1 1
Patient education materials or shared
decision making

8 6

Clinician report cards to patients 1 1
a
May not add up to 100% due to rounding or because studies report multiple categories.

b
Includes family or community medicine, internal medicine, pediatrics, and obstetrics and

gynecology.
c
Includes medical, surgical, and radiation oncology.

d
Includes specialties mentioned three times or less.

e
Refers to Choosing Wisely recommendation dissemination only; no other interventions
are included.
f
Refers to studies with a single intervention that is not Choosing Wisely recommendation
dissemination.
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We categorized the studies as no intervention (i.e., development and
dissemination of the Choosing Wisely recommendations only; n = 23
studies; Table S3), single-component intervention (n = 45 studies), or
multicomponent intervention (n= 63 studies; Table 1). Of those studies
with an intervention that included only a single component, a point-of-
care information or alert (n = 14 studies) was the most common, fol-
lowed by clinician education or academic detailing (n = 9 studies) and
change to order sets or documentation requirements (n= 8 studies; Table
S2). Among studies in which interventions included multiple compo-
nents, clinician education or academic detailing was the most common
component (n = 49 studies), followed by clinician feedback, including
report cards to clinicians (n= 30 studies), change to order sets or clinical
documentation required for ordering low-value services (n= 24 studies),
and point-of-care information or alerts (n = 22 studies; Table S2).

Comparison of Intervention Characteristics

When assessing the effects of interventions, we removed 15 studies for
which the statistical significance of the result was unable to be discerned.
In remaining studies, those that measured a single-component or mul-
ticomponent intervention produced intended results across all outcomes
64.0% of the time. By contrast, in studies that measured the effect of
no intervention (i.e., when the study focused solely on whether devel-
opment of the Choosing Wisely guidelines themselves had an impact),
intended outcomes were generated 12.5% of the time (chi-squared test
of independence, p < 0.001; Table 2). Studies that included a single
component were less likely to return intended results than those with
multiple components (46.5% vs 77.2%; p = 0.002; Table 2). However,
once multicomponent studies were separated into the exact number of
components, there was no relationship between the number of compo-
nents and likelihood of success (p= 0.4; Table 2).We also did not see any
statistically significant differences among the types of low-value services
targeted as outcomes (p = 0.3) or among interventions that included
systems-based changes (changes in clinical pathways, changes in order
sets, or clinical alerts) versus those in which clinicians were encouraged
to make affirmative behavior changes (p = 0.5).

Of the relatively small number of studies with interventions targeting
consumers, 12 targeted both consumers/families and clinicians, while
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only four targeted consumers or their families only (Table 1). Among
studies for which statistical significance could be assessed, the percent-
age of interventions generating intended results was similar for interven-
tions that targeted clinicians only (65.2%) and those interventions that
targeted both consumers and clinicians (80.0%). Notably, among the
few studies targeting consumers only, none generated intended results
(Table 2).

There was considerable heterogeneity around which combinations of
intervention components were used and how they were implemented,
making it difficult to draw firm conclusions about which specific com-
ponents are more likely to be successful. That said, service utilization
review by health professionals generated intended results in both single-
component interventions in which it was used (Table 3). Among mul-
ticomponent interventions, those that included behavioral nudges, uti-
lization review, clinical education or academic detailing, or the creation
of new clinical pathways were among the most likely to generate in-
tended outcomes (Table 3).

Clinician-Focused Intervention Components

Behavioral Nudges. Behavioral nudges refer to the use of behavioral
economic principles to steer clinicians or patients toward reductions in
low-value care. (Definitions for all interventions are found in Table S1.)
Behavioral nudges were used in six total interventions, including as a
single component and in conjunction with other intervention compo-
nents (Table S4). In the one study in which behavioral interventions were
the only component of the intervention, the results were mixed.32 This
study—an RCT among 45 primary care clinicians in six adult primary
care clinics—found that a point-of-care precommitment device was as-
sociated with a statistically significant but small decrease in one of three
targeted low-value services. Additionally, this study found that alternate
orders, a secondary outcome, increased during the study period, sug-
gesting that interventions targeting low-value services could have unin-
tended effects.32 Incorporating behavioral nudges with other interven-
tions, however, was much more successful; all five studies that included
behavioral nudges as part of a multicomponent intervention reported
intended results across all primary outcomes (Table 3).
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Table 3. Single- and Multicomponent Interventions With Statistically
Significant Results in the Intended Direction

Intervention

Number of
Components in
Intervention

Number of Studies
Where All Primary
Outcomes Change in
Intended Direction (%)

Clinician-focused
Recommendation guideline
dissemination only

Single (n = 16) 1 (6)

Behavioral nudges Single (n = 1) 0 (0)
Multi (n = 5) 5 (100)

Change to order set or clinical
documentation

Single (n = 8) 4 (50)
Multi (n = 19) 15 (79)

Clinical decision support: mandatory or
optional utilization review

Single (n = 2) 2 (100)
Multi (n = 3) 3 (100)

Clinical decision support: point-of-care
information or alert

Single (n = 14) 7 (50)
Multi (n = 20) 13 (65)

Increasing access or use of health
information exchange

Multi (n = 2) 1 (50)

Clinician champions Multi (n = 7) 5 (71)
Clinician education or academic
detailing

Single (n = 7) 4 (57)
Multi (n = 45) 35 (78)

Creation of new clinical pathways or
discontinuation criteria

Single (n = 2) 1 (50)
Multi (n = 7) 6 (86)

Clinician feedback or report cards to
clinicians

Single (n = 4) 1 (25)
Multi (n = 30) 24 (80)

Creation of organizational change
frameworks

Multi (n = 7) 7 (100)

Risk-sharing or alternative payment
methods

Single (n = 1) 0 (0)
Multi (n = 3) 2 (67)

Patient-focused
Patient cost sharing Single (n = 1) 0 (0)
Patient education materials or shared
decision making

Single (n = 2) 1 (50)
Multi (n = 5) 3 (60)

Clinician report cards to patients Single (n = 1) 0 (0)

This table shows the proportion of studies that reported statistically significant changes in
the intended direction across all primary outcome measures. Single-component interven-
tions are separated from multicomponent interventions, which combine the stated com-
ponent in the first column with other components. Categories that are missing from this
graph have no studies that meet those criteria. Studies with results that were not able to
be statistically evaluated are not included in this table.
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Change to Order Set or Clinical Documentation. Changes to order sets or
to clinical documentation required for orders were a common component
of interventions and often used for lab tests. In total, 32 interventions
used this component either alone or in combination with other compo-
nents (Table S5). These interventions often involved changing aspects
of the EHR so that low-value services no longer appeared as choices in
orders or so that clinicians had to complete additional documentation to
justify the order of a low-value service. Often, these interventions were
combined with clinician education to inform clinicians why the order
set was changed (n= 16; Table S5). Used alone, changes to the order set
or clinical documentation generated the intended effect across all out-
comes 50% of the time; combined with other components it generated
the intended effects 79% of the time (Table 3). As an example, a mul-
ticomponent intervention in a pediatric hospital included a new order
directing nurses to discontinue continuous pulse oximetry and initiate
intermittent pulse oximetry at a specified time, with a direction to call
a physician if concerns were present.33 This study found that patient
time on continuous pulse oximetry decreased without affecting negative
patient outcomes, including discharge time and proportion of patients
needing transfers, revisits, or medical emergency teams.
Clinical Decision Support: Mandatory or Optional Utilization Review.

Clinical decision support constrains low-value services by promoting
compliance and adherence to treatment guidelines and protocols; this
can be achieved through utilization review or through point-of-care in-
formation or alerts (see the next section). Immediate utilization review
of potentially unnecessary service orders is not as well studied as other
intervention components (n = 6 studies; Table S6). Often, these inter-
ventions were done as health system quality improvement projects and
the component that included utilization review took the form of certain
orders triggering review by another professional typically, though not
always, at the time of order. For example, an intervention that required
colorectal surgery consult for all patients presenting to the emergency
department with peri-anal abscess prior to obtaining CT scans resulted
in a reduction in unnecessary scans.34 In our review, this component
generated statistically significant results in the intended direction in all
studies where statistical inference was possible (Table 3).
Clinical Decision Support: Point-of-Care Information or Alert. Using an

alert in the EHR to flag potentially inappropriate care was one of the
most common intervention components (n = 36 studies; Table S7),
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likely because it can be relatively straightforward to implement. The
alerts often did not require additional action from clinicians or others
and did not aim to censure clinicians in any way; they were primarily
used to give clinicians information about service value. When used on
their own, these alerts generated intended effects 50% of the time; when
used with other intervention components, they generated intended re-
sults 65% of the time (Table 3).

As an example, Felcher and coauthors described the implementation
of an alert in the Kaiser Permanente Northwest system to reduce unnec-
essary vitamin D testing. The health system disseminated a new guide-
line with regards to testing and posted it on the organization’s website.
Orders for vitamin D tests were removed from laboratory preference lists
for all clinicians except endocrinologists, nephrologists, and orthope-
dists. For all clinicians, any order triggered an alert that included bullet
points from the new guidelines and required the clinician to click again
to order the test. Vitamin D screening rates decreased overall, including
reductions in inappropriate screens.35

In another example, Chien and colleagues describe a randomized con-
trolled trial in a system of outpatient clinics that used a price alert
to inform clinicians about the total cost of medical tests, including
inappropriate medical tests.36 Unlike other alerts we reviewed, this alert
did not give clinicians information about the clinical value of services.
This intervention had no effect on number of inappropriate tests ordered.
Increasing Access to the Electronic Health Record. Improving access to

EHRs, by increasing informational capacity in EHRs, interoperability
between health systems, or moving paper records to electronic, allows
clinical and administrative data to be shared throughout a health care
setting or system. Only two studies aimed to increase access to the EHR
as a way to align service use with Choosing Wisely (Table S8). The
low number of studies that used this component is likely related to the
widespread use of EHRs within health systems, as well as the paucity of
work in low-value care reduction that goes beyond one health system.
One case-control study in a rural academic medical center describes a
multicomponent intervention that put an enhanced clinician template
into an existing EHR system and was successful in reducing unneces-
sary preoperative testing rates, though the effect was not statistically
significant throughout the entire study period.37 In another interven-
tion, clinical notes were automatically transferred into the EHR as part
of a multicomponent intervention in a pediatric emergency department,
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which reduced inappropriate computed tomography (CT) scans for mild
head injury.38

Clinician Champions. Clinician champions, recruiting clinicians to
advocate for Choosing Wisely interventions, was used with other com-
ponents of interventions but never, in our review, on its own (Table S9).
Used with other components, it was successful in generating intended
results 71% of the time (Table 3). For example, Coronel and coauthors
reported on a fellow- and resident-led intervention that aimed to re-
duce the use of continuous infusion of proton pump inhibitors in pa-
tients with upper gastrointestinal bleeding. Trainees targeted change
both in hospital systems through clinical decision support and, for some
departments, by recruiting faculty leaders to champion the initiative.
The group that had clinician champions along with the decision support
change—but not the group with decision support change only—saw
statistically significant declines in inappropriate use of proton pump in-
hibitor infusion.39 As another example, a two-week intervention involv-
ing nurse practitioner champions was unsuccessful in reducing the num-
ber of laboratory tests ordered for intensive care unit patients, though
panels of tests did decrease, as did patient costs associated with testing.30

Clinician Education or Academic Detailing. Closely related to clinician
champions, clinician education was one of the most common interven-
tion components used in conjunction with others (n= 49 studies; Table
S10). Indeed, informing and explaining an intervention was often con-
sidered by health systems to be a prerequisite for implementing other
intervention components and receiving clinician buy-in. Clinician edu-
cation generated intended results when used on its own 57% of the time
and, with other components, 78% of the time (Table 3). Clinician edu-
cation often took the form of explaining the rationale or evidence for an
intervention to clinicians during regular meetings or in grand rounds.
Often it was a one-time event with regular reminders such as posters
or emails reminding clinicians about the Choosing Wisely campaign
and the current aim of an intervention. Wang and coauthors reported
on an intervention in three family medicine clinics in which clinicians
received hour-long educational presentations about appropriate use of
lumbar spine MRIs. In this pre-post study, the authors found that the
average number of monthly lumbar spine MRI studies decreased in the
10 months following the presentation.40

Creation of New Clinical Pathways or Discontinuation Criteria. Some
low-value services result from processes that happen automatically, or
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nearly so. For example, children in the hospital with respiratory issues
are often monitored with pulse oximetry in the absence of explicit crite-
ria halting it.33 Creating a new clinical pathway for care or establishing
new criteria for discontinuation of a service may therefore reduce its use.
When used on its own, which was rare (n = 2 studies; Table S11), the
creation of new clinical pathways was effective half the time. However,
interventions that used this component in conjunction with others (n =
9 studies; Table S11), such as education or alerts, were among the most
successful, generating the intended results 86% of the time (Table 3).
For example, Watnick and coauthors reported on a successful interven-
tion in the emergency and inpatient departments at a children’s hospi-
tal to reduce the use of chest x-rays for acute asthma hospitalizations.41

The intervention was multicomponent and included updating guide-
lines, changing the order sets, and educating clinicians about them. Ad-
ditionally, the hospital updated its electronic ordering infrastructure to
exclude a routine recommendation of chest x-ray and removed some in-
dications for x-rays in the emergency department.
Clinician Feedback/Report Cards to Clinicians. Clinician report cards

often take the form of periodic, individual feedback comparing a
provider to peers or measuring an individual’s progress to alignment
with a specific benchmark. For example, a multicomponent interven-
tion in a surgery department that used both department and provider-
specific report cards to measure compliance with blood transfusion pro-
tocols was associated with improved transfusion practices and decreased
costs (Table S12).42 Used on its own (n = 4 studies), clinician report
cards achieved intended results in all outcomes 25% of the time. Used
in conjunction with other components, including clinician education
or point-of-care alerts, 80% of interventions (n = 30 studies) attained
intended results (Table 3). Bhatia and coauthors describe an interven-
tion using clinician feedback in the form of monthly emails summa-
rizing each physicians’ transthoracic echocardiogram ordering behav-
ior, splitting orders into “appropriate,” “maybe appropriate,” and “rarely
appropriate.”43 Prior to beginning the feedback, the authors sent clin-
icians a 20-minute video about the intervention and its rationale, and
gave clinicians access to downloadable appropriate use criteria from
the American College of Cardiology. Their study, notable because it
was designed as an RCT and done across eight health systems in the
United States and Canada, found lower rates of “rarely appropriate”
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transthoracic echocardiograms in the group that received feedback, com-
pared with control.
Creation of Organizational Change Frameworks. Organizational change

frameworks can take a number of forms, but all have as an aim system-
level cultural change and, often, assessment of progress toward orga-
nizational goals. These frameworks are typically used to support other
intervention components and as part of a suite of larger changes within
a system (n= 9 studies; Table S13). As such a support, the use of change
frameworks generated intended results in all cases where results could
be ascertained (Table 3). However, because this component can take dif-
ferent forms depending on the specific organization, it may be hard to
replicate. For example, one initiative, in an inpatient general medicine
unit at an academic medical center, provided support and encouraged
individual faculty to lead targeted pilot projects to reduced unneces-
sary testing within their specific department.44 Another, set within the
Veterans Health Administration, used a pilot study with one VA health
system to test an intervention to deintensify treatment for hypoglycemia
risk. As it rolled out nationally, this initiative brought together work-
groups with experts and other stakeholders and involved the creation of
shared decision-making tools and new clinical pathways of care to iden-
tify patient candidates.31

Alternative Payment Methods. Because alternative payment mech-
anisms aim to create efficiency within health systems, they can be
aligned with the goals of decreasing unnecessary medical services,
including those targeted by Choosing Wisely. However, few studies of
alternative payment specifically cite alignment with Choosing Wisely
recommendations (n = 4; Table S14). Of the four studies we identified
that explicitly identified Choosing Wisely, primarily by measuring
change in services identified by Choosing Wisely lists, two generated
intended results across all primary outcomes (Table 3). One of these
reduced laboratory costs by 16%, while the other reduced daily charges
for telemetry monitoring in an academic medical center by 69%.45,46

A third study, by Schwartz and coauthors, examined myriad low-value
services and found overall reductions in low-value services among or-
ganizations participating in the Medicare accountable care organization
program, though heterogeneity in reductions in individual types of
services. For example, while low-value cancer testing dropped by 2.4%
relative to the mean, preoperative services experienced no statistically
significant change in use.47
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Consumer-Focused Intervention Components

Patient Cost Sharing. Just one study examined an intervention that
used patient cost sharing to explicitly reduce use of Choosing Wisely
services (Table S15), measuring whether people who switched to plans
with high deductibles used fewer low-value services compared with prior
to the switch.26 Using data from a large commercial insurer onmore than
300,000 patients, the researchers matched patients who switched plans
with those who stayed in a traditional plan. Although the switch was
associated with decreases in overall health care spending, the study did
not find any effects on spending on low-value services, either in absolute
terms or relative to overall decreases in spending.26

Patient Education Materials or Facilitation of Informed Decision Mak-
ing. Patient education materials or informed decision making, whether
targeting patients only or both patients and providers, can be used
to help patients understand when medical services may not be neces-
sary. By empowering patients with information, patients may choose
not to use potentially low-value services. On its own (n = 2 studies;
Table S16), this intervention component was effective 50% of the time,
and as a component of other interventions (n = 6 studies) it was ef-
fective 60% of the time (Table 3). In one study, which also included
multiple clinician-focused components, handouts and videos were devel-
oped and disseminated in order to educate families of pediatric patients
who were being treated for bronchiolitis.48 That multicomponent inter-
vention was successful in aligning care at the institution with Choos-
ing Wisely guidelines for bronchiolitis. In another intervention, Engi-
neer and coauthors reported on a successful multicomponent interven-
tion that included clinician-focused elements and a structured parent
discussion tool to guide discussion in cases of mild head injury in the
emergency department with the aim of reducing head CT scans.38 Head
CT utilization in the emergency department was reduced from 63% of
patients to 22% in that study.
Clinical Report Cards/Quality Reporting Directly to Patients. Instead of

providing periodic feedback, or report cards, to clinicians about their
utilization of low-value services, similar reports could be provided di-
rectly to patients. The idea is that patients might take overuse of un-
necessary services as a sign of poor quality and steer away from such
providers. This idea does not have much evidence to bolster it, at least
in our review. We found one study that examined such an intervention
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usingMedicare’s public reporting of physician imaging rates of low back
pain (Table S17); its results are described in the section that follows.29

Unintended Effects

Six total studies reported unintended effects for primary outcomes, de-
fined as outcomes that were both statistically significant and in the op-
posite direction of outcomes congruent with Choosing Wisely guide-
lines. Four of those studies measured the impacts of the dissemination
of Choosing Wisely guidelines and two measured an intervention. Of
the two intervention-based studies, one of the analyzed studies gener-
ated only unintended results. In that study, researchers examined the
impact of Medicare’s public reporting of physician rates of imaging for
low back pain prior to attempting conservative therapy in a cohort of
Texas patients.29 They found very little overall change in imaging rates
(the statistically significant increase was small in magnitude) but did
note, without hypothesizing why, that hospitals that had previously had
lower inappropriate imaging rates increased their imaging rates after
reporting started. The other study, which measured adherence to appro-
priate transfusion protocols, found mixed results, with an unexpected
increase in plasma orders outside of hospital guidelines.49 In that study,
a multicomponent intervention in an academic hospital that included
education, clinical decision support in the EHR, and provider report
cards allowing for peer comparison, overall red blood cell use decreased
and adherence to guidelines improved. Study authors hypothesized that
the ubiquity of anticoagulant drugs and stronger evidence for red blood
cell transfusion protocols compared to evidence for plasma guidelines
may have led to the differences in outcomes.

Quality Assessment

Risk of Bias Within Studies

Twenty-two studies, or about 17% of the total sample, included a con-
trol group—four retrospective case-control studies, 10 nonrandomized
trials, and eight RCTs (Table 1). The remaining 109 studies (84%) with-
out controls were a mix of cross-sectional studies and case series that
were framed as quality improvement studies involving single hospitals,
provider groups, or entire health systems.
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Table 4. Controlled Studies With Full Articles (N = 21) That Meet the
Full ROBINS-I Bias Assessment Tool, by Study Type

Type of Study
Number of Studies That Met 100%
of ROBINS-I Tool (%)

Case-control studies (n = 4) 3 (75)
Nonrandomized controlled trials (n = 9) 8 (89)
Randomized controlled trials (n = 8) 8 (100)

Study quality was assessed using an adapted version of the ROBINS-I tool published by the
US Agency for Healthcare Research and Quality.16 The ROBINS-I tool includes seven bias
domains: three (bias due to confounding, bias in selection of participants into the study, and
bias in classification of interventions) that occur before or at the time of an intervention,
and four (bias due to deviations from intended interventions, bias due to missing data, bias
in measurement of outcomes, and bias in selection of the reported result) that occur after
an intervention.66 Only studies that met the complete ROBINS-I tool criteria for each
study type were included in this table; one controlled study was excluded because it was
described only via abstract.

We excluded one nonrandomized controlled study from the quality
assessment because only the abstract was available,50 bringing the final
number of studies whose quality was assessed to 21. The quality of con-
trolled studies was generally high, with the majority of studies (19 out
of 21; 90%) meeting all the study design specifications needed to reduce
bias based on the ROBINS-I tool (Table 4; study specifics in Table S18).
Of the two studies that did not meet the entire bias assessment tool, one
RCT failed to account for potential biases that arise from the random-
ization process and one case-control study failed to account for potential
biases from missing data.

Overall, controlled studies were statistically just as likely to generate
intended changes in alignment with Choosing Wisely guidelines as
those that were not controlled (p = 0.6; Table 2). However, within
different types of interventions there was some heterogeneity (Table
S19). For example, whereas patient education materials were effective
more than half the time across the full sample, the two studies that used
a control found the intervention ineffective. In one of these studies,
patients who were potential candidates for prostate-specific antigen
screening were randomized to (1) usual care, (2) a decision aid without
clinician interaction, or (3) a decision aid plus shared decision making,
which included a discussion of the decision aid with a clinician. That
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study found no differences between treatment and control arms.51

Conversely, controlled studies that used clinician education as part of
a multicomponent intervention (n = 8 studies) found intended results
75% of the time, and controlled studies that gave clinicians periodic
performance feedback found intended results in 5 out of the 7 studies
(71%). Although the low number of studies makes it hard to draw
firm conclusions, the analysis of controlled studies bolsters our con-
clusion that clinician-focused interventions tend to be more successful
than patient-focused interventions, and points toward some specific
interventions with solid evidence of effectiveness.

Risk of Bias Across Studies

Publication Bias. We found 25 studies in ClinicalTrials.gov that ex-
plicitly included Choosing Wisely in their trial description; 15 studies
did not meet our inclusion criteria because they were not conducted in
the United States (n = 10); were ongoing studies (n = 3); were with-
drawn (n = 1); or had results that were published after our search (n
= 1). Of the 10 remaining trials that were reported as completed, six
trials had no final results reported in the database and no publications
could be linked to the trial identification after extensive searching. Four
registered trials from this verification process were included in our final
sample.32,35,50,52

Reporting Bias. Eight RCTs were included in our final literature
sample, including two that mentioned Choosing Wisely in their trial
registration noted above.32,35 Two RCTs included in our analysis were
neither registered nor had published protocols51,53; therefore, their
final reported outcomes could not be verified or compared to any pub-
licly available source. Two nonrandomized trials were registered,50,52

and they were assessed for selective reporting bias along with the six
registered RCTs.

The planned and actual outcomes of the eight trials with published
protocols are compared in Table S20. In three out of the eight stud-
ies, primary outcomes differed between the protocols and the final
manuscripts; for example, one study intended to measure the 30-day
equivalent of drug prescriptions but reported the total prescription
days instead.54 Additionally, the predetermined time frame for primary
outcomes in at least four out of the eight studies also differed between
protocol and final manuscript. Some studies acknowledged changes
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between protocol and their final analysis,52 though most did not.
Although changes between protocol and study implementation are
not uncommon, the deviations we observed can lead to biases in the
reported effects.

Discussion

We identified a significant number of studies that tested the impact
of interventions to leverage the Choosing Wisely guidelines to reduce
low-value services. The vast majority of interventions implemented and
evaluated in empirical research were focused on changing the behaviors
of clinicians and health care organizations. Consumer-oriented interven-
tions had a small representation in the studies we reviewed.

Several interesting patterns emerged from our systematic review.
First, for many intervention components, the majority of reviewed
studies showed statistically significant effects in the intended direction.
Second, the success rate was notably higher for studies of multicom-
ponent interventions versus single-component interventions. Although
the number of components past two did not make a significant difference
in success rate, the complexity of the individual components was sug-
gestive. Specifically, interventions that sought to create organizational
change to support implementation of Choosing Wisely recommenda-
tions or involved multiple health care providers (arguably among the
most complex interventions) had high success rates. This result aligns
with most of the findings in the quality improvement and implemen-
tation science literature and adds important evidence to the ongoing
debate about the effectiveness of single- versus multiple-component
interventions.55

Third, only about one in six studies had controls, underscoring the
need for methodological rigor in future research. Overall, there was no
indication that studies with controls were less likely to yield positive re-
sults than those without controls, though there was some heterogeneity
within individual interventions.

Fourth, although the number of interventions targeting patients
is low, the impact of clinician-focused interventions appeared to be
more pronounced than that of consumer-focused interventions. Patient
interventions were found largely ineffective. This finding differs from
work in insurance design, which finds that increasing out-of-pocket
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costs, whether through a value-based insurance design framework or a
high-deductible health plan, can reduce low-value services.56–58 Within
high-deductible plans, this reduction sometimes comes at the cost of
also reducing high-value services.56,59 Consistent with this pattern, our
review notes one study in which moving to a high-deductible plan low-
ered overall spending but not low-value service spending.26 We did not
review any studies that included value-based insurance design, though
recent work has focused on using—and communicating—targeted in-
creases in out-of-pocket costs as a way to reduce low-value service use.57

Results of our review suggest dissemination of Choosing Wisely
guidelines alone produces little success in reducing low-value care. Con-
versely, a number of interventions to implement ChoosingWisely guide-
lines, particularly those that are clinician-focused and multicomponent,
have significant effects and produce desirable results. This echoes the
recent and increased emphasis on implementation and the recogni-
tion that the broader context into which a guideline is introduced has
substantial influence on whether the guideline can be successfully inte-
grated into routine care. Implementation, as many have suggested, is as
important as—or even more important than—dissemination of guide-
lines, because commitment to delivering high-value and cost-efficient
care requires health care organizations put in place compatible inter-
ventions and allocate resources to fundamentally shift the practice pat-
terns of physicians and other health care clinicians.60,61 However, guide-
line implementation in complex health care organizations is challeng-
ing and rarely follows a rational and linear pathway. Given the myriad
factors that may influence health care delivery (e.g., ambiguities of ev-
idence, multiple lines of authority, fragmentation of reimbursement),
the common practice of implementation typically favors multifaceted
approaches.55,62 Our review bears this out by showing that interven-
tions with multiple components are more likely to be successful than
interventions with a single component.

The literature on implementation also emphasizes the importance
of broad social, economic, and political contexts outside health care
organizations and the internal context of the medical practice. Our
review, however, does not include an assessment of those contextual
factors, which could be an interesting topic for future evaluations.

The literature review has several notable limitations related to the
underlying literature. First, we report the possibility of publication
and reporting bias that could lead to an overrepresentation of positive
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studies in the literature. Though we undertook several steps to mini-
mize the risk of publication bias (e.g., use of multiple research databases,
inclusion of gray literature),63,64 our review of one widely used trial
database found six registered trials that could potentially meet our inclu-
sion criteria but whose results have not yet been reported or published.
Unfortunately, mitigating sources of publication or reporting bias is
largely beyond our control; these include prospective trial registration
and improvements in the peer-review process and journal acceptance
policies.65 Given the potential for publication bias, the treatment effects
and success rates reported here should be considered upper bounds.

Second, most studies were done in only one health system and re-
ported with short follow-up times, limiting their generalizability and
knowledge of long-term effects. Third, low-value service trials that
did not explicitly mention Choosing Wisely were not included. This
criteria may have led to the exclusion of some interventions in which the
motivation was unstated, or to the exclusion of services on a Choosing
Wisely list but not noted as such. Fourth, the initial screening of titles
and abstracts of more than 13,000 potential articles was done by one au-
thor. To mitigate this limitation, we additionally consulted with a num-
ber of experts and did rigorous bibliographic tracing. Finally, to avoid
the complication of interpreting results in multiple national contexts
with varying health systems, our study was limited to studies within
the United States. Although this limits our ability to draw conclusions
about the prevalence or effectiveness of interventions in other nations,
this review can provide a template for future research that seeks to as-
sess the evidence for Choosing Wisely within or across nations. These
comparisons are a fertile area for future research.

Overall, this review should fuel optimism among health care systems
that thoughtful interventions can produce meaningful changes within
their organizations. The Choosing Wisely initiative has been praised
for involving multiple stakeholders in recommendation development.
Health systems and payers should consider interventions to support
these recommendations to improve quality and value within the health
care system.
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