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Abstract

Background: Many decisions regarding health resource utilization flow through the patient-clinician interaction.
Thus, it represents a place where de-implementation interventions may have considerable effect on reducing the
use of clinical interventions that lack efficacy, have risks that outweigh benefits, or are not cost-effective
(i.e., low-value care). The objective of this systematic review with meta-analysis was to determine the effect
of de-implementation interventions that engage patients within the patient-clinician interaction on use of
low-value care.

Methods: MEDLINE, EMBASE, and CINAHL were searched from inception to November 2019. Gray literature
was searched using the CADTH tool. Studies were screened independently by two reviewers and were
included if they (1) described an intervention that engaged patients in an initiative to reduce low-value
care, (2) reported the use of low-value care with and without the intervention, and (3) were randomized
clinical trials (RCTs) or quasi-experimental designs. Studies describing interventions solely focused on
clinicians or published in a language other than English were excluded. Data was extracted independently
in duplicate and pertained to the low-value clinical intervention of interest, components of the strategy for
patient engagement, and study outcomes. Quality of included studies was assessed using the Cochrane Risk
of Bias tool for RCTs and a modified Downs and Black checklist for quasi-experimental studies. Random
effects meta-analysis (reported as risk ratio, RR) was used to examine the effect of de-implementation
interventions on the use of low-value care.
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Results: From 6736 unique citations, 9 RCTs and 13 quasi-experimental studies were included in the
systematic review. Studies mostly originated from the USA (n = 13, 59%), targeted treatments (n = 17, 77%),
and took place in primary care (n = 10, 45%). The most common intervention was patient-oriented
educational material (n = 18, 82%), followed by tools for shared decision-making (n = 5, 23%). Random
effects meta-analysis demonstrated that de-implementation interventions that engage patients within the
patient-clinician interaction led to a significant reduction in low-value care in both RCTs (RR 0.74; 95% CI
0.66–0.84) and quasi-experimental studies (RR 0.61; 95% CI 0.43–0.87). There was significant inter-study
heterogeneity; however, intervention effects were consistent across subgroups defined by low-value practice
and patient-engagement strategy.

Conclusions: De-implementation interventions that engage patients within the patient-clinician interaction
through patient-targeted educational materials or shared decision-making tools are effective in decreasing
the use of low-value care. Clinicians and policymakers should consider engaging patients within initiatives
that seek to reduce low-value care.

Registration: Open Science Framework (https://osf.io/6fsxm)

Keywords: Low-value care, De-adoption, Patient engagement, Choosing wisely

Background
Clinical interventions that lack efficacy, have risks that
outweigh benefits, or are not cost-effective constitute
low-value care [1]. In the USA, overuse of low-value
practices is estimated to cost upwards of 100 billion dol-
lars annually [2] and is associated with adverse events,
poor patient outcomes, and downstream use of health-
care resources [3, 4]. Reducing low-value care is there-
fore imperative for high-quality, sustainable healthcare.
Researchers, governments, and public campaigns have
commanded attention about low-value care by classify-
ing hundreds of tests and treatments as low-value [5–8].
Yet, this increased awareness about low-value care has
not translated into a reduction in use [9–11]. The use of
low-value care may be reduced or stopped through de-
implementation, which is defined as a planned process
that uses targeted strategies such as education, incen-
tives, or audit and feedback [12]. There is a need to
understand how to achieve meaningful reduction in low-
value care through comprehensive de-implementation
interventions that acknowledge the complexity of this
issue and appropriately engage researchers, decision-
makers, clinicians, and patients.
Patients are directly involved in and impacted by low-

value care and may play a pivotal role in solutions to re-
duce its use [13, 14]. However, the potential effects of
patient engagement in de-implementation initiatives are
complex. On the one hand, clinicians often cite patient
demand for tests and treatments as a barrier to reducing
low-value care [15, 16], while on the other hand, patients
may experience mental and/or physical harm from un-
necessary tests and treatments [4]. Making this question
even more complex is the fact that inclusion of patients
within initiatives to reduce low-value care may impute a
mistrust within the patient-clinician interaction and

create a false sense of the ubiquity of low-value care
within the practice of medicine, while this is indeed not
the case [2]. So, while it is assumed that patients should
be engaged in any initiative that seeks to increase or
decrease the use of clinical care, from the perspective of
de-implementing low-value care, the risk/benefit ratio of
such a patient-engagement strategy is not clearly de-
fined, and a more thorough understanding is warranted
before such a blanket recommendation. In a systematic
review of interventions to reduce low-value care con-
ducted in 2017, 26 of 108 included studies engaged pa-
tients within de-implementation interventions in some
capacity (e.g., patient cost sharing, provider report cards)
[17]. While the authors summarized the effects of
patient engagement as “positive” through a narrative
synthesis, the effect of such patient engagement was not
quantified through meta-analysis, making it difficult to
understand the true magnitude of effect and how it
compares to interventions that focus on clinicians. The
full extent of the impact of patient engagement in de-
implementation initiatives remains unclear. In this study,
we conducted a systematic review with meta-analysis to
determine the effects of de-implementation interven-
tions that engage patients within the patient-clinician
interaction and quantify the impact of this patient in-
volvement on the use of low-value care.

Methods
Protocol and guidance
This systematic review and meta-analysis is a follow-up
to a scoping review that mapped the literature exploring
the public’s role in reducing low-value care [18], the
protocol for which was registered with Open Science
Framework (https://osf.io/6fsxm). Methodology was guided
by the Joanna Briggs Institute Reviewer’s Manual [19], and
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the reporting was guided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
checklist [20].

Search strategy and data sources
We searched MEDLINE, EMBASE, and CINAHL from
inception to June 28, 2018, and the gray literature using
the Canadian Agency for Drugs and Technologies in
Health (CADTH) Grey Literature Search Tool [21]. The
search strategy was developed in consultation with a
medical librarian and peer reviewed by a second medical
librarian using the Peer Review of Electronic Search
Strategies (PRESS) Checklist [22]. The search strategy
was initially developed in MEDLINE (Ovid) (Table 1)
and subsequently translated for EMBASE and CINAHL
databases with the help of a medical librarian. Our
search terms included keywords and synonyms pertinent
to three main concepts: (1) low-value care (e.g., overuse,
de-implementation), (2) patients (e.g., consumers, pa-
tients), and (3) patient involvement (e.g., patient partici-
pation). Searches were limited to the English language as
terminology regarding low-value care (e.g., Choosing
Wisely, low-value, overuse, etc.) is unique to the English
language and may not translate well across languages.
Reference lists of included studies were hand-searched
to identify additional citations, and suggestions were
provided from experts in the field.

Article eligibility and selection
Detailed inclusion and exclusion criteria are presented
in Table 2. We used Elshaug’s definition of low-value
care [1], which was operationalized to include clinical

interventions (tests or treatments) that lack efficacy,
have risks that outweigh benefits, or are not cost-
effective. Citations were screened for inclusion in two
phases. Prior to screening, the citation screening form
was pilot tested using a random sample of 50 citations
and refined until agreement was consistent (k > 0.8). In
phase 1, two investigators (EES and CD) screened cita-
tions by title and abstract to determine potential eligibil-
ity. Potentially relevant citations entered into phase 2
screening where two investigators (EES and LWB)
screened full-text versions of each citation to determine
eligibility for inclusion. The kappa statistic was used to
quantify agreement throughout screening [23].

Data extraction and risk of bias assessment
Data extraction was conducted in duplicate by three inves-
tigators (EES, CD, LWB) in DistillerSR (Evidence Partners,
Ottawa, Canada). Our data extraction form was pilot
tested using six randomly selected citations. Extracted
data pertained to study characteristics (e.g., study design,
country of origin), characteristics of the low-value inter-
vention (e.g., test or treatment), components of the inter-
vention (e.g., strategy for patient engagement, clinical
setting), and outcomes (e.g., proportion of patients receiv-
ing low-value care).
Quality assessment was conducted in duplicate by two

investigators (EES and LWB) using the Cochrane Risk of
Bias Tool [24] for the RCTs and a modified Downs and
Black checklist for the quasi-experimental studies [25].
For RCTs, summary assessments did not consider the
“Performance Bias” domain, as participants were unable
to be blinded due to the behavioral nature of the

Table 1 MEDLINE (Ovid) search strategy

Line number Search terms

1 health services misuse/or medical overuse/

2 Unnecessary Procedures/

3 ((misuse* or overuse* or unnecessary or ineffective or overtreat* or overdiagnos* or overutilis* or overutiliz* or low value or waste*)
adj5 (health or healthcare or care or procedure* or intervention* or test* or treatment*)).tw,kf.

4 ((abandon* or contradict* or refute* or refuting or reassess* or re-assess* or obsole* or revers* or delist* or de-list* or disinvest* or
dis-invest* or discontinu* or dis-continu* or decommission* or de-commission* or deadopt* or de-adopt* or de-implement* or
deimplement*) adj5 (medical or health or healthcare or policy or procedure* or intervention*)).tw,kf.

5 1 or 2 or 3 or 4

6 patient participation/or community participation/

7 patient satisfaction/or patient preference/

8 ((patient* or family* or families or public or citizen* or consumer*) adj5 (perception* or engag* or involv* or participat* or decision*
or interaction* or role* or aware* or conversation* or responsibilit* or discuss*)).tw,kf.

9 6 or 7 or 8

10 5 and 9

11 choosing wisely.mp.

12 10 or 11

13 Limit 12 to English language
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interventions. The Downs and Black checklist was modi-
fied by removing questions pertaining to randomization
and control groups as necessary. Question 27 originally
had six scoring options based on the percent change a
sample was powered to detect, but was modified to “Did
the authors conduct a power calculation? 1 = Yes, 0 =
No” for simplicity. Due to these modifications, the
checklist was scored out of 24, or 25 depending on the
design of the study. Percent of the total possible score
was calculated for each study to facilitate between-study
comparisons. Studies were classified by three categories,
which were determined by calculating the median per-
centage score and assigning scores below and above the
median to the “lower quality” and “higher quality” cat-
egories, respectively. “Average quality” studies had over-
all percentage scores equivalent to the median.

Data synthesis and analysis
The primary outcome was the proportion of patients
who received a low-value clinical intervention. Individual
study estimates of the primary outcome were pooled
using the random effects model of DerSimonian and
Laird [26] and reported as a risk ratio (RR). Publication
bias was assessed using a funnel plot and Egger’s test.
Heterogeneity was assessed using the I2 statistic [27] and
Cochrane Q test. Explanations for heterogeneity were
sought through stratified analyses and meta-regression.
Pre-specified subgroups for stratified analysis included
study design (RCTs vs. non-randomized), type of low-
value care (test vs. treatment), and risk of bias (low vs.
high/unclear). Meta-analyses were conducted using the
metan package in Stata (version 14, StataCorp, TX,
USA), and statistical significance was set as P < 0.05.

Results
Study selection
Database and gray literature searches yielded 6736
unique citations, from which we reviewed 218 in full text

and included 22 in the systematic review. The most
common reason for exclusion after full-text review was
the lack of reported use of the low-value practice with
and without the intervention (Fig. 1). Of the 22 included
studies, 14 reported the change in use of the low-value
practice as the proportion of patients who received the
low-value practice with and without the intervention,
and were included in the meta-analysis.

Study characteristics
Characteristics of included studies are described in
Table 3. Most studies originated from the USA (n = 13,
59%), UK (n = 4, 18%), and Canada (n = 2, 9%). Nine studies
were RCTs, and 13 studies were quasi-experimental. The
most common type of low-value care was a medical treat-
ment (n = 17, 77%). Studies commonly took place in pri-
mary care (n = 10, 45%), hospital inpatient wards (n = 6,
27%), or emergency departments (n = 3, 14%). Six studies
(27%) focused on pediatric patients and their caregivers,
four studies (18%) targeted adult patients, one study (5%)
targeted geriatric patients, and 11 studies did not specify a
target age group (50%). Studies used one or more of the fol-
lowing strategies for patient engagement: patient-oriented
educational materials (n = 18, 82%), shared decision-making
(n = 5, 23%), and media campaigns (n = 4, 18%). Three
studies (14%) involved patients or the public in the develop-
ment of intervention materials (e.g., shared decision-
making tool, waiting room posters).

The effect of de-implementation interventions that
engage patients on the use of low-value care
Of the 22 included studies, 19 (86%) reported a statisti-
cally significant decrease in the use of the targeted low-
value practice (Table 3). Low-value treatments were tar-
geted in 17 interventions (77%), of which 12 targeted
low-value medications. All but one of these interventions
included a patient-targeted education component; six in-
terventions used patient-targeted education exclusively

Table 2 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Systematic review

Written in English Reported an intervention to reduce low-value care that
solely targeted clinicians

Described an intervention that engaged patients in their aim to reduce the
use of low-value care*

Low-value practice of interest was not a medical test or
treatment (e.g., bed rest, use of physical restraints)

Used experimental (e.g., randomized clinical trial) or quasi-experimental
(e.g., controlled before-and-after study) study designs

Reported the use of low-value care with or without the intervention

Meta-analysis

Measured the use of low-value care as the proportion of patients that received
the low-value practice with and without exposure to the de-implementation
intervention

*Low-value care was defined as a clinical intervention that lacks efficacy, has risks that outweigh benefits, or is not cost-effective [1]
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[28, 31, 36, 39, 40, 43], one intervention supplemented
patient-targeted education with shared decision-making
[29], and two interventions used both patient-targeted
education and media campaigns [37, 38]. One interven-
tion engaged patients solely through shared decision-
making [30]. All but two [36, 40] of these interventions
targeting low-value medication reported decreases in the
proportion of patients using the medication, ranging
from 15 to 25%. However, in one intervention, medica-
tion use was reduced in adults (absolute difference 24%,
P < 0.02), but not in children (absolute difference 4%,
P = 0.18) [39]. Media campaigns were the sole patient-
engagement strategy in two interventions [41, 42], both
of which reported a significant reduction in low-value
medication use. Further details on the strategies used in
these interventions are reported in Table 3.
Targeted low-value procedures included non-indicated

cesarean sections [33, 46], elective labor induction [44],
unnecessary surgery for knee and hip osteoarthritis [47],
and non-beneficial life-sustaining treatments in the

intensive care unit (Table 3) [32]. One study aiming to
reduce non-indicated cesarean sections designed two
interventions, an informational program and a guided
decision analysis, of which only the guided decision ana-
lysis was effective [33]. Elective labor inductions and
non-beneficial life-sustaining treatments were success-
fully reduced through educational classes and ethics
consultations, respectively. Unnecessary surgery for hip
and knee osteoarthritis was successfully reduced through
the use of patient education and decision aids.
Low-value diagnostic tests were targeted in five interven-

tions which reduced use by 7.5–40.7% [34, 35, 45, 48, 49];
one study reduced the use of computed tomography (CT)
scans for mild head injury in children [45], one study re-
duced voiding cystourethrograms for children with normal
renal and bladder ultrasounds [49], two studies reduced
cardiac stress testing in adults at low risk for acute coronary
syndrome, and one study reduced the use of screening tests
commonly ordered in physical examination visits such as
complete blood counts (CBCs) and electrocardiograms

Fig. 1 Selection of articles included in the review
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(EKGs) [34, 35, 48]. Of these five interventions, three stud-
ies took place within an emergency department and used
shared decision-making. Four of the studies included edu-
cational materials to inform patients about risks and care
options [34, 35].
Fourteen studies inclusive of 10,234 patients were in-

cluded in the meta-analysis. Pooling data indicated that
de-implementation interventions that engage patients
within the patient-clinician interaction decreased the use
of low-value care by 31% (RR 0.69; 95% CI 0.60–0.80; I2

84.9%) (Fig. 2). This effect was similar in RCTs (n = 8
studies, 3537 patients) (RR 0.74; 95% CI 0.66–0.84; I2

70.7%) and quasi-experimental studies (n = 6 studies,
6697 patients) (RR 0.61; 95% CI 0.43–0.87; I2 90.9%)
(Fig. 2). Egger’s test (p = 0.201) and assessment of the
funnel plot (Fig. 3) for asymmetry indicated a lack of
publication bias.

Quality assessment
Randomized clinical trials
Of eight RCTs, five had an overall low risk of bias [29–
31, 34, 35], three had an overall unclear risk of bias [28,
32, 33], and one had an overall high risk of bias

(Additional File 1). All but two studies had a low risk of
selection bias, and all studies had a low risk of attrition
bias. The reporting bias domain was unclear in three
studies.

Quasi-experimental studies
All quasi-experimental studies clearly reported objectives
and interventions; however, potentially confounding var-
iables were poorly reported. Nine studies (69%) aimed to
recruit participants that were representative of the
source population, and 12 (92%) used staff, places, and
facilities that were representative of treatment received
by most patients. None of the studies provided sufficient
information to determine whether participants were rep-
resentative of the population from which they were re-
cruited. None of the studies blinded participants or
outcome assessors. The median quality score was 57
(IQR 52–66). Five studies above the median were classi-
fied as “higher” quality, six studies below the median
were classified as “lower” quality, and two studies that
were equivalent to the median were classified as “aver-
age” quality (Additional File 2).

Fig. 2 Random effects meta-analysis stratified by study design examining the effect of de-implementation interventions that engage patients
within the patient-clinician interaction on the use of low-value care
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Exploration for sources of heterogeneity
Stratified analyses were conducted to explore heterogen-
eity. Among the five RCTs with low risk of bias, studies
used diverse strategies for public engagement and various
low-value practices: four studies used shared decision-
making, whereas one used patient-targeted educational
materials, and three studies targeted medications, whereas
two targeted diagnostic tests. Stratification by the strategy
for patient engagement suggested that shared decision-
making had a greater effect on reducing the use of low-
value care (RR 0.58; 95% CI 0.41–0.82; I2 92.8%) in com-
parison (meta-regression P = 0.07) to patient-oriented
educational materials (RR 0.76; 95% CI 0.65–0.89; I2

77.4%) (Fig. 4). Similar effect sizes were found when the
meta-analysis was stratified by studies targeting low-value
tests (n = 4) (RR 0.54; 95% CI 0.34–0.86; I2 94.7%) and
low-value treatments (n = 10) (RR 0.74; 95% CI 0.64–0.85;
I2 78.2%) (Fig. 5). When the meta-analysis was restricted
to RCTs with low risk of bias (n = 5), the effect of patient-
targeted interventions remained significant (RR 0.69; 95%
CI 0.58–0.83) although there was still a high degree of het-
erogeneity (I2 81.7%; Q-statistic P < 0.001) (Fig. 6). Meta-
regression, although limited by the small number of stud-
ies, suggested that neither variability due to the targeted
low-value care (test vs. treatment) nor strategy for patient
engagement (shared decision-making vs. patient-oriented
educational materials) contributed to inter-study hetero-
geneity (Additional File 3).

Discussion
We identified nine RCTs and thirteen quasi-experimental
studies that prospectively evaluated the effect of de-
implementation interventions that engaged patients within
the patient-clinician interaction on the use of low-value

care. Compared to a prior knowledge synthesis examining
this topic [17], we identified additional relevant studies
and provide a tangible, quantified estimate of the effect of
these interventions. Patient engagement occurred through
patient-oriented educational materials, mass media
campaigns, and shared decision-making between the
patient and clinician. Studies examined a broad array of
low-value care including potentially unnecessary tests
(e.g., computed tomography scans for mild head injur-
ies), treatments (e.g., antibiotics for upper respiratory
tract infections), and surgeries (e.g., cesarean sections).
The most common clinical context was adult patients
making decisions about medical treatments in primary
care. Meta-analysis demonstrated that patient engage-
ment within the patient-clinician interaction reduced
the use of low-value care by an average of 31% (range
20 to 40%). Although this effect estimate was limited by
inter-study heterogeneity, it is the first to quantify the
potential impact of such de-implementation interven-
tions, and despite the heterogeneity, effects remained
consistent when examined in subgroups defined by
different strategies for patient engagement, types of
low-value care, and study design. Researchers, policy-
makers, and decision-makers should consider the
patient-targeted intervention as a strategy for reducing
low-value care.
Our results add to and compare favorably with prior

research examining a similar question [17]. Colla et al.
performed a systematic review examining interventions
to reduce low-value care, inclusive of 108 articles, of
which 19 reported on interventions that involved a pa-
tient education component. Narrative synthesis among
the 19 articles concluded that patient-oriented education
is an effective strategy for patient engagement within the

Fig. 3 Funnel plot with pseudo 95% CIs
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patient-clinician interaction and can successfully reduce
low-value care. However, many of their studies used
patient-targeted strategies within multicomponent inter-
ventions that included clinician-targeted strategies (e.g.,
clinical decision support, provider feedback). This makes
it challenging to understand which components of the
intervention (i.e., patient-targeted or clinician-targeted)
were actually effective and whether there is an advantage
to focusing on one group or another. Although it would
seem logical that the synergistic effects achieved from
simultaneously engaging patients and clinicians would
be greater than those from strategies engaging the two
parties separately, this has yet to be adequately exam-
ined. Understanding the effects of patient-targeted inter-
ventions is important because clinicians have indicated
that important barriers to reducing low-value care in-
clude patient care expectations and the risk of patient
dissatisfaction if expectations are not met [15, 16].
Moreover, given the costs and resources associated with
multicomponent de-implementation initiatives, under-
standing which strategies have the greatest effect on re-
ducing low-value care is important for advancing the
science of de-implementation and informing how to best

reduce low-value care. Patient-targeted interventions
within the patient-clinician interaction may help to miti-
gate these challenges. As clinician-targeted strategies did
not meet inclusion criteria for our systematic review, this
enabled us to isolate studies that only reported on patient-
targeted interventions within the patient-clinician inter-
action and examine their effect on use of low-value care.
Acknowledging the potential benefits of patient engage-

ment in reducing low-value care, patient engagement in
clinical decision-making is often viewed as challenging,
time-consuming, and potentially costly [50, 51]. Our study
demonstrates that the ensuant reductions in low-value
care make tackling these challenges worthwhile. However,
it is important to consider that the nature and success of
patient-targeted de-implementation interventions likely
depend on patient and clinician characteristics, clinical
context, and the targeted low-value practice. For example,
one study found that patient-oriented educational mate-
rials reduced unnecessary medication use among adult,
but not pediatric, patients [39]. This finding is congruent
with and potentially explained by evidence from recent
systematic reviews indicating that informational compo-
nents may be sufficient for interventions that target

Fig. 4 Random effects meta-analysis of the association between patient-targeted interventions to reduce low-value care by the strategy for
patient involvement
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patients (e.g., adults), but that caregivers (e.g., parents of
children) require supplemental information that enables
activation (i.e., prompting action) and/or collaboration
(i.e., engagement with clinicians or others) [52, 53]. Be-
cause these de-implementation interventions occur within
the patient-clinician interaction, their success will also
depend on the characteristics of participating clinicians
and their ability and intention to engage the patient in
strategies like shared decision-making. Interventions may
benefit from a training component wherein clinicians
learn how to effectively engage patients through the
selected strategy. In addition, most interventions in our re-
view targeted low-value practices that lacked efficacy in a
primary care setting by providing patients with educa-
tional materials. This approach to patient engagement was
evidently effective for a low-value practice associated with
minimal risk for patients with low illness burden. How-
ever, for low-value practices provided to patients with
greater illness burden cared for in clinical contexts associ-
ated with greater risk (e.g., emergency departments,

hospital inpatient wards, etc.), de-implementation in-
terventions that seek to engage patients and/or their
caregivers will likely require more interaction and col-
laboration with clinicians. Although few studies in
our review examined patient-focused interventions in
high acuity contexts, one study did successfully imple-
ment an intervention that involved families and clini-
cians in ethics consultations to discuss non-beneficial
life-sustaining treatments in intensive care units [32].
Future research should examine the effect of patient
engagement on the use of low-value care in acute
care contexts.

Strengths and limitations
A notable strength of this study is the rigorous method-
ology which included a peer-reviewed search strategy
and adherence to published guidelines regarding system-
atic review and meta-analysis methodology. In addition,
our review was narrow in scope and focused solely on
de-implementation interventions that engaged patients

Fig. 5 Stratified by type of low-value care, random effects meta-analysis examining the effect of de-implementation interventions that engage
patients within the patient-clinician interaction on the use of low-value care
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within the patient-clinician interaction, which is arguably
one of the most critical clinical contexts for influencing
the use of low-value care. Our meta-analysis quantified
the effect of patient engagement within the patient-
clinician interaction and confirmed its effectiveness as
an approach to reducing low-value care, while highlight-
ing important heterogeneity within published literature.
However, this study must be interpreted within the con-
text of its limitations. First, the English language restric-
tion may have omitted relevant articles, yet it is unlikely
that this would have altered our main findings. Second,
the main outcome of the proportion of patients who re-
ceived the low-value practice may have overestimated
the use of certain low-value practices. For example, if a
study’s outcome was the number of patients given a pre-
scription for benzodiazepines and some patients did not
end up using the prescription, the true number would
have been overestimated. However, this misclassification
bias is expected to be non-differential and would suggest
that if anything, our results are a conservative estimate
of the true population effect. Third, this study focused
on low-value clinical interventions, and therefore, we
cannot comment on the de-implementation of non-

medical forms of care. In addition, the majority of in-
cluded studies targeted medication prescribing in pri-
mary care. This limits the generalizability of our results.
Further research is needed to determine if the observed
effects persist in other clinical contexts (e.g., emergency
department). Fourth, there was significant inter-study
heterogeneity that affects interpretation of the pooled es-
timates. Given the nature of our research question, we
anticipated observing inter-study heterogeneity within
our pooled estimates. We proceeded with calculating
pooled effect estimates in spite of this because (1) effect
estimates from individual studies, especially those that
were of higher quality, were similar; (2) pooled estimates
have greater utility relative to individual study effect esti-
mates, as they may be used to facilitate comparisons
with meta-analyses of other types of interventions aim-
ing to reduce low-value care (e.g., provider-targeted in-
terventions); (3) collectively, this small group of studies
represents the totality of available evidence for evaluat-
ing the average impact of patient-targeted interventions
on use of low-value care, so restricting our scope to a
specific low-value practice, patient population, or
patient-engagement tool would have resulted in a small

Fig. 6 Among RCTs stratified by summary risk of bias assessment, random effects meta-analysis examining the effect of de-implementation
interventions that engage patients within the patient-clinician interaction on the use of low-value care
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number of studies precluding any meaningful findings;
and (4) similar approaches have been employed in other
meta-analyses investigating the utility of interventions
that span clinician disciplines and patient populations,
such as decision aids [54]. Finally, although this review
indicated that de-implementation interventions that en-
gage patients within the patient-clinician interaction is a
promising approach for reducing low-value care, we
must consider that the implementation and effectiveness
of these interventions will be significantly influenced by
clinicians, given that they hold the authority to order a
low-value test or treatment. This review did not aim to
explore how clinicians may respond to or support pa-
tient engagement in de-implementation interventions,
and therefore, further research is required to determine
how to appropriately support and engage clinicians
within such interventions.

Conclusions
This systematic review with meta-analysis suggests that
de-implementation interventions that engage patients
within the patient-clinician interaction through patient-
targeted educational materials or shared decision-
making are effective in decreasing the use of low-value
care, especially for medical treatments prescribed within
primary care. Additional research should seek to under-
stand the utility of patient-targeted interventions in the
acute care context and how the effectiveness of patient-
targeted interventions compares to that of clinician-
targeted or multicomponent interventions. However,
based on the results of this study, de-implementation in-
terventions that seek to reduce low-value medical treat-
ments provided to patients in a primary care setting
should incorporate patient engagement using tailored
educational and shared decision-making tools.
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