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Strategies to reduce the use of low-value
medical tests in primary care:
a systematic review
Abstract
Background

It is recognised that medical tests are overused in
primary care; however, it is unclear how best to
reduce their use.

Aim

To identify which strategies are effective in
reducing the use of low-value medical tests in
primary care settings.

Design and setting
Systematic review.

Method

The databases MEDLINE, EMBASE, and Rx
for Change were searched (January 1990 to
November 2019) for randomised controlled trials
(RCTs) that evaluated strategies to reduce the
use of low-value medical tests in primary care
settings. Two reviewers selected eligible RCTs,
extracted data, and assessed their risk of bias.

Results

Of the 16 RCTs included in the review, 11
reported a statistically significant reduction
in the use of low-value medical tests. The
median of the differences between the relative
reductions in the intervention and control arms
was 17% (interquartile range 12% to 24%).
Strategies using reminders or audit/feedback
showed larger reduction than those without
these components (22% versus 14%, and 22%
versus 13%, respectively) and patient-targeted
strategies showed larger reductions than those
not targeted at patients (51% versus 17%). Very
few studies investigated the sustainability of the
effect, adverse events, cost-effectiveness, or
patient-reported outcomes related to reducing
the use of low-value tests.

Conclusion

This review indicates that it is possible to
reduce the use of low-value medical tests
in primary care, especially by using multiple
components including reminders, audit/
feedback, and patient-targeted interventions.
To implement these strategies widely in
primary care settings, more research is needed
not only to investigate their effectiveness,
but also to examine adverse events, costeffectiveness, and patient-reported outcomes.

Keywords

investigative techniques; medical overuse;
medical tests; primary care; systematic review;
unnecessary procedures.

e858 British Journal of General Practice, December 2020

INTRODUCTION
In primary care settings, the use of medical
tests is increasing.1 However, a certain
proportion of these tests are of low value,
providing no benefit to patients or even
causing harm.2,3
Although primary care physicians are
aware that they overuse medical tests,4 there
are some specific underlying mechanisms
for this problem in primary care settings.
First, as the pre-test probability of a serious
disease is low and symptoms overlap
between conditions, primary care physicians
have to deal with greater diagnostic
uncertainty than physicians in secondary and
tertiary care settings.5,6 Second, primary care
plays a major role in delivering screening and
monitoring, for example, for various types of
cancers and lifestyle diseases. When tests
that were once considered effective have
been found to be ineffective, for example, the
use of routine mammography screening in
women of average risk aged 40–49 years,
primary care physicians are expected to
discontinue them.7 However, it is not easy to
keep up to date with the emerging evidence in
the broad field of medicine in which primary
care physicians are involved. Additionally, it
has been reported that clinical guidelines
have limited effect on physicians’ practice.8
Particularly, in relation to clinical guidance
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recommendations, de-implementation
(reducing the use of low-value care)
of existing practices is sometimes more
difficult than implementing new practices.9
The awareness of low-value care has
increased in recent years, and various
initiatives have been introduced to address
the issue.10 Although several systematic
reviews about interventions to reduce
low-value care have been undertaken,11–14
none have specifically focused on reducing
the use of medical tests in primary care
settings. Therefore, the primary aim of this
study was to identify which strategies are
effective in reducing the use of low-value
medical tests in primary care settings.
The study also investigated whether there
was evidence about adverse events as a
result of unperformed medical tests, other
medical resource use, cost-effectiveness of
de-implementation strategies, and patientreported outcomes.
METHOD
The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement was followed.15
Data sources and searches
This review was part of a larger project
on de-implementation for which studies
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How this fits in
It is uncertain which strategies have
the greatest potential to reduce the use
of low-value medical tests in primary
care settings. The evidence from the
randomised controlled trials in this review
indicates that it is possible to reduce
the use of low-value medical tests in
primary care, particularly by combining
multiple intervention components,
including reminders and audit/feedback,
and by targeting patients. However, to
implement these strategies widely in
primary care settings, more research
is needed to investigate adverse events,
cost-effectiveness, and patient-reported
outcomes as consequences of reducing
the use of low-value medical tests.

evaluating strategies to reduce lowvalue care were identified regardless of
type of care, setting, or study design. An
information specialist conducted a literature
search using MEDLINE, EMBASE, and Rx
for Change databases in November 2019
(see Supplementary Box S1 for details of
the search strategy). Reference lists of all
included studies were also searched to
identify reviews as an additional source.
Study selection
Randomised controlled trials (RCTs)
included in the review evaluated the
effectiveness of a strategy for reducing lowvalue medical tests in primary care settings
and were published in English, German,
French, or Dutch after 1990. Studies on
guideline adherence were only included
when the aim of the study was explicitly
stated as reducing low-value medical tests.
Pairs of authors independently screened
titles and abstracts, and subsequently full
texts of potentially eligible publications. In
the case of disagreement, the two authors
discussed the issue, and consulted a third
author when necessary.
Data extraction and critical appraisal
One of the authors extracted data, which was
checked by a second author. A structured,
pilot-tested electronic data extraction form
was used that included study characteristics
(study design, the type of medical tests
being de-implemented [laboratory/
imaging/physiological], the role of tests
[diagnosis/screening/staging/monitoring],
and targets and components of the
de-implementation strategy) and outcomes
(see Supplementary Box S2 for details). The
component of de-implementation strategies

was classified into nine categories using
the taxonomy provided by the Cochrane
Effective Practice and Organisation of
Care Group.16,17 Each component of
de-implementation strategies was further
classified into four levels based on the target
of a de-implementation strategy: provider,
patient, organisation, and healthcare system
(see Supplementary Box S3 for detailed
examples for each category).18 The primary
outcome was the effect of strategies to
reduce the use of low-value medical tests
or the total number of tests. The secondary
outcomes were adverse events as a result
of unperformed medical tests (for example,
delay in diagnosis, referral, and treatment,
or increased complications and mortality);
other medical resource use (for example,
other medical tests, or admission and
visits to primary care/emergency room);
cost-effectiveness of de-implementation
strategies; and patient-reported outcomes
(quality of life or patient satisfaction).
Two authors independently assessed
the risk of bias using the Cochrane
Collaboration’s risk of bias tool.19 In addition
to the seven domains of this tool, three
specific issues for cluster randomised trials
were assessed.20–23
Analysis
The eligible studies reported the incidence
of low-value medical tests in different
ways, for example, only the incidence
after intervention, the difference between
baseline and post-intervention, or the
incidence per arm/practice/physician/
visits/patients. To compare the effect of
de-implementation strategies across the
studies, the relative reduction in the use
of the low-value tests was calculated as
the difference of the incidence between
baseline and post-intervention divided
by the incidence at baseline. The
effectiveness of a strategy was defined as
the difference between relative reductions
in the intervention and control arms (net
relative reduction). The studies in which
de-implementation strategies were directly
compared with each other were reported
separately. When a study investigated the
effect of a strategy on several low-value
tests, the data of the low-value test with the
median net relative reduction were selected
as a representative of the study. In studies
that compared several strategies, the
strategy including the most interventions or
addressing the most targets was selected.
When there was only information about the
total number of tests (without specifying if
these were appropriate or inappropriate),
the net relative reduction of total volume
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was selected. In addition to the analysis of
the effect of strategies in the short term, the
sustainability of effects was also assessed.
Factors potentially affecting the effect of
strategies were explored: type of medical
tests (laboratory/imaging/physiological
tests), role of tests (diagnostic/screening/
staging/monitoring), number of intervention
components, number of targets, outcome
measured (total number of tests or actual
low-value tests), overall risk of bias in
the included studies, and targets and
components of the intervention. Studies
with low overall risk of bias were defined
as satisfying all of the following criteria: an
adequate random sequence generation; a
low risk of bias for all three domains related
to cluster randomised designs, if applicable;
and not rated as high risk of bias because
of unconcealed allocation, detection bias,
attrition bias, or reporting bias, with unclear
risk of bias for a maximum of two domains.
RESULTS
Search results
A total of 4590 records were identified by
the search. After the title and abstract

Screening

Identification

Figure 1. Literature selection process.
RCT = randomised controlled trial.

Records identified through
database searching
(n = 6783)

Additional records identified
through other sources
(n = 896)

MEDLINE n = 3134
EMBASE n = 3434
Rx for Change n = 215

Reference checking n = 870
Websites n = 26

Records after duplicates removed
(n = 4590)

Included

Eligibility

Records screened
(n = 4590)

Records excluded
(n = 3654)
Full-text articles excluded,
with reasons
(n = 920)

Full-text publications
assessed for eligibility
(n = 936)

Studies included
(n = 16)

e860 British Journal of General Practice, December 2020

No evaluation of a strategy to
reduce low-value care: n = 427
No medical test: n = 113
No RCT: n = 165
No access to full text: n = 57
Systematic reviews: n = 49
Passive de-implementation
strategy: n = 24
Discontinuation: n = 20
Published <1990: n = 18
Protocol: n = 17
Language: n = 11
Publication type: n = 7
Wrong setting: n = 6
Wrong outcome: n = 6

screening, a full-text assessment was
conducted for the remaining 936 articles,
16 of which were eligible for inclusion
(Figure 1).24–41
Characteristics of included studies
One-third of the studies were conducted
in the UK (n = 6; 38%) (Table 1). More
than half of the studies (n = 9; 56%)
specified the indications of the tests to
be de-implemented, of which low back
pain was the most common (n = 4; 25%).
The types of medical tests aimed for
de-implementation were laboratory tests
(n = 8; 50%), imaging tests (n = 11; 69%),
and physiological tests (n = 3; 19%). Twelve
studies (75%) specified the role of tests:
diagnostics (n = 12; 75%), screening (n = 7;
44%), and monitoring (n = 6; 38%) with
some overlapping, while no study focused
on tests for staging (data not shown].
De-implementation strategies
De-implementation strategies in the included
studies were classified by their target and the
number of interventions (single/combination
of ≥2) (Table 2). All six studies with a single
target and a single intervention were aimed
at healthcare providers. Among them,
educational materials and reminders were
most frequently used (33% for both). Similarly,
healthcare providers were targeted in all
seven studies having a single target and using
a combination of interventions. Educational
materials and audit/feedback were the most
frequently used strategies (86% for both).
Among three studies addressing multiple
targets with a combination of interventions,
all targeted the healthcare provider. Two
(67%) studies additionally targeted patients
and one study additionally targeted the
organisational context and healthcare
system (see Supplementary Table S1 for
detailed information about each study).
Risk of bias
In the domain of allocation concealment,
seven studies (44%) were rated as low risk
of bias, whereas nine studies (56%) did not
give sufficient information. As blinding of
participants was difficult because of the
nature of the intervention, most studies
(n = 11; 69%) were rated as high risk of bias
in this item. Four studies (25%) satisfied
the criteria of overall low risk of bias. See
Supplementary Figures S1 and S2 for
details of the results of the assessment of
risk of bias.
Effectiveness of de-implementation
Eleven studies (69%) reported that their
intervention showed a statistically significant

Table 1. Summary of the characteristics of included studies (N = 16)
Included studies, n (%)

Characteristic
Country
UK
The Netherlands
US
Australia
Norway

6 (38)
4 (25)
3 (19)
2 (13)
1 (6)

Study design
Cluster RCT
RCT

15 (94)
1 (6)

Setting
Single centre
Multicentre

2 (13)
14 (88)

Indication for medical testsa
Specified
Low back pain
Othersb
Not specified

9 (56)
4 (25)
5 (31)
7 (44)

Type of medical testsa
Laboratory tests
Imaging
Physiology

8 (50)
11 (69)
3 (19)

Some studies were applicable to >1 category. bMany other conditions were addressed, but most of them were

a

evaluated in only one of the included studies (see Supplementary Table S1 for detailed information about each
condition). RCT = randomised controlled trial.

reduction. Ten studies (63%) reported the
necessary information to calculate relative
reductions of the incidence of the lowvalue tests (see Supplementary Table S2 for
details of the six studies without information
to calculate the relative reduction).

Table 2. De-implementation strategies by the number of
intervention components and targets
Single target,
single
intervention
(n = 6), n (%)

Single target,
combination of
interventions
(n = 7), n (%)

Multiple targets,
combination of
interventions
(n = 3), n (%)

All
(n = 16),
n (%)

Targeted at provider

6 (100)

7 (100)

3 (100)

16 (100)

Educational meetings

1 (17)

4 (57)

3 (100)

8 (50)

Distribution of educational material

2 (33)

6 (86)

3 (100)

11 (69)
5 (31)

Intervention

Reminders

2 (33)

2 (29)

1 (33)

Audit/feedback

1 (17)

6 (86)

1 (33)

8 (50)

Targeted at patient

0 (0)

0 (0)

2 (67)

2 (13)

Targeted at organisational context

0 (0)

0 (0)

1 (33)

1 (6)

Organisational interventions

0 (0)

0 (0)

1 (33)

1 (6)

Structural interventions

0(0)

0(0)

0(0)

0 (0)

Targeted at healthcare system

0 (0)

0 (0)

1 (33)

1 (6)

Regulatory interventions

0(0)

0(0)

0(0)

0 (0)

Financial interventions

0 (0)

0 (0)

1 (33)

1 (6)

Comparison of de-implementation with
usual care. The median net relative
reduction in the use of low-value tests was
17% (interquartile range [IQR] 12% to 24%).
A comparison of net relative reductions
based on study characteristics is shown
in Figure 2 (see Supplementary Table S3
for details). Strategies with multiple
targets and a combination of interventions
tended to be more effective than those
with a single target. Strategies using
reminders and audit/feedback showed a
larger reduction than those without these
components: 22% (IQR 17% to 31%) versus
14% (IQR 12% to 20%), and 22% (IQR 13%
to 37%) versus 13% (IQR 11% to 16%),
respectively. Studies targeted at patients
showed a larger reduction in the use of
low-value tests than those not targeted at
patients: 51% (IQR 30% to 72%) versus 17%
(IQR 12% to 23%).
Direct comparison of de-implementation
strategies. In three studies, a direct
comparison
of
de-implementation
strategies was reported.26,33,36 In one study,
reminders were more effective than audit/
feedback in de-implementation of imaging
studies (41% versus 29% for lumbar
radiograph, and 33% versus 15% for knee
radiograph, respectively).26 However, the
second study showed an opposite trend that
reminders were less effective than audit/
feedback in de-implementation of laboratory
tests (15% versus 27%, respectively).33 In
the third study, a computer-based decision
support system based on guidelines
reduced the number of laboratory tests by
20% compared with a system based on a
reduced list of medical tests.36
Sustainability of effect. Three studies
evaluated the sustainability of the effect of
the strategy.34,40,41 One of them did not report
results.41 The other two reported that the
effect of the strategy was not sustainable
despite an initially observed significant
effect.34,40
Secondary outcomes
One study reported adverse events as a
result of unperformed tests and found no
increase in the number of hospitalisations,
emergency room visits, or outpatient visits.34
One study assessed the cost-effectiveness
of de-implementation strategies. In
the comparison between an original
multifaceted strategy (combining written
feedback, group education, and distribution
of guidelines) and a strategy using only
feedback, the multifaceted strategy was
more effective in cost reduction than only
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Reminders

Relative reduction in the use of low-value medical tests, %

Single or multiple targets and interventions
80

80
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60
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Single target,
Single target,
single intervention combination of
(n = 3)
interventions
(n = 5)
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(n = 6)

Multiples targets,
combination of
interventions
(n = 2)

Targeted at patient

Audit/feedback
80
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40
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(n = 3)
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(n = 7)

Figure 2. Comparison of relative reductions in the use
of low-value medical tests based on characteristics of
de-implementation strategies.

Yes
(n = 4)

No
(n = 8)

Yes
(n = 2)

using feedback. However, the cost for the
strategy surpassed the reduced cost.39
Two studies measured patient
satisfaction. In one study, the intervention
was designed to enhance primary care
physicians’ patient-centredness and skills
in handling patient requests for low-value
diagnostic tests. Patients in the intervention
group were more satisfied than in those
in the control group.27 The other study
stated in the method section that patient
satisfaction was measured; however, no
results were reported.32
DISCUSSION
Summary
Of 16 RCTs investigating the effect of
strategies to reduce low-value medical
tests in primary care, 11 studies (69%)
reported a statistically significant reduction.
The median net relative reduction
in the use of low-value tests was 17%.
Addressing multiple targets and using a
combination of interventions tended to
increase effectiveness. Strategies using
reminders or audit/feedback showed
larger improvements than those without
these components (22% versus 14%, and
22% versus 13%, respectively), and patienttargeted strategies showed a larger
reduction in the use of low-value tests than
those not targeted at patients (51% versus
17%).
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Strengths and limitations
Although there have been several reviews
of quality improvement in primary care,42
to the best of the authors’ knowledge, this
is the first review to evaluate the effect of
strategies to reduce the use of low-value
medical tests in primary care. This study
has several limitations. First, for six studies
it was not possible to calculate the relative
reduction of the use of low-value tests,
as they lacked the necessary information.
This has also been encountered in other
reviews.11,14 To promote the integration
of evidence, recommendations about
appropriate outcome measures for
de-implementation are required. Second, in
the analysis of factors related to the effect
of strategies, there were only a very small
number of studies in some categories, so the
findings should be interpreted with caution.
Finally, there was substantial heterogeneity
among the included studies in terms of the
type and role of medical tests, components,
and targets of intervention. As a result, it
was difficult to directly compare the effect
of each of these factors in reducing the use
of low-value medical tests.
Comparison with existing literature
The findings of this study corroborate the
results of existing systematic reviews about
strategies to promote the appropriate use
of medical tests, which included mainly
observational studies without a control
group. Some of these reviews showed that
interventions to reduce the use of laboratory
tests are generally successful.11,14,43
However, they focused only on laboratory
tests and the setting of two reviews was
solely11 or mainly secondary/tertiary care.14
Another review found that multicomponent
interventions were more effective than
single-component
interventions
in
increasing the appropriate use of diagnostic
tests by physicians in various settings.44
However, as well as including studies that
aimed to reduce the use of low-value tests,
this review also included studies that aimed
to promote underused tests.
In line with the findings of a review that
evaluated the effect of de-implementation
strategies with no restriction on types of
low-value care (medical tests or treatment)
and settings,13 the current study suggests
that strategies that target patients as
well as providers may be more effective.
Although physicians may order low-value
tests because of diagnostic uncertainty
or misconceptions of the value of tests,
patients may frequently request those tests.
It has been reported that such patients are
usually anxious and require reassurance.45

Although physicians sometimes rationalise
the use of low-value tests to reassure
patients, these tests hardly help to
decrease patients’ anxiety.46 To improve
patients’ understanding of low-value tests,
the results of the current study suggest
that it is of added value to include patient
educational components as a part of
de-implementation strategies.
Implications for research and practice
Although the effect of de-implementation
strategies on the use of low-value care
has been extensively evaluated, there is
little evidence about the potential negative
consequences of these strategies. One
reason might be that negative effects
are rare, so studies would need a large
sample size and long follow-up for them
to be evaluated. Because fear of juridical

claims is one of the reasons for physicians
to order tests,47 it is necessary to assure
them that low-value tests can be omitted
without adverse events, such as delays
in diagnosis, referral, and treatment, or
increased complications and mortality.
Furthermore, sustainability and costeffectiveness are crucial considerations for
introducing de-implementation strategies
on a larger scale. Nevertheless, only a
few studies in this review evaluated these
outcomes. Additionally, patient satisfaction
is an important outcome in clinical practice,
which can be impaired by declining medical
tests requested by patients.48 Further
research is therefore needed to assess
the consequences of these interventions
in the long term before the spread of
de-implementation strategies for low-value
tests is promoted.
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