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ABSTRACT
Background Overuse of diagnostic testing substantially 
contributes to healthcare expenses and potentially 
exposes patients to unnecessary harm. Our objective 
was to systematically identify and examine studies that 
assessed the prevalence of diagnostic testing overuse 
across healthcare settings to estimate the overall 
prevalence of low- value diagnostic overtesting.
Methods PubMed, Web of Science and Embase were 
searched from inception until 18 February 2020 to 
identify articles published in the English language that 
examined the prevalence of diagnostic testing overuse 
using database data. Each of the assessments was 
categorised as using a patient- indication lens, a patient- 
population lens or a service lens.
Results 118 assessments of diagnostic testing overuse, 
extracted from 35 studies, were included in this study. 
Most included assessments used a patient- indication 
lens (n=67, 57%), followed by the service lens (n=27, 
23%) and patient- population lens (n=24, 20%). 
Prevalence estimates of diagnostic testing overuse 
ranged from 0.09% to 97.5% (median prevalence of 
assessments using a patient- indication lens: 11.0%, 
patient- population lens: 2.0% and service lens: 30.7%). 
The majority of assessments (n=85) reported overuse 
of diagnostic testing to be below 25%. Overuse of 
diagnostic imaging tests was most often assessed 
(n=96). Among the 33 assessments reporting high levels 
of overuse (≥25%), preoperative testing (n=7) and 
imaging for uncomplicated low back pain (n=6) were 
most frequently examined. For assessments of similar 
diagnostic tests, major variation in the prevalence of 
overuse was observed. Differences in the definitions 
of low- value tests used, their operationalisation and 
assessment methods likely contributed to this observed 
variation.
Conclusion Our findings suggest that substantial 
overuse of diagnostic testing is present with wide 
variation in overuse. Preoperative testing and imaging 
for non- specific low back pain are the most frequently 
identified low- value diagnostic tests. Uniform definitions 
and assessments are required in order to obtain a more 
comprehensive understanding of the magnitude of 
diagnostic testing overuse.

INTRODUCTION
In modern medicine, diagnostic tests, 
including laboratory tests, imaging 
and more invasive procedures, figure 
prominently in clinical decision making 
surrounding a new diagnosis.1 2 However, 
the use of a diagnostic test is not always 

appropriate, as it may generate false posi-
tives, produce downstream cascades of 
more testing, expose patients to radia-
tion or other harms, and create unneces-
sary patient anxiety, and could therefore 
be considered of low value.3–7 Recent 
studies show that low- value diagnostic 
tests are still widely used and account for 
a substantial portion of the total amount 
of low- value healthcare expenses.8–12 
However, despite the potential avoidance 
of both costs and patient harms, the full 
quantification of low- value diagnostic 
testing has been difficult to achieve.

Understanding the prevalence of low- 
value diagnostic testing is essential to 
spur doctors, health systems and policy-
makers to take action to reduce its use. 
Most assessments of low- value diagnostic 
testing to date have been performed in the 
USA, Canada and Australia.5 13–17 Only a 
few assessments have been completed in 
Europe.18–21 Although multiple assess-
ments of diagnostic testing overuse exist, 
only a small fragment of the problem has 
been uncovered.

One systematic review assessing the 
prevalence of diagnostic testing overuse 
and underuse in the primary care setting 
has previously been published by O’Sul-
livan et al.22 Previous assessments demon-
strate that overtesting is not limited to 
the primary care setting.16 18 19 We there-
fore chose not to limit our study to one 
healthcare setting but rather to include all 
assessments of overtesting irrespective of 
the healthcare setting in which they were 
conducted. Furthermore, it is often hard 
to distinguish primary from secondary 
care practices due to differences in defi-
nitions of primary and secondary care 
procedures between countries and health-
care systems. In the present study, we 
therefore chose a more specific approach 
to the examination of the problem of 
low- value diagnostic testing compared 
with O’Sullivan. We narrowed down our 
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scope to studies of similar study design that only quan-
tified the overuse, and not underuse, of diagnostic 
testing (eg, overtesting) using database data and used 
guidelines to distinguish appropriate from inappro-
priate testing to obtain a more uniform overview of 
the problem. This review might help policymakers and 
healthcare providers in their efforts to reduce overuse 
of diagnostic testing and can also help identify new 
knowledge gaps.

METHODS
This systematic review was performed and is reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta- Analyses (PRISMA) guidelines23 
(online supplemental file 1) and Meta- analyses of 
Observational Studies in Epidemiology statements,24 
no protocol has been registered. PubMed, Web of 
Science, and Embase were searched on 18 February 
2020, for studies, of any design, assessing overuse of 
diagnostic tests. We did not restrict our search with 
respect to publication start date. The search can be 
summarised as (Medical Overuse OR Low- value care 
OR wasteful care OR wasteful healthcare) AND (Diag-
nosis) AND (Variation OR Volume OR Prevalence OR 
Frequency) (see online supplemental file 2 for the full 
strategy). We limited our search to human studies and 
studies published in English. The reference list of each 
included study was also searched for potentially rele-
vant studies.

Study selection
Full texts were independently screened for eligibility 
by two reviewers. We included studies that quantified 
the overuse of diagnostic tests using database data, 
described a prevalence assessment and mentioned the 
relevant guideline(s) used to distinguish appropriate 
from inappropriate diagnostic testing. For the purpose 
of this study, we defined low- value diagnostic testing 
(or overtesting) as the overuse of diagnostic practices 
which are unlikely to benefit the patient given the 
harms, cost, available alternatives or preferences of the 
patient.25 We excluded studies that did not quantify 
or assess provision of low- value diagnostic services; 
measured against a local guideline only (eg, did not 
use a guideline published by a government or profes-
sional society, but rather used a guideline that is only 
applicable locally); used survey data as the principal 
data source; were not published in English; used data 
derived from countries not in the Organisation for 
Economic Co- operation and Development (OECD); 
were intervention studies; or assessed (non- diagnostic) 
routine (population) screening tests as defined by Wald 
and Law26 We only included studies using data from 
countries that are part of the OECD because of the 
comparability of the social–economic characteristics 
of the populations. Disagreements regarding the eligi-
bility of studies were discussed by three of the study 
authors until consensus was reached.

Data extraction
The following information was extracted from each 
article: author and year, country, study population 
demographics (age/sex), the guideline used to deter-
mine the (in)appropriateness, the low- value care defi-
nition used, data sources, collected parameters, health-
care setting in which the assessment was conducted 
(primary/secondary care/both/unclear), type of low- 
value diagnostic test examined and the study outcome 
(prevalence estimate(s)). Assessments of diagnostic 
imaging procedure(s) were assigned to one of six cate-
gories based on the imaging modality they examined: 
cardiac test, combination, endoscopy, scan, ultrasound 
and X- ray (see online supplemental file 3) for an 
overview of the different imaging modalities in each 
category). The combination category contains assess-
ments of multiple imaging modalities, but which did 
not report the individual outcomes for each included 
modality. For example, some studies examined the use 
of X- ray, MRI and CT in the examination of low back 
pain but did not report the individual outcome meas-
ures for the different modalities, but solely reported 
the combined outcome. When studies contained 
assessments for more than one unique diagnostic test, 
data for each test were collected and presented as an 
individual assessment. In case assessments were carried 
out over multiple time periods, only the data from the 
most recent time period were extracted. Each of the 
extracted assessments was assigned an assessment lens 
based on the classification proposed by Chalmers et 
al in 2017.27 Chalmers et al concluded that different 
lenses are used to assess low- value care, each of which 
produces distinct outcomes. In general, Chalmers 
et al distinguishes two types of lenses that are used: 
service- centric and patient- centric lenses. Assessments 
using the service lens focus on the proportion of diag-
nostic tests that are of low value, while assessments 
using the patient lens focus on the proportion of the 
patient population that received the low- value diag-
nostic tests. Assessments using a patient centric lens 
can be further subdivided into assessments using either 
a patient- indication or patient- population lens. Which 
of the two patient centric lenses is applicable depends 
on the type of denominator that is used.27 Assessment 
using a patient- indication lens only include patients 
with a specific indication in their denominator, while 
assessments using a patient- population lens include the 
entire cohort in their denominator.

The process of assigning lenses to the different 
assessments was performed in the following manner. 
One of the authors drafted an initial proposal 
regarding the applicable lens for each of the included 
assessments. This proposal was then critically 
appraised by two other authors, which was followed 
by multiple rounds of discussion until all authors 
agreed on the lens used.
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Quality assessment
Risk of bias was assessed by three researchers using 
a modified version of the Hoy risk of bias tool. The 
Hoy risk of bias tool is a validated tool for the assess-
ment of both internal and external validity of preva-
lence studies.28 The tool was modified in the following 
manner:
1. Three domains (points 4, 7 and 9) from the original 

tool were found to be not applicable with respect to the 
identified studies. These domains either required infor-
mation which is not applicable to retrospective research 
involving (electronic) database data or examined study 
designs which were not included in our study. Domain 
7 was considered to be not applicable, since we did not 
grade the underlying evidence of the guidelines used in 
each of the included assessments. These domains were 
therefore removed after internal discussion among three 
authors. Online supplemental file 4 contains the original 
and modified tool, including more detailed reasoning for 
removal of each of the three domains.

2. The wording was adjusted to reflect the prevalence of 
low- value diagnostic testing instead of the prevalence 
of disease. Studies were considered at high risk of bias 
when they scored at least two ‘high’ and one ‘unclear’ 
among the seven risk of bias criteria. The original Hoy 
risk of bias tool does not provide a definition of high risk 
of bias. We therefore decided to use the aforementioned 
cut- off value for high risk after internal discussion among 
the authors. The process of grading risk of bias was sim-
ilar to the one we used to assign lenses to the different 
assessments. One author drafted an initial proposal re-
garding the risk of bias scores of the included studies, 
which was followed by critical appraisal by two other 
authors and followed by multiple rounds of discussion 
until consensus was reached regarding the risk of bias 
score for each of the studies.

Statistical analysis
The primary outcome of this study is the prevalence 
of overuse of diagnostic tests across all healthcare 
settings. Descriptive statistics and median prevalences 
were calculated across all assessments for diagnostic 
imaging, laboratory testing and electroencephalo-
gram categories and for the different assessment lenses 
within those categories. Analysis was performed using 
R V.3.6.3,29 and data visualisation was done using the 
R package ggplot2.30 Random- effect meta- analysis 
with 95% CIs (Clopper- Pearson), according to the 
DerSimonian and Laird method, was performed on 
similar assessments applying the same lens using the 
Meta31 and Metafor package.32 Variance was stabilised 
using the double arcsine transformation. The among- 
study heterogeneity was assessed using the I2 statistic. 
The I2 statistic represents the percentage of total varia-
tion across studies that is attributable to heterogeneity 
rather than change.33 34 When applicable, data from 
similar assessments were pooled based on the lens that 
was used to assess the prevalence.

RESULTS
Article characteristics
Our search strategy identified 2542 articles. Of these, 
2459 were excluded based on the title or abstract. 
Thirty- four studies met the eligibility criteria and were 
included. One additional eligible study was identified 
through screening of the reference lists of the included 
studies. A PRISMA flow diagram of the selection proce-
dure is shown in figure 1. From the included studies, 
seven conducted their assessments in the primary care 
setting (7/35), five in the secondary setting (5/35) and 
nine in both settings (9/35). The remaining 14 studies 
(14/35) did not provide a clear indication as to the 
setting in which their assessments were conducted and 
therefore labelled as unclear (also see online supple-
mental file 6). The included studies were conducted 
in eight different countries and contained 118 assess-
ments of low- value diagnostic tests. Most studies 
were conducted in the USA (n=23). The 118 identi-
fied assessments are divided into imaging procedures 
(n=96) and other diagnostic tests (n=22), which 
included laboratory tests (n=19), and electroencepha-
lography procedures (n=3) (as shown in table 1). The 
majority of the assessments used a patient- indication 
lens (n=67, 57%), followed by the service lens (n=27, 
23%) and patient- population lens (n=24, 20%). 
Among the studies included, three studies assessed 
overuse among different insurance populations,35–37 
and one study assessed overuse across two different 
time periods.38 Of note, since we were interested in 
the most recent measurements of low- value diagnostic 
overtesting, we decided to only include the most recent 
measurements from the study by Flaherty et al.38

Risk of bias
Using the Hoy risk of bias tool, we assessed the risk 
of bias of the included studies based on eight criteria 
(online supplemental file 4 contains the used modi-
fied Hoy risk of bias tool). Assessment of risk of bias 
revealed 25 studies as low risk of bias and 10 studies 
as high risk of bias (eg, scoring at least two catego-
ries high and one unclear). Almost all studies graded 
as high risk of bias, scored as being of high risk on 
the following two criteria: ‘the examined population 
being a close representation of the national popula-
tion’ and ‘the use of a clear case definition of the low- 
value diagnostic test examined’ (online supplemental 
file 5 contains a detailed description of the risk of bias 
assessment outcome.

Overuse of diagnostic tests
Online supplemental file 6 provides an overview of 
the studies, characteristics and outcomes. Prevalence 
estimates of diagnostic testing overuse ranged from 
0.09% to 97.5% (median prevalence of assessments 
using a patient- indication lens: 11.0%, a patient- 
population lens: 2.0% and a service lens: 30.7%). 
The majority of included assessments of low- value 
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diagnostic testing (n=85) report overuse to be below 
25%. Among the 33 assessments reporting high levels 
of overuse (≥25%), imaging for uncomplicated low 
back pain (n=6) and preoperative testing (n=7), 
such as preoperative baseline lab tests, echocardiog-
raphy or (cardiac) stress tests,were most commonly 
assessed. Overuse of diagnostic imaging procedures 
was most often assessed (n=96), with prevalence of 
overuse varying between 0.09% and 97.5% (median 
prevalence of assessments using a patient- indication 
lens: 11.2%, a patient- population lens: 1.2% and a 
service lens: 22.0%), as shown in figure 2. Prevalence 
assessments in the ‘other diagnostic tests’ category 
(n=22) varied between 0.10% and 78.6%, as shown 
in figure 3A,B. This category contained two distinct 
categories: laboratory tests (n=19, median prevalence 
of assessments using a patient- indication lens: 16.3%, 
a patient- population lens: 3.5 % and a service lens: 
47.5%: 14.0%) and electroencephalography (n=3, 
median prevalence of assessments using a patient- 
indication lens: 0.2% and a patient- population lens: 
0.1%).

The highest prevalence of overuse was reported in 
the following five diagnostic practices: use of electro-
cardiograms, chest X- rays or pulmonary function tests 
in low- risk patients having low- risk surgery (97.5%); 
imaging for low back pain within the first 6 weeks of 
symptom onset in the absence of red flags (86.2%); 
knee arthroscopy for meniscal derangements (81.7%); 

baseline lab tests for low- risk patients receiving low 
risk surgery (78.6%); and knee arthroscopy for osteo-
arthritis (71.7%). Overall, imaging in case of non- 
specific low back pain (15/118) and preoperative tests 
(14/118), such as preoperative baseline lab tests, echo-
cardiography or exercise stress tests, were most often 
assessed diagnostic practices identified in this study. 
Figures 2 and 3 show that a large variation in assess-
ment outcomes of similar diagnostic tests, irrespective 
of assessment lens used, exists. For example, Bouck et 
al,39 Schwartz et al13 and Mafi et al17 yielded vastly 
different results in their respective studies. Bouck 
et al39 used a patient- indication lens and reported 
30.70% of the identified imaging procedures to be 
considered as overuse, while Schwartz et al13 used a 
patient- population lens and found 4.1% to be consid-
ered as overuse. On the other hand, Mafi et al used a 
service lens in their assessment and reported the level 
of overuse to be 86.2%.

Variation among assessments of similar procedures
For the two types of diagnostic tests, multiple assess-
ments using similar lenses were identified among the 
included studies. These included short- interval repeat 
bone densitometry testing (dual- energy X- ray absorp-
tiometry) and the use of imaging procedures for non- 
specific low back pain. Considerable heterogeneity 
was observed between the extracted assessments for 
both groups (I2≥100%) (see online supplemental file 

Figure 1 PRISMA Flow- diagram. OECD, Organisation for Economic Co- operation and Development ; PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses.
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7 for the generated forest plot). We therefore chose 
to forgo generating pooled estimates since pooling 
heterogenous studies could lead to invalid results. In 
particular, assessments of overuse of imaging for non- 
specific low back pain showed substantial variation, 
irrespective of the assessment lens used.

DISCUSSION
In this systematic review, we identified and summa-
rised the outcomes of studies assessing the prevalence 
of overuse of diagnostic tests. The majority of the 118 
identified assessments examined the overuse of diag-
nostic imaging procedures (n=96), followed by the 
category other diagnostic tests, which included labo-
ratory tests (n=19) and electroencephalography tests 
(n=3). Assessments of low- value diagnostic testing 
using a patient- indication lens were most common 
(n=67, 57%), followed by assessments that used a 
service lens (n=27, 23%) and the patient- population 
lens (n=24, 20%). Major variation between preva-
lence estimates was observed, irrespective of the assess-
ment lens used. Prevalence estimates of diagnostic 
testing overuse ranged from 0.09% to 97.5% (median 
prevalence of assessments using a patient- indication 
lens: 11.0%, a patient- population lens: 2.0% and 

a service lens: 30.7%), although 85 of the included 
assessments reported the prevalence of overuse to be 
below 25%. Among the 33 assessments reporting high 
levels of overuse (ie, ≥25%), multiple assessments 
exploring the overuse of imaging for uncomplicated 
low back pain (five assessments) or preoperative tests 
(seven assessments) were present. Additionally, 11 of 
the 33 measurements reporting high levels of overuse 
were extracted from eight studies considered at high 
risk of bias. Similar to the review of O’Sullivan et 
al,22 we found substantial variation in overuse among 
diagnostic services. However, our study adds to this 
finding by illustrating that variation is not limited to 
the primary care setting. Substantial overuse of diag-
nostic testing was also observed among diagnostic 
services often used in the secondary care setting, such 
as short interval of bone mineral density testing or 
non- indicated cardiac testing before low- risk surgery. 
Through implementation of the concept of the assess-
ment lenses to the included assessments, as proposed 
by Chalmers et al,27 we were able to better compare 
the different assessment outcomes for similar diag-
nostic tests. Comparison of the different assessment 
outcomes regarding similar tests revealed that the 
observed variation could in part be explained by the 
use of different assessment lenses, an aspect which 
O’Sullivan et al did not account for in their study.22 
Furthermore, we found that distinguishing primary 
from secondary care practices is often difficult and not 
always straightforward. Reasons are that many diag-
nostic practices are often provided in both the primary 
and secondary settings, and the setting in which these 
practices are provided often differs between countries 
and their respective healthcare systems.

For the two types of low- value diagnostic testing, 
that is, short- interval repeat bone densitometry testing 
and imaging for non- specific low back pain without 
the presence of red flags, several similar assessments 
were extracted from the included literature. We tried 
to pool those similar assessments but refrained from 
doing so after observing significant among- study 
heterogeneity (I2≥100%). We therefore chose to 
report the results of the individual studies instead. 
The high levels of heterogeneity observed warrant 
further examination through means of subgroup anal-
ysis. However, the examination of potential sources of 
heterogeneity was hampered by the limited number 
of assessments present in each group. The limited 
number of assessments in each group also prevented us 
from reliably testing for publication bias.40 Although 
we could not examine the heterogeneity through 
means of statistical subgroup analysis, we have tried 
to find possible explanations for the observed hetero-
geneity in the available literature and comparison of 
the studies. As mentioned before, substantial varia-
tion among the extracted assessments of overuse was 
observed among the assessments included in our study. 
This variation could be caused by differences in study 

Table 1 Overview of study characteristics

Countries where the studies were conducted Studies, n (%)

Australia 3 (9)
Austria 1 (3)
Canada 4 (11)
Italy 1 (3)
Netherlands 1 (3)
Spain 1 (3)
Switzerland 1 (3)
USA 23 (66)
Total 35 (100)
Type of diagnostic test Assessments, 

n (%)
Imaging 96 (81)
  Cardiac test 14 (12)
  Combination 14 (12)
  Endoscopy 11 (9)
  Scan 34 (29)
  Ultrasound 6 (5)
  X- ray 17 (14)
Other diagnostic tests 22 (19)
  Laboratory tests 19 (16)
  Electroencephalography 3 (3)
  Total 118 (100)
Type of assessment lens used Assessments, 

n (%)
Patient indication 67 (57)
Patient population 24 (20)
Service 27 (23)
Total 118 (100)
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Figure 2 Assessment outcomes regarding the prevalence of low- value diagnostic tests for all assessments included in the diagnostic imaging category: 
(A) cardiac tests, (B) combination, (C) scans, (D) endoscopy, (E) ultrasound and (F) X- ray. Among the included studies, some studies contained multiple 
assessments undertaken in different cohorts. These assessments are distinguished by the following: (A) assessment performed among a commercially 
insured population, (B) assessment performed among Medicaid beneficiaries, (C) assessment performed among Medicare beneficiaries, (D) assessment 
performed using Kaiser Permanente EPIC Electronic Healthcare Records data, (E) assessment performed using data derived from the Oregon Community 
Health Information Network. BPH, benign prostatic hyperplasia; CDUS, colour duplex ultrasound scan; CKD, chronic kidney disease; ERCP, endoscopic 
retrograde cholangiography; PSA, prostate- specific antigen; SPECT MPI, single- photon emission CT–myocardial perfusion imaging; TIA, transient Ischaemic 
attack; URI, upper respiratory infection.
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design, cohort size or operationalisation of guide-
lines. Additionally, previous research has shown that 
factors such as population characteristics, healthcare 
systems and insurance systems can greatly affect the 
amount of overuse.7 13 15 16 18 25 35 36 39 For example, 
the studies by both Bouck et al39 and Pendrith et al41 
examined the overuse of imaging for low back pain 
in Canada. However, each study used different data 
sources (Patient- Level Physician Billing Repository, 
Discharge Abstract Database, National Ambulatory 
Care Reporting System versus Ontario Health Insur-
ance Plan claims database, respectively) and therefore 
used different codes to identify the included cohort. 
Furthermore, Pendrith et al41 included all visits to 
the primary care physician of adult patients (age>18 
years) in their examination, while Bouck et al39 
included only the first family physician visit. Although 
such differences appear small, they can drastically 
alter the patients included in the cohort and therefore 
influence the final prevalence estimate. The observed 
differences in estimates could also be caused by differ-
ences in definitions of low- value diagnostic testing. 
Most assessments are based on recommendations 
derived from initiatives such as the National Institute 
for Health and Care Excellence (England) or Choosing 
Wisely. However, no standardised definitions of low- 
value procedures or assessments, for the specific coun-
tries, exist. The absence of standardised definitions for 
specific countries could result in different cohorts and 
thus different prevalence estimates.

Finally, the use of different methods to assess 
overuse can explain the observed differences in 
outcomes. Some articles used the method as proposed 
by Schwartz et al,13 which proposes the use of narrow 
(high specificity and low sensitivity) and broad indi-
cators (low specificity and high sensitivity) to assess 
low- value care.13 Narrow definitions are more tightly 
formulated, resulting in a more distinct cohort of 

patients/services that is included as compared with 
the cohorts created using broad definitions. Through 
a combination of both assessments, a more complete 
understanding of the problem is obtained. However, 
while using both narrow and broad indicators appears 
to be a good way to provide an estimate of the amount 
of overuse of low- value practices, it was only employed 
in three of the included articles.13 15 16 In our analysis, 
we only used the broad assessments from those studies 
since the underlying definitions of those more closely 
resembled the original recommendations. Therefore, 
broad assessment outcomes are more suitable for 
comparison to the outcomes of studies that directly 
used the relevant original recommendations in their 
assessments.

Strengths and limitations
A strength of this study is that we did not limit our 
review to a single type of diagnostic testing or disease. 
Additionally, we did not limit the search to a particular 
setting; as a result, we present prevalence estimates for 
a wide range of diagnostic tests across all healthcare 
settings. Furthermore, we included only direct meas-
ures of diagnostic testing overuse acquired from data 
collected from databases.

Our study also faces some limitations. First, we 
recognise that the measurement of low- value care is 
often biased. Most existing measurements of low- 
value care target practices that are easily measured 
using existing data. These measurements clearly 
distinguish high- value from low- value services. 
However, most guidelines do not provide such a clear 
distinction. Detailed clinical information is often 
required to accurately distinguish high- value from 
low- value care but is often not present in the avail-
able data.13 36 42–45 Because of these reasons, only a 
relatively small part of the total amount of low- value 
services has been examined so far. Unfortunately, we 

Figure 3 Assessment outcomes regarding the prevalence of low- value diagnostic tests for all assessments included in the other diagnostic tests category: 
A) laboratory tests and (B) electroencephalography tests. Among the included studies, some studies contained multiple assessments undertaken in different 
cohorts. These assessments are distinguished by the following: (A) assessment performed among a commercially insured population and (B) assessment 
performed among Medicaid beneficiaries. CKD, chronic kidney disease; EEG, electroencephalography; PSA, prostate- specific antigen; PTH, parathyroid 
hormone; T- Hyst, total hysterectomy; TSHR, thyroid- stimulating hormone reflexive testing; V- Pap, vaginal Pap smear.
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were unable to reliably test for publication bias due to 
the limited number of similar assessments which used 
the same scope present in our study.40 Publication 
bias might be present among assessments of low- value 
practices because reports of the presence of substan-
tial overuse are undesirable for most parties involved 
in such assessments. However, while our overview 
contains such a wide range of assessment outcomes, 
we have attempted to reduce the publication bias 
where possible. Second, although we attempted to 
include all relevant keywords in our search strategy, 
our strategy may have missed some relevant terms 
and thus overlooked some studies assessing overuse 
of diagnostic services. Additionally, we incorporated 
several terms, such as overuse and low- value care in 
our search, which have been added to the lexicon rela-
tively recently. Also, our search strategy identifies only 
studies that explicitly acknowledge the examined tests 
as representing overuse or low- value care. It is there-
fore possible our search might have missed studies 
which did not use these terms yet or that included 
some appropriate services alongside inappropriate 
ones in their assessment. Third, we included only 
studies that assessed overuse in relation to a specific 
guideline. Although this is a commonly used criterion 
and seen as an objective method to assess overuse, it 
is prone to underestimation of the actual prevalence 
of the problem. Yet, there is a risk of missing patients 
who do not exactly fit the specific guideline(s) used or 
falsely classifying a test as (in)appropriate due to the 
clinical complexity of the patient involved. Further-
more, by requiring an assessment to be performed 
against a guideline, we did not capture all assessments 
of low- value diagnostic practices. Different methods 
are also used to distinguish appropriate from inappro-
priate care, such as expert opinion, Delphi or RAND 
appropriateness methods.46 Because we included only 
the assessment to require a guideline, our study there-
fore does not capture the full scope of assessments of 
low- value diagnostic overtesting. Fourth, we used a 
modified version of the Hoy risk of bias tool.28 This 
is a validated tool for the assessment of risk of bias in 
prevalence studies, although we had to slightly adjust 
it to make it suitable to our research. However, while 
we tried to keep the tool as original as possible, we do 
need to consider that the modifications made to the 
original tool might have affected the outcome of our 
risk of bias assessment. Lastly, each of the included 
studies used their own definition of overuse in their 
assessments. Due to these differences in definitions 
of overuse, it is often difficult to directly compare 
assessments of similar procedures since these differ-
ences are in part responsible for the differences in 
outcome. However, by assigning assessment lenses to 
the included assessment of similar practices, we were 
able to group assessments using similar definitions of 
overuse and compare those to one another.

Implications for practice and future research
Most studies included in our review were conducted 
in the USA, and only a few studies examining diag-
nostic testing overuse have been conducted in Europe. 
Findings from one country (such as the USA) are often 
not generalisable to other countries due to differences 
in (patient) population characteristics, healthcare and 
insurance systems. Additional assessments of overuse 
from different countries are needed to gain further 
insight into the magnitude of the overuse problem. 
Insight into the prevalence of diagnostic testing 
overuse is required to create a sense of urgency 
among (local) physicians and policymakers and to 
help develop effective strategies to tackle low- value 
diagnostic overtesting.47 48 Assessments should be 
repeated to monitor the problem of overuse of diag-
nostic testing over time and the effects of implemented 
strategies and interventions. In our review, only one 
study assessed overuse across multiple time periods.38 
The overview of assessment outcomes generated in 
this review could be used by both policymakers and 
care providers as a source of inspiration for (future) 
assessments in their own organisation(s) and (subse-
quently) as comparison material for their assessment 
outcomes.

International agreement on low- value service defini-
tions and standardisation assessment methods (eg, iden-
tical denominators, similar lenses and scopes) could 
contribute to prevalence estimates that are comparable 
across countries. An example would be the recently 
completed study which compared the overuse of labo-
ratory testing in USA to that in Canada.49 However, 
while it would certainly help to have unified definitions 
and methods for the assessment of low- value care, it 
would certainly be an ambitious goal to set. Hence, 
each of the different assessments included in this study 
were conducted in different contexts and with slightly 
different purposes in mind. However, what they all do 
have in common is that they were performed to gain 
insight into the (local) problem of low- value diagnostic 
practices. These assessments therefore are crucial first 
steps in the process of reducing low- value diagnostic 
practices (locally).

Lastly, it might be of interest to include cost esti-
mates in future assessments because it is known that 
cost differences exist across countries and healthcare 
systems. Another reason why costs estimates would be 
of interest would be that previous research has indi-
cated that low- cost services are predominantly over-
used.17 We therefore suggest that future studies should 
include the associated costs of low- value diagnostic 
tests (possibly including additional downstream costs 
due to performance of low- value diagnostic tests) in 
their assessments. However, we would like to empha-
sise that while cost is an important argument in the 
discussion of addressing low- value testing, it is not the 
only and certainly not the most important potential 
harm of unnecessary testing.
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CONCLUSION
This study shows that there is substantial overuse of 
diagnostic testing present across all healthcare settings, 
with much variation among similar diagnostic services. 
Preoperative testing and imaging for non- specific low 
back pain are the most frequently assessed and overused 
low- value diagnostic tests. Effective strategies to tackle 
the overuse of diagnostic testing must be developed 
and implemented by health systems, providers, policy-
makers and others. Additionally, more uniform defini-
tions and assessments of low- value diagnostic tests are 
required in order to obtain a better understanding of 
the magnitude of diagnostic testing overuse.
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Supplementary file 1: PRISMA checklist. 

Section/topic  # Checklist item  
Reported on 

page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of 

key findings; systematic review registration number.  

2-3 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  4 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  

N.A. 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration 

information including registration number.  

No review 

protocol has 

been 

registered 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, 

publication status) used as criteria for eligibility, giving rationale.  

5-6 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional 

studies) in the search and date last searched.  

5 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.  5 & 

Supplementary 

file 2  

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in 

the meta-analysis).  

5-6 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for 

obtaining and confirming data from investigators.  

6-7 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2020-012576–10.:10 2021;BMJ Qual Saf, et al. Müskens JLJM



Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications 

made.  

5-7 

Risk of bias in individual 

studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the 

study or outcome level), and how this information is to be used in any data synthesis.  

7-8 & 

Supplementary 

file 4 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  8 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) 

for each meta-analysis.  

8 

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting 

within studies).  

7-8 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which 

were pre-specified.  

N.A. 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each 

stage, ideally with a flow diagram.  

9 & Figure 1 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide 

the citations.  

9-10 & 

Supplementary 

file 6 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  10 & 

Supplementary 

file 5 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention 

group (b) effect estimates and confidence intervals, ideally with a forest plot.  

9-12, 

Supplementary 

file 6 & Figure 

2, Figure 3 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Supplementary 

file 7 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  10 & 

Supplementary 

file 5 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  N.A. 
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DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key 

groups (e.g., healthcare providers, users, and policy makers).  

13-15 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified 

research, reporting bias).  

15-17 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  17-19 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review.  

21 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 
e1000097. doi:10.1371/journal.pmed1000097  
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Supplementary file 2: search strategy 

1. Pubmed:  

("Medical Overuse"[Mesh] OR Low-value care [tiab] OR low-value hospital care [tiab] OR low-value 

healthcare [tiab] OR wasteful care [tiab] OR wasteful healthcare [tiab] OR wasteful hospital care 

[tiab] OR overuse of healthcare [tiab] OR overuse procedure* [tiab] OR medical overuse [tiab] OR 

inappropriate healthcare [tiab] OR inappropriate care [tiab] OR unwanted healthcare [tiab] OR 

unwanted care [tiab] OR unnecessary healthcare [tiab] OR unnecessary care [tiab] OR Overdiagnos* 

[tiab] OR Over diagnos* [tiab] OR ineffective care [tiab] OR ineffective healthcare [tiab]) AND 

("Diagnosis"[Mesh] OR diagnos* [tiab]) AND "statistics and numerical data" [Subheading] OR 

Variation* [tiab] OR Volume* [tiab] OR Prevalence* [tiab] OR Cost [tiab] OR costs [tiab] OR 

Frequenc* [tiab] AND "Guidelines as Topic"[Mesh] OR Guideline* [tiab] OR Choosing Wisely [tiab] OR 

policy [tiab] OR policies [tiab] 

2. Web of science:  

TOPIC: (“Low-value care” OR “low-value hospital care”  OR “low-value healthcare”  OR “wasteful 
care”  OR “wasteful healthcare” OR “wasteful hospital care”  OR “overuse of healthcare”  OR 
“overuse procedure*”  OR “medical overuse” OR “inappropriate healthcare" OR “inappropriate care”  
OR “unwanted healthcare”  OR “unwanted care”  OR “unnecessary healthcare”  OR “unnecessary 
care”  OR “Overdiagnos*”  OR “Over diagnos*”  OR “ineffective care”  OR “ineffective healthcare” ) 
AND (diagnos*) AND (Variation* OR Volume* OR Prevalence* OR Cost OR costs OR frequenc*) AND 

(Guideline* OR “Choosing Wisely” OR policy OR policies)  

3. Embase:  

(exp clinical effectiveness/ OR (Low-value care  OR low-value hospital care  OR low-value healthcare  

OR wasteful care  OR wasteful healthcare  OR wasteful hospital care  OR overuse of healthcare  OR 

overuse procedure*  OR medical overuse  OR inappropriate healthcare  OR inappropriate care  OR 

unwanted healthcare  OR unwanted care  OR unnecessary healthcare  OR unnecessary care  OR 

Overdiagnos*  OR Over diagnos*  OR ineffective care  OR ineffective healthcare).ti,ab,kw.) AND (exp 

diagnosis/ OR (diagnos* ).ti,ab,kw.) AND frequency/ OR exp health statistics/ OR (Variation* OR 

Volume* OR Prevalence* OR Cost OR costs OR frequenc*).ti,ab,kw. AND exp  Health statistics/ AND 

exp Practice guideline/ OR  (Guideline* OR Choosing Wisely OR policy OR policies).ti,ab,kw. 
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Supplementary file 3. Overview of imaging modalities per category. 

Cardiac test Endoscopy Scan Ultrasound X-ray Combination 

Stress 

electrocardiogram 

Arthroscopy CT Carotid artery 

imaging 

X-ray 

Combination 

of multiple 

modality 

categories 

Echocardiogram  Endoscopy MRI Doppler Dual Energy  

X-ray 

absorptiometry 

Cardiac nuclear 

medicine imaging 

Colonoscopy  Whole body 

scan 

Ultrasound  

Cardiac MRI/CT 

angiography 

 Bone scan Plethysmography  

Single photon 

emission 

computed 

tomography myoc

ardial perfusion 

imaging (SPECT-

MPI) 
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Supplementary file 4: Modified Hoy risk of bias tool. 

Name of author(s):   Year of publication:   
 

Name of paper/study:__________________________________________________________________________ 
 

This tool is designed to assess the risk of bias in population-based prevalence studies. Please read the additional notes for each item when initially using the tool. Note: If there is 

insufficient information in the article to permit a judgement for a particular item, please answer No (HIGH RISK) for that particular item. 

Risk of bias item 
Adjusted criteria for answers (or reason for 

a criteria being not applicable (N.A.)): 

Criteria for answers (please circle one 

option) 
Additional notes and examples 

External Validity 

1. Was the study‟s target 

population a close 

representation of the 

national population in 

relation to relevant 

variables, e.g. age, 

sex, occupation? 

• Original tool used. • Yes (LOW RISK): The study‟s target 

population was a close representation of 

the national population. 

• No (HIGH RISK): The study‟s target 

population was clearly NOT 

representative of the national population. 

The target population refers to the group of people or entities to which the results of 

the study will be generalised. Examples: 

• The study was a national health survey of people 15 years and over and the sample 

was drawn from a list that included all individuals in the population aged 15 years 

and over. The answer is: Yes (LOW RISK). 

• The study was conducted in one province only, and it is not clear if this was 

representative of the national population. The answer is: No (HIGH RISK). 

• The study was undertaken in one village only and it is clear this was not 

representative of the national population. The answer is: No (HIGH RISK). 

2. Was the sampling 

frame a true or close 

representation of the 

target population? 

• Yes (LOW RISK): The sampling frame 

was a true or close representation of the 

target population described in the guideline. 

• No (HIGH RISK): The sampling frame 

was NOT a true or close representation of 

the target population described in the 

guideline. Limited to no information 

regarding the demographics of the study 

population was provided. 

• Yes (LOW RISK): The sampling frame 

was a true or close representation of the 

target population. 

• No (HIGH RISK): The sampling frame 

was NOT a true or close representation of 

the target population. 

The sampling frame is a list of the sampling units in the target population and the study 

sample is drawn from this list. Examples: 

• The sampling frame was a list of almost every individual within the target 

population. The answer is: Yes (LOW RISK). 

• The cluster sampling method was used and the sample of clusters/villages was 

drawn from a list of all villages in the target population. The answer is: Yes 

(LOW RISK). 

• The sampling frame was a list of just one particular ethnic group within the overall 

target population, which comprised many groups. The answer is: No (HIGH RISK). 

3. Was some form of 

random selection 

used to select the 

sample, OR, was a 

census undertaken? 

• Original tool used. • Yes (LOW RISK): A census was 

undertaken, OR, some form of random 

selection was used to select the sample (e.g. 

simple random sampling, stratified random 

sampling, cluster sampling, systematic 

sampling). 

• No (HIGH RISK): A census was NOT 

undertaken, AND some form of random 

selection was NOT used to select the sample. 

A census collects information from every unit in the sampling frame. In a survey, only part 

of the sampling frame is sampled. In these instances, random selection of the sample helps 

minimise study bias. Examples: 

• The sample was selected using simple random sampling. The answer is: Yes 

(LOW RISK). 

• The target population was the village and every person in the village was 
sampled. The answer is: Yes (LOW RISK). 

• The nearest villages to the capital city were selected in order to save on the 

cost of fuel. The answer is: No (HIGH RISK). 
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4. Was the likelihood of 

non-response bias 

minimal? 

• N.A. No survey studies have been 

included. All data is obtained from 

electronic databases or file studies; in 

which we have made the assumption that 

all described data was collected from the 

aforementioned databases. 

• Yes (LOW RISK): The response rate for 

the study was >/=75%, OR, an analysis was 

performed that showed no significant 

difference in relevant demographic 

characteristics between responders and non- 

responders 

• No (HIGH RISK): The response rate was 

<75%, and if any analysis comparing 

responders and non-responders was done, it 

showed a significant difference in relevant 

demographic characteristics between 

responders and non-responders. 

Examples: 

• The response rate was 68%; however, the researchers did an analysis and 

found no significant difference between responders and non-responders in 

terms of age, sex, occupation and socio- economic status. The answer is: Yes 

(LOW RISK). 

• The response rate was 65% and the researchers did NOT carry out an analysis to 

compare relevant demographic characteristics between responders and non-

responders. The answer is: No (HIGH RISK). 

• The response rate was 69% and the researchers did an analysis and found a 

significant difference in age, sex and socio-economic status between responders 

and non-responders. The answer is: No (HIGH RISK). 

 

Internal Validity 

5. Were data collected 

directly from the 

subjects (as opposed 

to a proxy)? 

• Original tool used. • Yes (LOW RISK): All data were collected 

directly from the subjects. 

• No (HIGH RISK): In some instances, 

data were collected from a proxy. 

A proxy is a representative of the subject. Examples: 

• All eligible subjects in the household were interviewed separately. The answer is: 

Yes (LOW RISK). 

• A representative of the household was interviewed and questioned about the 

presence of low back pain in each household member. The answer is: No (HIGH 

RISK). 

6. Was an acceptable 

case definition used in 

the study? 

• Yes (LOW RISK): An acceptable case 

definition was used. A clear definition or 

reference to an appropriate guideline is 

presented. 

• No (HIGH RISK): An acceptable case 

definition was NOT used. It is unclear 

which definition or guideline has been 

used. 

• Yes (LOW RISK): An acceptable case 

definition was used. 

• No (HIGH RISK): An acceptable case 

definition was NOT used. 

• For a study on low back pain, the following case definition was used: “Low back 
pain is defined as activity-limiting pain lasting more than one day in the area on 

the posterior aspect of the body from the bottom of the 12th rib to the lower 

gluteal folds.” The answer is: Yes (LOW RISK). 

• For a study on back pain, there was no description of the specific anatomical 

location „back‟ referred to. The answer is: No (HIGH RISK). 

• For a study on osteoarthritis, the following case definition was used: “Symptomatic 

osteoarthritis of the hip or knee, radiologically confirmed as Kellgren-Lawrence 

grade 2-4”. The answer is: LOW RISK. 

7. Was the study 

instrument that 

measured the 

parameter of interest 

(e.g. prevalence of 

low back pain) shown 

to have reliability 

and 

validity (if 

necessary)? 

• N.A. none of the studies included used an 

instrument to measure the parameter of 

interest, all studies used data directly 

derived from databases. 

• Yes (LOW RISK): The study instrument 

had been shown to have reliability and 

validity (if this was necessary), e.g. test-re- 

test, piloting, validation in a previous 

study, etc. 

• No (HIGH RISK): The study instrument 

had NOT been shown to have reliability or 

validity (if this was necessary). 

• The authors used the COPCORD questionnaire, which had previously been validated. 

They also tested the inter-rater reliability of the questionnaire. The answer is: Yes (LOW 

RISK). 

• The authors developed their own questionnaire and did not test this for validity or 

reliability. The answer is: No (HIGH RISK). 
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8. Was the same mode 

of data collection 

used for all subjects? 

• Yes (LOW RISK): The same mode of data 

collection was used for all subjects. All data 

was derived from the same database. 

• No (HIGH RISK): The same mode of data 

collection was NOT used for all subjects. 

Data collected for the different participants 

was obtained from different databases. 

• Yes (LOW RISK): The same mode of data 

collection was used for all subjects. 

• No (HIGH RISK): The same mode of data 

collection was NOT used for all subjects. 

The mode of data collection is the method used for collecting information from the subjects. 

The most common modes are face-to- face interviews, telephone interviews and self-

administered questionnaires. Examples: 

• All eligible subjects had a face-to-face interview. The answer is: 

Yes (LOW RISK). 

• Some subjects were interviewed over the telephone and some filled in postal 

questionnaires. The answer is: No (HIGH RISK). 

9. Was the length of the 

shortest prevalence 

period for the 

parameter of interest 

appropriate? 

• N.A. no prevalence period for the parameter 

of interest was used in our situation. We 

selected studies which use database data and 

thus are recorded at the time of 

treatment/consultation. 

• Yes (LOW RISK): The shortest prevalence 

period for the parameter of interest was 

appropriate (e.g. point prevalence, one-week 

prevalence, one-year prevalence). 

• No (HIGH RISK): The shortest prevalence 

period for the parameter of interest was not 

appropriate (e.g. lifetime 
prevalence) 

The prevalence period is the period that the subject is asked about e.g. “Have you 
experienced low back pain over the previous year?” In this example, the prevalence period is 
one year. The longer the prevalence period, the greater the likelihood of the subject 

forgetting if they experienced the symptom of interest (e.g. low back pain). Examples: 

• Subjects were asked about pain over the past week. The answer is: 

Yes (LOW RISK). 

• Subjects were only asked about pain over the past three years. The answer is: No (HIGH 

RISK). 

10. Were the numerator( 

s) and denominato r(s) 

for the parameter of 

interest appropriate? 

• Original tool used. • Yes (LOW RISK): The paper presented 

appropriate numerator(s) AND 

denominator(s) for the parameter of interest 

(e.g. the prevalence of low back pain). 

• No (HIGH RISK): The paper did present 

numerator(s) AND denominator(s) for the 

parameter of interest but one or more of 
these were inappropriate. 

There may be errors in the calculation and/or reporting of the numerator and/or 

denominator. Examples: 

• There were no errors in the reporting of the numerator(s) AND denominator(s) for the 

prevalence of low back pain. The answer is: Yes (LOW RISK). 

• In reporting the overall prevalence of low back pain (in both men and women), the 

authors accidentally used the population of women as the denominator rather than the 

combined population. The answer is: No (HIGH RISK). 

11. Summary item on the overall risk of study bias 

• LOW RISK OF BIAS: Further research is very unlikely to change our confidence in the estimate. 

• HIGH RISK OF BIAS: Further research is very likely to have an important impact on our confidence in the estimate and is likely to change the estimate. 
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Supplementary file 6. Details of low-value care assessments extracted from the included studies.  

Study Country  Type of low-value care examined Care setting 

assessed 

Lens used Guideline(s)/recommendations 

used 

Cohort size Amount 

LVC  

Prevalence estimate 

(95%CI) 

Type 

Badgery-

Parker et al., 

2019 [15] 

Australia -  Endoscopy in adults <55 (for dyspepsia) Secondary 

care 

Service CW Australia, RACP EVOLVE and 

NICE ‘do not do’ 
guidelines/recommendations 

14 813 2 360 15.93 [15.35 ; 16.53] Imaging 

 -  Arthroscopic lavage and debridement of 

knee for osteoarthritis or degenerative 

meniscal tears 

 4 218 3 002 71.17 [69.78 ; 72.53] Imaging 

 -  Colonoscopy in adults < 50 (for 

constipation) 

 11 790 608 5.16 [4.76 ; 5.57] Imaging 

 -  ERCP (endoscopic retrograde 

cholangiopancreatography) for acute 

gallstone pancreatitis without cholangitis 

 420 79 18.80 [15.18 ; 22.88] Imaging 

Bouck et al., 

2019 [39] 

Canada -  Spinal X-ray, CT, MRI following visit for low-

back pain. 

Primary care  Patient-

indication 

CW Canada 

guidelines/recommendations 

from the Canadian 

Anesthesiologists’ Society (CAS), 

Canadian Cardiovascular Society 

(CCS) & Canadian Society of 

Internal Medicine (CSIM) 

97 740 30 006 30.70 [30.41 ; 30.99] Imaging 

 -  Cardiac tests (electrocardiogram, chest x-

ray, stress test, or transthoracic 

echocardiogram) prior to low-risk 

procedures 

 527 691 167 278 31.70 [31.60 ; 31.80] Imaging 

Chalmers et 

al., 2019 [16] 

Australia -  Knee arthroscopy in case of osteoarthritis or 

meniscal derangements 

Secondary 

care 

Service RACP EVOLVE, CW Australia, CW 

USA, CW Canada, CW UK 

guidelines/recommendations 

3 620 2 958 81.70 [80.41 ; 82.96] Imaging 

 -  Endoscopy in case of dyspepsia below 50 

years 

 5 021 501 9.97 [9.16 ; 10.84] Imaging 

 -  Colonoscopy in case of constipation below 

50 years 

 4 017 133 3.31 [2.78 ; 3.91] Imaging 

Charlesworth 

et al., 2016 

[35] a 

United States -  Imaging for nonspecific low-back pain Both Patient-

indication 

CW USA , NICE 

guidelines/recommendations and 

QualityNet measures from the 

Center for Medicaid & Medicare 

Services (CMS) 

82 659 12 977 15.70 [15.45 ; 15.95] Imaging 

 -  Head imaging for uncomplicated headache 65 931 7 252 11.0 [10.76 ; 11.24] Imaging 

 -  Head imaging for syncope 7 466 672 9.0 [8.36 ; 9.67] Imaging 

 -  Imaging for plantar fasciitis 10 986 1 999 18.20 [17.48 ; 18.93] Imaging 

 -  T3 test for hypothyroidism 31 228 5 090 16.30 [15.89 ; 16.71] Laboratory 

test 

 -  Pre-operative chest radiography 39 169 1 684 4.30 [4.10 ; 4.5] Imaging 

 -  Abdomen CT combined studies 28 075 2 106 7.50 [7.20 ; 7.82] Imaging 

 -  Simultaneous brain and sinus CT 9 742 360 3.70 [3.33 ; 4.09] Imaging 

 -  CT for uncomplicated acute rhinosinusitis  59 961 1 799 3.0 [2.87 ; 3.14] Imaging 
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 -  Arthroscopic surgery for knee osteoarthritis   23 190 1 136 4.90 [4.62 ; 5.18] Imaging 

 -  Thorax CT combined studies   9 287 111 1.20 [0.98 ; 1.44] Imaging 

 -  Preoperative echocardiography   39 169 235 0.60 [0.53 ; 0.68] Imaging 

 -  Preoperative stress testing   39 169 118 0.30 [0.25 ; 0.36] Imaging 

 -  Electroencephalogram for headache   59 936 60 0.10 [0.08 ; 0.13] Other test 

Charlesworth 

et al., 2016 

[35] b 

United States -  Imaging for nonspecific low-back pain Both Patient-

indication 

CW USA , NICE 

guidelines/recommendations and 

QualityNet measures from the 

Center for Medicaid & Medicare 

Services (CMS) 

18 871 4 625 22.60 [22.01 ; 23.2] Imaging 

 -  Head imaging for uncomplicated headache 23 211 4 317 18.60 [18.10 ; 19.11] Imaging 

 -  Head imaging for syncope 3 174 448 14.10 [12.92 ; 15.37] Imaging 

 -  Imaging for plantar fasciitis 1 450 180 12.40 [10.76 ; 14.22] Imaging 

 -  T3 test for hypothyroidism 5 891 619 10.50 [9.74 ; 11.32] Laboratory 

test 

 -  Pre-operative chest radiography 7 848 753 9.60 [8.95 ; 10.27] Imaging 

 -  Abdomen CT combined studies 13 416 657 4.90 [4.54 ; 5.28] Imaging 

 -  Simultaneous brain and sinus CT 7 761 357 4.60 [4.14 ; 5.09] Imaging 

 -  CT for uncomplicated acute rhinosinusitis 11 992 348 2.90 [2.61 ; 3.22] Imaging 

 -  Arthroscopic surgery for knee osteoarthritis 6 143 166 2.70 [2.31 ; 3.14] Imaging 

 -  Thorax CT combined studies 3 822 76 2.0 [1.57 ; 2.48] Imaging 

 -  Preoperative echocardiography 7 848 86 1.10 [0.88 ; 1.35] Imaging 

 -  Preoperative stress testing 7 848 47 0.60 [0.44 ; 0.8] Imaging 

 -  Electroencephalogram for headache 20 091 60 0.30 [0.23 ; 0.38] Other test 

Chmiel et al., 

2015 [19] 

Switzerland -  Performance of a diagnostic coronary 

angiography without previous non-invasive 

ischemia testing  

Unclear Patient-

indication 

The American heart association 

(AHA), NICE, the European Society 

of Cardiology (ESC) & Swiss 

Society of Cardiology (SGK) 

guidelines/recommendations 

2 714 1 018 37.50 [35.68 ; 39.36] Imaging 

Choi et al., 

2011 [40] 

United States -  Routine cross-sectional imaging (CT, MRI, 

endorectal coil MRI) for staging low-risk 

prostate cancer 

Unclear Patient-

indication 

American College of Radiology 

(ACR) & National Comprehensive 

Cancer Network (NCCN) 

guidelines/recommendations 

2 330 548 23.50 [21.81 ; 25.3] Imaging 

 -  Routine bone scan for staging low-risk 

prostate cancer 

 2 330 617 26.50 [24.70 ; 28.32] Imaging 

 -  Routine abdominal ultrasound for staging 

low-risk prostate cancer 

 2 330 42 1.80 [1.30 ; 2.43] Imaging 

Colla et al., 

2014 [27] 

United States -  Low back X-ray, CT or MRI within six weeks 

of incident low-back pain diagnosis 

Both Patient-

indication 

American Academy of Family 

Physicians (AAFP), American 

College of Physicians (ACP) & 

North American Spine Society 

8 440 000 1 899 000 22.50 [22.48 ; 22.52] Imaging 

 -  Intravenous pyelogram or an abdominal CT, 

MRI, or ultrasound within 60 days of the 

75 000 000 900 000 1.20 [1.20 ; 1.20] Imaging 
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index diagnosis benign prostatic hyperplasia 

(BPH) 

(NASS) 

guidelines/recommendations 

 -  DXA scans performed on female 

beneficiaries at low risk for fracture within 

23 months of a previous scan 

147 420 

000 

14 299 

740 

9.70 [9.70 ; 9.70] Imaging 

 -  Non-indicated cardiac test, including stress 

tests, echocardiograms,  

electrocardiograms and advanced cardiac 

imaging in the 30 days before  cataract 

surgery 

6 490 000 999 460 15.40 [15.37 ; 15.43] Imaging 

 -  Non-indicated cardiac test, including stress 

tests, echocardiograms, 

electrocardiograms, CTs, MRIs or PETs 

within 30 days before low-risk surgery 

3 550 000 1 650 750 46.50 [46.46 ; 46.54] Imaging 

Colla et al., 

2018 [36] a 

United States -  Early imaging inf patients with 

uncomplicated, incident low-back pain who 

received nonindicated low-back-pain 

imaging in the 6 weeks following diagnosis 

Both Patient-

indication 

American Academy of Family 

Physicians (AAFP)& American 

College of Physicians (ACP) 

guidelines/recommendations 

3 110 000 895 680 28.80 [28.76 ; 28.84]  Imaging 

 -  Short-interval repeat bone densitometry 

(DXA) 

  8 000 000 600 000 7.50 [7.48 ; 7.52] Imaging 

Colla et al., 

2018 [36] c 

United States -  Early imaging inf patients with 

uncomplicated, incident low-back pain who 

received nonindicated low-back-pain 

imaging in the 6 weeks following diagnosis 

Both Patient-

indication 

American Academy of Family 

Physicians (AAFP)& American 

College of Physicians (ACP) 

guidelines/recommendations 

8 400 000 1 898 400 22.60 [22.58 ; 22.62] Imaging 

 -  Short-interval repeat bone densitometry 

(DXA) 

  143 000 

000 

12 155 

000 

8.50 [8.50 ; 8.5] Imaging 

Doukky et al., 

2016 [41] 

United States -  SPECT-MPI (myocardial perfusion imaging) Unclear Patient-

indication 

The American College of 

Cardiology (ACC)& American 

Society of Nuclear Cardiology 

(ASNC) revised appropriate use 

criteria (AUC) for SPECT MPI of 

2009 

1 511 688 45.53 [22.58 ; 22.62] Imaging 

Drangsholt et 

al., 2019 [42] 

United States -  Routine imaging for staging low-risk 

prostate cancer (Whole body scan) 

Secondary 

care 

Patient-

indication 

National Comprehensive Cancer 

Network (NCCN) 

guidelines/recommendations 

414 381 92.0 [88.99 ; 94.45] Imaging 

 -  Routine imaging for staging low-risk 

prostate cancer (CT) 

  414 273 66.0 [61.15 ; 70.5] Imaging 
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 -  Routine imaging for staging low-risk 

prostate cancer (abdominal/pelvic  MRI) 

  414 8 2.0 [0.84 ; 3.77] Imaging 

Farghaly et 

al., 2006 [43] 

United States -  V-Pap after T-Hyst Unclear Service US Preventive Services Task Force 

(USPTF) &  American Society for 

Colposcopy and Cervical 

Pathology (ASCCP) 

guidelines/recommendations 

1 303 581 44.59 [41.87 ; 47.34] Laboratory 

test 

Feng et al., 

2016 [44] 

United States -  Preoperative ECGs in patients undergoing 

sling surgery 

Unclear Service Summary guidelines from the 

American Academy of Family 

Physicians (AAFP) 

63 13 20.60 [11.47 ; 32.7] Imaging 

 -  Preoperative chest X-ray (CXR)  in patients 

undergoing sling surgery 

23 9 39.10 [19.71 ; 61.46] Imaging 

 -  Preoperative basic metabolic panel  in 

patients undergoing sling surgery 

59 28 47.50 [34.30 ; 60.88] Laboratory 

test 

 -  Preoperative complete blood count 

determination in patients undergoing sling 

surgery 

63 46 73.0 [60.35 ; 83.43] Laboratory 

test 

 -  Preoperative coagulation studies  in 

patients undergoing sling surgery 

41 31 75.60 [59.70 ; 87.64] Laboratory 

test 

Flaherty et 

al., 2018 [38] 

United States -  MRI use in case of uncomplicated LBP Both Patient-

indication 

American College of Radiology 

(ACR) guidelines 

5 103 1 838 36.01 [59.70 ; 87.64] Imaging 

 -  MRI use in case of non-traumatic Knee pain 6 935 3 384 48.79 [47.61 ; 49.98] Imaging 

 -  MRI use in case of non-traumatic shoulder 

pain 

9 388 4 011 42.72 [41.72 ; 43.73] Imaging 

 -  X-ray use in case of uncomplicated LBP 10 540 6 650 63.09 [62.16 ; 64.02] Imaging 

 -  X-ray use in case non-traumatic Knee pain 37 543 25 668  68.37 [67.90 ; 68.84] Imaging 

 -  X-ray use in case of non-traumatic shoulder 

pain 

36 453 26 100 71.60 [71.13 ; 72.06] Imaging 

Ganguli et al., 

2019 [45] 

United States -  EKGs for cataract surgeries Unclear Patient-

indication 

Choosing Wisely 

recommendations from the 

American Academy of 

Ophthalmology & American 

Society for Clinical Pathology 

110 183 12 451 11.30 [11.11 ; 11.49] Imaging 

Gidwani et 

al., 2016 [46] 

United States -  Lumbar Spine MRI's for non-specific or 

nonpersistent low-back pain 

Unclear Service The American College of 

Physicians (ACP) and the 

American Association of 

Neurological Surgeons (AANS) 

guidelines/recommendations and 

110 661 33 973 30.70 [30.43 ; 30.97] Imaging 
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the National Quality forum (NQF)-

endorsed CMS criteria 

Gill et al., 

2017 [47] 

Canada -  Thyroid testing Unclear Service Clinical practice guidelines and 

Choosing Wisely 

guidelines/recommendations 

from the American Society for 

Clinical Pathology (ASCP), 

American Association for Clinical 

Chemistry (AACC), American 

Association of Clinical 

Endocrinologists (AACE), Canadian 

Society of Endocrinology and 

Metabolism (CSEM), Endocrine 

society. 

752 217 75 974 10.10 [10.04 ; 10.16] Laboratory 

test 

Gold et al., 

2016 [37] d 

United States -  Imaging in patients with non-specific low-

back pain (X-ray, CT, MRI) 

Primary care Patient-

indication 

American Academy of Family 

Physicians 

National Quality Measures 

Clearinghouse (NQMC) 

guidelines/recommendations 

19 503 3 288 16.86 [16.34 ; 17.39] Imaging 

Gold et al., 

2016 [37] e 

United States -  Imaging in patients with non-specific low-

back pain (X-ray, CT, MRI) 

Primary care Patient-

indication 

American Academy of Family 

Physicians 

National Quality Measures 

Clearinghouse (NQMC) 

guidelines/recommendations 

2 694 449 16.67 [15.28 ; 18.13] Imaging 

Hajati et al., 

2018 [48] 

Australia -  High density lipoprotein cholesterol testing 

more often than once every 12 months for 

high-risk groups 

Unclear Patient-

indication 

Royal Australian College of 

General Practitioners (RACGP) 

guidelines 

1 628 477 309 411 19.0 [18.95 ; 19.05] Laboratory 

test 

Kool et al., 

2020 [18] 

The 

Netherlands 

-  Doppler or plethysmography for diagnosis 

of varices 

Primary care Patient-

indication 

Dutch general practitioner, CW 

USA & CW Canada 

guidelines/recommendations 

15 990 1 279 8.0 [7.58 ; 8.43] Imaging 

Kovacs et al., 

2013 [20] 

Spain -  Lumbar Spine MRI's for low-back pain 

without red flags. 

Unclear Service National Institute for Clinical 

Excellence (NICE), the American 

College of Physicians and the 

American College of Radiologists 

guidelines/recommendations 

602 64 10.60 [8.28 ; 13.37] Imaging 
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Lalude et al., 

2014 [49] 

United States -  Inappropriate Single photon emission 

computed tomography myocardial 

perfusion imaging (SPECT MPI) utilization 

Unclear Service The American College of 

Cardiology (ACC)& American 

Society of Nuclear Cardiology 

(ASNC) revised appropriate use 

criteria (AUC) for SPECT MPI of 

2009 

54 8 14.0 [6.62 ; 27.12] Imaging 

Lehnert et 

al., 2010 [50] 

United States -  CT use Primary care Service American College of Radiology 

(ACR) Appropriateness Criteria 

and other evidence-based 

guidelines/recommendations 

284 77 27.11 [17.37 ; 30.41] Imaging 

 -  MRI use  175 41 23.43 [22.03 ; 32.68] Imaging 

Mafi et al., 

2017 [17] 

United States -  Baseline lab tests for low risk patients 

having low-risk surgery 

Unclear Service CW USA, US Preventive Services 

Task Force (USPTF), Medicare’s 
Healthcare Effectiveness Data and 

Information Set (HEDIS) criteria 

and other clinical 

guidelines/recommendations 

 

595 552 468 104 78.60 [78.51 ; 78.69] Laboratory 

test 

 -  Stress cardiac or other cardiac imaging in 

low-risk, asymptomatic patients 

244 487 27 383 11.20 [11.08 ; 11.32] Imaging 

 -  Routine head CT scans for Emergency 

Department visits for severe dizziness  

29 816 15 713 52.70 [52.13 ; 53.27] Imaging 

 -  EKGs, chest x-rays, or pulmonary function 

tests in low-risk patients  having low-risk 

surgery 

33 754 32 910 97.50 [97.33 ; 97.66] Imaging 

 -  Routine imaging for uncomplicated acute 

rhinosinusitis 

14 196 7 226 50.90 [50.08 ; 51.73] Imaging 

 -  Imaging for low-back pain within the first six 

weeks of symptom onset, in absence of red 

flags 

48 857 48 857 86.20 [85.89 ; 86.51] Imaging 

Martin et al., 

2012 [51] 

United States -  MRI use in musculoskeletal oncology Both Patient-

indication 

Referral guidelines for patients 

with cancer  

320 20 6.25 [3.86 ; 9.49] Imaging 

McAlister et 

al. 2018 [52] 

Canada -  PSA testing for men 75 or older with no 

history of prostate cancer 

Both Patient-

population 

CW and NICE 

guidelines/recommendations 

100 227 55 596 55.47 [55.16 ; 55.78] Laboratory 

test 

 -  Bone mineral density testing within 2 years 

of prior scan 

271 854 31 617 11.63 [11.52 ; 11.74] Imaging 

 -  Hypercoagulability testing in patients with 

first Deep Vein Trombosis/ Pulmonary 

Embolism 

21 311 744 3.49 [3.25 ; 3.75] Laboratory 

test 

 -  Preoperative coronary CT scan or cardiac 

stress test before non-cardiac surgery 

698 683 7 266 1.04 [1.02 ; 1.06] Imaging 

 -  Homocysteine testing without B12/folate 2 585 832 10 602 0.41 [0.40 ; 0.42] Laboratory 
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deficiency test 

 -  Carotid artery imaging but without history 

of stroke / TIA 

3 162 394 2 846 0.09 [0.09 ; 0.09] Imaging 

 -  Carotid artery imaging for patients with 

syncope but no history of stroke / TIA 

74 060 355 0.48 [0.43 ; 0.53] Imaging 

Morden et 

al., 2014 [53] 

United States -  Short-interval (repeated in under 2 years) 

dual-energy X-ray absorptiometry tests 

(DXAs) for bone density 

Unclear Service The American College of 

Rheumatology 

guidelines/recommendations 

13 800 000 1 393 800 10.10 [10.08  ; 

10.12] 

Imaging 

Mou et al., 

2017 [54] 

United States -  Thrombophilia in adult patients with venous 

thromboembolism occurring in the setting 

of major transient risk factors (surgery, 

trauma, or prolonged immobility)  

Secondary 

care 

Service The American Society of 

Hematology (ASH) and Clinical 

guidelines/recommendations 

1 817 777 42.76 [40.47 ; 45.08] Laboratory 

test 

Pendrith et 

al., 2017 [55] 

Canada -  Imaging for low back pain in absence of red 

flags 

-  DEXA scans repeated under 2 years 

Primary care Patient-

indication 

CW Canada, CW USA 271 588 

2 229 113 

12 222 

468 114 

4.5 [4.42 ; 4.58] 

21.0 [20.95 ; 21.05] 

 

Petruzziello 

et al., 2012 

[21] 

Italy -  Colonoscopy use Both Patient-

indication 

The American Society for 

Gastrointestinal Endoscopy 

(ASGE) 

guidelines/recommendations 

432 125 29.0 [24.70 ; 33.46] Imaging 

Schwartz et 

al., 2014 [13] 

United States -  Bone mineral density test <2 y after prior 

bone mineral density test 

Both Patient-

population 

CW USA, the US Preventive 

Services Task Force “D”, NICE “do 
not do”, Canadian Agency for 
Drugs and Technologies in Health 

(CADTH) guidelines/ 

recommendations and guidelines 

from peer-reviewed medical 

literature 

1 360 908 127 925 9.40 [9.35 ; 9.45] Imaging 

 -  Homocysteine testing for cardiovascular 

disease 

1 360 908 20 414 1.50 [1.48 ; 1.52] Laboratory 

test 

 -  Hypercoagulability testing for patients with 

deep vein thrombosis 

1 360 908 1 361 0.10 [0.09 ; 0.11] Laboratory 

test 

 -  PTH (parathyroid hormone) measurement 

for patients with stage 1-3 CKD (chronic 

kidney disease) 

1 360 908 34 023 2.50 [2.47 ; 2.53] Laboratory 

test 

 -  Preoperative chest radiograph specified as a 

preoperative assessment or occurring 

within 30 days before a low- or 

intermediate-risk noncardiothoracic surgical 

procedure 

1 360 908 69 406 5.10 [5.06 ; 5.14] Imaging 

 -  Preoperative echocardiography before a 

low- or intermediate-risk noncardiothorical 

surgery 

1 360 908 10 887 0.80 [0.78 ; 0.82] Imaging 
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 -  CT of the sinuses for uncomplicated acute 

rhinosinusitis 

1 360 908 8 165 0.60 [0.59 ; 0.61] Imaging 

 -  Head imaging in the evaluation of syncope 1 360 908 17 692 1.30 [1.28 ; 1.32] Imaging 

 -  Head imaging for uncomplicated headache 1 360 908 42 188 3.10 [3.07 ; 3.13] Imaging 

 -  EEG for headaches 1 360 908 1 361 0.10 [0.09 ; 0.11] Other test 

 -  Back imaging for patients with nonspecific 

low back pain 

-  Arthroscopic surgery for knee osteoarthritis 

 1 360 908 

 

1 360 908 

127 925 

 

2 722 

9.40 [9.35 ; 9.45] 

 

0.2 [0.19 ; 0.21] 

Imaging 

 

Imaging 

Scott et al., 

2014 [56] 

United States -  Carotid duplex ultrasound (CDUS)for simple 

syncope in the absence of focal neurological 

signs or symptoms suggestive of stroke 

Unclear Patient-

indication 

European Society of Cardiology’s 
Task Force on Syncope & 

American College of Physicians’ 
Clinical (ACP) Efficacy Assessment 

Project 

guidelines/recommendations 

137 424 8 933 6.50 [6.37 ; 6.63] Imaging 

Sharp et al., 

2015 [57] 

United States -  CT scan for acute sinusitis Both Patient-

indication 

American Academy of Family 

Physicians (AAFP), American 

Academy of Allergy, Asthma and 

Immunology (AAAAI), American 

Academy of Otolaryngology-Head 

and Neck surgery (AAO-HNS) CW 

guidelines/recommendations 

152 774 1681 1.1 [1.05 ; 1.15] Imaging 

Sheffield et 

al., 2013 [58] 

United States -  Cardiac Stress tests prior to elective non-

cardiac, non-vascular surgery: 

Echocardiograms, Myocardial nuclear 

imaging, Exercise treadmill or 

pharmacological stress tests 

Secondary 

care 

Patient-

indication 

American College of Cardiology 

(ACC)& American Heart 

Association guidelines (AHA) 

guidelines/recommendations 

74 785 2 804 3.75 [3.61 ; 3.89] Imaging 

Sprenger et 

al., 2016 [59] 

Austria -  DEXA scans more often than every 2 years Primary care Patient-

population 

CW USA, CW Canada, NICE 

recommendations/guidelines and 

contradicted medical practices 

and potentially low-value health 

care practices identified by the 

studies Prasad et al., 2013 and 

Elshaug et al., 2012 

246 131 12 282 4.99 [4.91 ; 5.07] Imaging 

 -  Total or free T3 level when assessing 

levothyroxine (T4) dose in hypothyroid 

patients 

246 131 34 434 13.99 [13.86 ; 14.12] Laboratory 

test 

 -  Men 75 to 80 years old with a PSA less than 

3ng/ml are unlikely to die or experience 

aggressive prostate cancer during their 

remaining life, suggesting that PSA testing 

may be safely discontinued in these men. 

246 131 13 390 5.44 [5.35 ; 5.53] Laboratory 

test 

 -  Pap smears on women younger than 21   246 131 10 387 4.22 [4.14 ; 4.3] Laboratory 
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years who have had a hysterectomy for 

non-cancer disease. 

test 

 -  Routine monitoring of bone mineral density 

after starting bisphosphonate treatment 

  246 131 271 0.11 [0.10 ; 0.12] Imaging 

Xu et al., 

2013 [8] 

United States -  X-ray in outpatient management of 

uncomplicated Upper Respiratory Infections 

(URI’s) 

Primary care Patient-

indication 

Centres for Disease Control and 

Prevention (CDC) guidelines 

2 200 000 1 012 000 46.0 [45.95 ; 46.05] Imaging 

 -  CT in outpatient management of 

uncomplicated Upper Respiratory Infections 

(URI’s) 

  2 200 000 44 000 2.0 [1.98 ; 2.02] Imaging 

Among the included studies, some studies contained multiple assessments undertaken in different cohorts. These assessments are distinguished by the following: a assessment performed among a commercially insured 

population, b assessment performed among Medicaid beneficiaries, c assessment performed among Medicare beneficiaries, d assessment performed using Kaiser Permanente Epic EHR data, e assessment performed using data 

derived from the Oregon Community Health Information Network. Abbreviations: CT, Computed Tomography; CW, Choosing Wisely; DEXA or DXA, Dual Energy X-ray absorptiometry; EKG, Electrocardiogram; LBP, low-back pain; 

MRI, Magnetic Resonance Imaging; NICE, National Institute for Health and Care Excellence; PSA, Prostate-Specific Antigen; RACP, Royal Australasian College of Physicians; SPECT MPI, Single-Photon Emission computed 

tomography; TIA, Transient Ischemic Attack; T-hyst, Total Hysterectomy. 
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Supplementary file 5: Risk of bias assessment outcome. 

Author 1. Was the 

study‟s target 
population a close 

representation of 

the national 

population in 
relation to 
relevant variables, 
e.g. age, sex, 
occupation? 

2. Was the 

sampling frame a 
true or close 

representation 

of the target 
population? 

3. Was some 

form of random 

selection used to 
select the sample, 
OR, was a census 
undertaken? 

4. Was the 

likelihood of 
non-response 

bias minimal? 

5. Were data 
collected directly 

from the 

subjects (as 

opposed to a 

proxy)? 

6. Was an 

acceptable case 
definition used in 
the study? 

7. Was the study 

instrument that 
measured the 
parameter of 
interest (e.g. 
prevalence of low 
back pain) shown 
to have 

reliability and 

validity (if 

necessary)? 

8. Was the same 

mode of data 

collection used 
for all subjects? 

9. Was the length 

of the shortest 

prevalence 

period for the 
parameter of 
interest 
appropriate? 

10. Were the 

numerator( s) and 
denominato r(s) 
for the parameter 
of interest 
appropriate? 

11. Summary 

item on the 

overall risk of 

study bias: 

- 2x high: High 

- 1x high + 1x 

unclear: High 

- Rest of 

combinations: 

low 

Badgery-Parker et 
al., 2019 [15] Low Low Low N.A. High Low N.A. Low N.A. Low Low 

Bouck et al., 2019 

[39] Low Low Low N.A. High Low N.A. Low N.A. Low Low 

Chalmers et al., 
2019 [16] Low Low Low N.A. High Low N.A. Low N.A. Low Low 

Charlesworth et 

al., 2016 [35] Low Low Low N.A. High Low N.A. Low N.A. Low Low 
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Supplementary file 7: Forest plots of assessment outcomes from studies using the same lens to 

assess overuse of similar low-value care (LVC) diagnostic tests. Among the included studies, some 

studies contained multiple assessments undertaken in different cohorts. These assessments are 

distinguished by the following: a assessment performed among a commercially insured population, b 

assessment performed among Medicaid beneficiaries, c assessment performed among Medicare 

beneficiaries, d assessment performed using Kaiser Permanente (KP) Epic EHR data, e assessment 

performed using data derived from the Oregon Community Health Information Network (OCHIN). 
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