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Abstract

Objective: To classify the sources of bias and variation and to provide an updated summary of the evidence of the effects of each source
of bias and variation.

Study Design and Setting: We conducted a systematic review of studies of any design with the main objective of addressing bias or
variation in the results of diagnostic accuracy studies. We searched MEDLINE, EMBASE, BIOSIS, the Cochrane Methodology Register,
and Database of Abstracts of Reviews of Effects (DARE) from 2001 to October 2011. Citation searches based on three key papers were
conducted, and studies from our previous review (search to 2001) were eligible. One reviewer extracted data on the study design, objective,
sources of bias and/or variation, and results. A second reviewer checked the extraction.

Results: We summarized the number of studies providing evidence of an effect arising from each source of bias and variation on the
estimates of sensitivity, specificity, and overall accuracy.

Conclusions: We found consistent evidence for the effects of caseecontrol design, observer variability, availability of clinical infor-
mation, reference standard, partial and differential verification bias, demographic features, and disease prevalence and severity. Effects were
generally stronger for sensitivity than for specificity. Evidence for other sources of bias and variation was limited. � 2013 Elsevier Inc. All
rights reserved.
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1. Introduction

Evidence on diagnostic accuracy contributes to the ap-
propriate use of diagnostic tests in clinical practice. The
use of inaccurate tests can result in serious errors in diagno-
sis, which may affect treatment decisions and patient out-
come. Primary diagnostic test accuracy (DTA) studies
compare the results of the test of interest (index test) with
those of the best available method of determining disease

status (clinical reference standard). The results are cross-
tabulated to produce a 2 � 2 table of results based on which
measures of the accuracy of the index test can be calcu-
lated, for example, sensitivity, specificity, likelihood ratios,
and predictive values.

If a study has limitations in its design or conduct, esti-
mates of diagnostic accuracy can differ systematically from
the true accuracy, leading to bias. In contrast, a source of
variation is a feature that can result in differences in the
(true) diagnostic accuracy across studies. Sources of such
variation may be differences in test protocol, differences
in study populations, or differences in how the target con-
dition is defined [1,2]. Because of this variation, reported
estimates of accuracy, although possibly unbiased, may
have limited applicability to a specific clinical question.
When evaluating a diagnostic accuracy study, it is, there-
fore, essential to consider both the potential for bias and
sources of variation, which determine applicability.
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What is new?

� This review found consistent evidence for the ef-
fects of caseecontrol design, observer variability,
availability of clinical information, reference stan-
dard, partial and differential verification bias, de-
mographic features, and disease prevalence and
severity.

� Effects were generally stronger for sensitivity than
for specificity.

� Evidence for other sources of bias and variation
was limited.

� This review provides an updated classification and
overview on the sources of bias and variation in
test accuracy studies.

� Primary studies should attempt to minimize the po-
tential for bias and variation.

� End users should consider the potential for bias and
variation in primary diagnostic accuracy studies.

In 2004, we published a systematic review on the sources
of bias and variation in studies of the accuracy of diagnostic
tests [3]. Since this review was published, there has been
growing interest in the field of diagnostic accuracy studies
and DTA reviews. The Cochrane collaboration has started
accepting DTA reviews, the UKNational Institute for Health
and Clinical Excellence now commissions diagnostic
assessment reviews, and the German Institut f€ur Qualit€at
und Wirtschaftlichkeit im Gesundheitswesen and the US
Agency for Healthcare Research and Quality also include di-
agnostic topics. It is, therefore, increasingly important to
have an up-to-date overview of the current evidence in this
area. This review aims to provide an overview of the effects
of bias and variation in DTA studies classified according to
the following four domains: patient selection, index test, ref-
erence standard, and flow and timing.

2. Methods

2.1. Literature searches

We searched MEDLINE, EMBASE, BIOSIS, the Co-
chrane Methodology Register, and DARE from 2001 to Oc-
tober 2011. All studies included in the original review [3]
(search date to 2001) were eligible for inclusion in this re-
view. Full details of the search strategy are available on re-
quest. In addition, we carried out a citation search to
identify studies that cited the key papers (Begg, 1987 [4];
Lijmer et al., 1999 [5]; and Whiting et al., 2004 [3]). Search
results were screened for relevance independently by two
reviewers; disagreements were resolved through consensus.

2.2. Inclusion criteria

Studies were included if their primary objective was the
quantification or clarification of bias or variation in the
measurement of diagnostic test operating characteristics.

Studies of any design covering any topic area were eli-
gible. Studies had to investigate the effects of bias or
variation on the measures of test performance such as sen-
sitivity, specificity, predictive values, likelihood ratios, and
diagnostic odds ratios (DORs). Studies that reported the
methods for correcting for bias (e.g., verification bias) were
excluded. Inclusion was assessed by one reviewer and
checked by a second; discrepancies were resolved through
discussion or referral to a third reviewer.

2.3. Data extraction

One reviewer extracted data on the following: study de-
tails, study design (meta-review, review, primary DTA
study, experimental study, or modeling study), study popu-
lation (included reviews/studies/patients), index test and
target condition, category of bias/variation (patient selec-
tion, index test, reference standard, or flow and timing),
specific source of bias/variation, specific factors investi-
gated, and effects on sensitivity, specificity, and overall ac-
curacy (increased, decreased, associated, associated but
direction unclear, or no association). A second reviewer
checked the data extraction. Discrepancies were resolved
by consensus or consultation with a third reviewer.

2.4. Data synthesis

Because of differences between studies, it was not pos-
sible to pool data, and so a narrative synthesis was pre-
pared. Results were stratified according to the source of
bias or variation (see Web Table 1 at www.jclinepi.com).
Studies were grouped according to the study design (Box
1). We summarized the number of studies providing evi-
dence of an effect arising from each source of bias and var-
iation. We classified the bias/variation effects on sensitivity,
specificity, and measures of overall accuracy (e.g., DOR,
area under the receiver operating characteristic curve) as
increased, decreased, or associated based on the effect esti-
mates reported in the primary studies. Where studies pro-
vided a statistical analysis of the association, we used
a threshold of P! 0.05 to classify studies as showing a sig-
nificant association. Studies were classified as having no
evidence of effect of bias if a nonsignificant effect size
was reported; some studies may have been underpowered
to show an effect. For studies that only provided a qualita-
tive interpretation of the association, we made a judgment
on the effect of the source of bias or variation based on
the effect estimates reported in the papers.

2.5. Role of the funding source

This article was funded by the Medical Research Coun-
cil (G0801405/1). The sponsor had no role in the study
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