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Objectives: To review how heterogeneity has been
examined in systematic reviews of diagnostic test
accuracy studies.
Data sources: Centre for Reviews and Dissemination’s
Database of Abstracts of Reviews of Effects (DARE). 
Review methods: Systematic reviews that evaluated a
diagnostic or screening test by including studies that
compared a test with a reference test were identified
from DARE. Reviews for which structured abstracts
had been written up to December 2002 were screened
for inclusion. Data extraction was undertaken using
standardised data extraction forms. 
Results: A total of 189 systematic reviews met the
inclusion criteria. The median number of studies
included was 18. Meta-analyses have a higher number
with a median of 22 studies compared with 11 for
narrative reviews. Graphical plots to demonstrate the
spread in study results were provided in 56% of meta-
analyses; in 79% these were plots of sensitivity and
specificity in the receiver operating characteristic (ROC)
space. Statistical tests to identify heterogeneity were
used in 32% of reviews: 41% of meta-analyses and 9%
of reviews using narrative syntheses. The �2 test and
Fisher’s exact test to assess heterogeneity in individual
aspects of test performance were the most common. In
contrast, only 16% of meta-analyses used correlation
coefficients to test for a threshold effect. A narrative
synthesis was used in 30% of reviews. Of the meta-
analyses, 52% carried out statistical pooling alone, 18%
conducted only summary receiver operator
characteristic (SROC) analyses and 30% used both
methods of statistical synthesis. For those undertaking
SROC analyses, the main differences between the
models used were the weights chosen for the regression
models, although in 42% of cases the use of, or choice
of, weight was not provided. The proportion of reviews
using statistical pooling alone has declined from 67% in

1995 to 42% in 2001, with a corresponding increase in
the use of SROC methods, from 33% to 58%.
However, two-thirds of those using SROC methods also
carried out statistical pooling rather than presenting only
SROC models. Reviews using SROC analyses also tended
to present their results as some combination of
sensitivity and specificity rather than using alternative,
perhaps less clinically meaningful, means of data
presentation such as diagnostic odds ratios. Three-
quarters of meta-analyses attempted to investigate
statistically possible sources of variation, using subgroup
analysis or regression analysis. The impact of clinical or
socio-demographic variables was investigated in 74% of
these reviews and test- or threshold-related variables in
79%. At least one quality-related variable was
investigated in 63% of reviews. Within this subset, the
most commonly considered variables were the use of
blinding, sample size, the reference test used and the
avoidance of verification bias. 
Conclusions: The emphasis on pooling individual
aspects of diagnostic test performance and the under-
use of statistical tests and graphical approaches to
identify heterogeneity perhaps reflect the uncertainty in
the most appropriate methods to use and also greater
familiarity with more traditional indices of test accuracy.
This indicates the difficulty and complexity of carrying
out such reviews. In these cases it is strongly suggested
that meta-analyses are carried out with the
involvement of a statistician familiar with the field.
Further methodological work on the statistical methods
available for combining diagnostic test accuracy studies
is needed, as are sufficiently large, prospectively
designed primary studies of diagnostic test accuracy
comparing two or more tests for the same target
disorder. Use of individual patient data meta-analysis in
diagnostic test accuracy reviews should be explored to
allow heterogeneity to be considered in more detail.
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Background
Systematic reviews of therapeutic interventions are
now commonplace in many if not most areas of
healthcare, and in recent years interest has turned
to applying similar techniques to research
evaluating diagnostic tests. One of the key parts of
any review is to consider how similar or different
the available primary studies are and what impact
any differences have on studies’ results. Between-
study differences or heterogeneity in results can
result from chance, from errors in calculating
accuracy indices or from true heterogeneity, that
is, differences in design, conduct, participants,
tests and reference tests. An important additional
consideration for diagnostic studies is differences
in results due to variations in the chosen threshold
for a positive result for either the index or
reference test.

Dealing with heterogeneity is particularly
challenging for diagnostic test reviews, not least
because test accuracy is conventionally represented
by a pair of statistics and not by a single measure
of effect such as relative risk, and as a result a
variety of statistical methods are available that
differ in the way in which they tackle the bivariate
nature of test accuracy data:

� methods that undertake independent analyses
of each aspect of test performance

� methods that further summarise test
performance into a single summary statistic

� methods that use statistical models that
simultaneously consider both dimensions of test
performance.

The validity of a choice of meta-analytical 
method depends in part on the pattern of
variability (heterogeneity) observed in the study
results. However, currently there is no empirical
guidance to judge which methods are appropriate
in which circumstances, and the degree to which
different methods yield comparable results. All
this adds to the complexity and difficulty of
undertaking systematic reviews of diagnostic test
accuracy.

Objectives
Our objective was to review how heterogeneity has
been examined in systematic reviews of diagnostic
test accuracy studies. 

Methods
Systematic reviews that evaluated a diagnostic or
screening test by including studies that compared
a test with a reference test were identified from the
Centre for Reviews and Dissemination’s Database
of Abstracts of Reviews of Effects. Reviews for
which structured abstracts had been written up to
December 2002 were screened for inclusion. Data
extraction was undertaken using standardised data
extraction forms by one reviewer and checked by a
second. 

Results
A total of 189 systematic reviews met our inclusion
criteria and were included in the review. The
median number of studies included in the reviews
was 18 [inter-quartile range (IQR) 20]. Meta-
analyses (n = 133) have a higher number with a
median of 22 studies (IQR 20) compared with 11
(IQR 13) for narrative reviews (n = 56).

Identification of heterogeneity
Graphical plots to demonstrate the spread in
study results were provided in 56% of meta-
analyses; in 79% of cases these were in the form of
plots of sensitivity and specificity in the receiver
operating characteristic (ROC) space (commonly
termed ‘ROC plots’).

Statistical tests to identify heterogeneity were used
in 32% of reviews: 41% of meta-analyses and 9% of
reviews using narrative syntheses. The �2 test and
Fisher’s exact test to assess heterogeneity in
individual aspects of test performance were most
commonly used. In contrast, only 16% of meta-
analyses used correlation coefficients to test for a
threshold effect. 
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Type of syntheses used
A narrative synthesis was used in 30% of reviews.
Of the meta-analyses, 52% carried out statistical
pooling alone, 18% conducted only summary
receiver operator characteristic (SROC) analyses
and 30% used both methods of statistical
synthesis. Of the reviews that pooled accuracy
indices, most pooled each aspect of test
performance separately with only a handful
producing single summaries of test performance
such as the diagnostic odds ratio. For those
undertaking SROC analyses, the main differences
between the models used were the weights chosen
for the regression models. In fact, in 42% of cases
(27/64) the use of, or choice of, weight was not
provided by the review authors. 

The proportion of reviews using statistical 
pooling alone has declined over time from 
67% in 1995 to 42% in 2001, with a corresponding
increase in the use of SROC methods, from 
33% to 58%. However, two-thirds of those using
SROC methods also carried out statistical pooling
rather than presenting only SROC models.
Reviews using SROC analyses also tended to
present their results as some combination of
sensitivity and specificity rather than using
alternative, perhaps less clinically meaningful,
means of data presentation such as diagnostic
odds ratios.

Investigation of heterogeneity sources
Three-quarters of meta-analyses attempted to
investigate statistically possible sources of
variation, using subgroup analysis (76) or
regression analysis (44). The median number of
variables investigated was four, ranging from one
variable in 20% of reviews to over six in 27% of
reviews. The ratio of median number of variables
to median number of studies was 1:6. 

The impact of clinical or socio-demographic
variables was investigated in 74% of these reviews
and test- or threshold-related variables in 79%. At

least one quality-related variable was investigated
in 63% of reviews. Within this subset, the most
commonly considered variables were the use of
blinding (41% of reviews), sample size (33%), the
reference test used (28%) and the avoidance of
verification bias (25%). 

Conclusions
The emphasis on pooling individual aspects of
diagnostic test performance and the under-use of
statistical tests and graphical approaches to
identify heterogeneity perhaps reflect the
uncertainty in the most appropriate methods to
use and also greater familiarity with more
traditional indices of test accuracy. This is an
indication of the level of difficulty and complexity
of carrying out these reviews. It is strongly
suggested that in such reviews meta-analyses are
carried out with the involvement of a statistician
familiar with the field.

Recommendations for further
research
The following areas are suggested for further
research.

� Further methodological work on the statistical
methods available for combining diagnostic test
accuracy studies is needed.

� Sufficiently large, prospectively designed
primary studies of diagnostic test accuracy that
compare two or more tests for the same target
disorder are needed so that sources of
heterogeneity are minimised and comparative
accuracy can be established in a wide spectrum
of patients.

� Use of individual patient data meta-analysis in
diagnostic test accuracy reviews should be
explored to allow heterogeneity to be
considered in more detail.
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Diagnosis is a fundamental element of patient
care. It can sometimes be established by

clinical examination or history taken alone, but it
usually depends on additional laboratory,
radiology or pathology tests. The diagnostic
process is important for establishing the presence
of specific disorders, for informing or monitoring
patient prognosis and therapy and in reassuring
clinicians and/or patients where the disorders are
ruled out. Although there is increasing interest in
the evaluation of diagnostic tests and strategies in
terms of their impact on patient management and
outcomes, there are practical difficulties in
designing studies to evaluate these outcomes. The
majority of studies focus on estimating diagnostic
test accuracy, i.e. the results of one (or more) tests
for the detection of a given disorder are compared
with the results of some reference standard for
that disorder, in a group of patients suspected of
having the target disorder to produce a variety of
indices of test accuracy. 

Systematic reviews of diagnostic
test accuracy
Systematic reviews provide a means of synthesising
information from a number of studies to “establish
where the effects of healthcare are consistent and
research results can be applied across populations,
settings, and differences in treatment; and where
effects may vary significantly”.1 Systematic reviews
of therapeutic interventions are now commonplace
in many if not most areas of healthcare, and in
recent years interest has turned to applying similar
techniques to research evaluating diagnostic tests.
The HTA Programme has funded a large number
of such reviews, and the Cochrane Collaboration
has also decided to develop a new database for
reviews of diagnostic test accuracy to be
incorporated in the Cochrane Library. 

Systematic reviews of any form of intervention
follow key stages, including formulation of the
question, setting of inclusion criteria, searching
the literature, quality assessment and data
extraction of included studies and synthesis of the
evidence. Work is ongoing to develop each of
these stages specifically for diagnostic test reviews,
for example in literature searching2 and quality

assessment,3 and several authors have published
general guidelines for the conduct of reviews of
test accuracy.4,5 Meta-analytic techniques for
combining diagnostic studies, in order to improve
estimation of test accuracy, are also being
developed and improved.4–11 The use of statistical
methods to combine test accuracy studies is
particularly challenging, not least because test
accuracy is conventionally represented by a pair of
statistics (most often sensitivity and specificity; see
Appendix 1) and not by a single measure of effect
such as the odds ratio (OR) or relative risk (RR).
An introduction to the statistical methods that may
be used is provided in Chapter 2. However, before
(and during) any study synthesis, it is important to
consider how similar or different the available
primary studies are. 

Sources of heterogeneity in
diagnostic test reviews
There is almost always considerable variation
between the results of diagnostic studies, possibly
to a greater extent than is seen for therapeutic
interventions, although this comparison needs
confirmation in empirical studies. This may be
due at least partially to the fact that the
importance of rigorous design has been less well
appreciated than for therapeutic interventions,
and consequently diagnostic studies have often
been retrospective and not conducted according to
standard protocols. Between-study differences or
heterogeneity in results can result from chance,
from errors in calculating accuracy indices or from
true heterogeneity,12 that is, differences in design,
conduct, participants, interventions, tests and
reference tests.13,14 There is heterogeneity that
arises from biases in the conduct of such studies
that can be significantly reduced by rigorous
design and the heterogeneity that arises from true
differences in the accuracy between different test
populations and variation in the test under study.
An important additional consideration for
diagnostic studies is differences in results due to
variations in the threshold for a positive result. 

In randomised trials, the statistical outcomes that
are considered are usually relative comparisons
(such as RRs and ORs) or absolute comparisons

Health Technology Assessment 2005; Vol. 9: No. 12
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(such as risk differences and differences between
means) of event rates between treated and control
groups made within each trial. While often there is
substantial variation in the event rates in the
treated groups and in the placebo group between
the trials (as displayed in a L’Abbé plot), there may
be little variability in relative or absolute
comparisons between these event rates. In contrast,
for analyses of diagnostic test accuracy the focus is
on the event rates in the diseased (test sensitivity)
and in the non-diseased (test specificity), and not
on relative or absolute comparisons between
diseased and non-diseased groups within studies.
Hence the level of heterogeneity observed in test
accuracy reviews may be higher than that observed
in randomised trials owing to the statistical focus
not being on comparisons within studies but on
absolute estimates of event rates. 

Study design and quality considerations
The existence of bias in diagnostic test research
has been recognised for many years, with several
authors highlighting the potential influence of
various forms of bias relating to the study
population, the selection and execution of the
tests, interpretation of the tests and the data
analysis and presentation,4–11 some of which are
discussed below. Empirical evidence for the impact
of many of these quality features on test accuracy
is still limited. Two studies15,16 found several
features that significantly over- or underestimated
test accuracy, including the use of case–control
design with healthy controls and severe cases of
disease, use of different reference tests, selective
inclusion of patients and retrospective data
collection.16

Verification bias
Verification bias occurs where the decision to
undertake or apply the reference test is influenced
by the result of the experimental test9,17,18 (also
called ascertainment bias or work-up bias). There
are two potential elements to verification bias:

1. Partial verification occurs where only a
subgroup of patients who received the index
test undergo the reference test (e.g. where the
reference test is unpleasant or invasive, such as
biopsy or angiography). This incomplete
verification may be equal in test positive and
test negative cases (i.e. cases missing at
random), or it may be differential where those
most likely to have the disease tend to undergo
the reference test.

2. Differential verification occurs where different
reference tests are used and can occur under
two scenarios:

(a) where those most likely to have the disease
tend to undergo the reference test, thereby
overestimating sensitivity and
underestimating specificity, or

(b) where different tests are used according to
the results of the experimental test (e.g.
index test positive patients may undergo a
more invasive and probably more accurate
reference test than those who tested
negative on the index test).

For example, in a study of radionuclide
ventriculography for detecting coronary artery
disease, 31% of index test positive cases underwent
verification compared with only 14% of index test
negative cases.19 The better the test under
evaluation, or at least the stronger the investigator’s
faith in the test, the greater will be the tendency to
verify preferentially index test positives and the
greater will be the bias introduced.20

Use of an appropriate reference test
Standard techniques for assessing diagnostic tests
assume that a definitive reference test is available,
that is, that the reference test used is as close to
100% accurate as can be. However, it may be
either that the available test is far from perfect or
that such a test simply does not exist. For example,
the diagnosis of metastatic liver cancer can never
be definitively determined even at autopsy. The
key issue really is not to find a test that confirms a
textbook definition of disease but to find a test
that has practical consequences for patient
management, hence the use of the term ‘target
disorder’ as opposed to ‘disease’.

In some contexts where a single definitive
reference test is unavailable, a reference strategy
may be used, where the reference diagnosis is
made on the basis of clinical information in
combination with a battery of other tests.9

Incorporation bias occurs where the experimental
test is used as part of the reference strategy, that
is, the experimental test and reference tests are
not independent, leading to overestimation of
both sensitivity and specificity.21

Even the most definitive reference test may have
considerable inaccuracies, for example,
microbiological studies of sputum for the
detection of tuberculosis often fail to detect
mycobacteria that may be picked up by nucleic
acid amplification tests, and will incorrectly classify
patients with tuberculosis as false-positive results.20

Walter and colleagues22 refer to a ‘substantial body
of literature’ demonstrating that reference tests
may frequently be imperfect. Serious inaccuracies

Introduction
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in the reference test will lead to over- or
underestimation of the true accuracy of a new test.
If the index and reference test are conditionally
independent, then the new test’s characteristics
will be underestimated (non-differential
misclassification); if the two tests are perfectly
correlated, or if the new test makes the same
errors as the reference test, the accuracy of the
new test will be overestimated,9 potentially
appearing perfectly accurate regardless of its
association with true disease status.18

Blinding
The interpretation of many diagnostic tests
involves some degree of subjective interpretation.
In clinical practice, test interpretation can be
influenced by both the knowledge of the results of
other tests and by the specific clinical
characteristics of the person being tested.
Diagnostic review bias occurs where knowledge of
the reference test result influences interpretation
of the index test, whereas test review bias refers to
the opposite situation. Clinical review bias is said
to occur where knowledge of patients’ clinical
characteristics or other test results influences test
interpretation (index or reference test). For
example, to evaluate adequately the accuracy of
ultrasound for the detection of rotator cuff tear,
observers should not have access to the results of
other imaging tests such as X-ray or magnetic
resonance imaging (MRI). This should be
distinguished from observer variability, which will
occur in interpretation of almost any test.

The recommended solution to these biases is to
perform a ‘blinded’ study, where both tests are
interpreted without knowledge of the clinical
characteristics or the test results17 to ensure that it
is only the diagnostic contribution of the test itself
that is being evaluated. Of course, this is not the
same as routine clinical practice where prior
information is used to evaluate the results of
subsequent tests. Blinding is particularly important
where a new test is intended to replace an existing
test, for example, the use of MRI instead of
ultrasound for the assessment of shoulder pain.
Where clinical factors play a significant role in
assisting test interpretation, such as in the
shoulder pain example above, or where a new test
is intended to supplement an existing test, it may
be more appropriate to identify the additional
diagnostic value added by the test, rather than
essentially evaluating the test in isolation.

Study design
Cohort studies assemble patients at risk for a
disease in whom both the new test and the

reference test are performed, whereas case–control
studies assemble patients with the disease and
controls without the disease (on the basis of the
reference test results) and compare the index test
results in the two groups.21 Case–control studies
tend to be at higher risk from bias: cases tend to
be selected on the basis of a positive reference test
result and the result of the test under evaluation
ascertained after true disease status is known; the
prevalence of the target disorder tends to be
higher than in cohort studies (or than in practice);
and cases and controls are often selected from
opposite ends of the disease spectrum, e.g. severe
cases and healthy controls.23 The ‘best’ cohort
studies are prospective in design, with consecutive
recruitment of patients; this allows evaluation on
the full spectrum (see below) presenting in that
setting, the collection of appropriate baseline
information and implementation of rigorous
protocols for testing.

Clinical heterogeneity
There is some limited evidence that test accuracy
statistics may not be generalisable from diagnostic
test studies to patients in clinical practice as a
result of variations in case mix of participants. The
term ‘spectrum’ (referring to the range of
pathological, clinical and co-morbid patient or
disease characteristics) was first introduced in
1978 by Ransohoff and Feinstein24 as an
explanation for why many initially promising
diagnostic tests are later ‘rejected as worthless’.
Since then, ‘spectrum bias’ has been used to
describe scenarios where the accuracy indices
obtained in one study cannot be assumed to apply
to other patients in other contexts and also where
test accuracy has been seen to vary according to
subgroups of patients within the same study. Such
characteristics can be likened to effect modifiers in
therapeutic interventions. 

It is often assumed that indices of test accuracy
such as sensitivity and specificity are fixed (for any
given threshold) and that varied is the predictive
value between groups with different disease
prevalence, the effect of which is easy to estimate.
However, theoretical examples9,21,25 indicate that
where spectrum bias is present, either sensitivity
or specificity would be expected to change.
Sensitivity would be expected to increase where
test results become more extreme in patients with
the most severe disease (i.e. more likely to test
positive). Specificity is affected by the range of
alternative diagnoses in those without the target
disorder that could cause false positive (FP)
results. The range of such diagnoses is likely to be
wider in studies that have a lower prevalence of
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the target disorder. Variations in case mix,
therefore, may affect the generalisability of a
study’s accuracy results. A classic example is
exercise testing for coronary heart disease where
the extent of disease (number of diseased arteries)
and clinical presentation (e.g. presence or absence
of angina) influence the likelihood of an abnormal
result and the characteristics of ‘non-diseased’
(such as gender) affects likelihood of an FP result.26

Urine dipstick results for urinary tract infection
(UTI) are affected by age (as the type of bacteria
causing UTI change with age), by pregnancy or by
the presence of concomitant medical conditions
which affect the response to infection (leukaemia)
or type of bacteria (prostatic obstruction). 

Variation in test(s)
Just as variations in the timing, duration and
dosage or intensity of a therapeutic intervention
can affect effectiveness, diagnostic test accuracy
may be affected by variations in timing, in
technical aspects of any equipment or materials
used and, inter- and intra-observer and laboratory
variations. Similar variations in the reference
standards used must also be considered. 

Threshold effects
A source of heterogeneity that is unique to meta-
analyses of diagnostic tests is variations in the cut-

off chosen to indicate test positivity. Statistics used
to report the results of diagnostic tests (e.g.
sensitivity and specificity) by nature present a test
result as binary, i.e. a test is either positive or
negative, disease either present or absent.
However, in practice, a test result could be used to
predict a good or bad outcome or to differentiate
mild from severe disease. The majority of tests
effectively produce continuous data such that an
arbitrary cut-off point (diagnostic threshold) is
applied to define positive and negative test
outcomes. In some cases, such as laboratory tests,
this could be explicit numerical cut-offs. Imaging
tests, such as mammograms, can be interpreted on
a categorical scale ranging from definitely normal
to definitely abnormal, with various categories of
suspicion in between. These thresholds can also be
affected by variation between laboratories or
between observers9 – one observer’s ‘mildly
abnormal’ may be another’s ‘definitely abnormal’.
The diagnostic classification of patients therefore
depends on whether the measurement of a given
trait is above or below some defined cut-off or
threshold value,27 and the threshold chosen may
vary between studies of the same test. The higher
the cut-off value chosen, the higher the specificity
and lower the sensitivity estimates will be. The
issue of threshold effects is discussed further in
Chapter 2. 

Introduction
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Introduction
Published systematic reviews of diagnostic test
accuracy use a variety of statistical approaches to
both meta-analysis and investigations of
heterogeneity. This section reviews the most
commonly used approaches for meta-analysis and
within each approach considers the options for
identification and investigation of heterogeneity,
explaining the basic statistical methodology. The
section concludes with a discussion on appropriate
selection of methods.

The approach followed for both meta-analysis and
detecting and investigating heterogeneity depends
on the summary statistics that are selected for
analysis. The options for summarising diagnostic
accuracy in an individual study focus on evaluating
either the performance of the test in diseased and
in non-diseased individuals (test sensitivity and
specificity), or the implications of positive and
negative test results [positive and negative
likelihood ratios (LRs) and predictive values].
Whichever perspective is taken, meta-analysis of
diagnostic accuracy is complicated by there being
two dimensions to diagnostic performance that
require separate estimation.

Approaches to meta-analysis for diagnostic test
accuracy can be grouped into three categories
according to the way in which they tackle the
bivariate nature of test accuracy data:

� methods that undertake independent analyses
of each aspect of test performance

� methods that further summarise test
performance into a single summary statistic

� methods that use statistical models that
simultaneously consider both dimensions of test
performance.

Methods of meta-analysis for combining trials are
usually categorised as either fixed effect or
random effects methods. Fixed effect methods
estimate an average effect, assuming that the
variability between studies is explicable by
sampling variability. Random effects methods
explicitly estimate the variability between studies

in addition to the average effect. Where the
variability between studies is explicable by chance,
the random effects estimate of variability will be
zero, and the results are exactly the same (or very
close to) the results of a fixed effect method.28

For systematic reviews of diagnostic test accuracy,
there are often high levels of variability between
studies which cannot be explained by chance.
Thus methods which estimate (or in some way take
account of) the extra variability, such as random
effects methods, are particularly important.

Graphical plots for displaying
heterogeneity
‘ROC plots’
Receiver operating characteristic (ROC) curves
allow the authors of primary studies evaluating a
diagnostic test to display a full picture of that test’s
accuracy, that is, the relevant combinations of
sensitivity and specificity for different thresholds
for positivity can be read from the curve similar to
that depicted in Box 1, rather than presenting only
a single sensitivity and specificity pair. Systematic
reviewers can also use ROC space to plot the
various pairs of sensitivities and specificities from
the primary studies to display heterogeneity in the
studies’ results. These plots are commonly termed
‘ROC plots’. Some divergence of the study results
around a central point is to be expected by
chance, but variations in other factors, such as
patient selection and features of study design, may
increase the observed variability.15

There is also one important extra source of
heterogeneity to consider: variation introduced by
changes in diagnostic threshold, as discussed in
the section ‘Threshold effects’ (p. 4). Unlike other
sources of variability, variation of the diagnostic
threshold introduces a particular pattern into the
ROC plot of study results, such that the points will
demonstrate curvature as depicted in the ROC
curve in Box 1. 

Threshold-like patterns of variability will also be
created by changes in the population from which
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the diseased and non-diseased samples are drawn,
without there being any explicit change in
threshold. If the measured value of a diagnostic
marker increases or decreases depending on other
factors in addition to the presence of disease (such
as age), then the plot of points from different
studies may demonstrate a ROC-type curve. This
type of variability has been termed ‘implicit
threshold effects’.29

The existence of threshold effects complicates the
statistical analysis. Where such effects are in
action, the values of sensitivities and specificities
are negatively correlated and cannot be treated as
independent quantities in any analysis.

Alternative graphical plots
Accuracy indices and their respective confidence
intervals can be presented on Forest plots as for
sensitivity and 1 – specificity in Box 2. These plots
clearly demonstrate the variation in accuracy
between studies – homogeneity can be assessed by
the extent of overlap in the confidence intervals

(CIs). However, it is not possible to detect any
pattern in the pairs of sensitivity and specificity,
for example due to threshold effects. LRs,
predictive values or diagnostic ORs can also be
plotted in the same way, but again this will only
show the overall heterogeneity (or otherwise) of
the accuracy index in question. 

Another type of plot that occasionally crops up is
the ‘D versus S’ plot or Littenberg–Moses plot.31

This is a plot of the logarithm of the diagnostic
OR, D, against the measure of diagnostic
threshold, S, for each study. Estimation of D and S
is the preliminary step when using the summary
receiver operating characteristic (SROC) regression
method proposed by Moses and colleagues32 [see
the section ‘Investigating heterogeneity in DORs
with threshold’ (p. 11) for further details].

An alternative but rarely used option is the
Galbraith plot,33 the use of which in diagnostic
test reviews has recently been described by Lijmer
and colleagues.12 The log OR of each study

Approaches to analysis of heterogeneity in meta-analyses of test accuracy
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BOX 1 Receiver operating characteristic (ROC) curves

ROC curves are used in studies of diagnostic accuracy to depict the pattern of sensitivities and specificities observed when
the performance of the test is evaluated at several different diagnostic thresholds. Figure 1 is a ROC curve from a study of
the detection of endometrial cancer by endovaginal ultrasound.30 Women with endometrial cancer are likely to have
increased endometrial thicknesses: very few women who do not have cancer will have thicknesses exceeding a high
threshold, whereas very few women with endometrial cancer will have thicknesses below a low threshold. This pattern of
results is seen in Figure 1, with the 5-mm threshold demonstrating high sensitivity (0.98) and poor specificity (0.59), whereas
the 25-mm threshold demonstrates poor sensitivity (0.24) but high specificity (0.98).

The overall diagnostic performance of a test can be judged by the position of the ROC line. Poor tests have ROC lines close
to the rising diagonal, whereas the ROC lines for perfect tests would rise steeply and pass close to the top left-hand corner,
where both the sensitivity and specificity are unity. ROC plots are used in systematic reviews to display the results of a set of
studies, the sensitivity and specificity from each study being plotted as a separate point in the ROC space. 
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FIGURE 1 ROC plot of endovaginal ultrasound for detecting endometrial cancer



divided by its standard error is plotted against the
reciprocal of the standard error so that small
studies with less precise results are placed on the
left-hand side of the diagram and larger studies
plotted on the right. The overall log ORs are
represented by a regression line through the
origin with two lines either side representing its

95% boundaries. In the absence of heterogeneity,
most studies would be expected to lie within the
95% boundaries; those lying near or outside of the
boundaries can be examined more closely to
identify any obvious differences. As Lijmer and
colleagues point out, however, one should bear in
mind that such examinations would be post hoc.12
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Meta-analyses of sensitivities and
specificities, predictive values and
likelihood ratios
Meta-analysis of sensitivities and specificities
Sensitivities and specificities are proportions, and
can each be pooled by computing weighted
averages in either fixed effect or random effects
frameworks.9

Weights may be computed using the normal
variance equation for a proportion:

1 1 n
Weight = ——— = ——— = ————

Var(p) SE(p)2 p(1 – p)

or by first taking logit transformations, and
calculating weights from the variance of the logits:

1 1
Weight = ————————— = ———————

p 1 1
Var[log(———)] –— + ————

1 – p pn (1 – p)n

or simply using the sample size, n, as a weight.
Standard inverse variance (fixed effects) and
DerSimonian and Laird (random effects) software
routines can be used to pool if inverse variance
weights are used.34,35 Where computation of
estimates and standard errors are problematic, i.e.
when proportions are either zero or one, a zero
cell correction of 0.5 can be added to the numbers
test positive and test negative in both diseased and
non-diseased groups.

An alternative approximate fixed effect approach
which avoids using zero cell corrections estimates
the overall proportion as

∑yip = ——
∑ni

where ∑yi is the sum of all true positives (TPs) (for
sensitivity) or true negatives (TNs) (for specificity),
and ∑ni is the sum of diseased (for sensitivity) or
not diseased (for specificity).9 The large sample
approximation for the standard error of this
estimate is

��p(1 – p)
SE(p) = ————� ∑ni

A second fixed effect alternative involves using
maximum likelihood methods in a logistic
regression model to provide an estimate of the
average effect. The standard logistic regression

model is equivalent to a fixed effect model, by
which heterogeneity can be accounted for by
rescaling the standard errors according to the
degree of overdispersion computed from the
deviance statistic.36 This random effects model
differs from other models in that the random
effect acts in a multiplicative rather than additive
manner.

Detecting and investigating heterogeneity in
sensitivities and specificities
Heterogeneity in proportions (sensitivity or
specificity) can be assessed using a �2 test on 
k – 1 degrees of freedom (or alternatively 
Fisher’s exact test when cell counts are small and
there are few enough studies to make the
computations feasible).9,37 If a logistic regression
model is used to estimate average effects, the
deviance statistic can be used to assess
heterogeneity (goodness-of-fit). 

Investigating potential sources of heterogeneity
can be undertaken in a number of ways.

1. Univariate two-group t-tests or Mann–Whitney
U-tests can be used to make comparisons
between the estimates of sensitivities or
specificities between two groups. The t-test
compares mean values for the two groups and
assumes roughly normal distributions of values;
the Mann–Whitney U-test compares the
positions of two distributions, assuming similar
distributional shapes. Neither approach takes
account of differences in weights allocated to
the studies to reflect differences in 
precision.

2. Computing meta-analytical estimates for two
subgroups and comparing the estimates using a
z-test may be a more powerful approach where
studies differ in precision, as the estimates will
account for study weights. The z-value is
computed as

�̂1 – �̂2z = ————————————
������������[SE(�̂1)]

2 + [SE(�̂2)]
2

where �̂k, are estimates of the overall effect
within each group and SE(�̂k) are the standard
errors of these estimates.28

3. An alternative test, which can be used
regardless of the number of subgroups, involves
explicitly partitioning the overall heterogeneity
into that which can be explained by differences
between subgroups and that which remains
unexplained within the subgroups. If the �2

value for the overall unstratified analysis is QT
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and the �2 values for each subgroup are Qk, the
heterogeneity explained by differences between
subgroups, QB, is given by

QB = QT – ∑
k
Qk

which can be compared with critical values of
the �2 distribution with k – 1 degrees of
freedom.28

4. Meta-regression uses a weighted regression
technique to estimate associations between
predictor variables and estimates of sensitivity
or specificity. When the comparison is between
two groups, meta-regression produces similar
answers to the z-test approach. However, it also
allows investigation of trends in estimates with
values of a continuous covariate and
investigation of multiple sources of
heterogeneity simultaneously. Random effects
meta-regression models are usually preferred as
they make allowance for residual heterogeneity
when assessing statistical significance.28

5. The logistic regression model can naturally be
extended to include terms for covariates, both
categorical and continuous. Unexplained
variability can be allowed for by rescaling
standard errors, as described above.

Meta-analysis and investigating heterogeneity in
predictive values
Predictive values, such as sensitivity and specificity,
are proportions, and can be pooled using exactly
the same methods. Usually predictive values are
not used as a summary statistic, as they depend on
both the diagnostic accuracy of the test and the
prevalence of disease in the study sample. Where
some studies in a meta-analysis have separately
recruited diseased and non-diseased participants
(as in a case–control study design), they are
particularly unhelpful as the observed prevalence
in the study sample is determined by the sampling
proportion such that the predictive values in the
studies may bear no resemblance to the predictive
value in clinical practice. 

Meta-analyses of positive and negative likelihood
ratios
LRs are ratios of probabilities, and in a meta-
analysis can be treated as risk ratios [albeit
calculated between the columns of a 2 × 2 table
and not the rows as for randomised controlled
trials (RCTs)]. A fixed effect weighted average of
each LR can be computed using the standard
Mantel–Haenszel or inverse variance methods of
meta-analysis of risk ratios, and a random effects
estimate can be computed using the DerSimonian
and Laird method for pooling risk ratios. All these

analyses combine risk ratios having applied a log-
transform.

Detecting and investigating
heterogeneity in likelihood ratios
The heterogeneity of each LR can be tested by
standard meta-analysis tests of heterogeneity after
combining the statistics in a meta-analysis.
Cochran’s Q is given by 

Q = ∑wi(�̂i – �̂)2

where �̂i is the estimate of the log LR for each
study, wi is the weight given to that study 
in the meta-analysis and �̂ is the corresponding
meta-analytical summary. For a formal test of
homogeneity, the statistic Q will follow a �2

distribution on k – 1 degrees of freedom under the
null hypothesis that the true treatment effect is the
same for all trials.

Methods have also been developed which assess
the impact of heterogeneity on the results of a
meta-analysis. For example, the I2 statistic is
estimated by

(Q – df )
I2 = ———— × 100%

Q

where Q is the �2 statistic and df is its degrees of
freedom.14,38 This describes the percentage of the
variability in effect estimates that is due to
heterogeneity rather than sampling error
(chance). A value greater than 50% may be
considered substantial heterogeneity.

Of the methods used to investigate heterogeneity
in sensitivities and specificities, the first four
(univariate tests, z-tests, �2 tests and meta-
regression) can also be used to investigate
heterogeneity in LRs.

Computing single statistical
summaries of test performance
Three related single statistic summaries of test
performance are used in meta-analyses of
diagnostic test accuracy: diagnostic ORs,
diagnostic effectiveness scores and SROC curves.

Diagnostic odds ratios
Sensitivities and specificities, and positive and
negative LRs, can be combined into the same
single summary of diagnostic performance, known
as the diagnostic odds ratio (DOR). This statistic is
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not easy to apply in clinical practice (it describes
the ratio of the odds of a positive test result in a
patient with disease compared with a patient
without disease), but it is a convenient measure to
use when combining studies in a systematic review
as it is often reasonably constant regardless of
variation in diagnostic threshold. The DOR is
defined as

TP × TN
DOR = —————

FP × FN

where TP, TN, FP and FN are the numbers of true
positive (TP), true negative (TN), false positive
(FP) and false negative (FN) diagnoses. It is
necessary to add a small quantity (typically 0.5) to
all four counts if any of them are zero before
computing this statistic to avoid computational
problems. Some authors advise doing this
routinely in all studies. 

The DOR can also be computed from the
sensitivity and specificity or from the LRs as

sensitivity
———————(1 – sensitivity) LR +ve

DOR = ———————— = ————
1 – specificity LR –ve
———————( specificity )

where LR +ve is the LR for a positive result and
LR –ve is the LR for a negative result. Note that
when a test provides no diagnostic evidence
(sensitivity + specificity = 1), the DOR is 1.
Considering DORs that correspond to commonly
cited guidelines for LRs of 0.2 and 5 and of 0.1
and 10 for convincing and strong diagnostic
evidence39 gives a gauge to values of the DOR
which could be usefully high. A DOR of 25 could,
for example, correspond to a positive LR of 5 and
negative LR of 0.2, whereas a DOR of 100 may
correspond to a positive LR of 10 and a negative
LR of 0.1, if both criteria are met in the same test.

DORs can be pooled using methods for meta-
analysis of ORs commonly used for trials. These
include the inverse variance and Mantel–Haenszel
fixed effect methods, and the DerSimonian and
Laird random effects method. However, the Peto
OR is rarely appropriate, as it is biased when there
are unequal numbers of diseased and non-
diseased cases, and when the OR differs from
one.9

Effectiveness scores
The effectiveness score is defined as40

diagnostic effectiveness score =

��3 sensitivity
——{log(———————) – 

� 1 – sensitivity

1 – specificity
log(———————)}specificity

The score quantifies the degree of overlap
between the distributions of diseased and non-
diseased cases, and the value can be interpreted
directly as the number of standard deviations
separating the means of the two curves. This
interpretation is dependent on the distributions
having logistic shapes with equal variance.
Hasselblad40 gives some guidance to interpreting
values of the effectiveness score. A test with a 
value of ≤ 1 does not effectively distinguish
between groups, a score of 1 meaning that 27% of
diseased women have values ‘equivalent’ (sic, at or
below the mean value) to non-diseased women. 
A value of 3 indicates a test where the overlap is
only 3% of the sample. Effectiveness scores are
directly linked to DORs through the
transformation

��3
diagnostic effectiveness score = —— log DOR

�

Pooling methods for diagnostic effectiveness scores
are based on the inverse variance approach,
weighting each study by the inverse of the
variance of the effectiveness score. As diagnostic
effectiveness scores are a simple re-expression of
the DOR, the same methods for investigating
heterogeneity apply.

DORs, effectiveness scores and 
SROC curves
If there is any evidence that the diagnostic
threshold varies between the studies, the best
statistical summary of the results of the studies will
be a SROC curve rather than a single
sensitivity/specificity point. The full method for
deciding on the best fitting summary ROC is
explained below, but first it is worth noting that
when it can be assumed that the curve is
symmetrical around the ‘sensitivity = specificity’
line and the underlying distributions have a
bilogistic form with equal variances [see
Investigating heterogeneity in DORs with
threshold (p. 11) for more details], an estimate of
the best fitting ROC curve can be obtained by
pooling DORs (or effectiveness scores). Once the
summary DOR has been calculated, the equation
of the corresponding ROC curve is given by

Approaches to analysis of heterogeneity in meta-analyses of test accuracy
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1
sensitivity = ——————————————

1
1 + ————————————

1 – specificity
DOR × (———————)specificity

Methods of testing whether the data can be
summarised using a symmetrical ROC curve are
described below.

Area under the ROC curve
Where a primary study reports a ROC curve
rather than a single point estimate of sensitivity
and specificity, meta-analysis may attempt to pool
a measure called the area under the curve (AUC).
Perfect tests have AUCs of close to 1, whereas poor
tests have AUCs close to 0.5.41 However, ROC
curves of different shapes can have the same AUC,
so it is not possible to interpret the AUC in terms
of a set of unique combinations of sensitivity and
specificity unless the shape of the ROC curve is
known. If it can be assumed that the data come
from a bilogistic distribution with equal variance,
then the ROC will have a particular symmetric
shape consistent with all points having the same
DOR, and there is an algebraic relationship
between the AUC and the DOR given by42

DOR
AUC = —————— [(DOR – 1) – ln(DOR)]

(DOR – 1)2

Otherwise estimates and standard errors of the
area under the ROC curve can be obtained from
each study using trapezoid methods and averaged
using a standard inverse variance technique.

Detecting and investigating
heterogeneity in diagnostic odds ratios
Heterogeneity in DORs can be tested using
Cochran’s Q as described in the section ‘Detecting
and investigating heterogeneity in likelihood
ratios’ (p. 9). Breslow and Day propose an
alternative test of the homogeneity of ORs, based
on a comparison of the observed number of events
in the intervention groups of each trial (ai) with
those expected when the common treatment effect
ÔR is applied (calculation of these expected values
involves solving quadratic expressions). The test
statistic is given by

ai – E[ai|ÔR]
QBD = ∑(———————)�i

where each trial’s variance �i is computed using
the fitted cell counts:

1 1 1
�i = ————— + ————— + ————— 

E[ai|ÔR] E[bi|ÔR] E[ci|ÔR]

1
+ —————

E[di|ÔR]

Under the null hypothesis of homogeneity, 
QBD also has a �2 distribution on k – 1 degrees of
freedom.28

Investigating heterogeneity in DORs with
threshold
Heterogeneity in DORs at different thresholds
arises when the diseased and non-diseased 
groups differ in both the average value of the
underlying diagnostic marker and also in the
variance of the values. For example, diseased
patients may have higher values of a diagnostic
marker than non-diseased patients, but also the
values for diseased people may be more variable
than the values for non-diseased people. Where
this is the case, dichotomising the diagnostic
marker scale at different points will yield different
DORs. The ORs at higher cutpoints will be higher
than those at lower cutpoints. When the points are
plotted as a ROC curve, the curve will not be
symmetric about the sensitivity = specificity line.
The values of sensitivity at high values of
specificity will be higher than the values of
specificity at correspondingly high values of
sensitivity.

Asymmetric ROC curves occur when the DOR
changes with diagnostic threshold. Moses and
colleagues proposed a method for fitting a whole
family of SROC curves which allow for a trend in
DOR with threshold.31,32 The method considers
the relationship between the DOR and a summary
measure of diagnostic threshold, given by the
product of the odds of TP and the odds of FP
results. As a diagnostic threshold decreases, the
numbers of positive diagnoses (both correct and
incorrect) increases and the measure of threshold
increases. 

In the equations and figures which follow, the
logarithm of the DOR is denoted by D and the
logarithm of the measure of threshold by S. D and
S can be calculated using any of the equivalent
equations:

TPR FPR
S = ln(———— × ————)1 – TPR 1 – FPR

= logit(TPR) + logit(FPR)
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TPR 1 – FPR
D = ln(DOR) = ln(———— × ————)1 – TPR FPR

LR + ve
= ln(————)LR – ve

= logit(TPR) – logit(FPR)

where the logit indicates the log of the odds, as
used in logistic regression.

Moses and colleagues’ method first considers a
plot of the log of the DOR (D) against the
measure of threshold (S) calculated for each of the
studies. They then propose computing the best
fitting straight line through the points on the
graph. If the equation of the fitted line is given by

D = a + bS

testing the significance of the estimate of the slope
parameter b tests whether there is significant
variation in diagnostic performance with
threshold. If the line can be assumed horizontal
(i.e. b = 0), the DOR does not change with
threshold and the method yields symmetrical ROC
curves, similar to those obtained from directly
pooling ORs as explained above. However, if there
is a significant trend in the DOR with diagnostic
threshold (i.e. b ≠ 0), then the ROC curves are
asymmetric, the summary ROC curve being
calculated as

1
sensitivity = —————————————————

1
1 + ———————————————

1 – specificity (1+b)/(1–b)

ea/(1–b) ×(———————)specificity

Estimates of the parameters a and b can be
obtained from either ordinary least-squares
regression (which weights each study equally),
weighted least-squares regression (where the
weights can be taken as the inverse variance
weights of the diagnostic log OR, or simply the
sample size) or robust methods of regression
(which are not so strongly influenced by outliers).
Although weighting by inverse variance carries
appeal in that it combines studies according to the
precision of their estimates of the OR, it is
problematic when sensitivity or specificity (and
hence ORs) is high, as the equation for the
approximate variance of a log DOR becomes
biased when any of the counts of TPs, TNs, FPs or
FNs is close to zero.43 Some authors describe the

equally weighted regression as being a random
effects model.7 This is not technically true, as the
model does not estimate the variance of the
observed effects (which is the basis of random
effects analyses), but reflects the observation that
random effects analyses do give studies more
equal weightings than fixed effect analyses.

Expositions of Moses and colleagues’ method
commonly formulate it in terms of the sum and
differences in the logits of the TP and FP rates. As
shown in the equations above, log DOR is in fact
the difference of these logits, whereas logarithm of
the measure of diagnostic threshold is the sum of
these logits. Hence the choice of notation: D for
the difference and S for the sum.

It has been suggested that the validity of the
method can be improved by only including points
which have values of sensitivity and specificity
within a clinically meaningful range and omitting
points with sensitivities and specificities below
some stated threshold.10 This is likely to lead to
overestimation of the diagnostic accuracy as it
systematically excludes the poorest estimates of
test accuracy.

Investigating heterogeneity in DOR with other
factors
Heterogeneity in DORs for potential sources of
heterogeneity can be investigated by the first four
methods mentioned in the section ‘Detecting and
investigating heterogeneity in sensitivities and
specificities’ (p. 8): univariate tests between
subgroups, z-test based comparisons of estimates
between groups, �2 tests and meta-regression. The
use of these methods without allowing for
threshold effects makes an assumption that
variation in threshold does not affect DORs. This
is equivalent to assuming that any underlying
ROC curve is symmetrical.

Investigating heterogeneity in DOR with
thresholds and other factors
If it is important to allow for variation of DOR
with threshold at the same time as investigating
other sources of heterogeneity, then Moses and
colleagues’ model can be extended to allow for
covariates.6,7 A covariate, X, can be added to the
regression equation for each potential effect
modifier:

D = a + bS + c1X1

The exponential of each of these terms estimates
multiplicative increases in DORs (relative ORs) for
each factor. An underlying assumption of these

Approaches to analysis of heterogeneity in meta-analyses of test accuracy
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models is that the shape of the SROC curves is not
affected by covariates.

A further extension to the model allows for
different shapes for the ROC curves indicated by
the covariates. To do this, interaction terms
between covariates and thresholds are included in
the model:

D = a + bS + c1X1 + d1SX1

If the covariate indicates, say, differences between
two tests, this model is equivalent to fitting
separate SROC curves for each test. A problem
with this model is that it becomes difficult to judge
the importance of differences between the curves,
as they may differ both in average diagnostic
accuracy and shape, and possibly cross-over.
Commonly, points on the curves denoted by Q* are
identified for each subgroup and compared. Q* is
the value on the curve at which sensitivity is equal
to specificity, and is the point where the threshold
parameter, S, is equal to zero.32 It is estimated by
first computing the DOR when the threshold
parameter is zero as DOR = exp(a), where a is the
intercept value estimated from the regressions
equation and inserting it into the equation

����DOR
Q* = ———————

1 + ����DOR

The value of Q* may not be particularly useful
when the range of estimates of sensitivity and
specificity from the studies does not include values
near the Q* point. A comparison between Q*
values in this situation would be a comparison
between two extrapolated points, and is unlikely to
be reliable.

Joint statistical modelling of
sensitivity and specificity
Moses and colleagues’ SROC method has
limitations in that it does not provide an estimate
of the average sensitivity/specificity operating
point, does not properly weight study estimates
and is based on a regression model where the
explanatory variable is measured with error.
Hence it does not provide appropriate estimates
for standard errors for statistical inference for
sources of heterogeneity.

Recently, several methods based on generalised
linear models have been developed which aim to
improve on the SROC approach. The
sophistication of these methods differs in their
abilities to (1) account for the correlation between

sensitivity and specificity due to threshold effects,
(2) account for the differences in precision
between study estimates, (3) estimate the
variability in parameter estimates which is not
explicable by chance (i.e. estimate random effects)
and (4) report results as clinically meaningful
parameters. 

Extension of the logistic regression
model by Mol and colleagues
Mol and colleagues investigated heterogeneity
jointly in sensitivity and specificity by using a
logistic regression model in which each study
contributed two binomial samples – one of the
diseased group (TPs out of sample size for
diseased) and one for the non-diseased group (FPs
out of sample size of non-diseased).44 An indicator
variable was included in the model for disease
group. The parameter estimate for this indicator
variable was interpreted as the log DOR.
Additional covariates were included representing
study characteristics and were investigated as
sources of heterogeneity.

One limitation of Mol and colleagues’ model is
that it was not stratified by study and therefore
could not account for the correlation within
studies of sensitivities and specificities due to
threshold effects.

Extension of the logistic regression
model
A simple extension of the logistic regression model
outlined in the section ‘Detecting and
investigating heterogeneity in sensitivities and
specificities’ (p. 8) involves fitting two separate
logistic regression models, one for sensitivities and
one for specificities, and accounting for threshold
variation in the analysis of sensitivity by including
the estimate of specificity (maybe grouped into
several categories) as an explanatory variable in
the model of sensitivity, and vice versa. Covariates
for sources of heterogeneity can be added to each
model and feasibly have different effects on
sensitivity and specificity. The degree to which
these models appropriately deal with threshold
effects is unclear, as there will be measurement
error in the sensitivities and specificities which will
not be accounted for when they are used as
explanatory variables, and there is no specification
of the shape of the underlying ROC curve.

The Rutter and Gatsonis hierarchical
summary receiver operating
characteristic (HSROC) mode
The Rutter and Gatsonis HSROC model can be
conceived as an extension of Moses and
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colleagues’ model.45,46 A hierarchical (or multilevel
or mixed) model allows for uncertainty at different
levels. For this application, two levels are
considered: variation first within studies and
second between studies. Multilevel models have
been used elsewhere for meta-analysis. Rutter and
Gatsonis developed their hierarchical model based
on the latent scale logistic regression model
formulation. Binomial data are entered for each
study, i, as in the model by Mol and colleagues,
with the diseased and non-diseased states, j, coded
as 0.5 and –0.5, respectively. A variable is included
in the model to indicate study. The following non-
linear regression model is fitted:

logit(�ij) = (�i + �i disij)exp(–� disij)

where �ij is the proportion test positive. The
model yields parameter estimates for �i (the
threshold parameter), �i (log DOR) and �, which
allows for asymmetry in the underlying ROC
curve. �i and �i are usually fitted as random
effects, so that their average value and variation
across studies are estimated. The shape parameter
� can only be estimated as a fixed effect. The
original publications reported results for models
fitted using a Bayesian approach in WinBUGS
(which requires specification of prior distributions
for all model parameters). Recently, an empirical
Bayes’ version of the model has been described
which can be fitted in PROC NLMIXED in SAS.29

The model produces estimates of the mean and
variance of the log DOR, the mean and variance
of the threshold parameter and an estimate of the
shape parameter. Estimates and CIs for the
average operating point, expressed as either
sensitivity/specificity or positive and negative LRs,
can be obtained by combining these estimates.

An SROC curve can be constructed by computing
values of sensitivity across the range of specificities
using the following equation: 

sensitivity =
1

—————————————————————
1 – specificity

1 + exp[–�̂exp(–0.5�̂) – ln(———————)specificity

exp(–�̂)]
The model can be extended by including
covariates for potential sources of heterogeneity.
Covariates can be added to accuracy, threshold
and shape components of the model, and are

usually fitted as fixed effects. The significance of
covariates can be evaluated by testing the model
terms for the covariates, and differences may be
noted in whether covariates alter (a) DORs, (b) the
threshold and (c) the shape of the ROC curve.

Fitting HSROC models uses complex iterative
mathematical algorithms which are occasionally
sensitive to starting values and sometimes do not
converge.

The bivariate normal model
The bivariate normal model uses similar
hierarchical models such as the Rutter and
Gatsonis method, but preserves the
sensitivity/specificity parameterisation of the
studies, rather than converting test values to
estimates of DORs.47 The mean values and
variances of logit transformations of sensitivity and
specificity are estimated, as is a correlation
between sensitivity and specificity acknowledging
the pairing of data within each study and the
possibility of threshold effects. The model assumes
that the logit sensitivities and logit specificities have
normal distributions, and uses the asymptotic
variance estimates to compute study weights.48,49

The model can be fitted in PROC MIXED in SAS,
and recently a variation of the model allowing for
the binomial errors has been proposed which can
be fitted in PROC NLMIXED.

The model provides an estimate of the average
operating point, together with 95% CIs (or a
bivariate confidence region). Sources of
heterogeneity can be investigated by adding
covariates to the model. The effect of each
covariate on sensitivity and specificity is estimated
separately. Although the model does not directly
estimate DORs, thresholds and SROC curves, it is
possible to transform the parameters to obtain
these estimates.

Fitting bivariate normal models also uses complex
iterative mathematical algorithms which are
occasionally sensitive to starting values and do not
always converge.

Selecting a method of 
meta-analysis
The validity of a choice of meta-analytical method
depends in part on the pattern of variability
(heterogeneity) observed in the study results. If
there is no heterogeneity between the studies, the
best summary estimate of test performance will be
a single point on the ROC curve (the operating
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point), and there will be no sources of
heterogeneity to investigate. When there is
heterogeneity, there is usually still interest in
estimating the average operating point, but also in
knowing how the studies vary around the average
operating point and how the operating point
changes with potential sources of heterogeneity.

If a threshold effect exists, values of sensitivity and
specificity (and likewise positive and negative LRs)
are not independent. It has been demonstrated
that when there is a threshold effect, separate
pooling of sensitivity and specificity (or LRs) that
ignores the correlation between them may
underestimate the average sensitivity and
specificity, whereas fitting a ROC curve will
provide a more appropriate estimate.32 Where
there is no heterogeneity, both averaging
sensitivity and specificity and ROC-based methods
give similar results.

In some circumstances, threshold variation may
lead to variability in one dimension of test accuracy
but not the other.9 For example, sensitivity may be
high in all studies and specificity variable, or vice
versa. These are also circumstances in which both
ROC curve methods and independent assessments
of sensitivity and specificity give similar estimates
of the operating point.

Usually where there is threshold variation,
approaches to analysis that assume independence
of sensitivity and specificity are unlikely to be
appropriate. Approaches to meta-analysis either:
compute alternative statistics that are invariant to
threshold; attempt to estimate the average (or
summary) ROC curve; or use statistical models
that properly account for the correlation. The
latter are preferred.

These observations have led some analysts to
propose decision processes based on testing for
heterogeneity and threshold effects as a way of
deciding which method of analysis should be
used.37 For example, it has been suggested that if
tests of heterogeneity of sensitivities and
specificities are non-significant, separate pooling
of sensitivities and specificities is appropriate. In a
similar vein, the correlation between sensitivity
and specificity can be tested using a rank

correlation test, such as Spearman’s rho, and
threshold methods used only when the correlation
is high or its magnitude large.

These approaches are criticised on two counts.
First, tests of heterogeneity and correlation may
have inadequate power to detect the effects they
are investigating,10 and second, multistage
statistical processes where a method is chosen on
the results of a previous significance test can
occasionally give incorrect P values.

Some analysts argue that as there is an underlying
ROC curve for every test that describes the
pattern of test performance at different
thresholds, all meta-analyses should estimate ROC
curves, regardless of whether empirical evidence
of a threshold effect exists. The methods described
in the sections ‘The Rutter and Gatsonis
hierarchical summary receiver operating
characteristic (HSROC) mode’ (p. 13) and ‘The
bivariate normal model’ (p. 14) will produce a
point estimate for the operating point with zero
estimates of variability when there is no
heterogeneity, in addition to being able to deal
with situations where there are multiple sources of
heterogeneity. Other analysts prefer to use the
simplest method possible, and only add
complexity when absolutely needed. This
approach is usually preferred by medical journals,
which prefer not to confuse their readers with
unnecessarily complicated statistical methods.

However, there is no empirical guidance to judge
which methods are appropriate in particular
circumstances and the degree to which different
methods yield comparable results. Until empirical
investigations have been undertaken, selection of a
method must be based on a judgement of whether
the mathematical properties of a particular
approach are likely to match the scenario to which
they are applied.

Notably, comparisons between methods which
have been published have been made on the 
basis of comparing the ability of the alternative
methods to estimate an average operating 
point (sensitivity and specificity values), and not
their ability to detect correctly sources of
heterogeneity.
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Aim of the review
The aim of the project was to review how
heterogeneity has been examined in systematic
reviews of diagnostic test studies. 

Eligibility criteria
To be included, reviews must have evaluated a
diagnostic or screening test by including studies
that compared a test with a reference test. Reviews
of studies using a randomised control design that
does not allow the calculation of test accuracy were
excluded. Studies were assessed for inclusion by
one reviewer.

Literature search
The Centre for Reviews and Dissemination’s
Database of Abstracts of Reviews of Effects (DARE)
was used to identify existing systematic reviews of
diagnostic studies. This is a database of quality-
assessed systematic reviews identified by
handsearching key major medical journals, by
regular searching of bibliographic databases and
by scanning grey literature since 1994 (further
details about DARE can be found at
http://agatha.york.ac.uk/darehp.htm). 

Diagnostic reviews indexed in DARE up to April
2001 had already been screened to identify
diagnostic reviews for a previously funded HTA
project3 and were automatically included in this
one. Those reviews indexed between April 2001
and December 2002 were also screened for
inclusion. Only those for which structured
abstracts had been written were considered
eligible. 

Further searches of primary electronic databases
were not undertaken, as we did not consider the
systematic identification of all diagnostic test
reviews to be necessary for a methodological

review. However, additional systematic reviews not
indexed on DARE but meeting our inclusion
criteria that were identified ad hoc were included. 

Data extraction
A data extraction form for recording relevant
information from each systematic review was
designed and piloted (see Appendix 2). Data were
extracted on a variety of items, including:

� the experimental test, reference tests and
condition tested for

� the review methodology including the literature
search and approach to quality assessment

� review synthesis methods and approach to
identifying heterogeneity statistically in study
results

� methods of exploration of variability in study
results and variables investigated. 

The full systematic reviews were prescreened
independently by two reviewers. Those meeting
the inclusion criteria were data extracted by one
reviewer and the completed data extraction forms
checked against the full paper by a second
reviewer. Any disagreements were resolved by
consensus or by referral to a third reviewer if
necessary. 

Data synthesis
A narrative synthesis is presented. The reviews are
considered primarily in terms of the statistical
methods used, and the Results section is
structured to reflect the steps involved in the
synthesis of diagnostic test accuracy studies, i.e.

� identification of heterogeneity via graphical
presentation of study results and statistical
testing

� meta-analysis
� investigation of sources of heterogeneity. 
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Summary of reviews identified 
Of 312 identified systematic reviews, 189 met our
inclusion criteria and were included in the review.
Figure 2 provides a flowchart of the review
selection process. The 124 excluded reviews and
reasons for their exclusion are presented in
Appendix 3. Summary details of the included
reviews, according to whether they used a
narrative (n = 56, 30%) or a statistical method of
synthesis (n = 133, 70%), are provided in 
Tables 1–4; fuller details of the reviews are given in
Appendices 4–6. 

Description of review methods
The reviews cover a wide range of target 
disorders and test types, from the low technology
of clinical examination for the detection of
diseases such as left-sided heart failure,50 deep
vein thrombosis51 or carpal tunnel syndrome52 at
one end, to highly equipment-intensive tests such
as nucleic acid amplification tests for detecting
infection53–55 or positron emission tomography for
the detection of cancer or Alzheimer’s disease.56

Appendix 4 has complete details of the review
topics. 
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Chapter 4

Results

Possible diagnostic test reviews 
n = 312

Included
n = 189

Methods to identify 
heterogeneity used

n = 108

Meta-analysis performed 
n = 133

Sources of heterogeneity 
investigated statistically?

n = 102

Clinical variables
n = 75

Test/threshold variables
n = 81

Quality-related variables
n = 64

Methods used:
Statistical test – 60
Correlation test – 14
Graphical plot – 78

Excluded: n = 124

Methods used:
Pooling only – 69
SROC only – 24
Both methods – 40

Methods used:
Subgroup analysis – 76 
Regression analysis 
    – 44

FIGURE 2 Flowchart of reviews
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Just over half (52%) of all reviews included
searched only one electronic database (MEDLINE)
to identify primary studies (Table 1). This was less
often the case for narrative reviews (38%)
compared with those using statistical syntheses
(59%). Some 59% of reviews used language
restrictions in their searches; in 84% of these this
was to restrict studies to English language only.
Only 14% (27/188) of reviews applied no language
restrictions. These proportions were similar
regardless of whether the reviews carried out
narrative or statistical syntheses. Half of reviews
applied inclusion criteria to restrict studies to
those of a higher standard on at least one quality
criterion. Most commonly this was to ensure that
studies had compared the index test with an
appropriate reference standard (86% of meta-
analyses and 48% of narrative reviews applying
quality-related criteria). The next most commonly
used criteria were to ensure that blinding had
been used (19%), to include only prospective
studies (16%) and to ensure that verification bias
had been avoided (15%). Restriction to higher

quality studies was more common in meta-analyses
than in narrative reviews and meta-analyses were
more likely to apply than one quality-related
criterion.

Quality assessment of included primary studies
was reported to have been carried out in 69% of
reviews (Table 1), with most (88/131) using a
quality assessment tool apparently developed by
the authors themselves (only 43 reported using a
previously published tool). An analysis of the 
items included in a sample of these quality
assessment tools is provided by Whiting and
colleagues.3

The median number of studies included in the
reviews was 18 (IQR 20). Meta-analyses have a
higher number with a median of 22 studies (IQR
20) compared with 11 (IQR 13) for narrative
reviews. The number of patients included in the
studies was not clearly reported in 36% of all
reviews, less so for narrative reviews (not reported
in 43%). 

Results
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TABLE 1 Summary of reviews found

Total Statistical Narrative 
n (%) n (%) n (%)

Total no. of reviews 189 133 (70%) 56 (30%)

Review methods
MEDLINE only electronic source 99 (52%) 78 (59%) 21 (38%)

No. using language restriction Restricted 111 (59%) 78 (59%) 33 (59%)
English only 94 (84%) 63 (80%) 31 (94%)

No restriction 27 (14%) 20 (15%) 7 (13%)
Not stated 51 (27%) 35 (26%) 16 (29%)

No. using quality restrictions Restricted 94 (50%) 69 (52%) 25 (45%)
Appropriate ref. test 71 (76%) 59 (86%) 12 (48%)
Blinding used 18 (19%) 16 (23%) 2 (8%)
Prospective only 15 (16%) 9 (13%) 6 (24%)
Avoidance of verif. bias 14 (15%) 12 (17%) 2 (8%)
Adequate sample descr. 9 (10%) 5 (7%) 4 (16%)
Consecutive enrolment 8 (9%) 8 (12%) 0
Adequate test descr. 2 (2%) 2 (3%) 0
Complete follow-up 2 (2%) 2 (3%) 0

No restriction 95 (50%) 64 (48%) 31 (54%)

No. using quality assessment Not conducted 58 (31%) 40 (30%) 18 (32%)
Conducted 131 (69%) 93 (70%) 38 (68%)

Authors’ own 88 (67%) 68 (73%) 20 (53%)
Existing tool 43 (33%) 25 (27%) 18 (47%)

Median (IQR) no. of studies 18 (IQR 20) 22 (IQR 20) 11 (IQR 13)
No. studies not reported 7 (4%) reviews 3 (2%) 4 (7%)

Median (IQR) no. of patients 3161 (IQR 6815) 4007 (IQR 7553) 1726 (IQR 3619)
No. patients not reported 68 (36%) reviews 34 (26%) 24 (43%)

IQR, inter-quartile range.



Description of statistical methods
used
Summary and full details of the statistical methods
used in the reviews are presented in Table 2 and
Appendix 5. 

Identification of heterogeneity
Graphical plots to identify heterogeneity
Over half (75/133, 56%) of meta-analyses used
graphical plots to demonstrate the spread in study
results. In 79% (59/75) of cases, study results were
plotted in ROC space, 13 reviews plotted
sensitivity and/or specificity on Forest plots and
three reviews used D versus S plots. 

Only two of the 56 reviews using a narrative
synthesis presented study results graphically, all
using ROC plots.

Statistical tests to identify heterogeneity
Statistical tests to identify heterogeneity were used
in 60 (32%) of reviews (Table 2). 

Of the 133 reviews using statistical syntheses, 55
(41%) used statistical tests to identify
heterogeneity, most (61%) using the chi-squared
test and 11% using Fisher’s exact test. In 44
reviews (79%), statistically significant heterogeneity
was identified. A further five meta-analyses made a
narrative statement regarding the presence of
heterogeneity. In contrast, only 16% (21/133) of
meta-analyses used correlation coefficients to test
for a threshold effect, most (14) choosing the
Spearman correlation coefficient. 

Five of the reviews using a narrative synthesis used
statistical tests to identify heterogeneity (Table 2),
four of which reported that statistically significant
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TABLE 2 Summary of statistical methods used

Total Statistical Narrative 
n (%) n (%) n (%)

Total no. of reviews 189 133 (70%) 56 (30%)

Statistical methods used
Test for heterogeneity reported 60 (32%) 56 (42%) 5 (9%)
(some reviews used more �2 36 (60%) 34 (61%) 3 (60%)
than one test) Fisher 7 (12%) 6 (11%) 2 (40%)

Breslow–Day 5 (8%) 4 (7%) 1 (20%)
Q statistic (ORs) 3 (5%) 3 (5%) 0
Kardaun–Kardaun 1 (2%) 1 (2%) 0
Observed vs predicted values 6 (10%) 5 (8%) 1 (20%)
Miscellaneous testsa 5 (8%) 5 (7%) 0
Test used but not reported 8 (13%) 8 (14%) 0

Test result Statistically significant 47 (78%) 44 (79%) 3 (60%)
Not significant 10 (17%) 10 (18%) 0
Not reported 4 (7%) 3 (5%) 1 (40%)

Correlation test for threshold 21 (11%) 21 (16%) 0
effects Spearman correlation 14 (67%)

Pearson correlation 3 (14%)
Kardaun–Kardaun 1 (5%)
Test used but not reported 2 (10%)

Correlation test result Significant correlation 14 (67%)
No correlation 6 (29%)
Not reported 1 (5%)

Study results plotted graphically 77 (41%) 75 (56%) 2 (4%)
ROC plot 57 (74%) 59 (79%) 2 (100%)
Forest Se and/or Sp 12 (16%) 12 (16%) 0
Forest DOR or log DOR 1 (1%) 1 (1%) 0
D vs S plot 3 (4%) 3 (4%) 0
Miscellaneous plotsb 12%) 9 (12%) 0

continued
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TABLE 2 Summary of statistical methods used (cont’d)

Total Statistical Narrative 
n (%) n (%) n (%)

Type of synthesis used Narrative 0 56 (100%)
Pooling methods 109 (82%)
Sensitivity/specificity 97 (89%) NA
LRs 26 (24%) NA
PVs 11 (10%) NA
DOR 10 (9%)
Effectiveness score 8 (7%)
Accuracy 5 (5%)
AUC 3 (3%)
Miscellaneousc 4 (4%)

SROC 64 (48%)
Weighting not specified 27 (42%) NA
Unweighted 13 (20%) NA
Inverse variance weighted 11 (17%)
Sample size weighted 6 (9%) NA
Variance weighted 1 (2%) NA
‘Weighted’ 7 (11%) NA
Robust resistant regression 2 (3%) NA
Estimated from DOR or ES 3 (5%)

Data presentation:
DOR 4 (6%)
AUC 10 (16%)
SROC parameters 7 (11%)
Q* 18e (28%)
Se or Sp at fixed Sp or Se 20 (31%)
SROC curve only presented 10 (16%)
Comparison of � 2 curves 4 (6%)
Other methodsd 2 (3%)

Paired data considered Yes 12 (9%)
separately (meta-analyses only) No 42 (32%)

No paired data (or can’t tell) 79 (59%)

Method of investigating Not done 17 (9%) 10 (8%) 7 (13%)
heterogeneity Narrative 68 (36%) 19 (14%) 49 (87%)

Subgroup 74 (39%) 74 (56%) NA
Regression 45 (24%) 45 (34%) NA
Method not described 2 (1%) 2 (2%) NA

a Including effectiveness score (2 studies); comparison of fixed vs random effects results (1 study); ‘covariate adjustment’ 
(1 study); and goodness of fit test (1 study).

b Including: funnel plots using ES (1 study) or log DOR (1 study); scatterplots of AUC (1 study), LR (1 study) or Se (1 study)
per study; Se (1 study) or NPV (1 study) plotted against prevalence; Se and Sp as function of prevalence (1 study); and
Se/Sp plotted against sample size (1 study). 

c Including: fraction positive (1 study); correlation coefficient (1 study); Youden index (1 study); odds of FN on index vs
reference test (1 study).

d Including: ratio of ORs (1 study); estimation of LR, method not reported (1 study).
e In two reviews LR was estimated from Q*.
ES, effectiveness score; NPV, negative predictive value; PV, predictive value; Se, sensitivity; Sp, specificity.



heterogeneity was found. A further four reviews
specifically stated that the studies were too
heterogeneous to be pooled, although no formal
evidence for this was provided. 

Identification of heterogeneity according to type
of synthesis used
Of the 133 (70%) reviews in which meta-analysis
was performed, 52% (n = 69) carried out
statistical pooling alone, 18% (n = 24) conducted
only SROC analyses, and 30% (n = 40) used both
methods of statistical synthesis (Table 3). Although
57% of meta-analyses presented study results
graphically, these were primarily reviews that had
used SROC regression models; only 19 (28%) of
those using statistical pooling alone presented
results graphically. 

Tests to identify heterogeneity were used in similar
proportions of reviews using pooling alone versus
those presenting SROC curves (43% vs 39%);
however, tests for threshold effects were more
often presented by those using SROC methods
(25% compared with 7% of those using pooling
alone), although the overall proportion was still
low. Many of those using SROC methods stated
that these methods allow for the presence of a
threshold effect (37/64), so presumably did not see
the need to test specifically for threshold effects.
Overall, only 10% of meta-analyses carried out
both tests to identify general heterogeneity and
tests to identify threshold effects, and over one-
quarter (26%) neither carried out statistical test
nor presented study results graphically. 

Type of syntheses used
Meta-analyses of sensitivities and specificities,
predictive values and likelihood ratios
Of the 109 reviews that pooled accuracy indices,
89% pooled sensitivity and/or specificity, 24%
pooled LRs and 10% pooled predictive values. A
further 5% of reviews pooled test ‘accuracy’, which
is the percentage of diagnoses that were correct
(i.e. number TP plus number TN as a proportion
of all test results).

Pooled single summaries of test performance
Single summaries of test performance, estimated
by pooling results from individual studies or by
logistic regression methods (akin to fixed-effects
pooling) were carried out in only a handful of
studies: 9% of those using pooling pooled DORs,
7% pooled the ‘effectiveness score’ (see Chapter
2), and 3% pooled AUC data from individual
studies. 

Single summaries of test performance using
SROC regression models
For those reviews presenting SROC curves, all
except four used regression models such as that
described by Moses and colleagues32 to create the
curves. Three of the exceptions estimated SROC
curves from the pooled DORs or effectiveness
scores and the other did not describe the method
used. For the remainder, the main differences
between the models used are the weights chosen
for the regression model. In 42% of cases (27/64),
the use of, or choice of, weight was not provided
by the review authors (Table 2). In 13 reviews
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TABLE 3 Statistical tests and graphical approaches used according to method of synthesis

Narrative Statistical Statistical syntheses by method of 
syntheses synthesis used

Type of synthesis 56 (30%) 133 (70%) Pooling only Pooling and SROC SROC only
69 (52%) 40 (30%) 24 (18%)

Statistical tests used
Test for threshold effects? 0 (0%) 21 (16%) 5 (7%) 7 (17%) 9 (37%)

Test for heterogeneity? 5 (9%) 55 (41%) 30 (43%) 17 (42%) 8 (33%)

Both tests carried out? 0 (0%) 13 (10%) 4 (6%) 3 (8%) 6 (25%)

Graphical plots presented
Graphical presentation of 2 (4%) 76 (57%) 19 (28%) 35 (87%) 22 (92%)
results

Both statistical test for 1 (2%) 29 (22%) 8 (12%) 13 (32%) 8 (33%)
heterogeneity and graphical 
plot presented

Neither test nor graphical 54 (96%) 35 (26%) 28 (41%) 5 (12%) 2 (8%)
plot



(20%), the models were unweighted; in 17%,
inverse variance weights were used; and in 9%,
sample size weights were used. In a further 11%
(6/64), models were simply described as
‘weighted’. 

As discussed in Chapter 2, SROC curves can be
interpreted in several ways. The methods most
commonly used in our sample were those that
converted certain points of the SROC curve to
sensitivity and specificity pairs (Table 2): the Q*
(maximum joint sensitivity and specificity) was
presented in 28% (18/64) of reviews, sensitivity
and specificity pairs were ‘read’ from the SROC
curves in 31% (20/64) of reviews, for example,
sensitivity at mean specificity or 95% specificity, or
sensitivity and specificity at mean threshold. Ten
reviews (16%) chose to provide AUC data and only
four (6%) interpreted the SROC curve as a DOR.
The underlying SROC model parameters were
provided by 11% of reviews, 16% presented the
SROC curve only with no summary statistics and
6% compared two or more curves for different
tests.

Narrative syntheses of data
A narrative synthesis was used in 56 (30%) of
reviews. In eight reviews the authors indicted that
this was due to the presence of between-study
heterogeneity [see the section ‘Identification of
heterogeneity (p. 21)], but the remainder did not
state whether they had considered using statistical
approaches to study synthesis.

Type of statistical synthesis according to
publication year
Figure 3 shows the proportion of reviews using
each method according to publication year, for
those published between 1995 and 2001
(insufficient numbers of reviews were available for
other years). The proportion of reviews using
statistical pooling alone declined slightly over that
period (from 67% in 1995 to 42% in 2001), with a
corresponding increase in the use of SROC
methods (from 33% of all reviews in 1995 to 58%
in 2001). However, two-thirds of those using
SROC methods also carried out statistical pooling
rather than presenting only SROC models (42/64).
The tendency to carry out both methods in the
same review has on the whole increased over time. 

Data presentation according to type of syntheses
used
We hypothesised that where SROC analysis alone
was used, reviews would be more likely to present
their results as some combination of sensitivity and
specificity rather than using alternative, less
clinically meaningful, data presentation. 

Figure 4 shows an analysis of methods of data
presentation in reviews using SROC analysis
according to whether or not statistical pooling was
also performed. When only SROC analysis was
carried out, reviews were more likely to report
pairs of sensitivity and specificity data (45%
compared with 24% of reviews that also conducted
pooling), providing some support for our

Results

24

0

10

20

30

40

50

60

70

Pe
rc

en
ta

ge
 o

f r
ev

ie
w

s 
pe

r 
ye

ar

Publication year

1995
(n = 9)

1996
(n = 15)

1997
(n = 13)

1998
(n = 18)

1999
(n = 18)

2000
(n = 22)

2001
(n = 26)

Pooling alone (n = 69)
Both methods (n = 42)
SROC alone (n = 22)

FIGURE 3 Type of meta-analytic method used by publication year



hypothesis. Furthermore, it is not clear whether
these sensitivity and specificity pairs were in fact
read from the SROC curve or were actually
estimated by some form of averaging. It is likely
that the point estimate quoted by these reviewers
was computed by pooling sensitivities and
specificities, and may not have actually been a
point on the ROC curve. However, this group of
reviews was also more likely to present results as
DORs, although actual numbers were small (4/22
reviews). When both pooling and SROC were
reported to have been carried out (i.e. where the
pooled estimates were clearly presented), reviewers
were more likely to present AUC data and were
also more likely not to provide a summary statistic
to interpret the SROC model, but simply to
present the curve. 

Consideration of ‘paired’ data
Although a number of reviews evaluated more
than one test, in only 54 of the 133 meta-analyses
(41%) were we able to identify primary studies that
had evaluated more than one test against a
reference standard, and in only 12 of the 54
reviews did the reviewers attempt to deal with the
fact that they had ‘paired’ data, for example by
analysing the data from those reviews separately.

Investigation of sources heterogeneity
Methods of investigating heterogeneity
Of the 56 narrative reviews, 49 (87%) carried out a
narrative review of factors that might cause
variation in the results of the primary studies and
seven did not really appear to deal with the
question of heterogeneity at all. 

Of the meta-analyses, 29 (24%) provided either a
narrative discussion of factors affecting
heterogeneity (19) or did not consider
heterogeneity at all (10). The remaining 102
attempted to investigate statistically possible
sources of variation, 74 (56%) using subgroup
analysis and 45 (34%) using some form of
regression analysis. Regression analyses were
usually undertaking by extending the SROC
regression model (see Appendix 5), although 10
reviews reported using logistic regression models
and one used meta-regression. A further two did
not report the method that they had used. For
those reviews using subgroup analyses, although
several reported p-values for the differences
between groups, very few reported the test 
used to detect any statistically significant
difference: seven reviews reported using a t-test 
or Mann–Whitney U-test to compare subgroups,
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two used the �2 test and three the Wilcoxon test
(paired or unpaired).

Sources of heterogeneity investigated
Table 4 provides a summary of the number and
breakdown of variables investigated by the 102
reviews that statistically investigated possible
causes of heterogeneity. The median number of
variables investigated in these reviews was four,
ranging from only one in 20% of reviews to over
six in 27% of reviews (Figure 5). In general, a large
number of variables were investigated in these
analyses in comparison with the number of studies
included in the review. The ratio of median
number of variables to median number of studies
was 1:6. Only 38% of reviews complied with the
typical recommendation to have at least 10 studies
for every characteristic investigated. 

At least one study quality-related variable was
investigated in 63% (64) of reviews. Within this
subset of reviews, the most commonly considered
variables were use of blinding (41% of reviews),
sample size (33%), the reference test used (28%)
and the avoidance of verification bias (25%). The
inclusion of an appropriate spectrum of patients
and impact of study design chosen were among
those considered in a small minority of reviews,
9% and 5%, respectively. Around one-third of
reviews (36%) tried to look at the overall effect of
study quality on accuracy, for example by
classifying studies as low, medium or high quality
or by using the quality score to subdivide studies. 

The impact of clinical or socio-demographic
variables was investigated in 74% of reviews. Most
(96%) considered one or more items related to
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TABLE 4 Statistical investigations of heterogeneity (n = 102)

No. (%) of reviews

Median no. of variables considered (IQR) 4 (IQR 4)
% considering only 1 variable 20 (20%)
% considering 2–5 variables 55 (54%)
% considering >6 variables 28 (27%)

Ratio of median no. of variables investigated to median no. of studies included 1:6
Reviews with ratio <1:10 63 (62%)

Categories Variables investigated:

Quality-related variables Not investigated 38 (37%)
Investigated 64 (63%)
Blinding 26 (41%)
Sample size 21 (33%)
Ref. test used 18 (28%)
Verification bias 16 (25%)
Consecutive enrol 12 (19%)
Prospective/retrospective 9 (14%)
Spectrum 6 (9%)
Disease progression bias 4 (6%)
Sample description 3 (5%)
Cohort/case–control design 3 (5%)
Other QA items 9 (14%)
Quality ‘rating’/score 23 (36%)

Clinical or socio-demographic variables Not investigated 27 (26%)
Investigated 75 (74%)
Age 17 (23%)
Sex 10 (13%)
Spectrum or clinical-related variables 72 (96%)

Test- or threshold-related variables Not investigated 21 (21%)
Investigated 81 (79%)
Test 56 (69%)
Threshold 31 (38%)
Publication year 29 (36%)

QA, quality assurance.



spectrum of disease or disease prevalence, for
example stratifying by acute versus elective
patients, or referred versus non-referred or by
entering covariates such as prevalence of disease
or proportion of patients who were symptomatic
into the SROC regression model; 23% of reviews
considered age and 13% sex. 

Test- or threshold-related variables were examined
by 79% of the reviews. Most (69%) considered

items related to variations in the test used, for
example by looking at the effect of variations in
the field strength used in MRI, or in the level of
expertise of the person interpreting the test. Some
38% of reviews considered threshold by
subdividing studies according to threshold used.
Publication year, which could be a proxy for
changes in a test over time or changes in the
patient population tested, was considered
important by 36% of reviews.
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We found that statistical tests to identify
heterogeneity and graphical plots to

demonstrate heterogeneity are rarely reported in
reviews using narrative syntheses of diagnostic test
accuracy and, furthermore, are not always
reported in reviews using meta-analytic
techniques. One quarter of reviews (35/133) did
not report using either technique. Those which
did used only statistical tests such as the �2 test
(26/133; 19%) or graphical approaches to
demonstrate heterogeneity (47/133; 35%) rather
than using both approaches (29/133; 22%).
Graphical presentation of results was mainly
carried out by those conducting SROC analysis,
that is, individual study results in addition to the
SROC curve were presented in ROC space. Of
those authors opting only to pool data, less than
one-quarter (19/69) used any form of graphical
presentation of results, only nine of which
presented data on a ROC plot, thereby
demonstrating any potential correlation between
sensitivity and specificity. 

Possible reasons for the low usage of these
approaches are unclear, but lack of knowledge of
or confidence in the most appropriate methods to
use may have contributed to the low use of
statistical tests. Tests to detect heterogeneity are
known to have low power.1,12 However, this would
not justify the lack of graphical presentation of
individual study results. Given the high degree of
heterogeneity amongst diagnostic test studies
(over three-quarters of those using statistical tests
indicated that statistically significant heterogeneity
was present), such approaches are a useful aid to
conveying complex information, even in reviews
choosing to use a narrative synthesis – a perfectly
defensible option where studies are highly
variable. Plotting pairs of sensitivity and specificity
in ROC space is an easy way to display
heterogeneity of both indices in addition to
allowing potential threshold effects to be detected.
It is also true, however, that visual examination of
study results to identify heterogeneity also has
limited power to detect bias if the number of
studies is small. At the very least, reviewers 
should explicitly acknowledge and assess the
potential for heterogeneity to be present, whether
statistical approaches to identify it are employed
or not.

The wide variation in methods chosen to combine
the results of primary studies again perhaps
reflects uncertainty in the most appropriate
methods to use and also greater familiarity with
more traditional indices of test accuracy (e.g.
sensitivity and specificity). It would be extremely
difficult for us to make a judgement as to whether
or not the approach taken by the individual
reviewers was appropriate or not without looking
at the primary studies, but we have attempted to
point out issues that may be of concern. 

Narrative reviews may have been carried out
owing to assumed but unreported heterogeneity,
or to insufficient numbers of studies (the median
number of studies in narrative reviews was only
half of that in meta-analyses), but few reported
having considered the option of using statistical
syntheses. Although the median number of studies
may have been lower, in principle many did
include a sufficient number of studies to consider
meta-analysis. Reviewers should recognise that a
justification for the approach chosen, whether
narrative or statistical, should be provided in
systematic reviews. 

For those carrying out statistical syntheses, most
opted to pool aspects of test performance
independently, that is, separate pooling of
sensitivity and specificity, positive and negative
LRs or predictive values, with little consideration
paid to the possibility of a threshold effect.
Correlation tests for detecting threshold effects
were described in only 16% of reviews, although
around half of those using SROC approaches
(37/64) stated that they did so because this
technique allows for any threshold effect. Of the
69 reviews that only carried out pooling of
sensitivity and specificity or LRs (i.e. did not
conduct SROC analysis), 39 (57%) did not test for
heterogeneity and 64 (93%) did not test for
threshold effects. It is likely that the results for a
proportion of these studies would differ if
methods that allow for heterogeneity and
threshold variation were employed.

Reporting of SROC methods is challenging, as the
results are not easily interpreted by clinicians.
Ideally, a clinician would like to have a point
estimate of the sensitivity and specificity of a test,
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whereas ROC curves describe a series of estimates.
Many authors chose to present the results as some
combination of sensitivity and specificity at given
points on the SROC curve – the way in which this
point was computed was often arbitrary; rarely
were a series of potential operating points quoted.
No reviews in our sample attempted to pool
studies using the advanced statistical methods
described in the sections ‘The Rutter and Gatsonis
hierarchical summary receiver operating
characteristic (HSROC) mode’ (p. 13) and ‘The
bivariate normal model’ (p. 14), which have been
available since 1995. This may be a feature of the
age of the articles in our sample, but also may
reflect difficulties in applying methods in
unconventional software such as WinBUGS, and
perhaps lack of publication of cutting edge
methodologies in medical journals. These
methods offer promise in their ability to estimate
properly random effects distributions and for
investigating sources of heterogeneity, and should
be more commonly used in systematic reviews in
years to come.

Regardless of the use of statistical tests to identify
heterogeneity, it can certainly be argued that
potential sources of heterogeneity should always
be investigated in systematic reviews of diagnostic
test accuracy studies. However, only three-quarters
of meta-analyses in our sample attempted to
investigate sources of heterogeneity, and in 20% of
those only one characteristic was investigated.
However, although such investigations are
recommended, they should be limited by the
number of studies included in the review. We
found that on average one characteristic was
investigated for every six studies included in these
reviews. This is a possible indication of over-
investigation of study characteristics. 

The most appropriate choice of variables to be
investigated will depend on the specific context of
the review and the included studies; however, we
have provided an indication of the types of
variables that have been chosen. Clinical or socio-
demographic variables and test- or threshold-
related variables were investigated in 74% and
79% of reviews, respectively, but study design and
quality were considered in less than two-thirds of
reviews. Blinding, sample size and overall quality
classification were the most commonly considered.
Half of all reviews in our sample only included
studies that met certain quality-related criteria and
so may have decided that further investigation of
the effect of quality on accuracy was not
warranted. However, this is unlikely to be the only
explanation. At least some proportion of the lack

of investigation of quality-related variables will be
due to poor reporting on the part of the authors
of the primary studies, and also to the fact no
standard quality assessment tool has been
available. A new tool for the quality assessment of
diagnostic studies, developed using standard scale
development techniques, has now been
published.3 The authors hope that in addition to
providing a standardised tool for systematic
reviewers, the project may also play a role in
bringing about greater awareness regarding the
important quality issues involved in diagnostic
accuracy studies and help to raise the standards of
such trials. 

Poor reporting is a particular problem with
diagnostic accuracy studies such that it is often
difficult to ascertain what procedures to avoid bias
were actually followed by study authors. The
Standards for Reporting of Diagnostic Accuracy
(STARD) initiative57 aims to promote the
completeness and quality of reporting of
diagnostic accuracy studies similarly to the
CONSORT statement for reports of RCTs. Greater
awareness of methodological principles for
diagnostic accuracy studies will also help inform
the design and analysis of primary studies.

We found that nearly all reviews focus on
undertaking meta-analyses by comparing the
results of a new test with a reference standard.
Very few reviews analysed only studies which
compared results of several tests in the same
patients with a reference standard and only 12/54
(22%) reviews that included at least some ‘paired’
data on two or more tests considered those studies
separately. One can argue that heterogeneity will
be less likely to be so problematic in meta-analyses
of within-study comparisons between tests, as
many of the factors (such as the patient group) will
be identical for both tests. Statistical methodology
for investigating heterogeneity and threshold
effects in studies of paired test comparisons
requires further development, but may in time
lead to more robust evidence about the relative
performance of alternative diagnostic tests.

Other issues highlighted by our review include the
significant potential for publication bias in these
reviews – 84% restricted studies to those published
in English only and 52% searched only one
electronic database (MEDLINE). Publication bias
is know to be a real problem in reviews of
therapeutic interventions.58,59 Although its extent
has not yet been quantified for test accuracy
reviews, it seems likely that it will be as much, if
not more, of an issue for tests. The retrospective
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nature of many diagnostic test studies would imply
that authors may only publish if they have found
particularly good results with a test. 

We have also not been able to study any variation
in quality of review methods within different areas
of medicine or types of test. This is hard to
categorise across reviews and numbers within sub-
categories would be small.

A strength of our review was use of the DARE
database. Systematic reviews have to meet a
certain standard of methodological quality before

being included in the database. This does mean
that the reviews in our sample are of higher
quality than many that are published, so that the
situation in practice may be worse than we have
demonstrated here. However, it is also notable that
the considerable time lag in loading reviews into
DARE at the time of our search means that the
majority of reviews in our sample were published
prior to 2002. Given that comprehensive
guidelines on carrying out systematic reviews of
diagnostic tests were not published before
2001,4,9,13,60 it is likely that review methods have
improved significantly since that time. 
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It is clear that a proportion of published reviews
ignore heterogeneity in the analysis and

presentation of their results, and simply present
average values of sensitivity and specificity (or
occasionally LRs). There is a danger that these
reviews may be disseminating a misleading
message that implies consistency of test
performance when in fact the data that they have
collected clearly display inconsistency. Such
inadequate analyses could in the worst instance
lead to inappropriate diagnostic investigations and
interpretations and the use of inappropriate
interventions.

Where heterogeneity has been considered, the
variability in approaches taken is a reflection of the
level of difficulty and complexity of carrying out
such reviews. The methodology is still developing
and there is considerable uncertainty in the most
appropriate techniques to use. Recent high-profile
guidelines on undertaking diagnostic test reviews4,9

should go some way to improving standards, as will
the Cochrane Collaboration’s decision to include
diagnostic test accuracy reviews in the Cochrane
Library. Nevertheless, carrying out many of the
statistical analyses required for these reviews
requires a high degree of familiarity with statistics
and statistical software packages – there is as yet no
truly user-friendly software package that can be
used by non-statisticians in the way that packages
such as RevMan are used for meta-analyses of
therapeutic interventions. It is highly
recommended that diagnostic test accuracy meta-
analyses should not be carried out without the
involvement of a statistician familiar with the field.

Difficulties with investigating heterogeneity at
review level also point to the need for sufficiently
large, prospective, well-designed, multicentre
studies that evaluate a number of diagnostic tests
(or variations on a test), in order to establish 
test accuracy and also allow the investigation 
of the influence of patient characteristics on
accuracy.

Recommendations for future
research
The following areas are suggested for further
research.

� This review could be updated to identify
whether methods of study synthesis have
improved since 2001.

� Further methodological work on the statistical
methods available for combining diagnostic test
accuracy studies is needed to help identify an
‘optimal’ approach.

� Efficient means of linking diagnostic and
therapeutic information are also needed.

� Sufficiently large, prospectively designed
primary studies of diagnostic test accuracy that
compare two or more tests for the same target
disorder are needed so that sources of
heterogeneity are minimised and comparative
accuracy can be established in a wide spectrum
of patients.

� Use of individual patient data meta-analysis in
diagnostic test accuracy reviews should be
explored to allow heterogeneity to be
considered in more detail.

Recommendations for those
producing and using health
technology assessments
The following points are recommended to those
producing and using health technology
assessments.

� Reviewers should be encouraged to follow
recent guidelines on systematic reviews and to
use the recently developed Quality Assessment
of Diagnostic Accuracy Studies (QUADAS) tool
to assess.

� Diagnostic test accuracy meta-analyses should
not be carried out without the involvement of a
statistician familiar with the field.
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� Investigators carrying out primary studies
should be encouraged to follow the STARD
statement to promote the completeness and

quality of reporting of test accuracy studies.
This should include a clear description of the
setting in which the test is being applied.
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Appendix 1

Calculation of diagnostic accuracy statistics

Participants

Diseased Non-diseased

Total diseased Total non-diseased

True positives a b

c d

False positives

False negatives True negatives

Total positive

Total negative

+ ve

– ve

Test results

Sensitivity Proportion of diseased who have positive True positives/total diseased
test results a/(a + c)

Specificity Proportion of non-diseased who have negative True negatives/total non-diseased
test results d/(b + d)

Positive predictive Proportion with positive test result who actually True positives/total positive
value (PPV) have the disease a/(a + b)

Negative predictive Proportion with negative test result who really True negatives/total negative
value (NPV) do not have the disease d/(c + d)

Positive likelihood ratio Likelihood of a person with disease having a positive (True positives/total diseased)/
(LR +ve) test result than a person without disease (false positives/total non-diseased)

sensitivity/(1 – specificity)

Negative likelihood ratio Likelihood of a person with disease having a negative (False positives/total diseased)/
(LR –ve) test result than a person without disease (true negatives/total non-diseased) 

(1 – sensitivity)/specificity

Diagnostic odds ratio (DOR) Odds of positivity among diseased persons, Positive likelihood ratio/negative 
divided by the odds of positivity among non-diseased likelihood ratio
persons (a × d)/(c × b)
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Appendix 2

Data extraction form used



Appendix 2

50

Systematic Reviews of Diagnostic Tests

Study ID:

Author:

Diagnostic test evaluated:

Gold Standard:

Disease tested for:

Total Studies:

Study Comment

SEARCH STRATEGY USED

INCLUSION CRITERIA

Select JacqProj

MEDLINE

Population

INCLUSION CRITERIA (METHODOLOGICAL)

VALIDITY ASSESSMENT VA tool used:

Appropriate reference test

Adequate description of tests

Approp reference test used

Method of patient enrolment

Prospective/Retrospective 
design

Avoidance of partial 
verification bias
Avoidance of differential 
verification bias

Completeness of FU

Blinded test interpretation

Adequate sample description

Approp spectrum included

Treatment paradox

Uninterpretable results

Consecutive or random sample

Prospective studies only

Avoidance of verification bias

Comment on inclusion criteria

Other VA criteria:

Complete FU Incorporation bias

Blinding used

Adequate description of sample

Other methodological criteria

Tests used

Particular outcomes reported

Sample size

Study design

Data for 2 × 2 table

EMBASE

Other dbase

Search Hand

Reference lists

Grey literature

Other sources

Language:

Duration:

Contact
authors/expects

1

Year:

Total Patients:

Range Study Size:

Data extracted Format revised

Double checked
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List items
relating to
spectrum and/or

VA Comment:

Other methods of pooling:

Comment on synthesis method

How was statistical heterogeneity considered?

0

How were threshold effects considered statistically?:

0

Which quality or study design effects were considered?

0

Which clinical differences were investigated? (relating to spectrum and setting)

0

.

What differences in the tests used were investigated?

RESULTS:

Overall comment on review in terms of heterogeneity

Heterogeneity likely in terms of:

Was the use of different thresholds considered in the data extraction?

DATA EXTRACTION

SYNTHESIS METHODS Synthesis:

Pooled sens/spec Pooled LRs Summary ROC curve Regression Narrative only

Stat Test: No

Stat Test Result:

Thresh Result:

How was
heterogeneity
investigated:

Stat Test detail:

Thresh Test: Thresh Test detail:

Stat Graph Detail:
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15. Carter T, Jordan R, Cummins C. Electrodiagnostic
techniques: in the pre-surgical assessment of patients
with carpal tunnel syndrome. Birmingham:
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Birmingham; 2000. pp. 1–30. Reason for
exclusion: use as prognostic tool; not assessing
accuracy

16. Centre for Reviews and Dissemination. Screening
for osteoporosis to prevent fractures. Effect Health
Care 1992;9:12. Reason for exclusion: not assessing
diagnostic accuracy

17. Centre for Reviews and Dissemination. The
management of menorrhagia: what are effective
ways of treating excessive regular menstrual blood
loss in primary and secondary care? Effect Health
Care 1995;9:1–14. Reason for exclusion: not
assessing diagnostic accuracy

18. Centre for Reviews and Dissemination. Review of
the research on the effectiveness of health service
interventions to reduce variations in health. York:
University of York, NHS Centre for Reviews and
Dissemination; 1995. Reason for exclusion: not
assessing diagnostic accuracy

19. Cloft HJ, Joseph GJ, Dion JE. Risk of cerebral
angiography in patients with subarachnoid
hemorrhage, cerebral aneurysm, and

Health Technology Assessment 2005; Vol. 9: No. 12

53

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Appendix 3
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assessing diagnostic accuracy
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review
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superseded by Adams, 199856

37. Frishberg BM. The utility of neuroimaging in the
evaluation of headache in patients with normal
neurologic examinations. Neurology 1994;
44:1191–7. Reason for exclusion: not assessing
accuracy

38. Glasziou PP, Woodward AJ, Mahon CM.
Mammographic screening trials for women aged
under 50. A quality assessment and meta-analysis.
Med J Aust 1995;162:625–9. Reason for exclusion:
not assessing diagnostic accuracy

39. Goffinet F, Paris J, Nisand I, Breart G. Utilité
clinique du Doppler ombilical. Résultats des essais
contrôles en population à haut risque et a bas
risque. J Gynecol Obstet Biol Reprod Paris 1997;
26(1):16–26. Reason for exclusion: not assessing
diagnostic accuracy

40. Goffinet F, Paris-Llado J, Nisand I, Breart G.
Umbilical artery Doppler velocimetry in
unselected and low risk pregnancies: a review of
randomised controlled trials. Br J Obstet Gynaecol
1997;104:425–30. Reason for exclusion: not
assessing diagnostic accuracy

41. Goodman M, Lamm SH, Engel A, Shepherd CW,
Houser OW, Gomez MR. Cortical tuber count: a
biomarker indicating neurologic severity of
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tuberous sclerosis complex. J Child Neurol
1997;12:85–90. Reason for exclusion: not assessing
diagnostic accuracy

42. Griffiths AM, Sherman PM. Colonoscopic
surveillance for cancer in ulcerative colitis: 
a critical review. J Pediatr Gastroenterol Nutr 1997;
24:202–10. Reason for exclusion: not assessing
diagnostic accuracy

43. Guise J, Mahon S, Aickin M, Helfand M, 
Peipert JF, Westhoff C. Screening for bacterial
vaginosis in pregnancy. Am J Prev Med 2001;
20 (3 Suppl):1–20. Reason for exclusion:
screening; not test accuracy

44. Hailey D, Sampietro-Colom L, Marshall D, Rico R,
Granados A, Asua J. The effectiveness of bone
mineral density measurement and associated
treatments for prevention of fractures: an
international collaborative review. Int J Technol
Assess Health Care 1998;14:237–54. Reason for
exclusion: not assessing diagnostic accuracy

45. Hailey D, Tomie JA. An assessment of gait analysis
in the rehabilitation of children with walking
difficulties. Disabil Rehabil 2000;22:275–80. Reason
for exclusion: not diagnostic accuracy

46. Harris KM, Kelly S, Berry E, Hutton J, Roderick P,
Cullingworth J, et al. Systematic review of
endoscopic ultrasound in gastro-oesophageal
cancer. Health Technol Assess 1998;2(18). Reason for
exclusion: prognostic review

47. Hearn J, Higginson IJ. Do specialist palliative care
teams improve outcomes for cancer patients: 
a systematic literature review. Palliat Med 1998;
12:317–32. Reason for exclusion: not assessing
diagnostic accuracy

48. Helfand M, Redfern CC. Clinical guideline, part
2: screening for thyroid disease: an update. Ann
Intern Med 1998;129:144–58. Reason for exclusion:
not assessing diagnostic accuracy

49. Hirtz D, Ashwal S, Berg A, Bettis D, Camfield C,
Camfield P, et al. Practice parameter: evaluating a
first nonfebrile seizure in children: report of the
quality standards subcommittee of the American
Academy of Neurology, The Child Neurology
Society, and The American Epilepsy Society.
Neurology 2000;55:616–23. Reason for exclusion:
not diagnostic accuracy – yield of abnormality

50. Homik J, Hailey D. Quantitative ultrasound for bone
density measurement. Edmonton, AB: Alberta
Heritage Foundation for Medical Research; 1998.
Reason for exclusion: not assessing diagnostic
accuracy

51. Hong MK, Mintz GS, Popma JJ. Limitations of
angiography for analyzing coronary atherosclerosis
progression or regression. Ann Intern Med 1994;
121:348–54. Reason for exclusion: not assessing
diagnostic accuracy

52. Hsu CW, Imperiale TF. Meta-analysis and cost
comparison of polyethylene glycol lavage versus
sodium phosphate for colonoscopy preparation.
Gastrointest Endosc 1998;48:276–82. Reason for
exclusion: not assessing diagnostic accuracy

53. Huijgen HJ, Sanders GTB, Koster RW, Vreeken J,
Bossuyt PMM. The clinical value of lactate
dehydrogenase in serum: a quantitative review. 
Eur J Clin Chem Clin Biochem 1997;35:569–79.
Reason for exclusion: did not assess test for
diagnosis of specific condition but across several
specialties – insufficient detail given

54. Ishida H, Takemura Y, Kawai T. A systematic
review for the diagnostic accuracy of serum 
C-reactive protein measurement in neonatal
infants with infection. Rinsho Byori 2001;
49:1020–9. Reason for exclusion: non-English

55. Ivanov RI, Allen J, Sandham JD, Calvin JE.
Pulmonary artery catheterization: a narrative and
systematic critique of randomized controlled trials
and recommendations for the future. New Horizons
1997;5:268–76. Reason for exclusion: not assessing
diagnostic accuracy

56. Jensen LA, Onyskiw JE, Prasad NG. Meta-analysis
of arterial oxygen saturation monitoring by pulse
oximetry in adults. Heart Lung 1998;27:387–408.
Reason for exclusion: not assessing diagnostic
accuracy

57. Jorm AF. Methods of screening for dementia: a
meta-analysis of studies comparing an informant
questionnaire with a brief cognitive test. Alzheimer
Dis Assoc Disord 1997;11:158–62. Reason for
exclusion: not assessing diagnostic accuracy

58. Katon W, Gonzales J. A review of randomized
trials of psychiatric consultation–liaison studies in
primary care. Psychosomatics 1994;35:268–78.
Reason for exclusion: not assessing diagnostic
accuracy

59. Kerlikowske K, Grady D, Rubin SM, Sandrock C,
Ernster VL. Efficacy of screening mammography.
A meta-analysis. JAMA 1995;273:149–54. Reason
for exclusion: not assessing diagnostic accuracy

60. Koger SM, Chapin K, Brotons M. Is music therapy
an effective intervention for dementia? A meta-
analytic review of literature. J Music Ther 1999;
36:2–15. Reason for exclusion: not assessing
diagnostic accuracy

61. Kroenke K, Taylor-Vaisey A, Dietrich AJ, 
Oxman TE. Interventions to improve provider
diagnosis and treatment of mental disorders in
primary care. A critical review of the literature.
Psychosomatics 2000;41:39–52. Reason for
exclusion: not assessing diagnostic accuracy

62. Kurz X, Kahn SR, Abenhaim L, Clement D,
Norgren L, Baccaglini U, et al. Chronic venous
disorders of the leg: epidemiology, outcomes,
diagnosis and management: summary of an
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evidence-based report of the VEINES task force.
Int Angiol 1999;18:83–102. Reason for exclusion:
not focused on diagnostic accuracy; limited details
of methods provided

63. Lachner G, Engel RR. Differentiation of dementia
and depression by memory tests. A meta-analysis. 
J Nerv Ment Dis 1994;182:34–9. Reason for
exclusion: not assessing diagnostic accuracy

64. Lau J, Ioannidis J, Balk E, Milch C, Chew P,
Terrin N, et al. Evaluation of technologies for
identifying acute cardiac ischemia in emergency
departments. Rockville, MD: Agency for Healthcare
Research and Quality; 2001. Reason for exclusion:
same report as Lau, 200171

65. Laxson CJ, Titler MG. Drawing coagulation
studies from arterial lines: an integrative literature
review. Am J Crit Care 1994;3:16–24. Reason for
exclusion: not assessing diagnostic accuracy

66. Linzer M, Yang EH, Estes M, Wang P, 
Vorperian VR, Kapoor WN. Diagnosing syncope
part 1: value of history, physical examination, and
electrocardiography. Ann Intern Med 1997;
126:989–96. Reason for exclusion: not diagnostic
accuracy – diagnostic yield

67. Lokeshwar V, Soloway M. Current bladder tumor
tests: does their projected utility fulfill. J Urol
2001;165:1067–77. Reason for exclusion: no
systematic review methods, other than a literature
search, were reported

68. Losier BJ, McGrath PJ, Klein RM. Error patterns
on the continuous performance test in non-
medicated and medicated samples of children with
and without ADHD: a meta-analytic review. J Child
Psychol Psychiatry 1996;37:971–87. Reason for
exclusion: not assessing diagnostic accuracy

69. Maenza RL, Seaberg D, D’Amico F. A meta-
analysis of blunt cardiac trauma: ending
myocardial confusion. Am J Emerg Med 1996;
14:237–41. Reason for exclusion: not assessing
diagnostic accuracy

70. Mannerkorpi K, Ekdahl C. Assessment of
functional limitation and disability in patients with
fibromyalgia. Scand J Rheumatol 1997;26:4–13.
Reason for exclusion: not diagnostic accuracy

71. Markert RJ, Walley ME, Guttman TG, Mehta R. 
A pooled analysis of the Ottawa ankle rules used
on adults in the ED. Am J Emerg Med 1998;
16:564–7. Reason for exclusion: not assessing
diagnostic accuracy

72. Marshall D, Johnell O, Wedel H. Meta-analysis of
how well measures of bone mineral density predict
occurrence of osteoporotic fractures. BMJ 1996;
312:1254–9. Reason for exclusion: not assessing
diagnostic accuracy

73. Messori A, Trippoli S, Becagli P, Tendi E.
Treatments for newly diagnosed advanced ovarian

cancer: analysis of survival data and cost-
effectiveness evaluation. Anticancer Drugs 1998;
9:491–502. Reason for exclusion: not assessing
diagnostic accuracy

74. Michelson E, Hollrah S. Evaluation of the patient
with shortness of breath: an evidence based
approach. Emerg Med Clin North Am 1999;
17:221–37. Reason for exclusion: not diagnostic
accuracy; reported % of patients with various
symptoms

75. Moreyra E, Finkelhor RS, Cebul RD. Limitations
of transesophageal echocardiography in the risk
assessment of patients before nonanticoagulated
cardioversion from atrial fibrillation and flutter: 
an analysis of pooled trials. Am Heart J 1995;
129:71–5. Reason for exclusion: not assessing
diagnostic accuracy

76. Morris PS. A systematic review of clinical research
addressing the prevalence, aetiology, diagnosis,
prognosis and therapy of otitis media in Australian
aboriginal children. J Paediatr Child Health 1998;
34:487–97. Reason for exclusion: not assessing
diagnostic accuracy

77. Munro J, Booth A, Nicholl J. Routine preoperative
testing: a systematic review of the evidence. Health
Technol Assess 1997;1(12). Reason for exclusion: not
assessing diagnostic accuracy

78. Murray J, Cuckle H, Taylor G, Littlewood JO,
Hewison J. Screening for cystic fibrosis. Health
Technol Assess 1999;3(8). Reason for exclusion: not
assessing diagnostic accuracy

79. Muttreja MR, Mohler ER. Clinical use of ischemic
markers and echocardiography in the emergency
department. Echocardiography 1999;16:187–92.
Reason for exclusion: not fully systematic – only
search and inclusion criteria documented

80. New Zealand Health Technology Assessment.
Colour vision screening: a critical appraisal of the
literature. Christchurch: New Zealand Health
Technology Assessment; 1998. Reason for
exclusion: not assessing diagnostic accuracy

81. New Zealand Health Technology Assessment.
Screening programmes for the detection of otitis media
with effusion and conductive hearing loss in pre-school
and new entrant school children: a critical appraisal of
the literature. Christchurch: New Zealand Health
Technology Assessment; 1998. Reason for
exclusion: not assessing diagnostic accuracy

82. Nwosu CR, Khan KS, Chien PF, Honest MR. 
Is real-time ultrasonic bladder volume estimation
reliable and valid? a systematic overview. Scand J
Urol Nephrol 1998;32:325–30. Reason for
exclusion: not assessing diagnostic accuracy

83. Ofman JJ, Rabeneck L. The effectiveness of
endoscopy in the management of dyspepsia: a
qualitative systematic review. Am J Med 1999;
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106:335–46. Reason for exclusion: not assessing
diagnostic accuracy

84. Oliveira CA, Troster EJ, Pereira CR. Inhaled nitric
oxide in the management of persistent pulmonary
hypertension of the newborn: a meta-analysis. 
Rev Hosp Clin Fac Med Sao Paulo 2000;55:145–54.
Reason for exclusion: not assessing diagnostic
accuracy

85. Oostveen JC, van de Laar MA. Magnetic
resonance imaging in rheumatic disorders of the
spine and sacroiliac joints. Semin Arthritis Rheum
2000;30:52–69. Reason for exclusion: no
systematic review methods

86. Ornato JP, Selker HP, Zalenski RJ. Overview:
diagnosing acute cardiac ischemia in the
emergency department. A report from the
National Heart Attack Alert Program. 2001; Ann
Emerg Med 37:450–2. Reason for exclusion:
background comment

87. Palomaki GE, Neveux LM, Haddow JE. Can
reliable Down’s syndrome detection rates be
determined from prenatal screening intervention
trials? J Med Screen 1996;3:12–17. Reason for
exclusion: not assessing diagnostic accuracy

88. Pearson V. Antenatal ultrasound scanning. York:
University of York, NHS Centre for Reviews and
Dissemination; 1994. Reason for exclusion: not
assessing diagnostic accuracy

89. Pembrey ME, Barnicoat AJ, Carmichael B, Bobrow
M, Turner G. An assessment of screening
strategies for fragile X syndrome in the UK. Health
Technol Assess 2001;5(7). Reason for exclusion: not
systematic review of accuracy

90. Pietrobon R, Coeytaux RR, Carey TS, 
Richardson WJ, DeVellis RF. Standard scales for
measurement of functional outcome for cervical
pain or dysfunction: a systematic review. Spine
2002;27:515–22. Reason for exclusion: not
assessing diagnostic accuracy

91. Pirkis JE, Jolley D, Dunt DR. Recruitment of
women by GPs for pap tests: a meta-analysis. Br J
Gen Pract 1998;48:1603–7. Reason for exclusion:
not assessing diagnostic accuracy

92. Pollitt RJ, Green A, McCabe CJ, Booth A, 
Cooper NJ, Leonard JV, et al. Neonatal screening
for inborn errors of metabolism: cost, yield and
outcome. Health Technol Assess 1997;1(7). Reason
for exclusion: not really about diagnostic accuracy;
more about screening policies

93. Rappeport ED, Mehta S, Wieslander SB, 
Schwarz Lausten G, Thomsen HS. MR imaging
before arthroscopy in knee joint disorders? Acta
Radiol 1996;37:602–9. Reason for exclusion: 
no systematic review methods reported

94. Ratner P, Bottorff J, Johnson J, Cook R, Lovato C.
A meta-analysis of mammography screening

promotion. Cancer Detect Prev 2001;25:147–60.
Reason for exclusion: not assessing diagnostic
accuracy

95. Richard CS, McLeod RS. Follow-up of patients
after resection for colorectal cancer: a position
paper of the Canadian Society of Surgical
Oncology and the Canadian Society of Colon and
Rectal Surgeons. Can J Surg 1997;40:90–100.
Reason for exclusion: not assessing diagnostic
accuracy

96. Rimer BK, Bluman LG. The psychosocial
consequences of mammography. J Natl Cancer Inst
1997;22:131–8. Reason for exclusion: not assessing
diagnostic accuracy

97. Ringertz H, Marshall D, Johansson C, Johnell O,
Kullenberg RJ, Ljunghall S, et al. Bone density
measurement – a systematic review. A report from
SBU, the Swedish Council on Technology
Assessment in Health Care. J Intern Med Suppl
1997;241 (Suppl 739):1–60. Reason for exclusion:
not assessing diagnostic accuracy

98. Rosenthal M, Christensen BK, Ross TP. Depression
following traumatic brain injury. Arch Phys Med
Rehabil 1998;79(1):90–103. Reason for exclusion:
not assessing diagnostic accuracy

99. Salekin RT, Rogers R, Sewell KW. A review and
meta-analysis of the psychopathy checklist and
psychopathy checklist-revised: predictive validity
of dangerousness. Clin Psychol Sci Pract 1996;
3:203–15. Reason for exclusion: abstract indicates
not accuracy

100. Selker HP, Zalenski RJ, Antman EM, Aufderheide
TP, Bernard SA, Bonow RO, et al. An evaluation of
technologies for identifying acute cardiac ischemia
in the emergency department: a report from a
national heart attack alert program working
group. Ann Emerg Med 1997;29:13–87. Reason for
exclusion: duplicate publication – summary of
Ioannidis, 2001154,155 and Balk, 200170

101. Seymour CA, Cockburn F, Thomason MJ,
Littlejohns P, Chalmers RA, Lord J, et al. Newborn
screening for inborn errors of metabolism: 
a systematic review. Health Technol Assess 1997;
1(11). Reason for exclusion: not assessing
diagnostic accuracy

102. Shaw LJ, Eagle KA, Gersh BJ, Miller DD. Meta-
analysis of intravenous dipyridamole–thallium-201
imaging (1985 to 1994) and dobutamine
echocardiography (1991 to 1994) for risk
stratification before vascular surgery. J Am Coll
Cardiol 1996;27:787–98. Reason for exclusion: not
accuracy – evaluates prognostic value of imaging
tests, but not compared against a reference test

103. Snowdon SK, Stewart-Brown SL. Preschool vision
screening: results of a systematic review. York: NHS
Centre for Reviews and Dissemination; 1997.
Reason for exclusion: not assessing diagnostic
accuracy
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104. Song JC, White CM. Do HMG-CoA reductase
inhibitors affect fibrinogen? Ann Pharmacother
2001;35:236–41. Reason for exclusion: not
assessing diagnostic accuracy

105. Spitalnic SJ, Woolard RH, Mermel LA. The
significance of changing needles when inoculating
blood cultures. Clin Infect Dis 1995;21:1103–6.
Reason for exclusion: not assessing diagnostic
accuracy

106. Storgaard H, Nielsen SD, Gluud C. The validity of
the Michigan Alcoholism Screening Test (MAST).
Alcohol Alcohol 1994;29:493–502. Reason for
exclusion: not assessing diagnostic accuracy

107. Thacker SB, Stroup DF, Peterson HB. Efficacy and
safety of intrapartum electronic fetal monitoring:
an update. Obstet Gynecol 1995;86 (4 Part 1):
613–20. Reason for exclusion: not diagnostic
accuracy

108. Thijs L, Staessen JA, Celis H, de Gaudemaris R,
Imai Y, Julius S, et al. Reference values for self-
recorded blood pressure: a meta-analysis of
summary data. Arch Intern Med 1998;158:481–8.
Reason for exclusion: not assessing diagnostic
accuracy

109. Tresch DD. Diagnostic and prognostic value of
ambulatory electrographic monitoring in older
patients. J Am Geriatr Soc 1995;43:66–70. Reason
for exclusion: not assessing diagnostic accuracy

110. Trpkova B, Major P, Prasad N, Nebbe B.
Cephalometric landmarks identification and
reproducibility: a meta analysis. Am J Orthod
Dentofacial Orthop 1997;112:165–70. Reason for
exclusion: not assessing diagnostic accuracy

111. Turp JC, Minagi S. Palpation of the lateral
pterygoid region in TMD – where is the evidence?
J Dent 2001;29:475–83. Reason for exclusion: not
assessing diagnostic accuracy

112. van der Wurff P, Hagmeijer RH, Meyne W. 
Clinical tests of the sacroiliac joint. A systemic
methodological review. Part 1: reliability. Man Ther
2000;5:30–6. Reason for exclusion: evaluates
reliability not diagnostic accuracy – see van der
Wurff, 2000249

113. van Tulder MW, Assendelft WJ, Koes BW, 
Bouter LM. Spinal radiographic findings and
nonspecific low back pain: a systematic review of
observational studies. Spine 1997;22(4):427–34.
Reason for exclusion: not diagnostic accuracy

114. Vasquez TE, Rimkus DS, Hass MG, Larosa DI.
Efficacy of morphine sulfate-augmented
hepatobiliary imaging in acute cholecystitis. J Nucl

Med Technol 2000;28:153–5. Reason for exclusion:
not systematic review – only documents search

115. Vernon SW. Participation in colorectal cancer
screening: a review. J Natl Cancer Inst 1997;
89:1406–22. Reason for exclusion: not assessing
diagnostic accuracy

116. Wagner TH. The effectiveness of mailed patient
reminders on mammography screening: a meta-
analysis. Am J Prevent Med 1998;14:64–70. Reason
for exclusion: not assessing diagnostic accuracy

117. Wald NJ, Kennard A, Hackshaw A, McGuire A.
Antenatal screening for Down’s syndrome. Health
Technol Assess 1998;2(1). Reason for exclusion: not
a systematic review; no methods reported

118. Westwood ME, Kelly S, Berry E, Bamford JM,
Gough MJ, Airey CM, et al. Use of magnetic
resonance angiography to select candidates with
recently symptomatic carotid stenosis for surgery:
systematic review. BMJ 2002;324:198. Reason for
exclusion: duplicate of Berry, 200282

119. White MJ, Nichols CN, Cook RS, Spengler PM,
Walker BS, Look KK. Diagnostic overshadowing
and mental retardation: a meta-analysis. Am J Ment
Retard 1995;100:293–8. Reason for exclusion: not
assessing diagnostic accuracy

120. Wilkie D, Savedra MC, Holzemer WL, Tesler MD,
Paul SM. Use of the McGill Pain Questionnaire to
measure pain: a meta-analysis. Nurs Res 1990;
39:36–41. Reason for exclusion: not assessing
diagnostic accuracy

121. Willems M, Quartero AO, Numans ME. How
useful is paracetamol absorption as a marker of
gastric emptying? A systematic literature study. Dig
Dis Sci 2001;46:2256–62. Reason for exclusion: not
diagnostic accuracy

122. Wise EA. Diagnosing posttraumatic stress disorder
with the MMPI clinical scales: a review of the
literature. J Psychopathol Behav Assess 1996;
18:71–82. Reason for exclusion: not assessing
diagnostic accuracy

123. Yabroff KR, Kerner JF, Mandelblatt JS.
Effectiveness of interventions to improve follow-up
after abnormal cervical cancer screening. Prev Med
2000;31:429–39. Reason for exclusion: not
assessing diagnostic accuracy

124. Zakzanis KK, Leach L, Freedman M. Structural
and functional meta-analytic evidence for fronto-
subcortical system deficit in progressive
supranuclear palsy. Brain Cogn 1998;38:283–96.
Reason for exclusion: not assessing diagnostic
accuracy
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Appendix 5

Details of review synthesis methods
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Appendix 6

Details of statistical investigations of sources 
of heterogeneity
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