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13General introduction

Introduction

Systematic reviews
Evidence-Based Medicine is the integration of  best research evidence with 
clinical expertise and patient values (1). Systematic reviews have become the 
cornerstone of  evidence-based medicine, which is reflected in the position 
systematic reviews have in the pyramid of  evidence-based medicine (Figure 
1). Systematic reviews are exhaustive summaries of  all studies relevant to 
answer a specific research question. The advantage of  systematic reviews over 
single primary studies is that they give a structured and transparent overview 
of  all available evidence and its quality, following strict methods. If  possible, 
a meta-analysis can be performed in which the results of  all relevant studies 
are combined to provide an overall estimate of  the effect (Figure 2). The 
strength of  the conclusions is based on the overall rating of  confidence in the 
estimated effects, which is only relevant in settings when recommendations for 
clinical practice are made. This overall confidence depends on methodological 
limitations of  the primary studies, inconsistency of  the results (heterogeneity), 
indirectness of  the evidence (applicability), imprecision of  the effect estimates 
and possible reporting biases (2;3). 

1

SR

RCT or CCT

Cohort study

Case control study

Case report, case serie

Animal research

The most prominent are reviews that evaluate the effectiveness of  
therapeutic interventions (4). Systematic reviews of  healthcare interventions 
predominantly rely on the evidence from randomized controlled trials (RCTs). 
However, observational evidence about the harms and effects of  interventions 
might also be required. Besides healthcare interventions, reviews may address 
other evidence-based medicine (EBM) areas such as etiology, prognosis or 
diagnosis, although these types of  systematic reviews are still less prevalent in 
the medical literature. Such reviews summarize the results of  study types other 

Figure 1. Evidence-based medicine pyramid. Study designs are hierarchically ordered based on their relevance that the design 
presents unbiased results to guide patients’ care.
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than RCTs (e.g. cohort studies, case-control studies or cross-sectional studies) 
and are, therefore, more complex.

At the moment, systematic reviews are regarded as the highest level of  
evidence and are used to guide clinical practice and decision making (5). 
Funding agencies and biomedical journals rely on systematic reviews to ensure 
justification of  further research (6;7). A major journal, The Lancet, is now 
asking authors to report the results of  new research within the context of  
existing systematic review evidence. Systematic reviews have become the most 
important source of  information for making decisions in health care. 

Figure 2. A hypothetical meta-analysis that combines the study results of  different studies. The results of  six individual studies 
are combined into one summary measure of  effect: a risk ratio of  0.51.

History of  systematic reviews and The Cochrane Collaboration
Although systematic reviews are very common nowadays, it was only 30 

years ago that they were first developed in the field of  medicine (8). Before the 
introduction of  systematic reviews, clinicians and policy makers had to rely on 
single studies that are more prone to random error and demand substantial time 
of  the clinician to keep up to date. Archie Cochrane (Figure 3), a clinician and 
epidemiologist who lived between 1909 and 1988, pointed out its shortcomings 
when he wrote the book Effectiveness and Efficiency: Random Reflections 
on Health Services published in 1972 (9). He kept challenging the medical 
profession and wrote “It is surely a great criticism of  our profession that we 
have not organised a critical summary, by specialty or subspecialty, adapted 
periodically, of  all relevant randomised controlled trials” (10). Twenty years 
later the first Cochrane Centre was established in Oxford, founded by Sir Ian 
Chalmers and colleagues but named after the progressive Archie Cochrane. 
One year after its establishment the international Cochrane Collaboration was 
launched (11). 
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The Cochrane Collaboration (official logo presented in Figure 4) is a global 
independent network of  health practitioners, researchers, patient advocates and 
others, involved in the preparation, dissemination, updating and promotion 
of  systematic reviews. To assist review authors, the Cochrane Handbook for 
Systematic Reviews of  Interventions was developed that describes in detail 
how to undertake a Cochrane review (4), review software was developed (14), 
and training is made available for all authors. After completion, the high-quality 
Cochrane reviews are published in The Cochrane Database of  Systematic 
Reviews (CDSR) in The Cochrane Library (CLIB). Besides the CDSR, the 
CLIB includes five other databases of  high-quality, independent evidence, 
amongst others a database that provides references to clinical trials in all fields 
of  medicine.

For RCTs much empirical research has been performed to establish biases 
associated with particular characteristics of  the study design and conduct, which 
provided guidance for the Cochrane Handbook (4). However, saturation of  
knowledge regarding these methods has still not been reached. Therefore, the 
Cochrane network iteratively contributes to the development of  new methods 
for the preparation of  reviews or to improve existing methods. This task is 
of  great importance as the followed methodology determines the quality of  a 
systematic review (15). If  the reviews are undertaken without proper knowledge 
of  the methodology, the review may deliver biased results. This is particularly 
unwanted when they are used to guide clinical practice or policy (16;17). 

Within The Cochrane Collaboration the focus has long been on reviews 
of  interventions. In the past few years, Cochrane has broadened its field of  
interest and has started to cover the field of  diagnostic test accuracy (DTA) 
research. In 2007, the implementation of  systematic reviews of  diagnostic test 
accuracy studies was officially launched. In 2008, the first Cochrane Diagnostic 

Figure 3. Archie Cochrane and the logo of  The Cochrane 
Collaboration (12).

Figure 4. The logo represents two Cs referring to its name, 
whilst the inner part shows the first published meta-analysis 
(13). 
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review was published (18) and a draft Cochrane Handbook for DTA reviews 
was published online (19). In contrast to the knowledge of  methods for 
intervention reviews, the knowledge about biases associated with characteristics 
of  diagnostic accuracy study designs are less explicit and methods on how to 
undertake the steps of  a DTA review evolve rapidly.

Challenges in systematic reviews
Selective publication is the Achilles heel of  any systematic review. Consequently, 
reviewers are challenged to extensively search for studies to identify all relevant 
evidence (20-22). This can be rather complicated for two reasons. Firstly, not 
all evidence is published in journals indexed in biomedical databases or is not 
published at all. Often, the non-published studies are not missing at random, 
but concern a specific group of  evidence: none significant and negative findings 
(23-25). Missing these studies in a meta-analysis can seriously affect the results. 
Without negative or null results, the true effect will be overestimated (26). 
Consequently, review authors need to make efforts to identify unpublished 
study results. Possible strategies to identify unpublished studies are to search 
in conference abstracts, contact experts in the field or searching in the recently 
established prospective trial registers (27). In September 2004 the International 
Committee of  Medical Journal Editors (ICMJE) announced that they would 
only accept manuscripts for publication as of  September 2005 if  essential 
information about the underlying trial design had been deposited into an 
accepted prospective trial register before enrolment of  the first patient (28). 
This enables review authors to track down all studies that have been initiated 
and to assess whether or not the results have been published. 

A second challenge is that the search strategy has to be very sensitive to 
ensure that no relevant studies will be missed. However, a sensitive search has 
the potential to identify a high number of  hits that need to be screened for 
inclusion. Therefore, review authors need to find a balance between a strategy 
that is sensitive enough to minimize the risk of  missing relevant studies, and a 
strategy that is specific enough to yield a low number of  hits. Research has been 
undertaken to optimize search methods, for example development of  search 
filters for specific medical topics or study designs, such as RCTs. However, 
filters for identifying DTA studies in the realm of  a systematic review seem to 
fail as they may miss a considerable number of  relevant studies (29).

Challenges regarding diagnostic test accuracy reviews
Reviews of  DTA aim to summarize all evidence regarding the accuracy of  a 
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diagnostic test that is used to discriminate between diseased and non-diseased 
patients. These reviews usually do not address RCTs, but other study designs, 
such as cross-sectional studies, cohort studies or case-control studies. The 
design of  these studies has many variations, including differences in the way 
patients are selected, in test protocol, in the verification of  patients, and in the 
way the results of  the index test and reference standard are assessed. Some 
of  these differences may bias the results of  a study, whereas others may have 
implications for the applicability of  the results. An essential step in the review 
process is therefore to evaluate the risk of  bias (30;31). Limitations in the 
design and conduct of  a study may lead to overestimation of  the accuracy of  
the test under study (32;33). The Quality Assessment for Diagnostic Accuracy 
Studies tool (QUADAS, with QUADAS-2 as the current version (34;35) was 
developed to assess the risk of  bias in DTA studies. This enables authors 
to draw the conclusions about the results in the light of  the risk of  bias and 
concerns regarding the applicability (36). For example, highly biased studies 
lead to low confidence in the reported results (37), which should be clearly 
presented to readers of  the review.

To enable proper assessment of  study quality, complete and accurate 
reporting of  primary studies is necessary (32). Poor reporting of  accuracy 
studies impedes objective assessment of  methodological quality and limits 
assessment of  the applicability of  the study results (38). Suboptimal reporting 
therefore hampers the interpretation of  the results and generalizability. To 
improve and promote accurate and complete reporting, the Standards for 
Reporting of  Diagnostic Accuracy Studies (STARD) were developed and 
published in 2003 (39). Although the quality of  reporting of  DTA studies has 
improved significantly after the introduction of  STARD, reporting appears to 
remain suboptimal and could be further improved (40). 

Accuracy is usually expressed as the proportion of  correctly identified 
diseased patients (sensitivity) and the proportion of  correctly identified 
non-diseased patients (specificity). As mentioned previously, publication of  
RCTs may rely on the direction and significance of  the effect, thus causing 
publication bias in meta-analyses (23). For RCTs methods are developed to 
evaluate whether meta-analyses are affected by this type of  bias by investigating 
the relationship between treatment effect and study size (41-43). These 
methods, however, don’t seem to be suitable for assessment of  selective 
publication of  DTA studies and these tests are therefore not strongly promoted 
(19). Despite the possibility that DTA studies are also affected by publication 
bias, empirical studies about possible underlying. Currently, it is challenging 
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for DTA review authors to assess the possible impact of  publication bias on 
their meta-analysis and how they should interpret the results produced by the 
different methods to explore publication bias. 

Similar to meta-analyses of  RCTs, meta-analyses of  DTA studies are 
challenged by heterogeneity arising from a diversity of  clinical and non-clinical 
factors (44). An additional source of  heterogeneity in meta-analyses of  
DTA studies is introduced by the correlated outcomes of  interest: sensitivity 
and specificity. Sensitivity and specificity are negatively correlated due to 
implicit or explicit differences in the index test threshold for positivity. This 
threshold effect adds additional heterogeneity in the already complex bivariate 
meta-analyses for DTA (19). So, dealing with heterogeneity in a sophisticated 
manner in DTA reviews can be quite complex.

Outline of  this thesis
This thesis was undertaken to contribute to the development of  methods of  
systematic reviews. It addresses various steps of  systematic reviews. The first 
step is identification of  studies. Chapter 2 evaluates to what extent prospective 
trial registers are used to identify additional studies for Cochrane systematic 
reviews. Searching in prospective trial registers is particularly important for the 
identification of  unpublished studies. For this reason, searching prospective 
trial registers may contribute to the validity of  the review. We present current 
practice of  trial identification in prospective trial registers and the results 
thereof  in 210 Cochrane reviews of  intervention studies (45). 

MEDLINE is a major source for study identification and is freely 
available via the search engine PubMed. For intervention reviews it has been 
demonstrated that it is necessary to search studies in multiple databases (46). 
Searching for published diagnostic studies, however, is complex. Searches 
for DTA studies must be very sensitive and search filters do not perform 
satisfactorily (47). Sensitive searches result in high numbers of  references 
needed to read, increasing the workload. In Chapter 3, we investigate the effect 
on the pooled estimates of  meta-analyses of  DTA studies, when the search is 
limited to MEDLINE. If  the search could be limited to MEDLINE, this will 
reduce the workload and screening time as the number of  references needed 
to read will decrease. Additionally, this strategy may also reduce costs because 
MEDLINE is freely available through the interface PubMed. 

In Chapter 4 we evaluate how authors of  DTA reviews assess the quality 
of  primary studies and how they incorporate study quality in the conclusions 
of  their reviews. Evaluating the quality of  underlying evidence is vital to 
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understand and interpret the results. Quality assessment for DTA reviews 
is challenging and demands substantial knowledge of  DTA methodology. 
We describe which tool the review authors use, how they present the results 
and if  and how they incorporate the results of  the quality assessment when 
formulating conclusions. We also present what is reported about the quality 
of  the included studies in the abstracts of  the reviews. This is of  particular 
importance since many clinicians usually rely only on the abstracts as they have 
limited time to read complete articles. 

To enable quality assessment of  included primary studies, sufficient details 
regarding the design and conduct of  these studies must be. For reporting 
purposes several guidelines are available (48). For adequate reporting of  DTA 
studies the Standards for Reporting of  Diagnostic Accuracy Studies (STARD) 
have been developed (39). In Chapter 5 we investigate whether the quality of  
reporting of  DTA studies has improved since the introduction of  STARD and 
which items are particularly well or poorly reported. 

Studies included in a systematic review may differ with respect to 
setting, patient or test characteristics, test thresholds, reference standards, 
or study design. Such differences may cause heterogeneity. In DTA reviews 
heterogeneity is the rule rather than the exception and to enable optimal 
interpretation of  the results of  a DTA review, exploring heterogeneity is an 
important component of  a DTA review. For diagnostic reviews, however, 
assessment and exploration of  heterogeneity is more complex due to the 
bivariate nature of  the outcomes. In Chapter 6 we investigate how review 
authors deal with heterogeneity in DTA reviews and how they present the 
results. 

As previously mentioned, selective reporting is the Achilles heel of  any 
systematic review. Selective reporting usually leads to an overestimation of  the 
effect and an underestimation of  the adverse effects. For intervention reviews 
the mechanisms behind dissemination biases are well understood, but for 
DTA reviews those mechanisms are still unclear. Chapters 7 and 8 are both 
focused on reporting biases in DTA reviews. In Chapter 7 we study whether 
and how reviewer authors deal with the possible threat of  publication bias 
in their diagnostic reviews. We summarize which methods are used, and how 
their results are used to formulate the conclusions. We also compare the results 
of  various commonly used tests that all aim to identify publication bias. In 
Chapter 8, we examine whether small study effects or time lag effects affect 
DTA meta-analyses. Small study effects refer to the association between the 
sample size of  a study and the outcome of  the study. Time lag effect refers to 
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an association between the time since first publication and the size of  the effect 
of  a study. Both of  these effects are known to be present in meta-analyses of  
intervention studies, but to date it is unknown whether these effects are also 
present in meta-analyses of  diagnostic studies. 

Finally, this thesis ends with Chapter 9 comprising the summary, 
concluding remarks and suggestions for further research. 
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ABSTRACT

Background Publication and selective outcome reporting bias are a threat 
to the validity of  systematic reviews. Extensive searching for additional 
trials in prospective trial registers could reduce this problem. We have 
evaluated how authors of  Cochrane systematic reviews currently make 
use of  trial registers as an additional source for the identification of  
potentially eligible trials.

Methods A search was performed in the Cochrane Library of  Systematic 
Reviews to identify systematic reviews with a published protocol since 
2008 and a published review between 2008 and 2010. It was assessed of  
authors had used prospective trial registers, the aim to search prospective 
trial registers and the yield of  searching in prospective trial registers. 

Results We included 210 systematic reviews. In 80 reviews (38.1%) the 
authors had searched in one or more prospective trial register(s) of  which 
55% had searched in overlapping search portals and individual registers. 
Most frequently assessed were the MetaRegister (66.3%) and Clinicaltrials.
gov (60%) which is in sharp contrast of  other registers or portals like the 
WHO ICTRP Search Portal (20%). Reported motives to use registers were 
to identify ongoing trials (83.3%), to identify unpublished outcomes or 
trials (23.5%), to identify recently published trials (11.8%), or to identify 
any relevant trial (3.9%). In 28 reviews (35%) the authors had selected 
(ongoing) trials identified in trial registers as potentially eligible.

Discussion/Conclusion Trial registers as an additional source of  
information are gaining acknowledgement amongst Cochrane reviewers. 
Nevertheless, searches seem to be inefficient as overlapping databases are 
frequently consulted, while the WHO ICTRP Search Portal that includes 
the data from all approved registers worldwide is being underused. 
Moreover, the emphasis is now on the identification of  ongoing trials, 
although the prospective registers offer a broader potential. Further 
familiarity of  registers and guidance how to search and to report will help 
to implement this as a common method and utilize the full potential of  
prospective trial registers for systematic reviews.  
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Introduction

Systematic reviews of  randomized controlled trials (RCTs) are regarded 
as the highest level of  evidence to guide decisions in healthcare. Cochrane 
reviews in particular are of  high quality because these reviews follow explicit, 
transparent and systematic methods (1;2). The results of  systematic reviews, 
however, can be biased when the included evidence does not offer a fair 
representation of  all existing evidence. Empirical evidence consistently suggests 
that statistically significant and positive findings are more likely to be published 
than non-significant or negative findings (3;4) and will take shorter time to 
be submitted and to get published after completion of  the study (5-8). When 
publication of  trials or outcomes depends on the results, publication bias and 
selective outcome reporting bias may arise. This can affect the results from the 
meta-analysis of  the review and possibly also the results of  a review without 
any meta-analysis (9). 

To minimize the effects of  publication bias and outcome reporting bias 
review authors should perform a comprehensive search to identify all relevant 
trials (10;11). Most trials can be identified in well known biomedical databases 
like MEDLINE or EMBASE. Nevertheless, some trials can only be identified 
by the use of  additional strategies like contacting experts, checking the reference 
lists of  eligible trials, handsearching of  conference proceedings, searching the 
Internet with web search engines like Google or searching the websites of  
relevant organizations (12). These strategies may be very time consuming and 
still do not guarantee that all relevant trials will be found.

Recently searching in prospective trial registers can be added as another 
strategy to identify relevant trials. Already in 1986 it was suggested that 
prospective registration of  trials could reduce or even resolve the problems 
resulting from publication bias and outcome reporting bias (11;13;14). However, 
for a long period of  time trials were not systematically registered. In September 
2004, however, the International Committee of  Medical Journal Editors 
(ICMJE) announced that they would only accept manuscripts for publication 
as of  September 2005 if  essential information about the underlying trial design 
had been deposited into an accepted prospective trial register before enrolment 
of  the first patient. In November 2004, the World Health Organization (WHO) 
was asked by the international scientific and political community to facilitate 
the establishment of  a network of  these national clinical trials registers and 
to develop strict criteria for ‘registry approval’ concerning the content, quality 
and accessibility (15). Currently, there are 15 registries that meet these strict 
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international requirements (16).
The prospective registration policy of  the ICMJE was adopted by many 
biomedical journals. Trial registration has become common and the number 
of  registered trials has grown considerably (17). Authors can search in the 
prospective trial registers for ongoing trials, for completed trials that have 
not published the results (yet) or to check whether the primary outcome has 
changed or if  all outcomes have been reported. The various national or regional 
trial registers can be searched individually or simultaneously through search 
portals that include various other registers e.g. the WHO International Clinical 
Trial Registry Platform (ICTRP) and the MetaRegister of  Current Controlled 
Trials. Our objective was to evaluate how authors of  Cochrane systematic 
reviews make use of  trial registers as an additional source for the identification 
of  potentially eligible trials. 

Methods

Selection of  reviews
For this study, we included reviews with a protocol published in 2008 that had 
been converted into a full Cochrane Review by February 2010. The Cochrane 
Collaboration’s Information Management System (ARCHIE at archie.cochrane.
org) was searched to identify all Cochrane protocols that were published in 
2008 and the Database of  Systematic Reviews was searched for full Cochrane 
reviews in February 2010. Cochrane Diagnostic Test Accuracy reviews, 
Cochrane Methodology reviews and Cochrane Overviews of  reviews were 
excluded.

The publication date of  protocols (2008) was chosen, because the Cochrane 
Handbook for Systematic Reviews of  Interventions which authors are required 
to read and follow as a guide had added the statement that: ‘Trial registers, are 
the best solution to unpublished trials and the conduct of  all systematic reviews 
should be much simplified when the use of  registers becomes widespread’ at 
the end of  2006 (18). 

Data extraction 
We extracted information on three subjects. First, of  each included review we 
extracted the applied strategies for the identification of  additional potentially 
eligible trials and emphasized on the use of  prospective trial registers. We 
distinguished between three methods to assess trials in a prospective trial 
registers:
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•	 Search portals with which one can search in various trial registers,
•	 National or regional registers that are approved by the ICMJE or 		
	 WHO,
•	 Non-approved registers (e.g. registers of  the pharmaceutical industry, 
•	 Non-approved national registers or registers of  specialized 		
	 foundations).

Second, in case any of  these three methods was applied, we searched the 
review for a particular motive the author had for searching in the prospective 
trial registers. These motives were retrospectively classified as identification of  
ongoing trials, identification of  unpublished trials or outcomes, identification 
of  recently completed yet unpublished trials, or identification of  any relevant 
trial.  

Third, for every review for which prospective trial registers were searched, 
we registered if  the searches had yielded trials from prospective trial registers. 
We classified trials as identified in a prospective trial register when the trial 
identification number was reported or when the reference of  the trial included 
a link or a reference to a prospective trial register without any other reference 
to a publication in a journal. Cochrane reviews distinguish among four types 
of  references: included studies, excluded studies, ongoing studies and studies 
awaiting assessment. The number of  reviews that had identified trials from 
prospective trial registers was registered for each type of  reference. Two 
reviewers independently extracted data. Disagreements were resolved by 
discussion and in case of  persistent disagreement a third expert was asked to 
make a decision. 

Results

We identified 519 protocols for Cochrane reviews that were published in 
2008. Of  these protocols 212 were converted into a full systematic review in 
the Cochrane Database of  Systematic Reviews by February 2010. Two reviews 
were excluded because they were Diagnostic Test Accuracy reviews. The final 
set of  systematic reviews consisted of  210 Cochrane reviews. These reviews 
were published in 2008 (n = 7), 2009 (n = 147) and 2010 (n = 56). 

Most applied strategies to identify additional potentially eligible trials were 
checking the reference lists (83.3%) and contacting experts (49.0%) (Table 1). 
In 80 of  the included reviews (38.1%), the authors had searched in at least one 
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prospective trial register either by using a search portal, a national or regional 
register approved by the ICMJE or WHO, or a non-approved register. Of  
those 80 reviews the MetaRegister of  Current Controlled Trials was the most 
frequently used search portal (66.3%) and the WHO ICTRP search portal was 
used in only 20.0% (Table 2). Clinicaltrials.gov was the most searched individual 
register (60.0%) which is in sharp contrast with other registers (Table 2). In 
75 reviews (93.8%) the authors had searched in a search portal or register 

Table 1. Methods applied for identification of  trials in addition to searching in biomedical databases in 210 Cochrane reviews

Method Number of  reviews (%)*

Checking reference lists
Contacting experts
Searching in prospective trial registers
Handsearching of  conference abstracts
Searching the Internet
No additional methods applied 

175 (83.3%)
103 (49.0%)
80 (38.1%)
78 (37.1%)
11 (5.2%)
10 (4.8%)

* Most review authors applied multiple strategies to indentify additional trials. Therefore, the summation of  percentages exceeds 100%.

that is approved by the ICMJE or WHO, leaving 5 reviews in which only 
non-approved registers were assessed.

The combinations of  usage are presented in Table 3. In 44 reviews (55%) 
both a search portal and one or more individual trial registers that are already 
included in the search portal had been consulted, ignoring the overlap. 

In 51 of  the 80 reviews (63.8%) one or more motives for searching in 
prospective trial registers were reported. Of  the 51 reviews the motives were 
to identify ongoing trials (83.3%), to identify unpublished outcomes or trials 
(23.5%) (they either searched for unpublished outcomes (9.8%), unpublished 
trials (11.8%), or both (1.9%)), to identify recently published trials (11.8%), and 
to identify any relevant trial (3.9%). 

In 28 of  the 80 in which a search portal or register was used reviews 
(35.0%) the authors had yielded potentially eligible trials from a prospective 
trial register: in 4 reviews (14.3%) trials were actually included in the review, in 
8 reviews (28.6%) the potentially eligible trials ended in the excluded category, 
in 20 reviews (71.4%) in the ongoing studies category and in 4 reviews (14.3%) 
in the category of  studies awaiting classification (the total percentage exceeds 
100% because some reviews found trials for multiple categories). In 34 there 
were no trials from prospective trial registers mentioned in the reference 
lists. Additionally, in 18 of  the 80 reviews (22.5%) the results from extended 
strategies were some what confusingly documented such that we were not sure 

chapter 2



33

whether the reviewer had or had not identified the trial in a prospective register. 
None of  the reviews explored the possible impact of  publication bias.

2

Table 2. Overview of  trial registers that were searched in 80 Cochrane reviews

Type of  register Number of  reviews (%)*

Search portals
MetaRegister of  Current Controlled Trials
WHO ICTRP Search Portal
International Federation of  Pharmaceutical Manufacturers 
& Associations (IFPMA)

Registers approved by the WHO or ICMJE
Clinicaltrials.gov
Australian New Zealand Clinical Trials Registry (ANZCTR) 
International Standard Randomised Controlled Trial 
Number Register (ISRCTN)

Netherlands Trial Register (NTR)
Chinese Clinical Trial Register (ChiCTR)
Japan Primary Registries Network

Non-approved registers

56 (70%)
53 (66.3%)
16 (20.0%)
0 (0%)

52 (65%)
48 (60.0%)
8 (10%)
4 (5%)

3 (3.8%)
2 (2.5%)
1 (1.3%)

44 (55%)

* Most review authors searched in more than one register. Therefore, the summation of  percentages exceeds 100%.

Identification of additional trials in prospective trial registers for Cochrane systematic 
reviews

Table 3. Overview of  combinations of  trial registers/search portals that were searched in 80 Cochrane reviews

Combination of  usage Number of  reviews (%)

Portal only
Portal and approved register
Portal and non-approved register
Approved register only
Approved register and non-approved register
Non-approved register only
Combination of  all (portal, approved register and unapproved 
register)

Search strategy assessed overlapping portal and register

12 (15%)
13 (16.3%)
11 (13.7%)
11 (13.7%)
8 (10.0%)
5 (6.2%)
20 (25.0%)

44 (55%)

Discussion

This study indicates that the majority of  Cochrane authors tried to identify 
additional trials through extended search strategies. In 38.1% of  the reviews 
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this extended search involves consulting any prospective trial registers. This 
number is a good start but should be improved in the coming years. The 
emphasis of  the use of  prospective trial registers is now on the identification 
of  ongoing studies, but this could be much more extensive, for example to 
compare the outcomes of  the protocol to the outcomes in the publication. 

The proportion of  authors that had searched in prospective trial registers 
to identify additional trials is promising since trial registration and its possibility 
to minimize bias in systematic reviews has only received major attention 
since 2005. In this year the ICMJE required trials to be registered in publicly 
accessible databases. However, compared to other strategies, like contacting 
experts or checking the reference lists of  eligible trials, this source seems to 
be underused and there still seems to be room for improvement. First, search 
portals can be seen as the most efficient way to identify trials as these searches 
in multiple registers at once. In our evaluation we found that most authors 
searched the MetaRegister of  Current Controlled Trials although the WHO 
ICTRP Search Portal has more underlying registers it was only consulted by 
20% of  the review authors.  Furthermore, we found that many authors consult 
Clinicaltrials.gov, which is also accessible through both the WHO ICTRP 
Search Portal and the MetaRegister. The popularity of  the MetaRegister and 
Clinicaltrials.gov may be the consequence of  the guidance of  the Cochrane 
Handbook of  2006 which emphasized on consulting this portal and register 
(18). Currently, many more registers are mentioned in the Handbook, but 
clear guidance on which search methods are most efficient is still lacking (19). 
Second, in 55% of  the searches in prospective registers, redundant work was 
performed by searching a portal and a register that is already incorporated by 
the portal. This could be the result of  a lack of  knowledge amongst review 
authors but it could also be an indication that authors have doubts about 
the sensitivity of  a search in a search portal. Especially in more extensive 
and complex search strategies a search in a portal could miss studies from 
underlying registers and the reverse (20). Moreover, some search portals update 
the registered trials only weekly or monthly (21). To ensure completeness of  the 
search review authors might have decided to search all sources and ignore their 
overlap. Future improvement of  the search options and more frequent updating 
of  the various registers could make the search portals more efficient. Finally, 
approved registers were used in 52 reviews, whereof  only three non-western 
registers (not American, Australian or European). Authors should actively try 
to search in all registers to prevent a geographical skewed distribution of  trials. 
The WHO ICTRP Search Portal is helpful for this purpose as it searches in 
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western and non-western registers.
The main motive for searching in prospective trial registers was to identify 

ongoing trials. This is not surprising because the Cochrane Handbook for 
Systematic Reviews of  Interventions recommends consulting prospective 
registers for the identification of  ongoing trials (22). However, some authors 
seem to work ahead of  guidance and had broader purposes like identification 
of  unpublished trials or unpublished outcomes, which enable controlling for 
or assessing publication bias, or selective outcome reporting bias. This strong 
feature of  trial registers seems to be used only occasionally and deserves more 
emphasis and guidance. In addition to this subject, prospective trial registers 
can also be consulted to compare the primary outcomes as stated in the register 
to the actual published primary outcomes (23). However, this strong feature of  
trial registers seems to be used only occasionally and deserves more emphasis 
and guidance. On the other hand, to improve this feature, the quality of  trial 
data provided in trial registers has deficiencies and needs to be improved (24). 
The approved registers are most appropriate to compare the outcomes as they 
fulfill strict criteria on reporting. The approved registers can easily be assessed 
using the WHO ICTRP Search Portal that incorporates all approved registers. 

Searching in prospective trial registers seems to be worthwhile. In 35 
reviews (43.8%), at least one or more trials had been identified in a trial register 
as potentially eligible for the review. Most of  those were included in the 
ongoing trials section. This may alert readers and enable them to track down 
such trials and update the results of  the reviews for their own purposes. This 
also applies to trials identified in trial registers that were listed in the excluded 
studies section. Those trials might still be important for the reader if  their study 
question differs from the study questions of  the review. Therefore, searching 
prospective trial registers can help to identify relevant outcomes or trials for the 
reviews and contribute to the completeness of  the evidence and quality of  the 
review. 

Our study has some limitations. First, we studied a cohort of  Cochrane 
reviews which apply uniform methods and include detailed reports of  
the results. We assume that our results do not apply to non-Cochrane 
reviews. Secondly, although Cochrane authors follow strict methodological 
and reporting criteria, it could be that not all our items of  interest were 
transparently reported in the review. For example, according to our data, 
checking the reference list occurred in 83% of  the reviews. This seems low 
for Cochrane reviews where it is standard methodology. This implies that 
also other items, for example the use of  prospective trial registers, could 

Identification of additional trials in prospective trial registers for Cochrane systematic 
reviews

2



36

have been not transparently reported, thereby underestimating the results. 
Incomplete reporting can also apply for the reported motives. Finally the 
yield from searches in prospective trial registers was poorly and inconsistent 
documented in almost a quarter (22.5%) of  the reviews that had consulted 
prospective registers or search portals. Therefore, the yield of  trials retrieved 
from prospective trial registers in Cochrane reviews is possibly underestimated. 
Third, it would be very interesting to measure the effect of  the inclusion 
of  trials from prospective trial registers on the results of  the review but 
unfortunately we had too low power (n=4) to perform sensible analysis (25;26). 
Future research should try to measure this effect. 

Our study indicates that many Cochrane authors did search in prospective 
trial registers, which has led to the identification of  relevant trials for the 
review. However, there seems to be room for improvement. More reviewers 
should search prospective trial registers and search more efficiently utilizing 
the full potential of  prospective registers instead of  focusing on identification 
of  ongoing trials. The Cochrane Collaboration should promote the use of  
prospective trial registers more intensively and give more guidance to authors 
to increase the frequency of  using prospective registers. This especially applies 
to the usefulness of  trial registers beyond the identification of  ongoing trials 
and to the efficiency to search the WHO ICTRP Search Portal that includes 
all approved national or regional registers. Coordinators of  prospective trial 
registers and search portals could help authors and trials search coordinators 
of  Cochrane Review Groups to make their search portals more user-friendly. 
These measures may ensure more frequent and efficient use of  current search 
portals and prospective trial registers using all its potential with the ultimate 
goal restricting biased trial results and thereby improving evidence-based 
decisions in healthcare. 
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ABSTRACT

Background To investigate how the summary estimates in diagnostic test 
accuracy (DTA) systematic reviews are affected when searches are limited 
to MEDLINE.

Methods A systematic search was performed to identify DTA 
reviews that had conducted exhaustive searches and included a 
meta-analysis. Primary studies included in selected reviews were 
assessed to determine whether they were indexed on MEDLINE. The 
effect of  omitting non-MEDLINE studies from meta-analyses was 
investigated by calculating the summary ratio of  DORs (RDORs): DOR 
MEDLINE-only/DOR all studies. We also calculated the summary 
difference in sensitivity and specificity between all studies and only 
MEDLINE-indexed studies.

Results Ten reviews contributing 15 meta-analyses met inclusion criteria 
for quantitative analysis. The RDOR comparing MEDLINE only studies 
to all studies was 1.04 (95% CI 0.95 to 1.15). Summary estimates of  
sensitivity and specificity remained almost unchanged (difference in 
sensitivity -0.08%; 95% CI -1% to 1%; difference in specificity: -0.1%; 
95% CI -0.8% to 1%). 

Discussion/Conclusion Restricting to studies indexed on MEDLINE did 
not influence the summary estimates of  the meta-analyses in our sample. 
In certain circumstances, for instance when resources are limited, it may 
be appropriate to restrict searches to MEDLINE. However, the impact on 
individual reviews cannot be predicted.  
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What is new?

Key findings
•	 Less than half  of  the DTA systematic reviews (43%) included stud		

ies that are not endexed in MEDLINE.
•	 Omitting non-MEDLINE studies from the meta-analysis did not 		

significantly hamper the diagnostic odds ratio, sentivity or specificity.

What this adds to what was known
•	 This is the first meta-epidemiological evidence on the impact of  search 

strategies for DTA systematic reviews.

What is the implication, what should change now
•	 Empirical evidence indicates that searching in databases beyond 

MEDLINE for a DTA systematic review may no longer be regarded an 
absolute neccessity tot produce valid outcomes.

Introduction

Systematic reviews of  diagnostic test accuracy (DTA) studies are important to 
inform evidence based use of  diagnostic tests in clinical practice. A compre-
hensive search across multiple databases combined with screening the search 
results to identify studies for inclusion in the review is a key part of  any sys-
tematic review.(1;2) This process can be time consuming and costly, especially 
for DTA reviews which often involve screening several thousand references. 
Methods for efficient searching are therefore needed without introducing bias 
by missing relevant studies. 

There are many electronic bibliographic databases that can be used to 
identify biomedical studies.(3) Most reviewers only search a small subset of  the 
available databases, even in a comprehensive search. The best-known databases 
include MEDLINE and EMBASE. As from January 2010, MEDLINE records 
are included in EMBASE, while some EMBASE records are not covered 
by MEDLINE. EMBASE, covers other journals especially drug therapy 
journals, more European journals, and more non-English journals compared 
to MEDLINE.(4) Regional databases like PASCAL and LILACS or specialized 
databases like PsychINFO may include studies additional to EMBASE and 
MEDLINE. Thus if  one of  these databases is not searched when conducting a 
systematic review there is a risk that some relevant studies will be missed. 

When time or financial resources are limited, simplifying the searches 
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can be a practical solution. However, this may compromise the quality of  the 
review by missing relevant studies. Much research has been done to develop 
search filters to enhance the precision of  the search, defined as the number 
of  relevant records identified by a search divided by the number of  records 
identified. Therefore the number needed to read (NNR), defined as the number 
of  records needed to read to find one relevant additional paper, can be reduced.
(5;6) However, empirical evidence has found that even the most sensitive 
methodological filters for searching for DTA studies miss relevant studies.(7;8)

Reducing the number of  databases to be searched could reduce the amount 
of  work involved in searching and also the NNR for screening search results 
and so be time- and cost effective. In particular, costs will be reduced if  
only MEDLINE is searched as this database is freely accessible through the 
PubMed interface. Empirical research has shown that excluding EMBASE 
when searching for randomized controlled trials (RCTs) will affect the results 
of  intervention reviews. This is the consequence of  a systematic difference 
between the two databases for RCTs. Trials that are indexed on MEDLINE 
on average find larger effects and have more significant results compared to 
studies indexed on EMBASE. Searching exclusively in MEDLINE may lead 
to an overestimation of  the magnitude of  treatment effects, which could 
affect patient management.(9) While the publication process of  trials is often 
dependent on identification of  a significant effect, there is no such effect in 
diagnostic studies as the main outcomes are accuracy measures such as the 
diagnostic odds ratio (DOR), sensitivity and specificity. Due to the nature of  
these outcomes it is not obvious to specify a hypothesis and test for it. Other 
factors may influence the publication process, but it is not clear whether these 
factors are associated with particular databases.

A previous review has shown that failure to search multiple databases 
to identify studies for inclusion in DTA reviews misses relevant studies.(2) 
However, this review did not investigate the impact of  these missing studies 
on the results of  the review. Restricting a review to studies indexed on a single 
database, for example MEDLINE, is only problematic if  this leads to biased 
results. We would assume that reviews based exclusively on studies indexed 
on MEDLINE could have biased results if  the results of  those studies differ 
systematically from relevant studies indexed on other databases. We therefore 
aimed to assess whether restriction of  databases influences the estimation of  
measures of  accuracy in DTA reviews.
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Methods

Identification of  reviews
MEDLINE was searched through the PubMed interface to identify DTA 
reviews published between January 2006 and January 2011. The methodologi-
cal filter of  Devillé (10) was applied to identify reviews covering diagnostic test 
accuracy combined with the review filter that is available in PubMed to iden-
tify systematic reviews. Search results were limited to 622 journals that had an 
impact factor ≥4 in 2010 (11) and were accessible through the medical library 
of  the University of  Amsterdam. The complete search strategy can be found 
in Appendix 1. In addition, the Cochrane Database of  Systematic Reviews 
(CDSR) was searched in March 2011 for all DTA reviews. The literature search 
and the presentation of  the review was structured according to the PRISMA 
guidelines.(12)

Inclusion criteria
We included reviews in which the authors evaluated the diagnostic accuracy of  
one or more tests against a reference standard and reported measure of  accu-
racy: the Diagnostic Odds Ratio (DOR), sensitivity and specificity. We only in-
cluded DTA reviews that had conducted a meta-analysis and that had searched 
MEDLINE and at least one other biomedical database. We excluded narrative 
reviews, genomic reviews, animal reviews, reviews that had applied a language 
or quality restriction, reviews that had assessed the analytical validity of  tests 
and reviews that only evaluated other measures of  diagnostic performance such 
as reproducibility and reliability. Two reviewers independently assessed titles 
and abstracts of  the references identified by the electronic search for relevance. 
Inclusion screening of  full text articles was conducted independently by two 
reviewers. A third reviewer was consulted in case of  disagreement. Only meta-
analyses that included both studies indexed on MEDLINE and studies not 
indexed on MEDLINE were included for further analysis.

Data extraction 
Descriptive characteristics (author, publication year, test under evaluation, and 
purpose of  the test) and full references for each included primary study were 
extracted from each review. Data to populate two-by-two tables (the number of  
true positives, false positives, false negatives, and true negatives) were extracted 
for all individual studies of  all included meta-analyses. We contacted the authors 
of  reviews when two-by-two tables were not reported in the review. In case 
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of  no response we sent two reminders requesting the missing data. When no 
reply was received from the authors we extracted data from the primary studies 
ourselves. 

Comprehensiveness of  the searches
We aimed to assess whether the comprehensiveness of  the search was as-
sociated with finding studies not indexed on MEDLINE.(2) We assessed the 
comprehensiveness of  the search according to the AMSTAR checklist.(13) AM-
STAR, a measurement tool to assess the methodological quality of  a systematic 
review, has several items that determine the comprehensiveness of  a search for 
a systematic review: 1. at least two electronic sources should been searched, 
2. the years and names of  databases should be reported, 3. key words and/or 
MeSH or EMTREE index terms should be provided, and 4. extra effort should 
be made to identify extra studies. Each of  these items was scored individually, 
although in AMSTAR all are scored as a single item (item 3). We also added two 
extra items that we believe contribute to the comprehensiveness of  a search: 5. 
whether the search was performed without using a search filter for DTA studies 
as we know that can lead to missing studies (8;14) and 6. whether the full search 
strategy was available. Each item could be scored with 1 when the item was 
fulfilled or with 0 when the item was not fulfilled or unclear. Altogether, each 
search could thus score between 0 and 6.

Data analysis
We assessed which of  the primary studies included in each review were indexed 
on MEDLINE by means of  a known item search. A known-item search implies 
a user who is looking for one particular study; in our case the study included 
in the review for which we had the full reference extracted from the review.(9) 
References that could be identified in MEDLINE were labeled as ‘in MED-
LINE’ (iM) and those that were not as ‘Not in MEDLINE’ (NiM).

We selected the primary meta-analysis from each systematic review 
which we defined as the (sub)set of  clinically relevant studies on which the 
conclusions of  the review were based. The selection process was double 
checked by a second reviewer for a subset of  reviews (20%) and those 
considered most complicated to classify (AF, PW). For reviews that assessed 
more than one index test we selected all meta-analyses that contributed to the 
conclusion. 

First, the impact of  not including NiM studies was measured quantitatively 
by redoing the meta-analyses and calculating the DOR, sensitivity and 
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specificity: once with all studies and once without NiM studies. Analyses 
were performed using the bivariate random effects model (15) in Stata 
version 10.0.(16) The DOR, sensitivity and specificity were calculated with 
corresponding 95% confidence intervals (CIs). Per meta-analysis we quantified 
the effect of  excluding NiM studies by estimating the summary relative 
diagnostic odds ratio (RDOR): DORiM / DORiM+NiM. We also calculated 
the asymptotic variance of  the RDOR. The log(RDORs) were then pooled 
by the use of  a random effects generic inverse variance model to estimate the 
average effect of  restricting analyses to NiM studies. Similarly to the RDOR, 
the summary of  the difference in sensitivity and specificity between iM and 
NiM were estimated. The statistical methods are explained further in Appendix 
1. 

We used a sensitivity analysis to assess the impact of  leaving out NiM 
studies for the meta-analyses with largest proportion of  NiM studies (NiM/
(iM+NiM to maximise the likelihood of  finding an effect of  missing studies by 
a search limited to MEDLINE).

We assessed if  there was an association between the comprehensiveness of  
the search and finding all studies in MEDLINE. The comprehensiveness of  the 
search was summarized by calculating a score for the search characteristics (1 
point for each item fulfilled). This score (range 0 to 6) was used as a continuous 
independent variable in a logistic regression 

Results

The searches identified 615 hits of  which 116 were considered potentially rel-
evant and were assessed for inclusion based on full text papers. We identified 42 
reviews but in 24 (57%) of  these, including two Cochrane reviews, all included 
primary studies were indexed on MEDLINE and so these were not investigated 
further. The 18 reviews with contrast presented 52 meta-analyses, 39 meta-
analyses were considered as primary meta-analyses as they contributed to the 
conclusions of  the reviews. Eight reviews including 18 primary meta-analyses 
were excluded because of  the characteristics of  the primary meta-analyses (all 
studies included in the primary meta-analyses were indexed on MEDLINE, lack 
of  specification of  which primary studies were included in the meta-analyses, 
or lack of  information to populate the two-by-two tables). The final ten reviews 
included 18 meta-analyses of  which three did not have contrast, leaving 15 
meta-analyses for inclusion. The selection process is presented graphically in 
Figure 1, and the basic characteristics of  the included reviews are presented in 
Table 1. 
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Figure 1. Flow chart of  selection process of  systematic reviews and their primary meta-analyses

Records identified through 
MEDLINE and CDSR

N=615

Ineligible articles excluded after screening titles & abstracts
N=499

Potentially eligible reviews
N=116

Excluded reviews after considering full text
N=74

No test accuracy (N=28) 
Considered one literature database (N =12)

No search date (N= 7) 
Selection on language or quality (N= 27)

Excluded reviews because of the characteristics of the MAs
N=8 18 MAs

All primary studies in MA indexed on MEDLINE (N=4) 7 MAs
Lack of specification of the MA (N=1) 4 MAs

Primary studies not available for data -extraction (N =1) 1 MA
Combination of reasons (N=2) 6 MAs

Included reviews assessed 
for characteristics of the MAs

N=10 (21 MAs )

Reviews assessed for 
characteristics of the MA
N=18 (39 primary MAs)

Excluded reviews after assessing the primary studies
N=24

All primary studies in the review were indexed on MEDLINE 
N=24

Reviews assessed for 
primary studies 

N=42

Excluded MAs
N=6

All primary studies in the MA indexed on MEDLINE (4 MAs )

 Lack of specification of the MA (2 MAs )

Included reviews for 
quantitative syntheses

N=10 ( included MAs 15)



49

T
ab

le
 1

. C
ha

ra
cte

ris
tic

s o
f 

in
clu

de
d 

sy
ste

m
at

ic 
re

vie
ws

 (n
=

10
) a

nd
 m

eta
-a

na
lys

es 
(n

=
15

)

R
ev

ie
w

 a
ut

ho
r 

(p
ub

lic
at

io
n 

ye
ar

)
D

ia
gn

os
ti

c 
te

st

C
no

ss
en

 (
20

08
) 

(1
7)

D
ie

l (
20

10
) 

(1
8)

H
aa

se
 (

20
09

) 
(1

9)

L
ee

fla
ng

 (
20

09
) 

(2
0)

M
ed

ei
ro

s 
(2

00
8)

 
(2

1)
M

it
ch

el
l (

20
08

) 
(2

2)

M
us

so
 (

20
10

) 
(2

3)

St
ei

n 
(2

00
9)

 (
24

)
W

an
g 

(2
01

1)
 (

25
)

W
hi

ti
ng

 (
20

10
) 

(2
6)

T
ot

al

A
ll 

ut
er

in
e 

ar
te

ry
 D

op
pl

er
 in

di
ce

s

In
te

rf
er

on
- y

 re
le

as
e 

as
sa

ys
N

eu
tr

op
hi

l G
el

at
in

as
e-

A
ss

oc
ia

te
d 

Li
po

ca
lin

 
Se

ru
m

 g
al

ac
to

m
an

na
n 

E
LI

SA

D
yn

am
ic

 c
on

tr
as

t-
en

ha
nc

ed
 b

re
as

t 
m

ag
ne

tic
 re

so
na

nc
e 

O
ne

 o
r t

w
o 

si
m

pl
e 

ve
rb

al
 q

ue
st

io
ns

E
LI

SA
 (C

yt
ok

er
at

in
-1

8)
, N

A
FL

D
 

fib
ro

si
s 

sc
or

e 
an

d 
Fi

br
os

ca
n

Pe
lv

ic
 u

ltr
as

on
og

ra
ph

y
M

yo
ca

rd
ia

l p
er

fu
si

on
 s

ci
nt

ig
ra

ph
y 

an
d 

do
bu

ta
m

in
e 

st
re

ss
 e

ch
oc

ar
di

og
-

ra
ph

y
A

nt
i–

C
itr

ul
lin

at
ed

 P
ep

tid
e 

A
nt

ib
od

ie
s

-

N
=

nu
m

be
r; 

M
A

=
m

eta
-a

na
lys

is;
 N

iM
 =

 n
ot

 in
 M

ed
lin

e; 
†d

at
a 

lim
ite

d 
to

 d
ise

as
ed

 p
ar

tic
ip

an
ts;

 *
 m

eta
-a

na
lys

is 
on

ly 
in

clu
de

d 
to

 st
ud

y t
he

 ro
bu

stn
ess

 o
f 

th
e r

esu
lts

 in
 a

 se
ns

iti
vit

y a
na

lys
is

D
ia

gn
os

ti
c 

te
st

Pr
e-

ec
pl

am
si

a 
an

d 
in

tr
au

te
rin

e 
gr

ow
th

 re
st

ric
tio

n
A

ct
iv

e 
tu

be
rc

ul
os

is
A

cu
te

 k
id

ne
y 

in
ju

ry

In
va

siv
e 

as
pe

rg
ill

os
is

 (I
A

)

B
re

as
t l

es
io

n 
an

d 
ca

nc
er

D
ep

re
ss

io
n 

in
 c

an
ce

r s
et

tin
gs

N
on

 a
lc

oh
ol

ic
 fa

tty
 li

ve
r 

di
se

as
e

E
ct

op
ic

 p
re

gn
an

cy
C

or
on

ar
y 

ar
te

ry
 d

is
ea

se

R
he

um
at

oi
d 

A
rt

hr
iti

s

-

Se
ar

ch
 

sc
or

e
(1

 to
 5

)

5 1 2 5 3 3 1 2 5 3 -

St
ud

ie
s 

in
 

th
e 

re
vi

ew
N

 (
%

 N
iM

)

13
2 

(1
0%

)

12
4 

(0
.8

%
)

19
 (2

1%
)

42
 (7

%
)

69
 (3

%
)

10
 (1

0%
)

32
 (2

5%
)

10
 (1

0%
)

17
 (6

%
)

15
1 

(1
7%

)

48
2 

(1
1%

)

In
cl

ud
ed

 
M

A
 

N 1 1 1 1 1 3 3 1 1 2 15

St
ud

ie
s 

in
 

M
A

 
N

 (
%

N
iM

)

17
 (1

8%
)

19
 (1

1%
)†

19
 (2

1%
)

18
 (1

1%
)

69
 (1

%
)

9 
(1

1%
)

5 
(2

0%
)

3 
(3

3%
)

11
 (2

7%
)

9 
(2

2%
)

6 
(1

7%
)

10
 (1

0%
)

7 
(1

4%
)

15
 (7

%
)

13
8 

(1
5%

)*

35
5 

(1
6%

)

3

Medline studies are sufficient for meta-analyses of Diagnostic Test Accuracy



50

The mean percentage of  NiM studies in the included meta-analyses was 16% 
(range 1.0 to 33%). The RDORs comparing the DOR for iM studies with the 
DOR of  all studies ranged from 0.77 to 1.23 with a pooled RDOR of  1.04 
(95% CI 0.94 to 1.15) suggesting that restricting searches to MEDLINE may 
slightly overestimate the results compared to searching a broader range of  data-
bases (Figure 2). However, the point estimate is very close to 1 and not signifi-
cant. None of  the individual meta-analyses were significantly affected by leaving 
out NiM studies. There were no statistically significant differences between the 
sensitivity and specificity of  iM studies and all studies (difference in sensitivity 
-0.08%; 95% CI -1% to 1% range between 
-5.8% to 4.8% and difference in specificity: -0.1%; 95% CI -0.8% to 1% range 
between -2.2% and 2.3%) (Figure 3 and 4). Heterogeneity was minimal for all 
meta-analyses.

Figure 2. Forest plot for the relative Diagnostic Odds Ratio (RDOR) indicating the difference between including only 
MEDLINE studies in the primary meta-analysis versus including all studies (NB. For some reviews multiple meta-analyses 
were included as they considered different tests).

The meta-analyses selected as the primary meta-analyses were also those with 
the largest contrasts in NiM/(iM+NiM) with the exception of  one review. For 
this one review a greater number of  studies would have been missed by a dif-
ferent meta-analysis (NiM 7% primary meta-analyses versus NiM 15% for other 
meta-analysis). A sensitivity analysis showed that including this meta-analysis 
would not have led to different conclusions (RDOR of  1.07; 95% CI 0.98 to 
1.17). 
There was a non-significant association between the comprehensiveness of  the 
search and finding all studies in MEDLINE (OR 0.82 (95% CI 0.53 – 1.26)). 
A score below 1 indicates that a higher search score is associated with reducing 
the odds of  finding all studies in MEDLINE.

chapter 3
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3Figure 3. Forest plot for the relative sensitivity indicating the difference between including only MEDLINE studies in the 
primary meta-analysis versus including all studies (NB. For some reviews multiple meta-analyses were included as they considered 
different tests).

Figure 4. Forest plot for the relative specificity indicating the difference between including only MEDLINE studies in the 
primary meta-analysis versus including all studies (NB. For some reviews multiple meta-analyses were included as they considered 
different tests).

Discussion

Our results suggest that restricting searches to MEDLINE would only have 
had a negligible, non-significant impact on the summary estimates of  the 
meta-analyses included in our study. In addition, for the majority of  the reviews 
(57%) assessed in our meta-epidemiological study, all of  the included studies 
were indexed on MEDLINE although the review authors had searched at least 
one other database. These reviews would not have been impacted at all had the 
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search been restricted to MEDLINE. 
Our results differ from evidence found for intervention reviews. For 

intervention reviews it has been shown that studies that are uniquely indexed 
on EMBASE on average yield 27% lower effect estimates than studies from 
other databases.(9) These, and similar results from other studies (27;28), are 
the founding to dismiss reviews that have searched in only one electronic 
database as low quality.(13) Our study indicates that the summary estimates 
of  the meta-analyses in DTA reviews that searched only MEDLINE are 
not significantly affected. Consequently, DTA reviews may therefore not 
automatically be dismissed as ‘low quality’ if  they have searched only one 
electronic database. 

Although our results indicate that limiting the search to MEDLINE 
studies did not alter the summary estimates of  the reviews, there are other 
consequences of  a more restrictive search that should be considered. Missing 
relevant studies that could potentially have been included in the review will 
decrease the power of  the meta-analysis and make the confidence intervals 
around summary measures of  accuracy wider. This will potentially lower 
the confidence in the results of  the meta-analysis. Heterogeneity is a feature 
of  almost all DTA reviews.(29) Investigation of  heterogeneity is important 
to determine the most reliable estimate of  accuracy. Heterogeneity can be 
investigated using meta-regression or subgroup analysis but this requires 
sufficient power. Missing studies will therefore also decrease the potential to 
investigate heterogeneity. Second, different databases use different indexing 
systems and almost no search strategy has perfect sensitivity; even strategies 
designed to be very sensitive miss relevant studies.(14) Therefore, searching 
in multiple databases may increase the likelihood of  identifying studies also 
available in MEDLINE. 

This study has some limitations. The number of  meta-analyses that could 
be included in our analysis was small, also because most meta-analyses had no 
NiM studies and could therefore not add information to our analysis. A second 
reason was poor reporting of  studies, proving too few details to include the 
study for analysis. Poor reporting of  DTA studies is a common problem in 
DTA studies.(30) To prevent from this, we selected reviews with an impact 
factor of  ≥4 that have been shown to have higher quality of  reporting. Still, this 
seemed to be insufficient. Due to the small number of  included meta-analyses, 
we had low power for assessing the effect of  limiting the meta-analysis to iM 
studies. Moreover, the fact that we did not identify a significant difference 
for the summary estimates does not exclude that no difference does exist. In 
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addition, if  we had been able to estimate the difference between the various 
diagnostic parameters assessed in the NiM and iM separately, the contrast 
between these two subgroups might have been bigger, but unfortunately the 
number of  NiM studies was too low to perform a separate meta-analysis 
upon. Further, the low power of  our analysis and poor reporting of  reviews 
also limited our ability to investigate the relationship between the comprehen-
siveness of  the search and finding studies outside of  MEDLINE. It would 
have been more interesting to assess the specific features of  the searches 
individually to provide insight into which strategies are most likely to identify 
studies beyond MEDLINE but the analysis did not have sufficient power 
to do so. It would been preferable to have used a validated checklist for this 
purpose like the Canadian Agency for Drugs and Technologies in Health peer 
review checklist which is used by information specialists to peer review search 
strategies.(31) However, these tools require access to the full strategy, but these 
are very rarely published in a review. 
A known-item search was used to assess whether studies were indexed on 
MEDLINE. This type of  search distinguishes itself  from searches used in sys-
tematic reviews. As the name indicates, the study that is searched for is known 
in a known-item search, while for a systematic review explorative searches are 
used. Explorative searches depend on the indexing system of  the databases. 
Therefore it is possible that studies indexed on MEDLINE had not been found 
by the review authors when using an explorative search, although we have iden-
tified it using the known-item search.(2) Explorative searches in MEDLINE are 
likely to miss studies due to inadequate assignment of  MeSH terms.(27) Per-
forming the known-item search for this study therefore may have resulted in an 
overestimation of  the number of  iM studies. Access to the full search strategies 
would have enabled us to replicate the original searches and to determine which 
studies would be identified by searching MEDLINE but these full search strate-
gies are rarely reported. Due to this limitation we might have overestimated the 
number of  studies a reviewer will identify on MEDLINE but did not affect our 
result that accuracy results of  iM studies are not significantly different than ac-
curacy results in studies uniquely indexed on other electronic databases. 

Despite the fact that the results of  our study are based on a small sample of  
meta-analyses, our confidence in the results are strengthen by the fact that no 
individual included review had significant differences between the DOR based 
on all studies compared to the DOR based on the studies that were iM studies 
only. In addition, when the meta-analyses with the largest proportion of  NiM 
studies were included, the analyses with the greatest number of  missing studies, 
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still no significant difference was found. Another strength of  our study is that 
the inclusion of  reviews was restricted to those that had no inclusion limitations 
on language or quality. A selective inclusion of  primary studies for the reviews 
could otherwise have interfered with our results. Additionally, we investigated 
the association between the search characteristics of  the included reviews and 
finding all studies in MEDLINE; no association was found. A further strength 
is that the analyses to estimate the impact of  leaving out NiM studies were 
controlled for the dependency that exist for every meta-analysis with all studies 
included and the meta-analysis including the subset of  MEDLINE studies. 

Although this study has been undertaken to answer challenges with respect 
to searching for primary studies, it also gives insights into the underlying topic 
of  selective reporting. It is well known that publication and dissemination 
bias can influence the results of  a meta-analysis.(32) However, evidence for its 
existence and manifestation in the field of  diagnostic test accuracy is scarce.
(33;34) Our results did not identity a systematic difference in accuracy measures 
between studies indexed on MEDLINE and other database indexed studies, but 
this does not exclude that there is a systematic difference between MEDLINE 
and other databases. It would be worthwhile to investigate if  our results also 
apply for specific fields of  medical test accuracy research as the results of  this 
study may differ between fields.

Conclusion

Restricting the search to MEDLINE did not have a significant impact on the 
summary estimates of  the reviews included in our study. Missing relevant stud-
ies, however, may lower the precision of  the summary measures of  accuracy 
and the power of  the analyses to investigate heterogeneity. When financial re-
sources are low, restricting searches to MEDLINE does not seem to affect the 
summary estimates of  the review. However, the impact for individual reviews is 
still unpredictable.
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ABSTRACT

Background Drawing conclusions from systematic reviews of  test accuracy 
studies without considering the methodological quality (risk of  bias) of  
included studies may lead to unwarranted optimism about the value of  
the test(s) under study. We sought to identify to what extent the results of  
quality assessment of  included studies are incorporated in the conclusions 
of  diagnostic accuracy reviews.

Methods We searched MEDLINE and EMBASE for test accuracy reviews 
published between May and September 2012. We examined the abstracts 
and main texts of  these reviews to see whether and how the results of  
quality assessment were linked to the accuracy estimates when drawing 
conclusions.

Results We included 65 reviews of  which 53 contained a meta-analysis. 
Sixty articles (92%) had formally assessed the methodological quality of  
included studies, most often using the original QUADAS tool (n = 44, 
68%). Quality assessment was mentioned in 28 abstracts (43%); with a 
majority (n = 21) mentioning it in the methods section. In only 5 abstracts 
(8%) were results of  quality assessment incorporated in the conclusions. 
Thirteen reviews (20%) presented results of  quality assessment in the main 
text only, without further discussion. Forty-seven reviews (72%) discussed 
results of  quality assessment; the most frequent form was as limitations in 
assessing quality (n = 28). Only 6 reviews (9%) further linked the results 
of  quality assessment to their conclusions, 3 of  which did not conduct a 
meta-analysis due to limitations in the quality of  included studies. In the 
reviews with a meta-analysis, 19 (36%) incorporated quality in the analysis. 
Eight reported significant effects of  quality on the pooled estimates; in 
none of  them these effects were factored in the conclusions.

Discussion/Conclusion While almost all recent diagnostic accuracy reviews 
evaluate the quality of  included studies, very few consider results of  quality 
assessment when drawing conclusions. The practice of  reporting systematic 
reviews of  test accuracy should improve if  readers not only want to be 
informed about the limitations in the available evidence, but also on the 
associated implications for the performance of  the evaluated tests.
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Introduction

Systematic reviews of  diagnostic test accuracy form a fundamental part 
of  evidence-based practice (1;2). An essential part of  a systematic review 
is the evaluation of  the risk of  bias (3) also referred to as assessment of  
methodological quality (4). Limitations in the design and conduct of  the study 
may lead to overestimation of  the accuracy of  the test under study (5;6).  This 
is of  concern, because tests introduced in practice based on weak evidence may 
lead to misdiagnosis, improper management of  patients and, subsequently, poor 
health outcomes (7-9). Such limited evidence could also lead to unnecessary 
testing and avoidable health care costs (7). 

The Quality Assessment for Diagnostic Accuracy Studies tool (QUADAS) 
has been developed and introduced to evaluate the methodological quality of  
studies included in systematic reviews of  test accuracy (10). A revised version, 
QUADAS-2, was introduced in 2011. The revised instrument considers 
methodological quality in terms of  risk of  bias and concerns regarding the 
applicability of  findings to the research question. It does so in four key 
domains:  patient selection, index test, reference test, and patient flow (11). The 
QUADAS-2 tool is recommended by the U.K National Institute for Health 
and Clinical Excellence, the Cochrane Collaboration, and the U.S. Agency for 
Healthcare Research and Quality. 

The use of  QUADAS in test accuracy reviews to assess the methodological 
quality of  included primary studies is increasing. Willis and Quigley reported 
that 40% of  diagnostic reviews published between 2006 and 2008 used the 
QUADAS tool (12), while Dahabreh and colleagues reported that, in 2004, 
about 2% of  diagnostic reviews used QUADAS, while 44% did so in 2009 (13). 

Simply assessing quality without interpreting and using the results to draw 
conclusions is not sufficient in evidence synthesis. The results from quality 
assessment should be used to make inferences about the validity of  the results.

The challenge of  incorporating quality assessments of  the included studies 
into the overall findings of  a review is well known in intervention reviews. 
Moja and colleagues (14) reported that just about half  of  the 965 reviews they 
examined had incorporated the results of  quality assessment in their analysis 
and interpretation of  the results of  their studies. A similar study done almost 
10 years later by Hopewell and colleagues (15) reported that only 41% of  the 
200 reviews they examined incorporated the risk of  bias assessment into the 
interpretation of  their conclusions. The challenge of  incorporating results of  
quality assessment in the conclusions may also be present in diagnostic accuracy 
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reviews.
Readers, who usually have limited or basic knowledge of  the 

methodological process involved in diagnostic reviews, often focus exclusively 
on the conclusion sections of  a review when arriving at a judgment about a 
test’s performance (16). In this regard, drawing conclusions without considering 
the risk of  bias in included studies may lead to unwarranted optimism about 
the value of  the test(s) under study. We sought to identify to what extent – and, 
if  so, how – quality assessment is incorporated in the conclusions of  diagnostic 
accuracy reviews. 

Methods

This study was part of  a larger meta-epidemiological study to examine the 
methodology used in recent test accuracy reviews. Since diffusion of  methods 
takes time, we focused on recently published reviews. On 12th September 
2012, we identified a convenience sample of  test accuracy reviews indexed in 
the databases MEDLINE and EMBASE between 1st May and 11th September 
2012 using the search strategy available in Additional file 1. 

Eligible were reviews with a systematic search and methodology in 
appraising and summarising studies that evaluated a medical test against a 
reference standard. These reviews could present summary accuracy measures 
generated in a meta-analysis or present a range of  accuracy measures without 
a summary measure. We included reviews published in English and which 
evaluated human studies dealing with patient data (as opposed to specimen 
data). We excluded individual patient data reviews and reviews evaluating the 
accuracy of  prognostic tests in predicting future events. The methodology for 
evaluating quality in reviews of  prognostic tests is less well developed than that 
for diagnostic tests.

The data extraction form was pilot tested by performing double data 
extraction on a third of  the articles (by E.O., W.E., C.N., J.G., L.H., and M.L.). 
Discrepancies were discussed and unclear questions on the form were made 
more specific. Data extraction was then performed by one researcher (by E.O., 
W.E., C.N., and M.L.) using the standardized form and checked by another 
researcher (by E.O., W.E., C.N., and M.L.). Disagreements were resolved 
through discussion and when necessary by including a third reviewer (P.B.).

As conclusions are influenced largely by the methods used and the results 
produced in a review, we first examined every included review to check if  
methodological quality of  included studies had been assessed using the 
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recommended tool, QUADAS or QUADAS-2 (10;11), or any other tool that 
the authors specified as a system to assess risk of  bias. 

We examined the abstracts to check if  methodological quality was 
mentioned in any of  the sections (background, methods, results and 
conclusions). Abstracts are the most commonly read part of  articles and 
readers often rely on abstracts to give them a snapshot of  the content of  
reviews; where full texts cannot be accessed, judgments of  a test’s performance 
may be made on abstracts alone (17-19).

We examined the main body of  the review to check if  the methodological 
quality of  included studies was assessed, which tool had been used to assess 
quality, how results of  quality assessments were presented, if  the quality of  
studies had influenced the decision to perform a meta-analysis, if  and how an 
assessment of  quality was incorporated into the analysis, and if  and how the 
results of  quality assessment were discussed and eventually used in drawing 
conclusions about the test. 

We regarded quality as being incorporated into the conclusions of  the 
review when results of  quality assessment of  the included studies, or limitations 
surrounding quality assessment, were considered together with the accuracy 
estimates of  the diagnostic tests in drawing conclusions about the performance 
of  the test(s) under evaluation.  We distinguished between drawing conclusions 
about test performance and making recommendations for future research. 
Conclusions of  test performance are usually based solely on the results of  the 
review and could be used as guidance for clinical practice, whereas recommen-
dations for research are generally made after considering additional information 
not necessarily investigated in the review itself. 

Results

Search results 
The initial search identified 1,273 articles. We excluded 1,184 articles after 
screening titles and abstracts, and had to exclude 24 more articles after reading 
the full text. Sixty-five reviews were eventually included in this study on quality 
assessment. Of  these reviews, 53 contained a meta-analysis (see Figure 1).
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Figure 1. Legend: Flow Chart of  Study Inclusion

Characteristics of  included reviews
Details of  the study characteristics are outlined in Table 1. In summary, this 
sample of  65 reviews included one Cochrane review and 64 reviews published 
in other peer-reviewed journals. The median impact factor of  the journals in 
which the included reviews were published in was 3.1 [Interquartile range, 2.4 
to 4.1]. Of  all the tests evaluated in the included reviews, imaging tests formed 
the largest group (n=36, 55%). 

Instruments used to assess methodological quality
Of  the included reviews, 60 (92%) had formally assessed the methodological 
quality of  included studies. Most reviews had used QUADAS to assess the 
quality of  included studies (n=44) and most presented their results as tables of  
individual quality items (n=31). Details of  this assessment are outlined in Table 
1. 

Included reviews
N=65

Review with meta -analysis (N=53)
Review without meta -analysis (N=12)

Total hits
(PubMed , Ovid MEDLINE & Embase)

1 st May 2012 – 11 Sept 2012
N=1, 273

Potentially eligible abstracts
N=89

Excluded
N=1, 184

Ineligible titles (N=1,058 )
Conference abstracts (N=126)

Excluded after full text review
N=24

Not a DTA review (N=15)
Conference abstracts (N=8)
IPD meta - analyses (N=1)
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Table 1. Characteristics of  included reviews

Characteristic Number (%)  
N=65

Number of  primary studies in reviews, median [IQ range]
Journal Impact Factor, median [IQ range]
Type of  test evaluated

Publication

Quality assessment tools

Presentation of  quality results*

16 [10-24]
3.1 [2.4-4.1]

36 (55) 
17 (26) 
12 (18) 

1 (1) 
64 (99) 

5 (8)
44 (68) 
1 (1) 
3 (5) 
4 (6) 
1 (1)
6 (9)

1 (1)

31 (48) 
18 (28) 
12 (18) 
7 (11) 
5 (8) 

* One review could have one or more ways of  presenting results.

Imaging test
Laboratory test
Other

Cochrane library
Other peer reviewed journals

No quality assessment
QUADAS
QUADAS-2
STARD
Both QUADAS and STARD
Quality Assessment of  Reliability Studies
Other checklists of  quality criteria

Unclear

Table of  individual quality items
Summary score
Summary graph
Narrative explanation
Other

Incorporation of  assessments of  quality in the review

a. Abstract
Table 2 summarizes the approaches used to mention quality in the abstract of  
the review with examples. Quality assessment was only mentioned in 28 ab-
stracts (43%); a majority of  these referred to it in the methods section (n=21). 
Only 5 reviews (20-24) linked results of  quality assessment to accuracy esti-
mates in the conclusion of  the abstract. Three of  these had not performed a 
meta-analysis (21-23) due to the poor quality of  included studies. 

b. Main Text
Table 3 summarizes, with examples, the approaches used to incorporate qual-
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ity in the main text of  the review. The detailed breakdown of  how quality was 
incorporated in the analysis, discussion and eventually to the conclusions in the 
main text of  the review is presented below.

Table 2. Incorporation of  quality assessment in abstracts of  diagnostic reviews 

Approach

Quality mentioned in 
abstract 

Quality in methods
 

Quality in results 

Quality results 
considered in conclusion 

The quality of  the studies was assessed 
using the guidelines published by the 
QUADAS (quality assessment for studies 
of  diagnostic accuracy, maximum score 
14) (25). 

“The sensitivity analysis of  10 high 
quality studies (a score of  >=4) showed 
a pooled sensitivity of  94% and pooled 
specificity of  0.95” (26).

“The quality of  the included studies was 
poor to mediocre” (27).

œ“The observed high sensitivity of  the 
punch biopsy derived from all studies is 
probably the result of  verification bias” 
(24).

ß“The quality of  the studies investigating 
these tests is too low to provide a 
conclusive recommendation for the 
clinician” (23).

a Quality was mentioned in one or more sections in the abstract 
œ Example of  conclusion in a review with a meta-analysis
ß Example of  conclusion in a review without a meta-analysis

Overall 
quality of  
included 
studies

Number
N=65

Example

28 (43%) a

21 (32%)

12 (19%)

5 (8%)



69Incorporating quality assessments of primary studies in the conclusions of diagnostic 
accuracy reviews: a cross-sectional study

4

Table 3. Incorporation of  quality assessment in main text of  diagnostic reviews 

Approach

Quality mentioned in 
the main text 
Results of  quality 
assessment reported, no 
mention in discussion 
or conclusion
Results of  quality 
assessment reported 
and discussed, but 
quality not linked to 
conclusion

Results of  quality 
assessment reported 
and discussed, and 
conclusions regarding 
test accuracy linked 
to results of  quality 
assessment

Results of  quality 
assessment reported 
and discussed, and 
recommendations based 
on general unspecified 
quality items 

Results presented as table of  individual QUADAS items. 
No further discussion or interpretation of  results (28).

Assessed quality using criteria of  internal and external 
validity. Overall quality clearly not stated.

Discussion as limitation only: “Fourth, the variability 
in the quality of  the primary studies may introduce 
important limitations for the interpretation of  this review 
study”

Conclusion: “Based on the results of  this systematic 
review, F-18 FDG PET (PET/CT) was useful in ruling in 
extrahepatic metastases of  HCC and valuable for ruling 
out the recurrent HCC” (29).
œ “In conclusion, the observed high sensitivity and low 
specificity of  the colposcopy-directed punch biopsy for 
high grade CIN might be a result of  verification bias. The 
sensitivity looks high but is probably a spurious finding 
caused by the fact that most studies restricted excision 
mainly to women with a positive punch biopsy” (24).

ß “ There exists a wide range of  physical diagnostic tests 
for FAI and/or labral pathology and little information on 
the diagnostic accuracy and validity. The methodological 
quality of  the diagnostic accuracy studies is moderate to 
poor ” (23).
Assessed quality with Original QUADAS
Only included high quality studies based on a summary 
score (>9/14) “In conclusion, T2WI combined with DWI 
is superior to T2WI alone in the detection of  prostate 
cancer. High-quality prospective studies regarding the 
combination of  T2WI plus DWI in detecting prostate 
carcinoma still need to be conducted” (30).

b Quality was mentioned in one or more sections in the abstract 
œ Example of  conclusion in a review with a meta-analysis
ß Example of  conclusion in a review without a meta-analysis

Number
N=65

Example

60 (92%) b

13 (20%)

41 (63%)

6 (9%)

12 (18%)
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Incorporation in the analysis
Twelve of  the included reviews did not contain a meta-analysis. Four reviews 
(21-23;31) cited the poor quality of  the identified studies as a reason for not 
conducting a meta-analysis, three (21-23) of  which further factored the poor 
quality of  studies in their conclusion. Other reasons for not conducting a 
meta-analysis were heterogeneity in test executions or study populations (n=5) 
and not meeting inclusion criteria (n=1); 2 reviews did not give an explanation.

Among the reviews with a meta-analysis (n=53), nineteen (36%) 
incorporated quality in the analysis. Quality was incorporated in the analysis 
using meta-regression (n=6), sensitivity analysis (n=4), subgroup analysis (n=2), 
both meta-regression and subgroup analysis (n=2) or through unspecified 
methods, (n=5). Eight found significant effects of  quality on accuracy; in none 
of  them these effects were factored in the conclusions.

Incorporation in the discussion
Thirteen reviews (20%) only presented results of  quality assessment, without 
further discussion; most of  these (n=12) contained a meta-analysis. In total, 
47 reviews (72%) discussed the results of  quality assessment but only 6 (9%) 
further linked these results to their conclusions.
Ten reviews without a meta-analysis discussed their results but only four 
(20-23) linked these results to their conclusions. Quality was discussed as a 
study limitation (n=7), as a strength of  the review (n=2) and as potentially 
influencing the accuracy estimates (n=1).

For the reviews with a meta-analysis, the results of  the quality assessment 
were discussed 35 times in the discussion section, and twice in the results 
section. In the discussion section, quality was discussed as a study limitation 
(n=21), as a strength of  the study (n=7), as a summary of  results of  the 
analysis (n=11), and as potentially influencing the summary estimates of  the 
review (n=4). Eight studies discussed quality in more than one way. In the 
results section, quality was discussed as potentially influencing the summary 
estimates of  the review (n=1) and as strength of  the review (n=1). Twenty of  
the reviews that did not incorporate quality in their analysis (n=30) discussed 
their results of  quality assessment. They did so mostly as limitations in 
assessing the quality of  included studies (n=14, 70%). 

Incorporation in conclusions
In total, only six reviews (9%) incorporated the results of  quality assessment 
in their conclusions in the main text of  the review (20-24;32). Most of  which 
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(n=4) were reviews without a meta-analysis (20-23). Three reviews cited poor 
quality as a reason for not conducting a meta-analysis (21-23).

Of  these six reviews that incorporated quality in the conclusions, three were 
published in a journal with an impact factor above the median impact factor 
(3.1) of  the included reviews. In addition, two reviews were imaging studies and 
four reviews evaluated tests belonging to the category ‘other’.

For the reviews with a meta-analysis, one acknowledged the limitations in 
assessing the quality of  included studies (32), and one other considered the 
potential effect of  the quality item ‘verification bias’ on the test’s accuracy 
estimates (24). These reviews did not highlight the quality of  included studies 
(high or low quality) in the main text and had not performed any statistical 
analysis to investigate the effect of  quality differences on pooled estimates.

Of  these two reviews, one also incorporated results of  quality assessment 
in the conclusion in the abstract (24). The other review (32) encouraged authors 
in the conclusion of  the main text to be cautious when interpreting the results 
of  the review, because of  the methodological limitations, but did not highlight 
this limitation in the conclusion of  the abstract. An abstract that presents overly 
optimistic conclusions compared to the main text may lead to overinterpreta-
tion of  the test’s accuracy results (33).

Twelve reviews made recommendations about the test in the main text, 
based on general unspecified quality items not linked to the results of  quality 
assessment, and using phrases such as ‘high quality studies are needed’ or ‘large 
prospective studies are needed’. These were all reviews with a meta-analysis.

Discussion

In a sample of  65 recently published diagnostic accuracy reviews of  which 
53 contained a meta-analysis, we found that almost all (92%) had assessed 
the methodological quality of  included studies. Yet only 6 reviews (9%) 
considered results of  quality assessment when drawing conclusions about the 
test’s performance. Three of  these had decided not to perform a meta-analysis 
because of  limitations in quality of  the available evidence.

Whiting and colleagues (34) have previously reviewed existing quality 
assessment tools for diagnostic accuracy studies, two years after the 
introduction of  the original QUADAS tool. They examined to what extent 
quality had been assessed and incorporated in diagnostic systematic reviews. 
Just about half  of  the 114 systematic reviews examined had assessed the 
methodological quality of  included studies; 91 different quality assessment 
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tools were identified.  In contrast, only 5 different quality assessment tools 
could be identified in our study, with QUADAS being used in about 8 in 10 
reviews assessed. This reinforces the existing evidence on the rapid uptake of  
QUADAS (12,13). 

Whiting and colleagues observed that 11 reviews (10%) used study quality 
as a basis for recommendations for future research. Yet it was unclear if  these 
recommendations were based on the quality as documented in the reviews. Rec-
ommendations for future research can also be based on aspects not necessarily 
investigated in the review. Our study showed that twelve reviews made recom-
mendations about the test based on general unspecified quality items not linked 
to the results of  quality assessment, using rather general phrases, such as ‘high 
quality studies are needed’ or ‘large prospective studies are needed’. 

The specific reasons for not considering the assessments of  quality of  
included studies in the overall findings of  reviews are unclear. The absence of  
quality considerations could be partly explained by the parallel absence of  clear 
recommendations on how to do so: guidance on how to incorporate quality 
into the conclusions of  a review is scarce and vague. 

Key guidance papers on reporting and evaluating systematic reviews, such 
as the Cochrane handbook (3;4;35), the statements on preferred reporting items 
for systematic reviews and meta-analyses (PRISMA) (36), on the assessment of  
multiple systematic reviews (AMSTAR) (37), and on the grading of  recommen-
dations assessment, development and evaluation (GRADE) (38;39) recommend 
that the methodological quality of  included studies is discussed and factored 
into the overall findings of  the review, but all of  these fall more or less short on 
clearly explaining how to do so. 

For instance, the Cochrane handbook for reviews of  diagnostic accuracy 
studies (4;35) recommends that quality is assessed, included in the analysis, 
and used to generate recommendations for future research. It does not 
explicitly state how to discuss the results and incorporate the findings into 
the conclusions. The PRISMA guideline (36) is explicit in recommending that 
authors present the results of  the risk of  bias assessment and highlight, in the 
discussion section, any limitations encountered during risk of  bias assessment. 
About the conclusion section, the recommendation in PRISMA is more vague; 
it advises authors to ‘provide a general interpretation of  the results in the 
context of  other evidence, and implications for future research’. AMSTAR 
(37) is a scoring system for evaluating the quality of  a systematic review, rather 
than that of  the studies included in such a review. One item it recommends, as 
a measure of  the quality of  a review, is whether the review used the quality of  
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included studies in formulating conclusions (Item 8). GRADE (38;39) provides 
a framework for making evidence based recommendations by rating the quality 
of  the evidence and grading the strength of  recommendations. In this process 
risk of  bias assessment is a key component. The strength of  GRADE lies in 
providing guidance on how to make recommendations; it does not stipulate 
how risk of  bias assessment can be incorporated in evidence synthesis. 

Another aspect to be held responsible for the absence of  quality 
considerations in the conclusions of  systematic reviews may be the multi-
dimensional nature of  evaluations of  risk of  bias. Since there are multiple 
quality or risk of  bias items to consider, review authors may find it difficult 
to select the most important quality items to assess, analyse, discuss and draw 
conclusions from. Some authors use a summary score, a quantitative estimate 
of  quality items evaluated. However, the use of  such simple summary scores is 
discouraged because they fail to consider differences in importance of  quality 
items (40;41).  

Poor reporting of  relevant items in primary diagnostic accuracy studies, 
as stipulated by the Standards for Reporting of  Diagnostic Accuracy initiative 
(STARD) (7), limits the assessments of  quality of  these studies. Authors 
may find it challenging to draw conclusions about the quality of  the included 
studies and their impact on the test accuracy estimates when their assessments 
of  quality or risk of  bias are unclear. Many authors of  reviews in our study 
discussed the challenges in assessing the quality of  included studies as a review 
limitation.

Our study has one main limitation. Given that QUADAS-2 was recently 
introduced - just one year before the time of  our search - and that uptake of  
novel methods takes time, we did not expect to find many articles utilizing the 
new version. This limited our evaluation of  how results using QUADAS-2 are 
incorporated into the conclusions. Nonetheless, we anticipate that drawing 
conclusions from the multiple domains of  risk of  bias recommended by 
QUADAS-2 will still be challenging. 

Although most reviews in our study did not consider quality in drawing 
conclusions, the ones that did show that it is possible to consider the strength 
of  the evidence in making statements about a test’s performance based on 
a systematic review of  test accuracy studies. If  there is no quality evidence, 
one can refrain from meta-analysis, and make no firm statements about 
test performance. Alternatively, one can explicitly qualify the results from 
a meta-analysis of  poor quality studies as evidence with limited credibility. 
If  there are studies with and studies without deficiencies, one can limit the 
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analysis to high quality studies, and add explicit statements to that extent to 
the conclusions. If  there are studies with high risk of  bias and studies at low 
risk, one can explore the effects of  this variability on the summary estimates. 
If  there are systematic effects, one could and should factor this finding into 
the conclusions. The dominant practice seems the worst possible scenario: to 
evaluate the quality of  included studies without considering the findings from 
that exercise in drawing conclusions. 

Guidance is needed in assisting authors to incorporate results of  quality 
assessment in the conclusions. Such guidance should come from concerted 
actions of  methodologists. It could be presented in the form of  simple and 
practical online tutorials or tutorials published in scientific journals. Such 
tutorials could guide authors with examples on how to draw conclusions, 
especially in light of  challenges such as the multiple domains of  risk of  bias 
recommended by QUADAS-2, when quality of  included studies has no 
statistical effect on the pooled accuracy estimates, or when the risk of  bias 
assessment is hampered by poor reporting of  included studies, or when poor 
quality of  studies precludes a meta-analysis. 

Conclusion

We found it disturbing that quality of  the included evidence was evaluated in 
almost all diagnostic reviews, but that almost no authors had incorporated the 
results of  quality assessment in the conclusions of  their reviews. The practice 
of  reporting systematic reviews of  test accuracy should improve if  readers 
not only want to be informed about the limitations in the available evidence, 
but also on the associated implications for the performance of  the evaluated 
tests in clinical practice. Reviewers and readers of  test accuracy reviews need to 
check that the results or limitations of  quality assessment are incorporated in 
the abstract and conclusion of  the review. Simply relying on the review results, 
without considering the quality of  the underlying research, could lead to the 
uptake of  poorly performing tests in practice and, consequently, to suboptimal 
patient management. 
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ABSTRACT

Background Poor reporting of  diagnostic accuracy studies impedes 
an objective appraisal of  the clinical performance of  diagnostic tests. 
The Standards for Reporting of  Diagnostic Accuracy Studies (STARD) 
statement, first published in 2003, aims to improve the reporting quality of  
such studies.
The objective was to investigate to which extent published diagnostic 
accuracy studies adhere to the 25-item STARD checklist, whether the 
reporting quality has improved after STARD’s launch and whether there are 
any factors associated with adherence.

Methods We performed a systematic review and searched MEDLINE, 
EMBASE and the Methodology Register of  the Cochrane Library for 
studies that primarily aimed to examine the reporting quality of  articles on 
diagnostic accuracy studies in humans by evaluating adherence to STARD. 
Study selection was performed in duplicate; data were extracted by one 
author and verified by the second author.

Results We included 16 studies, analysing 1496 articles in total. Three 
studies investigated adherence in a general sample of  diagnostic accuracy 
studies; the others did so in a specific field of  research. The overall mean 
number of  items reported varied from 9.1 to 14.3 between 13 evaluations 
that evaluated all 25 STARD items. Six studies quantitatively compared 
post-STARD with pre-STARD articles. Combining these results in a 
random-effects meta-analysis revealed a modest but significant increase in 
adherence after STARD’s introduction (mean difference 1.41 items (95% 
CI 0.65 to 2.18)).

Discussion/Conclusion The reporting quality of  diagnostic accuracy studies 
was consistently moderate, at least through halfway the 2000s. Our results 
suggest a small improvement in the years after the introduction of  STARD. 
Adherence to STARD should be further promoted among researchers, 
editors and peer reviewers.
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Introduction

In 2003, the Standards for Reporting of  Diagnostic Accuracy Studies (STARD) 
statement was published in 13 biomedical journals (1;2). Diagnostic accuracy 
studies provide estimates of  a test’s ability to discriminate between patients 
with and without a predefined condition, by comparing the test results 
against a clinical reference standard. The STARD initiative was developed 
in response to accumulating evidence of  poor methodological quality and 
poor reporting among test accuracy studies in the prior years (3;4). The 
STARD checklist contains 25 items which invite authors and reviewers to 
verify that critical information about the study is included in the study report. 
In addition, a flowchart that specifies the number of  included and excluded 
patients and characterises the flow of  participants through the study is strongly 
recommended. Since its launch, the STARD checklist has been adopted by over 
200 biomedical journals (http://www.stard-statement.org/). 

Over the past 20 years, reporting guidelines have been developed and 
evaluated in many different fields of  research. Although a modest increase in 
reporting quality is sometimes noticed in the years following the introduction 
of  such guidelines (5;6), improvements in adherence tend to be slow (7). This 
makes it difficult to make statements about the impact of  such guidelines. For 
STARD, there has been some controversy around its effect (8). While one study 
noticed a small increase in reporting quality of  diagnostic accuracy studies 
shortly after the introduction of  STARD (9), another study could not confirm 
this (10). 

Systematic reviews can provide more precise and more generalizable 
estimates of  effect. A recently published systematic review evaluated adherence 
to several reporting guidelines in different fields of  research, but STARD was 
not among the evaluated guidelines (11). To fill this gap, we systematically 
reviewed all the studies that aimed to investigate diagnostic accuracy studies’ 
adherence to the STARD checklist in any research field. Our main objective 
was to find out how diagnostic accuracy studies adhere to (specific items on) 
the STARD checklist. Our research questions were: (1) How is the current (or 
rather, most recent) quality of  reporting of  diagnostic accuracy studies? (2) Has 
the quality of  reporting improved after the introduction of  STARD? (3) How 
do diagnostic accuracy studies score on specific items on the checklist? (4) Are 
there any factors associated with adherence to the checklist? 

5



84 chapter 5

Methods

Search and selection
The original protocol of  this study can be obtained from the corresponding 

author. We performed a systematic review and searched MEDLINE 
and EMBASE, which, to our knowledge, provide the best sources for 
methodological reviews. To make sure that all relevant data were captured, we 
also searched the Methodology Register of  the Cochrane Library, of  which 
the content is sourced from MEDLINE and additional manual searches. We 
included studies that primarily aimed to examine the quality of  reporting of  
articles of  diagnostic accuracy studies in humans in any field of  research, by 
evaluating their adherence to the STARD statement. Details on the search 
strategies are provided in Web only file 1. The final search was performed on 
13 August 2013. The searches were performed without any restrictions for 
language, year of  publication or study type. We excluded systematic reviews on 
the accuracy of  a single test that had used the STARD checklist to score the 
quality of  reporting in the included articles, as well as studies that investigated 
the influence of  reporting quality on pooled estimates of  test accuracy results. 
Such articles would be on a too specific topic to be able to make statements on 
the reporting quality of  diagnostic accuracy studies in general. Studies focusing 
on reports about analytical rather than clinical performance were also excluded. 
Although the design of  these two types of  studies show many similarities, 
STARD was not designed for studies on analytical test performance and 
several items on the lists do not apply in this setting. We also excluded studies 
that evaluated less than 10 STARD items and studies that had not presented 
their results quantitatively (as a mean number of  reported items or a score per 
individual item) because this would make an objective comparison between 
studies impossible.

Two authors (DK and WvE) independently screened the titles and abstracts 
of  the search results to identify potentially eligible studies. If  at least one author 
identified an abstract as potentially eligible, the full text of  the article was 
assessed by both authors. Disagreements were resolved through discussion, 
whenever possible. If  agreement could not be reached, the case was discussed 
with a third author (LH). One author (DK) also reviewed reference lists of  
included studies for additional relevant papers.

Data collection
An extraction form was created before the literature search was performed, 
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and piloted on three known eligible studies. After the pilot, the form was 
slightly modified. One author (DK) extracted relevant data from the included 
studies, which were verified by the second author (WvE). Disagreements were 
resolved through discussion. If  necessary, a third author (LH) made the final 
decision. 

Of  each included article, the first author, country, year of  publication and 
journal were extracted. We also identified the inclusion and exclusion criteria, 
research field, primary aims, the number of  studies included, which STARD 
items were evaluated and how they had been scored. In addition, we retrieved 
(descriptive) statistics regarding overall and item-specific STARD adherence, 
and adherence comparisons between articles published post-STARD versus 
those published pre-STARD. Any additional study characteristics mentioned 
to be associated with STARD adherence were extracted. We also extracted any 
statistics on inter-rater agreement in evaluating STARD items, and conclusions, 
interpretation and recommendations of  the authors. 

We assessed the quality of  included studies by using the 11-item AMSTAR 
(Assessment of  Multiple Systematic Reviews) tool (12). As several items on this 
list do not apply to the studies included in our review, we omitted four items 
and only assessed item 1 (was an ‘a priori’ design provided?), item 2 (was there 
duplicate study selection and data extraction?), item 3 (was a comprehensive 
literature search performed?), item 4 (were inclusion and exclusion criteria 
provided?), item 5 (was a list of  included and excluded studies provided?), item 
6 (were the characteristics of  included studies provided?) and item 9 (was the 
conflict of  interest included?).  

Analysis: overall adherence to STARD
We calculated k statistics to assess inter-reviewer agreement for the two phases 
of  study selection. For each included study, we calculated the overall STARD 
score, defined as the mean number of  items reported by articles included in 
that study, and the proportion of  articles adhering to each specific STARD 
item. For each STARD item, we calculated the median and range of  these 
proportions. 

Some studies also counted how often an item was partially reported. To be 
able to make comparisons between studies, we counted partially reported items 
as half  in calculating proportions. Some STARD items pertain to the index test 
and the reference standard. Whenever these were analysed separately, half  a 
point was allocated per reported item. If  a study reported that an item on the 
STARD checklist was not applicable to all evaluated articles, that study was not 
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included in our overall analysis for that specific item. If  a study reported that a 
STARD item was applied to less than 100% of  the evaluated articles, the score 
was calculated for the number of  articles for which the item applied and the 
calculated proportions were adjusted. 

Analysis: adherence to STARD before and after its launch
To obtain a summary estimate and the corresponding 95% CI of  the 
difference in adherence before and after its launch, we used inverse variance 
random-effects meta-analysis (13). Only studies specifically reporting 
pre-STARD and post-STARD results were included in this analysis. We 
explored statistical heterogeneity using the I2 test (14). We performed a 
subgroup analysis by separately analysing studies examining a general sample 
of  diagnostic accuracy studies, rather than those investigating adherence in a 
specific field of  research. 

One included study only reported standard deviations (SDs) for (equally 
sized) subgroups of  STARD-adopting and non-adopting journals (10). We 
calculated their overall SD by taking the square root of  the pooled variances. 
SDs of  one other study were obtained after contacting the authors (15). 

We used inverse variance random-effects meta-analysis to calculate 
summary ORs and 95% CIs for item-specific adherence in the pre-STARD 
versus post-STARD groups. Only studies specifically reporting the proportion 
of  evaluated articles adhering to each individual item for both the pre-STARD 
and post-STARD groups were included in this analysis.

Results

Search results and characteristics of  included studies
Five hundred and eighteen studies were identified through the search, of  which 
35 were deemed potentially eligible after screening titles and abstracts (Figure 
1). After studying the full texts, we were able to include 16 studies (9;10;15-28). 
Reasons for exclusion of  potentially eligible studies are provided in Figure 1. 
No additional studies were identified through reference lists. Inter-reviewer 
agreement was substantial for the screening of  titles and abstracts (=0.77 (95% 
CI 0.66 to 0.88)), and was perfect for the subsequent assessment of  full-texts 
(k=1.0).

The characteristics of  the included studies are provided in Table 1. Three 
studies investigated adherence to STARD in a general sample of  articles on 
diagnostic accuracy studies, the other 13 had performed so in a specific field 
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of  research. None of  the included studies had evaluated a recent sample of  
articles: one study evaluated articles published through 2010, one study through 
2008, two studies through 2007, and four studies through 2006. All other 
studies included only articles published before 2006. Twelve studies included 
articles published before and after STARD’s launch. One study investigated 
only articles published pre-STARD and three studies investigated only articles 
published post-STARD. 

The number of  evaluated articles varied markedly between the included 
studies, with a median of  55 (range: 16-300). Most of  the studies (n=13) 
evaluated all 25 STARD items. However, among three of  these, one item 
was found not applicable to all included articles. The other three studies had 
evaluated 24, 22 and 13 items of  the 25 items, respectively. Kappa-values 
for overall inter-rater agreement on the STARD-items were reported by 
nine studies: moderate agreement (k=0.41-0.6) was achieved in one study, 
substantial agreement (k=0.61-0.8) in six studies, and almost perfect agreement 
(k=0.81-1.0) in two other studies (29). An overall percentage agreement was 
reported by seven studies; this varied between 81% and 95%. Four studies did 
not report on inter-rater agreement. 

Figure 1. Flowchart for selection of  studies.

Search results from MEDLINE, 
EMBASE,  Cochrane Library

N=518

Excluded on title and abstract
N=483

Potentially eligible
 N=35 Excluded after reading full text

N=19
No STARD scoring (N=9)

Less than 10 items scores (N=2)
Scored as part of a systematic review (N=2)

Scores not quantitatively presented (N=2)
Conference abstract corresponding to included 

study (N=2)
Results were updated in included study (N=1)
Evaluated analytical performance papers , no 

test accuracy (N=1)Included
N=16
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An a priori study design was provided by only one included study. Seven stud-
ies performed the complete study selection in duplicate, while three did so in 
part. Eleven studies evaluated the reporting quality of  all the included studies 
in duplicate, and three did so for a part of  the included studies. All the in-
cluded studies provided comprehensive data on the literature searches and the 
inclusion and exclusion criteria. Although more than half  (n=9) of  the studies 
provided a list of  included studies, only two provided a list of  excluded studies. 
Characteristics of  included studies were provided, to some extent, by all studies: 
all gave information on the research field in which included articles were per-
formed and 12 studies gave information on the type of  tests used. Only three 
studies gave information on the included studies’ design.   

Overall adherence to STARD
The overall mean STARD score varied from 9.1 to 14.3 for the 13 studies 

that had evaluated all 25 STARD items, with a median of  12.8 items (Table 1). 
Fifteen (94%) of  the included studies concluded that the adherence to STARD 
was poor, medium, suboptimal or needed improvement. One study used more 
conservative language and concluded that adherence of  included articles was 
highly variable. Seven studies evaluating all 25 items only reported post-STARD 
results or reported pre-STARD and post-STARD results separately. The overall 
mean number of  items reported in these post-STARD results varied from 12.0 
to 15.5, with a median of  13.6. Most of  the included studies recommended the 
use of  STARD as a guideline to improve the quality of  reporting of  diagnostic 
accuracy studies, and no study discouraged it. 

The medians and ranges of  the proportions of  adherence to individual 
STARD-items reported by included studies are provided in Table 2. There was 
a large between-study variation in adherence to specific items. Overall, only 12 
items had a median proportion exceeding 50%; only three items had a median 
proportion above 75%. When only evaluating post-STARD results, these 
median proportions were slightly better: 15 items exceeding 50% and 6 items 
exceeding 75%. Six items (8, 9, 10, 11, 13 and 24) concern the index test as well 
as the reference standard. Reporting of  the index test was better than reporting 
of  the reference standard for all of  these items. 

Several studies reported on factors potentially associated with quality 
of  reporting. One study found that adherence to STARD was significantly 
better for cohort studies compared with case-control studies (9), but another 
study could not confirm this (24). Other factors reported to be significantly 
associated with higher STARD scores were sample size (higher scores among 
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larger studies (15)) and research field (obstetric studies scored better than 
gynaecological studies (15), and tuberculosis and malaria studies scored better 
than HIV studies (18)). Factors that did not show a significant difference 
were geographical area (15), level of  evidence (24) and pooled sensitivity and 
specificity (28), but these findings were not replicated in a subsequent study. 
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Table 1. Characteristics of  included studies

1st author Country

Areia (16)

Coppus(17)

Fontela(18)

Freeman(19)

Gómez Sáez(20)

Johnson(21)

Lumbreras(22)

Paranjothy(23)

Rama(24)

Selman(15)

Shunmugam(25)

Siddiqui(26)

Smidt(9)

Wilczynski(10)

Zafar(27)

Zintzaras(28)

Portugal

The Netherlands

Canada

U.K. 

Spain

U.K.

Spain

U.K.

U.K.

U.K.

U.K.

U.K.

The Netherlands

Canada

U.K.

Greece

*One of  the 25 evaluated STARD-items was not applicable to all the articles included in this study

Year

2010

2006

2009

2009

2009

2007

2006

2007

2006

2011

2006

2005

2006

2008

2008

2012

Journal

Endoscopy

Fertility and Sterility

PlosONE

European Journal of  
Obstetrics & Gynecol-
ogy and Reproductive 
Biology
Medicina Clinica

Ophthalmology

Gaseta Sanitària

Journal of  Glaucoma

Clinical Orthopaedics 
and Related Research

BMC Women’s Health

Investigative 
Ophthalmology 
& Visual Science
British Journal of  
Ophthalmology
Neurology

Radiology

Clinical and 
Experimental
Ophthalmology
BMC Musculoskeletal
Disorders

Research field

Endoscopy.

Reproductive medicine.

Commercial tests for 
tuberculosis, 
HIV, malaria. 
Non-invase prenatal 
diagnostic tests for 
Rhesus D genotyping.

Any research field, 4 
Spanish journals.

Optical coherence 
tomography (OCT) in 
glaucoma.
Genetic-molecular 
research.

Scanning laser 
polarimetry (SLP) for 
diagnosing glaucoma.
Orthopedics.

Obstetrics and 
gynaecology.
Heidelberg retina 
tomography (HRT) for 
glaucoma detection.
Ophthalmology.

Six general and 6 disease/
discipline-specific 
journals.

Twelve journals on 
radiology, internal 
medicine or general 
medicine.
Diabetic retinopathy 
(DR) screening.

Anti-CCP2 for the 
diagnosis of  rheumatoid 
arthritis.

# of  
articles
included

110

51

90

27

58

30

44

20

37

300

29

16

265

240

76

103
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Time frame

1998-2008

1999 vs 2004

2004-2006

1996-2006

2004-2007

2001-2006

2002-2005

1997-2000 vs
2004-2005

2002-2004

1977-2007

1995-2004

2002

2000 vs 2004

2001-2002 vs
2004-2005

1995-2006

2003-2010

# of  STARD 
items 
evaluated

25

25

25

25

25

25*

24

25*

25

25

25*

25

25

13

25

22

Mean STARD
score (% of  items 
evaluated)

12.9 (52%)

12.3 (49%)

13.6 (54%)

9.1 (36%)

12.0 (48%)

13.2 (53%)

9.8 (41%)

13.5 (54%)

14.2 (57%)

12.5 (50%)

14.3 (57%)

11.6 (47%)

12.8 (51%)

8.2 (63%)

9.9 (40%)

14.0 (64%)

Authors’ conclusions on quality of  reporting

“Recent publications in diagnostic endoscopy achieve 
only medium quality.”
“The quality of  reporting in articles on test accuracy in 
reproductive medicine is poor to mediocre.”

“Diagnostic studies on TB, malaria and HIV commercial 
tests [...] were often poorly reported.”

“Articles have consistent weaknesses in their reporting.”

“Despite efforts by different groups of  research to 
achieve higher methodological quality in the diagnostics 
field, on average, they follow less than half  of  the items 
proposed by STARD.”
“Quality of  reporting of  the diagnostic accuracy of  
OCT in glaucoma is suboptimal.”

“The articles on genetic-molecular diagnostic tests [...] 
fail to satisfy most of  the quality requirements assembled 
in the STARD proposal.”
“The quality of  reporting of  diagnostic accuracy tests 
for glaucoma with SLP is suboptimal.”

“Current standards of  reporting of  diagnostic accuracy 
studies in orthopaedic journals are suboptimal.”

“The reporting of  included studies in this review overall 
was poor.”
“The quality of  reporting of  diagnostic accuracy tests 
for glaucoma with HRT is suboptimal.”

“The current standards of  reporting of  diagnostic 
accuracy tests are highly variable.”
“After publication of  STARD, the quality of  reporting 
of  diagnostic accuracy studies has slightly improved. 
There is still room for improvement.”

“We found low rates of  adherence to the STARD 
checklist items.”

“The quality of  diagnostic accuracy reports in DR 
screening is suboptimal.”

“The overall reporting quality was relatively good but 
needs further improvement.”
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Table 2. Proportions of  adherence to individual STARD items.

STARD item Overall

25. Clinical applicability of  findings
4. Participant recruitment
2. Research questions/aims 
8. Technique of:
8a. Index test 
8b. Reference standard
15. Characteristics of  study population
7. Reference standard and rationale
9. Units/cut-offs/categories for: 
9a. Index test
9b. Reference standard
3. Study population
6. Data collection 
19. Cross tabulation of  results
18. Distribution of  severity of  disease
21. Estimates of  diagnostic accuracy
12. Methods for statistics used
14. Dates of  study
1. Study identified as test accuracy study
5. Participant sampling
23. Estimates of  variability of  accuracy
17. Time interval between tests
11. Blinding of  results of: 
11a. Index test
11b. Reference test 
22. How uninterpretable results were handled
10. Persons exectuting: 
10a. Index test
10b. Reference standard
16. Eligible patients not undergoing either test
16a. Flow diagram
13. Methods for test reproducibility for: 
13a. Index test
13b. Reference standard
24. Estimates of  test reproducibility, for: 
24a. Index test
24b. Reference standard
20. Adverse events

Studies 
evaluating 
item

n

Median of
proportions

%
14
16
14
16
5
5
16
16
16
5
5
16
16
15
16
15
15
16
13
16
15
15
16
5
5
15
16
5
5
16
12
15
4
4
15
4
4
12

Range

%
98%
85%
84%
73%
92%
63%
73%
70%
70%
84%
73%
68%
68%
65%
62%
56%
49%
47%
40%
40%
37%
34%
29%
43%
23%
28%
26%
33%
20%
24%
5%
16%
20%
7%
8%
20%
3%
7%

41-100%
55-100%
24-100%
31-98%
49-95%
13-86%
42-90%
28-98%
0-98%
68-95%
55-76%
23-92%
21-100%
2-99%
0-97%
12-97%
8-90%
6-73%
8-100%
12-89%
0-100%
0-77%
14-54%
33-72%
12-48%
8-62%
2-73%
7-46%
0-35%
5-78%
0-16%
0-88%
12-53%
0-12%
0-96%
13-38%
0-8%
0-33%
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Post-STARD results only

Studies 
evaluating 
item

n

Median of
proportions

%

Range

%
5
7
5
7
4
4
7
7
7
4
4
7
7
6
7
6
6
7
5
7
6
6
7
4
4
6
7
4
4
7
4
6
3
3
6
3
3
6

98%
93%
88%
74%
84%
55%
70%
76%
83%
91%
75%
63%
83%
66%
52%
56%
49%
73%
24%
64%
39%
38%
33%
50%
25%
25%
20%
26%
14%
53%
8%
18%
35%
4%
8%
22%
0%
11%

84-99%
60-98%
76-96%
40-97%
58-97%
23-72%
60-93%
45-98%
63-85%
71-94%
56-80%
21-88%
43-95%
28-99%
11-98%
22-97%
11-90%
42-81%
18-99%
31-89%
0-100%
25-74%
16-55%
26-67%
15-48%
8-57%
2-42%
4-51%
0-33%
13-70%
0-22%
0-88%
6-48%
0-6%
0-96%
6-44%
0-6%
1-18%
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Adherence to STARD before and after its launch
Of  the 12 studies that had included articles published before and after 

the publication of  STARD, 6 reported results for the pre-STARD and 
post-STARD groups. Combining these studies in a meta-analysis showed 
that significantly more items were reported post-STARD, with an estimate 
difference of  1.41 items (95% CI 0.65 to 2.18) (Figure 2). However, the 
great majority of  the 383 post-STARD articles included in this analysis were 
published in the 2 years after introduction of  STARD (2004 and 2005, n=349); 
only 34 articles were published after 2005. As expected, I2 test showed evidence 
of  substantial statistical heterogeneity (66%). Subgroup analysis of  the two 
studies that reported on a general sample of  diagnostic accuracy studies(9;10) 
showed a non-significant increase in the number of  reported STARD-items 
(difference of  1.02 items (95% CI -0.08 to 2.12), I2 =80%). 

Figure 2. Forest plot for studies included in meta-analysis comparing adherence post-STARD and pre-STARD.
Llegend: *Wilczynski et al evaluated only 13 STARD items; the other studies evaluated 25 STARD items; **Results of  the 
studies on obstetrics; ***Results of  the studies on gynaecology.

Six other studies have reported some form of  analysis of  STARD adherence 
over time. One of  these noticed an upward trend in the number of  items 
reported pre-STARD and post-STARD (23). Four others could not confirm 
this: two studies reported that introduction of  STARD did not seem to have 
improved the quality of  reporting of  articles included in their analysis (21;22), 
one study observed no improvement of  quality of  reporting over time (27) 
and one study noticed a (non-significant) decline in adherence after STARD 
publication (20).

The pre-STARD versus post-STARD meta-analyses for individual items 
are reported in Web only file 2. Six items were significantly more reported after 
the publication of  STARD: item 4 (describes participant recruitment), item 
5 (describes participant sampling), item 6 (describes data collection), item 14 
(reports dates of  study), item 15 (reports characteristics of  study population) 
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and item 23 (reports estimates of  variability of  accuracy). Although still rare, 
the number of  studies reporting a flow diagram also increased significantly. 
None of  the STARD items showed a significant decrease in frequency of  
reporting.

Discussion

In this systematic review we evaluated adherence to the Standards for Report-
ing of  Diagnostic Accuracy Studies (STARD). We were able to include 16 stud-
ies, together evaluating 1,496 articles on diagnostic accuracy studies. The overall 
quality of  reporting in these articles, published both in general and in disease-
specific journals, was moderate, at least through halfway the 2000s, confirming 
the necessity of  the introduction of  STARD. Results of  overall adherence were 
consistent among all included studies, and varied from 9.1 to 14.3 items being 
reported, of  the 25 items on the checklist. Several factors were reported to be 
associated with STARD adherence by individual studies, but none of  these as-
sociations was confirmed by a second study. 

Although modest, there seemed to be an improvement in reporting quality 
(1.41 items (95% CI 0.65 to 2.18)) in the first years after STARD’s publication 
in 2003 compared with articles published pre-STARD. Even though the CI 
is wide, this improvement is significant. The fact that the quality of  the seven 
analyses included in this meta-analysis was acceptable, and that all of  them 
showed an increase in reported items (three of  them significant), increases our 
confidence in the estimates of  effect. 

Our study has several potential limitations. Most of  the studies evaluated 
articles on diagnostic accuracy studies published before 2006; none evaluated 
articles published after 2010. Therefore, we cannot comment on how diagnostic 
accuracy studies currently adhere to STARD. Most of  the included studies 
reported substantial inter-rater agreement on individual items, with marked 
differences between studies in reported frequencies of  adherence to specific 
items (Table 2). There was also considerable heterogeneity in our meta-analysis 
comparing pre-STARD and post-STARD adherence. It is likely that this can, at 
least partially, be explained by between-study differences in scoring for specific 
items. For example, while some studies indicated that for item 3 at least the 
inclusion and exclusion criteria had to be reported, others only considered this 
item as fully reported when the setting and locations were also described. Only 
seven studies specifically reported how often an item was judged not to be 
applicable to the evaluated articles, while the others did not. Therefore, we were 
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not always able to do a mathematical correction for non-applicable items. It is 
difficult to say whether between-study differences in scores of  specific items 
were caused by a great diversity in adherence in the respective research fields, by 
heterogeneity in methods of  scoring, or both. We would have liked to compare 
the differences in compliance between STARD-adopting and non-adopting 
journals, and between high-impact and low-impact journals, but were unable 
to do so, because this information was almost never available in the included 
studies. 

Although the overall quality of  reporting was moderate, several items 
scored relatively good, with a median proportion of  70% or higher: item 2 
(research questions/aims), item 4 (participant recruitment), item 7 (reference 
standard), item 8 (technique of  index test and reference standard), item 9 
(units/cut-offs/categories of  tests), item 15 (study group characteristics) and 
item 25 (clinical applicability of  findings). Worrisome is the fact that more than 
half  of  the 25 STARD items had median proportions of  adherence under 
50%. Especially, the reporting of  test methods and results was suboptimal

Seven items scored remarkably poor, with a median proportion of  30% 
or lower: item 10 (persons executing the tests), item 11 (blinding of  readers), 
item 13 (methods for calculating test reproducibility), item 16 (number of  
eligible patients not undergoing either test), item 20 (adverse events), item 22 
(handling of  missing results), and item 24 (estimates of  test reproducibility). 
This is particularly alarming because several of  these items can be related to 
biased results. If  no or incomplete information on such items is reported, the 
potential for bias cannot be determined. Review bias, which can result when 
readers of  a test have knowledge of  the outcome of  other tests or additional 
clinical information (item 11) (3), and verification bias, which occurs when 
a patient is only tested by the reference standard in case of  a positive index 
test (item 16) (30), are likely to give inflated estimates of  diagnostic accuracy. 
Limited test reproducibility (items 13 and 24), an effect of  instrumental and/or 
observer variability, and not including missing responses or outliers (item 22), 
can also introduce biased or imprecise accuracy estimates (2). Interestingly, for 
all the six items that apply to the index test and reference standard, adherence 
was better for the index test. Since accuracy estimates of  an index test 
completely depend on the reference standard, authors should be encouraged to 
provide all the relevant information of  both tests. Finally, flowcharts were rarely 
reported, both pre-STARD and post-STARD. Since these highly facilitate a 
reader’s assessment of  study design, their use should be further promoted.   

Owing to a constant increase in technological and scientific innovations, 
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the number of  available diagnostic tests has been growing exponentially over 
the past decades. Diagnostic tests are indispensable in patient management 
since many clinical decisions depend on their results. Implementation and 
proper usage of  a test in any given clinical setting should be based on a 
thorough consideration of  its costs, safety and clinical performance and utility. 
High-quality diagnostic accuracy studies are crucial in this consideration. 
Compared with other forms of  research, diagnostic accuracy studies are 
probably more sensitive to bias (3;31). The STARD checklist facilitates a 
complete and transparent reporting of  diagnostic accuracy studies and, 
consequently, allows readers (clinicians, editors, reviewers, policy makers, etc.) 
to identify sources of  bias that may influence the clinical value and gener-
alizability of  a test. While reviews of  diagnostic studies often struggle with 
high heterogeneity, complete and transparent reporting would facilitate an 
identification of  potential sources of  heterogeneity.

Although we have presented evidence that the quality of  reporting of  
diagnostic accuracy studies is slowly increasing, it seems that there is still 
significant room for improvement. A recent study showed that adherence 
to guidelines is also suboptimal in other fields of  research (11). Although 
the scientific community seems to become more and more aware of  the 
importance of  transparent reporting, further enforcement of  reporting 
guidelines among researchers, editors and peer reviewers is a necessity. We 
strongly recommend authors of  diagnostic accuracy studies to take STARD 
into account from the stage of  designing the study and onwards. This way, the 
items can easily be incorporated in the final article. In addition, this may lead to 
an increased awareness among authors about potential sources of  bias, which 
allows them to take preventive measures and, consequently, also increases 
the methodological quality of  their study. In addition, we recommend that an 
evaluation of  adherence to STARD should be performed on a more recent 
cohort of  diagnostic accuracy studies. A systematic review has recently shown 
that, after the introduction of  the CONSORT (Consolidated Standards of  
Reporting Trials) statement, adopting journals had a larger increase in reporting 
quality of  randomised controlled trials than non-adopting journals(32). Such 
information may be useful in the effort to convince journal editors of  the 
necessity of  adopting reporting guidelines. Future evaluations can compare 
reporting quality of  diagnostic accuracy studies between STARD-adopting 
and non-adopting journals. This way, an estimation of  the impact of  adopting 
STARD on reporting quality can be made.    
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ABSTRACT

Background To examine how authors explore and report on sources of  
heterogeneity in systematic reviews of  diagnostic accuracy studies.

Methods A cohort of  systematic reviews of  diagnostic tests was 
systematically identified. Data was extracted on whether an exploration 
of  the sources of  heterogeneity was undertaken, how this was done, the 
number and type of  potential sources explored, and how results and 
conclusions were reported.

Results Of  the 65 systematic reviews, 12 did not perform a meta-analysis 
and 8 of  these gave heterogeneity between studies as a reason not to. Of  
the 53 reviews containing a meta-analysis, 40 explored potential sources 
of  heterogeneity in a formal manner and 27 identified at least one source 
of  heterogeneity. The reviews not investigating heterogeneity were smaller 
than those that did (median of  8[IQR:5-15] vs. 14[IQR:11-19] primary 
studies). Twelve reviews performed a sensitivity analysis, 25 stratified 
analyses, and 19 meta-regression. Many sources of  heterogeneity were 
explored compared to the number of  primary studies in a meta-analysis 
(median ratio 1:5). Review authors placed importance on the exploration 
of  sources of  heterogeneity; 37 mentioned the exploration or the findings 
thereof  in the abstract or conclusion of  the main text.

Discussion/Conclusion Methods for investigating sources of  
heterogeneity varied widely between reviews. Based on our findings of  
the review, we made suggestions on what to consider and report on when 
exploring sources of  heterogeneity in systematic reviews of  diagnostic 
studies.
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What is new?

Key findings
•	 A wide variety of  approaches are used for exploring sources of  

heterogeneity in reviews of  diagnostic studies.
•	 Exploring and reporting sources of  heterogeneity is complex in reviews 

of  diagnostic tests as they typically focus on two potential correlated 
outcomes (sensitivity and specificity).

What this adds to what was known
•	 Inspired by the variety of  approaches observed in this review, a 

list of  items to consider and report on when exploring sources of  
heterogeneity in diagnostic reviews was developed.

What is the implication, what should change now
•	 Further guidance for exploring sources of  heterogeneity could improve 

the strength and usefulness of  systematic reviews of  diagnostic studies.

Introduction

As with any review, the results between studies in a review of  diagnostic tests 
are likely to be different, also referred to as variability or heterogeneity in re-
sults. Some heterogeneity in the results between studies can be expected simply 
due to chance variation. Even if  studies are methodologically identical and car-
ried out in the same population, their results will vary because each study only 
observes a finite sample from the total population of  interest. This variation is 
known as chance variation, and is directly linked to the sample size of  a study. 

Statistical tests and measurements (such as Cochran’s Q test or I2) are often 
used to conclude whether there is more heterogeneity than is expected due to 
chance alone (1). If  there is more heterogeneity than expected due to chance 
alone, this is termed systematic differences, statistical heterogeneity, or ‘true’ 
heterogeneity. In a random effects model, this ‘true’ heterogeneity is anticipated 
and such models then estimate its magnitude with a metric known as τ2 or the 
between-study variance (2).

When there are indications that there is ‘true’ heterogeneity, it is likely that 
something is causing the heterogeneity (e.g. the index test’s performance varies 
between settings or the study designs differ between studies), and reviewers 
are encouraged to look into the possible causes of  this heterogeneity (3;4). 

6
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Unexplained heterogeneity in a review usually results in a downgrading of  
the quality of  the evidence it provides (5;6). Identifying whether there are 
systematic differences in accuracy of  the index test between studies is an 
important step in translating the results of  the review to clinical practice. 

The pooling of  the results from diagnostic studies in a meta-analysis has 
an additional level of  complexity compared to intervention meta-analyses in 
that there are usually two correlated analytical outcome measures of  interest, 
namely the sensitivity and specificity of  the index test. Similar to intervention 
reviews, there can be many causes for true heterogeneity, including both clinical 
and non-clinical factors, such as age, disease spectrum, or study design charac-
teristics. However, a special additional source of  heterogeneity that reviews of  
diagnostic studies may present is related to having two correlated outcomes of  
interest. Sensitivity and specificity are often negatively correlated due to implicit 
or explicit differences in the index test threshold. This so-called threshold 
effect adds an additional layer of  complexity to the exploration of  sources of  
heterogeneity in meta-analyses of  diagnostic studies. 

While guidelines for investigating the sources of  heterogeneity in results in 
systematic reviews of  interventions have been established (7), this is not yet the 
case for systematic reviews of  diagnostic studies. The number of  systematic 
reviews of  diagnostic studies published each year is rapidly increasing and the 
methods for performing such studies have seen many technical developments 
over the past years (3;8).

The aim of  this methodological review of  the literature is to document how 
sources of  heterogeneity are currently being explored in systematic reviews of  
diagnostic accuracy studies and to propose a list of  items for researchers to 
consider and report on when performing such an exploration. 

Methods

Overarching project 
This study was a part of  a meta-epidemiologic project on systematic reviews 
of  diagnostic studies. The goal of  this project was to investigate several 
methodological topics such as small sample size effects, time lag bias, quality 
assessment, and how to interpret tests and measurements of  heterogeneity. 

Selection of  review articles
Systematic reviews of  diagnostic test accuracy studies were identified on 
September 12th using a systematic search in EMBASE and MEDLINE indexed 
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journals between May 1st and September 11th, 2012 (see Appendix 1). Titles 
and abstracts were screened and then full texts were read to make a final 
selection. We distinguished between reviews with and without meta-analyses. 
A meta-analysis was defined as a review in which a pooled estimate for at least 
one accuracy estimator was reported or, alternatively, in which a summary ROC 
curve (sROC) was provided.  	

As this article is about formal methods for investigating sources of  
heterogeneity, as opposed to narrative descriptions of  heterogeneity, the 
primary articles of  interest were reviews that contained a meta-analysis.  
However, as one approach to deal with a high amount heterogeneity is to 
not pool the results in a meta-analysis, we also performed a brief  subsidiary 
examination of  systematic reviews without a meta-analysis to document the 
reasons review authors provided for not pooling. Reviews on prognostic tests 
(those used to predict a future condition or event rather than to test for the 
presence or absence of  a current one), testing in animals, individual patient data 
reviews, conference abstracts, and written in languages other than English were 
excluded. 

Data extraction from the reviews
The data extraction form was pilot tested by performing double data 
extraction on a third of  the articles (by C.N., W.E., E.O., J.G., L.H., and M.L.). 
Discrepancies were discussed and unclear questions on the form were made 
more specific. Data extraction was then performed by one researcher (by C.N., 
W.E., and E.O.) using the standardized form and checked by another (by C.N., 
W.E., or E.O.).

Systematic reviews often contain more than one meta-analysis. In order 
to prevent the dominance of  reviews containing multiple meta-analyses, only 
information from the main meta-analysis was collected. For objectiveness and 
clarity in data-extraction, the main meta-analysis was defined as the largest 
group of  studies for which a meta-analysis was performed.  We thought that 
the largest meta-analysis was also most likely to have explored sources of  
heterogeneity. As we were more interested in the range of  possibilities for 
exploring sources of  heterogeneity than in precise counts of  methods used, 
we do not think that this selection of  the largest meta-analyses will bias our 
conclusions.

In addition to general review characteristics gathered for the overarching 
project, information was extracted on the following: whether sources of  
heterogeneity were explored, the number and type of  sources explored, the 
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methods used to explore these sources, how these results were reported, and 
how conclusions about sources of  heterogeneity were made. 

For the systematic reviews without a meta-analysis, we extracted the reasons 
why review authors refrained from calculating a pooled estimate.  We were 
particularly interested in seeing if  heterogeneity was one of  the reasons given 
for not performing a meta-analysis. When the reviews with a meta-analysis 
did not explore sources of  heterogeneity, information was extracted about 
the reasons why they did not. What review authors reported about how they 
intended to make a decision on whether to explore sources of  heterogeneity 
was also recorded.

When counting the number of  potential sources of  heterogeneity explored 
(which we refer to hereafter as “factors”), the types of  factors were counted, 
rather than the number of  subgroups or strata of  those factors. For example, 
if  threshold effects were explored and summary estimates were presented 
for several cutoff  points, threshold was only counted as one factor. The 
relationship (ratio) between the number of  factors explored and the number 
of  primary studies in the review was analyzed, as well as the relationship 
between the number of  factors explored and the method used to perform the 
exploration.  

The factors explored were categorized as clinical, quality (i.e. study design 
characteristics), index test related, or “other”. Explanation of  some of  the 
quality related factors explored can be found in QUADAS-2, a revised tool 
for the quality assessment of  diagnostic accuracy studies (9). Publication year 
of  the target disease under study, was categorized under the category “other” 
because it is often difficult to know what it truly measures. For example, over 
time, technological advances may result in the accuracy of  an imaging test 
improving, but at the same time the patient spectrum could also change. In 
such a situation, publication year could be categorized as a clinical or an index 
test related source of  heterogeneity. In addition to categorizing the factors, 
it was also noted whether continuous factors were categorized or sum scores 
(scores which summarize information about several factors into a single value) 
were used.

The methods used to explore sources of  heterogeneity were classified 
into three categories: sensitivity analysis, stratification, and meta-regression. 
We defined sensitivity analysis as the exclusion of  one or more studies from 
the meta-analysis for the purpose of  seeing how the summary estimates in 
the reduced group differ from the overall estimate (10). Stratified analysis was 
defined as the calculation of  summary estimates for subgroups defined by a 
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particular factor (e.g. providing separate estimates of  sensitivity and specificity 
for each gender).  Meta-regression was defined as the entering of  a factor 
or factors into a meta-regression model as coefficients to explore how they 
influenced the summary estimates (11).  

Since there are different ways to come to conclusions about whether a 
specific factor is a source of  heterogeneity, what the authors reported about 
how they made this conclusion was recorded. Additionally, it was noted 
whether the sources were tested statistically, whether the results were presented 
per subgroup, and whether the reduction in heterogeneity or remaining 
heterogeneity (within a subgroup compared to all groups combined) was 
reported.  

Information was extracted on what authors reported in the abstract and 
conclusion about the exploration of  sources of  heterogeneity. Studies that 
discussed this in either the abstract or conclusion were considered to place 
a high importance on this topic, as these are the sections in which the most 
important findings are typically discussed and which most readers often base 
their own conclusions upon (12). 

	
Data extraction from the reviews

As methodological reviews should go beyond only describing what has been 
done to provide assistance to researchers (11), a list of  items for researchers to 
consider and report on when exploring sources of  heterogeneity in a systematic 
review of  diagnostic studies was developed.  The domains in the list parallel 
data extraction (i.e. whether to explore sources of  heterogeneity, selection of  
factors to explore, methods of  exploration, and presentation and interpretation 
of  results) and the contents were inspired by the variety of  approaches 
observed in the reviews. 

Results 

Search results
After exclusion of  duplicates, the search resulted in a total of  1273 hits. Upon 
screening of  titles as well as the exclusion of  articles that were only conference 
abstracts, 1058 articles were excluded. The full text of  the remaining 89 
potentially relevant articles was reviewed to determine whether they met the 
inclusion criteria. After this process, 65 systematic reviews were identified of  
which 53 contained at least one meta-analysis. Appendix 2 contains the search 
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results details and Appendix 3 contains a list of  the included reviews. 

chapter 6

Table 1. Characteristics of  all reviews containing a meta-analysis (n=53) and of  the subset in which heterogeneity was 
investigated statistically (n=40)

Number of  primary studies (median [IQR])
Size of  primary studies (median [IQR])
Type of  study
			   Image
			   Lab
			   Clinical Examination 
Meta-analyses looking at more than one index test
			   2 tests
			   3-6 tests
			   >6 tests
			   Contained a comparative question
Testing and measuring heterogeneity
			   Cochran’s Q-test
			   I2

			   τ2

			   Prediction intervals, ellipses, or bands
Method(s) for conducting the meta-analysis
			   Univariate analysis only 
			   SROC (Moses-Littenberg): linear 	
			   regression D on S
HSROC (Rutter and Gatsonis): accuracy, scale and threshold parameter
Bivariate random effects model (Reitsma): random effects sens & spec
Studies performing a quality assessment
			   QUADAS
			   QUADAS-2
			   STARD
			   Other or own instrument
			   No quality assessment
Studies investigating sources of  heterogeneity statistically
Methods for investigating sources of  heterogeneity (n=40)†

			   Sensitivity Analysis
			   Stratified Analysis
			   Meta-Regression
Number of  potential sources of  heterogeneity explored/number of  
primary studies in meta-analysis (n=40) (median [IQR])
Number of  reviews identifying sources of  heterogeneity (n=40)
			   At least 1
			   More than 1

[45-182]

60%
28%
11%
58%
26%
30%
2%
40%

53%
58%
13%
6%

26%
48%

5%
26%

75%
2%
9%
9%
8%
75%

30%
63%
48%
[.09-.46]

73%
20%

† These numbers do not add up to 40 because some studies used more than one of  the methods.

[9.5-18.5]
87

32
15
6
31
14
16
1
21

28
31
7
3

13
24

5
13

40
1
5
5
4
40

12
25
19
0.21

29
8

14
Characteristic %N
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General characteristics of  the reviews
Of  the 12 systematic reviews that did not perform a meta-analysis, eight 
stated that they did not do so because there was too much heterogeneity. 
Other reasons given for not performing a meta-analysis were low quality of  
the primary studies (n=4), too few primary studies (n=2), and studies having 
different cut-offs (n=1).

The general characteristics of  the 53 reviews that contained a meta-analysis 
can be found in Table 1.  The meta-analyses contained a median of  14 primary 
studies [IQR 9.5-18.5]. The majority of  reviews were on imaging tests (60%), a 
large percentage was on lab tests (26%), and a few were on clinical examination 
procedures (14%). Over half  of  the meta-analyses investigated more than one 
index test and the majority of  these contained a comparative question. 

More than half  of  the reviews that contained a meta-analysis tested for 
heterogeneity using Cochran’s Q-test (n=28) and more than half  of  the reviews 
measured it using I2 (n=31).(13;14) Very few presented the between-study 
variance estimate (τ2) from a random effects model (n=7), and even fewer 
interpreted this for the reader by presenting prediction intervals or ellipses 
(n=3). Prediction regions show the range of  values where the true value from 
new comparable study is likely to be found.(2) When obtaining summary 
estimates of  test accuracy, only about a third used a more advanced hierarchical 
bivariate model (n=13) (15;16), while approximately half  used a SROC 
according to Moses and Littenberg (n=24) (17), and the rest only undertook 
univariate pooling (n=13).   

Almost all of  the reviews with a meta-analysis performed a quality 
assessment of  the primary studies (n=49). The vast majority of  studies used 
the formal tool QUADAS (a quality assessment tool for diagnostic accuracy 
studies) (n=40) (18). As the newer version of  this tool, QUADAS-2, was only 
introduced at the end of  2011, it is logical that it was only used in one of  the 
reviews (19).
	
Number and type of  sources of  heterogeneity explored
Forty of  the 53 reviews containing a meta-analysis formally explored sources 
of  heterogeneity. There was a large spread in the number of  factors that were 
explored as potential sources of  heterogeneity (Figure 1). The median ratio 
of  factors explored relative to the number of  primary studies contained in a 
meta-analysis, was approximately 1 factor for every 5 primary studies. In 33 of  
the 40 meta-analyses exploring sources of  heterogeneity (80%), more than one 
factor was explored for every ten studies included. Note that we only counted 
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factors that were actually formally explored. Authors often stated in the 
methods that they would look at many factors as sources of  heterogeneity, but 
for various reasons (e.g. too few studies in the meta-analysis or poor reporting 
on the factor of  interest) some of  them could not be explored.

A breakdown of  the number of  meta-analyses investigating particular types 
of  factors can be found in Table 2. There did not appear to be a difference 
in the frequency in which any of  the categories of  factors (i.e. clinical, quality 
(study design characteristics), or index test related) were explored. The factors 
categorized under the “other” category of  sources of  heterogeneity were the 
percentage of  index test positives (n=1), studies that appeared to be outliers 
based on visual assessment of  the ROC curve (n=1), and a leave-one-out 
(outlier) analyses (n=2). 

While some studies reported that they pre-specified what factors they 
would explore, some reviews may have decided which factors to explore based 
(partially) on visual exploration of  the results presented in forest or ROC plots.  
This was not information that we extracted from the meta-analyses, as it is 
often impossible to tell whether authors selected factors prior to or after the 
gathering of  the primary study results. However, we did observe a difference 
in approaches from comments made by the authors. For example, one 
reviewer reported that “heterogeneity was evaluated visually through observed 
differences between study characteristics and methodologies, and by examining 
for substantial difference in the sensitivities and specificities on the forest plot. 
Studies that demonstrated considerable heterogeneity were excluded from the 
meta-analysis”(20).

Of  the 25 reviews in which continuous factors were explored (such as mean 
age, publication year, or prevalence), 15 studies dichotomized these factors. 
In the other 10 it was unclear how these factors were explored. Only 3 of  the 
15 reviews that had dichotomized the factor of  interest provided the reason 
behind the chosen cut-off. Of  the 25 reviews that explored quality items, 
quality sum-scores were explored as a potential factor of  heterogeneity in 5 
reviews. 

Methods of  investigating sources of  heterogeneity
Of  the 40 studies investigating heterogeneity, 12 performed sensitivity analysis, 
25 stratification, and 19 meta-regression (Table 3). Fifteen studies used two of  
these methods and 1 used all three. 

The number of  factors explored varied by methods for investigating 
heterogeneity. Sensitivity analysis was only conducted on 1 or 2 factors per 
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6Figure 1. Relationship between the numbers of  potential sources of  heterogeneity explored (factors) and the number of  primary 
studies in the meta-analysis. The dashed line is drawn at 8 studies, the median number of  studies in meta-analyses that did not 
explore sources of  heterogeneity. One outlying study with 114 primary studies which explored 11 factors of  heterogeneity was 
excluded to improve readability.

meta-analysis, while a median of  3 factors were explored using stratification, 
and 4 through meta-regression. Comparing stratification to meta-regression, 
a high numbers of  factors (i.e. >6) were only explored using meta-regression. 
While the number of  factors explored varied between the methods, there was 
no difference observed by method type in terms of  the number of  primary 
studies or the total number of  subjects in the meta-analysis.  

In the studies using meta-regression, it was often unclear whether they had 
explored factors one by one (e.g. by fitting multiple models), or whether they 
entered multiple factors into a single model. In 7 of  the 18 studies that had 
looked at more than one potential factor, it was reported that multiple factors 
were put into the model at the same time. However, in the other 11 studies, it 
was unclear how factors had been entered and removed from the model.	  



114 chapter 6

Table 2. Sources of  heterogeneity explored (n=40)

Category

Clinical Factors

Study quality items†

Test/Threshold

Other

25
7
2
18
8
25
7
9
9
5
5
8
4
8
20
15
7

9
4

† Explanation of  how some of  these quality items can introduce bias can be found in QUADAS-2, a revised tool for the quality 
assessment of  diagnostic accuracy studies(9)
‡Other: studies that appeared to be outliers based on visual assessment of  the ROC curve (n=1) percentage of  index test positives 
(n=1), and a leave-one-out sensitivity analysis (n=2)

No. of  
studies 
investigating 
factor (n=40)

Age
Sex
Spectrum or other clinical-related factors
Prevalence

Blinding
Sample size
Reference test
Verification biases
Quality score
Prospective vs. Retrospective design
Consecutive vs. Non-consecutive enrolment
Other quality items

Variation of  the index test
Index test threshold

Publication year
Other not-classified‡

Factor

Reviews that did not examine sources of  heterogeneity
Although most meta-analyses attempted to explain the variety in study 

results in a descriptive manner, one fourth (n=13) did not explore sources 
of  heterogeneity formally. Meta-analyses that did not explore sources of  
heterogeneity were not very different from those that did. Overall, they were 
slightly smaller in terms of  the number of  primary studies and participants 
included in the meta-analysis (Table 3).  Still, several studies that explored 
sources of  heterogeneity were smaller than those that had not (Figure 1). 
Authors concluded that there was significant heterogeneity in about two-thirds 
of  the meta-analyses in both groups (those exploring and those not exploring 
sources of  heterogeneity) (Table 3). 

Of  the 13 meta-analyses that did not report on the formal exploration of  
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sources of  heterogeneity, only one author reported the reason not to, namely, 
that there were too few studies. In the methods section, 4 articles (out of  the 
53 meta-analyses) announced that the results of  the tests for true heterogeneity 
would influence the decision of  whether to explore sources of  heterogeneity. 

Interpretation and presentation of  results 
Although many reviews explored sources of  heterogeneity (n=40), the 

methods to which they came to conclusions about sources of  heterogeneity, the 
thoroughness to which they reported their results, and the importance that was 
given to the findings of  this exploration varied (Table 4). 

In total, only 11 (28%) gave a clear description of  how they defined sources 
of  heterogeneity. A variety of  methods for defining a significant source of  
heterogeneity was observed, such as comparing the confidence intervals of  
subgroups, looking at the p-value of  the regression coefficient in meta-regres-
sion, and testing if  ‘true’ heterogeneity was (still) present within the subgroups. 
Twenty-nine studies (73%) identified at least one source of  heterogeneity and 
8 (20%) identified more than one source. Of  these 29 studies, only 8 (28%) 
explained how they came to this conclusion.

Some researchers only performed the exploration of  sources of  
heterogeneity without presenting the results in a form that was easy for readers 
to interpret (i.e. by only performing statistical testing or presenting coefficients 
from meta-regression) (n=6, 15%), while others (also) presented stratified 
results for at least one factor explored (n=34, 85%).

Only 3 (8%) of  the 40 meta-analyses that had explored sources of  
heterogeneity did not mention anything about this exploration, or the findings 
thereof, in either the abstract or the conclusion (the main findings). Of  the 29 
studies identifying a source of  heterogeneity, 25 (86%) reported this finding 
in the main findings. On the other hand, 14 (35%) authors reported in the 
main findings that they were either unable to explore (particular) sources 
of  heterogeneity or unable to come to a conclusion about the cause of  
heterogeneity. When reporting the findings in the abstract, authors usually 
(n=13, 93%) presented and gave a clinical or methodological explanation for 
the subgroup results.
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Table 3. Comparison of  methods of  investigating sources of  heterogeneity (n=40)

No. of  factors 
explored  
(median [IQR])
	 1
	 2 to 3
 	 4 to 5
	 6 or more

Study Size 
(median [IQR])
No. of  primary 
studies 	 included

No. of  subjects in 
meta-analysis

Ratio of  no. of  
factors explored to 
the number of  studies 
in the meta-analysis 
(median [IQR])

Authors concluded 
that there was 
significant/
meaningful true 
heterogeneity

† The numbers do not add up to 40 because some studies used more than one method: 3 studies performed sensitivity analysis and strati-
fication, 4 sensitivity analysis and meta-regression, 8 meta-regression and stratification, and 1 study used all three methods.

Meta-
Regression
N=19†

-

-
-
-
-

8
[5-15]

560
[174-1716]

-

8 (62%)

Stratification
N=25†

Sensitivity
N=12†

Explored 
sources of  
heterogeneity 
statistically
(n=40)

Only a 
narrative 
exploration 
of  heteroge-
neity
(n=13)

-

-
-
-
-

14.5
[11-19]

2106
[636-6495]

.21 [.09-.46]

27 (68%)

1[1,1]

10
2
0
0

14.5
[12.25-22.25]

2150.5
[766, 8635]

.07 [.06, .12]

-

3[1,4]

10
6
9
0

15
[11,18]

1725
[493, 4828]

.15 [.07, .26]

-

4 [3,6]

1
6
5
7

15
[11,20]

2576
[1112,13662]

.27 [.15, .50]

-
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Table 4. Meta-analyses differ in how they analyze, report, and present their conclusions about the sources of
heterogeneity (n=40)

Analysis and Reporting
Defined significant source of  heterogeneity
Presented results per subgroup
Reduction in heterogeneity was reported

†This information was not applicable as most studies present the results in the results section, not the conclusion.

11
34
6

In abstract In conclusions In either
No mention of  sources of  heterogeneity
Unable to explore what causes the heterogeneity
Unable to conclude what causes the heterogeneity
Identified factors as sources of  heterogeneity
Presented subgroup results
Interpreted subgroup results

16
0
4
8
14
13

5
6
8
24
not applicable† 

not applicable† 

3
6
10
25
14
13

Domain

• Consider and report how this decision will be made
• Report why the exploration was not possible 

• Consider whether to limit the number of  factors explored 
• Consider and report on how potential sources will be  
   selected:
	 o Motivated analysis (a few factors thought to be of  most 		
	 particular clinical interest or cause severe bias) or exploratory 		
	 analysis (many available factors) 
	 o A priori or a posteriori selection of  factors
• Consider exploring individual quality items instead of   
   quality sum-scores 
• Consider whether each factor is a patient or study level  
   characteristic.
	 o When it is a patient-level factor, consider whether subgroup 	
	 estimates can be can be extracted (e.g. separate estimates for 		
	 male and female) as opposed to study-level characteristics (e.g. 	
	 percentage male and female) 

Table 5. Summary items to consider and report on when exploring sources of  heterogeneity

Key items to consider and report on

Whether to 
explore sources 
of  heterogeneity

Selecting 
potential sources 
of  heterogeneity 
to explore
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Domain

• Consider, for each factor being explored, what method to use to 
  explore sources of  heterogeneity:
	 o Sensitivity, stratified analysis, or (bivariate) meta-regression
• If  there are two main outcomes of  interest in the study (i.e. sensitivity 
  and specificity), consider using bivariate meta-regression
• When performing (bivariate) meta-regression:
	 o Consider and report the form of  the factors being explored 	
	 (categorical or continuous). If  factors are categorized, report 		
	 the cut-off  points and reasoning behind them.
	 o Consider and report how factors are entered into the model 	
	 (a separate model for each factor, all factors in the same 		
	 model, etc.)

• Consider and report how conclusions are drawn about what is a 
  significant source of  heterogeneity
• Consider whether reporting stratified results will help interpretation
• Before concluding that a particular factor causes heterogeneity, consider    
  what other closely related factors could also have caused it
• Consider and report why factors identified as sources of  heterogeneity  
  could cause heterogeneity

Key items to consider and report on

Methods of  
exploring 
sources of  
heterogeneity

Interpretation 
and 
Presentation of  
results

Table 5. Summary items to consider and report on when exploring sources of  heterogeneity (continuing from page 105)

Discussion

Strengths and limitations of  this review
In addition to documenting how sources of  heterogeneity are currently being 
explored, this review goes one step further than existing reviews (in the 
following discussion) to provide a list of  items that researchers can consider 
and report on when investigating sources of  heterogeneity (8;21). While we 
do not provide formal guidance, the list of  items we provide will be helpful to 
researchers in that it raises awareness of  the various options available. This list 
can be found in Table 5.

Although our sample size of  meta-analyses was somewhat smaller than 
prior methodological studies on systematic reviews of  diagnostic studies (8;21), 
we think that it was sufficiently large. We think that our sample size was large 
enough because our goal was to get an idea of  the range of  approaches used 
rather than to precisely estimate how many studies took each approach to 
investigating sources of  heterogeneity (11).
Whether to explore sources of  heterogeneity statistically
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The first decision to make when looking into why results vary between 
primary studies is whether to explore the potential factors causing this 
variability in a formal, statistical manner as opposed to simply providing a 
narrative description. It is important to acknowledge that there are several 
insurmountable barriers to formally investigating sources of  heterogeneity. 
In addition to a small number of  primary studies included in the review, poor 
reporting in the primary studies, or high similarity of  the studies in terms 
of  study design and study population can make investigating sources of  
heterogeneity difficult (7).

While it makes sense that there is no need to explore the source of  
heterogeneity if  there is no true heterogeneity detected, defining true 
heterogeneity is challenging. Authors may judge whether there is heterogeneity 
from visual inspection of  the forest or ROC plots. While viewing data can 
provide insights into the variability between studies, it is subjective and formal 
inferences about the presence of  true heterogeneity can only be made based on 
statistical tests and measurements (3;22).

That said, statistical tests and measurements of  heterogeneity also have 
their pitfalls. Tests for heterogeneity, such as the Cochrane’s Q-statistic have 
low power for the typical review of  diagnostic tests in which often few and also 
relatively small studies are included (23;24). Likewise, the confidence interval 
around I2 will be very large when there are few studies, meaning that there is 
large uncertainty about heterogeneity. This high degree of  uncertainty makes 
the I2 difficult to use when making a decision about whether to explore sources 
of  heterogeneity, regardless of  the chosen cut point (22). Furthermore, the I2 

does not take into account the correlation between sensitivity and specificity. 
The bivariate random effects model provides metrics for heterogeneity that 

take into account the correlation between sensitivity and specificity (15). This 
model provides three parameters: between-study variance (τ2) in sensitivities and 
specificities as well as the covariance between them. The combination of  these 
three metrics makes it possible to examine total study variance in sensitivity or 
specificity as well as conditional variance (the variance in sensitivities at a fixed 
value of  specificity or vice versa). However, the τ2s are difficult for authors to 
interpret. More guidance is needed on interpreting the tests and measurements 
for true heterogeneity in diagnostic studies. 

Selecting potential sources of  heterogeneity to explore
Overall, the included reviews explored a high number of  potential sources of  
heterogeneity compared to the number of  studies in the meta-analysis (median 
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1:5). We caution against the use of  testing a high number of  factors compared 
to the number of  studies in the meta-analysis to avoid the well-known problem 
of  multiple testing. When too many factors are tested, the risk of  incorrectly 
concluding a factor causes (some of) the heterogeneity increases. There is no 
recommended ratio of  the number of  factors to number of  studies which can 
be explored in a meta-analysis, however a common rule of  thumb in regression 
analysis is that for every covariate (in this case factor) there should be at least 10 
observations (in this case primary studies) (25;26).
It is difficult to translate this rule to bivariate meta-regression as the initial 
model itself, without any covariates, already has five parameters that need to be 
estimated and each covariate that is explored adds two additional parameters to 
be estimated, instead of  only one as is the case in regression analysis. 

Although it is difficult to judge exactly how authors choose which sources 
to explore, two general approaches to selecting sources of  heterogeneity to 
explore were identified: motivated and exploratory.  The motivated approach 
is to carefully select a few factors to explore for which one has reasons to 
believe that they may lead to differences in accuracy.  The exploratory approach 
is to explore many potential factors regardless of  whether there is a strong 
reason to believe that each factor could influence test accuracy. It is helpful 
to communicate to the reader whether the choice of  factors was motivated 
or exploratory as well as whether the factors were selected before or after 
observing the results (27;28).   

Some of  the factors explored are categorical by nature, but many are 
continuous, such as age, prevalence of  disease, or publication year. Careful 
thought should be given to whether to categorize factors and it is important 
to mention the cut-off  value(s) as well as the reasoning behind them (29). 
Additionally, when performing a meta-regression, it is important to consider 
and report whether factors are explored one by one or multiple factors were 
entered into the model at once. 
Sometimes authors calculate a quality sum-score to get a better feel for which 
studies are of  higher quality than others. Because sum-scores give equal 
weighting to unequal factors, exploring sum-scores as factors of  heterogeneity 
is generally discouraged (30). Post-hoc exclusion of  studies based only visual 
inspection of  the ROC plot analysis or a leave-one-out analysis is discouraged 
as well.

Sources of  heterogeneity can be divided into two distinct groups: those 
that relate to characteristics of  the patients included in a diagnostic study (e.g. 
gender, age, or severity of  symptoms) and those that characterize the primary 
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studies (e.g. whether all patients received the same reference standard or the 
year of  publication).  Exploring patient-level characteristics in a review brings 
additional challenges. In general, the power for examining patent-level charac-
teristics is low unless the individual studies report separate two-by-two tables 
for the different categories of  that factor. When such results are not available, 
the only approach left is to use study-level summary measures, such as mean 
age or percentage of  males. 

The use of  study-level summary measures to investigate patient-level 
characteristics is problematic. For example, if  there was a true difference in 
diagnostic accuracy between genders, this source of  heterogeneity would go 
undetected if  each study contained an equal number of  males and females. 
Individual patient data meta-analyses are much more equipped for examining 
differences in accuracy that relate to patient-level characteristics (31). In 
general, review authors should be cautious when examining the relevance 
of  patient-level characteristics in their review, unless primary studies report 
stratified data for that factor.   

Methods of  exploring sources of  heterogeneity
Since it is not necessary to choose the same method of  exploration for each 
potential source of  heterogeneity, authors may consider the individual factors 
they are investigating before choosing an appropriate method. If  the main 
interest is in a specific group of  studies or one wants to study the robustness 
(i.e. thru a leave one out analysis) of  the meta-analyses results, a sensitivity 
analysis can be considered. Visual inspection of  the ROC plot can be used to 
detect outliers or overly influential studies, but it is subjective, especially when 
study size is not represented. A good reason to do a sensitivity analysis is to 
get an estimate from only the high quality studies by excluding the low-quality 
studies or studies with poor reporting. After all, the high quality studies are the 
ones upon which clinical inferences can best be drawn. 

If  the interest is in comparing summary estimates between groups (for 
example, seeing if  the test performs differently in primary vs. secondary care), 
stratified analysis or meta-regression are logical choices. Stratified analysis is 
more focused on comparing the estimates between the subgroups while meta-
regression is focused on whether the factor is associated with a difference 
in accuracy between the groups. However, results from meta-regression for 
categorical factors can also be presented in a stratified manner. 

In meta-regression, it is possible to explore multiple factors simultaneously 
and to explore factors in their continuous form. Authors should report details 
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on how factors were entered into the model and in what form. As authors 
performing meta-regression explored more factors than those doing stratified 
analysis or sensitivity analysis, it seems like meta-regression is being used more 
often for exploratory rather than confirmative analysis. However, the problem 
of  multiple testing cannot be avoided by using multiple-regression as opposed 
to sensitivity analysis or stratified analysis.  

Interpretation and presentation of  results
Regardless of  the chosen method for investigating sources of  heterogeneity, 
it is important that authors define and report how they will conclude whether 
a factor is a significant source of  heterogeneity. Researchers may consider 
presenting stratified results when a factor is detected to help convey the clinical 
or methodological relevance. 

Although much work can go into investigating sources of  heterogeneity, 
the effect of  a factor may not always be identified. On the other hand, when 
a source of  heterogeneity is identified statistically, caution should be exercised 
against jumping to the conclusion that that factor is actually causing the 
heterogeneity. If  factors are closely related to each other, it is often impossible 
to determine which factor is causing the heterogeneity. Instead of  just 
attributing heterogeneity to a factor, one should try to explain why that factor 
could be causing heterogeneity. When a identified sources of  heterogeneity is 
a quality item, it is particularly important to explain what that item is as readers 
may not be familiar with them (12). Ultimately, the exploration of  heterogeneity 
is performed with the hope that factors will be identified that are relevant for 
current clinical practice or future research.

Closing remarks
In this review, we found that methods for exploring sources of  heterogeneity 
in meta-analyses of  diagnostic studies vary widely between meta-analyses. 
Based on the variety in methods observed, we developed a list of  items to 
consider and report on. While waiting for formal guidance to be developed, 
this list can be used by researchers in the meantime to improve the way that 
they explore sources of  heterogeneity and report findings of  this exploration in 
meta-analyses of  diagnostic studies.
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Appendix 2. Study inclusion flow chart 
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ABSTRACT

Background The validity of  a meta-analysis can be understood better 
in light of  the possible impact of  publication bias. The majority of  the 
methods to investigate publication bias in terms of  small study-effects are 
developed for meta-analyses of  intervention studies, leaving authors of  
diagnostic test accuracy (DTA) systematic reviews with limited guidance. 
The aim of  this study was to evaluate if  and how publication bias was 
assessed in meta-analyses of  DTA, and to compare the results of  various 
statistical methods used to assess publication bias.

Methods A systematic search was initiated to identify DTA reviews with 
a meta-analysis published between September 2011 and January 2012. 
We extracted all information about publication bias from the reviews and 
the two-by-two tables. Existing statistical methods for the detection of  
publication bias were applied on data from the included studies.

Results Out of  1,335 references, 114 reviews could be included. Publication 
bias was explicitly mentioned in 75 reviews (65.8%) and 47 of  these had 
performed statistical methods to investigate publication bias in terms of  
small study-effects: 6 by drawing funnel plots, 16 by statistical testing and 
25 by applying both methods. The applied tests were Egger’s test (n=18), 
Deeks’ test (n=12), Begg’s test (n=5), both the Egger and Begg tests (n=4), 
and other tests (n=2). Our own comparison of  the results of  Begg’s, 
Egger’s and Deeks’ test for 92 meta-analyses indicated that up to 34% of  
the results did not correspond with one another.

Discussion/Conclusion The majority of  DTA review authors mention or 
investigate publication bias. They mainly use suboptimal methods like the 
Begg and Egger tests that are not developed for DTA meta-analyses. Our 
comparison of  the Begg, Egger and Deeks tests indicated that these tests 
do give different results and thus are not interchangeable. Deeks’ test is 
recommended for DTA meta-analyses and should be preferred.
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Introduction

When the decision to publish the results of  a study depends on the nature 
and direction of  the results, publication bias arises. There are many forms and 
reasons for publication bias such as time-lag bias (due to delayed publication), 
duplicate or multiple publications, outcome reporting bias (selective reporting 
of  positive outcomes) and language bias (1-6). These forms of  biases tend 
to have more effect on small studies and contribute to the phenomenon of  
“small study-effects” (7). This means that published studies with small sample 
sizes tend to have larger and more favourable effects compared to studies with 
larger sample sizes. This is a threat to the validity of  a systematic review and its 
meta-analyses (8). 

For intervention reviews graphical and statistical methods have been 
developed to investigate if  the results of  the meta-analyses of  the review might 
be affected by publication bias in terms of  small study-effects. A well-known 
graphical method is the funnel plot examination (9). This method aims to 
construct a scatter plot of  the study effect sizes on the horizontal axis against 
some measure of  each study’s size or precision on the vertical axis. The dots 
in this plot together look like an inverted funnel. An asymmetric funnel is an 
indication for publication bias. Since the plot gives a visual relationship between 
the effect and study size, its interpretation is subjective. This is not an issue 
when statistical tests are used to detect funnel plot asymmetry. There are eight 
tests available (10), but the test of  Begg (11), and the test of  Egger (12) are 
probably most common. They have been cited more than 2,500 (Begg) and 
7,300 times (Egger) (13). The test of  Begg assesses if  there is a significant 
correlation between the ranks of  the effect estimates and the ranks of  their 
variances. The test of  Egger uses linear regression to assess the relation 
between the standardized effect estimates and the standard error (SE). For both 
tests a significant result is an indication that the results might be affected by 
publication bias. These and other methods have been developed especially for 
systematic reviews of  intervention studies and are not automatically suitable for 
reviews of  diagnostic test accuracy (DTA) studies (9). 

DTA meta-analyses have different characteristics making assessment of  the 
potential for publication bias more complicated than for intervention reviews. 
The diagnostic odds ratio (DOR) usually takes high values, while intervention 
effects are usually quite small. Secondly, the SE of  the DOR depends on the 
proportion of  positive tests, but this proportion is influenced by the variation 
in threshold amongst different studies. Thirdly, the number of  diseased and 
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non-diseased patients are usually unequally divided, which reduces the precision 
of  a test accuracy estimate while in RCTs equal numbers of  participants 
are allocated to an intervention or control group. Investigating whether 
meta-analyses of  DTA studies have been influenced by publication bias in 
terms of  small study-effects is challenging (14). Even diagnostic meta-analyses 
free of  publication bias might have an asymmetric funnel plot due to other 
reasons like the threshold effect. In addition, bivariate meta-analysis is 
recommended for DTA meta-analyses (14) but bivariate methods for the 
detection of  publication bias are currently not available. Hence, the DOR is 
used as a univariate alternative to detect publication bias, but not for the final 
meta-analysis that assesses the accuracy. 

Knowledge of  the mechanisms that may induce publication bias in 
diagnostic studies or empirical evidence for the existence of  publication bias 
is scarce. Selective publication of  accuracy studies based on the magnitude of  
the sensitivity or specificity doesn’t seem to be very plausible. In addition, what 
parameter is most important (and thus driving possible selective publication) 
depends also on the place of  the test in the clinical pathway and it’s role (15). 
Korevaar et al. compared prospective registered diagnostic studies to the 
publications. They concluded that failure to publish and selective publication 
were prevalent in diagnostic accuracy studies but the dataset was too small to 
draw firm conclusions (16). Brazelli and colleagues, however, tracked a cohort 
of  conference abstracts and did not find evidence of  publication bias in the 
process that occurs after abstract acceptance (17). 

In 2002, Song and colleagues proposed that tests developed for 
intervention reviews, like Begg’s and Egger’s methods could also be used to 
detect publication bias in DTA reviews. They suggested to use the natural 
logarithm of  the DOR (lnDOR) and plot it against its variance or SE and 
test for asymmetry (18). In 2005, however, Deeks and colleagues conducted a 
simulation study of  tests for publication bias in DTA reviews. They concluded 
that existing tests that use the SE of  the lnDOR can be seriously misleading 
and often have false positive results (19). The Cochrane Handbook for 
Systematic Reviews of  Diagnostic Test Accuracy explicitly mentions not to 
use methods like the Begg or Egger tests and argues that it is best to use the 
test proposed by Deeks (14). This test has been developed especially for test 
accuracy reviews and proposes plotting the lnDOR against 1/effective sample 
size (ESS)1/2 and testing for asymmetry of  this plot. The ESS is a function of  
the number of  diseased (n1) and non-diseased (n2) participants: (4n1*n2)/
(n1+n2). The ESS takes into account the fact that unequal numbers of  diseased 
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and non-diseased reduce the precision of  the test accuracy estimates (19). 
Using the ESS instead of  total sample size will reduce the unequal numbers of  
diseased and non-diseased and thereby enhance the precision of  the accuracy 
estimates. The Cochrane Handbook, however, points out that even Deeks’ test 
has low power to detect small study-effects when there is heterogeneity in the 
DOR. As heterogeneity in DTA reviews is the rule rather than the exception 
the Cochrane Handbook warns the authors against misinterpretation of  this 
test (14). 

Because little is known about the mechanisms behind and the existence of  
publication bias in DTA studies it is difficult for reviewers to select the correct 
method for addressing selective publication. In addition, the interpretation 
of  the results of  the various methods and incorporating those results in 
the formulation of  the conclusions of  the review is even more challenging. 
Different tests to identify publication bias in terms of  small study-effects are 
expected to report different results. However, since all tests aim at assessing the 
same concept, publication bias, the differences should be minimal. A simulation 
study did show that differences in test outcomes are, however, quite substantial 
(19). This has not been confirmed in empirical data. To understand more 
about the assessment of  publication bias in DTA reviews led us to following 
objectives. 

The primary objective of  this study was to assess which existing tests for 
publication bias have been used and to what extent the results of  these tests 
have been incorporated in the review. A second objective was to compare 
the results of  existing methods for the detection of  publication bias in 
non-simulated data to assess if  these various methods would provide similar 
results. 

Methods

Study selection
MEDLINE was searched through the interface of  PubMed for DTA reviews 
published between September 2011 and January 2012. The search was 
performed in February 2012 by one author (EO) using a search filter for 
systematic reviews available from PubMed combined with a methodological 
filter for DTA studies: (systematic[sb] AND ((“diagnostic test accuracy” 
OR DTA[tiab] OR “SENSITIVITY AND SPECIFICITY”[MH] OR 
SPECIFICIT*[TW] OR “FALSE NEGATIVE”[TW] OR ACCURACY[TW]))) 
(20).

Investigation of publication bias in meta-analyses of diagnostic test accuracy: a meta-
epidemiological study
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Eligibility criteria
Articles were eligible for inclusion if  they systematically assessed the diagnostic 
accuracy of  a test or biomarker and were published in English. Methods to 
investigate publication bias are developed to investigate publication bias in 
meta-analyses (14). Therefore, the selection was further limited to reviews that 
included a meta-analysis. Availability of  the two-by-two tables of  the included 
studies was not amongst the inclusion criteria to generate a representative 
cohort of  reviews without possible selection on high level of  reporting and 
perhaps review quality (21).  Studies that assessed the accuracy by means of  
individual patient data were excluded as the methodology of  such studies 
differs from those of  meta-analyses on a study level.

Definitions of  assessment of  publication bias
In determining if  authors would assess publication bias in their reviews, we 
scored if  authors described a method how they would investigate publication 
bias like drawing a funnel plot or performing a test for publication bias. If  
the methods were lacking but the results of  a publication bias assessment 
were described, it was also scored as an investigation of  publication bias. We 
regarded the results of  the assessments as being incorporated in the discussion 
of  the reviews when the authors described how publication bias might have 
affected the results of  their reviews. 

Data extraction
An online standardized data extraction form was used to extract data. We first 
piloted the form among all team members. After everyone agreed on the data-
extraction form, the actual extraction was then done by one reviewer (WE). 
An online randomization program selected a random sample of  one third of  
the reviews that was checked by a second reviewer (ML, FW, RS). In case the 
number of  differences between reviewers was <3%, no further data checking 
was done. Disagreements were resolved by discussion. 

For the first objective, data was extracted on all reported matters concerning 
assessing publication bias: if  the authors had planned to assess or assessed 
publication bias and the described methods, the number of  studies that were 
included in the test, results of  the test, and consideration of  the test results 
with the interpretation of  the pooled results. When authors had no intention to 
test for publication bias, the review was screened to find a reason for this and if  
the possible threat of  publication bias was discussed or considered to formulate 
the conclusion. For the second objective, the two-by-two tables (true positives, 
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false positives, false negatives, true negatives) were extracted when reported in 
the reviews or when they could be derived from other results (e.g. number of  
diseased and non-diseased combined with the sensitivity or specificity). 

Comparison of  tests for publication bias 
The secondary objective of  this study was to assess the concordance of  
publication bias test results in empirical data. We applied three univariate tests: 
the Begg test and Egger test because these are cited frequently, and Deeks’ test 
because this test has been developed for DTA meta-analyses and is currently 
recommended in the Cochrane DTA Handbook (14). The tests were performed 
as follows: 

• Begg’s test: rank correlation of  the lnDOR with the variance of  the lnDOR 
  (11);
• Egger’s test: linear regression of  lnDOR with the standard error of  the 
  lnDOR weighted by the inverse variance of  the lnDOR (12);
• Deeks’ test: linear regression of  lnDOR with 1/ESS1/2 weighted by the ESS 
  (19).

Concordance between the results of  tests defined as both having or not 
having a significant result (p-value <0.05) was presented as Cohen’s weighted 
kappa, taking into account agreement due to chance. The simulation study of  
Deeks et al. indicated that tests would more frequently perform differently 
when the pooled DOR is 38 or higher (19). In addition tests need sufficient 
power to perform optimal which may be relevant for concordance. Therefore, 
we performed logistic regression to study whether concordance between 
tests was related to a pooled DOR >38, the number of  primary studies, or 
the number of  included patients. Analyses were performed in the statistical 
program R (22). 

Results

We identified 1,335 references of  potential eligible studies, of  which 152 were 
assessed on full text for eligibility. Finally, 114 DTA reviews were included for 
the current study. Details of  the selection process are presented in Figure 1. 
There was optimal agreement (98.6%) when the second reviewer checked the 
data. 

Investigation of publication bias in meta-analyses of diagnostic test accuracy: a meta-
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Publication bias was explicitly mentioned in 75 reviews (65.8%). Of  these, 
47 (62.7%) had performed methods to investigate publication bias in terms 
of  small study-effects: 6 by investigating funnel plots, 16 by statistical testing 
for asymmetry and 25 by applying both methods. Table 1 gives details on how 
publication bias was investigated per review.

In 28 reviews (24.6%), publication bias was mentioned though it was 
not investigated. Fifteen of  these reviews (13.2%) mentioned why they did 
not investigate publication bias. These reasons were: because the methods to 
investigate publication are lacking and can provide misleading results (n=7), 
lack of  power to detect publication bias (n=6), too heterogeneous results 
to further investigate publication bias (n=1), and underlying principles of  
publication bias in DTA studies are not yet known and publication bias can 
therefore not be investigated (n=1).
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Figure 1. Flow chart of  the selection process and characters of  the included studies

Investigation of publication bias in meta-analyses of diagnostic test accuracy: a meta-
epidemiological study
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Funnel plots
In the 31 reviews that presented funnel plots, different concepts were plotted. 
Funnel plots were constructed per test under review (n=20), per target 
condition (n=2) (e.g. MRI to detect colon cancer or to detect lung cancer) and 
for different accuracy measures of  a test (n=5) (e.g. sensitivity and specificity). 
In four reviews the authors made comparisons of  the accuracy of  several 
clinical tests but used one single plot to investigate publication bias (two of  
these, however, did construct different funnel plots for different accuracy 
measures). 

The axes that were used to plot were diverse. On the horizontal axis the 
DOR (DOR or lnDOR) was most often used (n=24), but also other accuracy 
parameters like sensitivity or ROC area (n=5). Four reviews used other 
parameters (relative risk, detection rate, difference in the arcsine between two 
groups, and standardized effect). On the vertical axis we found a variety of  
precision measures: SE(lnDOR) (n=12), 1/variance(lnDOR) (n=1), 1/(ESS)1/2 
(n=10), and sample size (n=2). For two reviews the authors had constructed 
two plots per test: one plot with the sensitivity on the horizontal axis with 1/
SE(sens) on the vertical axis and one plot of  the specificity on the horizontal 
axis with 1/SE(spec) on the vertical axis.

Statistical tests
In 41 reviews a statistical test was performed to investigate publication bias. 
The applied tests were Egger’s test (n=18), Deeks’ test (n=12), Begg’s test 
(n=5), both the Egger and Begg test (n=4), and both the Begg-Mazumdar 
and Harbord’s test (70). One review did not specify which test was used. Two 
reviews used the trim and fill method to adjust for small study-effects. The 
median number of  studies in the analyses was 13 (IQR 9-19) with a range 
from 4 to 118. Two review authors mentioned that a minimum of  twenty 
homogeneous studies was required to perform a test (71;72). 
Authors that had applied the Egger test most often reported significant results 
indicating the existence of  publication bias (37.2%), while authors that applied 
the Deeks test least reported significant results in identifying publication bias 
(6.7%) (Table 2). 

In 8 reviews the authors used more than one test to examine publication 
bias. The results of  both tests in these reviews were in agreement with one 
another, though the p-values could be quite diverse (e.g. investigation of  
publication bias of  FDG-PET studies to detect in breast cancer: Begg’s 
p=0.462, Egger’s p=0.052 (63) or imaging studies to detect osteomyelitis: 
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Begg’s p=0.392 and Egger’s p=0.063 (60)). 

Table 2. Reported results of  different tests to assess small study in the included reviews (n=41)

Type of  test

Begg
Egger
Deeks
Begg-Mazumdar
Harbord-Egger
All tests

16
43
15
1
1
76

Total

3 (18.8)
16 (37.2)
1 (6.7)
0
0
20 (26.0)

Small study effects
Identified (%)	 Not identified (%)

13 (81.2)
27 (62.8)
14 (93.3)
1 (100)
1 (100)
56 (74.0)

Incorporation of  results in the discussion 
The results of  investigation of  publication bias were discussed in 25 out of  47 
reviews that assessed publication bias. Six reviews based their conclusion about 
publication bias only on the plots, as they had not performed a test. One of  
these reviews concluded the existence of  publication bias, two concluded no 
existence of  publication and three were inconclusive about the influence of  
publication bias for their review. In reviews that had constructed a funnel plot 
and performed a test, the conclusions were based on the combination (funnel 
plot and test) or only on the test. In cases of  disagreement between the results 
of  a funnel plot and a test, all authors emphasized on the test results. 

In fourteen reviews, the issue of  publication bias was raised as a limitation 
to the results while five reviews concluded that there was no risk of  publication 
bias. Two reviews discussed that the assessment had increased their confidence 
in the results of  their review, though four reviews mentioned that it had 
affected the results and that these results should be considered cautiously. 

Eleven reviews that did not assess publication bias mentioned that the 
possible existence of  publication bias could be a limitation to the results of  
their review. In these reviews, authors stated that comprehensive searching, 
placing no limits on study quality or language could be used as precautions to 
prevent effects of  publication bias. Two reviews also mentioned that excluding 
conference proceedings could have introduced publication bias. 

Comparison of  tests to detect publication bias
We were able to obtain two by two tables of  52 reviews, including 92 different 
meta-analyses. There was moderate concordance between the various tests for 
publication bias in terms of  the presence or absence of  significance (Figure 
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2, 3 and 4). Concordance of  the Begg and Egger tests was significantly better 
depending on the number of  included studies (OR 1.09; 95% CI 1.03 to 1.10). 
The number of  included participants or a DOR >38 did not have a significant 
association with the concordance of  tests (Table 3). 

Figure 2. Comparison of  the p-values of  the Begg test 
(y-axis) and Deeks’ test (x-axis) in 92 meta-analyses. The 
dotted lines indicate a p-value of  0.05. Concordance between 
tests was 67% (k=-0.039; 95% CI -0.23 to 0.15).

Figure 3. Comparison of  the p-values of  the Egger test 
(y-axis) and Deeks’ test (x-axis) in 92 meta-analyses. The 
dotted lines indicate a p-value of  0.05. Concordance between 
tests was 66% (k=-0.002; 95% CI -0.2 to 0.19).
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Figure 4. Figure 4. Comparison of  the p-values of  
the Begg test (y-axis) and the Egger test (x-axis) in 92 
meta-analyses. The dotted lines indicate a p-value of  0.05. 
Concordance between tests was 87% between tests (k=0.68; 
95% CI 0.51 to 0.86).
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Table 3. Odd ratio’s for the association between several factors and the concordance between tests

Factor

Number of  participants
Number of  studies
DOR > 38

1.00 (0.99 to 1.00)
0.96 (0.98 to 1.02)
1.02 (0.93 to 1.15)

Begg – Deeks
OR (95% CI)

1.00 (1.00 to 1.00)
1.00 (0.99 to 1.01)
0.955 (0.85 to 1.20)

1.00 (1.00 to 1.00)
1.09 (1.03 to 1.10)*

0.999 (0.96 to 1.00)

Egger –Deeks
OR (95% CI)

Begg – Egger
OR (95% CI)

*P-value <0.001

Discussion

Most authors of  DTA reviews (65.8%) are concerned about publication 
bias. In 41.2% of  the included reviews methods were applied to investigate 
publication bias. Funnel plots were constructed with a diversity of  parameters 
on the axes and were sparsely used in isolation to formulate conclusions about 
the existence of  publication bias. Forty-one reviews assessed publication bias 
with a statistical test. The Deeks test that is especially developed for reviews of  
diagnostic accuracy was only used in 12 reviews (10.5%). In 18 reviews (15.8%), 
the results of  the publication bias assessment led to less confidence in the 
results. Our replication of  three tests to detect publication bias (Begg, Egger 
and Deeks) using empirical data indicated that the results of  the tests frequently 
conflict with one another. The study of  Deeks et al. showed that a type 1 error 
is likely to occur in both the Begg and the Egger tests when the threshold 
for test positivity, the disease prevalence or the magnitude of  the accuracy 
estimates varies between the included studies, especially when the DOR is high 
(DOR>38), which is present in almost every DTA review (19). Although, we 
cannot be sure in which reviews the test results were accurate and in which they 
were false, it seems likely that these two tests may have led to an overestimation 
of  the presence of  publication bias. 

The number of  reviews investigating publication bias seems to have 
increased over time. In 2002, Song and colleagues investigated how authors 
assessed publication bias in a sample of  20 reviews including 28 DTA 
meta-analyses. They concluded that none of  the included reviews had 
investigated publication bias and that only 4 out of  20 reviews had considered 
its likelihood in the discussion (18). Furthermore, in 2011, Parekh-Bhurke et 
al. conducted a review to examine the approaches that are used to deal with 
publication bias in different types of  systematic reviews published in 2006. 
They reported that only 26% of  all reviews used statistical methods to assess 

Investigation of publication bias in meta-analyses of diagnostic test accuracy: a meta-
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publication bias (73). Of  the 50 diagnostic reviews that were included in this 
study, nine (18%) used funnel plot asymmetry to investigate publications bias 
and in three (6%) a statistical test. These numbers are remarkably lower than 
found in our study. This could be the result of  the increased awareness of  the 
possible threat of  publication bias in DTA reviews. 

The increased awareness of  publication bias is a positive development, but 
the drawback here is that the majority of  review authors use tests that are not 
fit for DTA meta-analyses. Our evaluation of  92 meta-analyses indicated that 
both the Begg and Egger tests give more significant results than Deeks’ test. 
This result is in line with the expectation based on the simulation study by 
Deeks et al. (19). The trim and fill method was used in two reviews only. This 
method removes the most extreme small studies on the side of  the desired 
outcome direction in the funnel plot, and recomputes the effect size at each 
iteration until the plot is symmetrical (17). A recent simulation study in DTA 
meta-analyses showed that the trim and fill method was more powerful than 
other tests like the Begg, Egger or Deeks test to detect possible publication bias 
(74). Therefore, this method may be used more frequently in future.

Our study is limited by the fact that we based our results on what is 
reported in the publications. It is possible that funnel plots were constructed 
for more reviews but were not included in the publication. This may have led to 
an underestimation of  the actual number of  reviews that constructed a funnel 
plot. Secondly, our own assessment of  publication bias in the meta-analyses is 
based on the data reported in the reviews but it is, of  course, not clear if  any of  
the meta-analyses were actually biased by publication bias as a gold standard is 
currently absent (14). 

As correctly mentioned in some of  the reviews included in our study, little 
is known about the actual existence of  selective publication of  DTA studies 
(75). There is no evidence regarding the existence of  biases like language bias 
or time lag bias in the DTA setting, nor if  these biases affect the accuracy 
measures in the same way as they affect the effect of  interventions. It could 
be argued that depending on the purpose of  the test either the sensitivity or 
the specificity are more affected by selective publication than the DOR, and 
tests for publication bias should perhaps be directed to these two accuracy 
parameters. A special situation of  selective publication may occur with non-
inferiority designs for diagnostic test accuracy. This study design aims to 
compare the diagnostic accuracy of  a new diagnostic test with a standard test 
and is based on the difference in paired partial area under the ROC curve. This 
difference can be tested with Bayesian methods that result in a p-value (76;77). 
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Because of  this p-value, this design may be more susceptible to non-publishing 
negative findings and as such induces publication bias. However, as long as 
the mechanisms behind publication bias of  diagnostic studies are not well 
understood, it is understandable that some reviewers decided not to formally 
investigate how publication bias may have affected their meta-analysis. 

Prospective registration of  intervention studies shown to be an effective 
measure to reduce selective publication or at least make it more transparent 
to investigators. At the moment, prospective registration is advocated for 
diagnostic accuracy studies but not a prerequisite like it is for intervention 
studies in order to be considered for publication in journals associated with 
the International Committee of  Medical Journal Editors (ICMJE) (78). 
Empirical studies to assess and understand the mechanisms that may induce 
publication bias in DTA studies, however, are needed. A cohort of  prospective 
diagnostic studies could be followed and the dissemination of  study results 
may be compared to the study characteristics and results. Optimization could 
be achieved if  prospective registration of  diagnostic accuracy studies would 
be mandatory. This may, however, would not be beneficial for all types of  
diagnostic studies. For example diagnostic data are often collected as part of  
daily clinical care and retrospectively analysed. Still, prospective registration of  
at least the prospective diagnostic studies could improve the understanding of  
the process of  selective publication of  DTA studies and identify underlying 
mechanisms. This knowledge is needed for valid interpretation of  results of  
meta-analyses of  diagnostic studies. 

Conclusions

We found that most DTA reviewers struggle how to deal with publication 
bias in their reviews. Suboptimal tests like Egger’s and Begg’s are frequently 
used, while the interpretation of  the test results are frequently not linked to 
the pooled results. Deeks’ tests should be preferred to assess publication bias 
in DTA meta-analyses and interpretation of  a significant test result should 
be done within the perspective that we are unaware whether publication bias 
exists for DTA studies. We advise authors of  DTA reviews to try to avoid the 
introduction of  publication bias and apply thorough methods for identifying 
primary studies, alongside regular searches in electronic biomedical databases. 
This entails identifying grey literature, contacting experts and searching for 
conference proceedings. Prospective registration of  diagnostic studies with a 
prospective design could be helpful in the perspective of  selective reporting.
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ABSTRACT

Background Small study and time lag effects have been identified in 
meta-analyses of  randomized trials. We evaluated whether these effects are 
also present in meta-analyses of  diagnostic test accuracy studies.

Methods A systematic search identified test accuracy meta-analyses 
published between May and September 2012. Two-by-two accuracy tables 
from the primary studies and the publication year were extracted for 
included reviews. In each meta-analysis the strength of  the associations 
between estimated accuracy of  the test and sample size as well as 
between estimated accuracy and time since first publication within each 
meta-analysis were evaluated using weighted linear regression models. 
The regression coefficients over all meta-analyses were summarized using 
random effects meta-analysis.

Results Fifty meta-analyses and their corresponding primary studies 
(n=874) were included. There was a positive association between accuracy 
(Diagnostic odds ratio (DOR), sensitivity and specificity) and sample 
size, with larger studies reporting higher accuracy. A time effect was only 
observed for the DOR, which was significantly lower in the quartile of  
most recently published studies.

Discussion/Conclusion Small study and time lag effects do not seem to 
be as pronounced in meta-analyses of  test accuracy studies as they are in 
meta-analyses of  randomized trials. 
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Introduction
 

The validity and credibility of  the results of  a systematic review of  diagnostic 
test accuracy studies depends on the methodological quality of  the included 
studies, but also on the absence of  selective reporting (1-3). Knowledge about 
the principles of  selective reporting can help with the interpretation of  the 
results of  a meta-analysis. 

A sample size effect in randomized trials has been described before. 
Published trials with smaller sample sizes tend to have larger and more 
favourable effects compared to studies with larger sample sizes (4;5). This 
phenomenon may occur for several reasons. It has been suggested that 
smaller studies are more likely to be published when they show significant 
positive results. Larger studies may be more likely to be submitted, accepted 
and published regardless of  their estimated effect. This mechanism, which 
is called small study effect, can hamper the validity of  a systematic review 
overestimating the “true” effect (3;6-8).

In addition to a small study effect, meta-analyses of  randomized trials may 
also be influenced by the problems arising from a time lag effect. This effect 
can result from variability in the time it takes to complete and publish a study 
report, which may depend on the direction and strength of  the trial results (9). 
Empirical studies have indicated that negative or null results take approximately 
two or three more years to be published compared to positive results (3;10). 
This time lag effect could influence the meta-analysis, especially when it 
includes a small number of  studies. It therefore has implications for the timing 
of  a review, inclusion of  on-going studies, and updating the review. 

Whereas these effects are well known and described for randomized 
trails, it is unclear whether phenomena such as small study or time lag effects 
translate to diagnostic studies (11-13). Publication of  diagnostic studies may 
be influenced by a different set of  factors than randomized trials. In general, 
test accuracy studies tend to rely less on statistical significance testing than 
randomized trials. Many studies do not report confidence intervals around 
estimates (14), and sample size calculations based on a desirable outcome are 
typically absent (15). However, there is some evidence of  a failure to publish 
completed research projects. Korevaar et al. compared registered test accuracy 
studies to the reported publication and concluded failure to publish and 
selective reporting is also present in test accuracy studies (16). However, the 
mechanisms and possible explanations driving this publication bias of  test 
accuracy studies are not known.

8
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In this study we aimed to assess whether meta-analyses of  diagnostic tests 
accuracy measures suffer from small study or time lag effects, using a set of  
recent meta-analyses of  diagnostic test accuracy studies.

Methods

Overarching project 
This study was a part of  a meta-epidemiologic project on systematic reviews 
of  diagnostic studies. The goal of  this project was to investigate several 
methodological topics such as small sample size effects, time lag bias, quality 
assessment, and how to interpret tests and measurements of  heterogeneity. 

Selection of  reviews and meta-analyses 
This study was part of  a meta-epidemiological project on systematic reviews 
of  diagnostic accuracy studies. On September 12th 2012, MEDLINE and 
EMBASE were searched for systematic reviews on test accuracy studies 
published between May 1st 2012 and September 11th 2012. For our analysis, 
we limited inclusion to reviews with a meta-analysis for which we were able 
to obtain two-by-two classification tables of  the studies included in the 
meta-analysis. A meta-analysis was defined as an analysis producing a summary 
estimate for at least one accuracy statistic or, alternatively, producing a summary 
ROC curve (sROC). Reviews of  tests in animals, prognostic tests, and of  
individual patient data were excluded, as there may be other effects related 
to publication in these types of  studies. Only English language reviews were 
included. The search strategy is available in Appendix 1.

Data extraction	
Data were extracted using an online structured data extraction form. An 
independent double data extraction pilot was performed for a subset of  the 
reviews (30%) until all authors agreed on the items of  the data-extraction form. 
After that, data were extracted by one reviewer (CN, EO or WvE) and checked 
by a second reviewer (CN, EO or WvE) for discrepancies. Disagreements were 
resolved during a consensus meeting. 

For each eligible review, we classified the type of  test under evaluation 
and the total number of  studies included in the meta-analyses. Data were then 
collected on the primary study level for one meta-analysis for each included 
review. If  there was more than one meta-analyses in the published review, 
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we selected the one with the largest number of  included primary studies. For 
each primary study in a meta-analysis we extracted the year of  publication and 
data to populate the individual two-by-two accuracy table (i.e. number of  true 
positives, false negatives, false positives, and true negatives). 

Whenever information on the primary studies was not available to us 
directly from the published review, we contacted the authors of  the review. 
When we were unable to reach the author after sending two reminders or 
when authors could not provide the data, data were extracted from the original 
primary study reports. A second author checked the results of  the data 
extraction.

Data analysis
We evaluated the strength of  the association between the estimated accuracy 
and sample size over all studies within each included meta-analysis separately. 
We performed similar analyses for the association between estimated accuracy 
and time since publication of  the first study within each review. 

The diagnostic odds ratio was chosen as the accuracy statistic of  primary 
interest because it expresses accuracy as a single parameter (13;17;18). 
Secondary outcomes were the effects on sensitivity and specificity. To facilitate 
analyses, we used the natural logarithm of  the DOR (lnDOR) and evaluated 
sensitivity and specificity on the logit scale. We added 0.05 to all the cells in the 
two-by-two tables to facilitate the analysis. 

A weighted linear regression model was fitted to the studies in each 
meta-analysis, with the lnDOR of  a study as the dependent variable and 
the study sample size as the independent variable. We selected the empirical 
Bayes model proposed for multiple linear regression for its ability to fit 
smaller samples (19). A similar model was built using time between the date 
of  publication of  each study and the date of  the oldest publication in the 
meta-analysis as the independent variable. 

The association between sample size and the lnDOR was also studied using 
the inverse of  the effective sample size (ESS) as the independent variable. 
The ESS is a function of  the number of  diseased (n1) and non-diseased (n2) 
participants and can be calculated using the following formula: (4n1*n2)/
(n1+n2). The ESS takes into account the fact that unequal numbers of  diseased 
and non-diseased reduce the precision of  test accuracy estimates for the total 
sample (17). 

In evaluating associations between sample size and sensitivity and specificity 
estimates, we took the number of  diseased and the number of  non-diseased 
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as the respective independent variables. In addition, we classified studies in 
each meta-analysis into four groups using quartiles of  sample size and quartiles 
of  time elapsed since the first publication in years, respectively, and used the 
quartile as an ordinal variable in the regression. 

After fitting a regression equation for each included meta-analysis, the 
resulting regression coefficients and their precision were combined using 
DerSimonian and Laird’s random effects model to estimate the overall 
association (20). This two-step approach was chosen to accommodate 
differences in accuracy between meta-analyses related to differences in tests and 
fields. All analyses were conducted in the statistical package R (21).

Subgroup analysis
Separate analyses were carried out for imaging tests and for laboratory tests. 
Our rationale for this subgroup analysis was based on the observation that 
imaging studies generally have an implicit threshold. 

The reported accuracy in studies with an implicit threshold can be affected 
by the number of  diseased patients and is more likely to change over time 
(22-24). In addition, with imaging, gradual improvements in techniques may 
also induce time trends. We therefore hypothesized that a small study or time 
effect might act differently in imaging studies than in laboratory studies. 

Results 

Search results
The search identified 1,273 references. After screening the titles and abstracts 
89 references were found potentially eligible and were read as full text articles. 
Attempts were made to obtain the two-by-two tables of  53 eligible reviews. 
In three reviews attempts were unsuccessful resulting in 50 reviews that 
were eventually included (see flow chart in Figure 1 and Additional file for 
references). The 50 meta-analyses combined contained a total of  874 primary 
studies.

Characteristics of  the included reviews and meta-analyses
Fifteen reviews investigated a laboratory test, twenty-nine an imaging test and 
six addressed clinical examinations. The selected meta-analyses had a median 
of  ten studies (interquartile range (IRQ) 5 - 21). The median prevalence of  the 
target condition in the studies was 48% (IQR: 24% – 69%). More characteris-
tics of  the primary studies are presented in Table 1. 
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Table 1. Characteristics of  primary studies (N=874) in the included meta-analyses (N=50)

Number of  Sample Size

Sample size
Effective Sample size†

Number of  diseased
Number of  non-diseased
Time lag (years) ‡

87
56
32
36
6

Median

45 – 183
31 – 110
16 – 63
18 – 100
3 – 10

3 – 50,008
0 – 3,040
0 – 1,358
0 – 49,973
0 – 42

Median 
Interquartile range

Range

† Effective sample size: (4n1*n2)/(n1+n2)
‡Time lag: time since the first publication within a meta-analysis

8

Sample size
The median sample size of  the included studies (n=874) was 87 participants 
(IQR 45 – 183), ranging from extremely small to very large  (range: 3 to 
50,008). In total, there were 52,178 diseased participants and 526,627 non-
diseased. This skewed distribution was mainly caused by a small set of  studies 
on screening tests with very large samples but very few diseased compared to 
non-diseased. 

The summary regression coefficient for the association between sample 
size and DOR was 1.01 (95% CI 1.00 to 1.03). This indicates that, on average, 
larger studies produced significantly larger estimates of  test accuracy. One 
meta-analysis was excluded from the analyses because it only included three 
primary studies, and fitting a regression model for this meta-analysis was not 
considered meaningful.

Enlarging the contrast between small and large sample sized studies by 
comparing quartiles indicated that studies in the fourth quartile (25% of  studies 
with largest sample size) on average had a 1.45 higher DOR than studies with 
a sample size in the first quartile (95% CI 0.91 to 2.18). For the analysis with 
quartiles the model had to fit 4 variables to allow for different effects per 
quartile, meaning that 5 primary studies needed to be present to fit the analysis. 
This was possible for 42 meta-analyses.

When associations with sample size were studied using effective sample size 
as the independent variable, the regression coefficient of  the DOR was 1.01 
(95% CI 0.78 to 1.30). A comparison of  the fourth quartile to the first quartile 
indicated that studies with an ESS in the fourth quartile had on average a 1.36 
higher DOR compared to the studies in the first quartile (95% CI 0.85 to 2.17). 
The analysis for sensitivity and specificity revealed a similar pattern: studies 
with a higher number of  evaluated study participants tended to report higher 
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accuracy estimates for both sensitivity and specificity (Table 2).

Publication date
The primary studies included in the meta-analyses were published between 
1969 and 2010. Within meta-analyses, the median time interval since the first in-
cluded publication was 6 years (IQR: 3 – 10). There was no association between 
the sample size (or the ESS) and the time since first publication (change over 
time). The DOR of  the studies in the quartile with the most recent published 
studies was significantly lower than for studies in the earliest studies (0.73; 95% 
CI 0.58 to 0.92). There were no other significant associations between time 
since first publication and the DOR, sensitivity or specificity (Table 2).

Subgroup analysis
None of  the associations were significantly different between the subgroups. 
The regression coefficients for the associations had similar directions except for 
specificity. The OR for specificity decreased for imaging tools over time, while 
it seemed to improve for laboratory tests, but this difference was not significant 
(Table 3). 
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Sensitivity analysis
We observed some very small absolute numbers of  diseased participants in the 
included studies: 118 studies had ten or less diseased participants and 121 stud-
ies had ten or less non-diseased participants. In very small studies, the possible 
values for the estimated accuracy are small. Small studies may easily underesti-
mate the true accuracy when sensitivity and specificity are very high or low. For 
example, when accuracy is acquired from four diseased patients, the sensitivity 
could only be estimated as 0%, 25%, 50%, 75%, or 100%. When the true sen-
sitivity would be 95%, sensitivity may easily be underestimated. This phenom-
enon in itself  might be responsible for a small study effect (25). We 
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Table 4. Sensitivity analysis of  small study effects excluding all studies with n < 10 diseased or non-diseased œ

Sample Size
Effective Sample Size†

Number of  diseased
Number of  non-diseased

DOR§

DOR§

Sensitivity
Specificity

Accuracy measure

1.01 (0.99 to 1.03)
1.00 (0.93 to 1.08)
1.21* (1.09 to 1.33)
1.01 (0.99 to 1.03)

1.29 (0.90 to 1.8)
1.08 (0.76 to 1.55)
1.70* (1.26 to 2.31)
1.19 (0.92 to 1.57)

Relative increase 
per 100 partici-
pants (95% CI)

Q4 vs Q1 
(95% CI)

œ To facilitate analyses, we analysed the natural logarithm of  the DOR (lnDOR) and evaluated sensitivity and specificity on the logit scale.
Q4 was the quartile with 25% of  studies with largest sample size or with 25% most recent published studies within each meta-analysis
§ DOR: Diagnostic odds ratio
† Effective sample size: (4n1*n2)/(n1+n2)
* p-value < 0.05

Table 3. Small study and time lag effects assessed in subgroups of  imaging and laboratory tests œ

Sample size 
Effective sample size† 
Diseased 
Non-diseased 
Time lag (years) ‡

Time lag (years) ‡

Time lag (years) ‡

DOR§

DOR§

Sensitivity
Specificity
DOR§

Sensitivity
Specificity

Accuracy measure

1.46 (0.87 to 2.45)
1.72 (0.85 to 3.49)
1.96* (1.56 to 2.47)
1.32 (0.90 to 1.91)
0.70* (0.52 to 0.93)
0.93 (0.66 to 1.30)
0.91 (0.73 to 1.13)

1.61 (0.73 to 3.58)
1.61 (0.73 to 3.58)
1.36 (0.86 to 2.16)
1.51 (0.86 to 2.64)
0.83 (0.53 to 1.29)
0.82 (0.48 to 1.40)
1.07 (0.73 to 1.57)

Imaging test
Q4 vs. Q1 
(95% CI)

Laboratory test
Q4 vs. Q1 
(95% CI)

œ To facilitate analyses, we analysed the natural logarithm of  the DOR (lnDOR) and evaluated sensitivity and specificity on the logit scale.
§ DOR: Diagnostic odds ratio
† Effective sample size: (4n1*n2)/(n1+n2)
‡Time lag: time since the first publication within a meta-analysis
* p-value < 0.05
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therefore decided to run additional sensitivity analysis, excluding all studies with 
less than ten diseased and those with less than ten non-diseased participants. 
In this sensitivity analysis regression coefficients were typically smaller, and no 
significant study effect could be observed, except for sensitivity. 

Discussion

We assessed the existence of  small study and time lag effects in test accuracy 
meta-analyses using a meta-epidemiological analysis of  a series of  published 
systematic reviews. Opposite to what was expected, we observed that accuracy 
estimates of  diagnostic studies with a small sample size tended to be lower than 
for studies with a larger sample size. The association was significant for various 
accuracy measures, but some of  this may be an artefact of  the very small stud-
ies, i.e. those with less than ten diseased patients or less than ten non-diseased. 
Furthermore, we found limited evidence for the existence of  time lag effects. 
The association was only significant for the DOR when we compared the most 
extreme contrast of  the 25% most recently published studies to the 25% first 
published studies. We did not observe different effects between imaging and 
laboratory tests.

The findings of  this study are in contrast with earlier findings for 
meta-analyses of  randomized trials, where higher treatment effect sizes of  
RCTs are strongly associated with small sample sizes (7;8;26). Nüesch et al. 
studied 13 meta-analyses with continuous outcomes and found on average 
0.21 (95% CI 0.08 to 0.34) higher effect sizes in small trials than in large trials 
(7). Dechartres et al. included 93 meta-analyses with binary outcomes. They 
concluded that the quartile of  smallest trials had 32% (95% CI 18% to 43%) 
larger treatment effects than the quartile that included the largest trials (8). The 
differences in effect size between small and large trials can be the result of  the 
publication process, which elects positive and significant results over negative 
or null results (27). According to the review of  Hopewell et al. the odds to find 
positive, significant results in a publication are four times higher than to find 
negative or null results(28).

We consider it very unlikely that the sample size effect we have found for 
DTA meta-analyses is the result of  an actual preference to publish small studies 
with low accuracy measures rather than small studies with higher accuracy 
measures. The sensitivity analysis showed that an artefact caused by the very 
small studies might explain the sample size effect. The choice to exclude studies 
with less than ten diseased or non-diseased participants was arbitrary. In the 
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sensitivity analysis, the positive relation between the number of  diseased and 
sensitivity remained statistically significant. This might be an indication that our 
cut-off  point of  ten diseased in the sensitivity analysis was too conservative. 
Another factor that could have led to the large study effect is variability of  
methodological quality. For diagnostic research, large sampled studies often 
come from routine care data. Such data often suffer from verification problems, 
resulting in higher accuracy (29). So, first, presence of  the small study effect 
calls for caution when including studies with a very small number of  diseased 
or non-diseased participants in a meta-analysis. It would be worthwhile to 
investigate the minimal number of  needed diseased or non-diseased patients. 
Second, further evaluation is needed if  methodological quality if  related to 
sample size.

Our findings on sample size effect were confirmed by the study of  Haines 
and colleagues. They found a similar relation between sample size and the 
Youden’s Index, a test statistic that captures test performance (30). Studies with 
larger samples had a higher Youden’s Index. They claimed that this relationship 
was attributable to prematurely ceasing studies with poorer outcomes at smaller 
sample sizes. It will be challenging to assess if  this hypothesis is valid because 
power calculations that specify the desired power at baseline of  a study, are 
rarely reported in DTA-studies(31).

The time lag effect observed in our DTA meta-analyses was much smaller 
than identified for randomized trials (3;9;32). For example, the systematic 
review of  Hopewell et al. indicated that the median time to publish significant 
results was 4.7 years, while this was 8.0 years for studies with negative or 
null results (10). Our evaluation does not indicate such a strong relationship 
between the time to publish and the outcome of  the studies. None of  the 
trends were significant over time, except for the DOR comparing the 25% most 
recent published studies to the 25% first published studies. The direction of  
the trend was similar to the trend of  randomized trials, with lower DORs in 
later studies. Similar to our results, the study of  Sonnad et al. found that earlier 
published studies had higher accuracy, but the relation was not significant (33).

Even in the absence of  an overall effect, it is still possible that a time lag 
effect exist for specific tests. For example, the design of  studies may change 
over time, from explorative case control type studies to prospective studies in 
consecutive patients (34). In addition, the setting and targeted patients may 
change over time, with better understanding of  the most useful application of  
a diagnostic test (35). It would be worthwhile to study if  specific study charac-
teristics, such as study setting or patient spectrum, change over time in a large 
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cohort of  primary diagnostic accuracy studies.
Both small study and time lag effects are, among other reasons, 

consequences of  publication bias. The meticulous follow-up of  a cohort 
of  diagnostic accuracy studies could be a way of  documenting the actual 
mechanisms in the reporting and publication processes of  such studies, and 
allows to analyse to what extent non-random publication bias exists (9;36).

Factors that influence the decision to submit or to accept a research article 
can also be studied from trial registers and present more direct information 
on publication bias. In 2006 the International Committee of  Journal Editors 
(ICMJE) established prospective registration of  trials, defined as “any 
research project that prospectively assigns human subjects to intervention 
and comparison groups to study the cause-and-effect relationship between a 
medical intervention and a health outcome” (37). At present, this definition 
does not seem to capture all test accuracy studies, and recent analyses have 
shown that only a small subset of  such studies is currently registered before 
enrolment of  the first patient (38). 

Conclusion
	
Awaiting further evidence, our study results leads us to conclude that some of  
the typical mechanisms associated with publication bias which are well docu-
mented in the literature for randomized clinical trials are less prominent in test 
accuracy research. Delays in the reporting of  studies with disappointing results 
and failures to report such studies at all if  they are small, might not be as com-
mon as in randomized clinical trials of  pharmaceuticals and other interventions. 
Confirmation of  the findings of  our study may provide reassurance to those 
relying on the published literature for evidence of  the performance of  medical 
tests. 
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Appendix 2. Search strategy

Figure 1_appendix. Flow chart of  selection process of  the included reviews and meta-anlayses
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Total hits (all databases) 
1st May 2012 -1 1th Sept 2012
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The principal focus of  this thesis is on methodological issues and challenges 
in conducting systematic reviews, the highest level of  evidence to guide 
clinical decisions. This thesis provides further insight on how the validity of  
reviews can be improved. In this chapter we summarize and discuss the results 
described in this thesis, and the implications for clinical practice and for future 
research.

A high-quality systematic review consists of  several steps to arrive at a valid 
answer to a research question. In this thesis, we have studied and evaluated 
various steps of  the review process: identifying studies, assessing the quality of  
the primary studies and the quality of  reporting of  primary studies, assessing 
heterogeneity, and assessing publication bias. A considerable number of  
methodological issues were identified. Most of  our research projects focused 
on methodological issues of  the review process and meta-analysis of  diagnostic 
test accuracy (DTA) studies, a relatively young field of  evidence-based research.

Chapters 2 and 3 addressed the identification of  studies. Chapter 2 
focused on the use of  prospective trial registers for the identification of  
interventional studies (randomized controlled trials; RCTs), in addition to 
searching the commonly used electronic databases. This evaluation showed that 
in a cohort of  210 Cochrane systematic reviews of  interventions, about one 
third (38.1%) of  the authors searched clinical trial registers. A search portal for 
multiple trial registers was used in 70% of  these reviews. Thirty-five per cent 
of  the searches resulted in identification of  additional relevant trials, of  which 
14.3% of  the ongoing of  unpublished data actually were selected for inclusion 
in the review. In most of  these cases (71.4%), the trial was still ongoing and 
therefore classified as ‘studies awaiting classification’. These findings indicate 
that the uptake of  prospective trial registers for Cochrane reviews has started 
slowly and should improve in the years to come. In chapter 3 we studied how 
a search restriction to MEDLINE only affected the summary estimates of  
the meta-analyses of  DTA studies. The relative diagnostic odds ratio (DOR) 
comparing studies that were uniquely identified in MEDLINE to all studies 
was 1.04 (95% CI 0.94 to 1.15), meaning that a restriction to studies indexed 
on MEDLINE studies would only slightly exaggerate the pooled estimate 
of  the DOR, but this increase was not significant. The sensitivity would 
decrease 0.08% (95% CI -1% to 1%) and specificity 0.1% (95% CI -0.8% 
to 1%). For a substantial number of  reviews (57%) all included studies were 
indexed on MEDLINE, which had no association with the comprehensive-
ness of  the search strategies used in the reviews. We concluded that omitting 
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non-MEDLINE studies would not significantly affect the summary estimates 
of  DTA meta-analyses. However, the impact for individual reviews is still 
unpredictable.

Chapter 4 described current practices of  quality assessment in 65 DTA 
reviews. The quality of  the included studies was formally assessed in 92% of  
the reviews, of  which 64% used QUADAS (3% used QUADAS II). In 72% 
of  these reviews, the results of  the quality assessment were discussed, while 
only 9% linked the results of  the quality assessment to the conclusion. Half  
of  the reviews that linked the quality assessment to the conclusions had not 
performed a meta-analysis because of  severe methodological heterogeneity 
and high risk of  bias. Quality assessment was further mentioned in 43% of  
the abstracts of  the reviews, while here only 5 reviews linked the outcome of  
the quality assessment to the conclusion in the abstract. We concluded that the 
reporting of  systematic reviews of  DTA should improve to provide readers of  
the review with a more valid perspective on the performance of  the evaluated 
tests in clinical practice.

Chapter 5 presents an overview of  reviews assessing the quality of  
reporting of  DTA studies following the Standards for Reporting of  Diagnostic 
Accuracy (STARD) initiative. Complete and transparent reporting of  primary 
test accuracy studies is essential for review authors and end-users of  the review 
to assess the validity of  the design, conduct and analysis of  those studies and 
to enable interpretation of  the results. Sixteen reviews were included that had 
evaluated the quality of  reporting, defined as the adherence to STARD, of  
1,496 test accuracy studies. We concluded that the quality of  reporting was 
suboptimal. Out of  the 25 STARD-items, the mean number of  STARD items 
that scored positive varied from 9.1 to 14.3 with a median of  12.8 items. The 
number of  items that was reported has slightly improved since the introduction 
of  STARD in 2003 (1.41 items; 95% CI: 0.65 to 2.18). It was worrisome that 
half  of  the reviews had median proportions of  adherence under 50% (scored 
on less than 13 STARD items). Analysis on item-level indicated that seven 
items scored particularly low: item 10 (persons executing the tests), item 11 
(blinding of  readers), item 13 (methods for calculating test reproducibility), 
item 16 (number of  eligible patients not undergoing either test), item 20 
(adverse events), item 22 (handling of  missing results), and item 24 (estimates 
of  test reproducibility). This is alarming because several of  these items can be 
related to biased results. Overall, although a small improvement of  reporting 
quality was measured in the years after the introduction of  STARD, there is still 
considerable room for improvement. Adherence to STARD should be further 
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promoted and recommended among researchers, editors and peer reviewers 
from the stage of  designing the study and onwards.

Assessment of  heterogeneity is more complex for test accuracy results, 
mostly due to the bivariate nature of  the data. Chapter 6 focused on the 
assessment of  heterogeneity in 65 systematic reviews of  diagnostic test 
accuracy. In 12 of  these the authors decided not to pool the results, for which 
severe heterogeneity was mentioned as main reason. In 53/65 reviews methods 
were used to address heterogeneity. A stratified analysis was performed in 
47.2%, meta-regression in 35.8% and sensitivity analysis in 22.6%. Many 
sources of  heterogeneity were explored compared to the number of  primary 
studies in a meta-analysis (median ratio 1:5). Based on these findings we made 
suggestions on what to consider and report on when exploring sources of  
heterogeneity in diagnostic test accuracy reviews. 

Chapter 7 and 8 both concerned selective publication. It has been 
suggested that smaller studies are more likely to be published when they show 
significant positive results. Larger studies may be more likely to be submitted, 
accepted and published regardless of  the estimated effect. This mechanism, 
which is termed small study effect, can hamper the validity of  a systematic 
review. In Chapter 7 the methods that are currently used by DTA review 
authors to detect publication bias in their meta-analyses are described. In a 
cohort of  114 reviews, 41.2% of  the authors assessed publication bias with 
graphical and/or statistical methods that are aimed to identify small study 
effects. Most of  the used methods are developed to investigate the relationship 
between treatment effect and study size. Funnel plot evaluation was done in 31 
reviews using a wide variety of  diagnostic parameters. Statistical tests that assess 
small study effects were used in 41 reviews. The test described by Deeks (1), 
which is specifically designed for meta-analyses of  diagnostic test accuracy, was 
only used in 29.2%. The most frequently used test was the Egger test (43.9%) 
(2). This test, however, has inflated type-1 errors in DTA meta-analyses. In an 
additional evaluation we used data from the included studies to compare the 
concordance between the various tests. Agreement between tests (defined as 
being concordant with respect to significant or non-significant results) ranged 
between 66% (Deeks vs. Egger) and87% (Begg vs. Egger) (3), even though 
each test is aimed to measure the same concept (small study effects). We 
suggest that reviewers use the Deeks test and be careful with the interpretation 
of  the results as the mechanisms driving publication bias of  test accuracy 
studies are not known. In Chapter 8 we investigated the presence of  small 
study effects or time lag effect in meta-analyses of  diagnostic test accuracy. 
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Instead of  identifying the anticipated small study effects, we found the 
opposite: studies with small sample sizes had lower accuracy than larger studies. 
A possible explanation for this finding was a statistical artefact: odds ratios 
are overestimated in small samples due to the inherent properties of  logistic 
regression models. However, this could not fully explain this unexpected result. 
However, we did identify a time lag effect. Comparing the 25% most recently 
published studies with the 25% first published studies, a degree in accuracy 
over time was found, but it was not as strong as for intervention reviews. 
We concluded that some of  the typical mechanisms associated with selective 
publication of  RCTs are less prominent in test accuracy research.

Discussion and future recommendations
Identification of  all available studies is the basis of  every systematic review. 
Missing studies may hamper the validity of  the review and, therefore, extensive 
searches are recommended (4-6). Establishment of  prospective trial registers 
has been considered of  great importance by many parties (7). Prospective 
registers, however, seem to be underused not only by Cochrane review authors 
(8) but also by editors (9). Prospective registers are a valuable new source of  
information to identify ongoing studies and non-published trial results, among 
unpublished studies (10) and its potential is gradually growing. The quality of  
registration and transparency of  clinical trial results still improves over time 
(11), driven by initiatives like the AllTrials campaign – a petition for registration 
and reporting of  all trials and their results (12) –  and the requirement of  the 
American Food and Drug Administration service (FDA) to upload all results in 
ClinicalTrials.gov, within one year after completion (13). The FDA requirement 
of  providing a summary of  the primary and secondary outcomes should be 
supported by and part of  all registries in the near future. Additionally, there is 
a movement going on among major stakeholders towards registering studies 
involving human subjects beyond clinical trials, like diagnostic test accuracy 
and prognostic studies. We expect that these great improvements will raise the 
awareness about trial registries’ usefulness for the scientific community.

However, we have to deal with some barriers first before we can fully 
profit from the potential benefits of  trial registration. Improvement of  the 
user friendliness and advanced search options of  the WHO Search Portal 
(14), a single point of  access to all (inter)national trial registries, can be an 
important next step to increase its usage. At the moment, the search engines 
of  most registers have very limited options, leading to unsuccessful usage or 
no usage of  trial registers (14). Additional guidance for review authors on how 
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to incorporate unpublished trials or unpublished data in their review should 
be developed. The Cochrane Handbooks could be a good place for these 
instructions. To identify the barriers of  individual users, an online platform can 
be initiated for researchers to share their obstacles and ideas for improvement. 
In addition, editors and peer-reviewers should be encouraged to crosscheck 
the registered items with published study reports to identify selective reporting 
of  outcomes. This process can be facilitated by automatic downloads of  item 
entries from trial registers (15). 

Required registration of  diagnostic test accuracy studies will definitely 
facilitate empirical research on the mechanisms and possible explanations 
that drives publication bias of  test accuracy studies. It is of  great importance 
to understand what type of  test accuracy studies take longer to be published 
or do not get published at all. Our study on small sample size and time lag 
effects (Chapter 8), two well-known effects in therapeutic meta-analyses, seem 
to be less prominent in test accuracy research. However, there are some hints 
that publishing overly optimistic test performances may lead to high cost and 
harming patients (16). 

Identification of  diagnostic test accuracy studies is quite complex (5;17). 
Searches for test accuracy studies should not be performed using a search 
filter (17;18), unlike for identifying RCTs because diagnostic studies will 
easily be missed as a result of  poor indexing. Therefore, it is often necessary 
to screen thousands of  hits to identify all relevant papers in the systematic 
review process. Since the number of  publications about test accuracy is 
rapidly increasing, the expected workload will also proportionally increase. In 
order to advocate efficient searching we assessed the effect on the summary 
estimates of  DTA meta-analyses (Chapter 3) and we found no significant 
effect. Our results can help reviewers with the decision to restrict their search 
to MEDLINE when a comprehensive search is not possible due to limited 
time and resources. Unfortunately, because these results are based on a small 
number of  reviews we can not draw firm conclusions. The impact of  a limited 
search on an individual review is still difficult to predict. Confirmation of  our 
results in other meta-epidemiological studies, preferably stratified for specialty, 
are warranted. To date, the number of  Cochrane DTA reviews might be 
sufficient to enable a replication of  our study in a sample of  high quality DTA 
reviews, with high-quality initial searches. If  our results are confirmed a strong 
recommendation about limiting the searches to MEDLINE may be given. 

Summary and general discussion
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Systematic reviews are the cornerstone of  evidence-based medicine and 
are used to guide clinical practice (19). The Grading of  Recommendations 
Assessment, Development and Evaluation (GRADE) tool (20) is increasingly 
used in Cochrane reviews to summarize the main results and to assign levels 
of  evidence for each critical and important outcome (21). GRADE is also 
adopted by many international guideline developers and policy makers, like 
the National Institute for Health and Care Excellence (NICE) and the World 
Health Organization (WHO) (22). GRADE helps guideline groups with 
assigning levels of  evidence for each outcome and provides a framework 
for translating the evidence into recommendations (including the strength 
thereof) in a systematic and transparent manner. For the purpose of  assigning 
levels of  evidence in systematic reviews, GRADE assesses five domains 
which are summarised in a so-called Summary of  Findings (SoF) Table: study 
limitations (risk of  bias), inconsistency of  results (heterogeneity), indirectness 
of  the evidence (applicability), imprecision, and publication bias. The results 
of  this thesis indicate that grading test accuracy evidence is challenging for 
most of  these items. As a result of  the poor quality of  reporting of  primary 
diagnostic test accuracy studies (Chapter 5), essential information needed for 
the assessment of  these five domains is often missing (23). Editors should be 
motivated to adopt STARD and adherence to STARD should be enforced. 
Researchers should also play a role in this and report their study methods and 
results in such a way, that end-users can easily judge the risk of  bias to allow a 
judgement of  their confidence in the results. 

In addition, the relationship between QUADAS items and bias in 
DTA studies is not clear yet. Review authors seem to struggle with how 
to incorporate risk of  bias assessments in the interpretation of  the results 
(Chapter 4) (24). Ideally, more studies are needed to assess this relationship, but 
such evaluations are only possible when primary studies are well reported. Only 
then sound guidance to assess this GRADE domain can be developed. 

Similar reasoning applies to the GRADE domain ‘Inconsistency’, with 
which review authors seem to struggle as well (Chapter 6). Heterogeneity is 
the rule rather than the exception in DTA meta-analyses. Therefore, random 
effects models  are always recommended (25), but exploration of  heterogeneity 
should also be performed. Assessment of  heterogeneity in systematic reviews 
of  diagnostic test accuracy is challenging, if  not impossible, mostly due to the 
bivariate nature of  the data. Further empirical studies are needed to enable 
developing guidance, or even another interpretation for this GRADE domain.

Scoring the GRADE domain ‘Publication bias’ for DTA studies is even 
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more challenging. This thesis indicated that several well-known mechanisms 
resulting frin like small study or time lag effects are not (as strongly) prevalent 
in DTA studies (Chapter 8) as identified for randomized trials. According to 
GRADE-guidance, funnel plot asymmetry may lead to downgrading (26). This 
item is vulnerable for drawing incorrect conclusions, because this method does 
not seem to be suitable to detect publication bias in meta-analyses of  DTA 
outcomes (Chapter 7) (27). As stated above, empirical research on possible 
mechanisms of  selective publication in DTA studies is needed because it could 
be possible that this phenomenon works very differently in the DTA domain. 

As a result of  poor quality of  reporting of  primary DTA studies, poor 
linkage of  study quality and the occurrence of  bias, unclear guidance on how to 
assess and deal with heterogeneity in DTA meta-analyses, and lack of  clarity of  
the mechanisms of  selective publication in the DTA domain, most results of  
DTA reviews will be labelled as ‘Low’ or ‘Very low’ after GRADE assessment, 
which will decrease the confidence in the results of  those reviews. This is 
an undesired situation, because it may obstruct relevant changes in medical 
care. Some GRADE domains for DTA studies, therefore, may need further  
fundamental empirical evidence, and maybe some of  the domains should be 
reconsidered until we have better understanding of  mechanisms specific for 
test accuracy studies.

Summary and general discussion
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Het centrale thema van dit proefschrift is de methodologie van een 
systematische review, het hoogste niveau van bewijs voor het maken van 
klinische beslissingen. Dit proefschrift geeft verdere perspectieven hoe de 
validiteit van systematische reviews kan worden verbeterd. In het komende 
hoofdstuk zijn de resultaten van het proefschrift samengevat. 

Een systematische review van hoge kwaliteit bestaat uit verschillende 
stappen die gezamenlijk leiden tot het verkrijgen van een valide antwoord 
op een onderzoeksvraag. In dit proefschrift zijn enkele stappen van het 
reviewproces onderzocht: identificeren van studies, het beoordelen van het 
risico op vertekening (bias), de kwaliteit van rapporteren in primaire studies, 
evalueren van heterogeniteit en evalueren van publicatie bias. Er werd een 
aanzienlijk aantal methodologische aandachtspunten geïdentificeerd. Het 
merendeel van ons onderzoek was gericht op vraagstukken bij het reviewproces 
en meta-analyses van diagnostische test accuratesse (DTA) studies. Dit is 
relatief  een jong veld in het evidence-based onderzoek.

Hoofdstukken 2 en 3 zijn gericht op het identificeren van studies. 
Hoofdstuk 2 bespreekt het gebruik van prospectieve trial registers voor het 
identificeren van interventiestudies (veelal gerandomiseerde gecontroleerde 
trials, RCT’s). Deze methode wordt gebruikt in additie op de gewoonlijk 
gebruikte elektronische databases. De evaluatie toonde aan dat binnen een 
cohort van 210 Cochrane systematische interventie reviews, ongeveer een 
derde (38,1%) van de auteurs in prospectieve trial registers hadden gezocht. 
Zeventig procent van deze reviews gebruikte hierbij een zoekplatform 
waarin meerdere registers tegelijkertijd kunnen worden doorzocht. In 35% 
resulteerde de zoekactie in prospectieve trial registers voor het identificeren 
van een additionele relevante studie, waarvan uiteindelijk 14,3% van de studies 
daadwerkelijk kon worden geïncludeerd in de review. In 71,4%  kon een studie 
worden benoemd als lopende studie, maar kon deze niet verder bijdragen aan 
de resultaten van de review. In hoofdstuk 3 hebben we onderzocht of  de 
gepoolde puntschatter in meta-analyses van diagnostische accuratesse studies 
wordt beïnvloed als een zoekactie wordt beperkt tot het zoeken in MEDLINE. 
De relatieve diagnostische odds ratio (RDOR) voor de vergelijking van enkel 
MEDLINE geïndexeerde studies ten opzichte van alle studies was 1,04 (95% 
CI 0,94 tot 1,15). Dit betekend dat een beperking tot MEDLINE studies de 
puntschatter licht zal overschatten, maar dit verschil was niet significant. De 
sensitiviteit zal 0,08% hoger zijn (95% CI -1% tot 1%) en de specificiteit 0,1% 
(95% CI -0,8% tot 1%). Een substantieel aantal reviews (57%), zal überhaupt 
geen verandering ondervinden omdat alle geïncludeerde studies waren 
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geïndexeerd in MEDLINE. We konden concluderen dat gemiddeld genomen 
het uitsluiten van niet-MEDELINE-geïndexeerde studies de resultaten van 
diagnostische accuratesse meta-analyse niet zullen beïnvloeden. Echter is het 
resultaat voor een individuele review nog steeds onvoorspelbaar. 

Hoofdstuk 4 beschrijft hoe in 65 recent gepubliceerde diagnostische 
accuratesse reviews wordt omgegaan met de methodische kwaliteit van 
primaire studies. De methodologische kwaliteit was door 92% van reviews 
geëvalueerd, waarvan 64% het Quality Assessment of  Diagnostic Accuracy 
Studies I (QUADAS I) instrument gebruikten en 3% QUADAS II. In 72% van 
deze reviews werden de resultaten van de methodologische kwaliteitsbeoorde-
ling bediscussieerd, maar enkel 9% van de reviews maakte daadwerkelijk een 
koppeling tussen de methodologische kwaliteitsbeoordeling en de conclusies. 
De helft van de reviews waarin de kwaliteitsbeoordeling werd meegewogen 
in de conclusies had geen meta-analyse uitgevoerd vanwege de aanwezigheid 
van aanzienlijke heterogeniteit of  een hoog risico hadden op bias. De kwalitei-
tsbeoordeling was genoemd in 43% (n=28) van de samenvattingen van de 
reviews, waarbij slechts in vijf  abstracts de conclusies werd gekoppeld aan 
de kwaliteit van onderliggende studies. We hebben geconcludeerd dat de 
kwaliteit van het rapporteren van kwaliteitsbeoordeling en studieresultaten in 
systematische reviews van diagnostische accuratesse studies moet verbeteren 
om zodoende de lezer een meer valide beeld te geven over de prestaties van de 
geëvalueerde test in de klinische praktijk.  

Hoofdstuk 5 presenteert een overview van systematische reviews waarin 
de kwaliteit werd geëvalueerd van de rapportage in primaire diagnostische test 
accuratesse studies volgens de normen van de Standaard voor Rapportage 
in Diagnostische Accuratesse studies (STARD). Volledig en transparante 
rapportage van de primaire test accuratesse studie is een voorwaarde om de 
validiteit van het design, het uitvoeren van de studie en de analyses te evalueren 
en te interpreteren voor zowel reviewauteurs en gebruikers van reviews. Er 
waren en zestien reviews geïncludeerd waarin de kwaliteit van rapportage van 
in totaal 1496 geëvalueerd studies werden geëvalueerd. We concludeerde dat de 
kwaliteit van rapportage suboptimaal was. Van de in 25 STARD-items, werden 
er gemiddeld 9,1 tot 14,3 (mediaan 12,8) gerapporteerd. Het aantal items 
dat wordt gerapporteerd is licht gestegen sinds de introductie van STARD 
in 2003 (1,41 items; 95% BI: 0,65 tot 2,18). Een analyse voor de individuele 
items  toonde aan dat zeven specifieke items bijzonder laag scoorden: item 10 
(uitvoerder van de test), item 11 (blinderen van de testlezer), item 13 (methode 
voor het berekenen van de reproduceerbaarheid), item 16 (aantal geselecteerde 
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studiedeelnemers die de test niet hebben ondergaan), item 20 (complicaties), 
item 22 (omgang met missende waarden) en item 24 (schatten van de reprodu-
ceerbaarheid). Dit is alarmerend aangezien enkele van deze items gerelateerd 
zijn aan het optreden van bias in de resultaten. In het algemeen kan gesteld 
worden dat hoewel er een kleine verbetering is in het rapporteren sinds de 
introductie van STARD, er nog veel verbetering kan worden behaald. Navolgen 
van STARD zou verder bekend gemaakt moeten worden en aangeraden 
worden onder onderzoekers, redacties, en peer reviewers vanaf  het moment dat 
de studie wordt ontworpen en bij verdere ontwikkeling de studie.  

Het bestuderen van heterogeniteit is in meta-analyses van diagnostische 
accuratesse studies moeilijker door het bivariate karakter van de data. 
Hoofdstuk 6 is gericht op het beschouwen van heterogeniteit in 65 
diagnostische accuratesse reviews. In twaalf  van deze reviews was geen 
meta-analyse uitgevoerd waarbij de substantiële heterogeniteit vaak werd 
benoemd als rede. In 53 van de 65 reviews werden één of  meerdere methoden 
toegepast om de heterogeniteit van de studiedata te onderzoeken. In 47,2% 
van de reviews werd een gestratificeerde analyse uitgevoerd, in 35,8% een 
sensitiviteitsanalyse en in 22,6% een meta-regressie. Het aantal bronnen van 
heterogeniteit dat werd onderzocht was hoog ten opzichte van het aantal 
studies in de meta-analyse (mediaan ratio 1:5). Op basis van de resultaten van de 
beschouwing hebben we suggesties gegeven wat review auteurs zouden kunnen 
overwegen en rapporteren wanneer ze heterogeniteit willen onderzoeken in 
diagnostische accuratesse reviews.

Hoofdstukken 7 en 8 gaan beide over selectieve publicatie. Het wordt 
vaak suggereert dat kleine studies vaker worden gepubliceerd wanneer ze 
positieve en significante resultaten hebben. Grotere studies hebben meer 
kans om gesubmit, geaccepteerd en gepubliceerd te worden ongeachte de 
resultaten ten opzichte van kleine studies. In hoofdstuk 7 zijn de methoden 
beschreven die gebruikt worden om selectieve publicatie in DTA meta-analyses 
te onderzoeken. In een cohort van 114 reviews werd in 41,2% de mogelijkheid 
van publicatie bias onderzocht door het toepassen van een grafische of  
statistische methoden waarmee een zogeheten “kleine-studie effect” kan 
worden aangetoond. De methoden zijn ontwikkeld om te onderzoeken of  er 
een relatie bestaat tussen de grootte van de studie en het resultaat van de studie. 
In 31 reviews werd een trechtergrafiek (funnelplot) geconstrueerd waarbij een 
grote variatie aan diagnostische parameters werd gebruikt. In 41 reviews werd 
een statistische test toegepast om de aanwezigheid van een klein-studie effect 
te onderzoeken. De statische test van Deeks (1)  is specifiek ontwikkeld voor 
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meta-analyses van diagnostische accuratesse studies, maar werd enkel gebruikt 
in 29,2% reviews. De meest gebruikte testen was de Egger test (43,9%) (2). 
Deze test heeft een verhoogde kans op een type-1 fout wanneer deze wordt 
gebruikt in meta-analyses van diagnostische studies. Behalve de evaluatie van de 
gebruikte methoden om selectieve publicatie in DTA reviews te identificeren, 
onderzochten wij ook de meeste gebruikte testen op de concordantie van de 
resultaten van de verschillende testen. Hiervoor gebruikte we de data van de 
geïncludeerde reviews en pasten hier de Begg, Egger en Deeks test op toe 
(1-3). Terwijl deze testen allemaal hetzelfde concept trachten te onderzoeken 
was de concordantie voor de resultaten van de verschillende testen 87% 
(Begg vs. Deeks) tot een teleurstellende 66% (Deeks vs. Egger). Wij raden 
reviewers aan om de Deeks test te gebruiken als primaire methode. Deze test 
kan worden toegepast onder de voorwaarde dat de resultaten met bedacht-
zaamheid zullen geïnterpreteerd aangezien de mechanisme die ten grondslag 
liggen aan het kleine-studie effect nog niet bekend zijn. In hoofdstuk 8 hebben 
wij de aanwezigheid van het kleine-studie effect en tijdseffect onderzocht 
in meta-analyses van diagnostische studies. In plaats van het verwachtte 
kleine-studie effect te identificeren vonden we het tegenovergestelde: kleine 
studies hadden gemiddeld een lagere accuratesse dan grote studies. Mogelijk 
was dit resultaat een gevolg van een statistische artefact: odds ratio’s worden 
overschat in kleine studies als gevolg van de eigenschappen van een logisch 
regressie model. Echter, dit is geen volledige verklaring voor het gevonden 
resultaat. We vonden wel een tijdeffect, maar enkel wanneer we het contrast 
vergoten door de 25% meest recente te vergelijken met de 25% oudste studies 
binnen een meta-analyse. We vonden een lichte daling van de Diagnostische 
Odds Ratio (DOR), maar deze was lang niet zo sterk als in meta-analyses van 
interventie studies. We concludeerde dat sommige mechanismen die worden 
geassocieerd met selectieve publicatie van RCT’s minder sterk aanwezig zijn in 
studies naar test accuratesse. 
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ANCA: Anti-Neutrophil Cytoplasmic Antibody 
AMSTAR: Assessment of  Multiple Systematic Reviews
ANZCTR: Australian New Zealand Clinical Trials Registry 
AUC:  Area Under the Curve 

CDSR: Cochrane Database of  Systematic Reviews
ChiCTR: Chinese Clinical Trial Register 
CLIB: Cochrane Library
CONSORT: Consolidated Standards of  Reporting Trials

DOR: Diagnostic Odds Ratio
DTA: Diagnostic Test Accuracy

e.g: exempli gratia
ESS: Effective Sample Size

FDA: Food and Drug Administration

GRADE: Grading of  Recommendations Assessment, Development and Evalu-
ation

HSROC: Hierarchical Summary Receiving Operating Characteristic

IA: Invasive aspergillosis 
ICMJE International Committee of  Medical Journal Editors 
ICTRP: International Clinical Trial Registry Platform
i.e: id est
iM: in MEDLINE
IQ: interquartile
IQR: interquartile range
ISRCTN: International Standard Randomised Controlled Trial Number Regis-
ter 

lnDOR: natural logarithm of  the Odds Ratio
log: logarithm
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MA: meta-analysis
MeSH: Medical Subject Headings

N: number
NiM: Not in MEDLINE
NNR: Number Needed to Read
NTR: Netherlands Trial Register

OR: Odds Ratio

PRISMA: preferred reporting items for systematic reviews and meta-analyses

QUADAS: Quality Assessment for Diagnostic Accuracy Studies tool 

RCT: randomized controlled trials 
RDOR: Relative Diagnostic Odds Ratio
ROC: Receiving Operating Characteristic
RR: Relative Risk

SE: Standard Error
Sens: sensitivity
Spec: specificity 
SROC: Summary Receiving Operating Characteristic
STARD: Standards for Reporting of  Diagnostic Accuracy Studies

Vs: versus

WHO: World Health Organisation 
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