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Preface 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States. The reports and assessments provide organizations with 
comprehensive, science-based information on common, costly medical conditions and new health 
care technologies. The EPCs systematically review the relevant scientific literature on topics 
assigned to them by AHRQ and conduct additional analyses when appropriate prior to developing 
their reports and assessments. 

To improve the scientific rigor of these evidence reports, AHRQ supports empiric research by 
the EPCs to help understand or improve complex methodologic issues in systematic reviews. 
These methods research projects are intended to contribute to the research base in and be used to 
improve the science of systematic reviews. They are not intended to be guidance to the EPC 
program, although may be considered by EPCs along with other scientific research when 
determining EPC Program methods guidance.  

AHRQ expects that the EPC evidence reports and technology assessments will inform 
individual health plans, providers, and purchasers as well as the health care system as a whole by 
providing important information to help improve health care quality. 

We welcome comments on this Methods Research Project. They may be sent by mail to the 
Task Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither 
Road, Rockville, MD 20850, or by email to epc@ahrq.gov. 
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Comprehensive Overview of Methods and Reporting  
of Meta-Analyses of Test Accuracy  
Structured Abstract 
Background. Medical tests play a critical role in disease screening, diagnosis, and prediction of 
future outcomes. Meta-analyses of diagnostic or predictive test accuracy are increasingly 
performed and the relevant methods are continuously evolving. 
 
Methods. We identified systematic reviews including quantitative synthesis (meta-analysis) of 
test accuracy for diagnostic or predictive medical tests through MEDLINE searches (1966 to 
December 2009) and perusal of reference lists of eligible articles and relevant reviews. We 
extracted information on topics and test types covered, methods for literature synthesis and quality 
assessment, availability of data, and statistical analyses performed. 
 
Results. Our searches retrieved 1,225 potentially eligible reviews of which 760 (published from 
1987 to 2009) were finally considered eligible for inclusion. Eligible reviews included a median 
of 18 primary studies and typically examined a single index test against a single reference 
standard. The number of publications increased per calendar year (P < 0.001). Most meta-analyses 
pertained to cardiovascular disease (21 percent) and oncology (25 percent); the most common test 
categories were imaging (44 percent) and biomarker tests (28 percent). Meta-analyses used 
multiple electronic databases (62 percent used at least one electronic database in addition to 
MEDLINE; P for trend over time < 0.001) to identify eligible studies. There was a striking 
increase in the proportion of systematic reviews that reported assessing verification bias (P for 
trend < 0.001), spectrum bias (P for trend = 0.007), blinding (P for trend < 0.001), prospective 
study design (P for trend < 0.001), or consecutive patient recruitment (P for trend < 0.001), over 
time. Improvements were associated with reporting of using quality-item checklists to guide 
assessment of methodological quality. In statistical analyses, sensitivity (in 77 percent), specificity 
(in 74 percent) and diagnostic/predictive odds ratios (in 34 percent) were the most commonly used 
metrics. Heterogeneity tests were used in 58 percent, and subgroup or regression analyses were 
used in 57 percent of meta-analyses. Random effects models were employed in 57 percent of the 
reviews and increasingly over time (P for trend < 0.001). Theoretically motivated methods that 
model sensitivity and specificity simultaneously, while accounting for between-study 
heterogeneity, were used in a minority of reviews (11 percent) but increasingly over time (P for 
trend < 0.001). 
 
Conclusion. Meta-analyses of diagnostic or predictive tests are increasingly performed. Over time 
there have been substantial improvements in the literature review, quality assessment and 
statistical analysis methods employed. Much of the improvement in quality assessment is 
associated with the use of quality item checklists. Advanced statistical methods have been 
increasingly adopted over time but their use still remains limited.
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Background 
Diagnostic and predictive tests are an important component of medical care, and clinicians 

rely on test results to establish diagnosis and guide patient management.1 Despite their central role 
in patient care, evaluating the effectiveness of specific tests is challenging. Tests affect clinical 
outcomes indirectly, through the effect of test results on physicians’ diagnostic thinking and 
subsequent management decisions, making it difficult to ascribe patient outcomes to the use of a 
particular test. The many existing frameworks for assessing the value of testing propose a 
stepwise appraisal process, moving from analytic validity (technical test performance), to clinical 
validity (diagnostic and predictive accuracy), clinical utility (effect on clinical outcomes) and 
overall cost-effectiveness assessment.2 Primary studies that directly address all components of the 
assessment framework are very uncommon. Therefore, systematic reviewers are typically faced 
with the task of putting together the pieces of the puzzle by synthesizing studies that address each 
component of the framework. While the diagnostic or predictive accuracy of a medical test does 
not directly inform on the clinical value of testing, it is a crucial piece of the overall puzzle and 
one that is essential to synthesize in systematic reviews. The level of test accuracy required for 
tests to have any impact on clinical outcomes depends on their role (replacement, add-on, or triage 
test), the setting (screening, diagnosis, prognosis/prediction) of test use, and the specific clinical 
context.3,4 Meta-analysis of test accuracy can provide an estimate of average test accuracy as well 
as identify patient-, disease- or test-related modifiers of test performance.5

Meta-analyses of test accuracy present particular challenges compared to reviews of 
randomized trials of therapeutic interventions, not only because the studies reviewed are 
exclusively observational, but also because of the inherent associations among the metrics of 
performance. Sensitivity and specificity are likely to be correlated (between studies) because of 
threshold effects (i.e., because changing the diagnostic threshold affects sensitivity and specificity 
in opposite directions), necessitating the use of multivariate analytic methods.

  

6 In the presence of 
such correlation, univariate meta-analyses of sensitivity and specificity may produce “average” 
values for each metric that are incompatible and have misleading confidence intervals. Only 
recently have these methods penetrated into common practice and into methodological guidelines 
aided by their implementation in readily available software.7-11 The large number of metrics that 
can be used to summarize information on test accuracy has added to the analytic complexity. In 
addition to sensitivity and specificity, metrics such as the odds ratio,12 area under the receiver 
operating characteristic (ROC) curve,13 and likelihood ratios have been proposed for the synthesis 
of studies of test accuracy.5

Early on, it was recognized that the quality of medical test accuracy studies was often 
inadequate.

 Finally, clinical heterogeneity is omnipresent because the studies 
differ so much in their settings, patient disease spectra, and versions of the tests used. This 
diversity often manifests as statistical heterogeneity. Thus, meta-analyses of test accuracy need to 
quantify and account for the presence of heterogeneity and allow the exploration of factors that 
may be causing it. 

14,15 Many items typically considered in the appraisal of studies of therapeutic 
interventions, such as the use of randomization, blinding of patients to the interventions used, or 
allocation concealment, do not apply to studies of test accuracy. A number of studies have 
investigated study design and reporting items that may affect estimated test accuracy, but the 
evidence on which items are most important is inconclusive.16-18 Drawing on empirical evidence 
and expert opinion on the quality assessment of accuracy studies, the Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS) tool was developed and published in November 
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2003.19,20 This tool has now been validated for use in systematic reviews of diagnostic tests.21 
Further, a reporting checklist for primary studies of test accuracy, the Standards for the Reporting 
of Diagnostic Accuracy Studies (STARD),22,23

Along with the overall number of meta-analytic publications, the number of meta-analyses of 
test accuracy studies has skyrocketed, increasing from fewer than 10 per year in the early 1990s to 
almost 100 publications per year in recent years. The question therefore appears to have shifted 
from whether meta-analysis of medical test accuracy studies is useful,

 was also published in January 2003. Although the 
checklist was intended as a guide for the reporting of primary research studies on diagnostic tests, 
the 25 STARD items pertaining to the design, analysis, and reporting of studies are often used to 
develop items for quality assessment in systematic reviews. As QUADAS and STARD have now 
been available for some time, it is reasonable to assess their impact on quality assessment methods 
in meta-analyses of medical tests. 

24 to what methods are best 
for undertaking such analyses, in terms of study identification and selection, assessment of study 
quality, statistical analysis and reporting. This report is the first in a series of three on meta-
analysis of test accuracy, conducted by the Tufts Evidence-based Practice Center under contract 
with AHRQ. For this project we performed a systematic overview of meta-analyses of medical 
test accuracy, to assess the current state of the literature and evaluate trends over time in the 
methods and reporting of such studies. Here, we aimed to produce a descriptive summary of the 
current state of the literature of applied meta-analyses, with a focus on methods and reporting. 
Subsequent reports in this series will include an empirical assessment of alternative analytic 
methods and the development of novel methods for the analysis of diagnostic test networks.  
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Methods 
This project reviewed meta-analyses published over two time periods: the first covered years 

up to 2003 and the second covered 2004-09. The search strategies, inclusion and exclusion criteria 
for both periods were the same. However, for studies published during the second period 
additional items were extracted from eligible reviews. These differences and the rationale for them 
are discussed in the pertinent sections below.  

Search Strategy and Eligibility Criteria 
We searched the MEDLINE database (1966 through to December 2009) using a combination 

of key words related to test accuracy and meta-analysis. The complete search strategy is presented 
in Appendix A.  

Papers were considered eligible when they reported the findings of systematic reviews 
(defined as reviews using explicit methods to identify, select and extract information from primary 
research studies) that used quantitative synthesis (meta-analysis) methods to obtain summary 
estimates of diagnostic or predictive accuracy of medical tests. Our definition of tests 
encompassed clinical signs and symptoms. We only included English-language reviews published 
in full text; retrieving the full-text and extracting information from non-English articles entails 
substantial effort and would be unlikely to affect our conclusions. We did not consider systematic 
reviews that did not use quantitative analysis methods because one of our key aims was to assess 
the temporal evolution and current status of meta-analytic methods for synthesizing test accuracy 
data. We excluded reviews reporting meta-analyses based on individual patient data because they 
are subject to different design, analysis and reporting considerations. We also excluded Health 
Technology Assessment documents, evidence reports produced by the Effective Health Care 
Program of the Agency for Healthcare Research and Quality (AHRQ), and Cochrane Reviews of 
diagnostic tests; these documents are substantially longer than the typical meta-analyses published 
in journals and are subject to reporting conventions determined by the respective entities.  

Data Extraction 
Nine reviewers extracted data from nonoverlapping sets of publications in extraction forms 

generated using electronic data collection forms which included abbreviated operational 
definitions for each item. Forms were piloted using articles extracted independently by multiple 
reviewers and modifications were performed based on the pilot results. The final data extraction 
form is presented in Appendix B. 

Information Extracted From Meta-Analyses Published 1966-2003 
For each paper we extracted the following items: bibliographic information (first author, 

journal, year of publication); number of index tests, reference standard tests and the number of 
studies included in quantitative analyses; medical subspecialty to which tests were pertinent 
(cardiovascular disease, obstetrics and gynecology, gastrointestinal disease infectious disease, 
oncology, nephrology/urology, rheumatology, pulmonary medicine, orthopedics, psychiatry, ear-
nose-throat, neurology and pediatrics); the types of test being assessed 
(histology/cytology/culture-based tests, clinical examination, imaging, biomarker, clinical 
challenge tests [e.g., pharmacological stress tests], physiologic tests [e.g., electrocardiogram, 
electroencephalogram] or endoscopy); details about search strategies used; quality assessment and 
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information extracted from each primary study considered by the meta-analysis (including 
whether the reviews assessed blinding, spectrum bias, and verification bias in the primary studies 
they reviewed); use of STAndards for the Reporting of Diagnostic accuracy studies (STARD)23

Information Extracted From Meta-Analyses Published 2004–2009 

; 
statistical analysis (including assessment and exploration of heterogeneity, metrics used to assess 
test accuracy and statistical methods used for synthesizing study findings and graphically 
presenting these results); and assessment of comparative evidence on alternative index tests.  

All data items extracted from studies published between 1966 and 2003 were also extracted 
from meta-analyses published between 2003 and 2009; however, from meta-analyses published 
during this period we extracted additional information on blinding (specifically whether index test 
or reference standard assessors were blinded); use of the QUADAS (first published in November 
2003)19

During the course of data extraction, the review team met regularly to discuss specific papers, 
review data items, and clarify operational definitions. The majority of investigators participating 
in the project attended each meeting; resolutions of specific issues were reached by consensus and 
were circulated to all team members in writing.  

 checklist to guide quality assessment of the primary studies; and whether the reviews 
collected information on the following variables from each eligible study: spectrum bias, selection 
criteria, number of withdrawals, number of indeterminate test results, independence of and timing 
of test results compared to the reference standard, and participants’ sex.  

Data Cleaning and Quality Control 
When all reviewers completed their extractions, we merged the individual data extraction 

forms to generate a combined database. We queried the database to identify missing values, 
invalid entries (e.g., a numerical value out of the expected range) and logical inconsistencies (e.g., 
when a study was recorded as not using an advanced statistical method we checked that no such 
method was checked in the relevant fields). For every missing value identified we required the 
data extractor familiar with the paper to re-extract information, when necessary with the help of a 
second reviewer. Additionally, for continuous variables we identified entries with values differing 
by more than 3 standard errors from their mean value and verified them against the source 
documents.  

All eligible meta-analyses published up to 2003 (n = 260) were extracted in duplicate. Due to 
the rapid increase in the number of eligible publications in more recent years, only a sample of 83 
articles (17 percent of eligible studies published between 2004 and 2009) was extracted in 
duplicate. In all cases, discrepancies were resolved by consensus among extractors involving 
additional investigators, as needed (e.g., for issues relevant to the meta-analysis methods used a 
statistician was involved). For items that were found to be systematically different between 
extractors, we held discussion to ensure proper understanding of the relevant operational 
definitions and then, information on problematic items from all papers of the discrepant reviewers 
was re-extracted.  

To ensure inter-reviewer consistency in the data extractions of reviews published after 2004 
we implemented additional quality control measures. After data cleaning, we assessed inter-
reviewer consistency by performing statistical comparisons between reviewers for all extracted 
variables, using chi-squared tests (for categorical variables) or analysis of variance (ANOVA) for 
continuous variables. To avoid the confounding effect of temporal trends, all comparisons were 
stratified by year of publication. Variables that reached statistical significance were considered 
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suggestive of the existence of systematic between-reviewer differences. Each potentially 
problematic variable was discussed by the review team and information was re-extracted 
following standardization of the pertinent operational definitions. 

Journal Impact Factor and Review Citation Count 
We performed exploratory analyses to assess whether journal impact factor was associated 

with the reporting characteristics of meta-analyses and whether reporting characteristics correlated 
with the number of citations accrued by systematic reviews. For each eligible review we collected 
the citation count (on August 12th, 2011) and the 2-year impact factor of the corresponding journal 
(using 2010 impact factor information from the Institute of Scientific Information, ISI, Journal 
Citation Reports databasea

Data Analysis 

). The ISI databases do not include all MEDLINE-indexed journals, 
thus the total number of publications available for citation and impact factor analyses was smaller 
than the total number of studies included in this review (of a total of 760 systematic reviews, 732 
were included in the analyses of impact factors effects and 733 were included in the analyses of 
citation counts; 1 study was published in a journal that is included in the databases but has not yet 
been assigned an impact factor). In some analyses (see below) journals were grouped into high-
impact factor general medical journals versus all others. High-impact factor general medical 
journals were defined as the top 5 journals by 2010 impact factor in the ISI database that belong to 
the “Medicine, General and Internal” category (New England Journal of Medicine [NEJM], 
Lancet, Journal of the American Medical Association [JAMA], Annals of Internal Medicine 
[AIM], and Public Library of Science – Medicine [PLoS-MED]). We used these data to identify 
factors predicting the number of citations received by each review and to identify whether journal 
impact factor was associated with review reporting characteristics.  

We calculated descriptive statistics such as means, medians and ranges for continuous 
variables and proportions for categorical variables, along with appropriate measures to indicate 
variability around these values (standard deviations, confidence intervals or interquartile ranges). 
We used histograms to visualize the distributions of variables of interest and line plots to depict 
trends in the reporting of variables of interest over time.  

We compared key methodological and reporting aspects of meta-analyses pertaining to the 
five most common clinical areas (cardiovascular disease, oncology, gastrointestinal disease, 
infectious disease, and obstetrics and gynecology) and the five most common test categories 
(histological/cytological/culture-based tests, aspects of the clinical examination, imaging tests, 
biomarkers, and physiologic tests) in our dataset. These comparisons were performed using the 
Fisher exact test for categorical variables or the Kruskal-Wallis test for continuous and count 
variables. 

To detect trends over time in literature review, quality assessment, statistical analysis, and 
reporting characteristics of meta-analyses, we used logistic regression with each of the items of 
interest as the response variable and year of publication as an explanatory variable. Change in the 
number of studies, index and reference standard tests considered in each review were assessed 
using linear regression of the natural logarithm of these variables on publication year. 

                                                 
a2010 is the most recent year for which impact factor information is currently available in the database. 
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For analyses of the count of citations we used negative binomial regression with the count of 
citations as the dependent variable, an offset equal to the number of years since publication of 
each systematic review, and different reporting characteristics as explanatory variables. For 
analyses of the association of journal impact factor with the reporting characteristics of systematic 
reviews we used different reporting characteristics as binary dependent variables, and journal 
impact factor as an explanatory variable. We also performed analyses comparing high impact 
factor general medical journals versus all others. Because all analyses of citation counts and 
journal impact factor were exploratory and performed across multiple variables included in our 
database, we only report associations that reached statistical significance at the 0.001 level.  

All analyses were conducted using Stata version SE/11.2 (StataCorp, College Station, TX). 
Statistical significance was defined as a two-sided P value < 0.05 for all comparisons (with the 
exception of impact factor and citation analyses).  
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Results 
Eligible Systematic Reviews 

Our searches yielded a total of 20,871 citations; after screening of titles and abstracts 1199 
citations were considered potentially eligible and were retrieved in full text. An additional 26 
publications were identified through perusal of reference lists of other review articles, for a total 
of 1225 papers reviewed in full text. Of those, 465 were excluded after full text review and 760 
were considered eligible.b

Figure 1. Literature search flow 

 Figure 1 presents the search strategy flow. The list of included studies 
is presented in Appendix C; a summary of reasons for exclusion of studies reviewed in full text 
is presented in Appendix D. In the following sections we present a summary of the total database 
along with an assessment for trends over time for items of interest. Appendix E presents the 
regression results for trends over time for all factors assessed, both over the whole period 
covered (1987–2009), and for the subgroup of studies published in recent years (2005–2009); 
Appendix E also includes a comparison between studies published before 2003 versus those 
published from 2003 onwards. 

 
 

Flow of the literature search and study selection process for this review. A list of included studies is provided in Appendix C and 
a list of reasons for exclusion is provided in Appendix D.  

                                                 
bOne publication25 was a reprint of a previously published manuscript 26; both were retained in the database. 

Citations identified through 
MEDLINE searches 
(1966 to December 2009) 
n = 20,871 

Papers considered 
potentially eligible and 
retrieved in full text 
n = 1199 
 

Irrelevant citations excluded 
based on title and abstract 
screening 
n = 19,672 
 

Papers considered 
potentially eligible and 
retrieved in full text 
n = 760 
(Appendix C) 
 

Papers excluded after full 
text review 
n = 465 (Appendix D) 

Additional eligible studies 
identified through perusal of 
reference lists 
n = 26 
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Studies were published over more than 20 years (from 1987 to 2009), and there was a clear 
trend in increased number of reviews over time (P for trend < 0.001; Figure 2).  

Figure 2. Number of meta-analyses of test accuracy published per year 

 
Line plot of the number of test accuracy meta-analyses included in this overview by year of publication.  

Meta-analyses had synthesized evidence from a median of 18 studies (per review), but the 
number of studies included varied substantially (25th–75th

 

 percentile = 11–30; minimum-
maximum = 2–351). Most reviews examined imaging tests (44 percent) or molecular biomarkers 
(28 percent). Most tests pertained to diagnosis or prediction in oncology (25 percent), cardiology 
(21 percent), gastrointestinal disease (16 percent), obstetrics and gynecology (15 percent), and 
infectious disease (13 percent). A majority (52 percent) of meta-analyses considered a single 
index test and 82 percent considered a single reference standard (Table 1). Figure 3 depicts the 
distribution of the number of studies included in the eligible systematic reviews. Comparative 
analyses of two or more index tests were reported in 132 reviews (17 percent).  
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Table 1. Characteristics of eligible reviews 

Characteristic 
N [25th–75th

N (%) 
 

percentile]  
(min–max) 

Topic: Oncology  188 (25) 
Topic: Cardiovascular disease  160 (21) 
Topic: Gastrointestinal  119 (16) 
Topic: Obstetrics and gynecology  114 (15) 
Topic: Infectious disease  98 (13) 
Topic: Pulmonary medicine  68 (9) 
Topic: Orthopedics  44 (6) 
Topic: Nephrology and urology  38 (5) 
Topic: Neurology  37 (5) 
Topic: Pediatrics  29 (4) 
Topic: Psychiatry  22 (3) 
Topic: Ear-nose-throat  19 (3) 
Topic: Rheumatology  8 (1) 
Test type: Imaging  336 (44) 
Test type: Biomarker  211 (28) 
Test type: Clinical exam  112 (15) 
Test type: Histology, cytology, or culture  103 (14) 
Test type: Physiologic test  40 (5) 
Test type: Challenge/stress test  31 (4) 
Test type: Endoscopic examinations  21 (3) 
Index test: Per review, median  1 [1–3] (1–56)  
Reviews with a single index test  396 (52) 
Reviews with 2 index tests  157 (21) 
Reviews with 3 index tests  68 (9) 
Reviews with 4 index tests  43 (6) 
Reviews with ≥5 index tests  96 (13) 
Reference standard tests per review, median 1 [1–1] (1–7)  
Reviews with a single reference standard test  625 (82) 
Reviews with 2 reference standard tests  74 (10) 
Reviews with 3 reference standard tests  38 (5) 
Reviews with 4 reference standard tests  14 (2) 
Reviews with ≥5 reference standard tests  9 (1) 
Included studies: Per review, median  18 [11–30] (2–351)  
Reviews with 2–10 studies  180 (24) 
Reviews with 11–20 studies  246 (32) 
Reviews with 21–30 studies  151 (20) 
Reviews with 31–40 studies  63 (8) 
Reviews with 41–50 studies  45 (6) 
Reviews with ≥51 studies  75 (10) 
Publications 1985–1989  5 (<1) 
Publications 1990–1994  22 (3) 
Publications 1995–1999  95 (13) 
Publications 2000–2004  201 (26) 
Publications 2005–2009  437 (58) 
max = maximum; min = minimum.  
“Clinical exam” denotes the assessment of aspects of the clinical examination as diagnostic tests; “challenge/stress test” denotes 
tests such as the glucose challenge test for diabetes, or stress tests (pharmacological or activity-based). The percentages of 
medical topics and test types do not sum up to 100% because many test uses could be classified under multiple topics and some 
reviews assessed more than one test types.  
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Figure 3. Number of primary studies included in each meta-analysis of test accuracy 

 
Histogram of the number of primary studies included in each meta-analysis of test accuracy included in this overview. Bin width 
was set at 5 studies.  

Over time, there was no statistically significant change in the number of studies included in 
each review (-1 percent per year; 95 percent CI -2, 0.3; P = 0.147), or the number of reference 
standards considered (0 percent per year; 95 percent CI -0.6, 0.7; P = 0.902). However, there has 
been a small reduction in the number of index tests assessed (-1.2 percent per year; 95 percent CI 
-2.4, 0; P = 0.040). The proportion of reviews reporting comparative analyses of at least two 
index tests has not changed over time (per year odds ratio, OR = 0.98; 95 percent CI 0.94, 1.02; 
P = 0.292). 

Over time there was an increase in meta-analyses pertaining to gastrointestinal disease (per 
year OR = 1.07; 95 percent CI 1.02, 1.13; P = 0.008), oncology (per year OR = 1.05; 95 percent 
CI 1.01, 1.09; P = 0.020), orthopedics (per year OR = 1.09; 95 percent CI 1.00, 1.19; P = 0.041) 
and pulmonary medicine (per year OR = 1.10; 95 percent CI 1.03, 1.18; P = 0.005). Changes 
over time were non-significant for other clinical topics (Figure 4). There was also a borderline 
increase in the proportion of meta-analyses assessing clinical challenge tests (per year OR = 
1.11; 95 percent CI 1.00, 1.23; P = 0.046) (Figure 5).  
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Figure 4. Trends over time in the proportion of meta-analyses, by clinical field 

  
Line plot of the annual proportion of meta-analyses of test accuracy in various clinical fields.  
CVD = cardiovascular disease; OBGYN = obstetrics and gynecology; GI = gastrointestinal disease; ID = infectious disease;  
ONC = oncology; NEPH & UROL = nephrology and urology; RHEUM = rheumatology; PULM = pulmonary medicine;  
ORTH = orthopedics; PSYCH = psychiatry; ENT = ear-nose-throat; NEUR = neurology; PEDS = pediatrics. Results are shown 
only after 1995 because the number of meta-analyses in previous years was too small and proportions were unstable. 
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Figure 5. Trends over time in the proportion of meta-analyses, by test category 

  
Line plot of the annual proportion of meta-analyses of test accuracy in various test categories.  
Hist/Cyto/Culture = histological, cytological, or culture-based tests; clinical challenge = clinical challenge tests 
Results are shown only after 1995 because the number of meta-analyses in previous years was too small and proportions were 
unstable. 

Literature Review Methods in Reviews of Test Accuracy 
Most reviews reported searching multiple electronic databases. MEDLINE searches were 

nearly universal (96 percent of all reviews) and 62 percent of the reviews reported searching at 
least one electronic databases in addition to MEDLINE. Searches of Embase (47 percent) and the 
Cochrane Library (30 percent) were also common. References lists of eligible studies and 
relevant review articles were also considered in a large proportion of the reviews (76 percent and 
28 percent, respectively). On the contrary, contacting experts in the field (17 percent) and 
obtaining unpublished information (12 percent) were less common.  

To guide the selection of eligible studies, 19 percent of eligible reviews reported using 
quality criteria and 21 percent reported using a minimum cut-off sample size. These cut-offs 
were generally low (median = 10 participants), but some reviews excluded studies of even 
moderate sample size (25th–75th percentile = 10–20; 99th

Table 2 summarizes information on the databases searched, the reporting of search strategies 
in the eligible reviews, and the study selection characteristics of eligible reviews. 

 percentile = 100). Reviews often 
considered only studies published in English (36 percent); however, 31 percent of reviews 
explicitly reported not imposing any language restrictions. 
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Table 2. Literature search and study selection methods employed in reviews of test accuracy 

Characteristic 
Number [25th–75th

Number (%) 
 

percentile] (min–
max) 

Availability of the search strategy: Reporting of the 
exact search string   195 (26) 

Availability of the search strategy: Reporting of 
search terms  445 (59) 

Availability of the search strategy: Search strategy 
available upon request  43 (6) 

Availability of the search strategy: No information 
reported  77 (10) 

Reporting of the years searched  697 (92) 
Exclusion of studies based on quality  146 (19) 
Exclusion of studies based on sample size  159 (21) 
Median sample size cut-off  10 [10–20] (4–1000)  
English-only (or other single language)  271 (36) 
English and other specific languages  90 (12) 
No language restrictions  235 (31) 
No information on selection based on language  164 (22) 
Database: MEDLINE   729 (96) 
Database: Embase  358 (47) 
Database: Cochrane library  228 (30) 
Database: CINAHL  82 (11) 
Database: ISI WOK/ SCI  74 (10) 
Database: Current Contents  35 (5) 
Database: Other specific database  202 (27) 
Source of eligible studies: Conference proceedings  88 (12) 
Source of eligible studies: Bibliographies of eligible 
articles  576 (76) 

Source of eligible studies: Bibliographies of 
relevant review articles  213 (28) 

Source of eligible studies: Experts in relevant fields  132 (17) 
Source of eligible studies: Manual/electronic 
searches of specific journals  105 (14) 

Source of eligible studies: Source of eligible 
studies: Manufacturers of tests/assays  33 (4) 

Source of eligible studies: Unpublished information  93 (12) 

CINAHL = Cumulative Index to Nursing and Allied Health Literature; ISI WOK/ SCI = Institute of Scientific Information Web 
of Knowledge/Science Citation Index; max = maximum; min = minimum  
Unless stated otherwise, the total sample size for analyses in this table is 744. A single review considering only Korean-language 
articles is included here along with the “English-only” reviews, to indicate the consideration of articles in a single language only. 
Percentages may not sum to 100 percent due to rounding. 

Figure 6 presents trends over time in the reporting of search strategies and methods for study 
selection for inclusion in meta-analysis. Over time there has been a substantial increase in the 
number of reviews reporting the exact search strategy used (per year OR = 1.09; 95 percent CI 
1.05, 1.14; P < 0.001) and the years searched (per year OR = 1.08; 95 percent CI 1.02, 1.13; P = 
0.004). However, there has also been an increase in the number of reviews using quality criteria 
to select studies for inclusion (per year OR = 1.06; 95 percent CI 1.02, 1.11; P = 0.007). 
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Figure 6. Trends over time in the reporting of search strategies and study selection criteria 

 
Line plots of the annual proportion of meta-analyses of test accuracy using specific reporting practices for their search strategies 
or study selection criteria. 
Exact search = reporting of the search strategy in a way that can be directly replicated; Search terms = reporting of search terms 
without the full search strategy or Boolean operands; Search on demand = the full search strategy is available from the authors or 
in a website (other than that of the journal publishing the meta-analysis); years searched = reporting of the years covered by the 
searches; quality exclusion = exclusion of studies from the meta-analysis based on quality criteria; size exclusion = exclusion of 
studies from the meta-analysis based on sample size criteria. 
Results are shown only after 1995 because the number of meta-analyses in previous years was too small and proportions were 
unstable. 

Figure 7 presents trends over time in the use of electronic databases and other literature 
sources by systematic reviews of test accuracy. Overall, there was an increasing trend in the use 
of electronic databases other than MEDLINE (per year OR = 1.30; 95 percent CI 1.24, 1.35; P < 
0.001); this appeared to be due to the increasing use of Embase (per year OR = 1.28; 95 percent 
CI 1.23, 1.35; P < 0.001); the Cochrane libraries (per year OR = 1.30; 95 percent CI 1.23, 1.38; P 
< 0.001); the Science Citation Index (or other ISI databases, per year OR = 1.18; 95 percent CI 
1.09, 1.28; P < 0.001); CINAHL (per year OR = 1.25; 95 percent CI 1.15, 1.36; P < 0.001); or 
other specific electronic databases (per year OR = 1.25; 95 percent CI 1.18, 1.32; P < 0.001). 
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Figure 7. Trends over time in the proportion of meta-analyses using specific databases or other 
sources to identify eligible studies 

 

Line plots of the annual proportion of meta-analyses of test accuracy using specific databases or other sources to identify eligible 
studies. Results are shown only after 1995 because the number of meta-analyses in previous years was too small and proportions 
were unstable. 
Bibliographies = perusal of reference lists of included studies; CC = current contents; CINAHL = Cumulative Index to Nursing 
and Allied Health Literature; Cochrane = searching of databases maintained by the Cochrane Collaboration; Experts in the field 
consulted to provide additional studies; Handsearching = searching manually (or electronically) the contents of selected journals; 
Other specific = searching of other specific electronic databases; Reviews = perusal of the reference lists of relevant review 
articles; SCI = Science Citation Index or other Institute of Scientific Information databases; Unpublished = search for studies not 
published in the peer-reviewed literature.  
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Figure 8 presents trends over time in the handling of languages other than English in reviews 
of test accuracy. There has been an increase in the proportion of studies that explicitly reported 
considering non-English language articles (considering studies published in at least one language 
other than English, per year OR = 1.05; 95 percent CI 1.02, 1.09; P = 0.003). This increase is 
mostly due to an increasing number of reviews not imposing any language restrictions. As 
expected, there has been a concomitant decrease in reviews considering English language studies 
only (per year OR = 0.96; 95 percent CI 0.93, 0.99; P = 0.028). 

Figure 8. Trends over time in the proportion of studies searching for or considering for inclusion 
studies based on language of publication criteria 

 
Stacked bar graph of the annual proportion of meta-analyses of test accuracy using different language criteria to identify eligible 
studies.  
Single language = reviews only considering studies published in a single language (in all but one case the language used was 
English, a single review considered only studies published in Korean); English+ = reviews considering studies published in 
English and at least one more specific Language; No restrictions = reviews not using language restrictions to select eligible 
studies; Not reported = studies not providing information on the languages considered. 
Results are shown only after 1990 because the number of meta-analyses in previous years was too small and proportions were 
unstable. 

Factors Affecting the Number of Studies Included in Each 
Review 

The number of studies included in each meta-analysis did not appear to be affected by the 
search of electronic databases in addition to MEDLINE (0.2 percent difference between reviews 
that included at least one additional electronic database; 95 percent CI -12.7, 12.1 percent; P = 
0.967) or the inclusion of languages other than English (8.3 percent more studies in reviews 
including non-English language studies; 95 percent CI -2.7, 21 percent; P = 0.139), after 
adjusting for publication year, clinical topic, and test category. 
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Quality Assessment and Use of Checklists 
The majority of reviews performed some quality assessment of the studies they included. 

This assessment was based on the QUADAS checklist in 20 percent (27 percent after 2004) of 
reviews. Nine percent (12 percent after 2003) of reviews reported using the STARD guideline to 
develop items for quality assessment of the primary studies they included. Commonly assessed 
items included blinding (65 percent), prospective recruitment of patients (59 percent), 
verification bias (48 percent), and the description of the reference standard used (88 percent). 
Blinding of test assessors was examined in more detail for articles published since 2004: blinding 
of the index test assessor to the reference standard results was reported in 53 percent, and 
blinding of the reference standard assessor to the index test results in 50 percent of the 500 
studies published between 2004 and 2009 (Table 3). 

Table 3. Quality assessment in systematic reviews of medical test accuracy studies 
Characteristic Studies, n (%) 

Settings of test use 295 (39) 
Recruitment of consecutive patients 322 (42) 
Prospective/retrospective design 446 (59) 
Exact description of the reference standard 667 (88) 
Expertise of the test readers 116 (15) 
Any blinding (all eligible studies)  496 (65) 
Blinding assessors of the index test to the reference standard (500 studies 
published since 2004) 265 (53) 

Blinding assessors of the reference standard test to the index test (500 studies 
published since 2004) 250 (50) 

Blinding unspecified (500 studies published since 2004) 74 (15) 
No blinding (500 studies published since 2004) 141 (28) 
Demographic characteristics of participants: Age 361 (48) 
Demographic characteristics of participants: Sex (500 studies published since 
2004) 269 (54) 

Location of studies 190 (25) 
Spectrum bias (500 studies published since 2004) 262 (52) 
Selection bias (500 studies published since 2004) 291 (58) 
Time between the performance of the index and reference standard tests (500 
studies published since 2004) 201 (40) 

Test independence (500 studies published since 2004) 190 (38) 
Indeterminate results (500 studies published since 2004) 175 (35) 
Withdrawals (500 studies published since 2004) 167 (33) 
Verification bias 367 (48) 
Quality assessment based on the QUADAS tool 148 (19) 
Quality assessment based on use of items from the STARD reporting guideline 65 (9) 
QUADAS = Quality Assessment of Diagnostic Accuracy Studies; STARD = Standards for Reporting of Diagnostic Accuracy. 

Over time, assessment of specific quality items has generally increased. (Figure 9). For 
example, there has been an increase in the number of reviews appraising verification bias (per 
year OR = 1.17; 95 percent CI 1.13, 1.22; P < 0.001); spectrum bias (per year OR = 1.16; 95 
percent CI 1.04, 1.29; P = 0.007); test assessor blinding (per year OR = 1.09; 95 percent CI 1.05, 
1.13; P < 0.001); whether study design was prospective (per year OR = 1.12; 95 percent CI 1.09, 
1.16; P < 0.001); and whether patients were recruited consecutively (per year OR = 1.07; 95 
percent CI 1.04, 1.11; P < 0.001).  
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Figure 9. Trends over time in the proportion of meta-analyses of test accuracy appraising specific 
quality items or using quality assessment checklists 

 
Line plot of the annual proportion of meta-analyses of test accuracy appraising selected quality items among the primary studies 
they included. Information for the following variables was only collected for studies published 2004 onwards: Blinding (index), 
Blinding (reference), Spectrum bias, Sex, Selection bias, Indeterminate test results, and Withdrawals. The QUADAS tool and the 
STARD checklist were published in November 2003 and January 2003, respectively. Results for all variables are shown only 
after 1995 because the number of meta-analyses in previous years was too small and proportions were unstable. 
Consecutive = reviews assessing whether the primary studies enrolled patients consecutively; Prospective = reviews assessing 
whether the primary studies had a prospective design; Blinding = any assessment of blinding in the primary studies; Blinding 
(index) = assessment of whether the index test assessor was blinded to the reference standard results; Blinding (reference) = 
assessment of whether the reference standard assessor was blinded to the index test results; Age = reviews that extracted 
information on participant age from the primary studies; Sex = reviews that extracted information on participant sex from the 
primary studies; Location = reviews that extracted information on primary study locations; Selection = reviews that extracted 
information on the selection criteria of the primary studies; Indeterminate = reviews that examined the handling of indeterminate 
test results in the primary studies; Withdrawals = reviews that examined the handling of withdrawals in the primary studies; 
QUADAS = Quality Assessment of Diagnostic Accuracy Studies; STARD = Standards for Reporting of Diagnostic Accuracy.  
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These improvements in recent years in the quality assessment of primary studies have been 
associated with the increasing use of checklists of items relevant to study quality (Table 4): since 
2004, the QUADAS tool has increasingly been used to guide quality assessment (per year OR = 
1.62; 95 percent CI 1.41, 1.86; P < 0.001). Similarly, since 2003, the STARD reporting guideline 
has also been increasingly (but not quite statistically significantly) used to develop items for the 
quality assessment of primary studies of test accuracy (per year OR = 1.15; 95 percent CI 0.99, 
1.33; P = 0.059).  

Table 4. Use of QUADAS or STARD to guide quality assessment in reviews of medical  
tests (2004–2009) 

Year % of reviews using 
QUADAS 

% of reviews using 
STARD 

2004 1.6 9.5 
2005 13.3 12.0 
2006 20.9 13.4 
2007 39.6 13.2 
2008 41.1 15.9 
2009 44.3 12.4 
QUADAS = Quality Assessment of Diagnostic Accuracy Studies; STARD = Standards for Reporting of Diagnostic Accuracy 

Statistical Analyses and Presentation of Results in Reviews 
of Test Accuracy 

The most popular test accuracy metrics used in meta-analysis were sensitivity (77 percent) 
and specificity (74 percent). Diagnostic odds ratios (34 percent) and likelihood ratios (31 
percent) were also commonly used (Table 5). Quantitative results were often presented in forest 
plots (39 percent) or ROC curves (53 percent); other graphical displays were uncommon. 
Heterogeneity tests were performed in 58 percent of the available studies; potential causes of 
underlying heterogeneity were explored in 57 percent of analyses (33 percent using exclusively 
subgroup analyses exclusively and 24 percent using meta-regression with or without subgroup 
analyses). The most commonly used heterogeneity metrics were Cochran’s Q statistic, Fisher’s 
exact test, and the I2

Table 5. Statistical analyses and presentation of results in reviews of test accuracy 

 index. Random effects models were used in the majority (57 percent) of the 
studies.  

Characteristics Studies, n (%) 
Use of random effects models 436 (57) 
Metrics used in quantitative analyses: Sensitivity 582 (77) 
Metrics used in quantitative analyses: Specificity 560 (74) 
Metrics used in quantitative analyses: OR 257 (34) 
Metrics used in quantitative analyses: Likelihood ratios 236 (31) 
Metrics used in quantitative analyses: Predictive values 97 (13) 
Metrics used in quantitative analyses: Accuracy 42 (6) 
Metrics used in quantitative analyses: AUC 40 (5) 
Metrics used in quantitative analyses: Q* 26 (3) 
Display of synthesis results: Forest plots 300 (39) 
Display of synthesis results: ROC curves 403 (53) 
Heterogeneity testing 439 (58) 
Exploration of heterogeneity: Meta-regression analyses (+/- subgroup analyses) 180 (24) 
Exploration of heterogeneity: Subgroup analyses only 247 (33) 
No exploration of heterogeneity 333 (44) 
Statistical analyses: Univariate meta-analysis 660 (87) 
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Table 5. Statistical analyses and presentation of results in reviews of test accuracy (continued) 
Characteristics Studies, n (%) 

Statistical analyses: ROC-based methods (including sROC and hsROC) 379 (50) 
Statistical analyses: Advanced statistical methods – BREM/hsROC  70 (9) 
Statistical analyses: Other advanced models 11 (1) 
sROC model (only among studies using ROC analyses): Moses-Littenberg 326 (86) 
sROC model (only among studies using ROC analyses): Rutter-Gatsonis 24 (6) 
sROC model (only among studies using ROC analyses): Other 29 (7) 
Comparative analyses of index tests 132 (17) 
Direct comparative analyses of index tests (only among the 131 studies reporting 
on test comparisons) 33 (25) 

Indirect comparative analyses of index tests (only among the 131 studies 
reporting on test comparisons) 98 (75) 

Bayesian statistical analyses 17 (2) 
Reporting of data to replicate analyses: Counts reported or can be calculated 448 (59) 
Reporting of data to replicate analyses: Data not available 312 (41) 
AUC = area under the curve; BREM = bivariate random effects meta-analysis; OR = diagnostic/predictive odds ratio;  
HsROC = hierarchical summary receiver operating characteristic; ROC = receiver operating characteristic; sROC = summary 
receiver operating characteristic 

Statistical analyses most often used univariate (one outcome at a time) meta-analyses (87 
percent) and the fixed effects summary receiver operating curve characteristics method as 
described by Moses and Littenberg13,27 (86 percent of the studies performing ROC analyses). 
More theoretically motivated methods, such as bivariate random effects6,28 or hierarchical 
summary ROC curve models9,10

Figure 10 presents trends over time in the proportion of studies using specific metrics for 
meta-analysis of test accuracy information. Over time there has been increasing use of the 
diagnostic OR (per year OR = 1.17; 95 percent CI 1.12, 1.22; P < 0.001), sensitivity (per year 
OR = 1.07; 95 percent CI 1.03, 1.11; P < 0.001), specificity (per year OR = 1.08; 95 percent CI 
1.04, 1.12; P < 0.001), and likelihood ratios (per year OR = 1.13; 95 percent CI 1.08, 1.18; P < 
0.001), as metrics for meta-analyses of test accuracy. 

, were rarely used (11 percent), although this is changing (see 
below for time trend). 
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Figure 10. Trends over time in the proportion of meta-analyses using each metric of test accuracy 

 
Line plot of the annual proportion of meta-analyses of test accuracy using each metric for quantitative evidence synthesis.  
OR = odds ratio; LR = likelihood ratio; AUC = area under the receiver operating characteristic curve; Q* = point where 
sensitivity equals specificity on SROC curve). Results are shown only after 1995 because the number of meta-analyses in 
previous years was too small and proportions were unstable. 

Figure 11 presents trends over time in the proportion of reviews assessing, accounting for, 
and exploring heterogeneity. There has been a clear increase in the number of studies assessing 
heterogeneity using statistical tests (per year OR = 1.21; 95 percent CI 1.17, 1.26; P < 0.001), 
and exploring the underlying reasons leading to heterogeneity using subgroup or meta-regression 
methods (per year OR = 1.08; 95 percent CI 1.04, 1.12; P < 0.001). This increase has been 
mostly due to the use of subgroup analyses, as the proportion of reviews performing meta-
regression analyses has not changed significantly over time; per year OR = 1.03 (95 percent CI 
0.95, 1.11; P = 0.484). Use of random effects models also increased over time (per year OR = 
1.21; 95 percent CI 1.16, 1.26; P < 0.001).  
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Figure 11. Trends over time in the proportion of meta-analyses assessing, accounting for in the 
analyses and exploring heterogeneity 

 
Line plot of the annual proportion of meta-analyses of test accuracy using tests for heterogeneity, employing random effects 
meta-analysis models, exploring heterogeneity (using subgroup or regression analyses), and using meta-regression analyses. 
Results are shown only after 1995 because the number of meta-analyses in previous years was too small and proportions were 
unstable. 

Figure 12 presents trends in the proportion of studies using advanced statistical methods (for 
comparison a trend line for studies using the Moses-Littenberg method is also presented). 
Overall, the proportion of studies using advanced meta-analysis methods has increased over time 
(per year OR = 1.27; 95 percent CI 1.16, 1.39; P < 0.001). Specifically, the bivariate random 
effects meta-analysis model and the hierarchical sROC model are increasingly used: per year OR 
= 1.42; 95 percent CI 1.26, 1.60; P < 0.001) (Table 6). These methods were used about 20 
percent of the time in 2008 and 2009 following publication of several articles that recommended 
their use.6,28-30

 
 Bayesian statistical methods have been rarely utilized. 

0

20

40

60

80

100

1995 2000 2005 2010

Heterogeneity testing

  

1995 2000 2005 2010

Random effects

0

20

40

60

80

100

1995 2000 2005 2010

Subgroups/meta-regression

  

1995 2000 2005 2010

Meta-regression

Pr
op

or
tio

n 
of

 re
vi

ew
s,

 %

Year of publication



 

23 

Figure 12. Trends over time in the proportion of meta-analyses using advanced statistical 
methods for quantitative evidence synthesis 

  
Line plot of the annual proportion of meta-analyses of test accuracy using advanced meta-analysis methods, such as the bivariate 
random effects meta-analysis or the hierarchical summary receiver operating characteristic curve models; other advanced 
methods (in most cases, random effects variants of the Moses-Littenberg sROC method); or Bayesian analysis methods. Results 
are shown only for years after 1995 because the statistical methods of interest were practically not used at all during earlier years 
and the number of meta-analyses was relatively small leading to instability of the estimated annual proportions. The plot for 
meta-analyses using the Moses-Littenberg method is presented for comparison, BREM = bivariate random effects meta-analysis; 
hsROC = hierarchical receiver operating characteristic curve; sROC = summary receiver operating characteristic method.  

Table 6. Use of advanced statistical methods in reviews of medical tests (2000-09) 
Year % of Reviews Using BREM/hsROC 

2000 0.0 
2001 0.0 
2002 0.0 
2003 7.9 
2004 7.9 
2005 5.3 
2006 4.5 
2007 12.1 
2008 22.4 
2009 19.6 

BREM = bivariate random effects meta-analysis; hsROC = hierarchical receiver operating characteristic curve 

Comparison of Reviews in the Five Most Commonly 
Assessed Medical Fields 

The five most commonly assessed medical fields in meta-analyses of test accuracy were 
oncology (25 percent), cardiovascular disease (21 percent), gastrointestinal disease (16 percent), 
obstetrics and gynecology (15 percent), and infectious disease (13 percent). For the comparison 
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between fields we excluded 92 studies (16 percent of those relevant to the top 5 fields) that were 
considered relevant to more than one of these fields. There were few differences in the methods 
or reporting of meta-analyses in these fields (Tables 7a and 7b). There was a higher rate of 
exclusion of studies using quality criteria in meta-analyses in gastrointestinal (28 percent) and 
cardiovascular (25 percent) disease compared to those in obstetrics and gynecology (12 percent), 
infectious disease (13 percent), or oncology (17 percent); overall P = 0.022. Additionally, there 
was a higher rate of exclusion of studies based on sample size cut-offs in reviews in oncology 
(31 percent), cardiovascular disease (26 percent), and infectious disease (23 percent), compared 
to those in obstetrics and gynecology (9 percent) or gastrointestinal disease (17 percent); overall 
P = 0.003. Due to the large number of comparisons performed these differences may be chance 
findings. 
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Table 7a. Comparison of meta-analyses of test accuracy conducted in the five medical fields where most reviews had been published: 
number of studies, tests, and reference standards 

Characteristics 
Cardiovascular 

Disease 
(n=156) 

Obstetrics & 
Gynecology 

(n=77) 

Gastrointestinal 
Disease 
(n=65) 

Infectious 
Disease 
(n=77) 

Oncology 
(n=120) P-value 

Number of studies, median [25th–75th
20 [12–40]  

percentile] 16 [10–24] 17 [9–29] 19 [11–32] 18 [11–30] 0.099 

Number of index tests, median [25th–75th
2 [1–3]  

percentile] 1 [1–2] 2 [1–3] 1 [1–2] 1 [1–2] 0.047 

Number of reference standards, median  
[25th–75th 1 [1–1]  percentile] 1 [1–2] 1 [1–1] 1 [1–1] 1 [1–1] 0.006 

 

Table 7b. Comparison of meta-analyses of test accuracy conducted in the five medical fields where most reviews had been published 

Characteristics 
Cardiovascular 

Disease 
(n=156) n (%) 

Obstetrics & 
Gynecology 
(n=77) n (%) 

Gastrointestinal 
Disease 

(n=65) n (%) 

Infectious 
Disease 

(n=77) n (%) 
Oncology 

(n=120) n (%) P-value 

Searching and study selection: Exact 
search provided 46 (29) 17 (22) 17 (26) 19 (25) 25 (21) 0.540 

Searching and study selection: Years 
searched 147 (94) 73 (95) 60 (92) 70 (91) 112 (93) 0.843 

Searching and study selection: Exclusion 
based on quality criteria 39 (25) 9 (12) 18 (28) 10 (13) 20 (17) 0.022 

Searching and study selection: Exclusion 
based on minimum sample size 40 (26) 7 (9) 11 (17) 18 (23) 37 (31) 0.003 

Searching and study selection: MEDLINE 
plus at least one additional database 66 (42) 42 (55) 36 (55) 45 (58) 55 (46) 0.091 

Quality assessment: Settings 63 (40) 21 (27) 23 (35) 34 (44) 43 (36) 0.220 
Quality assessment: Consecutive 
patients 63 (40) 41 (53) 24 (37) 39 (51) 44 (37) 0.077 

Quality assessment: Prospective patient 
sampling 80 (51) 54 (70) 39 (60) 45 (58) 70 (58) 0.103 

Quality assessment: Any blinding 106 (68) 43 (56) 39 (60) 60 (78) 77 (64) 0.040 
Quality assessment: Verification bias 70 (45) 38 (49) 29 (45) 37 (48) 60 (50) 0.902 
Quality assessment: QUADAS 30 (19) 8 (10) 15 (23) 21 (27) 21 (18) 0.086 
Quality assessment: STARD 13 (8) 7 (9) 6 (9) 7 (9) 11 (9) 0.996 
Provides data for re-analysis 92 (59) 50 (65) 37 (57) 44 (57) 79 (66) 0.576 
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Table 7b. Comparison of meta-analyses of test accuracy conducted in the five medical fields where most reviews had been 
published (continued) 

Characteristics 
Cardiovascular 

Disease 
(n=156) n (%) 

Obstetrics & 
Gynecology 
(n=77) n (%) 

Gastrointestinal 
Disease 

(n=65) n (%) 

Infectious 
Disease 

(n=77) n (%) 
Oncology 

(n=120) n (%) P-value 

Heterogeneity testing 84 (54) 51 (66) 39 (60) 42 (55) 61 (51) 0.253 
Random effects methods 96 (62) 44 (57) 39 (60) 39 (51) 61 (52) 0.385 
Advanced methods 17 (11) 7 (9) 7 (11) 5 (6) 14 (12) 0.809 
QUADAS = Quality Assessment of Diagnostic Accuracy Studies; STARD = Standards for Reporting of Diagnostic Accuracy 
P-values are from Fisher exact tests for nominal variables and Kruskal-Wallis tests for continuous or count variables. Studies investigating tests belonging to different categories 
have been excluded. Meta-analyses that included index tests belonging to more than one category have been excluded from this analysis.
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Comparison of Reviews of the Five Most Commonly 
Assessed Test Categories 

The five most commonly assessed test categories were imaging tests (44 percent), 
biomarkers (28 percent), aspects of the clinical examination (15 percent), histological 
tests (14 percent, including cytological and culture-based tests), and 
physiologic/challenge (5 percent) tests. For the comparison between test types we 
excluded 75 studies (11 percent of those relevant to the top 5 test categories) that 
considered tests belonging to more than one test type (for example, reviews of multiple 
index tests belonging to different categories). There were several significant differences 
in the reporting and methods characteristics of meta-analyses assessing different test 
types (Tables 8a and 8b). The most striking of these differences pertained to the methods 
used by the reviews to appraise the quality of primary studies. Generally reviews of 
histological, cytological or culture based tests were less likely to assess quality items such 
as assessor blinding, verification bias, and prospective or consecutive patient recruitment. 
The use of the QUADAS instrument to guide quality assessment was also less common 
in reviews of histological, cytological or culture based tests. Similar patterns were 
observed for physiologic tests (although the number of available reviews was 
substantially smaller). 
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Table 8a. Comparison of meta-analyses of test accuracy conducted in the five test categories assessed in most meta-analyses: number 
of studies, tests, and reference standards 

Characteristics Histological 
Tests (n=68) 

Clinical 
Examination(n=

81) 

Imaging 
Tests 

(n=296) 
Biomarkers 

(n=172) 
Physiologic 

Tests* 
(n=22) 

P-value 

Number of studies, median [25th–75th percentile] 19 [11–28] 14 [10–24] 19 [12–33] 21 [11–35] 11 [8–27] 0.010 
Number of index tests, median [25th–75th percentile] 1 [1–2] 2 [1–4] 1 [1–2] 1 [1–2] 1 [1–1] 0.001 
Number of reference standards, median  1 [1–1] 1 [1–1] 1 [1–1] 1 [1–1] 1 [1–1] 0.869 
* Including challenge tests. 

Table 8b. Comparison of meta-analyses of test accuracy conducted in the five test categories assessed in most meta-analyses 

Characteristics 
Histological 

Tests* 
(n=68) n (%) 

Clinical 
Examination 
(n=81) n (%) 

Imaging 
Tests 

(n=296) n (%) 
Biomarkers 

(n=172) n (%) 
Physiologic 

Tests
(n=22) n (%) 

† P-value 

Searching and study selection: Exact search provided,  14 (21) 31 (38) 71 (24) 42 (24) 5 (23) 0.096 
Years searched, n (%) 58 (85) 77 (95) 274 (93) 160 (93) 19 (86) 0.161 
Searching and study selection: Exclusion based on 
quality criteria, n (%) 9 (13) 17 (21) 53 (18) 39 (23) 1 (5) 0.171 

Searching and study selection: Exclusion based on 
minimum sample size, n (%) 10 (15) 9 (11) 93 (31) 25 (15) 6 (27) <0.001 

Searching and study selection: MEDLINE plus at least 
one additional database, n (%) 26 (38) 45 (56) 145 (49) 96 (56) 7 (32) 0.039 

Quality assessment: Settings, n (%) 14 (21) 55 (68) 79 (27) 83 (48) 11 (50) <0.001 
Quality assessment: Consecutive patients, n (%) 24 (35) 36 (44) 121 (41) 85 (49) 4 (18) 0.030 
Quality assessment: Prospective patient sampling, n (%) 32 (47) 44 (54) 193 (65) 104 (60) 8 (36) 0.007 
Quality assessment: Any blinding, n (%) 29 (43) 58 (72) 202 (68) 117 (68) 14 (64) 0.001 
Verification bias, n (%) 22 (32) 40 (49) 152 (51) 93 (54) 5 (23) 0.003 
QUADAS, n (%) 4 (6) 14 (17) 66 (22) 45 (26) 1 (5) 0.001 
STARD, n (%) 2 (3) 3 (4) 27 (9) 23 (13) 1 (5) 0.034 
Provides data for re-analysis 47 (69) 42 (52) 177 (60) 101 (59) 13 (59) 0.325 
Heterogeneity testing 31 (46) 44 (54) 184 (62) 110 (64) 10 (458) 0.034 
Random effects methods 33 (49) 49 (60) 168 (57) 109 (63) 9 (41) 0.112 
Advanced methods 3 (4) 8 (10) 38 (13) 15 (9) 2 (9) 0.280 
QUADAS = Quality Assessment of Diagnostic Accuracy Studies; STARD = Standards for Reporting of Diagnostic Accuracy 
P-values are from Fisher exact tests for nominal variables and Kruskal-Wallis tests for continuous or count variables. Studies investigating tests belonging to different categories 
have been excluded. Meta-analyses covered more than one of the relevant clinical topics have been excluded from this analysis. 
* Including cytological and culture-based tests. 
† Including challenge tests. 
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Journal Impact Factor and Citation Count 
In regression analyses with citation count (of each meta-analysis) as the dependent variable, 

after adjusting for the effect of journal impact factor and accounting for the number of years since 
manuscript publication, the following factors were predictive of a higher number of citations (with 
P<0.001): whether the study did not evaluate aspects of the clinical examination (“not clinical 
exam”); a larger number of included studies; whether the meta-analysis was relevant to adult 
medicine (“not pediatrics”); whether results were presented graphically; whether advanced meta-
analysis methods were used; whether the topic was not related to orthopedics; and whether 
comparisons between alternative index tests were reported.  

In analyses assessing the association between journal impact factor and reporting 
characteristics of systematic reviews of test accuracy, higher journal impact factor was associated 
with the following characteristics (with P<0.001): assessing the accuracy of aspects of the clinical 
examination; reporting quantitative analyses using likelihood ratio metrics; use of random effects 
methods; availability of the full search strategy upon request; assessment of blinding in the 
primary studies; whether the review assessed the enrollment of consecutive patients in the primary 
studies; and whether the reference lists of relevant review articles were perused as part of the 
search strategy.  

When comparing reviews published in high impact factor general medical journals versus 
reviews published in other journals, few reporting differences were observed (with P<0.001): 
high-impact factor journals were more likely to publish meta-analyses assessing the accuracy of 
aspects of the clinical examination and using random effects models.  

We note that the above analyses are exploratory in nature, and may—to a large extent—reflect 
journal editorial policies. Appendix Tables F1–F3 present additional information from the 
analyses of citation counts and journal impact factors. 
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Discussion 
We performed a comprehensive review of 760 medical test accuracy meta-analyses published 

over the last 25 years. This work provides a “snapshot” of the available literature and an overview 
of longitudinal trends in methods and reporting, with the aim of identifying where future reviews 
could be improved. Meta-analyses of test accuracy are increasingly being pursued: in recent years 
approximately 100 such reports have been published annually. Overall, the available literature 
appears to have several limitations (Box 1): most reviews do not appraise important quality items, 
statistical analyses use methods that may be suboptimal for test accuracy and direct comparisons 
of index tests are scarce. Our findings regarding the limitations of existing systematic reviews of 
test accuracy generally agree with previously published, smaller-scale surveys of reviews of test 
accuracy. We have summarized some of these previous empirical investigations in Table 9. 
Generally, previous assessments of systematic reviews of diagnostic tests have assessed much 
smaller numbers of studies or have been limited to a single clinical topic (e.g., oncology31). 
Furthermore, with the exception of a report focusing on the statistical methods used for meta-
analysis,11

Box 1. Common limitations of existing systematic reviews of test accuracy 

 no previous overview has included an adequate number of studies spread over several 
years that would allow the exploration of trends over time. 

Comparative effectiveness of medical tests 
- Most systematic reviews were focused on a single index test.  
- Most meta-analyses did not consider (direct or indirect) comparisons between alternative index 

tests.  
Literature search and study identification 

- Many systematic reviews relied on a relatively limited number of databases for the identification 
of potentially eligible studies. 

- Search strategies were often not provided in detail. 
Selection of studies 
- Selection of studies for inclusion in meta-analyses was frequently based on quality criteria. It was 

often unclear whether these criteria were predetermined in a review protocol. 
Data-extraction and qualitative synthesis 

- Many reviews did not provide adequate summaries of the included studies. Settings of test use, the 
expected role of the test, study design characteristics, and demographics of participants, were 
often not reported. 

- The counts needed to reconstruct the 2×2 tables of results used in each study were often not 
provided.  

Assessment of study quality 
- The assessment of study quality was often limited. Validated checklists, such as the QUADAS, 

were not universally used. 
- Quality assessment methods were non-standardized and operational definitions for individual 

quality items were not always explicitly provided.  
Meta-analysis 

- Assessment of statistical heterogeneity was often not performed or was incompletely reported.  
- Regression methods were infrequently used to explore between-study heterogeneity. 
- A substantial number of published reviews did not use random effects meta-analysis models; thus, 

summary estimates may not be generalizable to future studies.  
- Advanced meta-analysis methods that account for the bivariate nature of sensitivity and specificity 

were infrequently used, even in recent years. 
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Table 9. Summary of selected previously published overviews of systematic review of test accuracy  
Characteristics Irwig, 1994 Whiting, 200532  

33 Dinnes, 2005 Mallet, 200634 Moher, 200731 Willis, 201135 Current Project 11 

Number of 
included SRs 11 114 

189 
(133 used statistical 
synthesis methods) 

89 
(25 assessed in detail) 

23 
(diagnostic/prognostic 
SRs among 300 SRs 
identified) 

236 760 

Selection 
criteria 

All inclusive; 
meta-analysis of 
test accuracy as 
primary focus. 

All inclusive All inclusive 

Cancer diagnosis; 
included SRs 
regardless of the use 
of quantitative 
synthesis methods. 
Screening tests + 
tests for risk factors 
were excluded; 
computer decision 
tools were also 
excluded. 

All inclusive 

All inclusive; 
reviews had to have 
searched ≥2 
databases, stated 
search terms and 
inclusion criteria, 
and used a 
statistical method to 
summarize test 
accuracy. 

All inclusive; reviews 
had to have used a 
statistical method to 
summarize test 
accuracy. Excluded 
HTAs, Cochrane 
reviews and AHRQ 
EPC reports. 

Years covered Jan 1990 – Dec 
1991 1995 – 2001 Up to 2002 1990 – 2003 November 2004 Up to 2008 1966 – 2009 

Databases 
searched 

MEDLINE, 
experts, 
bibliographies of 
retrieved papers 

DARE 

DARE 
(update of the search 
used in Whiting et 
al.33

MEDLINE, Embase, 
MEDION, Cancerlit, 
HTA, DARE, 
Cochrane Database of 
Systematic Reviews ) 

MEDLINE 

MEDLINE, 
Embase, CINAHL, 
Cochrane Library, 
PsychInfo, Global 
health, HMIC, 
AMED 

MEDLINE, 
bibliographies of 
papers and relevant 
reviews 

Items extracted 

Literature review 
methods; data 
extraction and 
presentation; 
statistical analysis 
methods. 

Quality 
assessment 
methods. 

Systematic review 
methods; statistical 
analysis and 
reporting; trends over 
time in statistical 
method use. 

Objectives and setting 
of the SRs; participant 
characteristics. In the 
25 studies assessed 
in detail: quality 
assessment methods; 
whether meta-analysis 
was performed; 
reporting of results; 
availability of data for 
reanalysis. 

Basic reporting 
characteristics of 
reviews (bibliometric 
features, outcomes 
considered, whether any 
quantitative method was 
used). 

Statistical and 
quality assessment 
methods; settings 
of test use; trends 
over time in 
statistical method 
use. 

Literature search and 
study selection 
methods; quality 
assessment methods; 
statistical analyses 
and reporting 
methods; trends over 
time in multiple 
aspects of the review 
process, statistical 
analysis and 
reporting; availability 
of data for re-
analysis. 
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Table 9. Summary of selected previously published overviews of systematic review of test accuracy (continued) 
Characteristics Irwig, 1994 Whiting, 200532  

33 Dinnes, 2005 Mallet, 200634 Moher, 200731 Willis, 201135 Current Project 11 

Main findings 

2 of 11 studies 
reported the 
complete search 
strategy; all 
studies analyzed 
sensitivity and 
specificity, 2 
studies used the 
sROC method 
and 2 did not 
provide a 
summary 
estimate; 6 of 11 
studies discussed 
variability in 
reference 
standards; 7 
studies reported 
comparisons 
between 2 or 
more index tests. 

49% of SRs had 
not conducted 
quality 
assessment; in 
most cases 
information on 
quality was 
incorporated in 
narrative 
synthesis; 13% 
of reviews used 
quality as an 
inclusion 
criterion. 

70% of SRs used 
quantitative methods; 
52% used MEDLINE 
as the only source; 
69% performed 
quality assessment; 
median number of 
studies=18; 68% of 
SRs do not report 
tests for heterogeneity 
(58% of those using 
statistical analyses); 
naïve pooling has 
decreased over time. 

75% of SRs stated 
inclusion criteria, 40% 
reported details of 
study design, 17% 
reported on the 
clinical setting, 17% 
reported on disease 
severity, 49% reported 
on tumor stage. Of the 
25 reviews assessed 
in detail, 56% reported 
sensitivity, specificity, 
and sample sizes for 
individual studies. Of 
the 89 reviews, 61% 
attempted to formally 
synthesize results of 
the studies and 32% 
reported formal 
assessments of study 
quality. 

No SRs were updates of 
previous reviews; harms 
were considered in 54% 
and costs in 35% of the 
reviews were this 
information was 
considered relevant; 
median number of 
included studies=39; 
quantitative synthesis 
was performed in 48% of 
SRs. 

27% of SRs used 
advanced statistical 
methods (BREM or 
hsROC); between 
2006 and 2008 
QUADAS was used 
in 40% of the 
studies; imaging 
tests are the most 
commonly 
assessed test 
category; 80% of 
tests are normally 
used in specialist 
settings. 

As detailed in this 
report. 

Studies are listed chronologically, based on the dates covered by their searches.  
AHRQ = Agency for Healthcare Research and Quality; AMED = Allied and Complementary Medicine database; BREM = bivariate random effects meta-analysis; CINAHL = 
Cumulative Index to Nursing and Allied Health Literature; DARE = Database of Reviews of Effects; EPC = Evidence-based Practice Center; HMIC = Health Management 
Information Consortium database; hsROC = hierarchical summary receiver operating characteristic meta-analysis method; HTAs = health technology assessments; QUADAS = 
Quality Assessment of Diagnostic Accuracy Studies; SR = systematic review; sROC = summary receiver operating characteristic method  
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We also found that many aspects of the methods and reporting of systematic reviews of 
medical test accuracy have improved over time. Searching of multiple electronic databases 
without language restrictions has become more common; quality items such as verification bias, 
spectrum bias and blinding have been increasingly been considered in quality appraisal; and 
advanced statistical methods that simultaneously model sensitivity and specificity are beginning to 
be adopted. Empirical studies comparing the reporting of methodological quality items have 
documented an increase in the clarity of reporting of quality items in systematic reviews of 
therapeutic interventions36 after the International Committee of Medical Journal Editors endorsed 
the Quality of Reporting of Meta-analyses (QUOROM) checklist, compared to before. Similar 
data exist on the impact of the Consolidated Standards of Reporting Trials (CONSORT) 
statement37,38 for reporting of randomized trials.39,40 We observed that the QUADAS tool19,21 and 
quality items developed based on the STARD reporting checklist22,23

A recent focused empirical assessment

 were used more often by 
recent systematic reviews; we hypothesize that their use may have had a similar influence on the 
reporting of meta-analyses of test accuracy.  

11 of meta-analyses of medical tests concluded that the 
increased use of bivariate random effects statistical models for sensitivity and specificity 
coincided with the development of easy-to-use routines for performing such analyses (e.g., the 
metandi and midas commands in Stata or scripts for SAS programming).41,42 We observed the 
same pattern. Further, we observed that, at the same time, the use of simpler, but less appropriate 
methods such as the fixed effects SROC model of Moses and Littenberg13,27 (which accounts for 
only part of the uncertainty in the bivariate probability model), has decreased. Guidance within the 
AHRQ Evidence-based Practice Center Programc and the Cochrane Collaborationd supports the 
use of hierarchical modeling methods in meta-analyses of test accuracy. Although such models are 
more theoretically motivated compared to separate univariate analyses of sensitivity and 
specificity for the binary classification case, their judicious application requires an understanding 
of the underlying model assumptions.43

We found substantial differences in methods and reporting of test accuracy studies across 
different types of medical tests. These differences may reflect either heterogeneous diffusion of 
methodological advances between research groups focusing on specific test types, or the 
reviewers’ assessment that specific methodological approaches are not applicable to specific test 
types. In contrast, we found few differences in comparisons across different medical fields. 
Differences in some reporting or methodological characteristics of reviews correlated with the 
impact factor of journals where they were published and the number of citations they accrued over 
time. Interpretation of these differences is challenging, given the large number of comparisons 
performed and the possibility that journal editorial policies and journal readability could confound 
many of the observed associations. 

  

Our work has several limitations that need to be considered when interpreting our results. 
First, we relied on searches using methodological filters for identifying reports of meta-analyses 
of medical test accuracy studies and we only considered English language publications.44

                                                 
c Available at: www.effectivehealthcare.ahrq.gov/tasks/sites/ehc/assets/File/methods_guide_for_medical_tests.pdf; accessed 
December 27, 2011. 

 Also, we 
relied exclusively on MEDLINE searches, supplemented by screening of the reference lists of 
eligible studies and those of relevant review articles, to identify eligible reviews. More 
comprehensive searches would have required the examination of a much larger number of 

d Available at: http://srdta.cochrane.org/handbook-dta-reviews; accessed December 27th, 2011. 

http://srdta.cochrane.org/handbook-dta-reviews�
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abstracts with little expected incremental yield. Second, we focused on meta-analyses using 
aggregate published data and excluded individual patient data analyses. Although the latter 
represent a minority of all published meta-analyses they provide additional flexibility in exploring 
between-study heterogeneity due to patient level factors.45

This comprehensive overview of meta-analyses of test accuracy highlights the current status 
and the temporal evolution of a complex research field. Available meta-analyses of medical tests 
have several limitations in regards to methodological approaches and reporting characteristics; 
however, over time reviews have increasingly performed more comprehensive assessments of 
study quality and have used more appropriate statistical methods addressing the particular 
challenges relevant to reviews of test accuracy. Based on our review of the literature, and 
observations from this current empirical assessment, we identify some cross-cutting 
methodological issues relevant to meta-analytic practice in Box 2. Areas for potential future 
methodological research include the assessment of publication and reporting bias in reviews of 
test accuracy, the collection of empirical evidence on how study-level characteristics can 
influence the results of systematic reviews, quantitative methods for the comparative assessment 
of multiple alternative index tests, and the evaluation of modeling approaches for contextualizing 
the findings of reviews of test accuracy. 

 Third, we did not perform double 
extraction for all eligible studies. However, we implemented several procedures for standardizing 
the definition of the extracted variables during data extraction and performed extensive quality 
control of the final dataset. Further, a substantial proportion of eligible articles were extracted in 
duplicate.  

The large and rapidly expanding number of available meta-analyses identified by this 
overview reflects the growing interest in “evidence-based diagnosis”.46,47

Box 2. Cross-cutting methodological issues relevant to meta-analytic practice 

 Increasing use of quality 
checklists is expected to facilitate further improvements in the quality assessment of primary 
studies included in meta-analyses of medical tests. Similarly, increasing diffusion of 
methodological advances, availability of software to perform advanced statistical analyses and 
clear guidelines for the conduct and reporting of meta-analyses of test accuracy will hopefully 
lead to further improvements in the practice of systematic reviews of medical tests. 

Comparative effectiveness reviews of medical tests
- Often many alternative tests are applicable to a given testing scenario; systematic reviews 

may want to consider all relevant index tests that are applicable to the population and 
disease of interest.  

48 

- In cases where multiple index tests are applicable, reviews that directly compare test 
performance may have the greatest impact on clinical practice. 

Defining the setting and role of test use 
- The findings of systematic reviews can be meaningfully applied to clinical practice only 

if the role (add-on, triage, replacement) and setting (screening, diagnosis, 
prognosis/prediction, treatment selection) of test use is explicitly considered. These 
aspects of test use have implications for the study designs to be considered, the 
information to be extracted from each eligible study, the interpretation of individual 
study results, and the synthesis of findings across studies.49  



 

35 

Box 2. Cross-cutting methodological issues relevant to meta-analytic practice (continued) 
Methods and reporting of systematic reviews of test performance

- A priori defined protocols, clearly delineating the scope of the review and outlining the 
proposed methods is in accordance with commonly held standards of research conduct, 
and probably applies to systematic reviews as much as other research enterprises.  

50-53 

- Explicitly reporting the methodological approach followed by systematic reviews 
(including any deviations from the review protocol) promotes clarity. It is probably good 
practice for reviewers to consult existing (and continuously evolving) guidance on the 
optimal methods for searching the literature, identifying and selecting relevant studies, 
extracting data, assessing the validity of included studies, qualitatively and quantitatively 
synthesizing study results. 

- The assessment of study “quality” or “risk of bias” is an important component of 
systematic reviews of medical tests – yet exactly how these assessments (should) affect 
the conclusions of the systematic review is still a matter of research.  

Examining the applicability of review findings and transferability of estimates 
- Based on our empirical assessment, many reviews did not adequately describe whether 

the applicability of research findings from individual studies was assessed, and if yes, 
how. Information for the assessment of applicability includes, but is not limited to, 
details about the index and reference standard tests used, and the demographics and 
disease-related characteristics of the population enrolled in each study. Assessment of 
applicability is critical in contextualizing the conclusions of a systematic review.  

Interpreting and contextualizing review results 
- Reviews of test accuracy address an intermediate component of the effect of tests on 

clinical outcomes.54 Although studies assessing the overarching question of test 
effectiveness on clinical outcomes are rare, reviews of test performance often can only 
provide part of the information needed to fully assess the impact of tests.55 Other 
intermediate outcomes that could be considered include the impact of test results on 
physicians’ diagnostic thinking, and on therapeutic decisionmaking.56

- In the absence of studies assessing the direct effect of tests on clinical outcomes, formal 
modeling or simple (“back-of-the-envelope”) projections of the potential impact of tests 
may be informative.

  

57  
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Appendix A. Search Strategy 
 
Ovid MEDLINE (1966-2009) 
1. exp "sensitivity and specificity"/ 
2. exp Predictive Value of Tests/ 
3. exp ROC CURVE/ 
4. exp Mass Screening/ 
5. exp diagnosis/ 
6. exp REPRODUCIBILITY OF RESULTS/ 
7. exp false negative reactions/ or false positive reactions.mp.  
8. predictive value.tw. 
9. (sensitivity or specificity).tw. 
10. accuracy.tw. 
11. screening.tw. 
12. roc.tw. 
13. reproducibility.tw. 
14. (false positive or false negative).tw. 
15. likelihood ratio.tw. 
16. accuracy.tw. 
17. di.fs. 
18. or/1-17 
19. limit 18 to meta analysis 
20. systematic review$.tw. 
21. meta analy$.tw. 
22. 20 or 21 
23. exp Meta-Analysis/ 
24. 18 and 23 
25. 18 and 22 
26. 19 or 24 or 25 
27. limit 26 to human 
28. limit 27 to english language 
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Appendix B. Data Extraction Form 
ui                   ############## 
refid                ########## 
extractor            _______________________ 
first.author         _______________________ 
title   ________________________________________________________________________ 
journal ________________________________________________________________________ 
pub.year             #### 
 
 
************************************************************************************ 
 
[Eligibility criteria:] 
[1. Meta-analysis of diagnostic or prognostic accuracy ] 
[2. Was based on systematic review methodology (key question; search; elgibility 
criteria)] 
[3. Has an imaging, clinical, genetic test - (not risk instruments like APACHE)] 
[4. Exclude comparison of continuous measurements ] 
[NB the above exclude reviews of clinical outcomes after Dx test application] 
 
[1 = yes; 0 = no] 
 
eligible             #           [Is this study eligible?  ] 
excl.reason          
________________________________________________________________________________ 
 
 
************************************************************************************ 
 
/* This is for the performed analyses */ 
 
n.studies             ###      [Total articles in paper - e.g. number at the end of the  

flowchart, N of papers in metanalysis] 
 
n.tests               ##       [Number of different index tests included in any meta- 

analysis: e.g.,  CT or MRI or PET vs. a gold 
standard] 

n.ref.stand           ##       [Number of different reference tests included in any meta- 
analysis: e.g.,  outcomes - breast Ca, lung Ca etc ] 

 
[Another way to look at it: (n.tests) x (n.ref.stand) is giving us the number of meta-
analyses in the paper] 
 
************************************************************************************ 
 
[Try to classify the test that is being studied (medical field)] 
field.cvd            #        [cardiovascular] 
field.obgyn          #        [obstetrics-gynecology] 
field.gi             #        [gastrointestinal] 
field.id             #        [infectious diseases] 
field.onc            #        [hematology-oncology] 
field.kidn           #        [nephrology - urology] 
field.rheu           #        [rheumatology] 
field.pulm           #        [pulmonary medicine] 
field.orth           #        [orthopedics] 
field.psych          #        [psychiatry] 
field.ent            #        [Ear - Nose - Throat] 
field.neuro          #        [Neurology] 
field.peds           #        [Pediatrics] 
 
 
field.other          _______________________________________________________________ 
[if it does not fit to the above list,  free text] 
 
 
************************************************************************************ 
[write 1-Y or 0-N to the following questions] 
binary.test          #        [is this a binary test? - based on  
                               the handling of studies in the meta-analysis ] 
 
************************************************************************************ 
 
[Try to categorise the type of test that the paper studies] 
 
histology.cytology    #        [e.g., biopsy, pap smear] 
clinical.exam         #        [e.g., signs (mcburney's, boas), murmurs,  
                                 blood pressure measurement] 
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imaging               #        [e.g., CT scan, V-Q scan, MRI, chest X-ray] 
biomarker             #        [e.g., PSA, BNP, PTH] 
clinical.test         #        [e.g., this can be a challenge test such as using levodopa  
                                for idiopathic Parkinson's diagnosis, or doing a  

treadmill test (stress test) or doing a tilt test] 
physiologic.test      #        [e.g., measuring electric impendance, EKG, EEG, doppler 

measurement of blood flow (not image, but Qa), sleep 
apnea testing, spirometry] 

endoscopy.exams       #        [e.g., gastroscopy, colonoscopy] 
 
[If there are no obvious candidates for the above, please describe in 80 chars] 
describe.test        _______________________________________________________________ 
 
 
************************************************************************************ 
[Describe the search - again 1 = yes; 0 = no] 
 
exact.search.desc    #    [Do they report the *exact* search in a  
                            way that can be replicated?]  
 
[If the above is 0 then do they report the following] 
search.terms         #    [they list or enumerate search terms without boolean 
                             operands] 
search.on.demand     #    [they state that the exact search is available upon request,  
                  available on a website, or in a previous paper] 
 
yr.searched          #    [search years mentioned] 
qual.exc             #    [in the inclusion criteria do they describe excluding studies 

                       based on study quality  
                  We do count exclusions based on  

               - risk of verification bias  
                  - timing between index and reference test  

administration 
                  - blinding etc. 
                  We do not count study design characteristics  

- i.e., exclusion of retrospective or Xsectional  
studies ] 

min.n                #    [in the inclusion criteria do they describe excluding studies 
                             based on min sample size?] 
min.no.sub           #### [if yes above, fill in cutoff sample size] 
 
Which languages were included? [1] English only --- [2] English + specific other  
--- [3] no restrictions or all --- [4] not stated 
language             #       
 
Which of the following databases were searched? 
Medline              #   [MEDLINE - ANY VENDOR, Pubmed or OVID] 
Embase               #   [EMBASE] 
Conference           #   [conference proceedings] 
biblio               #   [reference lists] 
review               #   [review papers] 
sci                  #   [Science citation index] 
cc                   #   [current contents] 
experts              #   [Contact experts in the field] 
manufacturers        #   [were manufacturers specifically asked for info on studies] 
specific.db          #   [Other specific database] 
manual               #   [handsearching] 
cochrane             #   [Cochrane CENTRAL or Cochrane database of systematic reviews] 
CINAHL               #   [CINAHL] 
unpublished.data     #   [Did they search for unpublished data] 
 
Which funder?  [0] No funder  [1] Non-industry only --- [2] Any industry funding ---  [3] 
not mentioned 
funding              # 
 
************************************************************************************ 
 
[Did the meta-analysis abstract for each individual study the following characteristics?] 
[NB -Answer yes if they describe abstracting this information even if they  

do not report it in a table, or even if they do not perform or report analyses by 
these characteristics -- answer 0 [no] if they do not explicitly state that they 
assessed the characteristic. Only note characteristics that were explicitly 
mentioned. ] 

 
any.qual             #   [did they do any quality assessment - scores or items both 
count] 
settings             #   [setting of study -- e.g., tertiary care, rural] 
consecutive          #   [whether participants were recruited consecutively or not] 
prospective          #   [whether participants were recruited prospectively or not] 
refstd               #   [the exact definition of the reference standard per study] 
reader               #   [whether the test reader/assessor in each study was  
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                          experienced or not] 
blinding.index       #   [blinding of index test assessor to reference standard  
                          or to clinical information ] 
blinding.refst       #   [blinding of reference test assessor to index test results] 
blinding.unspecif    #   [they mention blinding but not distinguish in the above] 
Age                  #   [describe age distribution in studies e.g., mean, sd] 
Gender               #   [male/female] 
Location             #   [geographic location e.g. US/Europe] 
Spectrum bias        #   [representativeness of spectrum of patients studied or  

description of severity] 
Selection bias       #   [what criteria were used to select patients for study] 
Time                 #   [adequacy of the time interval between the index test and  

reference standard] 
Test Independence    #   [was the reference standard independent of the index test?  
                              i.e. the index test did not form part of the reference  

standard] 
Indeterminant results#   [were uninterpretable/intermediate test results reported?] 
Withdrawals          #   [were withdrawals from the study explained?] 
verbias              #   [verification bias - whether the decision to apply the reference  
                           test is influenced by the results of the index test] 
 
[If they  used QUADAS to rate studies indicate 1 below.  If not, indicate 0. ] 
 
Quadas               # 
Stard                #    
 
[ IMPORTANT NOTE for HANDLING QUALITY EXTRACTIONS: 
When the authors claim to have used QUADAS or STARD 
   First, check the corresponding checklist (QUADAS or STARD) above. 
   Then,  
        - If they report the specific items they used  
            (which may be a subset of the checklist) then check ONLY the items they used.           
        - If they do not report any specific items from that checklist  
             check ALL those that correspond to checklist items. ] 
************************************************************************************ 
 
With respect to the index test classification as (+) or (-) did the analysis  
examine only a single threshold or did it examine multiple thresholds (analysed in any 
way?) 
Indicate  
1= single threshold 
2= multiple, analysed in separate meta-analyses  
3= multiple, analysed in a single model (ordinal) 
 
n.thresholds         #    [based on the handling of the test in the meta-analysis] 
 
Does the paper provide data to repeat analyses?   
has.counts           #    [Yes, if they report counts for the 2x2 tables, i.e., TP, FN,  

FP, TN] 
can.calculate.counts #    [If the above is no, do they provide sufficient statistics to  

calculate counts e.g., sensitivity and N diseased, with 
specificity and N nondiseased OR sensitivity, specificity, 
prevalence and overall sample size OR sensitivity, 
specificity and their CI's ] 

 
************************************************************************************ 
ANALYSES - GENERAL 
 
rem.used             #    [Yes if they used any random effects model in their analyses] 
bayes.used           #    [Yes if they used any bayesian approach in their analyses 
                           using just Bayes rule does not count 
                              as a Bayesian analysis] 
 
************************************************************************************ 
ANALYSES - METRICS  
 
Which of the following metrics were reported or anyhow analysed/calculated?  
Please check only the metrics that were used in a synthesis or to interpret a synthesis. 
For example: A meta-analysis using the bivariate method synthesizes Sensitivity and 
Specificity 
(should be checked). If it then takes the summary Sensitivity and Specificity and 
calculates  
summary LR+ and LR- to aid in interpretation, then we should check LR also. 
 
or                   #   [ diagnostic OR ] 
sens                 #   [ sensitivity ]  
spec                 #   [ specificity ] 
LR                   #   [ likelihood ratios ] 
Acc                  #   [ accuracy ] 
pv                   #   [ predictive values ] 
Q.star               #   [ Synthesis of Q* - i.e. analysis based on Q* from primary  
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studies] 
auc                  #   [ Synthesis of individual ROC AUC's - i.e.  
                          analysis based on AUCs from primary studies] 
 
************************************************************************************   
ANALYSES - GRAPHICS  
 
plot.shown           #   [ Do they show any graphs plots for synthesis ] 
 
Specify the type of graphs that are shown 
 
forest.plot          #   [ Forest plot ] 
roc.space.plot       #   [ Plot in the ROC space - sensitivity vs (1-) specificity ] 
 
 
Other plot(s) related to Dx test analyses  
plot.describe         _______________________________________________________________ 
 
************************************************************************************ 
ANALYSES - HETEROGENEITY  
Testing for heterogeneity 
 
hetero.test          #    [ Did they do any test for heterogeneity or for differential  
                           model fit between fixed and random effects models? ] 
 
Exploring heterogeneity 
0 = no exploration of heterogeneity, (or no heterogeneity to explore) 
1 = subgroup analyses - excluding a single study 
2 = exploration of heterogeneity with regression models  
 
hetero.explore       #    [ for studies that do both meta-regression and subgroup  
                               analyses enter "2" ] 
 
************************************************************************************ 
ANALYSES - MODELS  
 
Do they perform univariate analyses? E.g., separate analyses of sensitivity,  
specificity, analysis of ORs, AUCs, LRs and so on. Note that SROC analyses should not  
be logged here - they should be logged under SROC/HSROC analyses 
 
univariate           #    [ analyses done one outcome-at-a-time ] 
naive.univariate     #    [ Do they do naive "pooling"? Examples are summing up numerator 
                           for sensitivity and specificity, or weighting by size  
                           or getting an unweighted mean ] 
 
 
Do they perform advanced multivariate analyses? E.g., bivariate model (joint analysis of  
 sensitivity and specificity) or the HSROC model (joint analysis of alpha and theta). 
 Note that we do not record meta-regressions with  multiple predictors here. 
0 = no advanced analyses 
1 = bivariate model 
2 = HSROC model 
3 = bivariate and HSROC models  (e.g., if they show the summary point and the line) 
4 = other (e.g. multiple thresholds, or a custom model that is complex) - free text 
 
advanced             #    
other.advanced       __________________________________________________ 
 
 
If they perform SROC/HSROC analyses, what method do they use?  
1 = Moses and Littenberg  
2 = Rutter and Gatsonis  
3 = other (e.g., random intercept variation of Moses, or major axis regression) - free 

text 
 
sroc.model           # 
sroc.other           __________________________________________________ 
 
************************************************************************************ 
ANALYSES - COMPARATIVE  
 
Do they perform formal comparative analyses between 2 or more index tests, based on  
 statistical procedures? Qualitative comparisons (eyeball, or based on overlap of CIs),  
in the absence of a formal statistical test DO NsOT COUNT as comparative. 
 
comparative         # 
 
If yes, where the comparisons direct or indirect? 
Direct:  (1) Both index tests were given to the same patients in each study and were  
           assessed against the same reference standard  
         (2) This design was taken into account in a hierarchical model 
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Indirect: All that do not fall under the above  
 
direct.comparisons  # 
 
What statistical tests were used for comparing the performance characteristics of index 
tests? 
z.score             #   [ comparisons of summary estimates ] 
meta.regression     #   [ test is a covariate in the HSROC or bivariate or other model ] 
State something about the comparison method:  
compare.method      _______________________________________________________________ 
 
************************************************************************************ 
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Appendix C. List of Included Studies 
 
1. Abbas SM, Bissett IP, Parry BR. Meta-analysis of oral water-soluble contrast agent in the 

management of adhesive small bowel obstruction. Br J Surg. 2007;94(4):404-11. 
2. Abdelmoneim SS, Dhoble A, Bernier M, et al. Quantitative myocardial contrast 

echocardiography during pharmacological stress for diagnosis of coronary artery disease: 
a systematic review and meta-analysis of diagnostic accuracy studies. Eur J 
Echocardiogr. 2009;10(7):813-25. 

3. Abdulla J, Abildstrom SZ, Gotzsche O, et al. 64-multislice detector computed 
tomography coronary angiography as potential alternative to conventional coronary 
angiography: a systematic review and meta-analysis. Eur Heart J. 2007;28(24):3042-50. 

4. Abdulla J, Sivertsen J, Kofoed KF, et al. Evaluation of aortic valve stenosis by cardiac 
multislice computed tomography compared with echocardiography: a systematic review 
and meta-analysis. J Heart Valve Dis. 2009;18(6):634-43. 

5. Abulafia O, Sherer DM. Automated cervical cytology: meta-analyses of the performance 
of the AutoPap 300 QC System. Obstet Gynecol Surv. 1999;54(7):469-76. 

6. Adams K, Shah PL, Edmonds L, et al. Test performance of endobronchial ultrasound and 
transbronchial needle aspiration biopsy for mediastinal staging in patients with lung 
cancer: systematic review and meta-analysis. Thorax. 2009;64(9):757-62. 

7. Aertgeerts B, Buntinx F, Kester A. The value of the CAGE in screening for alcohol abuse 
and alcohol dependence in general clinical populations: a diagnostic meta-analysis. J Clin 
Epidemiol. 2004;57(1):30-9. 

8. Ahmad S, Beckett MW. Value of serum prolactin in the management of syncope. Emerg 
Med J. 2004;21(2):e3. 

9. Akcil M, Karaagaoglu E, Demirhan B. Diagnostic accuracy of fine-needle aspiration 
cytology of palpable breast masses: an SROC curve with fixed and random effects linear 
meta-regression models. Diagn Cytopathol. 2008;36(5):303-10. 

10. Alongi F, Ragusa P, Montemaggi P, et al. Combining independent studies of diagnostic 
fluorodeoxyglucose positron-emission tomography and computed tomography in 
mediastinal lymph node staging for non-small cell lung cancer. Tumori. 2006;92(4):327-
33. 

11. Alvarez Amezaga J, Barbier Herrero L, Pijoan del Barrio JI, et al. Diagnostic efficacy of 
sentinel node biopsy in oral squamous cell carcinoma. Cohort study and meta-analysis. 
Med Oral Patol Oral Cir Bucal. 2007;12(3):E235-43. 

12. Alvarez S, Anorbe E, Alcorta P, et al. Role of sonography in the diagnosis of axillary 
lymph node metastases in breast cancer: a systematic review. AJR Am J Roentgenol. 
2006;186(5):1342-8. 

13. Anderson BA, Salem L, Flum DR. A systematic review of whether oral contrast is 
necessary for the computed tomography diagnosis of appendicitis in adults. Am J Surg. 
2005;190(3):474-8. 

14. Andersson RE. Meta-analysis of the clinical and laboratory diagnosis of appendicitis. Br 
J Surg. 2004;91(1):28-37. 

15. Annovazzi A, Bagni B, Burroni L, et al. Nuclear medicine imaging of 
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Appendix D. Reasons for Exclusion 
 

Reasons for Exclusion Studies 
Not meta-analyses of test accuracy 319 
Cochrane Reviews/ Health Technology Assessments 32 
Individual Patient Data meta-analyses 14 
Narrative reviews 54 
Editorials/ letters/ commentaries  17 
Methodological contributions 13 
Risk score meta-analyses 4 
Meta-analyses of continuous outcomes 4 
No gold standard 4 
Duplicate publications 3 
Animal study 1 
TOTAL 465 
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Appendix E. Regression Analyses for Trends  
Over Time 

Appendix Table E1. Regression analyses for trends over time, for all studies included in the 
overview (publication years 1987 to 2009) 

Characteristic Per Year OR P-value 
Cardiovascular disease 0.99 (0.95, 1.03) 0.585 
Obstetrics and gynecology 0.98 (0.94, 1.02) 0.352 
Gastrointestinal disease 1.07 (1.02, 1.13) 0.008 
Infectious disease 1.01 (0.97, 1.06) 0.581 
Oncology 1.05 (1.01, 1.09) 0.02 
Nephrology and urology 0.99 (0.92, 1.07) 0.86 
Rheumatology 1.05 (0.88, 1.26) 0.559 
Pulmonary medicine 1.10 (1.03, 1.18) 0.005 
Orthopedics 1.09 (1.00, 1.19) 0.041 
Psychiatry 1.12 (0.99, 1.27) 0.077 
Ear-nose-throat 1.02 (0.92, 1.13) 0.732 
Neurology 1.02 (0.95, 1.10) 0.591 
Pediatrics 1.11 (1.00, 1.24) 0.057 
Histology 0.99 (0.94, 1.03) 0.58 
Clinical exam 1.00 (0.96, 1.05) 0.857 
Imaging 1.00 (0.97, 1.03) 0.905 
Biomarker 1.02 (0.98, 1.06) 0.324 
Clinical challenge tests 1.11 (1.00, 1.23) 0.046 
Physiologic tests 0.99 (0.92, 1.06) 0.667 
Endoscopy 1.03 (0.93, 1.15) 0.54 
Exact search described 1.09 (1.05, 1.14) <0.001 
Search terms provided 1.01 (0.98, 1.05) 0.424 
Search on demand (on non-journal website or from the authors) 1.03 (0.96, 1.11) 0.367 
Years searched were reported 1.08 (1.02, 1.13) 0.004 
Quality criteria for study selection 1.06 (1.02, 1.11) 0.007 
Consideration of English-language studies only 0.96 (0.93, 1.00) 0.028 
Consideration of at least one language other than English 1.05 (1.02, 1.09) 0.003 
Medline 1.19 (1.11, 1.27) <0.001 
EMBASE 1.28 (1.23, 1.35) <0.001 
Conference proceedings 1.08 (1.02, 1.15) 0.007 
Reference lists of eligible studies 1.02 (0.98, 1.06) 0.315 
Reference lists of relevant review articles 1.01 (0.97, 1.04) 0.672 
SCI or other ISI databases 1.18 (1.09, 1.28) <0.001 
Current Contents 0.92 (0.86, 0.98) 0.015 
Experts in the field 0.98 (0.94, 1.02) 0.311 
Test manufacturers 1.05 (0.96, 1.15) 0.259 
Other specific electronic databases 1.25 (1.18, 1.32) <0.001 
Hand searching of journals 0.99 (0.95, 1.04) 0.664 
Cochrane databases 1.30 (1.23, 1.38) <0.001 
CINAHL 1.25 (1.15, 1.36) <0.001 
At least one electronic database in addition to Medline 1.30 (1.24, 1.35) <0.001 
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Unpublished information 0.97 (0.93, 1.02) 0.212 
Any quality assessment 1.34 (1.28, 1.40) <0.001 
Study settings 1.03 (0.99, 1.06) 0.114 
Consecutive patient recruitment 1.07 (1.04, 1.11) <0.001 
Prospective study design 1.12 (1.09, 1.16) <0.001 
Details of the reference standard test 0.98 (0.93, 1.03) 0.487 
Reader expertise 1.12 (1.06, 1.19) <0.001 
Blinding (index test assessor to reference standard results) 1.09 (0.98, 1.21) 0.102 
Blinding (reference standard test assessor to index test results) 1.09 (0.98, 1.22) 0.094 
Blinding (unspecified) 0.87 (0.75, 1.00) 0.057 
Any blinding 1.09 (1.05, 1.13) <0.001 
Patient age 1.15 (1.11, 1.20) <0.001 
Patient sex 1.06 (0.95, 1.18) 0.274 
Location of primary studies 1.20 (1.14, 1.27) <0.001 
Spectrum bias 1.16 (1.04, 1.29) 0.007 
Selection bias 1.14 (1.03, 1.27) 0.015 
Time between index and reference standard test application 1.31 (1.17, 1.46) <0.001 
Test independence 1.19 (1.07, 1.33) 0.002 
Indeterminate test results 1.40 (1.24, 1.58) <0.001 
Withdrawals 1.51 (1.33, 1.71) <0.001 
Verification bias 1.17 (1.13, 1.22) <0.001 
QUADAS 1.76 (1.57, 1.99) <0.001 
STARD 1.32 (1.19, 1.47) <0.001 
Random effects used 1.21 (1.16, 1.26) <0.001 
Bayesian analyses 1.08 (0.95, 1.22) 0.261 
OR 1.17 (1.12, 1.22) <0.001 
Sensitivity 1.07 (1.03, 1.11) <0.001 
Specificity 1.08 (1.04, 1.12) <0.001 
Likelihood ratios 1.13 (1.08, 1.18) <0.001 
Accuracy 0.97 (0.91, 1.04) 0.359 
Predictive values 0.99 (0.95, 1.04) 0.735 
Q* 0.91 (0.84, 0.97) 0.007 
AUC 0.99 (0.92, 1.06) 0.721 
Any graphical display of analysis (synthesis) results 1.13 (1.09, 1.17) <0.001 
Forest plots 1.28 (1.22, 1.35) <0.001 
ROC space plots 1.06 (1.03, 1.10) <0.001 
Heterogeneity testing 1.21 (1.17, 1.26) <0.001 
Univariate analyses 0.82 (0.76, 0.88) <0.001 
Comparative analyses 0.98 (0.94, 1.02) 0.292 
Advanced synthesis methods 1.27 (1.16, 1.39) <0.001 
Any exploration of heterogeneity 1.08 (1.04, 1.12) <0.001 
Provides data for re-analyses 0.96 (0.93, 1.00) 0.027 

Results are limited to 2004 onwards for the following variables: blinding (index test assessor to 
reference standard results, or reference standard assessor to index test results, or unspecified); 
selection bias; spectrum bias; extraction of data on participants’ sex; withdrawals; indeterminate 
test results; timing; test independence. The STARD and QUADAS checklists were first published 
in January 2003 and November 2003, respectively. 
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AUC = area under the curve; CINAHL = Cumulative Index to Nursing and Allied Health Literature; 
OR = odds ratio; QUADAS = Quality Assessment of Diagnostic Accuracy Studies; ROC = 
receiver operating characteristic; STARD = Standards for Reporting of Diagnostic Accuracy. 
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Appendix Table E2. Regression analyses for trends over time, for studies included in the overview 
published since 2005 (publication years 2005 to 2009) 

Characteristic Per Year OR P-value 
Cardiovascular disease 0.98 (0.83, 1.15) 0.767 
Obstetrics and gynecology 1.18 (0.96, 1.44) 0.117 
Gastrointestinal disease 0.92 (0.78, 1.09) 0.331 
Infectious disease 0.87 (0.72, 1.05) 0.141 
Oncology 1.05 (0.90, 1.23) 0.498 
Nephrology and urology 0.78 (0.58, 1.06) 0.113 
Rheumatology 1.25 (0.64, 2.46) 0.514 
Pulmonary medicine 1.07 (0.86, 1.33) 0.543 
Orthopedics 1.08 (0.82, 1.40) 0.589 
Psychiatry 1.16 (0.79, 1.71) 0.439 
Ear-nose-throat 0.87 (0.58, 1.30) 0.488 
Neurology 1.15 (0.83, 1.61) 0.398 
Pediatrics 1.01 (0.75, 1.37) 0.929 
Histology 1.01 (0.83, 1.24) 0.899 
Clinical exam 1.00 (0.83, 1.22) 0.978 
Imaging 0.97 (0.85, 1.11) 0.647 
Biomarker 1.01 (0.87, 1.17) 0.905 
Clinical challenge tests 0.95 (0.69, 1.30) 0.743 
Physiologic tests 0.81 (0.60, 1.11) 0.200 
Endoscopy 1.31 (0.84, 2.05) 0.237 
Exact search described 1.18 (1.02, 1.37) 0.027 
Search terms provided 0.94 (0.82, 1.08) 0.410 
Search on demand (on non-journal website or from the authors) 0.99 (0.73, 1.34) 0.948 
Years searched were reported 1.13 (0.86, 1.49) 0.372 
Quality criteria for study selection 1.13 (0.96, 1.34) 0.151 
Consideration of English-language studies only 1.06 (0.92, 1.22) 0.450 
Consideration of at least one language other than English 1.01 (0.88, 1.15) 0.912 
Medline 1.52 (0.95, 2.44) 0.079 
EMBASE 1.02 (0.89, 1.17) 0.778 
Conference proceedings 1.13 (0.92, 1.38) 0.242 
Reference lists of eligible studies 0.96 (0.82, 1.13) 0.652 
Reference lists of relevant review articles 0.87 (0.75, 1.01) 0.075 
SCI or other ISI databases 1.14 (0.94, 1.39) 0.189 
Current Contents 1.16 (0.77, 1.75) 0.480 
Experts in the field 0.84 (0.70, 1.02) 0.073 
Test manufacturers 0.69 (0.49, 0.96) 0.027 
Other specific electronic databases 1.14 (0.99, 1.31) 0.065 
Hand searching of journals 0.74 (0.60, 0.91) 0.004 
Cochrane databases 0.99 (0.86, 1.13) 0.861 
CINAHL 0.98 (0.81, 1.18) 0.818 
At least one electronic database in addition to Medline 1.20 (1.02, 1.41) 0.031 
Unpublished information 0.84 (0.68, 1.05) 0.123 
Any quality assessment 1.29 (1.03, 1.63) 0.028 
Study settings 1.08 (0.94, 1.25) 0.261 
Consecutive patient recruitment 0.89 (0.77, 1.02) 0.084 
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Prospective study design 0.84 (0.73, 0.98) 0.025 
Details of the reference standard test 1.09 (0.89, 1.32) 0.417 
Reader expertise 1.09 (0.92, 1.30) 0.312 
Blinding (index test assessor to reference standard results) 1.12 (0.97, 1.28) 0.113 
Blinding (reference standard test assessor to index test results) 1.12 (0.98, 1.28) 0.106 
Blinding (unspecified) 0.78 (0.65, 0.95) 0.011 
Any blinding 0.92 (0.79, 1.07) 0.292 
Patient age 1.09 (0.95, 1.25) 0.210 
Patient sex 1.09 (0.95, 1.25) 0.224 
Location of primary studies 1.07 (0.92, 1.23) 0.385 
Spectrum bias 1.16 (1.02, 1.33) 0.029 
Selection bias 1.11 (0.96, 1.27) 0.148 
Time between index and reference standard test application 1.33 (1.16, 1.54) <0.001 
Test independence 1.10 (0.96, 1.26) 0.189 
Indeterminate test results 1.29 (1.12, 1.49) 0.001 
Withdrawals 1.42 (1.22, 1.65) <0.001 
Verification bias 0.97 (0.84, 1.11) 0.625 
QUADAS 1.46 (1.25, 1.71) <0.001 
STARD 1.03 (0.84, 1.25) 0.789 
Random effects used 1.13 (0.97, 1.31) 0.113 
Bayesian analyses 1.12 (0.70, 1.78) 0.634 
OR 1.21 (1.05, 1.39) 0.007 
Sensitivity 1.14 (0.96, 1.35) 0.144 
Specificity 1.18 (1.00, 1.39) 0.046 
Likelihood ratios 1.09 (0.95, 1.26) 0.221 
Accuracy 0.93 (0.67, 1.28) 0.640 
Predictive values 1.05 (0.86, 1.28) 0.639 
Q* 0.99 (0.55, 1.76) 0.964 
AUC 1.39 (0.93, 2.06) 0.109 
Any graphical display of analysis (synthesis) results 1.13 (0.94, 1.35) 0.190 
Forest plots 1.26 (1.09, 1.44) 0.001 
ROC space plots 0.99 (0.87, 1.14) 0.920 
Heterogeneity testing 1.03 (0.88, 1.20) 0.743 
Univariate analyses 0.95 (0.79, 1.13) 0.543 
Comparative analyses 0.84 (0.70, 1.00) 0.056 
Advanced synthesis methods 1.39 (1.13, 1.71) 0.002 
Any exploration of heterogeneity 0.99 (0.86, 1.14) 0.862 
Provides data for re-analyses 0.95 (0.83, 1.09) 0.458 

Results are presented for 2005 onwards for all variables.  
AUC = area under the curve; CINAHL = Cumulative Index to Nursing and Allied Health Literature; 
OR = odds ratio; QUADAS = Quality Assessment of Diagnostic Accuracy Studies; ROC = 
receiver operating characteristic; STARD = Standards for Reporting of Diagnostic Accuracy. 
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Appendix Table E3. Regression analyses comparing meta-analyses before and after the introduction 
of QUADAS and STARD (2003 or later versus 2002 or earlier) 

Characteristic Per Year OR P-value 
Cardiovascular disease 0.95 (0.65, 1.40) 0.805 
Obstetrics and gynecology 0.84 (0.54, 1.28) 0.409 
Gastrointestinal disease 2.62 (1.54, 4.44) <0.001 
Infectious disease 1.40 (0.85, 2.30) 0.182 
Oncology 1.54 (1.05, 2.25) 0.028 
Nephrology and urology 1.16 (0.56, 2.44) 0.687 
Rheumatology 1.24 (0.25, 6.19) 0.793 
Pulmonary medicine 2.27 (1.17, 4.42) 0.016 
Orthopedics 2.27 (1.00, 5.17) 0.051 
Psychiatry 2.67 (0.78, 9.12) 0.117 
Ear-nose-throat 0.89 (0.33, 2.38) 0.818 
Neurology 1.52 (0.69, 3.39) 0.301 
Pediatrics 2.66 (0.91, 7.72) 0.073 
Histology 1.06 (0.67, 1.68) 0.800 
Clinical exam 1.04 (0.67, 1.62) 0.872 
Imaging 0.98 (0.71, 1.34) 0.891 
Biomarker 1.37 (0.96, 1.97) 0.087 
Clinical challenge tests 2.88 (1.00, 8.33) 0.051 
Physiologic tests 0.75 (0.39, 1.47) 0.409 
Endoscopy 1.03 (0.40, 2.70) 0.948 
Exact search described 1.70 (1.16, 2.50) 0.007 
Search terms provided 1.17 (0.85, 1.60) 0.333 
Search on demand (on non-journal website or from the authors) 1.39 (0.67, 2.86) 0.379 
Years searched were reported 1.93 (1.14, 3.27) 0.014 
Quality criteria for study selection 1.52 (1.00, 2.33) 0.052 
Consideration of English-language studies only 0.63 (0.46, 0.87) 0.005 
Consideration of at least one language other than English 1.70 (1.23, 2.36) 0.001 
Medline 4.74 (2.23, 10.08) <0.001 
EMBASE 9.13 (6.04, 13.79) <0.001 
Conference proceedings 1.57 (0.92, 2.68) 0.097 
Reference lists of eligible studies 1.20 (0.84, 1.71) 0.328 
Reference lists of relevant review articles 1.22 (0.86, 1.74) 0.270 
SCI or other ISI databases 5.21 (2.23, 12.19) <0.001 
Current Contents 0.37 (0.19, 0.73) 0.004 
Experts in the field 0.79 (0.53, 1.18) 0.253 
Test manufacturers 1.90 (0.77, 4.67) 0.161 
Other specific electronic databases 6.80 (3.97, 11.66) <0.001 
Hand searching of journals 0.93 (0.60, 1.46) 0.759 
Cochrane databases 16.25 (8.16, 32.35) <0.001 
CINAHL 12.56 (3.92, 40.24) <0.001 
At least one electronic database in addition to Medline 8.76 (6.13, 12.52) <0.001 
Unpublished information 0.72 (0.46, 1.14) 0.157 
Any quality assessment 11.27 (7.81, 16.27) <0.001 
Study settings 1.21 (0.88, 1.68) 0.241 
Consecutive patient recruitment 1.97 (1.41, 2.74) <0.001 
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Prospective study design 3.11 (2.25, 4.30) <0.001 
Details of the reference standard test 0.68 (0.40, 1.13) 0.135 
Reader expertise 2.72 (1.58, 4.67) <0.001 
Blinding (index test assessor to reference standard results) NA NA 
Blinding (reference standard test assessor to index test results) NA NA 
Blinding (unspecified) NA NA 
Any blinding 2.32 (1.68, 3.20) <0.001 
Patient age 3.88 (2.74, 5.49) <0.001 
Patient sex NA NA 
Location of primary studies 7.22 (4.08, 12.78) <0.001 
Spectrum bias NA NA 
Selection bias NA NA 
Time between index and reference standard test application NA NA 
Test independence NA NA 
Indeterminate test results NA NA 
Withdrawals NA NA 
Verification bias 4.33 (3.05, 6.15) <0.001 
QUADAS NA NA 
STARD NA NA 
Random effects used 5.21 (3.70, 7.32) <0.001 
Bayesian analyses 3.15 (0.72, 13.91) 0.129 
OR 3.32 (2.25, 4.91) <0.001 
Sensitivity 1.77 (1.25, 2.53) 0.001 
Specificity 2.02 (1.44, 2.84) <0.001 
Likelihood ratios 2.82 (1.91, 4.17) <0.001 
Accuracy 0.65 (0.34, 1.24) 0.196 
Predictive values 0.91 (0.57, 1.45) 0.691 
Q* 0.24 (0.11, 0.55) 0.001 
AUC 0.60 (0.31, 1.15) 0.127 
Any graphical display of analysis (synthesis) results 2.92 (2.08, 4.11) <0.001 
Forest plots 7.44 (4.81, 11.51) <0.001 
ROC space plots 1.66 (1.21, 2.27) 0.002 
Heterogeneity testing 5.34 (3.80, 7.52) <0.001 
Univariate analyses 0.06 (0.02, 0.20) <0.001 
Comparative analyses 0.79 (0.53, 1.18) 0.253 
Advanced synthesis methods 9.10 (3.29, 25.19) <0.001 
Any exploration of heterogeneity 1.89 (1.38, 2.59) <0.001 
Provides data for re-analyses 0.74 (0.54, 1.03) 0.071 

AUC = area under the curve; CINAHL = Cumulative Index to Nursing and Allied Health Literature; 
NA = not available (indicates that estimation was not possible due to unavailability of data for a 
variable or perfect prediction); OR = odds ratio; QUADAS = Quality Assessment of Diagnostic 
Accuracy Studies; ROC = receiver operating characteristic; STARD = Standards for Reporting of 
Diagnostic Accuracy. 
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Appendix F. Regression Analyses for Citation 
Count and Journal Impact Factor 

Appendix Table F1. Significant results from univariable regression analyses predicting the number 
of citations received by each paper per-year (all p-values were <0.001) 

Factor Relative Citation Rate  
(95% CI) 

Clinical exam as test type 0.64 (0.54, 0.76) 
Graphical presentation of results 1.39 (1.20, 1.61) 
Number of studies 1.01 (1.00, 1.01) 
Pediatrics as topic 0.52 (0.38, 0.72) 
Use of advanced statistical methods 1.48 (1.21, 1.79) 
Orthopedics as topic 0.62 (0.48, 0.81) 
Reporting of comparative analyses between index tests 1.32 (1.13, 1.54) 

CI = confidence interval 
 

 
 
Appendix Table F2. Significant results from univariable regression analyses predicting meta-
analysis methods or reporting characteristics using journal impact factor as a predictor (all p-values 
were <0.001) 

Methods or Reporting Characteristic OR (95% CI) per 
Impact-Factor Unit 

Clinical exam as test type 1.06 (1.03, 1.08) 
Use of likelihood ratios in quantitative analyses 1.05 (1.03, 1.08) 
Use of random effects models 1.05 (1.03, 1.08) 
Availability of the search strategy upon request 1.07 (1.03, 1.11) 
Assessment of blinding 1.06 (1.02, 1.09) 
Assessment of whether consecutive patients were enrolled 1.04 (1.02, 1.07) 
Use of review papers to identify eligible studies for meta-analysis 1.04 (1.02, 1.07) 

CI = confidence interval; OR = odds ratio 
 
 
 

Appendix Table F3. Significant results from univariable regression analyses predicting meta-
analysis methods or reporting characteristics using journal group as a predictor (high impact factor 
general medical journals versus all others; all p-values were <0.001) 

Methods or Reporting Characteristic OR (95% CI) (high-
impact factor 
general medical 
journals versus all 
others) 

Clinical exam as test type 3.75 (2.03, 6.92) 
Use of random effects models 3.56 (1.78, 7.11) 

CI = confidence interval; OR = odds ratio 
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