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Overview 

• Describe key steps in a systematic review/ 
meta-analysis of diagnostic test accuracy 
studies 
 

• Demonstrate standard methods of meta-
analysis of data from diagnostic studies  
 

• Identify key references and tools for performing 
meta-analysis of diagnostic studies 



Egg slide adapted from Madhu Pai 

A systematic review starts with a clearly formulated question 
and uses systematic and explicit methods to identify, select, 
and critically appraise relevant research, and to collect and 

analyse data from the studies that are included in the review 



Why systematic reviews?  



Why systematic reviews?  

• Scientific summary of all available evidence 
•  Transparent and reproducible process 
•  Minimizes bias 
•  Studies can be formally compared to establish 

generalizability and consistency 
•  Heterogeneity can be identified & investigated 
•  Quantitative part (meta-analyses) may increase 

the precision of the overall result 

J Reitsma, Cochrane DTA Workshop, Amsterdam, Sept 2011 



Why systematic reviews of diagnostic 
test accuracy?  

• Increasing number of available tests 
• Patients ask more questions 
• Higher costs and burden on society 
• Difficult to choose among tests  
• New hypotheses can be generated about 

particular subgroups 
 

J Reitsma, Cochrane DTA Workshop, Amsterdam, Sept 2011 



US Institute of Medicine, standards for systematic reviews 
http://www.iom.edu/Reports/2011/Finding-What-Works-in-Health-Care-

Standards-for-Systematic-Reviews.aspx 
 



 

Expectations 
 

• 1,000 to 2,000 person hours to perform a review                                
Allen IE, Olkin I. Estimating time to conduct a meta-
analysis from number of citations retrieved. JAMA 
1999;282:634–635.  
 

• 21 standards and 82 elements of performance                           
Institute of Medicine of the National Academies. Finding 
What Works in Healthcare. Standards for Systematic 
Reviews. National Academies Press: Washington, DC, 
2011.                                    
 

• ~ 100 elements of performance                                                                                  
Cochrane performance expectations 



Typical systematic reviewer 
 



What is diagnostic test accuracy? 

• Diagnosis 
     -  Does this patient have this disease at this 

point in time? 
•  Test accuracy 
     -  What proportion of those with the disease 

does the test detect? (sensitivity) 
     -  What proportion of those without the disease 

get negative test results? (specificity) 
     -  Requires 2×2 table of test vs reference 

standard  
 



Diagnostic accuracy 

• Agreement between results of the index test 
and reference standard 

•  Many measures of agreement 
•  Focus on pairs of sensitivity & specificity 



2x2 Table – sensitivity and specificity 
Disease  

(Reference test) 

Present Absent 

Index 
test 

+ TP FP TP+FP 

- FN TN FN+TN 

TP+FN FP+TN 
TP+FP+ 
FN+TN 

sensitivity 
TP / (TP+FN) 

specificity 
TN / (TN+FP) 

P Bossuyt http://srdta.cochrane.org/presentations 



Pai M et al. Evid Based Med 2004;9:101-103 
©2004 by BMJ Publishing Group Ltd 

Road map for diagnostic accuracy reviews  



Key steps in a diagnostic test accuracy 
review 

1. Framing focused questions 
2. Searching for studies 
3. Assessing study quality 
4. Analyzing the data; undertaking meta-

analyses 
5. Drawing robust conclusions and 

informative presentation of results 



 
1. Framing focused questions  

 
 



The objectives of the review 

Population  
Intervention 
Comparison 

Outcome 

+ Study design 
+ Purpose of the test/strategy 

+ Reference standard 

Richardson et al.  ACP Journal Club 1995;A-12 

Begin with a well-framed question, 
PICO 



Overview of the study design tree 

http://www.cebm.net/index.aspx?o=1043 



What is the purpose of the test? 

• Triage  
– minimize use of invasive or expensive test 

• Add-on  
– improve diagnosis beyond what is already done 

• Replacement  
– replace test that is harmful or costly 

 

Bossuyt et al. BMJ 2006 



What is the reference standard?  

• …is usually the best test currently available 
• …used to determine presence/absence of disease 

 
• Indicators of diagnostic accuracy are calculated by 

comparing results of the index test with those of 
the reference standard 

• Any discrepancy is assumed to arise from error in 
the index test 

• The assumption of 100% accuracy for the 
reference standard rarely holds true in practice 



PICO or PPPICPTR for systematic review 
of diagnostic test accuracy? 

• Patients, Presentation, Prior tests 
• Index test, Comparator tests 
• Purpose:  comparative question, role of 

test 
• Target condition, Reference standard  



Title, objective… 

• [Index test] vs [comparator] for [target condition] in [participant 
description] 
 

    - The GenoType® MTBDRsI test for detecting resistance 
to second-line antituberculosis drugs and XDR-TB 

 
• Objective: To obtain summary estimates of the diagnostic 

accuracy of GenoType® MTBDRsI for the detection of 
resistance to each fluoroquinolone and injectable drug 
and ethambutol in patient specimens confirmed as TB 

 
• Purpose: Replacement test or an add-on test 
• Target condition: Resistance to any of the flouroquinolones, 

aminoglycosides and ethambutol 
• Reference standard: Conventional drug susceptibility testing by solid 

or liquid culture+/- DNA sequencing  
 

 
*G Theron and J Peter, Cochrane registered title 2012 
     

 
 



 
2. Searching for studies  

 



Recommended standards for finding and assessing 
individual studies 

Standard 3.1 Conduct a comprehensive systematic search for evidence 
Required elements: 
3.1.1 Work with a librarian or other information specialist trained in performing 
systematic reviews to plan the search strategy 
3.1.2 Design the search strategy to address each key research question 
3.1.3 Use an independent librarian or other information specialist to peer review 

the search strategy 
3.1.4 Search bibliographic databases 
3.1.5 Search citation indexes 
3.1.6 Search literature cited by eligible studies 
3.1.7 Update the search at intervals appropriate to the pace of generation of 

new information for the research question being addressed 
3.1.8 Search subject-specific databases if other databases are unlikely to 

provide all relevant evidence 
3.1.9 Search regional bibliographic databases if other databases are unlikely to 
provide all relevant evidence 



• MEDLINE, EMBASE, the Cochrane Register of 
Diagnostic Test Accuracy Studies (under 
development) 

• Search related diagnostic test accuracy reviews  
(for example HTA database, DARE etc)  

• Check references of relevant studies/reviews 
• Use a highly sensitive (broad) search strategy 
• Use a wide variety of search terms, both text words 

and database subject headings (MeSH terms) 
• Routine use of search filters should generally be 

avoided 
 
 
 

 
 

 

Bossuyt PM, Leeflang MM.  Cochrane Handbook for Systematic Reviews of 
Diagnostic Test Accuracy Version 0.4 [updated September 2008]. The Cochrane 
Collaboration, 2008 
 

Sources of studies for diagnostic 
accuracy reviews 



Database searching, example 

• We searched the following databases on 25 September 
2011 using the search terms and strategy described in 
Appendix 1: Cochrane Infectious Diseases Group 
Specialized Register; MEDLINE; EMBASE; ISI Web of 
Knowledge; MEDION; LILACS; BIOSIS; and SCOPUS. 
We will also search the metaRegister of Controlled Trials 
(mRCT) and the search portal of the WHO International 
Clinical Trials Registry Platform, to identify ongoing trials. 
We updated the search in MEDLINE on 15 December 
2011. Searches were limited to 2007 onward and 
performed without language restriction.  

 
H Sohn. Cochrane Database of Systematic Reviews , Issue . Art. No.: 

CD009593. DOI: 10.1002/14651858.CD009593 . 



Search terms, example 
• The following search terms were used for 

MEDLINE searching (through PubMed): 
.Xpert*[Text Word] OR GeneXpert**[Text Word] 
OR Cepheid*[Text Word] OR near* patient in title 
or abstract AND Tuberculosis/ OR exp 
Tuberculosis, Pulmonary/ OR exp Tuberculosis, 
Multidrug-Resistant/ OR Mycobacterium 
tuberculosis/ OR TB[Text Word] OR 
tuberculosis[Text Word] 
 

H Sohn. Cochrane Database of Systematic Reviews , Issue . Art. No.: 
CD009593. DOI: 10.1002/14651858.CD009593 . 



Pai M et al. Evid Based Med 2004;9:101-103 



Record judgments and ‘reason for exclusion’, example using EndNote 



How to create term lists linked to Screener and 
Reason for Exclusion 

1) In EndNote go to Tools > ‘Define Term Lists’ 
2) Click ‘Create List’ and type ‘Screener1’ 
3) Make sure that the Screener1 list is highlighted and click 

on the ‘Terms’ tab 
4) Click on ‘New Term’ to create the 3 terms in sequence: 

Include, Exclude, Further review 
5) Click on the ‘Link Lists’ button 
6) Find the custom field you are using as your Screener1 

field and link it to the Screener1 list and click "OK“ 
7) Repeat these steps for ‘Screener2’ and the "Reason for 

Exclusion" list   
8) As you begin to type in those fields, EndNote will auto-

complete the rest of the text 



Xpert MTB/RIF Test 



 
3. Assessing study quality  

 

The medical literature can be compared to 
a jungle. It is fast growing, full of 
deadwood, sprinkled with hidden treasure 
and infested with spiders and snakes. 
Morgan. Can Med Assoc J, 134,Jan 15, 
1986 



Quality definition in diagnostic reviews 

• Methodological quality of a study: the degree to 
which the design and conduct of a study match 
the study objectives 
 

• Two components: risk of bias and applicability 
 



Diagnostic Accuracy Study:  
Ideal Design 

Series of patients 

Index test 

Reference standard 

Blinded cross-classification 

P Bossuyt http://srdta.cochrane.org/presentations 



Nothing will corrode public trust more than a creeping awareness 
that scientists are unable to live up to the standards that they 
have set for themselves. Useful steps to deal with this threat may 
range from reducing the hype from universities and journals about 
specific projects, to strengthening collaborations between those 
involved in fundamental research and those who will put the 
results to use in the real world.  



What is bias? 

Bias is any process at any stage of inference 
tending to produce results that differ 
systematically from the true values. Murphy 
EA. The logic of medicine, 1976) 
 
Bias is any trend in the collection, analysis, 
interpretation, publication or review of data 
that can lead to conclusions that are 
systematically different from the truth (Last J. 
A dictionary of epidemiology, 2001) 
 



A  Catalogue  of Bias, M. Tevfik Dorak (adapted from David Sackett) 
 http://www.dorak.info/epi/bc.html 

Literature Review 
            - Foreign language exclusion bias 
            - Literature search bias 
            - One-sided reference bias 
            - Rhetoric bias 
  
 Study Design 
            - Selection bias 
            - Sampling frame bias 
                        Berkson (admission rate) bias 
                        Centripetal bias 
                        Diagnostic access bias 
                        Diagnostic purity bias  
                        Hospital access bias 
                        Migrator bias 
                        Prevalence-incidence (Neyman / selective survival; 

attrition) bias 
                        Telephone sampling bias 
            - Nonrandom sampling bias 
                        Autopsy series bias 
                        Detection bias 
                        Diagnostic work-up bias 
                        Door-to-door solicitation bias  
                        Previous opinion bias 
                        Referral filter bias 
                        Sampling bias 
                        Self-selection bias 
                        Unmasking bias 
            - Noncoverage bias 
                        Early-comer bias 
                        Illegal immigrant bias 
                        Loss to follow-up (attrition) bias 
                        Response bias 
                        Withdrawal bias 
            - Noncomparability bias 
                        Ecological (aggregation) bias 
                        Healthy worker effect (HWE)  
                        Lead-time bias 
                        Length bias 
                        Membership bias 
                        Mimicry bias 
                        Nonsimultaneous comparison bias 
                        Sample size bias 
  
  

               - Data handling bias  
                        Data capture error 
                        Data entry bias 
                        Data merging error 
                        Digit preference bias 
                        Record linkage bias 
  
 Analysis 
            - Confounding bias 
                        Latency bias 
                        Multiple exposure bias 
                        Nonrandom sampling bias 
                        Standard population bias 
                        Spectrum bias 
            - Analysis strategy bias 
                        Distribution assumption bias 
                        Enquiry unit bias 
                        Estimator bias 
                        Missing data handling bias 
                        Outlier handling bias 
                        Overmatching bias 
                        Scale degradation bias 
            - Post hoc analysis bias 
                        Data dredging bias 
                        Post hoc significance bias 
                        Repeated peeks bias 
  
 Interpretation of Results 
             - Assumption bias 
             - Cognitive dissonance bias 
             - Correlation bias 
             - Generalization bias 
             - Magnitude bias 
             - Significance bias 
             - Underexhaustion bias  
  
 Publication 
             - All's well literature bias 
             - Positive result bias 
             - Hot topic bias 
 
 

 Study Execution 
            - Bogus control bias 
            - Contamination bias 
            - Compliance  bias 
  
Data Collection 
            - Instrument bias 
                        Case definition bias 
                        Diagnostic vogue bias 
                        Forced choice bias 
                        Framing bias 
                        Insensitive measure bias 
                        Juxtaposed scale bias 
                        Laboratory data bias 
                        Questionnaire bias 
                        Scale format bias 
                        Sensitive question bias 
                        Stage bias 
                        Unacceptability bias 
                        Underlying/contributing cause of death bias 
                        Voluntary reporting bias 
            - Data source bias 
                        Competing death bias 
                        Family history bias 
                        Hospital discharge bias 
                        Spatial bias 
            - Observer bias 
                        Diagnostic suspicion bias 
                        Exposure suspicion bias 
                        Expectation bias 
                        Interviewer bias 
                        Therapeutic personality bias 
            - Subject bias 
                        Apprehension bias 
                        Attention bias (Hawthorne effect)  
                        Culture bias 
                        End-aversion bias (end-of-scale or central tendency bias)  
                        Faking bad bias 
                        Faking good bias 
                        Family information bias 
                        Interview setting bias 
                        Obsequiousness bias 
                        Positive satisfaction bias 
                        Proxy respondent bias 
            - Recall bias 
                        Reporting bias 
                        Response fatigue bias 
                        Unacceptable disease bias 
                        Unacceptable exposure bias 
                        Underlying cause (rumination bias)  
                        Yes-saying bias 
            
       



“Everything should be made as simple as 
possible but not simpler.”  

 



 
Sources of bias in diagnostic studies:  

3 key issues 
 • Inclusion of right spectrum of patients 

• Verification of patients 
         - choice of reference standard 
         - complete verification 
• Independent assessment of index test and 

reference standard (blinding) 



Effects of study design, A Rutges CMAJ 2006 



The Lancet Infect Dis 2003 

Case-control studies had a 
two-fold higher DOR than 
cross-sectional studies 



QUADAS, 2003 

    QUADAS-2, 2011 



QUADAS ITEM SCORE 

1. Was the spectrum of patients representative of the patients who will 
receive the test in practice? 

Yes No Unclear 

2. Is the reference standard likely to correctly classify the target condition? Yes No Unclear 

3. Is the time period between reference standard and index test short 
enough to be reasonably sure that the target condition did not change 
between the two tests? 

Yes No Unclear 

4. Did the whole sample or a random selection of the sample, receive 
verification using a reference standard of diagnosis? 

Yes No Unclear 

5. Did patients receive the same reference standard regardless of the index 
test result? 

Yes No Unclear 

6. Was the reference standard independent of the index test (i.e. the index 
test did not form part of the reference standard)? 

Yes No Unclear 

7. Were the index test results interpreted without knowledge of the results 
of the reference standard? 

Yes No Unclear 

8. Were the reference standard results interpreted without knowledge of 
the results of the index test? 

Yes No Unclear 

9. Were the same clinical data available when test results were interpreted 
as would be available when the test is used in practice? 

Yes No Unclear 

10. Were uninterpretable/ intermediate test results reported? Yes No Unclear 

11. Were withdrawals from the study explained? Yes No Unclear 



• Domain list 
      - patient selection 
      - index test 
      - reference standard 
      - flow and timing 
• First 3 domains assessed for applicability 
• Signalling questions used for judgments of risk 

of bias 

QUADAS-2 



Patient selection - 1 

Risk of bias: Could the selection of patients have 
introduced bias? 

• Was a consecutive or random sample of patients 
enrolled?  Yes, No, Unclear 

• Was a case control design avoided? Yes, No, 
Unclear 
 

• Could the selection of patients have introduced 
bias?   

    Record Low, High, or Unclear 
 

 



Patient selection - 2 

Are there concerns regarding applicability? 
 
• Do the included patients and setting match the 

question? (demographic and clinical features, 
prior testing, intended use of index test, and 
setting)    

• Record Low, High, or Unclear 



Suggested displays – QUADAS-2 

http://www.bris.ac.uk/quadas/ 



Problems with quality assessment 

• Not as straightforward as it might seem 
• No quality scores or cut-offs for ‘good’ quality 
• Quality assessment is subjective 
• Statistical incorporation of quality problematic 

with limited number of studies 
• Hampered by poor reporting 



49 



Fontela et al. PLoS One 2009 50 

Quality of TB accuracy studies using QUADAS 
Quality item 45 studies  

n (%) 
Adequate spectrum composition 26 (58) 
Adequate reference standard 44 (98) 
Absence of disease progression bias 42 (93) 
Absence of partial verification bias 44 (98) 
Absence of differential verification bias 42 (93) 
Absence of incorporation bias 45 (100) 
Absence of index test review bias 6 (13) 
Absence of reference test review bias 7 (16) 
Absence of clinical review bias 14 (31) 
Report of uninterpretable results 9 (20) 
Description of withdrawals 3 (7) 



Initiatives to improve quality and  reporting 

• STARD: reporting of 
diagnostic studies 

• PRISMA: reporting of 
systematic reviews/meta-
analyses of RCTs 

• STROBE: reporting of 
observational studies 

• MOOSE: reporting of meta-
analyses of observational 
studies 

• AMSTAR: assessing quality 
of systematic reviews 
 

www.equator-network.org/ 



 
4. Analyzing the data; undertaking meta-analyses  

 
 



Key steps 

• Extract TP, FP, FN, and TN to determine paired 
estimates of sensitivity and specificity 

• Visually examine results of individual studies 
•   Calculate overall summary estimates using 

HSROC/bivariate meta-analysis 
•   Look for and investigate possible reasons for 

heterogeneity 



http://ims.cochrane.org/revman 



Cut and paste data from excel 



Forest plot – diagnostic test accuracy review  

  One row is displayed for each study 
  Extracted data are presented as TP, FP, FN, TN 
  Data shown in the graph are also displayed numerically  
  Each study result is given a box for a point estimate 
  Horizontal line = confidence interval 

Steingart, PLoS Med 2011 





Cut and paste data from excel worksheet 
into MetaDisc 



Select plot and characteristics 



Export plot 



Edit the plot  





"Il a été dit que un homme avec une jambe dans la 
glace et l'autre jambe dans l'eau bouillante est à 

l'aise - en moyenne. JM Yancey 

63 

It has been said that a fellow with one leg 
frozen in ice and the other leg in boiling 
water is comfortable - on average.  



Improved statistical models for meta-analysis 
of diagnostic studies 

 
• To repair statistical shortcomings 
    –  hierarchical structure 
    –  random effects model 
•  Two different approaches: 
    – hierarchical summary ROC model (HSROC, 

Gatsonis and Rutter 2001) 
    – bivariate regression of sensitivity and 

specificity (Bivariate, Reitsma 2005) 
 



The models are ‘hierarchical’ because they involve 
statistical distributions at two levels  

 
• At the lower level, they model the cell counts in the 2×2 

tables extracted from each study using binomial 
distributions and logistic (log‐odds) transformations of 
proportions  
 

• At the second (higher) level, the models assume random 
study effects to account for heterogeneity in diagnostic 
test accuracy between studies beyond that accounted for 
by sampling variability at the lower level 

 Macaskill P et al. Cochrane Handbook for Systematic Reviews of Diagnostic Test 
Accuracy Version 1.0. The Cochrane Collaboration 2010.  





Bivariate model vs HSROC model 

• Where studies report a common threshold for a 
positive result, use the bivariate  model 
 

• Where studies report several different 
thresholds, use the HSROC model 



Stata command, metandi 



Import/paste data from excel worksheet into 
Stata data editor 



Close the data editor, type/paste metandi syntax in  
lower right ‘Command’ screen 



Hit enter and receive Stata output 



Read Stata output 

Pooled sensitivity = 80.8% (95% CI 74.3, 86,0) 
Pooled specificity = 99.3% (95% CI 97.1, 99.8)  



73 

Heterogeneity 

• Refers to variation in results among 
studies  

 

• May be caused by variation in  
– test thresholds (unique to meta-analyses of 

diagnostic tests) 
– prevalence of disease 
– patient spectrum 
– study quality 
– chance variation 



Variation due to threshold differences 

• Explicit threshold differences 
    – studies have used different cut-off values 
to define positive test results 
• Implicit threshold differences 
    – differences in observers 
    – differences in equipment 
• Consequence: negative correlation arises 

between sensitivity and specificity 

J Reitsma, Cochrane DTA Workshop, Amsterdam, Sept 2011 



Exploring heterogeneity 

• Subgroup analysis 
 

• Meta-regression analysis 



Use of the 0·1 μg/mL isoniazid cutoff was associated with 
higher sensitivity, but lower specificity than the 0·4 μg/mL 
cutoff. J Minion, TLID 2010 



 
5. Drawing robust conclusions and informative 

presentation of results 
-  summary of findings tables  

 
 



Some questions 

• What are the consequences of using the test in 
terms of the numbers of TP, FP, FN, and TN? 

• How applicable are the results? 
• To what extent were the primary studies biased? 

If serious study limitations were identified, could 
these impact the results?  

• What  are the implications for future research?  



Steingart draft template 



Summary 

• Diagnostic tests should be evaluated in consecutively or 
randomly selected patients with diagnostic uncertainty who 
are representative of those in whom the test will be used in 
practice; an appropriate reference standard should be used to 
establish diagnosis 
 

• Currently, searching electronic databases is challenging. 
Searches based upon index test and target condition, which 
are designed to maximize sensitivity, are recommended 
 

• Test accuracy studies are often poorly reported, hampering 
data extraction and quality assessment 
 

• Though sometimes unable to provide a definitive estimate of 
test accuracy, systematic reviews can highlight gaps in the 
evidence base and aid in the design of future studies 
 



References and tools for meta-analysis  

• Leeflang. Ann Intern Med. 2008;149:889-897 
• Rutter and Gatsonis. Stat Med. 2001; 20:2865–2884 
• Reitsma. J Clin Epidemiol. 2005; 982–990 
• Zamora. BMC Medical Research Methodology 2006, 6:31 
• Cochrane Diagnostic Test Accuracy Working Group 

http://srdta.cochrane.org/ 
• http://www.teachepi.org/ Dr Pai’s website for learning and 

teaching epidemiology 
• http://www.tbevidence.org/  Evidence-based TB diagnosis 
• RevMan  http://ims.cochrane.org/revman 
• Meta-analysis in Stata… Ed. Jonathan Sterne 2009 

 
 
 



• Madhu Pai 
• Hans Reitsma 
• Penny Whiting 
• Mariska Leeflang  
• Many others 

With special thanks to 

Diagnostic Test Accuracy Review Training, 
Montreal, May 2009  



Meta-regression 

• Is a form of linear regression in which studies 
are the unit of analysis  

• Aims to relate the size of effect to one or more 
characteristics of the studies involved 

• DOR is the dependent variable  
• Covariates that might be associated with the 

variability in DOR are the independent variables 
 

• Tip: Specify covariates that you want to explore 
in advance 



The threshold effect (-0.21) was significant 
(p = 0.01). This was also seen in the SROC plot,  

Ling 2008. 

Determined using ‘Metareg’ command in Stata 



Diagnostic Odds Ratio (DOR) and Relative DOR  

• DOR = odds of a positive result in diseased 
individuals versus odds of a positive result in 
non-diseased individuals 

• Combines both likelihood ratios  DOR = LR+/LR- 
• DOR = 1 means the test cannot discriminate 

between people with and without disease 
• RDOR (relative DOR) = ratio of 2 DORs 
• RDOR = 1 means a particular covariate (e.g. 

blinded study design) does not affect the overall 
DOR 
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