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Overview 
• Describe key steps in a systematic review of diagnostic 

test accuracy studies 
 

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

• Describe key tools used in carrying out a systematic 
review/meta-analysis of diagnostic test accuracy 
studies  

         - QUADAS  for quality assessment   
         - STARD Statement for reporting  
         - Computer software options for analysis and 

presentation 



Definitions 
• Systematic review is a review of a clearly formulated 

question that 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. A systematic review of diagnostic 
test accuracy studies concerns measures of test 
performance such as sensitivity and specificity. 
 

• Meta-analysis is the use of statistical techniques in a 
systematic review to summarize (pool) the results of 
included studies. Not all systematic reviews include a 
meta-analysis.  
 
 





Typical systematic reviewer 
 

Institute of Medicine 
• 21 Standards for Systematic Reviews 
• 82 Elements of Performance  



A systematic review/meta-analysis of  
 data from diagnostic studies…  

…appraises the quality of primary studies 
…summarizes results from primary studies 
…calculates an overall summary (if a meta-analysis 

is performed) 
…looks for and investigates possible reasons for 

inconsistency in results (heterogeneity) 
…evaluates the impact of quality and other study 

characteristics on diagnostic accuracy 
…stimulates new research questions 



“Road Map” for systematic reviews of diagnostic test evaluations 

Pai M. Am Coll Phys JC 2004 



Key steps in a systematic review of 
diagnostic test accuracy 

1. Definition of the objectives of the review 
2. Study selection 
3. Assessment of study quality 
4. Data extraction, analysis, and presentation  
5. Interpretation of results 

Leeflang. Ann Intern Med. 2008;149:889-897 



1. Definition of the objectives of the review 

Participants 

Index tests 

Comparator tests 

Outcome 
 + Purpose of the test/strategy 

+ Study design 
+ Reference standard 

Richardson et al. The well-built clinical question: a key to evidence-based decisions. 
 ACP Journal Club 1995;A-12 



What is the purpose of the test? 

• Triage  
– To minimize use of invasive or expensive test 

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

done 
• Replacement  

– to eliminate tests with poorer performance 
compared with a current test, greater 
invasiveness, or increased cost 

Bossuyt et al. BMJ 2006 



Objectives - 1 
To determine the diagnostic accuracy of commercial 
serological tests for active pulmonary TB in adults and 
children 
 
Participants: Adults and children suspected of having 

active pulmonary TB 
 
Index test: Commercial serological test 
 
Comparator test: No test or sputum microscopy 
 
 
 
 
 
 



Objectives - 2 

• Purpose of the test: We were interested in evaluating 
the use of a serological assay as a replacement test for, 
or an additional test after, smear microscopy. 
 

• Types of studies: Randomized controlled trials and any 
observational design, including cross-sectional, case-
control and cohort designs 
 

• Reference standard: Culture 

 



2. Study identification and selection 
• Search MEDLINE, EMBASE, the Cochrane Register of 
• Cochrane register of Diagnostic Test Accuracy Studies (under 

development) 
• Search related diagnostic test accuracy reviews, for example 

DARE http://www.york.ac.uk/inst/crd/  
• Check references of relevant studies/reviews 
• Use highly sensitive (broad) search strategy 
• Reflect key concepts of the review (focus on index test and 

target condition) in search 
• Use a wide variety of search terms, both text words and 

database subject headings (MeSH terms) 
 

• TIPS: Avoid language and human limits; routine use of 
search filters should generally be avoided! 
 

 
 

 
 

 

Bossuyt PM, Leeflang MM. DTA Handbook Chapter 6: Developing Criteria for 
Including Studies.  In: Cochrane Handbook for Systematic Reviews of 
Diagnostic Test Accuracy Version 0.4 [updated September 2008]. The Cochrane 
Collaboration, 2008. 
 

http://www.york.ac.uk/inst/crd/


Example: partial search strategy for Medline, ‘antibody or 
antigen based detection tests for the diagnosis of tuberculosis’ 



• 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….. 



www.prisma-statement.org 

http://www.consort-statement.org/


Cattamanchi A et al. IGRAs for LTBI in HIV-infected individuals: Systematic review and 
meta-Analysis . J Acquir Immune Defic Syndr 2011 



3. Assessment of study quality 



Empirical Evidence of Design-Related Bias 
in Studies of Diagnostic Tests 

Lijmer JG et al. JAMA.1999 



Evidence of bias and variation in diagnostic 
accuracy studies 

Rutjes AWS et al. CMAJ. 2006 



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

Pai M et al. Lancet Infect Dis 2003 



QUADAS (Quality Assessment of Diagnostic 
Accuracy Studies) 



• Created in 2003 
• Recommended by The Cochrane Collaboration 
• Covers risk of bias, sources of variation, 

reporting quality 
• Checklist with 14 items (11 core items) 
• Items rated as ‘yes’, ‘no’, or ‘unclear’ 
• ‘Yes’ indicates absence of bias  

QUADAS 

Whiting et al. BMC Med Res Methodol. 2003 





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 

QUADAS 



• Domain list (not a checklist) 
• Domains are 
      - patient selection 
      - index test 
      - reference standard 
      - flow and timing 
• First 3 domains assessed for applicability 
• Signalling questions are used for judgments 

of risk of bias 
• Key difference from QUADAS-1: includes 

both risk of bias and applicability 

QUADAS-2 (under development) 



Domain 1: Patient Selection 

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

• Signalling Question 1: Were eligibility 
criteria defined?  

• Signalling Question 2: Was an unselected 
sample of patients enrolled?  
 

Applicability: Do the included patients and 
setting match the review question?  
 
 

Whiting P, QUADAS2, DRAFT 



• Created in 2003 
• Objective is to improve the accuracy and   

completeness of reporting of diagnostic accuracy 
studies  

•  25 item checklist 
•  > 200 journals encourage the use of STARD 

Statement in their instructions for authors 
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Quality of TB accuracy studies using QUADAS 

QUADAS Item Scored ‘Yes’ Tuberculosis 
 (N=45) 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 blinding of index test result 6 (13) 
Absence of blinding of reference test result 7 (16) 
Absence of clinical review bias 14 (31) 
Report of uninterpretable results 9 (20) 
Description of withdrawals 3 (7) 

2009 



4. Data extraction, analysis, and 
presentation 

• Extract 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 



Disease present Disease absent Total 

Index 
test + 

True  
positives (TP) 

False  
positives (FP) 

TP + FP 

Index 
test - 

False  
negative (FN) 

True  
negatives (TN) 

FN + TN  

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

Sensitivity = TP/(TP+FN) 
Specificity = TN/(FP + TN) 
Positive  predictive value = TP/(TP + FP) 
Negative predictive value = TN/(FN + TN) 
Likelihood ratio positive  = Sensitivity/(1 – Specificity) 
Likelihood ratio negative = (1 – Sensitivity)/Specificity 
Prevalence (proportion of people with disease in population to 
whom the test has been applied) = TP + FN/(TP + FP + FN + TN) 
 

Measures of test performance 



Steingart 2010 unpublished 

Forest plots of sensitivity and specificity, anda-TB IgG 
for the diagnosis of pulmonary TB, smear-positive 

patients 

Steingart KR et al. PLoS Med. In press 



•  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 is the confidence interval (CI); measures how the 

result of the study varies with chance 
      -  The wider the CI, the less confident we are in the result 
•  Judge whether results are consistent depending if CIs overlap 
 



http://ims.cochrane.org/revman 



Select diagnostic accuracy review 



Enter review title 



Ready to enter studies 



Enter studies 



Assessment of methodological quality 



Enter data 



Steingart 2010 unpublished 

Forest plots of sensitivity and specificity, anda-TB IgG 
for the diagnosis of pulmonary TB, smear-positive 

patients 

Steingart KR et al. PLoS Med. In press 





Enter data from excel 



Select plot and characteristics 



Export plot 

Erase this section 



Steingart 2010 unpublished 

Forest plots of sensitivity and specificity, anda-TB IgG 
for the diagnosis of pulmonary TB, smear-positive 

patients 

Steingart KR et al. PLoS Med. In press 



Meta-analysis of diagnostic test  
accuracy studies 

• Provides summaries of the results of included 
studies 

       - estimate of the average diagnostic accuracy 
of a test 

      -  the uncertainty of this average 
      - the variability of study findings around the 

estimates  



"Se ha dicho que un tipo con una 
pierna sumergida en hielo y la otra en 

agua hirviendo está cómodo - en 
promedio.”   JM Yancey 
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It has been said that a fellow with one leg 
frozen in ice and the other leg in boiling 
water is comfortable - on average.  



Challenges with meta-analysis  
of diagnostic studies  

• Meta-analysis methods for diagnostic test 
accuracy have to deal with two summary 
statistics (for example, sensitivity and specificity) 
simultaneously rather than one 

• Meta-analysis methods allow studies to be 
combined that have used tests at different 
thresholds 

• Considerable heterogeneity in results of test 
accuracy studies is to be expected 

• Random effects models are required to describe 
the variability in test accuracy across studies 



Calculating an overall summary 



Hierarchical models are recommended 

• Account for the patterns of correlation between 
sensitivity and specificity across studies caused by the 
relationship between sensitivity and specificity within 
each study 

• Random effects methods are recommended when 
data are heterogeneous (this is the rule with 
diagnostic studies) 

• Separate pooling of sensitivity and specificity  not 
recommended 



Metandi in Stata 



Copy and paste data from excel into Stata 



Enter commands 



Metandi output 





Metcalfe J et al. JID, in press 



Summary ROC plots for  Anda-TB IgG  for diagnosis of TB : (A) 
smear+ and (B) smear- pulmonary TB patients. Red squares are 
pooled sensitivity and specificity values. Steingart unpublished 

• X axis displays specificity 
• Y axis displays sensitivity  
• Circle for each study 
• Width of the circles is 
proportional to the number   
of patients in each study 

Summary HSROC plots of sensitivity and specificity for anda-TB 
IgG in smear-positive and smear-negative pulmonary TB patients 



- 236 studies published 
before 2009 
 - Bivariate random 
effects and HSROC 
models used in only 
22% and 5% of studies, 
respectively. 
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Heterogeneity 
• Refers to variation in results among studies 
• The variability is often greater than would be 

expected from within study sampling error alone   
• May be explained by variation in  

– Patient characteristics 
– Test methods 
– Study design 
– Other factors 
– Chance 



What can we do with heterogeneity? 

• Double check the data 
• Ignore it (Don’t do this) 
• Describe it, but not meta-analyze it 
• Encompass it (random effects methods) 
• Explore it  

 



Exploring heterogeneity 

• Subgroup analyses - are homogeneous analyses with 
respect to important potential confounders such as 
patient spectrum, test methods, study design 
 

• Meta-regression analysis – is a form of linear regression 
         - aims to relate the size of effect to one or more 

characteristics of the studies involved 
 



Commercial Nucleic-Acid Amplification Tests for 
Diagnosis of Pulmonary Tuberculosis in Respiratory 

Specimens: Meta-Analysis and Meta-Regression – Example: 
Subgroups  

The results show a high 
degree of variability in 
accuracy across studies. 

Ling D et al. PLoS one 2008.  



Commercial Nucleic-Acid Amplification Tests for 
Diagnosis of Pulmonary Tuberculosis in Respiratory 

Specimens: Meta-Analysis and Meta-Regression: 
Example  Meta-regression 

Determined using ‘Metareg’ command in Stata 
Ling D et al. PLoS One. 2008 



5. Interpretation of results 
 

• 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 research?  



Metcalfe unpublished Metcalfe J et al. JID, in press 



Summary  

• Described essential steps in a systematic 
review of diagnostic test accuracy studies  
 

• Described HSROC/bivariate meta-analysis 
of data from diagnostic studies  
 

• Described key tools used in carrying out 
systematic reviews/meta-analysis of 
diagnostic test accuracy studies  
 



71 



Going beyond diagnostic accuracy… 

• Link evidence on diagnostic test accuracy 
to clinical practice 

• Use results of systematic reviews of 
diagnostic test accuracy as inputs into 
decision analyses 

• Go beyond summary ROC curves to 
describe test performance in terms of the 
expected downstream benefits and harms 
of using a test 

Diagnostic Test Accuracy and Clinical Decision Making Ann Intern 
Med. 2008;149:904-906 



References and tools for systematic 
reviews of diagnostic test accuracy  

• 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 
• Making Sense of Likelihood Ratios, McMaster University 

http://ebm.mcmaster.ca/video/making_sense_of_likelihood_rati
os.html 

• Meta-analysis in Stata… Ed. Jonathan Sterne 2009 
 
 
 



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

With special thanks to 

Workshop on Meta-analyses of Diagnostic 
Test Accuracy, Montreal, May 2009  
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