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3. A practical Introduction 3. A practical Introduction 

to Metato Meta--AnalysisAnalysis

1515thth Cochrane Colloquium, Sao PauloCochrane Colloquium, Sao Paulo

Workshops of The Diagnostic Test Accuracy
(DTA) Working Group

1. An introduction to formulating the study question and 
identifying eligible studies

2. Assessment of methodological quality
3. A practical introduction to meta-analysis 
4. Advanced meta-analysis of diagnostic test 

performance: investigating heterogeneity and 
comparing tests

5. Applying the results in clinical practice

Who are we?

Jon Deeks
UKSU / Co-convenor DTA Working Group 
Department of Public Health and Epidemiology, 
University of Birmingham, UK 

Mariska Leeflang & Rob Scholten
CESU / DTA Working Group
Dutch Cochrane Centre /  Dpt. of Clinical 
Epidemiology, AMC, Amsterdam, The Netherlands

PROGRAMME

1. Diagnostic accuracy parameters 
Mariska Leeflang

2. Heterogeneity
Rob Scholten

3. Meta-analysis
Jon Deeks

4. Summary

Basis design

Series of Patients

Index Test

Reference Test

Blinded Cross-classification

Reference Standard

Index test

Diseased

Positive

Non-diseased

Negative

2 by 2 Table

TP FP

FN TN
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Index test +

Notation

Index test -

a b

c + dc d

a + b

a+b+c+db + da + c

Non-Dis TotalDiseased

Reference Standard

Total

Overview of parameters

� Sensitivity (Se) = a / (a+c)
� Specificity (Sp) = d / (b+d)
� Positive predictive value (PV+) = a / (a+b)
� Negative predictive value (PV-) = d / (c+d)
� Prevalence = pre-test probability = (a+c) / (a+b+c+d)
� Likelihood ratio positive test (LR+) = Se / (1-Sp)
� Likelihood ratio negative test (LR-) = (1-Se) / Sp
� Diagnostic odds ratio (DOR) = ad / bc

Clinical Scenario

Systolic murmur in a newborn baby with Down syndrome

Does (s)he have a congenital cardiac anomaly?

Reference standard: echocardiography
Index test: auscultation

Data from Fowlie P.W.

Murmur +

Results

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Murmur +

Sensitivity?

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Murmur +

Sensitivity

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Sensitivity = a / (a+c) = 18 / 34 = 0.53 (or 53%)

18
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Murmur +

Sensitivity

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Sensitivity = a / (a+c) = 18 / 34 = 0.53 (or 53%)
Fraction murmurs (= True Positives) among diseased

18 Murmur +

Specificity?

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Murmur +

Specificity

Murmur -

18 3

6016 44

21

8147

Non-Dis TotalDis

Echocardiography

Total

Specificity = d / (b+d) = 44 / 47 = 0.94 (or 94%)

34

18 Murmur +

Specificity

Murmur -

18 3

6016 44

21

8147

Non-Dis TotalDis

Echocardiography

Total

Specificity = d / (b+d) = 44 / 47 = 0.94 (or 94%)
Fraction no murmurs (= True Negatives) among non-diseased

34
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Murmur +

Positive predictive value (PV+)?

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Murmur +

Positive predictive value (PV+)

Murmur -

18 3

6016

21

81

Non-Dis TotalDis

Echocardiography

Total

PV+ = a / (a+b) = 18 / 21 = 0.86 (or 86%)

34 47

44
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Murmur +

Positive predictive value (PV+)

Murmur -

18 3

6016

21

81

Non-Dis TotalDis

Echocardiography

Total

PV+ = a / (a+b) = 18 / 21 = 0.86 (or 86%)
Chance of having the disease among index test positives

34 47

44

Murmur +

Negative predictive value (PV-)?

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Murmur +

Negative predictive value (PV-)

Murmur -

18 3

6016

21

81

Non-Dis TotalDis

Echocardiography

Total

PV- = d / (c+d) = 44 / 60 = 0.73 (or 73%)

34 47

44

Murmur +

Negative predictive value (PV-)

Murmur -

18 3

6016

21

81

Non-Dis TotalDis

Echocardiography

Total

PV- = d / (c+d) = 44 / 60 = 0.73 (or 73%)
Chance of not having the disease among index test negatives

34 47

44

Murmur +

Prevalence of heart disease?

Murmur -

18 3

6016 44

21

814734

Non-Dis TotalDis

Echocardiography

Total

Murmur +

Prevalence

Murmur -

18 3

6016

21

81

Non-Dis TotalDis

Echocardiography

Total

Prevalence = (a+c) / (a+b+c+d) = 34 / 81 = 0.42 (or 42%)

34 47

44
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Murmur +

Prevalence

Murmur -

18 3

6016

21

81

Non-Dis TotalDis

Echocardiography

Total

Prevalence = (a+c) / (a+b+c+d) = 34 / 81 = 0.42 (or 42%)
Chance of having the disease (prior probability)

34 47

44

Predictive values

Prior probability (prevalence) = 42%

Murmur present: PV+ = 86%

Prior probability of no-disease = 58%

Murmur absent: PV- = 73%

(or 27% chance of having the disease)

Murmur +

Prevalence

Murmur -

18 30

45616

48

504

Non-Dis TotalDis

Echocardiography

Total

Prevalence = (a+c) / (a+b+c+d) = 34 / 504 = 0.067 (was 0.42)
PV+ = 18/48 =  0.38  (was 0.86)
PV - = 440/456 =  0.96  (was 0.73)

34 470

440
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Murmur

No murmur

Murmur +

Likelihood ratio +

Murmur -

18 3

6016 44

21

8147

Non-Dis TotalDis

Echocardiography

Total

LR+ = Sens / (1–Spec) = 0.53 / (1- 0.94) = 8.8
Presence of murmur is 8.8 times more likely among diseased
than among non-diseased

34

18 Murmur +

Likelihood ratio –

Murmur -

18 3

6016 44

21

8147

Non-Dis TotalDis

Echocardiography

Total

LR– = (1–Sens) / Spec = (1–0.53) / 0.94 = 0.5
Absence of murmur is 0.5 times more likely among diseased
than among non-diseased

34

18
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42%

86%
LR+ = 8.8

Murmur +

Diagnostic odds ratio (DOR)

Murmur -

18 3

6016 44

21

8147

Non-Dis TotalDis

Echocardiography

Total

DOR = ad / bc = 18*44 / (3*16) = 16.5
Hmmmm ….

34
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Continuous outcomes

� Not a simple 2 by 2 table

� Different cut-off points for index test positivity

� Different pairs of Sens and Spec

� Sens and Spec are negatively correlated

Example of different cut-off points

 
Serumglucose 
(in mmol/L) 

 

 
Diabetes 

 
No diabetes 

 
Sensitivity 

 
Specificity 

     
³  11,0 66 0 0,22 1,00 

10,5 - 10,9  31 0 0,32 1,00 
10,0 - 10,4 29 1 0,42 1,00 
9,5 - 9,9 25 1 0,50 1,00 
9,0 - 9,4 16 3 0,56 0,99 
8,5 - 8,9 19 4 0,62 0,99 
8,0 - 8,4 10 5 0,65 0,98 
7,5 - 7,9 16 20 0,71 0,95 
7,0 - 7,4 20 30 0,77 0,91 
6,5 - 6,9 18 52 0,83 0,83 
6,0 - 6,4 13 111 0,88 0,68 
5,0 - 5,9 16 166 0,93 0,44 
4,0 - 4,9 11 155 0,97 0,22 

< 4,0 10 152 1,00 0,00 
     

Total 
 

300 700   
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Receiver Operating Characteristic (ROC) curve
SUMMARY

� Sensitivity and specificity
� Positive and negative predictive value
� Prevalence = pre-test probability
� LR+ and LR-
� Diagnostic odds ratio (DOR)
� ROC curve

� 2 by 2 table of each study used for meta-analysis
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to Metato Meta--Analysis (part 2)Analysis (part 2)
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DTA SRs: heterogeneity the rule, rather than ..

� Homogeneity = similarity between studies with
respect to 
� Study populations
� Index tests 
� Reference standards
� Results
� Anything else
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The meta-analyst’s dream!
Realistic situation: vast heterogeneity

Sources of heterogeneity (and other variation)

Heterogeneity
1. Differences in threshold
2. Variation by clinical subgroups
3. Bias

Other sources of variation
� Chance variation
� Unexplained variation

1. Differences in threshold

 
Serumglucose 
(in mmol/L) 

 

 
Diabetes 

 
No diabetes 

 
Sensitivity 

 
Specificity 

     
³  11,0 66 0 0,22 1,00 

10,5 - 10,9  31 0 0,32 1,00 
10,0 - 10,4 29 1 0,42 1,00 
9,5 - 9,9 25 1 0,50 1,00 
9,0 - 9,4 16 3 0,56 0,99 
8,5 - 8,9 19 4 0,62 0,99 
8,0 - 8,4 10 5 0,65 0,98 
7,5 - 7,9 16 20 0,71 0,95 
7,0 - 7,4 20 30 0,77 0,91 
6,5 - 6,9 18 52 0,83 0,83 
6,0 - 6,4 13 111 0,88 0,68 
5,0 - 5,9 16 166 0,93 0,44 
4,0 - 4,9 11 155 0,97 0,22 

< 4,0 10 152 1,00 0,00 
     

Total 
 

300 700   
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14 different cut-off points in the same study: 
ROC curve

Another example
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Summary ROC-curve - 7 studies

� Seven different studies 
� Each study may have had a different cut-off

treshold for index test positivity
� Relation between Sens / Spec estimates could

be represented by an underlying ROC-curve

� NB: in this example there’s an implicit cut-off
point (instead of an explicit cut-off point)

Differences in threshold

� Differences in threshold may lead to 
heterogeneous results

� Fit a SROC-curve to model these differences in 
test threshold

� In principle, this is the way to summarise DTA 
data in a SR

Sources of Variation: Threshold

Threshold:
� perfect negative
correlation

� no chance variability
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Sources of Variation: Threshold

Threshold:
� perfect negative
correlation

� chance variability
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Resumé

� Differences in threshold by implicit or explicit cut-
off point for index test positivity

� Might be major source of heterogeneity
� Model with SROC (see Jon’s part)

2. Clinical subgroups as source of heterogeneity

� Differences between studies with respect to study 
characteristics
� Setting
� Age, gender
� Severity of disease
� Selection by referral
� Experience of testers
� Application of the reference standard
� Etc.

3. Bias as source of heterogeneity

� QUADAS tool to assess methodological quality
� 21 items, 11 recommended
� All items scored as yes/no/unclear
� Items phrased so that yes indicates absence of 

bias

QUADAS

Were withdrawals from the study explained?11

Were uninterpretable/ intermediate test results reported?10

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

9

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

8

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

7

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

6

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

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

4

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?

3

Is the reference standard likely to correctly classify the target condition?2

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

1

Methodological quality 
summary.

Review authors' judgments 
about each methodological 
quality item for each 
included study.
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Methodological Quality Graph

Review authors' judgments about each methodological quality 
item presented as percentages across all included studies.

Resumé: sources of heterogeneity

� Differences in threshold
� Variation by clinical subgroups
� Bias

Exploring heterogeneity

Summarise data per subgroup
� Subgroup analyses
� Meta-regression analysis

Covariates
� Study characteristics (patients, index tests, 

reference standard, setting, disease stage, etc.)
� Methodological quality items (QUADAS items)

Exploring heterogeneity

� Extract sufficient information re covariates
(= possible sources of heterogeneity)

� Model SROC per subgroup
(see Jon’s presentation)

Subgroup analyses

Subgroup 1:
� both sens
& spec higher
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SUMMARY

� Heterogeneity in DTA reviews
� The rule rather than the exception

� Sources of heterogeneity:
� Differences in threshold
� Variation by clinical subgroups
� Bias

� Exploring heterogeneity
� Subgroup analyses
� Metaregression analysis


