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Two key properties of any test

Accuracy (also called ‘validity’)Accuracy (also called validity )
Precision (also called ‘reliability’ or 
‘reproducibility’)
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Quantifying precision/reliability

Observer Variation
• Intraobserver agreementIntraobserver agreement

Does the same clinician get the same result when repeating a 
symptom or sign on a patient who is clinically unchanged? 

• Interobserver agreement
Do 2 or more observers agree on the presence or absence of 
a finding in a patient who experienced no change in 
condition?

• Kappa () 
Agreement beyond chance and can be used to describe both 
intra- and interobserver agreement

Note: Other measures are used for continuous measurements 
(e.g. correlation coefficient, limits of agreement, etc)
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• Sensitivity and Specificity

Quantifying accuracy

• Sensitivity and Specificity
• Likelihood ratios
• Positive and Negative Predictive Value
• Diagnostic Odds Ratio



27/12/2010

5

Tests with dichotomous results

A standard Phase II/III diagnostic 
design for accuracy estimation

•Define gold standard
•Recruit consecutive patients in whom the test isRecruit consecutive patients in whom the test is 
indicated (in whom the disease is suspected)

•Perform gold standard and separate diseased and 
disease free groups

•Perform test on all and classify them as test positives or 
negatives

•Set up 2 x 2 table and compute:p p
•Sensitivity
•Specificity
•Predictive values
•Likelihood ratios
•Diagnostic odds ratio
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Evaluating a diagnostic test

•Diagnostic 2 X 2 table*:

Disease + Disease -

Test + True 
Positive

False 
Positive

Test - False 
Negative

True 
Negative

*When test results are not dichotomous, then can use ROC curves [see later]

Sensitivity
[true positive rate]

Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test False True 
negative negative negatives

The proportion of patients with disease who test 
positive = P(T+|D+) = TP / (TP+FN)
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Specificity
[true negative rate]

Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test False True 
negative negative negatives

The proportion of patients without disease who test 
negative: P(T-|D-) = TN / (TN + FP). 

Predictive value of a positive test 

Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test False True 
negative negative negatives

Proportion of patients with positive tests who have 
disease  = P(D+|T+) = TP / (TP+FP)
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Predictive value of a negative test 

Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test False True 
negative negative negatives

Proportion of patients with negative tests who do not have 
disease  = P(D-|T-) = TN / (TN+FN)

Example: Serological test for TB
Culture (gold 

standard)

Yes NoYes No

Serological
Test

Positive 14 3 17

Negative 54 28 82

68 31 9968 31 99

Sensitivity = 21%
Specificity = 90%

Clin Vacc Immunol 2006;13:702-03
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All accuracy measures must be reported 
with confidence intervals!!

Sensitivity 20.6% (95%CI 12.7, 31.6)y ( , )

Specificity 90.3% (75.1, 96.7)

Positive Predictive Value 82.4% (58.9, 93.8)

Negative Predictive Value 34.2% (24.8, 44.9)

For a given test, predictive values will 
depend on prevalence
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For a given test, predictive values will 
depend on prevalence

Likelihood Ratios (also 
called ‘Bayes Factor’)

•Likelihood ratio of a positive test: is the test more 
likely to be positive in diseased than non diseasedlikely to be positive in diseased than non-diseased 
persons?

•LR+ = TPR / FPR
•High LR+ values help in RULING IN the disease

•Values close to 1 indicate poor accuracy

)|Pr(

)|Pr(





DT

DT
LR

•Values close to 1 indicate poor accuracy

•E.g. LR+ of 10 means a diseased person is 10 times 
more likely to have a positive test than a non-
diseased person
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Likelihood Ratio of a Positive 
Test

Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test False True 

How more often a 
positive test result 
occurs in persons 
with compared to 
those without the 
target condition

negative negative negatives

LR+ = TPR / FPR )|Pr(

)|Pr(





DT

DT
LR

Likelihood Ratios

•Likelihood ratio of a negative test: is the test less likely to 
be negative in the diseased than non diseased persons?be negative in the diseased than non-diseased persons?

•LR- = FNR / TNR
•Low LR- values help in RULING OUT the disease
•Values close to 1 indicate poor accuracy
•E g LR of 0 5 means a diseased person is half as likely to

)|Pr(

)|Pr(





DT

DT
LR

•E.g. LR- of 0.5 means a diseased person is half as likely to 
have a negative test than a non-diseased person
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Likelihood Ratio of a Negative 
Test

Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test False True 

How less likely a 
negative test result 
is in persons with 
the target condition 
compared to those 
without the target 
condition

negative negative negatives

LR- = FNR / TNR )|Pr(

)|Pr(





DT

DT
LR

LR = 0.2
LR = 0.1

LR = 0.01

LessLess LR = 5
LR = 10

LR = 100

MoreMore

LR: Impact on Likelihood of Disease

increasing impactIncreasing impact

0

LR = 0.3

LessLess

Likely

LessLess

Likely

LessLess

Likely

LessLess
Likely

LR = 3

MoreMore

Likely

MoreMore

Likely

MoreMore

Likely

MoreMore
Likely

LR = 1

No No 

Impact on 
Likelihood of 

Disease
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LR = 0.2
LR = 0.1

LR = 0.01

MoreMore LR = 5
LR = 10

LR = 100

MoreMore

LR: Impact on Likelihood of Disease

0

LR = 0.3

MoreMore

Impact

MoreMore

Impact

MoreMore

Impact

MoreMore
Impact

LR = 3

MoreMore

Impact

MoreMore

Impact

MoreMore

Impact

MoreMore
ImpactLR = 1

NoNo

Impact
increasing impactIncreasing impact
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Quick review of odds vs. 
probability

odds = probability / (1 – probability)odds  probability / (1 probability)

probability = odds / (1 + odds)

)Pr(1

)Pr(
)(Odds





D

D
D

probability = odds / (1 + odds)

)(Odds1

)(Odds
)(Pr





D

D
D
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Diagnostic Odds Ratio (DOR)

Disease 
present

Disease 
absent

Test 
positive

True 
positives (a)

False 
positives (b)

Test False True 

Odds of positive test 
result in persons 
with the target 
condition compared 
to those without the 
target condition

negative negative (c) negatives (d)

DOR = (a/c) / (b/d)
DOR = ad / bc
DOR = Odds of T+|D+ / Odds of T+|D-

Example: Serological test for TB
Culture (gold 

standard)

Yes NoYes No

Serological
Test

Positive 14 3 17

Negative 54 28 82

68 31 9968 31 99
LR+ = 2
LR- = 0.9
DOR = 2.4

Clin Vacc Immunol 2006;13:702-03
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Using LRs in practice

Scenario:
M A 27 ld l f t k Mr. A, a 27-year old male factory worker

 Fever and productive cough for the past 3 
weeks

 Lost weight

Assess the patient and estimate the 
baseline risk (pre-test probability)

Based on initial history, how likely is it that Mr. A y, y
has pulmonary tuberculosis?

Pre-Test Probability

0      10 20     30    40     50    60    70    80    90 100

Post-Test Probability

How might the result of a serological test change 
the likelihood of TB in this patient?
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Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Mr. A
Pre-Test Prob. 

50%

Post-Test 
Prob. 70%

Serological test
LR+ = 2

Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Mr. A
Pre-Test Prob. 

50%
Post-Test 
Prob. 45%%

Serological test
LR- = 0.9
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Using LRs in practice

Scenario:
M B 18 ld i i t d t Ms. B, a 18 year old engineering student

 Fever and non-productive cough for the past 
4 days

 Nobody in the household has had TB

Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Ms. B
Pre-Test Prob. 

10%

Post-Test 
Prob. 20%

Serological test
LR+ = 2
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Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Ms. B
Pre-Test Prob. 

10%
Post-Test 
Prob. 10%

Serological test
LR- = 0.9

Where do we get LRs from?

The Rational Clinical Examination
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Are sens/spec and LRs inherent 
properties of a test?

Most textbooks will say that sens and specMost textbooks will say that sens and spec 
do not depend on disease prevalence
This is not true
In reality, sens/spec and LRs vary across 
populations because of differences in disease 
spectra (case-mix) and several other factorsspectra (case mix) and several other factors
This is equivalent to “effect modification” in 
epidemiology



27/12/2010

20

Example

Sens and Spec across 
populations

Ex: 
Sensitivity+specificity 
of serum CEA For 
detection
of colorectal cancer, 
across stages

Variation in performance in high Variation in performance in high vsvs low low 
endemic countries: exampleendemic countries: example

High incidence countries

Low incidence countries

40
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Tests with continuous or multi-
level results

Example: WBC count in 
bacteremia

Newman T, Kohn MA. Evidence-based diagnosis. 2009, Cambridge Univ Press
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Newman T, Kohn MA. Evidence-based diagnosis. 2009, Cambridge Univ Press

Newman T, Kohn MA. Evidence-based diagnosis. 2009, Cambridge Univ Press
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Newman T, Kohn MA. Evidence-based diagnosis. 2009, Cambridge Univ Press

Multi-level likelihood ratios

Newman T, Kohn MA. Evidence-based diagnosis. 2009, Cambridge Univ Press
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Using ROCs to compare tests

Ruhwald, ERJ
2008

Newman T, Kohn MA. 
Evidence-based diagnosis. 
2009, Cambridge Univ Press
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After understanding ROC curves, 
it should be obvious that

the case of a dichotomous test accuracy (i.e. y (
the usual 2 x 2 table) is merely a single point 
on some underlying ROC curve
in other words, all tests have some 
underlying ROC curve
we can easily change the sens/spec by 
shifting the point on the ROC curveshifting the point on the ROC curve

ROC: pros and cons

Pros:
 Provides a wholistic picture (a global assessment 

of a test’s accuracy)
 Not dependent on disease prevalence
 Does not force us to pick a single cut-off point
 Shows the trade off between sens and spec
 Great for comparing accuracy of competing tests Great for comparing accuracy of competing tests
 Can be applied to any diagnostic system: weather 

forecasting, lie detectors, medical imaging, to 
detection of cracks in metals!
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ROC: pros and cons

Cons:Cons:
 Not very intuitive for clinicians; the ROC and AUC 

cannot be directly used for any given patient
 Clinicians prefer simple yes/no test results
 You can have the same AUC, but different shapes
 Does not fit into the EBM framework of working 

with LRs and probabilities
 Very hard to meta-analyze

Two classic
papers on ROC


