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Diagnosis: why does it matter?

To effectively practice medicine and public 
health, we need evidence/knowledge on 3 
fundamental types of professional 
knowing “gnosis”:

Dia-gnosis Etio-gnosis Pro-gnosis For individual
(Clinical Medicine)

Dia-gnosis Etio-gnosis Pro-gnosis For community
(Public and 
community
health)

Miettinen OS 2



Diagnosis Vs Screening

A diagnostic test is done on sick people
patient presents with symptoms
pre-test probability of disease is high (i.e. 
disease prevalence is high)

A screening test is usually done on 
asymptomatic, apparently healthy people

healthy people are encouraged to get screened
pre-test probability of disease is low (i.e. 
disease prevalence is low)
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Process of diagnosis: all about 
probability!

Test                                            Treatment
Threshold                                       Threshold

0%                                                                            100% Probability of Diagnosis

No Tests Need to Test Treat
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The Perfect Diagnostic Test

☻☺

X                                     Y
Diseased No Disease
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Variations In Diagnostic Tests

☺ ☻
Overlap

Range of Variation in  Disease free 
Range of Variation in  Diseased 
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There is no perfect test!

All we can hope to do is increase or 
decrease probabilities, and Bayes’
theorem helps with this process
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Bayes' theory

•Bayes' Theorem is a simple mathematical formula used for 
calculating conditional probabilities 

•every test is done with a certain probability of disease -
degree of suspicion [pre-test or prior probability]

• the probability of disease after the test result is the post-test 
or posterior probability

pre-test 
probability

post-test 
probability

Test

Post-test odds = Pre-test odds x Likelihood ratio 8

What you thought before + New information = What you think now



pre-test 
probability

LOW

post-test 
probability

HIGH

Test

•An accurate test will help reduce 
uncertainty

•The pre-test probability is revised 
using test result to get the post-test 
probability

•Tests that produce the biggest 
changes from pretest to post-test 
probabilities are most useful in 
clinical practice [very large or very 
small likelihood ratios]

pre-test 
probability

HIGH

post-test 
probability

LOWTest

Bayesian approach to diagnosis
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Evaluating a diagnostic test
•Define gold standard
•Recruit 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:
•Sensitivity
•Specificity
•Predictive values
•Likelihood ratios
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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] 11



Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test 
negative

False 
negative

True 
negatives

Sensitivity
[true positive rate]

The proportion of patients with disease who test 
positive = P(T+|D+) = TP / (TP+FN)
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Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test 
negative

False 
negative

True 
negatives

Specificity
[true negative rate]

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

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test 
negative

False 
negative

True 
negatives

Predictive value of a positive test 

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

14



Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test 
negative

False 
negative

True 
negatives

Predictive value of a negative test 

Proportion of patients with negative tests who do not have 
disease  = P(D-|T-) = TN / (TN+FN)
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Example: Serological test for TB
Culture (gold 

standard)
Yes No

Serological
Test

Positive 14 3 17

Negative 54 28 82

68 31 99

Sensitivity = 21%
Specificity = 90%

Clin Vacc Immunol 2006;13:702-03 16



For a given test, predictive values will 
depend on prevalence



For a given test, predictive values will 
depend on prevalence
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Likelihood Ratios (also 
called ‘Bayes Factor’)

•Likelihood ratio of a positive test: is the test more 
likely 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

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

)|Pr(
)|Pr(

−+
++

=+
DT
DTLR
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Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test 
negative

False 
negative

True 
negatives

Likelihood Ratio of a Positive 
Test

LR+ = TPR / FPR )|Pr(
)|Pr(

−+
++

=+
DT
DTLR

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

•Likelihood ratio of a negative test: is the test less likely to 
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 
have a negative test than a non-diseased person

)|Pr(
)|Pr(

−−
+−

=−
DT
DTLR
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Disease 
present

Disease 
absent

Test 
positive

True 
positives

False 
positives

Test 
negative

False 
negative

True 
negatives

Likelihood Ratio of a Negative 
Test

LR- = FNR / TNR )|Pr(
)|Pr(

−−
+−

=−
DT
DTLR

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

22



increasing impactIncreasing impact

LR = 1

No 

Impact on 
Likelihood of 

Disease

∞0

LR = 0.3

Less

Likely

LR = 0.2

Less

Likely

LR = 0.1

Less
Likely

LR = 0.01

Less
Likely

LR = 3
More

Likely

LR = 5

More

Likely

LR = 10

More
Likely

LR = 100

More
Likely

LR: Impact on Likelihood of Disease

The Rational Clinical Examination
Copyright © American Medical Association. All rights reserved. | JAMA | The McGraw-Hill Companies, Inc. 



Example: Serological test for TB
Culture (gold 

standard)
Yes No

Serological
Test

Positive 14 3 17

Negative 54 28 82

68 31 99

LR+ = 2
LR- = 0.9

Clin Vacc Immunol 2006;13:702-03 24



Quick review of odds vs. 
probability

odds = probability / (1 – probability)

probability = odds / (1 + odds)

)Pr(1
)Pr()(Odds
+−

+
=+

D
DD

)(Odds1
)(Odds)(Pr
++

+
=+

D
DD
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Using LRs in practice

Scenario:
 Mr. A, a 27-year old man
 Recent immigrant from Vietnam
 Fever and productive cough for the past 2 

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

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

Pre-Test Probability

Post-Test Probability

How might the result of a serological test change 
the likelihood of TB in this patient?

0      10 20     30    40     50    60    70    80    90 100
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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
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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:
 Ms. B, a 18 year old college student
 Canadian born, no history of foreign travel
 Fever and productive cough for the past 1 

week
 Nobody in the household has had TB
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Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Ms. B
Pre-Test Prob. 

10%
Post-Test 
Prob. 20%

Serological test
LR+ = 2

31



Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Ms. B
Pre-Test Prob. 

10%
Post-Test 
Prob. 10%

Serological test
LR- = 0.9
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Example: Ultrasonography for Down 
Syndrome



Another example: Nuchal fold & 
Down Syndrome

Down Syndrome

Yes No

Nuchal fold Positive 21 4 25

Negative 7 188 195

28 192 220

Sensitivity = 75%
Specificity = 98%

LR+ = 36
LR- = 0.26
DOR = 141

N Engl J Med 1987;317:1371



Using LRs in practice

Scenario:
 Mrs. A, a 37-year old woman with a previous 

affected pregnancy, seen at a high-risk clinic 
in a tertiary, referral hospital

 What is the pretest probability of Down 
syndrome in this case?



Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Mrs. A
Pre-Test Prob. 

10%

Post-Test 
Prob. 80%

Nuchal fold abnormal
LR = 36



Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Mrs. A
Pre-Test Prob. 

10%

Post-Test 
Prob. 3%

Nuchal fold normal
LR = 0.26



Using LRs in practice

Scenario:
 Mrs. B, a 20-year old woman with a previous 

normal pregnancy, seen at a community 
hospital

 What is the pretest probability of Down 
syndrome in this case?



Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Mrs. B
Pre-Test Prob. 

0.5%

Post-Test 
Prob. 10%

Nuchal fold abnormal
LR = 36



Likelihood Ratios
Post-Test 
ProbabilityPre-Test

Probability

Mrs. B
Pre-Test Prob. 

0.5%

Post-Test 
Prob. 0.1%Nuchal fold normal

LR = 0.26



Where do we get LRs from?

The Rational Clinical Examination
Copyright © American Medical Association. All rights reserved. | JAMA | The McGraw-Hill Companies, Inc. 



Examples

The Rational Clinical Examination
Copyright © American Medical Association. All rights reserved. | JAMA | The McGraw-Hill Companies, Inc. 



Are sens/spec and LRs inherent 
properties of a test?

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



Example

Sens and Spec across 
populations

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



Tests with continuous results:
ROC curve analysis

Blood sugar level 
(2-hour after 

food) in 
mg/100 ml

Sensitivity 
(%)

Specificity 
(100%)

70
80
90
100
110
120
130
140
150
160
170
180
190
200

98.6
97.1
94.3
88.6
85.7
71.4
64.3
57.1
50.0
47.1
42.9
38.6
34.3
27.1

8.8
25.5
47.6
69.8
84.1
92.5
96.9
99.4
99.6
99.8
100
100
100
100

Area under the curve (AUC) can range from 0.5 (random 
chance, or no predictive ability; refers to the 45 degree line 
in the ROC plot) to 1 (perfect discrimination/accuracy).

The closer the curve follows the left-hand border and then the 
top-border of the ROC space, the more accurate the test. The 
closer the curve comes to the 45-degree diagonal of the ROC 
space, the less accurate the test. 45



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



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



Sources of bias in diagnostic 
studies

Bias due to an inappropriate reference 
standard
Spectrum bias
Verification (work-up) bias
 Partial verification bias
 Differential verification bias
Review bias (lack of blinding)
Incorporation bias

48



Bias due to inappropriate or 
imperfect reference standard

There is no such thing as a 
“gold” standard
Imperfect reference standards 
are commonly used in diagnostic 
studies
 Can lead to underestimation of test 

accuracy (under certain conditions)
Examples: TB meningitis, 
Irritable bowel syndrome, 
tuberculosis in kids, migraine, 
depression

49



Spectrum bias

Population used for evaluating the test:
 Extreme contrast
 Case-control design

 Normal contrast (Indicated population)
 Consecutively recruited patients in whom the 

disease is suspected
 Extreme contrast (spectrum bias) can 

result in overestimation of test accuracy
 Examples: Ultrasound for fluid in abdomen
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Verification bias

Verification bias in general:
 When the decision to perform the reference 

standard depends on the result of the index test
 When the type of reference standard used 

depends on the result of the index test
Partial verification:
 Reference standard performed on test-positives, 

but not test-negatives
Differential verification:
 Reference standard used for test-positives is 

different from that used for test-negatives
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Review bias

Diagnostic studies may be:
 Unblinded
 Single blind (test or reference standard result is 

blinded)
 Double blind (both test and ref. std results are 

blinded)
Lack of blinding can lead to overestimation of 
test accuracy
Examples: history and examination for 
hypothyroidism, touch and perception for 
fever
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Incorporation bias

If the test that is being evaluated is 
included in the reference standard
Can lead to overestimation of test 
accuracy
Examples: PCR for tuberculosis, clinical 
diagnosis of TB meningitis, Mantoux for 
TB among kids
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Do design 
flaws 
affect 
study 
results?

Rutjes et al. CMAJ 2006

487 diagnostic studies
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Do diagnostic trials lack methodologic 
rigor?

Peeling et al. Nature Rev Micro 2006 [data from Reid et al.JAMA 1995]

Diagnostic studies in 4 general medical journals
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Do diagnostic trials lack methodologic rigor?



What can be done to improve quality 
and reporting of diagnostic studies?

Report better using standardized reporting 
formats (e.g. STARD)
Improve study design using guidelines 
specific for diagnostic trials
 E.g. QUADAS, DEEP
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STARD reporting standards

Bossuyt PM, Reitsma JB, Bruns DE, et al. Clin Chem 2003;49(1):1-6. 

STARD checklist STARD flow diagram
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QUADAS tool for quality assessment of 
diagnostic studies

Whiting P et al. BMC Med Res Meth 2003

Although designed for quality assessment in systematic reviews, it can 
be used to improve study design
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QUADAS tool for quality assessment of 
diagnostic studies

Whiting P et al. BMC Med Res Meth 2003
60



TDR/WHO Diagnostics Evaluation Expert 
Panel (DEEP) guidelines

Nature Reviews Microbiology September 2006
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Are sensitivity and specificity the most 
meaningful measures?

62



Moons et al. Epidemiology 1999

Moons et al. Clin Chem 2004

Moons et al. JECH 2002
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Maisel et al, N Engl J Med. 2002 Jul 18;347(3):

Accuracy vs Impact:
Rapid measurement of B-type natriuretic peptide
in the emergency diagnosis of heart failure









Relevant books



Readings
Rothman text:
 Chapter 11: Epidemiology in 

clinical settings

Gordis text:
 Chapter 5
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