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• Validity of  a diagnostic study

• Interpret the results 

Diagnostic tests: What you need to know

The researchers 

detected autism 

with over 90% 

accuracy…

For a prevalence of 

1%, the actual 

positive predictive 

value of the test is 

4.5%... The process of  identifying a disease by its 

signs, symptoms and results of  various 

diagnostic procedures

What is diagnosis?
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Typically someone with abnormal symptoms consults a 
physician, who will obtain a history of  their illness and 
examine them for signs of  diseases. 

The physician  formulates a hypothesis of  likely diagnoses 
and may or may not order further tests to clarify the 
diagnosis  

Diagnosis

Pathologist: identification of  disease in terms of  
histological or chemical changes

Bacteriologist: identification of  disease in terms of  the 
infective agent 

Diagnosis has different meanings in different contexts 

Feinstein A. 1967

Specialist doctor:

The focal point of  thought in the treatment of  a patient.

Diagnosis, gives a name to the patient’s ailment, the 
thinking goes backward to decide about pathogenesis, 
and forward to predict prognosis and choose therapy. 

Diagnosis has different meanings in different contexts 

Family doctor: 

Diagnosis is an assessment of  his patient’s physical, 
psychological and social condition. 

Diagnosis has different meanings in different contexts 

What are tests used for?

• Increase certainty about 
presence/absence of  disease

• Disease severity

• Monitor clinical course

• Assess prognosis – risk/stage 
within diagnosis

• Plan treatment e.g., location 

• Stall for time!

Refinement of  the 
diagnostic causes

•Restricted Rule Outs
•Stepwise refinement

•Probabilistic reasoning
•Pattern recognition fit

•Clinical Prediction Rule

•Spot diagnoses
•Self-labelling 

•Presenting complaint
•Pattern recognition

Initiation of  the 
diagnosis

Defining the final 
diagnosis

•Known Diagnosis
•Further tests ordered

•Test of  treatment
•Test of  time

•No label

(Heneghan et al, BMJ 2009)

Stage Strategies used

Diagnostic stages & strategies 
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Meningitis Chicken Pox  

Not all diagnosis need tests?

Bossuyt et al BMJ 2006;332:1089–92

• Replacement – new replaces old

– E.g. CT colonography for barium enema

• Triage – new determines need for old

– E.g. B-natriuretic peptide for echocardiography

• Add-on – new combined with old

– E.g. ECG and myocardial perfusion scan

Roles of  new tests

Interpreting Diagnostic Studies 

What do all 

the numbers 

mean?? 

Series of patients

Index test

Reference (“gold”) standard

Compare the results of the index 

test with the reference standard, 

blinded

Diagnostic Studies

Diagnostic Study Example

Are the results valid?

What are the results?

Will they help me look 
after my patients?

•Appropriate spectrum of  patients?

•Does everyone get the gold standard?

•Is there an independent, blind or 

objective comparison with the gold 

standard?

Appraising diagnostic tests: 3 easy steps
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1. Appropriate spectrum of  patients? 

• Ideally, test should be performed on a group of  
patients in whom it will be applied in the real 

world clinical setting

• Spectrum bias =  study using only highly 
selected patients…….perhaps those in whom 

you would really suspect have the diagnosis

2. Do all patients have the gold standard?

• Ideally all patients get the gold /reference 
standard test

• Work-up bias =  only some patients get the 

gold standard…..probably the ones in whom 
you really suspect have the disease

Series of patients

Index test

Reference (“gold”) 

standard

Compare the results of the index 

test with the reference standard, 

blinded

Verification (work-up) Bias

Series of patients

Index test

Reference standard….. includes 

parts of Index test

Blinded cross-classification

Incorporation Bias

Series of patients

Index test

Ref. Std. A

Blinded cross-classification

Differential Reference Bias

Ref. Std. B

• Ideally, the gold standard is independent, blind 
and objective

• Observer bias = test is very subjective, or done 

by person who knows something about the 
patient

3. Independent, blind or objective comparison
with the gold standard?
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Series of patients

Index test

Reference (“gold”) standard

Unblinded cross-classification

Observer Bias
1. Spectrum

3. Gold standard

4. Blinding

2. Index test

Are the results valid?

What are the results?

Will they help me look 
after my patients?

•Appropriate spectrum of  patients?

•Does everyone get the gold standard?

•Is there an independent, blind or 

objective comparison with the gold 

standard?

Appraising diagnostic tests

•Sensitivity, specificity

•Likelihood ratios 

•Positive and Negative Predictive Values

Disease 

Test

+ -

+

-

True 

positives

False 

negatives

True 

negatives

False 

positives

The 2 by 2 table 

Disease 

Test

+ -

+

-

Sensitivity = a / a + c

Proportion of  people 

WITH the disease who 

have a positive test result.

a

True 

positives

c

False 

negatives

The 2 by 2 table: Sensitivity 

84

16

Sensitivity = 84/100

So, a test with 84% 

sensitivity….means that 

the test identifies 84 out 

of  100 people WITH the 

disease
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Disease 

Test

+ -

+

-

b

False 

positives

d

True 

negatives

Specificity = d / b + d

Proportion of  people 

WITHOUT the disease 

who have a negative test 

result.

The 2 by 2 table: Specificity

75

25

Specificity = 75/100

So, a test with 75% 

specificity will be 

NEGATIVE in 75 out of  

100 people WITHOUT 

the disease

The Influenza Example

Disease: Lab Test  

Test: Rapid Test 

+ -

+

-

27 3

34 93

30

127

1579661

Sensitivity = 27/61 = 0.44 (44%) Specificity = 93/96 = 0.97 (97%)

There were 96 children 

who did not have 

influenza… the rapid test 

was negative in 93 of 

them

There were 61 children 

who had influenza…the 

rapid test was positive in 

27 of them

• Sensitivity is useful to me
– ‘The new rapid influenza test was positive in 27 out of  61 children with 

influenza (sensitivity = 44%)’

• Specificity seems a bit confusing!
– ‘The new rapid influenza test was negative in 93 of  the 96 children who did 

not have influenza (specificity = 97%)’

• So…the false positive rate is sometimes easier

– ‘There were 96 children who did not have influenza… the rapid test was 
falsely positive in 3 of  them’

– So a specificity of  97% means that the new rapid test is wrong (or falsely 
positive) in 3% of  children

False positive rate = 1 - specificity

Tip

Disease 

Test

+ -

+

-

a

True 

positives

c

False 

negatives

Positive and Negative Predictive Value

b

False 

positives

d

True 

negatives

PPV = Proportion of  

people with a positive test 

who have the disease.

NPV = Proportion of  

people with a negative test 

who do not have the 

disease.

PPV = a / a + b

NPV = d / c + d

The Influenza Example

Disease: Lab Test  

Test: Rapid Test 

+ -

+

-

27 3

34 93

30

127

1579661

PPV = 27/30 = 90%

NPV = 93/127 = 73%
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Positive and Negative Predictive Value

•PPV and NPV are not intrinsic to the test – they also depend on 
the prevalence!

•NPV and PPV should only be used if  the ratio of  the number 
of  patients in the disease group and the number of  patients 

in the healthy control group is equivalent to the prevalence 

of  the diseases in the studied population

•Use Likelihood Ratio - does not depend on prevalence

NOTE
Positive likelihood ratio (LR+)

How much more likely is a positive test to be found in a person 
with the disease than in a person without it?

Likelihood ratios

LR+ = sens/(1-spec) 

LR- = (1-sens)/(spec)

Negative likelihood ratio (LR-)

How much more likely is a negative test to be found in a person 
without the condition than in a person with it?

LR>10 = strong 

positive test 

result

LR<0.1 = strong 

negative test 

result

LR=1

No diagnostic 

value

What do likelihood ratios mean? Diagnosis of  Appendicitis

McBurney’s  point 
If palpation of the left lower 

quadrant of a person's abdomen 

results in more pain in the right 

lower quadrant

Rovsing’s  sign 

Abdominal pain resulting from 

passively extending the thigh of a 

patient or asking the patient to actively 

flex his thigh at the hip

Psoas sign

McGee: Evidence based Physical Diagnosis (Saunders Elsevier)

For Example

Are the results valid?

What are the results?

Will they help me look 
after my patients?

•Appropriate spectrum of  patients?

•Does everyone get the gold standard?

•Is there an independent, blind or 

objective comparison with the gold 

standard?

Appraising diagnostic tests

•Sensitivity, specificity

•Likelihood ratios

•Positive and Negative Predictive Values 

•Can I do the test in my setting?
•Do results apply to the mix of  patients I see?

•Will the result change my management?
•Costs to patient/health service?
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• Reproducibility of  the test and interpretation in my setting

• Do results apply to the mix of  patients I see?

• Will the results change my management?

• Impact on outcomes that are important to patients?

• Where does the test fit into the diagnostic strategy?

• Costs to patient/health service?

Will the test apply in my setting?

Test Kappa value

Tachypnoea 0.25

Crackles on 

auscultation

0.41

Pleural rub 0.52

Chest XRay for 

cardiomegaly

0.48

MRI spine for 

disc herniation

0.59

Value of Kappa Strength of Agreement 

<0.20 Poor 

0.21-0.40 Fair 

0.41-0.60 Moderate 

0.61-0.80 Good 

0.81-1.00 Very Good 
 

 

• Kappa = measure of inter-

observer reliability

Reliability – how reproducible is the test?

The researchers detected autism with over 90% accuracy, the Journal 

of Neuroscience reports. 

Your friend, the avid Guardian Reader, 
reads Carl’s commentary and asks you:

“Well, you’re the Doctor, what’s going on here? Who is 
right? If  my child had this test and it was positive, 
what’s the chance my child has autism?? ”

Natural Frequencies
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• 100%                  Always 

• 50%                    Maybe

• 0%                      Never 

Autism has a prevalence 

of 1%.

The test has sensitivity 

of 90% and specificity 

of 80%.

Natural Frequencies

2:001:591:581:571:561:551:541:531:521:511:501:491:481:471:461:451:441:431:421:411:401:391:381:371:361:351:341:331:321:311:301:291:281:271:261:251:241:231:221:211:201:191:181:171:161:151:141:131:121:111:101:091:081:071:061:051:041:031:021:011:000:590:580:570:560:550:540:530:520:510:500:490:480:470:460:450:440:430:420:410:400:390:380:370:360:350:340:330:320:310:300:290:280:270:260:250:240:230:220:210:200:190:180:170:160:150:140:130:120:110:100:090:080:070:060:050:040:030:020:01End

Autism has a prevalence of 1%.

The test has sensitivity of 90% and specificity of 80%.

If the test is positive, what are the chances he/she has 

the disease?

Natural Frequencies

1

99

0.9

19.8

100

20.7 people 
test 

positive………

of whom 0.9 

have the 
disease 

So, chance of 
disease is 

0.9/20.7, about 
4.5%

Disease +ve

Disease -ve

Testing +ve

Sensitivity 

= 90%

False 

positive rate 

= 20%

Prevalence of 1%, Sensitivity of 90%, Specificity of 80%

30

70

27

14

100

41 people test 
positive………

of whom 27 
have the 

disease 

So, chance of 

disease is 
27/41, about 

66%

Disease +ve

Disease -ve

Testing +ve

Sensitivity 

= 90%

False 

positive rate 

= 20%

Prevalence of 30%, Sensitivity of 90%, Specificity of 80%
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Are the results valid?

What are the results?

Will they help me look 
after my patients?

What is the ONE thing I need to remember from today?

Don’t believe everything you are told, 

Ask for the Evidence!

Diagnostic strategies used in primary care.
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