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Diagnostic Information 

Obtained from several sources

• Signs and symptoms

• Clinical examinations
• Imaging (MRI, CT scans etc)

• Biochemical tests (biomarkers) 

• Pathology (e.g. tumor)  

• Psychological investigations / test
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Diagnostic vs. Screening 
Tests

• A diagnostic test is any 
kind of medical test
performed to aid in the 
diagnosis of disease

• The diagnostic test is 
used to confirm a 
suspected condition 
once initial testing has 
revealed its possibility

• Target Population
– Patients

• A screening test is used 
in a population to 
identify an un-
recognised disease in 
individuals without 
signs or symptoms

• Target Population
– General Population

Differences between screening and 
diagnostic tests

https://www.healthknowledge.org.uk
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Timing of Screening vs. Diagnostic Tests

Diagnostic 
Test 

Screening
Test

Which diseases do we screen for?

• Pediatrics
• Hereditary/metabolic screening for PKU- 2 wks
• Hypothyroidism (2 weeks)
• Sickle cell disease in African American children 

at 9 to 12 months of age
• HIV

• Adults
• Cancer - CVD 
• Diabetes - HIV
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Goal of Screening

• Early detection of disease and treatment 
(secondary prevention)

• Screening is aimed to prevent / reduce 
mortality 

• Screening does not prevent disease 
occurrence (incidence)
– Indeed, it may increase incidence and 

exacerbate over-diagnosis

When is Screening Appropriate?

• Early intervention affects outcome

• Disease is sufficiently prevalent to warrant 
screening

• An accurate, acceptable and cost-effective 
test is available
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US Cancer Incidence and Mortality

Natural History of Cancer

DNA
damage

CA 
begins

CA
detectable

Death

Detected by 
Screening

Detected by Symptoms (Dx)

Lead Time

Apparent Survival

Survival if no screening 

is available
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Test Performance and 
Interpretation

How well do screening or diagnostic tests 
detect the “truth”?

• Sensitivity

• Specificity

Sensitivity and Specificity

Sensitivity: Proportion of people WITH 
disease who test positive   

Specificity: Proportion of people WITHOUT 
disease who test negative 
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Sensitivity and Specificity

Diagnosis based 
on a Screening 
Test

True Status: Based on a Gold 
Standard Diagnosis (e.g. Biopsy)

Cancer Present       Cancer Absent

Test Positive True  Positive 
(TP)

False Positive 
(FP)

Test Negative False Negative 

(FN)

True  Negative

(TN)

Sensitivity = TP / (TP + FN)
Specificity = TN / (TN + FP)

Sensitivity and Specificity of 
Mammography Screening

Test

Breast 
Cancer

No 

Cancer

Total

Positive 850 900 1,750

Negative 150 8,100 8,250

Total 1,000 9,000 10,000

Sensitivity : 850 / 1,000 = 85%

Specificity: 8,100 / 9,000 = 90%
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Without Disease

With Disease

Screening cut point 
(e.g. PSA = 4)

What would happen if PSA screening cut point 
moves to 3 ng/ml?

FN FP

Choice of screening cut-point on sensitivity 
and specificity (e.g. PSA test)

• Positive Predictive Value (PPV):
Proportion of individuals testing positive 
who actually HAVE the disease.

• Negative Predictive Value (NPV):
Proportion of individuals testing negative 
who actually DO NOT have the disease.

What is the likelihood of disease 
given a particular test result?
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PPV and NPV

PPV = TP / (TP +  FP)
NPV = TN / (TN + FN)

Diagnosis 
based on 
Screening Test

True Status: Based on a Gold 
Standard Diagnosis (e.g. Biopsy)

Cancer Present    Cancer Absent

Test Positive True  Positive 

(TP)

False Positive

(FP) 

Test Negative False Negative 

(FN)

True  Negative

(TN)

PPV & NPV of Mammography 
Screening

Test

Breast 
Cancer

No 

Cancer

Total

Positive 850 900 1,750

Negative 150 8,100 8,250

Total 1,000 9,000 10,000

PPV = 850 / 1750 = 48.6%
NPV = 8,100 / 8,250 = 98.2%
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What is the PPV of mammography 
if prevalence of breast cancer 
increases from 10% to 30%?

Prevalence Sensitivity Specificity PPV

10% 85% 90% 48.6%

30% 85% 90% 78.5%

Prevalence increases => PPV increases

• LR is percentage of ill people (e.g. cancer) 
with a given test result (pos) divided by the 
percentage of well people (e.g. no cancer) 
with the same test result (pos)

• Positive LR (LR+) 
• LR + = sensitivity / (1- specificity)

• Negative LR (LR-)
• LR - = (1 – sensitivity) / specificity

What is the likelihood ratio (LR)?
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• Enable clinicians to interpret the full range of 
diagnostic test results

• Are portable
• Can be applied to a specific patient

• Reliance of test characteristics (senst/spec) 
may exaggerate the benefits of test

• LR can prevent this misinterpretation

• Refine clinical judgment

Why LR are appealing?

Calculations of LR+ / LR-

LR+ = (TP / Cancer) ÷ (FP/ No Cancer)
LR- = (FN / Cancer) ÷ (TN / No Cancer)

Diagnosis 
based on 
Screening Test

True Status: Based on a Gold 
Standard Diagnosis (e.g. Biopsy)

Cancer Present    Cancer Absent

Test Positive True  Positive 

(TP)

False Positive

(FP) 

Test Negative False Negative 

(FN)

True  Negative

(TN)
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Calculations of LR+ / LR-

LR+ = 0.85 / (1-0.90) = 8.5

LR- = (1-0.85) / 0.90 = 0.17

Test

Breast 
Cancer

No 

Cancer

Total

Positive 850 900 1,750

Negative 150 8,100 8,250

Total 1,000 9,000 10,000

LR for Diagnostic Purposes
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LR can be used to calculate 
post-test probability of disease

Assume that a patient has a pre-test 
probability of disease = 0.1
LR+ = 20.43 (for a test)
What is post-test probability? 

Pretest probability = 0.1
Pretest odds = p/(1– p) = 0.1/0.9 =0.11

Post-test odds = pretest odds ×
likelihood ratio
Post-test odds = 0.11×20.43 = 2.27
Post-test probability = odds/(1+ odds) 
= 2.27/3.37 = 0.69

Effectiveness of Screening Tests

• Randomized clinical trial data are needed 
to confirm whether a screening test 
improves outcomes
– Few RCT’s of screening exist 

• Observational studies of screening are 
used but their results are limited by biases
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Breast Cancer Mortality and 
Mammography Screening

What is the Number Needed to Invite to  
Screening (NNIS) for the overall pooled RR? 

Summary Evaluation of a 
Screening Program

• Feasibility
• Acceptability of a screening test
• Test characteristics
• Yield: measured by PPV and NPV
• Cost

• Effectiveness
• Impact of screening on the course of 

disease
• Goal: Reduction of mortality from the 

disease
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