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ERROR IN EPIDEMIOLOGY
All instruments have errors
 random
 systematic

All epidemiologic measures are instruments
 classifications (eg. BMI to measure obesity)



NONDIFFERENTIAL MISCLASSIFICATION OF BINARY EXPOSURE

True RR=4.0

Observed RR=2.85

Bias towards the null = dilution

Slide credit: Tim Lash



MISCLASSIFICATION
-Classifying exposed as unexposed and vice versa
-Classifying cases as noncases and vice versa
-Subgroup/confounder misclassification
-Complex scenarios with > 2 levels, continuous

information bias is a consequence of measurement error



RANDOM ERROR ON THE LEVEL OF A STUDY 
VARIABLE LEADS TO A SYSTEMATIC ERROR 

ON THE LEVEL OF THE STUDY RESULT



SYSTEMATIC ERROR

Large study size/high precision 
does not help!



EPIDEMIOLOGY: THE DIAGNOSIS PARADIGM



VALIDATION 2 X 2 TABLE

Event truly
present

Event truly
absent

Algorithm+ a
True Positive

b
False Positive

a + b

Algorithm- c
False Negative

d
True Negative

c + d

a + c b + d
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Gold standard



GOLD STANDARD

• Measures status perfectly (gold standard)
• Measures status better than algorithm (alloyed gold / 

reference standard)
• An independent source of information

• Examples in database validation
• Medical chart review
• Surveys
• Other databases
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HYPERCALCEMIA: ICD VS. LAB
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Calcium
> 2.6 

mmol/L

Calcium 
<= 2.6 
mmol/L

ICD-10 
E83.5 Yes

a
True 

Positive

b
False 

Positive

ICD-10 
E83.5 No

c
False 

Negative

d
True 

Negative





Eur J Cancer Prev 2005;14:201-6

Completeness of HDR: 908/(908+84) = 0.915



Eur J Cancer Prev 2005;14:201-6

PPV of HDR: 908/(908+167) = 0.844



WE RELY ON ALGORITHMS TO DEFINE

 Eligibility criteria
 Exposures
 Outcomes
 Covariates
 Subgroups
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Fletcher RH, Fletcher SW. Clinical epidemiology : the essentials. 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2005.



VALIDATION STUDIES = QUANTIFICATION
OF MEASUREMENT ERROR

Error is bad
Error is (almost always) unavoidable

How bad is it?
How much error is acceptable?
Can/should it be corrected?
What is the impact on the interpretation?
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VALIDATION STARTING POINT

• Design 1: sample on potential (=”imperfectly” measured) status
• Design 2: sample on true (=”perfectly” measured) status
• Design 3: sample both
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VALIDATION DESIGN 1: POTENTIAL STATUS

• Define candidate event-finding algorithm (e.g., ICD-10)
• Identify a ‘gold standard’ source (e.g., charts)
• Define criteria for events and non-events
• Determine study size/precision of estimates
• Sample potential cases using algorithm (e.g., ICD-10 codes)
• Conduct validation (standard CRF)
• Estimate positive/negative predictive value
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Positive predictive values of cardiovascular diagnoses in the Danish National Patient Registry. 

Jens Sundbøll et al. BMJ Open 2016;6:e012832
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VALIDATION DESIGN 2: TRUE STATUS

• Define candidate event-finding algorithm (e.g., ICD-10)
• Identify an independent sample of true events and non-events 

(‘a gold standard’)
• Define criteria for events and non-events
• Search the database for algorithm components among the 

members of the independent sample
• Conduct validatio (CRF)
• Compute algorithm sensitivity/specificity

• Any code
• Each code
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VALIDATION DESIGN 3: STATUS-INDEPENDENT

• Define candidate event-finding algorithm (e.g., ICD-10)
• Define a gold standard
• Define criteria for events and non-events
• Determine algorithm-based event/non-event status
• Compute sensitivity, specificity, PPV, NPV of the event-finding

algorithm
• Any component
• Each component

29



VALIDATION VERA EHRENSTEIN

NOVEMBER 2021 PROFESSOR
DEPARTMENT OF CLINICAL MEDICINE

AARHUS
UNIVERSITY



VALIDATION VERA EHRENSTEIN

NOVEMBER 2021 PROFESSOR
DEPARTMENT OF CLINICAL MEDICINE

AARHUS
UNIVERSITY



PRIORITIZING VALIDITY MEASURES
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PRIORITIZING VALIDITY MEASURES
• Eligibility criteria – may prioritize specificity/indication
• Exposure

• Strive to make errors non-differential (e.g., blinding)
• Outcome

• May prioritize specificity for relative risks
• May prioritize sensitivity for absolute risks

• Confounders/covariates
• May prioritize sensitivity (confounding excluded is 

confounding uncontrolled)
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ALGORITHM PORTABILITY



A
lg

or
ith

m
s

Gold 
standard



VALIDATION VERA EHRENSTEIN

NOVEMBER 2021 PROFESSOR
DEPARTMENT OF CLINICAL MEDICINE

AARHUS
UNIVERSITY

OVERARCHING PRINCIPLES

• Accept the reality that errors are inevitable
• When prioritizing validity metrics, consider 

consequences of the error to interpretation/clinical 
practice

• Try to quantify error impact – bias analysis
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https://sites.google.com/site/biasanalysis/
39
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