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Internal and External Validity



• study rigour

• appropriate handling of limitations:

– confounding

– bias

– statistical issues

Internal Validity



• applicability; generalisability; representativeness

• concordance of study and real-world settings re:

– population

– intervention

– comparator

– outcomes

– timing 

External Validity



Bias and Confounding
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Randomisation

• random allocation of subjects into each 

arm of a clinical trial

• objective: treatment groups identical in 

all aspects other than the intervention

• rationale: reduce confounding
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• error (unintentional)  systematic difference 

between/among groups 

• leads to under or over-estimation of true results

• two main types:

• selection bias

• information (measurement) bias

Bias



Selection Bias (1)

• systematic difference in characteristics of people 

selected for study and those not selected 

(specifically, people whose data were used for 

analyses and people whose data were not)

• example: the ‘worried well’

• observed result may not reflect the true situation, 

and/or may not be generalisable



• systematic difference(s) in characteristics of 

subjects within groups being compared

• these differences are (partly) responsible for 

the observed study results

Selection Bias (2)
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Cross-Over in (Parallel) Clinical Trials

lost to follow-up



source of selection bias if significant and reasons likely to 

influence outcomes

eg, sick subjects cease active drug due to side effects

→ healthier group on active drug (less outcomes) 

→ perception that active drug is better than placebo

Cross-Over in (Parallel) Clinical Trials
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• assume that subjects remained in randomised 

group, regardless of cross-over

• rationale: reduce selection bias

Intention-to-Treat Analysis



• always under-estimates any treatment effect

(ie, provides conservative estimate)

• reason: cross-over introduces overlap in 

treatment between groups, which is ignored

Intention-to-Treat Analysis
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Information Bias

• systematic difference(s) in the way information is 

collected between/among groups being compared

• differences are (partly) responsible for the observed 

study results 

• arises when there is variability (especially 

subjectivity) in methods for collecting information



Blinding in Clinical Trials

• non-awareness of intervention allocation

• single-blind: subjects unaware (eg, use of placebo)

• double-blind: subjects and investigators unaware

• rationale: reduce information (observer) bias



Objective Outcome Ascertainment

• standardised criteria to define outcomes

• centralised ascertainment

• rationale: reduce information (observer) bias
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Statistical Errors
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Statistical Errors: Errors About Inference
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NB: 

• studies (especially trials) are designed around, and 
powered for, primary outcome(s) only

• be wary of over-interpreting the findings for 
outcomes around which studies were not designed

1 of 2 possible reasons:

i. no real result exists

ii. a real result exists, but the study lacked 
power to detect it (Type II error)

Lack of Statistical Significance



Multiple Hypotheses Testing

• convention: set probability of type I error at 0.05

• in 1 analysis, chance of type I error = 0.05

in 2 analyses, chance of any type 1 error = 1 - (0.95)^2 = 0.098

in 20 analyses, chance of any type 1 error = 1 - (0.95)^20 = 0.642

• if planning to undertake multiple analyses, need to adjust cut-off for 
significance of p-value

eg, Bonferroni correction: divide 0.05 by number of analyses



Power and Sample Size



Power

• power = chance of detecting a result if it truly exists

• usually pre-determined at 80% or 90%

• insufficient power: study may fail to demonstrate an 

result even if a true and important one exists



during study design, required sample size determined by:

• Type I error (α) - usually 0.05

• power = 1 minus Type II error (β) - usually 0.8 or 0.9

• outcome of interest - likelihood and variability

• size of the effect to be detected: minimal clinically 

important difference, MCID

Sample Size
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Equivalence and 
Non-Inferiority Trials



Equivalence and Non-Inferiority Trials

• comparison of new intervention against current 

best practice (usually active)

• to demonstrate:

–equivalence - not more and not less efficacious

–non-inferiority - not less efficacious



• advantage(s) of new intervention in terms of 

factors other than efficacy

eg, adverse effects, costs, pharmacokinetics

• to join an existing market

Equivalence and Non-Inferiority Trials



• grouping according to actual treatment

• reason: intention-to-treat analysis always 

under-estimates any treatment effect

• therefore, not conservative against a 

hypothesis of equivalence

Per-Protocol Analysis



External Validity
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