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Outlines

• Evidence for causal inference

• Why is randomization so important?

– Confounding by indication

– Assumption for difference-in-difference analysis 

• Methodology of RCTs

– Study design

– Data analysis

• What can RCTs do, and what RCTs can’t do?
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Evidence for causal inference
Causal inference has never been easy in the 

real world
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Cause

• Is that which produces “an effect, result, or 

consequence” or “the one, such as a person, 

event, or condition that is responsible for an 

action or result” (American Heritage Dictionary)
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Who kill(s) Robinson

• Jones driving from a party where he has drunk 

too much, in a car whose brakes are defective, 

at an intersection with poor visibility runs down 

and kills Robinson, who was crossing the read 

to buy cigarettes.
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Types of Epidemiological Studies
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Evidence for causal inference

10

Systematic review and 
meta-analysis of RCTs

RCTs

Cohort studies

Case-control studies

Cross-sectional 
studies

Case or case-series 
reports



Example for RCT-based
Systematic Review & Meta-

analysis
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Effect on Physical Function
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Effect on Depression
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Assessment of Methodological Quality 

Using the Cochrane Risk of Bias Tool
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“GIGO” if Quality 
Assessment is not 
well performed. 



Why is randomization so important?
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Confounding by Indication

17



18



A Community Trial w/o 

Randomization
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Methods

• OBJECTIVES: 

– A community trial was undertaken to evaluate the 
effectiveness of the North Carolina Breast Cancer 
Screening Program, a lay health advisor network 
intervention intended to increase screening among rural 
African American women 50 years and older.

• METHODS: 

– A stratified random sample of 801 African American 
women completed baseline (1993-1994) and follow-up 
(1996-1997) surveys. The primary outcome was self-
reported mammography use in the previous 2 years
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Difference of the differences? 
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Ceiling / floor 
effects?



Methodology of
Randomized Controlled Clinical 

Trials
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Randomized Controlled Clinical Trials

• New drugs are only introduced into medical 

care when they have been shown to be effective.

• This involves a formal assessment using a 

rigorous study design: the randomized 

controlled clinical trials

• This method provides the best way of 

determining whether a proposed new treatment 

represents an advance on the current best 

treatment.



Design of a Randomized Clinical Trial

• Definition of study groups

• Allocating treatments

• Ethics

• Outcome assessment
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Allocating Treatments (Randomization)

• A key feature of the trial is that once a set of 

patients has been recruited, they are allocated 

randomly to one of the two treatments being 

compared.

• This helps guard against systematic differences 

occurring between the two groups.
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• If the two groups of patients are not 

similar at entry to the study, a fair 

comparison between the treatments 

cannot be made
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6 men, 6 women

Treatment

3 men, 3 women

Control

3 men, 3 women

Simple 
randomization

How likely 
can this result 

happen 



Stratified Randomization

• Stratification might be useful in small trials in 

which it can avert severe imbalances on 

prognostic factors. It will confer adequate 

balance (on the stratified factors) and probably 

slightly more statistical power and precision.

• The gain from stratification becomes minimal, 

however, once the number of participants per 

group is more than 50.
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6 men, 6 
women

6 men

T C

6 women

T C

How to achieve the balance 
in no. of study participants?



Randomized Block Design, RBD

• Used to ensure close balance of the numbers in each 
group at any time during the trial.

• After a block of every 10 participants, for example, five 
would be allocated to each arm of the trial.

• For example: a block size of 4

– Sequence is determined randomly

– TTCC, TCTC, CCTT…………. 
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Stratified / Blocked Randomization

•Define strata

•Randomization is performed within each stratum and is 

usually blocked

•Example: Age, < 40, 41-60, >60; Sex, M, F

Total number of strata = 3 x 2 = 6

Age   Male   Female  

40   ABBA, BAAB, … BABA, BAAB, ...  

41-60   BBAA, ABAB, ... ABAB, BBAA, ...

>60   AABB, ABBA, ... BAAB, ABAB, ..
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An Example of Clinical Trial 
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Methods 

• In this multicentre, double-masked, 

randomised, placebo-controlled trial, 

outpatients with SP-MS having scores of 3.0-6.5 

on the Expanded Disability Status Scale (EDSS) 

received either 8 million IU interferon  -1b 

every other day subcutaneously, or placebo, for 

up to 3 years. 
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• The primary outcome was the time to 
confirmed progression in disability as measured 
by a 1.0 point increase on the EDSS, sustained 
for at least 3 months, or a 0.5 point increase if 
the baseline EDSS was 6.0 or 6.5.

• A prospectively planned interim analysis of 
safety and efficacy of the intention-to-treat 
population was done after all patients had been 
in the study for at least 2 years.
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Figure 1. Trial profile
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Table 2. Patient population (baseline characteristics) 
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Table 3. Reasons for dropping out of study and stopping treatment
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Table 5. Results of secondary and tertiary efficacy variables 
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What can RCTs do, and what RCTs 
can’t do?
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