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Objectives:

1. Explain the distinguishing features of an 
intervention study.

2. Identify the types of epidemiological questions 
that can be addressed by experimental studies.

3. Explain randomization.
4. Define “blinding” and explain its purpose.
5. Define placebo and explain why placebo is used.
6. Identify measures of association from 

experimental studies.
7. Discuss the potential strengths and limitations of 

experimental studies.

~ This lecture was presented by Dr. Afnan Younis
~ It is included in the Midterm Exam
~ We highly recommended reading the Ayah in the first 
page 
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Before any new intervention (drug, diagnostic or 
therapeutic equipment) becomes a standard practice, 
assessment of its efficacy and safety in comparison to 
standard therapy should be undertaken.

1. Comparison group (controlled)
2. Eligible  participants (inclusion and exclusion criteria)
3. Similar baseline characteristics in both groups 

(randomization)
4. Decrease the psychological effect of participants  and 

researchers (blinding/placebo)
5. Valid method to measure outcome 
6. The gold-standard of clinical testing

1Introduction to 
experimental studies

● Analytic  studies must include a comparison group in 
order to measure the association between exposure and 
outcome and test hypotheses about exposure-outcome  
relationships.

Experimental studies (trials):
● A prospective study comparing the effect and value of 

intervention(s) against a control in human beings.
● Experimental studies are similar in approach to cohort  

studies except that the investigator assigns exposure.

Randomized controlled trials 

Analytical studies vs Experimental studies

Introduction

https://youtube.com/shorts/1e0wKo_IP9A?si=BTvEi3CNeyFxtGiN
https://youtube.com/shorts/1e0wKo_IP9A?si=BTvEi3CNeyFxtGiN


Examples of RCT questions

● Is a proposed intervention as effective as the established intervention?
● Does a proposed intervention have worse side effects than the 

established intervention?
● Which intervention for a specific condition results in less cost to a 

healthcare service?  
● Which intervention are patients more likely to positively respond to?  
● Which intervention provides longer-lasting benefit?

Studies done prior to any clinical trial

● Research in experimental animals is essential. 
● Pharmacological and toxicological studies:

○ To establish that the new agent is effective and may be suitable for human use.
○ To roughly estimate the dose to be used in man.

● Clinical trials of new agents in humans pass through phases; actual trial is phase III and Phase IV 
is post marketing surveillance.

2Research questions that can be 
addressed by experimental studies

To know whether 
the new or old 
(standard) drug is 
more effective.

In  phase 1 and 2 trials 
primarily aim to assess 
the safety and dosage 
range of the intervention 
in a small group of 
healthy volunteers or 
individuals

1. Effectiveness and safety of interventions
2. Intervention, comparison, outcome



1. Identify  the reference population for generalization.
2. Select study population - sampling  technique.
3. Define  inclusion/exclusion criteria:

a. The inclusion criteria for, who will be study 
participants

b. The exclusion criteria are chosen to minimize 
potential dangers in being lost to follow up, 
hazardous effects (e.g. elderly patients, pregnant 
women, children).

4. Getting ‘informed consent’ from the participants
5. Random allocation in experiment  & control groups
6. Follow up for a specified period of time
7. The outcomes may be a cure, recurrence of the disease,  

survival, relief of pain, or reduction in blood pressure, etc.
8. The outcome measures  are compared between the groups  

using appropriate statistical methods.

● Is the  process  of assigning  clinical trial participants  to treatment groups. 
● Randomization  gives each participant  a known (equal)  chance of being 

assigned  to any of the groups. 
● Successful randomization requires that group assignment cannot be 

predicted in advance.
● Tends to produce comparable groups.
● Removes investigator bias.
● Statistical tests will  be valid. 
● If predictable, selection bias will occur.
● Similarly if balance is not achieved for risk factors or prognostic factors bias 

will occur.

3Experimental Design

Randomization

Getting informed 
consent occur before 
randomization!

After we choose 
randomly, we should 
not expect their results, 
nor should we make 
any predictions.

Design of randomized control trial 
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Methods of randomization

Experimental Design, cont.

Fully Informed consent is to be taken before randomization.

1. Coin toss;  not feasible.
2. Alternating assignments ABABAB; predictable , select an 

unpredictable method.
3. Block randomization: AABBAABB, AABABB, … 
4. Random digit table - better.
5. Random number producing algorithm (software) is the best.

For example; the 
first patient is in 
control group the 
second is in 
intervention 
group and so on.
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Blinding (Masking)

Placebo       Pravastatin  
  59 (+-9)          59 (+-9)
  86                     86
  92                     93
  21                     21
  34                     34
  15                     14
  28 (+-4)          28 (+-4)
  20                     21     
  83                     83
   7                        5

Characteristic
1. Mean Age (yrs) 
2. Male Sex (%) 
3. Race White (%) 
4. Current Smoker (%)
5. Hypertension (%) 
6. Diabetes Mellitus (%) 
7. Body Mass Index (Mean)
8. Angina (%)
9. Medication Aspirin (%) 
10. On Oral Hypoglycemic agent (%)

Experimental Design, cont.

Prevent subjects and study personnel from knowing who is in 
which treatment group.

Types of masking (blinding):
1. Single blind 
2. Double blind 
3. Triple blind 
4. Placebo characteristics

All To minimize information bias.

Double blind: Subjects not to know which group they are 
assigned to (for subjective symptoms like headache or pain) 
and Observer or data collector not to know which group a 
patient is in.

Single blinding: participant 
only.

Double blinding: 
participant and 
investigator. 

Triple blinding: 
Participant, investigator 
and data analyst.

Baseline characteristics of patients in Placebo and 
(intervention) Pravastatin groups (NEJM 1996)



● Protection and safety of study participants is to be ensured.
● Minimization of risks, fear, pain and distress.
● Appropriate expertise is available at all trial sites.
● Study participants can contact appointed study team member at any time for any advice or 

reporting adverse effect (ensures compliance).

6

Placebo

Masking (blinding): Safety of participants

Checklist for sample size

● Estimate the outcome/event rate for control group by extrapolation from a similar  population
● Define the primary outcome
● Difference in response rate to be detected (Define the smallest difference between intervention  

& control groups that will be of clinical significance)
● Adjust for the expected  level  of noncompliance

Experimental Design, cont.

An inert substance that looks, tastes, and smells like 
the active agent.

A placebo can be a 
sugar pill, a water 
or salt water 
(saline) injection or 
even a fake surgical 
procedure.



Considering Methods in Analysis

Interim analysis

● Reasons to stop trial when:
○ Beneficial effects appear earlier than expected
○ Harmful or adverse effects appear

● Primary end point evaluation

● Risk of death or complication (incidence)
● Relative risk
● Efficacy of vaccine (in vaccine trial) For reading.

= disease incidence rate in vaccine takers
    disease incidence rate in placebo takers

● Generalizability

7Experimental design & analysis

Expressing results of a Clinical Trial

Relative risk: Measure of Association

Relative  risk (RR): 
● Ratio of the incidence of an outcome in experimental  

group compared to that in the control group
● =  ( a/(a + b)) / (c /( c + d))

Relative risk 
must come in 
exam



8Experimental studies & 
analysis Cont.

Interpretation of Relative Risk

Compliance of groups

● Differences in outcome in important subgroups
● Mortality differential when sub groups were analyzed for good 

compliance or bad compliance

Coronary drug Trial: Five year Mortality in Groups

                                          # of patients                 Mortality (%)
Clofibrate Drug    

Poor Compiler          357                                24.6
Good compiler          708                                15

Placebo                                    2695                             19.4

Pravastatin Study Results (NEJM 1996)

> 1 ● Means that the odds of exposure Among cases is 
greater than the odds of exposure Among controls.

The exposure may be a risk 
factor for the disease.

= 1 ● Means that the odds of exposure Among cases is 
same as the odds of exposure Among controls.

The exposure is not associated 
with the disease.

< 1 ● Means that the odds of exposure Among cases is 
lower than  the odds of exposure Among controls.

The exposure may be protective 
against the disease.

Outcome # Placebo # Pravastatin

Death CHD 274 13.2% 212 10.2%

Fetal MI 207 10% 157 7.5%

Stroke 78 3.8% 54 2.6%

Calculate RR (incidence in exposed/Incidence in unexposed) for all 
outcomes what is exposure here?



9Experimental studies Cont.

Potential Problems

Randomized Controlled Trials 

Ethics

● Superiority, noninferiority
● Informed consent (enrolling children 

right after diagnosis with leukemia) 
● When should a trial be stopped earlier 

than planned (harmful beneficial effect)
● Confidentiality
● Data storage
● IRB

Disadvantages:

● Very expensive
● Not appropriate to answer certain types of questions

○ it may be unethical, for example, to assign people to certain 
treatment or comparison groups

● Ethical considerations
● Selection bias
● Observer bias
● Watch the experimental group more 

carefully than the control group
● Reporting bias

Terminology

● Protocol: The planned course of action for the clinical 
trial. The protocol is established prior to the start of the 
trial and states the number of participants, eligibility 
requirements, agents that will be used, dosages, 
duration, how data is collected, etc.

● Investigator: A researcher in a clinical trial.
● Sponsor: Responsible for funding the clinical trial.
● Institutional Review Board (IRB): An independent 

board of scientists, physicians, and nurses who review 
the clinical trial protocol to ensure patient safety.

● Informed consent: A patient’s decision to participate in 
the clinical trial after being informed of the potential 
benefits and risks of participation. Participants may 
withdraw their consent at any time and leave the trial.

● Double blind: Term used to describe a clinical trial in 
which neither the patient nor the researcher knows 
which agents are being administered to which patients. 
This helps prevent bias.

● Intervention group: The group of participants receiving 
the new preventive or treatment agent that is being 
evaluated in the clinical trial.

● Control group: The group of participants receiving a 
standard treatment or placebo that is being compared to 
the new agent in the clinical trial.

● Randomization: Assigning participants by chance to 
either the intervention group or the control group. 
Randomization is often done with a computer.

● Placebo: An inactive substance that may be given to 
participants in a clinical trial.

● Follow-up: Monitoring of participants for a specified 
time after the clinical trial is completed.



10Research articles from slides

Summary 

1. Experimental Studies like Clinical Trials are a powerful design
2. This design helps to estimate the superiority of one treatment on the other
3. Role in determining new methods of treatment, prevention, and diagnosis
4. Its randomization process helps to reduce selection bias 
5. Masking reduces information bias 
6. Efficacy of vaccines and Number needed to treat translate in setting health 

care priorities



MCQ:
Q3: Masking of treatment after 
randomization is?
A. Blocking
B. Blinding
C. Concealment of allocation
D. None of the above

Q4: Relative risk is used in which of the 
following ?
A. Cohort studies
B. RCT
C. Both
D. None of the above

MCQ:
Q1: Minimal bias is a …. to RCT 
A. Limitation
B. Strength
C. Both
D. None of the above

Q2: Which one of the following is a 
disadvantage of RCT ?
A. Very expensive
B. Not appropriate to answer certain types 

of questions
C. It may be unethical, for example, to 

assign people to certain treatment or 
comparison groups

D. All of the above
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