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What is a randomized controlled trial?

Simplest definition:  Individuals are allocated at 
random to receive one of several interventions 
(at least two total).

RCT’s are human experiments—the intervention 
is controlled by the investigator: patients & 
doctors don’t get to choose their therapy! 

RCT’s are usually comparative studies 
(“controlled” in the RCT)
■ Uncontrolled trials can be done (e.g. Phase 1 trial)

Courtesy: J Colford
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Why do we need RCTs?

No other design can get us close to the 
‘counterfactual’ comparison we need to 
see if an intervention is causally linked to 
a particular outcome
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But, many ethical issues

Importance of protecting individuals over all other 
considerations
Importance of informed consent
Cannot randomize for harmful exposures
When is it acceptable to randomize?
When is it OK to use a placebo arm?
When is it OK to use sham procedures?
When should trials be stopped early?
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What is random allocation?
Random allocation means that all 
participants have a defined probability of 
assignment to a particular intervention
■ Allocation is not determined by the 

investigator, clinicians, or participants
■ Allocation is not predictable based on a pattern

Courtesy: J Colford

6



What purpose is served by random 
allocation?

Covariates are 
distributed equally 
across the groups at 
baseline
Affects both measured 
and, more importantly, 
unmeasured variables
Table 1 in most RCTs 
will provide a 
comparison of 
treatment and 
comparison groups, 
with p-values
Random allocation 
also facilities blinding 7

Table 1 from Remdesivir RCT



We must make sure randomization is not 
subverted (allocation must be concealed)

If those making the decision about patient eligibility are 
aware of the arm of the study to which the patient will be 
allocated --if randomization is unconcealed-- they may 
systematically enroll sicker-- or less sick-- patients to either 
treatment or control groups. 
This will defeat the purpose of randomization and the study 
will yield a biased result. 

Example: RCT of open vs laparoscopic appendectomy 
(example from Users’ Guides):

■ trial ran smoothly during the day
■ at night, however, the attending surgeon's presence was required 

for the laparoscopic procedure but not the open one; and the 
limited operating room availability made the longer laparoscopic 
procedure an annoyance. 

■ reluctant to call in a consultant, and particularly reluctant with 
specific senior colleagues, the residents sometimes adopted a 
practical solution. 

■ when an eligible patient appeared, the residents checked the 
attending staff and the lineup for the operating room and, 
depending on the personality of the attending surgeon and the 
length of the lineup, held the translucent envelopes containing 
orders up to the light. 

■ as soon as they found one that dictated an open procedure, they 
opened that envelope. The first eligible patient in the morning 
would then be allocated to a laparoscopic appendectomy group 
according to the passed-over envelope 

■ If patients who presented at night were sicker than those who 
presented during the day, the residents' behavior would bias the 
results against the open procedure.

Schulz KF, Grimes DA. Allocation concealment 
in randomised trials: defending against 
deciphering. Lancet. 2002 Feb 
16;359(9306):614-8 
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http://knol.google.com/k/w-kent/why-not-just-flip-a-coin-randomisation/1blm6ty1i8a7z/4#
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Equal numbers of cards with each group assignment 
number randomly generated by computer were 
placed in sequentially numbered envelopes that 
were opened as the patients were enrolled.



Phase I, II, III, IV trials
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Types of RCT’s—classification 
schemes

Based on how the participants are 
exposed to the intervention
■ Parallel trials
■ Crossover trials
■ More complex designs

Trials with factorial design
Adaptive designs, etc

Courtesy: J Colford
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Simple, two-arm (parallel) RCT

Hulley et al. Designing Clinical Research. 2nd Edition. Lippincott Williams & Wilkins, 
2001
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Cross-over RCT design

Hulley et al. Designing Clinical Research. 2nd Edition. Lippincott Williams & Wilkins, 
2001
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Types of RCT’s—classification 
schemes

Based on who knows what (about the 
intervention that is being assessed)
■ Open trials
■ Single blind trials
■ Double blind trials
■ Triple and quadruple-blind trials

Courtesy: J Colford

15



Blinding
Relevant groups who may/may 
not have knowledge of 
treatment assignments
■ Participants
■ Investigators/clinicians 

administering intervention
■ Investigators assessing outcomes
■ Data analyst(s)
Open label trials
■ All participants and investigators 

know who is getting which 
intervention

E.g. medical vs. surgical treatments

Courtesy: J Colford

Schulz & Grimes.  Lancet 2002
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Single, double, triple, and beyond
Single-blind

■ The participants (usually) or the 
investigators assessing outcome 
(alternately) do not the 
assignments

Double-blind
■ Two groups do not 

know—usually it is the 
participants and the outcome 
assessors/investigators

Triple or quadruple blinding
■ Three or four of the relevant 

groups (prior slide) are not 
aware of the treatment 
assignment

Courtesy: J Colford

Forder, MJA, 2005
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Who was blinded?

Patients Care 
providers

Trial 
investigato
rs

Data 
analysts 
(stats)

HCQ (BMJ)

Remdesivir 
(NEJM)

? ?

Lopinavir-Rit
onavir 
(NEJM)
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Blinding

Schulz KF, Grimes DA. Blinding in 
randomised trials: hiding who got what. 
Lancet. 2002 Feb 23;359(9307):696-700 
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Unblinding can introduce bias

Aspirin Myocardial Infarction Study (AMIS), 1982

Aspirin/Placebo   survival for 3-4 years after 
myocardial infarction

95 / 285 (33%) deliberately tested the capsule
■ Taste, smell, acid test or professional analysis
67% of testers guessed right (47% of non-testers)

Howard, J et al. 1982 Clin Pharmacol Ther 32(5), 543-53
Courtesy: J Colford
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Concealment of allocation vs. blinding
Concealment of allocation:

■ Procedure to protect the randomization process before the subject 
enters the trial

Failed concealment from the investigator or clinician
Failed concealment from the patient

■ Concealment of allocation is ALWAYS feasible
■ If not done, results in selection bias (randomization benefits are 

lost, and treatment assignment is no longer truly random)
Blinding:

■ Masking of the treatments after randomization (once trial begins)
Failed masking of patients, investigators, outcome assessors, etc

■ Blinding is not always feasible
■ If not done, can result in patients biasing their responses because 

of their knowledge of treatment; can also lead to biased outcome 
assessment because investigators have knowledge of treatment
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Bias in RCTs
Can occur at all phases:  

■ Planning, selection of participants, administration of interventions, 
measurement of outcomes, analysis of data, interpretation and reporting of 
results, publication of reports, and even in the reading of the report!

Selection bias:
■ E.g. due to lack of concealment of allocation
■ Due to attrition and differential losses

Information bias:
■ Participant response bias (due to lack of blinding)
■ Outcome ascertainment bias (due to lack of blinding)

Bias due to competing interests
Reporting biases

■ Outcome reporting bias, etc

Courtesy: J Colford
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Selection bias
Definition:  Selection bias is when there are systematic 
differences in the way participants are accepted or 
rejected for a trial, or in how the intervention is assigned 
to participants once they have been accepted
Don’t get a false sense of security as a result of 
randomization, easy to introduce selection bias in a RCT!
Example: bias due to lack of concealment of allocation

Gluud, AJE 2006
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Information (reporting, ascertainment or 
detection) bias

Definition:  Ascertainment bias occurs when the results 
are systematically distorted by knowledge of which 
intervention each participant is receiving

Can be introduced by the person administering the 
intervention, the participants, the investigator, the data 
analyst, or even the manuscript authors

Result:  Can exaggerate the effect (away from the null)

Courtesy: J Colford
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How can ascertainment bias be 
minimized?
During….

Randomization

Delivery of 
intervention

Assessment of 
outcomes

Data 
analysis/manuscript

Blind the participant as to 
which intervention 
receiving

Blind the individuals who 
administer the 
interventions

Blind the individuals who 
record the outcomes

Blind the statisticians

Courtesy: J Colford
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Power & sample size in RCTs

Power is ability of a trial to pick up a real 
effect, if it actually exists
E.g. Lopinavir-Ritonavir trial:

■ Sample size was set at 160, since it would provide the trial 
with 80% power to detect a difference, at a two-sided 
significance level of α = 0.05

■ Difference expected between two arms: 8 days in the median 
time to clinical improvement between the two groups
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How to critically assess an RCT?
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Cohort studies

1. Start with a population at risk
2. Measure exposures and covariates at 

baseline
3. Follow-up the cohort over time with 

a) Surveillance for events 
b) re-examination

4. Keep track of attrition, withdrawals, 
drop-outs and competing risks

5. Compare event rates in people with 
and without exposures of interest
- Incidence rate is the most 

appropriate measure of effect
- Adjust for confounders and compute 

adjusted rate ratio
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Cohort study

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 
2000
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Cohort studies

Can be large or small
Can be long or short duration
Can be simple or elaborate
Can look at multiple exposures and multiple 
outcomes
Can look at changes in exposures over time 
For rare outcomes need many people and/or 
lengthy follow-up
Are usually expensive because of the numbers 
and follow-up requirements
But once a cohort is established, it can be 
productive for a long, long time!
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Approximately 18,000 individuals participate in the RCCS
Through over 150 peer reviewed Journal articles, data from RCCS has been 
central in contributing towards HIV prevention, care and treatment discourse 
locally and internationally.

https://www.rhsp.org/research/rccs/rccs-overview

https://www.rhsp.org/research/rccs/rccs-overview
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How are cohorts assembled or identified?

By geographical region
■ E.g. Framingham heart study

By occupational group
■ Nurses Health Study
■ British Doctor’s health study

By disease
■ Rakai Community Cohort Study on HIV

By risk groups
■ San Francisco Men’s Health Study (gay men)
■ IV Drug Users cohort (ALIVE Study in Baltimore - 

AIDS Linked to the Intravenous Experience) 
By exposure event
■ Japanese Atomic Bomb Survivors
■ 9/11 FDNY workers cohort
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How are cohorts assembled or identified?

Often, researchers 
begin with a large 
cross-sectional study 
(e.g. survey)
They then go back and 
re-survey the same 
population after a time 
period
This converts a 
cross-sectional into a 
cohort design

JAMA 2005

AJRCCM 2006

ERJ 2011
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Methods to define exposure and outcome status

Existing records
■ Occupational (e.g. employee health records)
■ Medical/pharmacy records
■ Vital registration records (births, deaths)
■ Census records
■ Medicare database and the like
Interviews/questionnaires
Direct measurements on participants 
(e.g. periodic health exams and tests)



Prospective cohort design
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Gordis: Epidemiology 
4E 

http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true
http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true
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https://coronavirus.tghn.org/covid-disease-characterisation/covid-19-pregnancy/

• ‘Exposed’ cases are pregnant women with: a) laboratory confirmed 
COVID-19; b) radiological pulmonary findings suggestive of COVID-19; c) 
maternal symptoms compatible with COVID-19, or d) absence of symptoms, 
whilst in close interaction with a person(s) with confirmed COVID-19. 

• Each ‘exposed’ case is compared with two ‘non-exposed’ pregnant women, 
considered as representative of the pregnant population at each study site.  

• Both ‘exposed’ and ‘non-exposed’ women will be recruited at any stage of 
pregnancy; women and their babies will be followed up until hospital 
discharge post-delivery.

• Assuming that COVID-19 in pregnancy increases the risk of a common 
outcome, such as preterm birth, from 10% to 15%, it is possible to have 
80% power with 500 ‘exposed’ women and 1000 ‘non-exposed’ women

https://coronavirus.tghn.org/covid-disease-characterisation/covid-19-pregnancy/


Retrospective cohort design
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Gordis: Epidemiology 
4E 

http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true
http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true
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https://jamanetwork.com/journals/jama/fullarticle/2766117

• Design, Setting, and Participants  Retrospective 
multicenter cohort study of patients from a random 
sample of all admitted patients with 
laboratory-confirmed COVID-19 in 25 hospitals in 
New York

• Exposures  Receipt of both hydroxychloroquine and 
azithromycin, hydroxychloroquine alone, 
azithromycin alone, or neither.

• Main Outcomes and Measures  Primary outcome 
was in-hospital mortality.

https://jamanetwork.com/journals/jama/fullarticle/2766117
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https://jamanetwork.com/journals/jama/fullarticle/2766117

https://jamanetwork.com/journals/jama/fullarticle/2766117
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https://jamanetwork.com/journals/jama/fullarticle/2766117

https://jamanetwork.com/journals/jama/fullarticle/2766117
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Bias in cohort studies
Selection bias
Information bias
Confounding
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Confounding: a key concern with cohort studies

Rochon et al. BMJ 2005



Cohort study on HRT and 
cardiovascular disease
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Confounding was adjusted using 
multivariate analysis
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RCT on HRT and cardiovascular 
disease
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Confounding was not an issue because of randomization
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How to critically read cohort studies?
Selection
▪ 1) Representativeness of the exposed cohort
▪ 2) Selection of the non exposed cohort
▪ 3) Ascertainment of exposure
▪ 4) Demonstration that outcome of interest was not 

present at start of study
Comparability
▪ 1) Comparability of cohorts on the basis of the 

design or analysis
Outcome
▪ 1) Assessment of outcome 
▪ 2) Was follow-up long enough for outcomes to occur
▪ 3) Adequacy of follow up of cohorts

http://www.lri.ca/programs/ceu/oxford.htm
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• Aim: to determine whether new-onset STDs are more 
frequent amongst COVID-19 patients than influenza 
patients.

• This was a case–control study including hospitalized 
patients of two tertiary care centres. 

• Cases: 79 consecutive patients positive for COVID-19 
PCR

• Controls: 40 patients positive for influenza PCR
• Exposure: A self-reported smell and taste disorders 

questionnaire.
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3548

531
Case
ControlSTD

No STD

  OR= (31/48) / (5/35) = 4.5

OR = Odds of STD among cases
----------------------------------------

Odds of STD among controls

Results
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Case-control study on HCQ for prevention
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Introduction to case control designs

The case control design is really an 
efficient sampling technique for 
measuring exposure-disease 
associations in a cohort that is being 
followed up or “study base”
All case-control studies are done within 
some cohort (defined or not)

Miettinen OS. Eur J Epidemiol. 2010 
Oct;25(10):671-5
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Underlying Hypothetical Cohort

Courtesy: Kris 
Filion



58Time

Cases occur in the cohort

Case

Case

Case

Case

Courtesy: Kris 
Filion
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Controls are those who could 
have become cases, but did not

Case

Case

Case

Case
Control

Control

Control
Control

Control

Control

Control

Contro
l

Courtesy: Kris 
Filion
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We get odds of exposure in cases vs 
controls and compute the odds ratio

Case

Case

Case

Case
Control

Control

Control
Control

Control

Control

Control

Control

Assess Exposure by 
Outcome Status
Odds Ratio ≈ Risk Ratio

Courtesy: Kris 
Filion



TYPES OF CONTROLS
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Types of controls in case control 
studies

Population 
controls
Hospital or 
disease registry 
controls
Friend controls
Relative 
controls



Bias in case-control studies
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Selection bias

Huge concern in case-control studies
■ Which control group is chosen?
■ How are controls actually recruited?
■ Are controls from the same study base that 

gave rise to the cases?
■ Are controls chosen independent of the 

exposure?
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Selection bias (friend controls)
Risk factors for menstrual toxic shock syndrome: 
results of a multistate case-control study.

Reingold AL, Broome CV, Gaventa S, Hightower AW.

For assessment of current risk factors for developing toxic 
shock syndrome (TSS) during menstruation, a case-control 
study was performed
Cases with onset between 1 January 1986 and 30 June 1987 
were ascertained in six study areas with active surveillance 
for TSS
Age-matched controls were selected from among each 
patient's friends and women with the same telephone 
exchange
Of 118 eligible patients, 108 were enrolled, as were 185 
"friend controls" and 187 telephone exchange-matched 
controls

Reingold AL et al. Rev Infect Dis. 1989 Jan-Feb;11 Suppl 
1:S35-41
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Selection bias (friend controls)

Risk factors for menstrual toxic shock syndrome: results of 
a multistate case-control study

Results:
■ OR when both control groups were combined = 29
■ OR when friend controls were used = 19
■ OR when neighborhood controls were used = 48

Why did use of friend controls produce a lower OR?
■ Friend controls were more likely to have used tampons 

than were neighborhood controls (71% vs. 60%)

Reingold AL et al. Rev Infect Dis. 1989 Jan-Feb;11 Suppl 
1:S35-41
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Direction of bias

Case Control

Exposur
e

Yes a b

No c d

If cases and controls share similar exposures (e.g. friend controls), then 
a and b will tend to be nearly the same -- this will bias the OR towards 1 
(towards null)

OR = ad / 
bc
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Information bias in case-control studies

Sources:
■ Poor recall of past exposures (poor memory; can 

happen with both cases and controls; so, 
non-differential)

■ Differential recall between cases and controls 
(“recall bias” or “exposure identification bias” or 
“exposure suspicion bias”)

Cases have a different recall than controls
■ Differential exposure ascertainment (influenced by 

knowledge of case status)
Interviewer/observer bias (cases are probed or 
interviewed or investigated differently than 
controls)



Poor recall versus recall bias
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Brit J Psych 
2008

Information bias: example from 
case-control study of risk factors 
for suicide in Pakistan

- Close relatives of 100 suicide cases and 100 live controls were interviewed. 
- 79/100 suicide cases were found to have had depression.
- Only 3/100 controls were found to have depression (lower than the 
population average). 
- Due to lack of blinding, quality of interviews may have been lower in controls



Confounding in case-control studies

Always an issue!
Can be addressed at the design or analysis 
stage [usually both]:
■ Design:

Matching
Restriction

■ Analysis:
Multivariable analysis
▪ Logistic regression (LR) is the most natural model
▪ Results reported as adjusted odds ratios
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