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Scientiﬁc studies in the medical ﬁeld are done in order to come up with a
solution to a particular health problem based on data that is collected during
the studies. Data is collected with a very high degree of accuracy and in an
authenticated manner. Scientiﬁc studies are planned according to evidence
which is currently available. This evidence is used to ﬁnd the solution for
unclear problems or the shadow areas in medicine. This remains the overall aim
of most studies with a few exceptions.

What is RCT?
RCT stands for Randomised Control Trial. The results of RCT have gone to the extent
of changing clinical practices.
An RCT is deﬁned as an experimental interventional study that is conducted on clinical
patients after obtaining their consent to participate where the researcher is controlling
the exposure completely (they are prospective and the amount, type, and duration of a
new intervention are well deﬁned). The allocation of the patients to receive one
intervention or another is randomized.
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One of the most notable examples to be quoted is the decline in ﬂecainide and encainide
(antiarrhythmics) sales. This was after the RCT in NEJM on these drugs reported an
increase in mortality (as opposed to the previous non-randomised studies).
The second notable example is the decline in the prescription of postmenopausal
hormone replacement therapy to women for prevention of myocardial infarction. The RCT
of HRT in JAMA showed that HRT is associated with an increase in myocardial infarction
risk.
While these two examples showed negative results, most RCTs are designed to test a
new treatment or intervention that the researchers want to prove is superior to the
current standard. A common, and recent example, is the currently ongoing RCT on the
role of transcranial direct current stimulation in the treatment of depression and epilepsy
in children with drug-resistant epilepsy.

RCT – advantages and disadvantages
Advantages of RCT
RCT is amongst the top hierarchical pyramid of evidence (though below the metaanalysis and systematic review). The hierarchical pyramid of evidence represents the
hierarchical pattern of the importance of a study and how close the result of the study
represents the true eﬀect. The study types which are present at the bottom of the
pyramid represent the more bias-susceptible studies (for example observational studies.)
The main advantages of choosing an RCT study design are summarized below:
They have high internal validity
The investigator can completely control exposure
Randomization balances the factors that might contribute to the outcome
It is the best way to measure the eﬃcacy of a new intervention
Disadvantages of RCT
RCT are very expensive and can take a long time to be completed. Secondly, RCT
takes time to be published and some of the ﬁndings described in the study might not be
relevant at the time of publication.

The variables which were evaluated in RCT studies are limited (commonly referred to as
the primary and secondary outcomes) and might not represent the complete clinical
picture of the patient.
RCT is performed in controlled environments and the validity of the same results in
the external real-life scenarios remain a signiﬁcant debatable question. This is commonly
referred to as the external validity of the RCT.
There remains a big problem of conﬂict of interest while conducting an RCT. Nowadays,
most research journals and regulatory bodies such as the FDA have asked the
researcher/principal investigator and the other persons involved in the study to fully
disclose the competing conﬂict of interest, however, it still remains debatable whether it
is fully authenticated.
The concept of withholding medication to the control group or giving the new
medication/intervention to the treatment group (with its possible dangerous eﬀects)
remains a commonly discussed ethical question. The RCT requires a proper ethics
committee approval of the local governing body to be performed.
The disadvantages can be summarized in the following points:
Limited external validity
A complete control of exposure means the patient will be in an artiﬁcial
environment
They are diﬃcult to conduct, require time, and can be expensive
They can be only therapeutic or preventive. The scope of what you can or can’t
try is dependent on ethical considerations and might be limited

Diﬀerence Between Pragmatic and Explanatory
Trials
Pragmatic trials are trials which are carried out in order to evaluate the eﬀectiveness
of an intervention in the day-to-day real-life application, whereas the explanatory
trials are done under routine stringent conditions (the common way in which RCT are
performed.)
As already discussed in the disadvantages, a problem occurs in generalization of the
ﬁndings of RCT. This is the reason why pragmatic trials are gaining momentum in current
medical practice.
This is referred to as eﬃcacy vs eﬀectiveness studies: experimental trials represent
eﬃcacy and pragmatic trials represent eﬀectiveness of the intervention of interest.

Groups Study
There are generally two groups in randomized control trial. One is the treatment or the
intervention group and the other is the control group. The treatment/intervention group
receives the drug or intervention of interest which is intended to be studied in the RCT,
whereas the control group does not receive any drug ,instead, they receive something
known as placebo.
Placebo is medication that does not have any eﬀect but are similar to the intervention
drug in terms of texture, colour, smell and even in the route of administration. It is also
recommended to be given in a similar treatment regimen in order to avoid the

confounding eﬀect. The treatment or intervention group may be a single group or it may
be many groups.
Diﬀerent groups may be tested using a number of diﬀerent medications or diﬀerent
dosages and treatment regimens of the same medication. In addition to using placebo as
control, in some of the studies, they also use positive control.
The positive control is the usage of a drug which is already established as treatment and
eﬃcacious against the disease of interest. Therefore, in this scenario, research
hypothesis focuses on proving that the experimental drug is better than that of positive
control.
The negative control is not used in human studies, as it would obviously produce the
deleterious eﬀect (it would be against the ethics). It is worth knowing that negative
control is used in preclinical experimental studies in animals.

Blinding Study
Blinding commonly refers to the concealment of the allocation with regards to the
group of individuals who are involved in RCT.
Blinding may involve a manifold of individuals. It may either be limited to the persons
who are participating in the study (patients or normal volunteers), the person who is
conducting the study or the person who is evaluating the outcomes of the study
(statistician or the person who is not directly involved with the conduct of the study). The
blinding employed can also be a combination of two or all three groups mentioned above.
The old terms of single-blind, double-blind or triple blind is not currently recommended
for use following the CONSORT guidelines of performing RCT. The term open or
unblinded is used when no blinding is performed in the study.
As the number of blinded groups increases in a study, the risk of bias decreases and the
authentication of the study also increases.
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Diﬀerent Methods of Randomisation
The aim is to provide adequate sample sizes for subgroup analysis, which would in turn
increase and maximize statistical power to completely eliminate the selection bias, to
keep it to the bare minimum and to nullify the eﬀect of covariance by allocating it equally
to both groups, so that the covariate eﬀect gets nulliﬁed.
Simple randomization refers to allocating the participants to both groups randomly. This
is the preferred method but there is risk of unevenness between both groups. This chance
of unevenness in number between the groups is overcome by means of employing
restricted randomization, which in turn can be divided into two types namely block
randomization and adaptive biased coin randomization. The permuted block
randomization is relatively more common and similar to stratiﬁed randomization.

Classiﬁcation of RCT
RCT can be classiﬁed based on: study design, hypothesis or on the pragmatism of the
study.

Classiﬁcation based on study design
The categories are parallel group, crossover, cluster and factorial.
As the name suggests, in a parallel design, when we allocate participants randomly, on
the basis of randomization, the participants may be allocated to one group and all the
members within the group will receive one of the studied medication. In the crossover
design, the participants would be changed to the opposite group (after the washout
period of the ﬁrst drug). So, every participant would receive both interventions but in a
diﬀerent time and at a random sequence.
In some of the cases, it would be that there exists inherent clustering within the studied
participants. This would be utilized in the case of cluster study design, where all the
persons within the cluster are assigned to a particular intervention. in this case, the
clusters are selected randomly rather than by the participant.
In a factorial design, the combination of interventions is studied and the groups within
the study receive diﬀerent combinations of interventions which in turn is evaluated.

Diﬀerence between the superiority non-inferiority and
equivalence trial
In most RCTs, the hypothesis is to prove that the intervention which is being studied is
better than the control or the positive control which is used in the study.
In addition to the superior diﬀerence, the researcher can also show that the intervention
is equivalent to that of the positive control (this is referred to as the equivalence trial)
or that there is a margin within which the intervention studied can be compared with that
of positive control. This margin is referred to as the non-inferiority margin within which
the outcome of interest should be present.

Experimental study
Experimental studies are also known as interventional studies and are intended to
compare the eﬀect of treatment with that of control in humans. In accordance to drug
discovery, for a new drug to be approved, it has to pass through the pre-clinical stages,
followed by four phases of study.
Phase 1 is conducted in healthy human volunteers and the primary aim is to determine
whether the drug is safe and also to establish the maximum safe dosage along with
pharmacokinetic and pharmacodynamic measurements.
Phase 2 is conducted in a relatively small number of patients and is intended to
determine the eﬀect of treatment after using the drug.
Phase 3 represents a more elaborate study, in which around 1,000 patients are involved
and the new drug is compared with the standard drug.
Phase 4 represents the post-marketing surveillance studies, where the drug is
checked for any side eﬀects after being approved.
Other types of experimental studies include self-controlled studies whereby patients
are evaluated as their own controls over a period of time, the crossover study (already
described), observational studies (in turn can be divided into prospective or
retrospective studies).

Prospective represents observation of data from the beginning of the study, whereas the
retrospective represents the determination of data from the records which have already
been taken from the patient.

Ecological study
Ecological studies typically represent studies on factors which modify the risk on a
deﬁned population. The population might be deﬁned based on a geographic location or
on a temporal basis.
The results of ecological studies have typically helped in ﬁnding many of the risk factors.
Some of the notable examples are the cholera study, the link between UV and cancer,
the link between diet and Alzheimer and the link between diet and cancer.
Though it has its own advantages, there exists a component of “ecological fallacy” (the
ﬁndings might be present in the group but they do not represent the individual person’s
data.)

Concealment of allocation
It is highly probable that if the investigator knew the groups to which the patients are
allocated, he would be favoring the outcome of interest. This is avoided by means of
“allocation concealment” during all times when the study is conducted. This could be
done by means of a central monitoring committee, using sealed and opaque
envelopes, central randomization processes etc.

Intention to treat and per protocol analysis
The essential aim of randomization is to eliminate the basement confounding factors
which are known or unknown in both groups, but it is very possible that some of the
participants of the study in both groups might not complete the entire study and could
have deviated from the protocol.
There are two options for this scenario: these participants could be eliminated from the
analysis and the remaining participants may be used to evaluate the result. This is
known as per protocol analysis but the major disadvantage with this method is that we
are essentially eliminating the beneﬁt of randomization, which would have taken
care of the baseline confounding variables. Secondly, even in real life, it is very possible
that the patient might not complete the entire treatment. Therefore, elimination may not
be a complete solution.
An alternative method is the intention to treat analysis, where after randomization, all
the participants in the treatment and control group, whether they completed the study or
not, are taken for analysis and their results are evaluated. This represents a more
realistic real-life scenario. However, it also has its own disadvantage in that even the
persons, who have not completely taken the drug are included in the analysis leading to
misleading results in some scenarios.
It’s a common scenario in RCT to report the results of both the intention to treat and per
protocol analysis so that the readers themselves can decide which one to infer.

Inclusion and Exclusion Criteria
Perhaps one of the most important aspects in designing an RCT is to identify your study
population. This is the reason why RCTs have inclusion criteria and exclusion criteria.
The goal of the inclusion criteria is to identify the sub-population of patients in whom
the intervention is thought to produce a desirable eﬀect. The inclusion criteria are put so
that one can choose patients who are most likely to beneﬁt from the study while
preserving the study from being too general. The inclusion criteria of an RCT are chosen
depending on the following:
The rate of the primary outcome
The generalizability of the results, which is dependent on the researcher’s idea
and hypothesis as well.
To optimize the recruitment, follow-up and compliance of patients
The expected eﬃcacy of the treatment based on pre-clinical studies
The exclusion criteria, on the other hand, are put to prevent the inclusion of patients
who would alter the desired outcome of the study. This might be because such patients
have a contra-indication to the new intervention, or they are known to not respond to this
new modality of treatment. The following reasons of why we might exclude patients from
an RCT help us in identifying the exclusion criteria of our RCT:
When the risk of treatment is unacceptable to a speciﬁc patient. The use of a
new interventional drug for chronic, simple skin disease in a pregnant woman
while knowing the potential of teratogenicity would mean that pregnancy is
going to be one exclusion criteria in this example of an RCT.
When the treatment is unlikely to be of any added beneﬁt to the patient.
When the patient has other co-morbidities that are known to aﬀect the new
intervention’s eﬃcacy or safety. For instance, if the new drug is metabolized
mainly by the liver, you would want to exclude patients with liver disease from
your RCT.
When you know that a patient with certain characteristics is unlikely to
complete follow-up or adhere to the study protocol, you mention such
characteristics as part of your exclusion criteria.
Finally, you might have other speciﬁc exclusion criteria to your RCT. For
instance, an RCT that is dependent on cognitive behavioral therapy that is
being conducted by an English-speaking investigator might exclude those who
cannot speak English.
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