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nterventional studiesintend to eval uate the efficacy

or safety of specific therapeutic, preventive

educational measures by assigning individua

participants or a group (cluster) of participants to
receive an experimental intervention, and often another
group receiving a comparator or no intervention [1]. In
observational study design, an investigator records
presence of exposure and outcome without trying to
change the course of natural events. In contrast,
interventional study designs evaluate the direct impact of
treatment or preventive measures on diseases, and have
the potential to changethe practice and policy. Thus, they
are ranked towards the top in evidence-based medicine
pyramid [2]. Interventional study designs can be broadly
categorized into the following types. Single-arm
interventional studies, Crossover trials, Non-randomized
controlledtrials; and Randomized controlled trials (RCTS).
Tablel providesabrief overview of the different types of
interventional studies[3-7].

SINGLE-ARMINTERVENTIONAL STUDIES

Single-arminterventional study isthesimplest trial design
without a comparison group. The study participants are
admini stered anew therapeutic or preventive (e.g. vaccine)
intervention, and then followed up to eval uateitsresponse.
However, clinical equipoise existswhenweareuncertain
about the benefit or harm offered by the treatment to a
patient. It is unethical to conduct atrial of a drug whose
efficacy has not been established, and thus availability of
preliminary datainform of animal experiments, casereports
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or case seriesis essential before conduct of such studies.
The ethical decision-making process requires a compre-
hensive plan which incorporates consent, assent and full
disclosure of information.

Few examples of published single-arm interventional
studies are: study on safety and efficacy of antiretroviral
drug darunavir with low-dose ritonavir in treatment-
experienced patientswithHIV [4]; asinglearm pilot trial of
brief cognitive behavioural therapy for insomnia in
adolescents with physical and psychiatric comorbidities
[5]; and studying the outcomes of flash glucose monitoring
inchildrenwithtype 1 diabetes[6]. Single-armtridshavea
unique role when controlled design is not feasible,
desirable or ethical. These studies pave the way for
providingimportant preliminary efficacy and safety data.

CROSSOVERTRIALS

Inacrossover trial, participantsarerandomly allocated to
study arms where each arm comprises of two or more
treatmentsgiven sequentialy. Inthistype of interventional
study, the study participantsareintentionally crossed over
to the other treatment arm after they have received one
treatment for aspecified duration [8]. It begins asausual
RCT but at the end of first phase of treatment, the
participants are crossed over to the other arm (Fig. 1).
There is usually awashout period between the two
intervention periods. Washout period is defined as
“aperiod of timeduringaclinica study when aparticipant
istaken off astudy drug or procedurein order to eliminate
the effectsof thetreatment” [8].
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INTERVENTIONAL STUDY DESIGNS

To understand thistype of study design, asimple XY/
Y X study model can be used (Fig. 1). In first phase of
treatment, participantsenrolledinthe XY study armreceive
treatment X whereasthoseinY X armreceivetreatment Y.
After a washout period, participants are intentionally
crossed over such that participants who had received
treatment X will receive treatment Y, and those who had
received treatment Y will receivetreatment X. Thewashout
period is determined to ensure that during this period the
effects of treatment received first wanes off. For this,
investigators must know the likely maximum duration of
effects of both the interventions. In this type of study
design, risk of confounding is minimized as al
interventionsare measured on the same parti cipant, which
means participants serve as their own control. In a
crossover trial, lesser number of study participants are
required than in an RCT. The biggest disadvantage of
crossover tria isthat the effect of onetreatment may carry
over and alter the responseto next treatment, even after the
washout period.

This type of study design is best suited for study of
short-term outcomesin chronic diseases. It cannot be used
for acute conditions as the illness has to last for long
enoughto allow the crossover, and allow theinvestigator to
measure the response to intervention. Commonly,
crossover designs are used for drugs, but they can also be
used for dietary interventions [7,9]. For example, a
crossover trial conducted to compare the effects of butter
diet or margarinediet onlipoproteinlevelsof 49 volunteers
with polygenic hypercholesterolemia [7]. One group
received butter diet, and the other received margarine diet
for six weeks. After the first phase, there was a washout
period of fiveweekswhen all the participantswereasked to
revert to their usual diet. In the second phase, the
participantswho had received margarine diet were crossed
over to butter diet and viceversafor next six weeks. Blood
samplesfor variouslipidswere collected at the start of the

Study
participants
Allocation by First phase of
randomization treatment

m\

| Second phase
of treatment

Fig. 1 Crossover randomized controlledtrial.
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study, after the end of first phase of treatment, and at the
end of second phase of treatment. In this study, authors
had assumed six weeks of experimental period asadequate
to affect the lipoprotein level and five weeks of washout
period to dissipate the affects. Crossover trials cannot be
donein educationa interventionsor whereillnessis self-
limiting or does not require continuous medi cationswhere
washout cannot be validly done.

NON-RANDOMIZED TRIALS

Non-randomized tria is a type of study design where
investigator controls the alocation that is not a random.
Non-randomized trials are aso referred to as quasi-
experimental designsasthey do not meet the criteriaof true
experimental design such as random assignment of
participants to intervention or control group. This type of
study design differsfrom observational study in away that
alocation of intervention to patients is ill in control of
researchersasper research protocol. Similar to observational
study, innon-randomizedtrials, variablesneed tobeidentified
and measured to get two comparable groups. Precise
inclusion and exclusion criterianeed to be documented for
the study population. These trials can show associations
and trends but cannot vaidly test cause and effect
hypothesis. They can be done in community settings, can
involve more people from the community thus making the
results more generalizable, and hence helpsto increase the
externa validity of thestudy.

Non-randomized trialsare best used study designswhere
randomization will reducethe effectivenessof intervention.
For example, studieswhere effectivenessof any intervention
largely dependson participants' active participation, whichin
turn is influenced by their beliefs and cultura or socia
preferences. They are also preferred when randomizationis
unethical or impractical (cost factors). Thesestudy designs
haveadvantage of having acontrol group, whichtakescareof
threatstointernal validity from the unaccounted changesin
clinical care, natureof diseaseor confounding effect of other
co-interventions.

Thebiggest disadvantage of thistype of study designis
bias and confounding. As the study is non-randomized,
investigators can select study participants to get the best
resultsof thetrial. Other disadvantages are susceptibility to
attrition, detection and performancebias. Attrition biaswould
result from dropouts, detection bias if assessment of
outcomesisnot standardized and blinded, and performance
biasif thereareerrorsinallocation, applicationand recording
of interventions. The selection of study sites and the
allocation of participantsto treatment groupsareamong the
most challenging issues in nonrandomly assigned control
group studies. Therearetwo different typesof controlsviz.,
concurrent controlsand historical controls.
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Concurrent controls. Here, treatment and control group
participants are matched at group level based on
demographic and other characteristics. They are given
different trestment conditionsat thesametimebut in different
settings. For example, inanon-randomizedtria of anew ora
hypoglycemicdruginadultswithtype2 diabetesmellitus, we
can assign the participants to control or treatment groups
based on where they would receive the treatment (setting);
like hospitd A, where standard treatment is available and
hospital B, whichwill givethenew drug to betested.

Historical controls: Here, investigators will compare
outcomes among group of participants who are receiving
new treatment (experimental group) with outcomes among
participants who received standard treatment in a previous
period (control group). Thus, in historical controls we are
comparing the two groups in similar settings but different
periods of time. We can understand this by the following
example. Inorder totest different mode of administration of
insulininchildren (insulin pumpsversusstandard), weapply
aset of incluson criteriato get Smilar basdinecharacteristics
of study population. Thereafter, we compare children
receiving insulin viainfusion pumps (treatment group) with
childrenwho had received standard therapy inthe past from
thesamehaospital (control group). Herewearecomparing two
groupsin similar setting which in this caseis same hospital
but indifferent period of time.

To summarize, in non-randomized controlled trias,
participants are assigned to groups using a non-random
procedure. They are easy to carry out and lower in cost in
comparisonto RCTSs, and lack of randomizationmay fecilitate
recruitment of larger population.

RANDOMIZED CONTROLLED TRIAL

The randomized controlled trial (RCT) isastudy designin
which participants are randomly alocated to either the
experimenta group, wherethey receive the intervention or
drugthat isto betested, or other group (comparison group or
control group) which receives placebo, no treatment or
alternative/conventional treatment (Fig. 2). Both groupsare
then followed-up till a pre-decided endpoint to evaluate
outcomes, which havebeen decided apriori. For example, a
randomized controlledtrial [10] of zinc asan adjuvant therapy
for severe pneumoniain young children, where participants
in the experimental group received oral zinc in addition to
standard management whereasthe control group participants
received placebo in addition to standard management.

Randomizationisthe principal techniquethat makesan
RCT effectiveby minimizing variousbiases. Tablel | enlists
types of biases encountered in clinical research, with the
processes which address these hiases. Randomization
means that each participant has an equal chance of being
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alocated to the experimental or control group, and the
researchers have no control in deciding who is assigned to
which group. Theaim of randomizationisto havetwo groups
that are similar in al respects, both for measured and
unmeasured  factors.  After  recruitment, baseline
characteristics of the recruited study participants such as
age, gender, clinical condition, comorbidities, and all-
important prognostic factors are measured before the
intervention to ensure that they were equally distributed
between thetwo groups. As per the Consolidated Standards
of Reporting Trials(CONSORT) guidelineson reporting an
RCT, itisimportant to show comparison of basdlinevariables
inanRCT [11].

Elements of Randomization

Randomization consists of two key and essentia steps. i)
sequence generation — generating a random sequence to
ensurethat each participant hasequal (or inapredetermined
ratio) chance of being alocated to either group; and ii)
allocation concealment — to ensure that nobody knows to
which group the participant will be allocated till the
interventionisadministered. Inaddition, blinding or masking
may be employed to further ensure that study participants
and researchers continue to be unaware of the nature of
intervention (experimental or control) till the outcomesare
finally measured or sometimeseventill statistical andyss.

Sequence Generation

Seqguence generation for randomization is presently mostly
done through computer programs. However, manual
randomization is possible by use of random number table.

Screening for
enrolment

Participants not meeting
theinclusion criteriaor
- those meeting the
exclusioncriteriaNOT
included in study

Randomization

|} 2

Experimental Control

group group
|} |}

| Comparativeanalysis |

Fig. 2 Flow diagram of randomized controlled trial.
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Tablell Different Types of Biases Minimized by Randomized Controlled Trials

Typesof bias Potential effectsof bias

Measuresto resolvethebias

Sdlectionbias

Performancebias

comparison groups
Differential compliancebias

Differencesin baseline characteristics of the
groupsthat are being compared

Differenceinlevel of careor exposureto factors « Blinding of participantsand
other than interventionsof interest between the

Participantsinthetwo armsmay have different

* Sequence Generation
 Allocation Conceal ment

investigators

« Blinding of participants

levelsof complianceto assigned therapy

Detection bias
comparison groups
Follow-up bias

Differencesin determining outcomesbetween

* Blinding of outcome assessors

Largelossto follow-up or differencein number * Intention-to-treat anaysis

of participantslost tofollow-up

Reporting bias

Differencein reporting of outcomes  Trid registration

Varioustypesof randomizationsfor generating sequenceare
described asfollows:

Smple randomization: Randomization based on a single
sequence of random assignments is known as simple
randomization. Thisisoneof thesimplest formsof sequence
generation where participants are randomly assigned into
treatment/intervention group or control groups. Various
methods that can be used for simple randomization are
tossing of coin (e.g., heads-treatment; tail-control), shuffling
of cards (e.g., hearts and diamonds-treatment; clubs and
spades-contral), drawing of lots, or throwing a dice (e.g.,
1,2,3- treatment; 4,5,6-control) or by using random number
table. A random number tablefound in statisticsbooksor that
generated by computer canbeused. For example, inastudy
withtwo groups, A and B, wemay decidethat odd digitswill
designate assignment to treatment A and even digits (and
zero) will designatetrestment B. Thetreatment all ocationthat
isdescribed by therandom number iswritten onamaster list
tomatch the sequenceinwhichthepatientsareenralledinthe
study. So, if thefirst random number is2, trestment B will be
writteninthemaster list against patient 1; if thenext random
number is7, trestment A iswritten againgt patient 2, andsoon,
as determined by the random numbers. Thereafter, this
sequence must be concealed by appropriate methods
(described later). Assignment in simple randomization can
also be done unequally in the groups by assigning more
random numberstoonearm. For example, if thedesired caseto
contral ratiois1:2, therandom numbersendingwith 1,2and 3
can be assigned to intervention group whereas random
numbersending withany digit between4to 9 canbeassigned
to control group. Any number endingwith zerowill havetobe
ignored in that case, and the immediate next number is
considered for generating sequence.

Simplerandomization isthe most unrestricted form of
randomization where every participant hasequal chance of
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being all ocated to either group, and isthe preferred form of
randomization in large RCTs. However, it has limited
applicability in studieswith small ssmplesizeasit canresult
inunequal number of participantsamong two groups.

Block randomization: In block randomization, study
participantsare divided into blocks of size 2n so that each
arm gets ‘n’ number of participants in each block. The
sequencewithinthe blocksisdetermined in arandomized
manner so that it isnot easy to be guessed. For example, if
there are two groups A and B, blocks of size 4 will have
possibilities of following sequences. AABB, ABAB,
ABBA, BABA, BAAB and BBAA. These blocks are
arranged in arandomi zed manner so that it isnot known, if
first patientisallocated to groupA, what group (A or B) the
next patient will belong to. After theenrolment of every 4th
participant, it will be ensured that equal number of
participantsareall ocated to each group. The possibility of
varying sequences within the block will increase with the
increasing block size.

The main advantage of block randomization is to
ensure equal number of participantsat theend of the studly,
and aso earlier if the study may have to be stopped
because of any reason. It also takes care of ensuring equal
numbersin each group during different time periods of the
study, such as different seasons of the year or different
research conditions. Block randomization is especialy
handy in cases of studieswith small sample size wherea
simplerandomization may not resultin equal samplesizein
both groups, sometimes compromising statistical sample
sizeneeds. Thedisadvantage of block randomizationisthat
if someone knows the block size, the group of last
participant can be guessed (fixed block design). Evenif the
block sizeisnot knowntotheinvestigators, itispossibleto
guesstheblock size by examining the pattern of sequence
of patient enrolment after few patients are enrolled,
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particularly in unblinded studies. This problem can be
taken care of by making the block size variablewithinthe
study e.g., someblockshaving size of 4, otherswith size of
6 or 8 (variableblock design). Block randomizationisone of
the most common methods of randomization used in
published RCTs.

Stratified randomization: In stratified randomization,
study population isinitially classified into homogenous
subgroups called strata, and then samples are drawn
randomly from each strata. Finaly, resultsfromdll strataare
combined. It ensuresrepresentation (equal or inaparticular
ratio) of participantswith baseline covariates such asage,
gender, race, disease severity. It also allows analysis of
applicability (or otherwise) of resultsto some special strata,
and helps in assessing confounding effect of factors
included in stratification (like age) and need of any
statistical adjustmentsinanalysis. Inthe RCT on efficacy
of feeding regimens for home-based management of
children with uncomplicated severeacute malnutrition [12],
age-based stratified randomization was done for age
categories 6-17 months and 18-59 months so that young
children are equally represented, and the results of study
are applicable to them. Disadvantages of stratified
randomization is loss of precision if small numbers are
being sampled in each stratum. Sampl e size requirements
increase according to the number of strata, particularly if
applicability of results to each stratum is desired to be
analyzed.

Other methods of randomization: Urn randomization,
Covariateadaptiverandomization and minimizationareaso
sometimes used in clinical trials. In urn randomization,
number of balls in urn equals to number of treatments,
which remain unchanged in the study. For example,
investigator startsoff withan urnthat containsared ball to
represent treatment A and a green ball to represent
treatment B. If thefirst draw pullsgreen ball, the greenis
replaced with red ball increasing the odds that red will be
drawn next. Thisprocedureworksbest for small samplesize
and hel psto prevent imbalancein thetwo study arms.

Insomeclinical trids, covariate adaptiverandomization
(CAR)isusedin placeof purerandomization so asto reduce
the covariateimbal ance between treatment groups. CARis
preferably usedin small- to moderate-sized clinical research
where simple randomization can lead to inequality of
important covariatesamong treatment groups. In CAR, first
randomization isaccording to baseline covariatesand then
assignment of treatment isdone based on these covariates.
It helpsto maintain bal ance between the two groups with
equal distribution of covariates.

Minimizationisatype of adaptive stratified sampling
usedinclinical trialswiththeaimto minimizetheimbalance
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between the two arms. It addresses the imbalance by
calculating and adding all the imbalance in the study.
Minimization often maintains a better balance than
traditional block randomization, and its advantage
increaseswith the number of stratification factors.

Nowadays, computer softwaresand online calculators
are used for al above types of randomization. Various
programmes are available for generating allocation
sequence [13]. The random numbers generated by the
software generators are pseudo-random. By using the
same seed, we can get the same random number sequence.
This provides us the possibility of reproducing a
randomization schedule. These humber generators are
stored in the core of computer. Each study participant is
provided a unique identification number which is
maintained till the end of the study. Some online
randomization resources are; Wwww.seal edenvel ope.com
and www.graphpad.com

Allocation Concealment

Thegenerated sequencemust beimplementedin suchaway
that the study participants and researchers are unaware of
which group a participant is going to be assigned till the
assgnmentisactually done. Thisisdifferent fromblindingin
themanner thatin*blinding’, the participantsand researchers
remain unaware of the type of intervention even after itis
administered, and outcomes are measured without knowing
whether thegroupistreatment armor thecontrol arm; whereas
in*allocation concealment’ thelack of awarenessisonly till
the group is assigned. Thus, blinding is an optiona
component of RCT and may not be even possible in some
designs; whereas, alocation concealment is the essential
ingredient, and is possible in al settings. In absence of
alocation concealment, we can get a biased effect of
treatment to the extent of 40% or evenmore[14].

For example, anew injectablevaccineisto betestedin
a clinical trial, and the other group has to receive no
intervention. If investigators have access to the complete
list of sequence of participants and their allocation (e.g.,
vaccine for first participant, no vaccine for second
participant, no vaccinefor third participant, vaccinefor 4
participant and so on), the allocation is not concealed and
investigators will have the choice to assign a preferred
participant to the vaccination group by altering the
sequence in which that ‘preferred participant’ enters the
study. Thus, thisisabreach of randomization process. As
thisisatrial where onegroup receivesaninjection and the
other does not receive it, blinding is not possible, but
alocation concealment is still necessary so that investi-
gators have no control in deciding who receives the
vaccine and who does not. Following approaches are
commonly used for allocation concealment:
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Central randomization: In this process, the investigator
contacts a central agency (such as a helpline or
independent statistician not involved with study) as soon
as an eligible participant consents to be enrolled in the
study, and the centre informs the randomization code/
group to the researcher. This technique is particularly
useful in multicentric studies where there is a common
randomi zation sequencefor dl thesites. Alternatively, each
site can have their randomization sequence as per the
number of patientsto beenrolled by that site.

Serially numbered opaque sealed envelope (SNOSE)
technique: A pre-set sequentially numbered seal ed opague
envelopes with randomization code are prepared by an
independent person after referring to the generated
seguence and are handed over to the investigators. The
investigators preferably write the name/identifier of
participant over the envelope after the participants
consentsto be enrolled in the study, open the envelope as
per the sequence of enrolment, and allocates him/her tothe
group/code mentioned in the dlip inside envelope. The
allocated sequence of enrolment may be audited perio-
dically by the independent person who has generated the
sequence by matching with hisher own list. Thisis the
most common and most convenient all ocation conceal ment
technique used in published research. However, thereis
still ascope of manipulation by researcherswho can makea
‘preferred participant’ wait till their desired envelope is
opened, and alowing another participant enter the
seguence in between. If envelopes are not totally opague
or sealed, researchers may try to see the hidden code and
mani pul ate the sequence of entry of participants.

Pharmacy-coding: For aclinical trial, all ocation conceal -
ment can a so be coordinated by the hospital pharmacy at a
trial center. Pharmacists can dispense the trial drug to a
patient based on the unique randomization code for that
patient. A code list which links up with central
randomi zation code can be provided to the pharmacist. On
the other hand, the trial drugs can be labelled by the
manufacturer or drug packager. Thelist withthelabelscan
be provided to the pharmacist.

Blinding (Masking)

Blinding (or masking) refers to withholding information
about treatment assignment from participants and
investigators to prevent bias in assessment of outcomes,
particularly subjective outcomes such as patient comfort,
adverse eventsand perception scores[15]. Though, itisan
important element of minimizing biasinan RCT, blinding
may not be always possible or feasible. For example, ina
clinical trial of medical versus surgical management of
appendicectomy in acute appendicitisin children, blinding
will not be possible as researchers and patientswill know

INDIAN PEDIATRICS

1177

69

whether they have undergone surgery or not. Following
terms are commonly referred in reference to blinding in
RCTs(Fig.3)[15]:

Sngleblind: The participantsreceiving the experimental or
control intervention are not aware in which arm they
belong, but the researchers might be knowing the same.
However, thisis not a true blinding as there is aways a
possibility of researchers disclosing the nature of
intervention to the patients. Ideally, blinding should not be
dependent on honesty of researchers, but it has to be
inbuilt into the study design so that there isno possibility
of breaching it by being dishonest or sometimes even
considerate or sympathetic.

Double blind: In this process, participants as well as the
investigators assigning the intervention, and those
recording the outcomes are unaware of the treatment
assignment until the end of the study. Sometimes, some
investigators use the term triple blind when a person
carrying out the analysisis also unaware of the assigned
treatment. However, this is not a universally accepted
terminology.

Modalities of blinding: Blinding is not just keeping the
names of treatment hidden from the participants and the
investigators. It is arobust procedure, particularly when
the response criteria are subjective like relief of pain.
Sometimes, the color or the smell of the drug to be tested
becomes a clue for the study participants and researchers
to decipher which group they belong to. Inorder to ensure
effectiveblinding, the placebo or comparator drug must be
similar to the experimental drug in appearance, odour,
packaging and mode of delivery as much as possible.
Placebo is a substance or a procedure (sham), which is

Participantsblindedto | NO | Non-blinded
alocation study
YES

Investigators
(Thoseassigning
intervention and those
recording results)
blindedtoalocation

Single-blinded
RCT

YES

Double-blinded
RCT

Fig. 3 Blinding (masking) inaninterventional study design.
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administered tothecontrol group but it hasno biological or
therapeutic value. It not only achievesblindingif itismade
similar in appearance, taste and smell to the experimental
drug, but also takes care of thedifferencesin psychological
effect (placebo effect) the parti cipants might perceivejust
because they are receiving an intervention (oral drug or
injection). To ensurethat blinding hasbeen achieved, itis
important to periodically ask participants which
intervention (experimental or control) they think they are
receiving, and recording and comparing them between the
groups. Studies involving educational interventions,
surgical inter-ventions, or alternative treatment strategies
(e.g., yoga, physical activity) will bedifficult to beblinded
effectively. Whenever possible, investigators must attempt
blinding, and sometimesit involvesinnovation and critical
thinking. Blinding is not easily applicable in surgical
RCT's, as there is a physica component involved.
However, there are trials where patients or patients and
assessors were blinded [16,17]. Randomized controlled
trialswhich have not ensured effective blinding are known
to show erroneously larger treatment effects [18]. Thus
blinding should be incorporated into an RCT, wherever
feasible.

Cluster Randomized Trial

Cluster randomized trial isacomparative study designin
which clusters of individuals rather than independent
individualsarerandomly allocated to intervention groups
(Fig. 4). Clustersare defined as groups of peoplewho have
common identifiablefeatureand the outcome measuredin
the representative sampl e of theindividual member of the
cluster will equate for the rest of the members [19].
Componentsor membersof clustersaremorelikely to have
comparableresultsthan an arbitrarily nominated sampl e of
individualsfrom the same population. Thegroupsusedin
cluster canvary insizefromfamiliesto entirecommunities.
Examples of randomization unit in acluster RCT can be

RCT
Test Control
eg 00 © .. e o
Unit of Randomization: @
Individual
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communities—intrialsevaluating the effectiveness of new
vaccines, or hospitals — in trials evaluating educational
guidelinesdirected at physiciansand/or administrators.

A cluster RCT to increase childhood influenza
vaccination wasdonein 20 primary care practicestreating
children between 2011-2012. Here the unit of randomi-
zationwasprimary care practices. Theseclusters(primary
care practices) wererandomly all ocated to intervention and
control arms[20].

Cluster RCT ispreferred methodol ogy whenweneed to
evauate public health policy and national programs.
Cluster RCT invaccinetrialscan bedoneby randomization
of geographic areas to capture indirect (herd) effects of
vaccination. Incidence of disease among non-vaccinated
persons in the study group is compared to incidence of
diseaseinthe control group. Incomparisonto RCT, cluster
RCT is cost-effective with decreased adminis-trative
convenience and lower implementation costs. Study
design, analysis and conduct of cluster RCT are more
complex asincomparisontoindividual RCT. Total sample
sizein cluster RCT isfunction of number of clusters and
cluster size. We can fix oneof them and determinetheother
using fixed formulas; for example, we can fix thenumber of
clustersand calculatethe cluster size. To understand this,
let us take the following example of a case study where
number of clustersisfixed. A study is planned to test the
effectivenessof newly designed kit for diagnosisof Group
B streptococcusinfection in pregnant patients at thetime
of labor. Hospitals are now randomized into kit based or
standard methods to diagnose streptococcus infection.
Herethelimiting factor isthe number of kits. Thus, wehave
to minimizethe number of clusters. Inthiscase, number of
clustersbecomesfixed. Considering thesameexampleif we
assumethetrial will runfor 8 monthsand cluster sizeisset
as number of women meeting specific set of digibility
criteria, afixed cluster size of 300isset asmaximum for the

Cluster RCT

Test Control

IO

Cluster

Fig. 4 Diagrammatic representation of acluster randomized trial in comparison to randomized controlled tria at individual level.
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given funding and trial duration. Decision on number of
clusters and cluster size should be made simultaneously
and not independently. For a cluster trial to be called a
cluster RCT, it is must that a proper process of
randomization of clusters to one or other intervention
groupisfollowed.

Another issuewhileanalyzing cluster RCT isintra-class
correlation. Measure used to assess degree of correlation
withintheclustersiscalled intra-class correlation coefficient
(f). Larger the coefficient more the number of clusters
required to have an adequately powered study. In order to
keep power of thestudy, thesamplesize should bemultiplied
by 1+(m-1)i, caled thedesign effect, where mistheaverage
cluster size[19]. Nowadays statistical softwaretake care of
adjustmentsfor theintra-class correlation coefficient. If we
fail toandyzeor takeinto account theintra-class coefficient,
afasdly inflated statistical significanceisobtained. Double
jeopardy is seen when loss of datistical power is further
exaggerated with effects of clustering seen on thetreatment
[20]. While analyzing cluster RCT, it must be ensured that
adequate number of clusters are recruited to ensure
adequate dtatistical power and intra-class correlation of
outcome and measurement is minimized. Stepped wedge
cluster RCT isan alternative to parallel cluster trilswhere
researcher wants to evauate service delivery or policy
intervention at thelevel of cluster. Thereisaninitia period
where none of the clusters are exposed to intervention.
Subsequently at regular intervals/'steps one or a group of
clustersarerandomized to crossfrom control tointervention
arm. This process would continue until al clusters have
received the intervention. Finally at the end al clusters
would have been exposed to the intervention. Thus each
cluster would contributeto control arm and interventionarm
givingamoregeneralizableresult.

To conclude, there should be arationale for adopting
cluster design. Clustering must beincorporated into sample
size estimation and analysis. There should be a chart
showing flow of clustersthrough thetrial from assignment
to anaysis.

Compliance and Attrition in RCT

Non-complianceisfailureto adhereto treatment protocol .
It tends to minimize any difference between the groups
resulting in reducing the statistical power to detect atrue
difference and hencethe true effect will be biased toward
thenull. RCTsare a so marred with the problem of lossto
follow up. Thiscan occur in both study arm and the control
arm. Losstofollow-up could bedueto anumber of reasons
like study participantslosinginterest, adverseeffectsof the
treatment or intervention, difficult to follow or complex
treatment protocol, or if the protocol is socialy
unacceptable. Losstofollow-upiscrucial factor to affect
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the validity of study. It needsto be calculated and proper
calculation can be done by determining the correct
denominator like including al the study participants
enrolled in that arm. If percentage of lossto follow-upis
less (say <5%), itislesslikely to affect the validity of the
study. Butif itishigh (say >20%), it may affect thevalidity
of thestudy. Nobody can beexcluded froman RCT oncethe
randomization is done. We should follow the rule of once
randomized aways anayzed, irrespective of non-
compliance, loss to follow-up, protocol deviations and
withdrawal from the study. In order to deal with missing
data, last observation carry forward method or last
available measurement of the individual just prior to
withdrawal or loss to follow-up from the study may be
retained inthe analysis. Thismethodology of including all
participantsasoriginaly allocated inthefina analysishas
been termed as Intention-to-treat analysis (ITT) [21].
However, questions do arise about the efficacy of the
treatment or intervention if weareincluding those subjects
in final analysis who never received the treatment/
intervention or received it for inadequateduration. Thus, in
RCTs, per-protocol (PP) analysisisusually also performed
that includes only those patients who have adhered to the
treatment protocol and completed the study period with
complete availability of outcome. However, it has the
disadvantage of showing exaggerated treatment effect.
BothITT anaysisand PPanaysisshould bereportedinthe
reporting of parallel group randomized controlledtrialsas
per the CONSORT guidelines.

Outcome Measures of RCT

In order to assess the effect of intervention in an RCT,
outcomemeasuresor measure of effectisused. Outcome of
an intervention can be assessed either through clinical
examination of patient, laboratory work-up or can be
patient reported. Outcome measures should berelevant to
the target population of the interventional study. The
primary outcome of the study should be decided according
to the main study objectiveswhich determinesthe sample
size in each group. If there is more than one primary
outcome measure, the sampl e size should be cal cul ated for
each of these, and the highest is taken into account.
Secondary outcomes may not be statistically important as
trialsare not designed with power for eval uating them but
they could be used to generate further hypothesis.
Composite measure or combined measures are used in
clinical researchinwhich multipleend pointsare combined
into one composite outcome. For example, poor outcomein
atrial on neonateswith hypoxic ischemic encephal opathy
may be defined asoccurrence of death or cerebral palsy or
intellectual disability. They arefrequently used asprimary
outcome measures in randomized trials and are often
associated with increased statistical efficiency.

VoLUME 58—DECEMBER 15, 2021



72

Hypothesis Testing

Hypothesis is considered as an assertion which has to be
approved or rejected. Fisher, Neyman and Perason layed the
foundation of hypothesis testing. Hypothesis consists of
both null (H,) and aternate hypothesis(H,). H, or aternate
(scientific) hypothesis is the reason for which the
interventional study is conducted. Null hypothesis (H) is
opposite to the scientific hypothesis. Null hypothesis
assumesthereisno effect of theintervention on outcome. A
researcher would interpret the intervention or drug to be
successful only if null hypothesisisregjected. For example,
whenanew drugisintroduced by apharmaceutical company
for diabetes, in order to provethat thenew drugissuperior to
the conventional drug, the null hypothesis, which meansno
differencebetween thetwo drugs, hasto be provedincorrect.
I nterpretation of statistical testswouldleadto either rgjection
of null hypothesis in favor of aternate hypothesis or not
being abletorgectit. Not being abletorgect null hypothesis
may not always mean that it istrue, it only impliesthat the
present study could not find a difference between
intervention and control groups. Clinical trialsbased ontheir
purposecan beclassified into superiority tria (i.e. thedrug or
intervention to be tested is considered superior to control
group), non-inferiority (new drug/interventiontobetestedis
not inferior to conventiona regimen), or equivalence (i.e.
thereisno difference between thetwo regimens). Samplesize
caculation, data analysis, and interpretation of analysis
resultsall depend onthetype of hypothesis specified.

Interim Analysisin RCT

Inclinical trials, occasionally an interim analysisis done
before data collection is completed. This is done
particularly when treatment inintervention arm isshowing
clear benefits or harm compared to the standard therapy.
Based onapre-defined evaluation of partial dataset while
the study is continuing, the investigators may stop the
study early. It helps to save time, resource and would
decrease the exposure of study participants to less useful
drug or intervention.

To summarize, properly conducted RCTsarethegold
standard of study designs. Every RCT should have the
following components:

e Well defined scientifically relevant research question
»  Randomization techniques should be explained

e Useof placebo control or blinding in order to decrease
bias.

e Unbiased analysisof report mentioning all significant
and nonsignificant results.

Whilereporting RCT, CONSORT guidelinesareto be
followed[11]. Itisa25-item checklist and flowchart which
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has been particularly designed for RCTs in order to
standardize reporting of key components such as study
design, analysisand interpretation of the RCT. Advantages
and disadvantages of RCT aresummarizedin Box 1.

To conclude, interventional studies are useful study
designsthat are placed at higher pedestalsin hierarchy of
evidence. They determine the true efficacy and safety of
interventions, and hence have the potential to influence
policy decisions. However, every research questionisnot
suitable to be answered by an interventional design, and
other designs retain their unique role in different
circumstances. Also, interventional study designs are
prone to numerous biases, especialy if not designed,
conducted or interpreted properly. Thus, process of every
interventional study design should be carefully scrutinized
fromitsconceptionto publication, and even beyond—such
as using the results for framing policy and
recommendations.
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Box | Advantages and Disadvantages of a Randomized
Controlled Trial

Advantages

e Allows direct comparison of the efficacy of one
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e Ensures equal distribution of unknown variables
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* Blinding of the participants helps to minimize performance
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e Can be effectively analyzed in a systematic review.

Disadvantages

e May lack externa validity.

e Anintervention that worksin patientsrecruited in trials under
controlled settings may not work aswell inreal life situation.

e Insufficient study periods and lack of long-term follow-up
leads to failure to pick up rare adverse effects, which may
occur in later course.
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e Poorly conducted RCT may be a disaster as RCTs being
ranked higher in hierarchy of evidence have the potential to
influence policy, and if not conducted or reported properly,
it may end up doing more harm than benefit to the society.
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Key Messages

Interventional study designs evaluate precise impact of therapeutic or preventive measures on diseases.
In interventional studies, investigators, rather than circumstances, decide the nature of intervention to be

assigned to study participants.

Single-arm interventional studies, randomized controlled trials, cluster randomized trials, non-randomized
controlled trials and cross-over trials are the different types of interventional studies.
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