Rubin Chapter 5: Critically appraising experiments
I. Classic Pretest-Posttest Control Group Design
II. Posttest-Only Control Group Design
III. Solomon Four-Group Design
IV. Alternative Treatment Designs (can add TAU)
V. Dismantling Designs
O	AB	O
O	A	O
O	B	O
O	TAU	O
VI. Placebo Control Group Designs
· Placebo Effects
· Novelty and Disruption Effects
VII. Experimental Demand and Experimenter Expectancies
VIII. Obtrusive versus Unobtrusive Observation
IX. Compensatory Equalization and Compensatory Rivalry
X. Resentful Demoralization
XI. Treatment Diffusion
XII. Treatment Fidelity
XIII. Practitioner Equivalence
XIV. Differential Attrition

Trisha Greenhalgh: How to read a paper: Assessing the methodological quality of published papers
1. Was the study original?
· Is this study bigger, continued for longer, or otherwise more substantial than the previous one(s)?
· Is the methodology of this study any more rigorous (in particular, does it address any specific methodological criticisms of previous studies)?
· Will the numerical results of this study add significantly to a meta-analysis of previous studies?
· Is the population that was studied different in any way (has the study looked at different ages, sex, or ethnic groups than previous studies)?
· Is the clinical issue addressed of sufficient  importance, and is there sufficient doubt in the minds of the public or key decision makers, to make new evidence “politically” desirable even when it is not strictly scientifically necessary?
2. Whom is the study about?
· How were the subjects recruited?
· Who was included in the study?
· Who was excluded from the study?
· Were the subjects studied in “real life” circumstances?
3. Was the design of the study sensible?
· What specific intervention or other manoeuvre was being considered, and what was it being compared with?
· What outcome was measured, and how?
4. Was systematic bias avoided or minimised?
· Randomised controlled trials: In a randomised controlled trial, systematic bias is (in theory) avoided by selecting a sample of participants from a particular population and allocating them randomly to the different groups. Figure 1 summarises sources of bias to check for.
[image: ]
· Non-randomised controlled clinical trials: As a general rule, if the paper you are looking at is a non-randomised controlled clinical trial, you must use your common sense to decide if the baseline differences between the intervention and control groups are likely to have been so great as to invalidate any differences ascribed to the effects of the intervention. This is, in fact, almost always the case.
· Cohort studies: The selection of a comparable control group is one of the most difficult decisions facing the authors of an observational (cohort or case-control) study. Few, if any,cohort studies, for example, succeed in identifying two groups of subjects who are equal in age, sex mix, socioeconomic status, presence of coexisting illness, and so on, with the single difference being their exposure to the agent being studied. In practice, much of the “controlling” in cohort studies occurs at the analysis stage, where complex statistical adjustment is made for baseline differences in key variables. Unless this is done adequately, statistical tests of probability and confidence intervals will be dangerously misleading. (NB:  These are “quasiexperimental designs.”)
· Case-control studies : In case-control studies (in which the experiences of individuals with and without a particular disease are analysed retrospectively to identify putative causative events), the process that is most open to bias is not the assessment of outcome, but the diagnosis of “caseness” and the decision as to when the individual became a case.
5. Was assessment “blind”?
· Even the most rigorous attempt to achieve a comparable control group will be wasted effort if the people who assess outcome (for example, those who judge whether someone is still clinically in heart failure, or who say whether an x ray is “improved” from last time) know which group the patient they are assessing was allocated to.
6. Were preliminary statistical questions dealt with?
· Sample size : A trial should be big enough to have a high chance of detecting, as statistically significant, a worthwhile effect if it exists, and thus to be reasonably sure that no benefit exists if it is not found in the trial. To calculate sample size, the clinician must decide two things. The first is what level of difference between the two groups would constitute a clinically significant effect. Note that this may not be the same as a statistically significant effect.
· Duration of follow up: Even if the sample size was adequate, a study must continue long enough for the effect of the intervention to be reflected in the outcome variable.
· Completeness of follow up: Subjects who withdraw from (“drop out of”) research studies are less likely to have taken their tablets as directed, more likely to have missed their interim checkups, and more likely to have experienced side effects when taking medication, than those who do not withdraw.


Kenneth F Schulz, Douglas G Altman, David Moher, for the CONSORT Group:  CONSORT 2010 Statement: updated guidelines for reporting parallel group randomised trials

[image: ]
[image: ]
[image: ]


 David Moher, Sally Hopewell, Kenneth F Schulz, Victor Montori, Peter C Gøtzsche, P J Devereaux, Diana Elbourne, Matthias Egger, Douglas G Altman:  CONSORT 2010 Explanation and Elaboration: updated guidelines for reporting parallel group randomised trials
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Table 2] Itemstoinclude when reporting a randomised trial in a journal abstract

ltem Description
Authors Contact etails forthe corresponding author
Trial design Description ofthe trial design (such as parallel, cluster, non-inferiority)
Methods:
Participants ity criteria for participants and the settings where the data were collected
Interventions Interventions intended for each group
Objective. Specific objective or hypothesis
Outcome Cleary defined primary outcome for this report

Randomisation

How participants were allocated to intenventions

Blinding (masking) Whether participants, care givers, and those assessing the outcomes were blinded to.
group assignment
Results:
Numbers Number of participants randomised to each group
randomised
Recruitment Trial status
Numbers analysed _Number of participants analysedin each group
Outcome Forthe primary outcome, a resultfor each group and the estimated effect size and i
precision
Hams. Important adverse events or side effects
Conclusions General interpretation of the results
Trialregistrat Registration number and name of ral re

Funding.

Source of funding
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Explanation—Readers will want to know how the present
trials results relate to those of other RCTs. This can best be
achieved by including a formal systematic review in the
results or discussion section of the report.** > #7 Such
synthesis may be impractical for rial authors, butitis often
possible to quote a systematic review of similar trials. A sys-
tematic review may help readers assess whether the results
of the RCT are similar to those of other trials in the same
topic areaand whether participants are similar across stud-
ies. Reports of RCTs have often not dealt adequately with
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these points.” Bayesian methods can be used tostatistically
combine the trial data with previous evidence.””®
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Other information
ltem 23. Registration number and name of trial registry
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Explanation—The consequences of non-publication of
entire trials, ! 2 selective reporting of outcomes within tri-
als, and of per protocol rather than intention-to-treat analysis
have beenwell documented. 552 Covert redundant publi-
cation of clinical tials can also cause problems, particularly
forauthors ofsystematic reviews when results from the same
trial are inadvertently included more than once.
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Ttem 24. Where the full trial protocol can be accessed, if available
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[Explanation—A protocol for the complete trial (rather than
aprotocol of aspecific procedure within a trial) is important
because it pre-specifies the methods of the randomised trial,
such as the primary outcome (see item 6a). Having a pro-
tocol can help to restrict the likelihood of undeclared post
hoc changes to the trial methods and selective outcome
reporting (see tem 6b). Elements that may be important for
inclusion in the protocol for a randomised trial are described
elsewhere. >
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Item 25. Sources of funding and other support (such as supply of
drugs), role of funders
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Explanation—Authors should report the sources of
funding for the trial, as this is important information for
readers assessing a trial. Studies have showed that research
sponsored by the pharmaceutical industry are more likely
to produce results favouring the product made by the com-
‘pany sponsoring the research than studies funded by other
sources. 7 % A systematic review of 30 studies on funding
found that research funded by the pharmaceutical indus-
try had four times the odds of having outcomes favouring
the sponsor than research funded by other sources (odds
ratio 4.05, 95% confidence interval 2.98 t0 5.51).2” A
large proportion of trial publications do not currently
report sources of funding. The degree of underreporting
is difficult to quantify. A survey of 370 drug trials found
that 29% failed to report sources of funding.*** In another
survey, of PubMed indexed randomised trials published in
December 2000, source of funding was reported for 66%
of the 519 trials.'s

| The level af invalvement hy a finder and their influence |
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Titleand abstract
Item 1a. Identification as a randomised trial in the title.
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Explanation—The ability to identify a report of a randomised
trial in an electronic database depends to a large extent on
how it was indexed. Indexers may not classify a report asa
randomised trial if the authors do not explicitly report this
information. To help ensure that a study is appropriately
indexed and easily identified, authors should use the word
“randomised” in the title to indicate that the participants
were randomly assigned to their comparison groups.
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Ttem 1b. Structured summary of trial design, methods, results, and
conclusions
‘For specific guidance see CONSORT for abstracts.
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Explanation—Clear, transparent, and sufficiently detailed
abstracts are important because readers often base their
assessment of a trial on such information. Some readers
use an abstract as a screening tool to decide whether to
read the full article. However, as not all trials are freely
available and some health professionals do not have access
tothe full trial reports, healthcare decisions are sometimes
‘made on the basis of abstracts of randomised trials.5
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‘Ajournal abstract should contain sufficient information
about a trial to serve as an accurate record of its conduct
and findings, providing optimal information about the|
trial within the space constraints and format of a journal. A|
properly constructed and written abstract helps individuals|
to assess quickly the relevance of the findings and aids the|
retrieval of relevant reports from electronic databases.” The
abstract should accurately reflectwhat is included in the full
journal article and should not include information that does
not appear in the body of the paper. Studies comparing the|
accuracy of information reported in a journal abstract with|
that reported in the text of the full publication have found|
claims that are inconsistent with, or missing from, the body|
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of the full article. ™! Conversely, omitting important harms
from the abstract could seriously mislead someone's inter-
pretation of the trial findings. 2
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Introduction
Item 2a. Scientific background and explanation of rationale
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Explanation—Typically, the introduction consists of free
flowing text, inwhich authors explain the scientific back-
ground and rationale for their trial, and its general outline.
It may also be appropriate to include here the objectives of
the trial (see item 2b).The rationale may be explanatory
(for example, to assess the possible influence of a drug on
renal function) or pragmatic (for example, to guide practice
by comparing the benefits and harms of two treatments).
Authors should report any evidence of the benefits and
harms of active interventions included in a trial and should
suggesta plausible explanation for how the interventions
might work, ifthis is not obvious.™
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Jtem 2b. Specific objectives or hypotheses
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Explanation—Objectives are the questions that the trial
was designed to answer. They often relate to the efficacy of
a particular therapeutic or preventive intervention. Hypoth-
eses are pre-specified questions being tested to help meet
the objectives. Hypotheses are more specific than objectives
and are amenable to explicit statistical evaluation. In
practice, objectives and hypotheses are not always easily
differentiated. Most reports of RCTs provide adequate infor-
‘mation about trial objectives and hypotheses**
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Methods
Ttem 3a. Description of trial design (such as parallel, fuctorial)
including allocation ratio
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Explanation—The word “design” is often used to refer to
all aspects of how a tral is et up, butitalso has a narrower
interpretation. Many specific aspects of the broader trial
design, including details of randomisation and blinding,
are addressed elsewhere in the CONSORT checklist. Here
we seek information on the type of trial, such as parallel
group or factorial, and the conceptual framework, such as
superiority or non-inferiority, and other related issues not
addressed elsewhere in the checklist.
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Ttem 3b. Important changes to methods afler trial commencement
(such as eligibility criteria), with reasons
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‘Explanation—A few trials may startwithout any fixed plan
(that s, are entirely exploratory), but the most will have a
protocol that specifies in great detail how the trial will be
conducted. There may be deviations from the original pro-
tocol, asitis impossible to predict every possible change
in circumstances during the course of a trial. Some trials
will therefore have important changes to the methods after
trial commencement.
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Jtem 4a.

ity criteria for participants
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Explanation—A comprehensive description of the eligibility
criteria used to select the trial participants is needed to help
readers interpret thestudy. In particular, a clear understand-
ing of these criteria is one of several elements required to
judge to whom the results of a trial apply—thatis, the trial's
generalisability (applicability) and relevance to clinical or
public health practice (see item 21).% A description of the
‘method of recruitment, such as by referral or self selection
(for example, through advertisements), s also important in
this context. Because they are applied before randomisation,
eligibility criteria do not affect the internal validity of a trial,
but they are central to its external validity.
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Item 4b. Settings and locations where the data were collected
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Explanation—Along with the eligibility criteria for partici-
pants (see item 4a) and the description of the interventions
(see item 5), information on the settings and locations is
crucial to judge the applicability and generalisability of a
trial. Were participants recruited from primary, secondary,
o tertiary health care or from the community? Healthcare
institutions vary greatly i their organisation, experience, and
resources and the baselinerisk for the condition under inves-
tigation. Other aspects of the setting (including the social,
economic, and cultural environmentand the climate) may
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ltem 5. The interventions for each group with sufficient details to
allow replication, including how and when they were actually
administered
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Explanation—Authors should describe each intervention
thoroughly, including control interventions. The description
should allow a clinician wanting to use the intervention to
know exactly how to administer the intervention that was
evaluated in the trial."** For a drug intervention, informa-
tion would include the drug name, dose, method of admin-
istration (such as oral, intravenous), timing and duration of
administration, conditions under which interventions are
withheld, and titration regimen if applicable. Ifthe control
group s to receive “usual care” it is important to describe
thoroughly what that constitutes. If the control group or
intervention group is to receive a combination of interven-
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tions the authors should provide a thorough description of
eachintervention, an explanation of the order inwhich the
combination of interventions are introduced or withdrawn,
and the triggers for their introduction if applicable.
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Item 6a. Completely defined pre-specified primary and secondary
outcome measures, including how and when they were assessed
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Explanation—All RCTs assess response variables, or out-
comes (end points), for which the groups are compared.
Most trials have several outcomes, some of which are of
‘more interest than others. The primary outcome measure
is the pre-specified outcome considered to be of greatest
importance to relevant stakeholders (such a patients, pol-
icy makers, clinicians, funders) and is usually the one used
in the sample size calculation (seetem 7). Some trials may
‘have more than one primary outcome. Having several pri-
‘mary outcomes, however, incurs the problems of interpre-
tation associated with multiplicity of analyses (see items
18 and 20) and is not recommended. Primary outcomes
should be explicitly indicated as such in the report of an
RCT. Other outcomes of interest are secondary outcomes
(additional outcomes). There may be several secondary
outcomes, which often include unanticipated or unin-
tended effects of the intervention (see item 19), although
harms should always be viewed as important whether they
are labelled primary or secondary.
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All outcome measures, whether primary or secondary,
should be identified and completely defined. The principle
hereis that the information provided should be sufficient to
allow others to use the same outcomes.*** When outcomes|
are assessed at several time points after randomisation,
authors should also indicate the pre-specified time point
of primary interest. For many non-pharmacological inter-
ventions it helpful to specify who assessed outcomes (for
example, if special skills are required to do so) and how|
-
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Where available and appropriate, the use of previously
developed and validated scales or consensus guidelines
should be reported, 1% both to enhance quality of meas-
urement and to assist in comparison with similar stud-
ies. ® For example, assessment of quality of life s likely to
be improved by using a validated instrument. ' Authors
should indicate the provenance and properties of scales.
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Ttem 6b. Any changes to trial outcomes afier the trial commenced,

with reasons
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Explanation—There are many reasons for departures
from the initial study protocol (see item 24). Authors
should report all major changes to the protocol, including
unplanned changes to eligibility criteria, interventions,
examinations, data collection, methods of analysis, and
outcomes. Such information is not always reported.
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Jtem 7a. How sample size was determined
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‘Explanation—For scientific and ethical reasons, the sample|
size for a trial needs to be planned carefully, with a balance
between medical and statistical considerations. Ideally,
astudy should be large enough to have a high probability
(power) of detecting as statistically significant a clinically
important difference ofa givensizeif such a difference exists.
Thessize of effect deemed important s inversely related o the
‘sample size necessary to detect it; that is, large samples are
necessary to detect small differences. Elements of the sam-
ple size calculation are (1) the estimated outcomes in each
group (which implies the clinically important target differ-
ence between theiintervention groups); (2) the . type ) error
levels (3) the statistical power (or the B (type IT) error level);
and (4), for continuous outcomes, the standard deviation o
the measurements. * The interplay of these elements and
their reportingwilldiffer for cluster rials* and non-inferior-

cvandequivalence friale ® |
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Authors should indicate how the sample size was deter-
‘mined. If a formal power calculation was used, the authors
should identify the primary outcome on which the calcula-
tionwas based (see item 6a), all the quantities used in the
calculation, and the resulting target sample size per study
group. Itis preferable to quote the expected result in the con-
trol groupand the difference between the groups onewould
notlike to overlook. Alternatively, authors could present the
percentage with the event or mean for each group used in
their calculations. Details should be given of any allowance
‘made for attrition or non-compliance durine the studv.
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Item 7b. When applicable, explanation of any interim analyses
and stopping guidelines
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Explanation—Many trials recruit participants over a long
‘period. fan intervention s working particularly well or badly,
thestudy may need to be ended early for ethical reasons. This
concern can be addressed by examining results as the data
accumulate, preferably by an independent data monitoring
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‘committee. However, performing multiple statistical exami-
‘nations of accumulating data without appropriate correction
can lead to erroneous results and interpretations.'** If the
accumulating data from a trial are examined at five interim
analyses that use a P value of 0.05, the overall false positive
rate is nearer to 19% than to the nominal 5%.
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ltem 8a. Method used to generate the random allocation sequence
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Explanation—Participants should be assigned to com-
‘parison groups in the trial on the basis of a chance (ran-
dom) process characterised by unpredictability (see box
1). Authors should provide sufficient information that the
reader can assess the methods used to generate the random
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allocation sequence and the likelihood of bias in group
assignment. It is important that information on the proc-
ess of randomisation is included in the body of the main
article and not as a separate supplementary file; where it
can be missed by the reader.
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‘The term “random” has a precise technical meaning. With
random allocation, each participant has a known probabil-
ity of receiving each intervention before one is assigned, but
theassigned intervention is determined by a chance process
and cannot be predicted. However, “random” is often used
inappropriately in the literature to describe trials in which
non-random, deterministic allocation methods were used,
suchas alternation, hospital numbers, or date of birth. When
investigators use such non-random methods, they should
describe them precisely and should not use the term “ran-
dom” or any variation of it. Even the term “quasi-random”
is unacceptable for describing such trials. Trials based on
non-random methods generally yield biased results.241%
Bias presumably arises from the inability to conceal these

b NP
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Box 2| Randomisation and minimisation

« Simple randomisation—Pure randomisation based ona singleallocation ratio is known as simple randomisation. Simple randomisation with a 1:1 allocation
ratio s analogousto a coin toss, although we donot advocate coin tossingfor randomisation inan RCT. “Simple” is somewhat ofa misnomer. While other
randomisation schemes sound complexand more sophisticated, in reality, simple randomisation is elegantly sophisticated in thatitis more unpredictable and
sumassesthe bias prevention levels ofall otheralternatives.

* Restricted randomisation—Any randomised approach thatis not simple randomisation. Blocked randommisation is the most common form. Other means of
restricted randomisation include replacement, biased coin, and um randomisation, although these are used much less frequently.***

« Blocked randomisation—Blockings used to ensure that comparison groups will be generated according o a predetermined ratio, usually 1:1 or groups of
‘approximately the same size. Blocking can be used to ensure close balance ofthe numbersin each group atany time during thetrial. For every block of eight
participants, forexample, fourwould be allocated to each armof the trial.*Z Improved balance comes at the cost of reducing the unpredictability of the sequence.
Although the order of interventions varies randomly within each block,  person running the trial could deduce some of he nexttreatment allocationsif he or she
knewthe block size.  Blinding the interventions, using larger block sizes, and randomlyvarying the block size can ameliorate this problern.

« Stratified randomisation—Stratification is used to ensure good balance of participant characteristics in each group. By chance, particularlyin smalltrials, study
groups may not be well matched for baseline characteristics, such as age and stage of disease. This weakensthe trial’s credibility* Suchimbalances can be
avoided without sacrificing the advantages of randomisation. Stratification ensuresthatthe numbers of participants receiving each intervention are osely
balanced within each stratum. Strtified randomisation is achieved by performing a separate randomisation procedure within each of two or more subsets of
participants (forexample, those defining each study centre, age, or disease severity). Stratfication by centreis common in multicentre trials. Stratification requires
Some form of restriction (such as blocking within strata). Stratification without blockingsineffective.

misation—Minimisation ensures balance between intervention groups for several selected patient factors (such as age). Thefirst patient’s truly randormly

allocated; foreach subsequent participant, the treatmentallocation that minimises the imbalance on the selected factors between groups at that time#sidentified.

Thatallocation may then be used, or a choice may be made at random with a heavy weightingin favour ofthe intervention that would minimise imbalance (for

example, with a probability of 0.8). The use of a randorm component s generally preferable. Minimisation has the advantage of making small groups closely similar

interms of participant characteristics at ll stages ofthe ial. Minimisation offersthe only acceptable alternative to randomisation, and some have argued thatitis
superior.:* On theother hand, minimisation lacksthe theoretical basis for eliminating bias onall known and unknown factors. Nevertheless, in general, tials that
use minimisation are considered methodologically equivalent torandomised trils, even when arandom element’is notincorporated.





image45.png




image1.png
Target population (baseline state)

Allocation

Selection bias (systematic /\

diferences i the comparison

roups strbuiablato  Imervention group Control group
incomplete randormisation) l l
Performance bias (systematic
differences in the care Exposed to Not exposed
provided, apart from the intervention tointervention
intervention being evaluated) l l
‘Exclusion bias (systematic
differences in withdrawals Follow up Follow up
from the trial) 1 l
Detection bias (systematic
differences in outcome Outcomes Outcomes
assessment)

Fig 1 Sources of bias to check for in a randomised controlled trial
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Explanation—In trials of several hundred participants or
‘more simple randomisation can usually be trusted to gener-
ate similar numbers in the two trial groups'*” and o gener-
ate groups thatare roughly comparable in terms of known
and unknown prognostic variables.  For smaller trials
(seeitem 7a)—and even for trials that are not intended to be
small, as they may stop before reaching their target size—
some restricted randomisation (procedures to help achieve
balance between groups in size or characteristics) may be
useful (see box 2).
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Item 9. Mechanism used to implement the random allocation
sequence (such as sequentially numbered containers), describing
any steps taken to conceal the sequence until interventions were
assigned
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‘Explanation—Item 8a discussed generation of an unpredict-
able sequence of assignments. Of considerableimportanceis
how this sequence is applied when participants are enrolled
into the trial (see box 1). A generated allocation schedule
should be implemented by using allocation concealment,
critical mechanism that prevents foreknowledge of treatment
assignmentand thus shields those who enroll participants
from being influenced by this knowledge. The decision to
accept or rejecta participant should be made, and informed
consent should be obtained from the participant, in igno-
ranceof the next assignment in the sequence.1**
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Box3| Stepsin a typical randomisation process

Sequence generation
« Generateallocation sequence by some random procedure
Allocation concealment
* Develop allocation concealment mechanism (such asnumbered, identical bottles or
sequentially numbered, sealed, opaque envelopes)
« Preparetheallocation concealment mechanism usingthe allocation sequence from the
sequence generation step
Implementation
« Enrol participants:
Assess eligibility
Discuss the trial
Obtain informed consent
Enrol participantin trial
* Ascertain intervention assignment (such as opening next envelope)
* Administer intervention
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Ttem 10. Who generated the allocation sequence, who enrolled
participants, and who assigned participants to interventions
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Explanation—As noted in item 9, concealment of the allo-
cated intervention at the time of enrolment is especially
important. Thus, in addition to knowing the methods used,
itisalso important to understand how the random sequence
‘was implemented—specifically, who generated the alloca-
tion sequence, who enrolled participants, and who assigned
participants to trial groups.
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Even with flawless sequence generation and allocation
concealment, failure toseparate creation and concealment
of the allocation sequence from assignment to study group
may introduce bias. For example, the person who generated
an allocation sequence could retain a copy and consultit
when interviewing potential participants for a trial. Thus,
that person could bias the enrolment or assignment proc-
ess, regardless of the unpredictability of the assignment
sequence. Investigators must then ensure that the assign-
ment schedule is unpredictable and locked away (such as
in asafe deposit box in a building rather inaccessible to the
enrolmentlocation) from even the person who generated it
‘The report of the trial should specify where the investigators
stored theallocationlist.





image53.png
Item 11a. If done, who was blinded afier assignment to interventions
(for examplle, participants, care providers, those assessing outcomes)
and how





image54.png
Explanation—The term “blinding” or “masking” refers
towithholding information about the assigned interven-
tions from people involved in the trial who may potentially
beinfluenced by this knowledge. Blinding is an important
safeguard against bias, particularly when assessing subjec-
tive outcomes.">*
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Box 4| Blindingterminology

Inorder fora technical term to have utility it must have consistency in its use and
interpretation. Authors of trials commonly use the term “double blind” and, less
commonly, the terms “single blind” or “triple blind.” A problem with this lexicon s

that there(s great variability in clinician interpretations and epidemiological textbook
definitions of these terms.* Moreover, a study of 200 RCTs reported as double blind
found 18 different combinations of groups actually blinded when the authors of these
trials were surveyed, and about one in every five of these trials—reported as double
blind—did not blind participants, healthcare providers, or data collectors.™®

This research shows that terms are ambiguous and, as such, authors and editors should
abandon their use. Authors should instead explicitly reportthe blinding status ofthe
people involved for whom blinding may influence the validity of a trial.

Healthcare providersinclude all personnel (for example, physicians, chiropractors,
physiotherapists, nurses) who care for the participants during the trial. Data collectors
arethe individuals who collect data on the trial outcomes. Outcome adjudicators are
the individuals who determine whethera participant did experience the outcomes of
interest.

Some researchers have also advocated blinding and reporting the blinding status of
the data monitoring committee and the manuscript writers. ® Blinding of these groups is
uncommon, and the value of blinding them is debated.!”*

Sometimes one group of individuals (such as the healthcare providers) are the same
individuals fulfilling another role in a trial (such as data collectors). Even ifthis is the
case, the authors should explicitly state the blinding status of these groupsto allow
readers tojudge the validity of the trial.
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Enrolment

Allocated to intervention (n=.
Received allocated intervention (n=...)
Did not receive allocated intervention (give

Allocated to intervention (n=..):
Received allocated intervention (n=...)
Did not receive allocated intervention (give

reasons) (..
1

Lost to follow-up (give reasons) (n=...)

Discontinued intervention (give reasons) (n=...)

reasons) (n=..)
]

Lostto follow-up give reasons) (n=...)
Discontinued intervention (give reasons) (n=...)

'

Analysed (n=..):

Excluded from analysis give reasons) (n=...)

1
Analysed (n=..):
Excluded from analysis (give reasons) (n=..)

Analysis Follow-up Allocation

Flow diagram of the progressthrough the phases of a parallel randomised trial of two groups
(that s, enrolment, intervention allocation, follow-up, and data analysis)
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Ttem 116, If relevant, description of the similarity of interventions
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Explanation—Just as we seek evidence of concealment to
assure us that assignmentwas truly random, we seek evidence
of themethod of linding. In rials ith blinding of participants
orhealthcare providers, authors should state thesimilarity of
the characteristics of the interventions (such as appearance,
taste, smell, and method of administration). ">
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ltem 12a. Statistical methods used to compare groups for primary
and secondary outcomes
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Explanation—Data can be analysed in many ways, some
of which may not be strictly appropriate in a particular
situation. It is essential to specify which statistical pro-
cedure was used for each analysis, and further clarifica-
tion may be necessary in the results section of the report.
The principle to follow is to, “Describe statistical methods
with enough detail to enable a knowledgeable readerwith





image60.png
‘access to the original data to verify the reported results”
(www.icmje.org). It is also important to describe details of
the statistical analysis such as intention-to-treat analysis
(see hox 6).
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Item 12b. Methods for additional analyses, such as subgroup analyses
and adjusted analyses
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Explanation—As is the case for primary analyses, the
‘method of subgroup analysis should be clearly specified.
The strongest analyses are those that look for evidence of a
difference in treatment effect in complementary subgroups
(for example, older and younger participants), a compari-
son known as a test of interaction.'*? ¥ A common but
‘misleading approach is to compare P values for separate
analyses of the treatment effectin each group. Itis incorrect
toinfera subgroup effect (interaction) from onesignificant
and one non-significant P value. ' Such inferences have a
high false positive rate.
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Results
Item 13. Participant flow (a diagram i strongly recommended)

Item 13a. For each group, the numbers of participants who were
randomly assigned, received intended treatment, and were analysed

for the primary outcome
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Explanation—The design and conduct of some RCTs is
straightforward, and the flow of participants, particularly
were there are no losses to follow-up or exclusions, through
each phase of the study can be described adequately ina few
sentences. In more complex studies, it may be difficult for
readers to discern whether and why some participants did
not receive the treatment as allocated, were lost to follow-up,
orwere excluded from the analysis.** This information s cru-
cial for several reasons. Participants whowere excluded after
allocation are unlikely to be representative of all participants
in the study. For example, patients may not be available for
follow-up evaluation because they experienced an acute exac-
erbation of their illness or harms of treatment. 2219
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Table 3| Information required to document the flow of participants through each stage of a randomised trial

Number of people included

People evaluated for potential
enrolment

Number of people notincluded or
excluded

Peoplewho did not meet the inclusion

criteria ormet the inclusion criteria but

declinedto be enrolled

Rationale
‘These counts indicate whethertrial participants were
likelyto be representative of ll patients seen; they are
relevant to assessment of extemalvalidity only, and
theyare often not available.

Randomisation

Participants randomly assigned

Crucial count for defining tial size and assessing
‘whethera tial has been analysed by intention to treat

Treatmentallocation

Participantswho completed treatment
asallocated, by study group

Participantswho did not complete
treatment as allocated, by study group

Important counts for assessment of intemalvalidity
and interpretation of results; reasons for ot receiving
treatment asallocated should be given.

Follow-up

Participantswho completed treatment
asallocated, by study group

Participantswho did not complete
treatment as allocated, by study group

Important counts for assessment ofintemalv:
andinterpretation of esults; reasons for not

Participantswho completed follow-up.
asplanned, by study group

Participantswho did not complete
follow-up as planned, by study group

‘completing treatment orfollow-up should be given.

Analysis

Participants included in main
analysis, by study group

Participants excluded from main
analysis, by study group

Crucial count for assessing whethera trial has been
analysed by intention to treat; reasons for excluding
icipants should be given.
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CONSORT 2010 checklist of information to include when reporting a randomised trial*

Section/Topic ~ ItemNo  Checklistitem
Title and abstract
1 Identification as arandomised tialin the fitle
1b Structured summary of rial design, methods, resuts, and conclusions (for specific guidance see CONSORT for abstracts™ ™)
Introduction
Backgoundand  2a ificbackground and explanation of rationale
objectives ) Specifc objectives or hypotheses
Methods
Trial design 3 Description oftrial design (such as paralle, factoria) including allocation ratio
3 Important changes to methods after trial commencement (such as eligibilty criteria), with reasons
Participants @ ity citeria for participants
W Settings and locations where the data were collected
Inteventions 5 The interventionsfor each group with suficient details to allow replication, including how and when they were actually administered
Outcomes B ‘Completely defined pre-specified primary and secondary outcome measures,including how and when they were assessed
) ‘Any changes totial outcomes after the trial commenced, with reasons
Samplesize 7a How sample size was determined
[ When applicable, explanation of any interim analyses and stopping guidelines
Randomisat
Sequence B "Method used to generate the random allocation sequence
generation ) Type of randomisation; details of any restriction (such as blocking and block size)
Allocation 9 Mechanism used to implementthe random allocation sequence (such s sequentially numbered containers), describing any steps taken to conceal the.
concealment sequence untilinterventions were assigned
‘mechanism
implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to nterventions
Blinding 11a 1f done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how
11 Ifelevant, description of he similarit ofinterventions
Statistical methods 122 Statistical methods used to compare groups for pimary and secondary outcomes
12 Methods for additional analyses, such as subgroup analyses and adjusted analyses
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ltem 13b. For each group, losses and exclusions ffer randomisation,
together with reasons
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Explanation—Some protocol deviations may be reported in
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the flow diagram (see item 13a)—for example, participants
who did not receive the intended intervention. If participants
were excluded after randomisation (contrary to the inten-
tion-to-treat principle) because they were found not to meet
eligibility criteria (see item 16), they should be included in
the flow diagram. Use of the term “protocol deviation” in
published articles is not sufficient to justify exclusion of
participants after randomisation. The nature of the protocol
deviation and the exact reason for excluding participants
after randomisation should always be reported.
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ltem 14a. Dates defining the periods of recruitment and
followup
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Explanation—Knowing when a study took place and
over what period participants were recruited places the
study in historical context. Medical and surgical thera-
pies, including concurrent therapies, evolve continuously
and may affect the routine care given to participants dur-
ing a trial. Knowing the rate at which participants were
recruited may also be useful, especially to other investi-
gators.
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Jtem 14b. Why the trial ended or was stopped|
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Explanation—Arguably, trialists who arbitrarily conduct
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unplanned interim analyses after very few events accrue
using no statistical guidelines run a high risk of “catching”
the data at a random extreme, which likely represents a
large overestimate of treatment benefit. 2o
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of the flow of participants through a trial, as recommen
by CONSORT. This study informed the design of the
flow diagram in the revised CONSORT statement.**** The:
gested templateis shown in fig 1, and the countsrequired
described in detail in table 3.





image75.png
Item 15. A table showing baseline demographic and clinical
characteristics for each group
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Results

Participantfiow @ 132 For each group, the numbers of articipants who were randomly assigned, received intended treatment, and were analysed for the primary outcome
diagramisstrongly 13p For each group, losses and exclusions after randomisation, togetherwith reasons
recommended)
Recruitment 142 Dates defining the periods of recruitment and follow-up
14b Why the trial ended orwas stopped
Baseline data 15 ‘Atable showing baseline demographic and clinical characteristics for each group
Numbersanalysed 16 For each group, numberof participants (denominato) included in each analysis and whetherthe analysis was by original assigned groups
Outcomesand 172 For each primary and secondary outcome, results for each group, and the estimated effect size and s precision (such as 95% confidencentenval)
estimation 176 For binary outcomes, presentation of both absolute and relative effect sizes is recommended
Ancillany analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
Harms. 19 Allimportant harms or unintended effects in each group (for specific guidance see CONSORT for harms™)
Discussion
Limitations 20 Trial limitations, addressing sources of potential b relevant, multplicity of analyses
Generalisabiliy 21 Generalisabilty (extenalvalidity, applicability) ofthe trial findings
Interpretation 2 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
Otherinformation
Registration 23 Registration number and name of trialregistry
Protocol % Where the fulltrial protocol can be accessed, f available
Funding 2 ‘Sources of funding and other support (such as supply of drugs), ole of funders

*We strongly recommend reading this statementin conjunction with the CONSORT 2010 Explanation and Elaboration” for important clarifications on all the items. I elevant, we also
recommend reading CONSORT extensions for cluster randomised trials, * non-inferiority and equivalence trials, ” non-phammacological treatments, ” herbal intenventions, and pragmatic
trials. * Additional extensions are forthcoming: for those and for up to date references relevant o this checkiist, see www.consort-statement.org.
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Explanation—Although the eligibility criteria (seeitem 4a)
indicate who was eligible for the trial, it s also important to
know the characteristics of the participants whowere actu-
ally included. This information allows readers, especially
clinicians, tojudge how relevant the results of a trial might
be to an individual patient.
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Table 4| Example of reporting baseline demographic and clinical characteristics. (Adapted from table 1 of Yusuf et al)

Telmisartan (N=2954) Placebo (N=2972)
Age (vears) 6690.3) 66909
Sex (female) 1280 (63.3%) 1267 (42.6%)
Smoking status:
Current 2939.9%) 2899.7%)
Past 12733.1%) 1283 (©3.2%)
Ethnicor
Asian 637 21.6%) 626 21.0%)
Arab 37(13% 40(1.3%)
Aftican 511.7%) 55(1.9%)
European 1801 (61.0%) 1820 61.2%)
Native or Aboriginal 390(13.2%) 393(13.2%)
Other 38(13% 40(1.3%)
Blood pressure (mm HY 1407 (16.8/81.8) (10.1) 1413 (164/82.0) 10.2)
Heartrate (beats per min) 6880115 68.8(12.0)
Cholesterol (mmol/D:
Total 5.09(1.18) 5.08(1.15)
[ 3.02(101) 3.03(1.02)
HOL 1.27(037) 1.28(0.41)
Coronary arery disease 2211 (74.8%) 2207 74.3%)
Myocardial infarction 1381 (46.8%) 1360 (45.8%)
Angina pectoris 1412 (47.8%) 1412(47.5%)
Peripheral artery disease 349 (11.8%) 323(10.5%)
Hypertension 225976.5%) 2269 (76.3%)
Diabetes 1059 (35.8%) 1059 (35.6%)

“Data are means (SD) or numbers (%).
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Item 16. For each group, number of participants (denominator)
included in each analysis and whether the anlysis was by original
assigned groups
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Explanation—The number of participants in each group is
an essential element of the analyses. Although the flow dia-
gram (seeitem 13a) may indicate the numbers of participants
analysed, these numbers often vary for different outcome
measures. The number of participants per group should be
given for all analyses. For binary outcomes, (suchaas risk ratio
and risk difference) the denominators or event rates should
also be reported. Expressing results as fractions alsoaids the
reader in assessing whether some of the randomly assigned
participants were excluded from the analyss. It follows that
results should not be presented solely as summary measures,
suchas relative risks.
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Box 6 | Intention-to-treat analysis

The specialstrength of the RCT s the avoidance of biaswhen allocating interventions to trial participants (see box 1). Thatstrength allows stronginferences
about cause and effectthatare not justified with other study designs. I orderto preserve fully the huge benefit of randomisation we should includeall
randomised participants in the analysis, all retained in the group to which they were allocated. Those two conditions definean “intention-to-treat” analysis,
which is widely recommended as the preferred analysis strategy.** Intention-to-treat analysis corres ponds to analysing the groups exactlyas randomised.
Strictintention-to-treat analysisis often hard to achieve for two main reasons—missing outcomes for some participants and non-adherence o the trial protocol.

Missing outcomes

Many trialists exclude patientswithout an observed outcome. Often thisis reasonable, but once any randomised participants are excluded the analysisis not
strctly an intention-to-treat analysis. Indeed, most randomised trials have some missing observations. Trialists effectively must choose between omitting
the participantswithout final outcome data orimputingtheir missing outcome data. * A*“complete case” (or“available case”) analysisincludes only those
whose outcome isknown. While a few missing outcomes will not cause a problem, in half of trials more than 10% of randomised patients may have missing
outcomes.?*This common approach willlose power by reducing the sample size, and biasmaywell beintroduced if beinglost o follow-up is elated o
patient’sresponse to treatment. There should be concern when the frequency or the causes of dropping out differ between the intervention groups.

Participants with missing outcomes can beincluded in the analysis only ftheir outcomes areimputed (thatis, theiroutcomes are estimated from other
information that was collected). Imputation of the missing data allows the analysis to conform to intention-to-treat analysis but requires strong assumptions,
which may be hard to ustify.” Simple imputation methods are appealing, but their use may be inadvisable. In particular, awidely used method is “last
observation carried forward” in which missing final values of the outcome variable are replaced bythe last knownvalue before the participant was lostto follow.
up. This is appealing through its simplicity, butthe method may introduce bias, 2 and no allowance is made for the uncertainty of imputation. >’ Many authors
have severely criticised last observation carried forward 2
Non-adherence to the protocol
Aseparateissueis thatthe trial protocol may not have been followed fully for sometral participants. Common examples are participants who did not meet the
inclusion criteria (such aswrong diagnosis, tooyoung), received a proscribed co-ntervention, did not take allthe intended treatment, or received a different
treatment or no intervention. The simple wayto deal with any protocol deviations isto ignore them: all participants can be included in the analysis regardless of
adherence to the protocol, and thisis thentention to-treat approach. Thus, exclusion of any participants for such reasons is incompatible with intention-to-treat
analysis.

The term “modified intention-to-treat” is quite widely used to describe an analysisthat excludes participants who did not adequately adhere to the protocol,
in particular those who did not receive a defined minimum amount of the intervention.22 An alterative term is “per protocol.” Thougha per protocol analysis
may be appropriatein some settings, it should be properly labelled as anon-randomised, observational comparison. Any exclusion of patients from the analysis
compromisestherandomisation and may lead to bias in the results.

Like “intention to-treat,” none of these other labelsreliably clarifies exactly which patients were included. Thus, in the CONSORT checklistwe have dropped the
specific requestforintention to-treatanalysis in favour of a clear description of exactlywho was includedin each analysis.
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ltem 17a. For each primary and secondary outcome, results for each
group, and the estimated effect size and its precision (sudh as 95%
confidence interval)
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Explanation—For each outcome, study results should be
reported as a summary of the outcome in each group (for
example, the number of participants with or without the
event and the denominators, or the mean and standard
deviation of measurements), together with the contrast
between the groups, known as the effect size. For binary
outcomes, the effect size could be the risk ratio (relative
risk), odds ratio, o risk difference; for survival time data, it
could be the hazard ratio or difference in median survival
time; and for continuous data, itis usually the difference in
means. Confidenceintervals should be presented for the con-
trast between groups. A common error is the presentation of
separate confidence intervals for theoutcome in each group
rather than for the treatment effect.* Trial results are often
more clearly displayed in a table rather than in the text, as
shown in tables 5 and 6.
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Table5| Example of reporting of summary results for each study group (binary outcomes).*
(Adapted from table 2 of Mease etal'®)

Number (%)
Endpoint Etanercept (n=30) Placebo (n=30) Riskdifference (95%C1)
Primary endpoint
Achieved PsARC at 12 2%(87) 703 63% (44 1083)
weeks
Secondary endpoint
Proportion of patients.
‘meeting ACR crteria:
ACR20 203 403 60% (40t080)
AR50 1560 16) 47% (281066)
ACR70 4a3) 00 13%(1t026)

*See also example for tem 6a.
PSARC=psoriatic arthrits response criteria. ACR=American College of Rheumatology.

Table 6] Example of reporting of summary results for each study group (continuous outcomes).
(Adapted from table 3 of van Linschoten®)

Exercise therapy (n=65) Control (n=66) Adjusted

Baseline  12months(mean  Baseline (mean 12months _difference* (95%

(mean (SD)) (s0) (sD) (mean(SD)) ~ Cl)at 12 months
Functionscore 64,4 (13.9) 83.2(14.8) 65.9(15.2)  798(17.5)  4.52(-0.73t0
(0-100) 9.76)
Painatrest  414(23) 143022 40323 26129 -129¢216t0
(©-100) -0.42)
Painonactivity  6.32(2.2) 25729 59723 354338 -119(-222t0
(0-100) -0.16)

*Function score adjusted for baseline, age, and duration of symptoms.
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Item 17b. For binary outcomes, presentation of both absolute and
relative effect sizes is recommended
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Explanation—When the primary outcome is binary, both
the relative effect (risk ratio (relative risk) or odds ratio) and
the absolute effect (risk difference) should be reported (with
confidence intervals), as neither the relative measure nor the
absolute measure alone gives a complete picture of the effect
and its implications. Different audiences may prefer either
relative or absolute risk, but both doctors and lay people
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Box 1] Treatment allocation. What’s so special about randomisation?
The method used to assign interventions to trial participants is a crucial aspect of clinicaltrial design. Random assignment is the preferred method; it has been
successfully used regularly in trials for more than 50 years. Randomisation has three major advantages.? First, when properly implemented, it eliminates
selection bias, balancing both known and unknown prognostic factors, i the assignment of treatments. Without randomisation, treatment comparisons
may be prejudiced, whether consciously or not, byselection of participants of a particularkind to receive a particular reatment. Second, random assignment
permits the use of probability theory to express the likelihood that any differencein outcome between intervention groups merely reflects chance. Third,
random allocation, in some situations, facilitates blinding the identity oftreatments to the investigators, participants, and evaluators, possibly by use ofa
placebo, which reduces bias afterassignment of treatments.” Of these three advantages, reducing selection bias attrial entryis usually the mostimportant.2*
Successful randomisation in practice dependson two interrelated aspects—adequate generation ofan unpredictable allocation sequence and concealment
ofthat sequence until assignment occurs.2 A key issue is whetherthe schedule s known or predictable by the people involved in allocating participants to
the comparison groups.® The treatment allocation system should thus be setup so thatthe person enrolling participants does notknowin advance which
treatmentthe next person willget, a process termed allocation concealment.22* Proper allocation concealment shields knowledge of forthcoming assignments,
whereas proper random sequences prevent correct anticipation of future assignments based on knowledge of past assignments.
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tend to overestimate the effect when it is presented in terms
of relativerisk * Thesize of therisk differenceis less gen-
eralisable to other populations than the relative risk since it
depends on the baseline risk in the unexposed group, which
tends to vary across populations. For diseases where the out-
come is common, a relative risk near unity might indicate
clinically important differences in public health terms. In
contrast, alarge relative risk when the outcome is rare may
not be so important for public health (although it may be
important to an individual in a high risk category).
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Jtem 18. Results of any other analyses performed, induding
subgroup analyses and adjusted analyses, distinguishing pre-
specified from exploratory
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Explanation—Multiple analyses of the same data create a
risk for false positive findings.2* Authors should resist the
temptation to perform many subgroup analyses. s 155 %7
Analyses that were prespecified inthe tial protocol (seeitem
24)are much more reliable than those suggested by the data,
and therefore authors should report which analyses were
prespecified. If subgroup analyses were undertaken, authors
should report which subgroups were examined, why, if they
were prespecified, and how many were prespecified. Selec-
ive reporting of subgroup analyses could lead to bias. ¢
When evaluating a subgroup the question is notwhether the
subgroup shows astatistically significant result but whether
the subgroup treatment effects are significantly different
from each other. To determine this, a test of interaction is
helpful, although the power for such tests is typically low. If
formal evaluations of interaction are undertaken (see item
12b) they should be reported as the estimated difference in
the intervention effect in each subgroup (with a confidence
interval), not just as P values.
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ltem 19. All important harms or unintended effects in each group
For specific guidance see CONSORT for harms.*
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Explanation—Readers need information about the harms as
well as the benefits of interventions to make rational and bal-
anced decisions. The existence and nature of adverse effects
can have a major impact on whether a particular interven-
tion will be deemed acceptable and useful. Notall reported
adverse events observed duringa trial are necessarily a con-
sequence of the intervention; some may be a consequence
of the condition being treated. Randomised trials offer the
best approach for providing safety data as well as efficacy
data, although they cannot detect rare harms.
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Discussion
Item 20. Trial limitations, addressing sources of potential bias,
imprecision, and, if relevant, multiplicity of analyses
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Explanation—The discussion sections of scientific reports
are often filled with rhetoric supporting the authors’ find-
ings** and providelittle measured argument of the pros
and cons of the study and its results. Some journals have
attempted to remedy this problem by encouraging more
structure to authors’ discussion of their results. s 25¢ For
example, Annals of Intemal Medicine recommends that
authorsstructure the discussion section by presenting (1)
brief synopsis of the key findings, (2) consideration of pos-
sible mechanisms and explanations, (3) comparison with
relevant findings from other published studies (whenever
possible including a systematic review combining the results
of the current study with the results of all previous relevant
studies), (4) limitations of the present study (and methods
used to minimise and compensate for thoselimitations), and
(5)abrief section that summarises the clinical and research
implications of the work, as appropriate.”** We recommend
thatauthors follow these sensible suggestions, perhaps also
using suitable subheadings in the discussion section.
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Item 21. Generalisability (external validity, applicability) of the
trial findings
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‘Explanation—External validity, also called generalisability
orapplicability, is the extent towhich the results of a study
‘can be generalised to other circumstances. * Internal valid-
ity, the extent to which the design and conduct o the trial
eliminate the possibility of bias, s a prerequisite for external
validity: the results of a flawed trial are invalid and the ques-
tion of its external validity becomes irrelevant. There is no
absolute external validity; the term is meaningful only with
regard to clearly specified conditions that were not directly
examined in the trial. Can results be generalised to an indi-
vidual participant or groups that differ from those enrolled
in the trial with regard to age, sex, severity of isease, and
comorbid conditions? Are the results applicable to other
drugs within a class of similar drugs, to a different dose,
timing, and route of administration, and to different con-
comitant therapies? Can similar results be expected at the
primary, secondary, and tertiary levels of care? What about
the effect on related outcomes that were not assessed in the
trial, and the importance of length of follow-up and duration
of treatment, especially with respect to harms??6*
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ltem 22. Interpretation consistent with results, balancing benefits and
‘harms, and considering other relevant evidence





