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The hierarchy of evidence in assessing the effectiveness of
interventions or treatments is explained, and the gold
standard for evaluating the effectiveness of interventions,
the randomised controlled trial, is discussed. Issues that
need to be considered during the critical appraisal of
randomised controlled trials, such as assessing the validity
of trial methodology and the magnitude and precision of
the treatment effect, and deciding on the applicability of
research results, are discussed. Important terminologies
such as randomisation, allocation concealment, blinding,
intention to treat, p values, and confidence intervals are

explained.
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n the first article of the series,' I described

evidence based medicine (EBM) as a systema-

tic approach to clinical problem solving, which
allows the integration of the best available
research evidence with clinical expertise and
patient values. In this article, I will explain the
hierarchy of evidence in assessing the effectiveness
of interventions or treatments, and discuss the
randomised controlled trial, the gold standard for
evaluating the effectiveness of interventions.

HIERARCHY OF EVIDENCE

It is well recognised that some research designs
are more powerful than others in their ability to
answer research questions on the effectiveness of
interventions. This notion has given rise to the
concept of “hierarchy of evidence”. The hier-
archy provides a framework for ranking evidence
that evaluates health care interventions and
indicates which studies should be given most
weight in an evaluation where the same question
has been examined using different types of
study.”

Figure 1 illustrates such a hierarchy. The
ranking has an evolutionary order, moving from
simple observational methods at the bottom,
through to increasingly rigorous methodologies.
The pyramid shape is used to illustrate the
increasing risk of bias inherent in study designs
as one goes down the pyramid.” The randomised
controlled trial (RCT) is considered to provide the
most reliable evidence on the effectiveness of
interventions because the processes used during
the conduct of an RCT minimise the risk of
confounding factors influencing the results.
Because of this, the findings generated by RCTs
are likely to be closer to the true effect than the
findings generated by other research methods.*

The hierarchy implies that when we are
looking for evidence on the effectiveness of
interventions or treatments, properly conducted
systematic reviews of RCTs with or without
meta-analysis or properly conducted RCTs will
provide the most powerful form of evidence.’ For
example, if you want to know whether there is
good evidence that children with meningitis
should be given corticosteroids or not, the best
articles to look for would be systematic reviews
or RCTs.

WHAT IS A RANDOMISED CONTROLLED
TRIAL?

An RCT is a type of study in which participants
are randomly assigned to one of two or more
clinical interventions. The RCT is the most
scientifically rigorous method of hypothesis
testing available,” and is regarded as the gold
standard trial for evaluating the effectiveness of
interventions.® The basic structure of an RCT is
shown in fig 2.

Abbreviations: Abbreviations: CONSORT, consolidated
standards of reporting trials; EBM, evidence based
medicine; PCDAI, paediatric Crohn’s disease activity
index; RCT, randomised controlled trial
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Figure 1 Hierarchy of evidence for questions about the effectiveness of
an intervention or treatment.

A sample of the population of interest is randomly
allocated to one or another intervention and the two groups
are followed up for
a specified period of time. Apart from the interventions being
compared, the two groups are treated and observed in an
identical manner. At the end of the study, the groups are
analysed in terms of outcomes defined at the outset. The
results from, say, the treatment A group are compared with
results from the treatment B group. As the groups are treated
identically apart from the intervention received, any differ-
ences in outcomes are attributed to the trial therapy.®

WHY A RANDOMISED CONTROLLED TRIAL?

The main purpose of random assignment is to prevent
selection bias by distributing the characteristics of patients
that may influence the outcome randomly between the
groups, so that any difference in outcome can be explained
only by the treatment.” Thus random allocation makes it
more likely that there will be balancing of baseline systematic
differences between intervention groups with regard to
known and unknown factors—such as age, sex, disease
activity, and duration of disease—that may affect the
outcome.

APPRAISING A RANDOMISED CONTROLLED TRIAL
When you are reading an RCT article, the answers to a few
questions will help you decide whether you can trust the
results of the study and whether you can apply the results to
your patient or population. Issues to consider when reading
an RCT may be condensed into three important areas®:

® the validity of the trial methodology;
® the magnitude and precision of the treatment effect;

® the applicability of the results to your patient or popula-
tion.

A list of 10 questions that may be used for critical appraisal
of an RCT in all three areas is given in box 1.’

ASSESSING THE VALIDITY OF TRIAL
METHODOLOGY

Focused research question

It is important that research questions be clearly defined at
the outset. The question should be focused on the problem of
interest, and should be framed in such a way that even
somebody who is not a specialist in the field would
understand why the study was undertaken.
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Figure 2 The basic structure of a randomised controlled trial.

Randomisation

Randomisation refers to the process of assigning study
participants to experimental or control groups at random
such that each participant has an equal probability of being
assigned to any given group.'” The main purpose of
randomisation is to eliminate selection bias and balance
known and unknown confounding factors in order to create a
control group that is as similar as possible to the treatment
group.

Methods for randomly assigning participants to groups,
which limits bias, include the use of a table of random
numbers and a computer program that generates random
numbers. Methods of assignment that are prone to bias
include alternating assignment or assignment by date of birth
or hospital admission number."

In very large clinical trials, simple randomisation may lead
to a balance between groups in the number of patients
allocated to each of the groups, and in patient characteristics.
However, in ““smaller”” studies this may not be the case. Block
randomisation and stratification are strategies that may be
used to help ensure balance between groups in size and
patient characteristics."

Block randomisation

Block randomisation may be used to ensure a balance in the
number of patients allocated to each of the groups in the trial.
Participants are considered in blocks of, say, four at a time.
Using a block size of four for two treatment arms (A and B)
will lead to six possible arrangements of two As and two Bs
(blocks):

AABB BBAA ABAB BABA ABBA BAAB

A random number sequence is used to select a particular
block, which determines the allocation order for the first four

Box 1: Questions to consider when assessing an

RCT®

e Did the study ask a clearly focused question?

® Was the study an RCT and was it appropriately so?

® Were participants appropriately allocated to interven-
tion and control groups?

® Were participants, staff, and study personnel blind to
participants’ study groups?

e Were dll the participants who entered the trial
accounted for at its conclusion?

e Were participants in all groups followed up and data
collected in the same way?

e Did the study have enough participants to minimise the
play of chance?

® How are the results presented and what are the main
results?

® How precise are the results?

® Were all important outcomes considered and can the
results be applied to your local population?
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subjects. In the same vein, treatment group is allocated to the
next four patients in the order specified by the next randomly
selected block.

Stratification

While randomisation may help remove selection bias, it does
not always guarantee that the groups will be similar with
regard to important patient characteristics.'” In many studies,
important prognostic factors are known before the study. One
way of trying to ensure that the groups are as identical as
possible is to generate separate block randomisation lists for
different combinations of prognostic factors. This method is
called stratification or stratified block sampling. For example,
in a trial of enteral nutrition in the induction of remission in
active Crohn’s disease, potential stratification factors might
be disease activity (paediatric Crohn’s disease activity index
(PCDAI) <25 v >25) and disease location (small bowel
involvement v no small bowel involvement). A set of blocks
could be generated for those patients who have PCDAI <25
and have small bowel disease; those who have PCDAI <25
and have no small bowel disease; those who have PCDAI >25
and have small bowel disease; and those who have PCDAI
>25 and have no small bowel disease.

Allocation concealment

Allocation concealment is a technique that is used to help
prevent selection bias by concealing the allocation sequence
from those assigning participants to intervention groups,
until the moment of assignment. The technique prevents
researchers from consciously or unconsciously influencing
which participants are assigned to a given intervention group.
For instance, if the randomisation sequence shows that
patient number 9 will receive treatment A, allocation
concealment will remove the ability of researchers or other
health care professionals from manoeuvring to place another
patient in position 9.

In a recent observational study, Schulz ef al showed that in
trials in which allocation was not concealed, estimates of
treatment effect were exaggerated by about 41% compared
with those that reported adequate allocation concealment."

A common way for concealing allocation is to seal each
individual assignment in an opaque envelope.'’ However, this
method may have disadvantages, and “distance” randomisa-
tion is generally preferred.' Distance randomisation means
that assignment sequence should be completely removed
from those who make the assignments. The investigator, on
recruiting a patient, telephones a central randomisation
service which issues the treatment allocation.

Although an RCT should, in theory, eliminate selection
bias, there are instances where bias can occur.” You should
not assume that a trial methodology is valid merely because it
is stated to be an RCT. Any selection bias in an RCT
invalidates the study design and makes the results no more
reliable than an observational study. As Torgesson and
Roberts have suggested, the results of a supposed RCT which
has had its randomisation compromised by, say, poor
allocation concealment may be more damaging than an
explicitly unrandomised study, as bias in the latter is
acknowledged and the statistical analysis and subsequent
interpretation might have taken this into account."

Blinding

There is always a risk in clinical trials that perceptions about
the advantages of one treatment over another might
influence outcomes, leading to biased results. This is
particularly important when subjective outcome measures
are being used. Patients who are aware that they are
receiving what they believe to be an expensive new treatment
may report being better than they really are. The judgement
of a doctor who expects a particular treatment to be more
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effective than another may be clouded in favour of what he
perceives to be the more effective treatment. When people
analysing data know which treatment group was which,
there can be the tendency to ““overanalyse” the data for any
minor differences that would support one treatment.

Knowledge of treatment received could also influence
management of patients during the trial, and this can be a
source of bias. For example, there could be the temptation for a
doctor to give more care and attention during the study to
patients receiving what he perceives to be the less effective
treatment in order to compensate for perceived disadvantages.

To control for these biases, “blinding’” may be undertaken.
The term blinding (sometimes called masking) refers to the
practice of preventing study participants, health care profes-
sionals, and those collecting and analysing data from
knowing who is in the experimental group and who is in
the control group, in order to avoid them being influenced by
such knowledge."® It is important for authors of papers
describing RCTs to state clearly whether participants,
researchers, or data evaluators were or were not aware of
assigned treatment.

In a study where participants do not know the details of
the treatment but the researchers do, the term “’single blind”
is used. When both participants and data collectors (health
care professionals, investigators) are kept ignorant of the
assigned treatment, the term ““double blind” is used. When,
rarely, study participants, data collectors, and data evaluators
such as statisticians are all blinded, the study is referred to as
“triple blind”.

Recent studies have shown that blinding of patients and
health care professionals prevents bias. Trials that were not
double blinded yielded larger estimates of treatment effects
than trials in which authors reported double blinding (odds
ratios exaggerated, on average, by 17%)."”

It should be noted that, although blinding helps prevent
bias, its effect in doing so is weaker than that of allocation
concealment.'” Moreover, unlike allocation concealment,
blinding is not always appropriate or possible. For example,
in a randomised controlled trial where one is comparing
enteral nutrition with corticosteroids in the treatment of
children with active Crohn’s disease, it may be impossible to
blind participants and health care professionals to assigned
intervention, although it may still be possible to blind those
analysing the data, such as statisticians.

Intention to treat analysis

As stated earlier, the validity of an RCT depends greatly on
the randomisation process. Randomisation ensures that
known and unknown baseline confounding factors would
balance out in the treatment and control groups. However,
after randomisation, it is almost inevitable that some
participants would not complete the study for whatever
reason. Participants may deviate from the intended protocol
because of misdiagnosis, non-compliance, or withdrawal.
When such patients are excluded from the analysis, we can
no longer be sure that important baseline prognostic factors
in the two groups are similar. Thus the main rationale for
random allocation is defeated, leading to potential bias.

To reduce this bias, results should be analysed on an
“intention to treat” basis.

Intention to treat analysis is a strategy in the conduct and
analysis of randomised controlled trials that ensures that all
patients allocated to either the treatment or control groups
are analysed together as representing that treatment arm
whether or not they received the prescribed treatment or
completed the study.” Intention to treat introduces clinical
reality into research by recognising that for several reasons,
not all participants randomised will receive the intended
treatment or complete the follow up.*®
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According to the revised CONSORT statement for reporting
RCTs, authors of papers should state clearly which partici-
pants are included in their analyses.” The sample size per
group, or the denominator when proportions are being
reported, should be provided for all summary information.
The main results should be analysed on the basis of intention
to treat. Where necessary, additional analyses restricted only
to participants who fulfilled the intended protocol (per
protocol analyses) may also be reported.

Power and sample size calculation

The statistical power of an RCT is the ability of the study to
detect a difference between the groups when such a
difference exists. The power of a study is determined by
several factors, including the frequency of the outcome being
studied, the magnitude of the effect, the study design, and
the sample size.” For an RCT to have a reasonable chance of
answering the research question it addresses, the sample size
must be large enough—that is, there must be enough
participants in each group.

When the sample size of a study is too small, it may be
impossible to detect any true differences in outcome between
the groups. Such a study might be a waste of resources and
potentially unethical. Frequently, however, small sized
studies are published that claim no difference in outcome
between groups without reporting the power of the studies.
Researchers should ensure at the planning stage that there
are enough participants to ensure that the study has a high
probability of detecting as statistically significant the smallest
effect that would be regarded as clinically important.*

MAGNITUDE AND SIGNIFICANCE OF TREATMENT
EFFECT

Once you have decided that the methodology of a study is
valid within reason, the next step is to decide whether the
results are reliable. Two things usually come into mind in
making this decision—how big is the treatment effect, and
how likely is it that the result obtained is due to chance
alone?

Magnitude of treatment effect

Magnitude refers to the size of the measure of effect.
Treatment effect in RCTs may be reported in various ways
including absolute risk, relative risk, odds ratio, and number
needed to treat. These measures of treatment effect and their
advantages and disadvantages have recently been reviewed.*'
A large treatment effect may be more important than a small
one.

Statistical significance

Statistical significance refers to the likelihood that the results
obtained in a study were not due to chance alone. Probability
(p) values and confidence intervals may be used to assess
statistical significance.

p Value

A p value can be thought of as the probability that the
observed difference between two treatment groups might
have occurred by chance. The choice of a significance level is
artificial but by convention, many researchers use a p value of
0.05 as the cut off for significance. What this means is that if
the p value is less than 0.05, the observed difference between
the groups is so unlikely to have occurred by chance that we
reject the null hypothesis (that there is no difference) and
accept the alternative hypothesis that there is a real
difference between the treatment groups. When the p value
is below the chosen cut off, say 0.05, the result is generally
referred to as being statistically significant. If the p value is
greater than 0.05, then we say that the observed difference
might have occurred by chance and we fail to reject the null
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hypothesis. In such a situation, we are unable to demonstrate
a difference between the groups and the result is usually
referred to as not statistically significant.

Confidence intervals

The results of any study are estimates of what might happen
if the treatment were to be given to the entire population of
interest. When I test a new asthma drug on a randomly
selected sample of children with asthma in the United
Kingdom, the treatment effect I will get will be an estimate of
the “true” treatment effect for the whole population of
children with asthma in the country. The 95% confidence
interval (CI) of the estimate will be the range within which
we are 95% certain that the true population treatment effect
will lie. It is most common to report 95% CI, but other
intervals, such as 90% and 99% CI, may also be calculated for
an estimate.

If the CI for a mean difference includes 0, then we have
been unable to demonstrate a difference between the groups
being compared (“not statistically significant”’), but if the CI
for a mean difference does not include 0, then a statistically
significant difference between the groups has been shown. In
the same vein, if the CI for relative risk or odds ratio for an
estimate includes 1, then we have been unable to demon-
strate a statistically significant difference between the groups
being compared, and if it does not include 1, then there is a
statistically significant difference.

Confidence intervals versus p values

CIs convey more useful information than p values. CI may be
used to assess statistical significance, provide a range of
plausible values for a population parameter, and gives an idea
about how precise the measured treatment effect is (see
below). Authors of articles could report both p values and
CIs.”> However, if only one is to be reported, then it should be
the CI, as the p value is less important and can be deduced
from the CL p values tell us little extra when CIs are
known.* **

Clinical significance

A statistically significant finding by itself can have very little
to do with clinical practice and has no direct relation to
clinical significance. Clinical significance reflects the value of
the results to patients and may be defined as a difference in
effect size between groups that could be considered to be
important in clinical decision making, regardless of whether
the difference is statistically significant or not. Magnitude
and statistical significance are numerical calculations, but
judgements about the clinical significance or clinical impor-
tance of the measured effect are relative to the topic of
interest.” Judgements about clinical significance should take
into consideration how the benefits and any adverse events of
an intervention are valued by the patient.

PRECISION OF TREATMENT EFFECT

CI is important because it gives an idea about how precise an
estimate is. The width of the interval indicates the precision
of the estimate. The wider the interval, the less the precision.
A very wide interval may indicate that more data should be
collected before anything definite can be said about the
estimate.

APPLYING RESULTS TO YOUR OWN PATIENTS

An important concept of EBM is that clinicians should make
decisions about whether the valid results of a study are
applicable to their patients. The fact that good evidence is
available on a particular asthma treatment does not
necessarily mean that all patients with asthma can or should
be given that treatment. Some of the issues one needs to
consider before deciding whether to incorporate a particular
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piece of research evidence into clinical practice are briefly
discussed below.

Are the participants in the study similar enough to my
patients?

If a particular drug has been found to be effective in adults
with meningitis in the USA, you need to decide whether
there is any biological, geographical, or cultural reason why
that particular drug will not be effective in children with
meningitis in the United Kingdom.

Do the potential side effects of the drug outweigh the
benefits?

If a particular treatment is found to be effective in an RCT,
you need to consider whether the reported or known side
effects of the drug may outweigh its potential benefits to your
patient. You may also need to consider whether an individual
patient has any potential co-morbid condition which may
alter the balance of benefits and risks. In such a situation,
you may, after consultation with the patient or carers, decide
not to offer the treatment.

Does the treatment conflict with the patient’s values
and expectations?

Full information about the treatment should be given to the
patient or carers, and their views on the treatment should be
taken into account. A judgement should be made about how
the patient and carers value the potential benefits of the
treatment as against potential harms.

Is the treatment available and is my hospital prepared
to fund it?

There will be no point in prescribing a treatment which
cannot either be obtained in your area of work or which your
hospital or practice is not in a position to fund, for whatever
reason, including cost.

CONCLUSIONS

An RCT is the most rigorous scientific method for evaluating
the effectiveness of health care interventions. However, bias
could arise when there are flaws in the design and manage-
ment of a trial. It is important for people reading medical
reports to develop the skills for critically appraising
RCTs, including the ability to assess the validity of trial
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methodology, the magnitude and precision of the treatment
effect, and the applicability of results.
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