
It is generally accepted that the strongest research design to
determine the effectiveness and efficacy of an intervention is the
randomized controlled trial (RCT),1 in which patients who meet
the inclusion criteria are assigned at random to receive either the
new, investigational treatment or to one or more comparison
groups. Until recently, the comparison group has almost always
been a placebo. However, the use of placebos when proven
therapies exist has come under increasing criticism; in particular
for possibly violating the principles of the Declaration of
Helsinki.2 In this paper, I will first discuss why the placebo
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ORIGINAL ARTICLE

controlled trial is so common, and then discuss some alternatives
to placebo controls, with their advantages and disadvantages. I
conclude by discussing some ethical implications.
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THE PLACEBO-CONTROL TRIAL

The advantages of the RCT are many, and include balancing
of baseline risks, reducing the possible effects of confounding
variables (most especially those we are unaware of), and
satisfying the criteria for statistical tests.3 There are few ethical
problems in using placebo-control trials when there is no
treatment of proven effectiveness for the condition being studied
or when the current treatment has serious side effects (but see 4).
We may suspect (or hope) that the treatment being investigated
is better than placebo, but in the absence of any previous
evidence, this conjecture remains unproven, so that the patients
in the placebo arm of the trial are not being denied therapy that
the experimental group is receiving. There are two major
advantages to using a placebo control: (a) efficiency, and (b)
clear evidence of effectiveness or the lack of it.

Efficiency means that we can achieve statistical significance
with the smallest number of participants in the trial. The
alternatives to the placebo controlled trial, which I will discuss
shortly, very often require a larger sample size to show a
statistically significant effect. This increases the cost,
complexity, and length of the study.

Secondly, the results of a placebo-controlled trial are usually
unequivocal – either the treatment was more effective than no
treatment, or it was not. The answer is not as clear-cut when the
comparison group is receiving an active agent.

The two major shortcomings of placebo controls when an
effective treatment exists are (a) ethical (which I briefly mention
at the end), and (b) ambiguity about the usefulness of the results.
That is, while they may give an indication of the absolute benefit
of the new treatment, it is impossible to say if that benefit is
better than, equivalent to, or worse than the gains that the
patients would show if they were on an already approved drug.

ALTERNATIVES TO PLACEBO CONTROL

The alternative to using a placebo in the control arm of the
study is to use an active agent as the comparison condition.

However, this presents the researcher with the issue of what the
study question is. There are three alternatives: superiority, non-
inferiority, or equivalence.5

Superiority Trials

In a superiority trial, the aim – as the name implies – is to
show that the new drug is better than the standard one. “Better”
can mean either a greater therapeutic effect or, more commonly,
fewer or better tolerated adverse events. To keep the discussion
simpler, though, I will refer only to effectiveness or efficacy,
because the same arguments apply for side effects; and I assume
that higher scores are better than lower ones. In a superiority
trial, the null hypothesis is that the difference between the means
of the two groups, abbreviated as δ, is zero or negative (i.e.,
favouring the standard treatment); versus the one-tailed
alternative hypothesis that the new drug is better (Figure 1). In
other words:

H0: δ ≤ 0
HA: δ > 0

An alternative way of writing these hypotheses is in terms of
the means of the standard drug group (MS) and the new drug
group (MN):

H0: MN ≤ MS
HA: MN > MS

The rationale for a one-sided test of significance is that people
(or at least drug manufacturers) are not interested in results that
show that the new drug is equal to or inferior than the standard;
only that it is better. However, many statisticians are
uncomfortable with one-tailed tests,6 because it means that,
strictly speaking, “significant” results in the opposite direction
must be dismissed as chance findings. Any attempt to “explain
away” the contrary finding is an admission that the effect is real,
and thus the rationale for the one-tailed hypothesis has been
violated (i.e., it is due to chance). There have been many
unfortunate examples where it seemed logical to posit that the
results could go in only one direction, only to find that the new
intervention was in fact harmful. In both the CAST7 and the
Finnish Trial,8 for example, those in the intervention group – to
reduce ventricular arrhythmias and lower cardiac risk factors,
respectively – died at a rate between 11⁄2 and 31⁄2 times that of the
control group.

The advantage of a one-tailed test of significance is that, for
a given effect size, a smaller sample size is needed in order to
achieve statistical significance. However, this gain in efficiency
is usually more than offset by the more stringent requirement of
needing to demonstrate superiority to an already-proven
intervention. For these reasons, superiority trials are almost
never seen in drug studies (although they are relatively common
comparing drugs to behavioural therapies for anxiety and
affective disorders)

Sample Size Calculation – Superiority
On placebo, patients decline 5.6 points on the Cognition scale
of the ADAS (ADAS-Cog) over 12 months (SD = 7.3). If we
want a drug to slow this decline to 2 points, and using a one-

tailed test with α = 0.05 and β = 0.20, we would need 51
subjects per group (versus 65
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Figure 1: The null and alternative hypotheses for a superiority trial.
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Equivalence Trials

In an equivalence trial, we specify some interval, I, and say
that the drugs are equivalent if the difference between them, δ,
falls within that interval. The rationale for using an interval
rather than testing for exact equivalence is predicated on two
facts: first, given a sufficient sample size, any difference, no
matter how small, can be shown to be statistically significant;
and second, some differences, even though statistically
significant, may be clinically trivial.9 For example, if we had two
groups with 390 subjects in each, a difference between them of 2
points on the Brief Psychiatric Rating Scale (BPRS) would be
statistically significant at p < .05, even though a difference this
small (i.e., about 1/5 of a standard deviation) would be
considered to be meaningless.

The null hypothesis for the two-tailed test is that δ falls
outside the interval I (that is, the new drug is much better than or
much worse than the standard); and the alternative hypothesis is
that the difference lies within the interval:

H0: |δ| ≥ I
HA: |δ| < I

The alternative notation explicitly states the two null
hypotheses (shown in Figure 2):

H01: MN ≥ (MS + I)
H02: MN ≤ (MS - I)

HA: (MS - I) < MN < (MS + I)
That is, if both null hypotheses are rejected (although only

one need be tested; see 9), then by default the alternative – that
the mean of the new drug falls within the interval – is supported.

Because equivalence trials are based on two-tailed tests, they
require larger sample sizes than studies based on one-tailed tests
– and may, under certain circumstances, call for much larger
sample sizes than even traditional trials,9 which increases the
cost of a study. For these reasons, combined with the drug
companies’ satisfaction with simply showing that the new drug is
no worse than the current standard, equivalence studies are very
rarely conducted.

Sample Size Calculation – Equivalence
Setting I at 2 points on the ADAS-Cog, with α = 0.05 (two

one-sided tests), β = 0.20, and a pooled SD of 7.3, 229 subjects
per group would be required.

Non-Inferiority Trials

In non-inferiority trials, the goal is to show that the new drug
is not any worse than the existing standard therapy. The question
is raised why such studies need be done, since there is a proven
intervention. The goals can be either laudatory – the new drug
may have a similar therapeutic effect but a better side effect
profile – or crass – the drug company simply wants a share of a
lucrative market. For whatever reason the study is done, the null
hypothesis in a non-inferiority trial is that the new drug is worse
than the standard one by at least some amount, I, against the
alternative hypothesis that the superiority of the standard drug
does not exceed this interval I (Figure 3); this is also a one-tailed
test:

H0: δ ≤ I
HA: δ > -I

or:
H0: MN < (MS - I)
HA:MN ≥ (MS - I)

with, again, all of the caveats against one-tailed tests. Because
the role of Type I and Type II errors are reversed in non-
inferiority trials,9,10 we usually set α = .20 and β = .05.

Sample Size – Non-Inferiority
With an equivalence interval I of 2 points on the ADAS-Cog, 
α = 0.20, β = 0.05, and a pooled SD of 7.3, 165 subjects per

group would be needed.
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Figure 2: The null and alternative hypotheses for an equivalence trial. Figure 3: The null and alternative hypotheses for a non-inferiority trial.
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Problems with Equivalence and Non-Inferiority Trials

Despite their popularity, there are a number of problems with
both equivalence and non-inferiority trials. First, the size of the
non-inferiority region, I, is quite arbitrary; what may be a
clinically unimportant difference to one person could be quite
important to another. Compounding this difficulty, the sample
size is highly dependent onI9; as it shrinks (that is, the new drug
must be less and less inferior to the standard), the sample size
increases quite rapidly. Thus, there is great incentive to make the
interval as large as possible.

This in turn leads to the second problem. The new drug can
be less effective than the standard, but still pass the test of non-
inferiority. It is easy to imagine a series of three or four trials, in
which the new drug of one becomes the standard of the next. If,
in each case, the new drug is worse than the standard, but not
significantly so, the effectiveness of the interventions will
decline from one study to the next.

The third problem is related to the previous two, and can be
much more serious. In a placebo-controlled trial, there are two
alternative outcomes: the new drug is better than the placebo, or
it is not. That is, the results are unequivocal (ignoring Types I and
II errors). This is not the case when a new drug is compared
against an active comparison. Again there are two alternatives:
the new drug is significantly worse (because, as I’ve said, it’s
highly unusual to test for superiority), or it is equivalent. If it is
worse, there is no problem interpreting the findings (assuming
they ever see the light of day); the new drug is worse than the old
one. But, if the results show equivalence or non-inferiority, there
are two possible reasons – both are equally effective, or both
were equally ineffective in this particular study, and there is no
way to determine which is the case.

We may like to assume that if the comparison drug has been
shown to be effective, then there is no doubt – both drugs in the
trial must have had some positive effect. However, this assumes
that all trials were well-conducted: that they have enrolled only
participants who are likely to respond to the drug; that there are
a sufficient number of people so that the study isn’t under-
powered; that it was carried out competently (e.g., few people
missing appointments, being erroneously given the wrong drug;
not dropping out of the trial; and so forth); that the outcome
measures were both appropriate for the outcome of interest and
administered in a reliable way; and on and on. Unfortunately, this
is not always the case. For example, despite the fact that the
efficacy of MAOIs for depression has been shown repeatedly, a
large trial sponsored by the British Medical Research Council,
and where one of the principal investigators (A. Bradford Hill)
was the person regarded as the father of the RCT, failed to find
any effect of phenelzine, due to the enrollment of the wrong
types of patients, inadequate levels of the drug, too short a
duration of treatment, and an inappropriate outcome measure.11

Similarly, Peet et al12 were unable to demonstrate any effect of
either propranolol or chlorpromazine with schizophrenic
patients, most likely because their sample size was woefully
inadequate.13 As mentioned above, the role of Type I and Type II
errors are reversed in equivalence and non-inferiority trials.
Consequently, it is possible to show equivalence merely by
running a poorly designed, badly executed, and low-powered
study.10

The lesson is that even trials that are led by an experienced
researcher, which use a proven drug, and are published in

prestigious journals may be faulted on one or more grounds.
Consequently, we cannot assume that a study that demonstrates
no difference between a new drug and a standard has shown the
equal efficacy of both. It is also possible that the drugs were
equally ineffective in this particular trial, and absent a placebo
group, we often cannot determine which situation applies.

Other Considerations

In recent years, there has been a move to replace placebo-
controlled trials with add-on designs; that is, comparing
treatment as usual (TAU) with one drug versus TAU plus a
second drug. This leads to problems in sample size, but as we
shall shortly see, makes the design of studies more
straightforward. Because the TAU group is expected to improve
more (or decline less) than a placebo group, it may be much more
difficult to demonstrate the superiority of an additional
intervention, because the patients may be closer to any
physiological limit in terms of how much they can improve (or
slow in their decline). In order to demonstrate statistical
significance with smaller differences, larger sample sizes are
required. For example, to show a statistically significant
difference with an effect size (ES) of 0.5, 63 patients per group
are required. If the ES is only 0.25, though, the required sample
size is nearly four times as large – 252 in each group. Moreover,
because the potential for drug interactions and an increased
incidence of adverse events may make the combination worse
than TAU, two-tailed tests should be mandatory, obviating the
advantage of superiority trials.

Equivalence and non-inferiority trials similarly become
meaningless with add-on trials. There is no sense in adding
another drug, with all of the resultant costs and opportunities for
adverse events and interactions, if the only consequence were to
show that the combination is the same as or not worse than
taking a single medication. 

Thus, with add-on trials, the only meaningful approach is a
traditional two-group parallel study.

ETHICS AND PLACEBOS

I will not get into an extended discussion of the ethical issues
of placebos when existing treatments exist; that is covered
elsewhere. However, in addition to the possible ambiguity of
results discussed above when there is no placebo comparison,
there is another consideration arguing in favour of a placebo
control. Paradoxical as it may seem, placebo controlled trials
may actually expose fewer people to adverse reactions than
active control designs; and may result in a similar proportion of
people who are untreated.14 The paradox arises because of
sample size. As mentioned above, if the expected ES between a
new treatment and a placebo is 0.50, then 63 people are required
per group. If the rate of adverse drug reactions (ADRs) is 20%,
that means that there will be none in the placebo group and 13 in
the treated group. When the comparison condition is another
effective drug, then two things happen. First, the expected ES is
smaller, resulting in a larger sample size; and second, both
groups are exposed to ADRs. If we use the example from above,
where the ES is 0.25 and 252 patients are required in each group,
then 91 people will experience ADRs; that is, a rate 7 times as
high as in a placebo-controlled trial.
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CONCLUSIONS

There is little question that, when effective treatments exist,
there are major ethical issues when new drugs are tested against
placebos. However, there are many methodological problems
when the comparison group consists of an active treatment: (a)
poorly executed trials with low power can be mistaken for
“proving” equivalence; (b) when the two arms yield comparable
results, there is no guarantee that either one was effective in that
particular trial; (c) there may be a tendency (conscious or
unconscious) to use wide equivalence intervals to decrease
sample size; (d) successive non-inferiority trials may lead to a
gradual reduction of effectiveness; and (e) the requirement for
large sample sizes with superiority trials and equivalence trials
with narrow intervals. These difficulties raise ethical concerns
themselves; not only from possibly erroneous findings, but also,
if larger sample sizes are needed, from having more patients on
a possibly less effective treatment and a delay in getting the drug
to market.

It would be fatuous to say that all of these problems would be
eliminated if only excellent trials were conducted. Such pleas
have been made ever since RCTs were first run, to little avail;
poorly designed, underpowered studies appear to be as prevalent
now as when Cohen15 first said that most studies did not have
sufficient power to test their main hypotheses.16 My
recommendation would be that, when an existing therapy exists,
and if certain conditions apply:
_ Studies should consist of three arms: the new drug, the
existing drug, and a placebo group.
_ The study should be adequately powered to detect a clinically
important difference in superiority trials, or to rule out a Type II
error in equivalence and non-inferiority trials between the two
drug arms.
_ The placebo arm need only be large enough to determine that
the study as a whole was successful (i.e., to detect a difference
between it and the pooled effect of the two treatments).
The conditions that should apply would include:
_ The placebo arm should be as brief as possible.
_ The patient’s condition is not expected to deteriorate rapidly.
_ Patients are withdrawn if their deterioration “is greater than
that expected for normal clinical fluctuation in a patient with that
diagnosis who is on standard therapy”.17

_ Patients are automatically withdrawn if they begin to exhibit
behaviours that may be dangerous to themselves or others, “even
if there is not sufficient deterioration in the overall monitoring to
trigger disenrollment”.17

_ There is full and informed consent from the patient and/or the
substitute decision maker.

A third arm would increase sample size somewhat, and does
not address the issues of the size of the equivalence interval, or
the potential gradual reduction in effectiveness, but would solve
the major problem of the ambiguity of no difference. While
placebo-controlled trials may be unethical, it is even more
unethical to do active control studies when they can be
scientifically meaningless or misleading.
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