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Suppose a new medical treatment
has been developed that may

reduce high blood pressure. The treat-
ment has been extensively tested in
the laboratory and on a few volun-
teers, and the researchers believe that
it will work on the general popula-
tion. Now it is time to find out if they
are right.

Historically, doctors found out
whether a treatment worked in practice
by using it on their patients. They could
then compare the patients’ responses
to the new treatment and to previous
treatments for the same illness, and also
compare how responses to the new
treatment varied between patients.
However, if patients did indeed recover
from their condition, there was no

way of telling whether it was due to
the treatment or to something else.

There are many other factors that
could have caused the patients to
recover: for example, they may have
felt better simply because they were
being treated by a doctor (a reaction
known as the placebo effect); they
may have recovered anyway, regard-
less of the treatment; or perhaps their
recovery was due to changes in their
personal circumstances or lifestyle.
Without taking these and other fac-
tors into account, it could be easy to
conclude incorrectly that the treat-
ment worked. Doctors would then
incorporate it into their everyday
practice, mistakenly believing it to be
effective.

Evaluating a 
medical treatment

Sarah Garner and Rachel
Thomas consider why well-
designed and properly analysed
experiments are so important
when testing how effective a
medical treatment is.

In a medical trial, one group 
of people is given the new treatment
and the other group, a placebo or an
existing treatment

How do we test whether a new drug for
reducing blood pressure really works?
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The development of the
 randomised–controlled trial

In the 19th century, scientists pro-
posed a method of controlling exactly
what was happening and recording
any changes in the patients’ condi-
tion. In these controlled experiments,
there were two groups of patients –
the study group, which received the
new treatment, and the control group,
which received a placebo (an inert
medication) or an established treat-
ment. The patients were then
observed, and the outcomes of the

two groups (such as whether each
patient lived or died) were recorded
and compared.

Some time later, in 1917, the process
of ‘blinding’ improved the scientific
method even further. If neither the
patient nor the researcher knows
which treatment the patient is receiv-
ing, then the results cannot be inter-
fered with either intentionally or unin-
tentionally. This is known as a double-
blind trial (in a single-blind trial,
either the patient or researcher knows
which treatment is being received).

However, the results could still be
deliberately biased to prove that a
treatment worked, by including sicker
patients in the study group than in
the control group. The solution to
this, first used by the UK’s Medical
Research Council in the 1940s for its
study of whooping cough vaccines, is
to randomly choose which patients
will get the new treatment, and which
will get the control treatment.

Controlled trials with random allo-
cation to the two groups became
known as randomised–controlled tri-
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The article gives an insight into modern, evidence-
based medicine, covering the often overlooked and
seldom understood route from drug development to
successful medical treatment. Statistical methods and
their problems are discussed, providing interdiscipli-
nary opportunities for teaching students aged 14 and
over.

It is full of hot topics to be discussed with older stu-
dents and teachers of different subjects. For example:

· ‘Knowledge’ is not static: as new side effects are
reported or other new evidence is accumulated, the
accepted knowledge can change.

· Often the clinical trials that are necessary before a
drug can be marketed require more time than some
very ill people have to live; who should be allowed
to take part in a clinical trial – and which of those
patients should get the control treatment and which
the new drug?

· Why might the reporting of new treatments be
biased?

· Do statistics give a false sense of security?

Picking up on the example of blood pressure and how
variable this is, the class could measure their blood

pressure and see how it varies from student to student.
They could then run up and down the stairs a few
times and see how one person’s blood pressure can
vary. Against this background level of variation, how
do researchers determine the effect of drugs to lower
blood pressure?

The article could also be used to spark off larger activ-
ities. For example, the students could be given news-
paper articles about a piece of clinical research or a
‘wonder drug’, perhaps related to conditions they are
familiar with, such as migraine, glucose intolerance or
allergies. In groups, the students could use textbooks,
the Internet and other sources of information to
research:

· The disease being treated;

· Which treatments are available so far for that disease;

· Whether the new treatment has been tested on ani-
mals;

· Whether previous clinical trials on that treatment
have been published;

· How the current clinical trial was designed and
what statistical analysis was done;

· How they think the trial could have been improved.

On the basis of this research, each group of students
could then write their own newspaper article about
the clinical research. Do they think the original news-
paper article was accurate? If not, why not?

For most teachers, the article will also be a valuable
source of information on the history of medical
research and randomised–controlled trials.
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als or RCTs. By randomising, you not
only end up with a random distribu-
tion of sicker and healthier patients
between the two groups, but also
achieve a random distribution of
things you do not know about (but
which may also affect the patient’s
health and therefore the outcome of
the treatment). Then – because, in
 theory, the only difference between
the two groups is whether they
received the treatment being tested –
you can assume that any differences
in outcome are most likely due to 
the treatment and nothing else.

RCTs are now universally used in
clinical research to evaluate new treat-
ments.

Designing and analysing RCTs

More people, more power

If you are planning to test your
blood-pressure treatment with an
RCT, you need to design it carefully.
One important question is: How
many patients should you include in
the trial? This depends on how big an
effect the new treatment has: the big-
ger the effect, the smaller the number
of patients you need to distinguish it

from the random fluctuations that
happen by chance.

Of course, the effect of the treat-
ment is exactly what you want to find
out with your RCT. Before you start
an RCT, however, you will already
have some evidence that the treat-
ment works, perhaps from laboratory
or small-scale testing. This allows you
to estimate the effect size. 

In a healthy patient, blood pressure
should be between 90 and 120 mmHg.
But patients with high blood pressure
will consistently have measurements
of more than 140 mmHg, putting
them at increased risk of heart attack
and stroke. You might estimate that

the new treatment will reduce a
patient’s maximum blood pressure by
5 mmHg: after treatment, you would
expect that the average blood pres-
sure of the study group would be at
least 5 mmHg lower than the average
blood pressure of the control group.

There are statistical formulae to
determine the sample size you need
to have a good chance of detecting
that estimated effectw2. For your
blood-pressure treatment, these for-
mulae tell you that you would need
around 64 patients in each group to
detect a treatment difference of 
5 mmHgw3.

How different is different?
The trial has run its course, the par-

ticipants have been monitored, and
you have recorded a difference in
blood pressure between the patients
in the study and control groups.
Thanks to randomising, you know
that the two groups were comparable
before the trial. So either your new
treatment has had an effect, or a very
surprising event has occurred: the
treatment really has no effect at all
and the difference you recorded in
your RCT was due to chance alone.

Imagine that the average blood
pressure of the study group was 
5.2 mmHg lower than the average
blood pressure of the control group.
How do you decide if that difference
is due to chance or to a real effect of
the treatment? After all, blood pres-
sure can vary for many reasons, not
all of which can be controlled in your
RCT.

What statisticians do is to allow for
some variation; rather than rely on
one average for each group, they
 calculate a range of values for each
group that they are pretty confident
will include the true value. This  
range of values is called a confidence
interval. If the confidence intervals 
in your blood-pressure study are
141.2-148.9 mmHg in the control
group and 133.7-139.3 mmHg in the
study group, you can see that the two

Before running an RCT, the treatment is tested in the  laboratory and on small groups
of volunteers
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Normal blood pressure is between 
90 and 120 mmHg
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fact that 5% of the time (or 1 in 20
times) they will be wrong due to
chance alone. To be even surer that
you have the right value, you have to
measure more patients and even then,
the only way to be 100% sure is to
measure the whole population!

If the result turns out not to be sta-
tistically significant, one of the key
questions to ask is whether you

included enough patients in the trial.
Perhaps the effect of the treatment is
smaller than you estimated – with a
larger sample size, you might have
detected a difference between the two
groups of patients.

Applying RCTs to the real world
A well-designed and properly

analysed RCT is a very powerful tool
for medical researchers – providing
doctors with the information they
need to make the right decisions
when treating their patients.
Nonetheless, RCTs do have limita-
tions.

Firstly, it is not enough to know that
the new treatment makes a statistical-
ly significant difference. Is the differ-
ence also clinically significant – for
example, does a decrease in maxi-
mum blood pressure of 5 mmHg
make a real difference to a patient’s
health and well-being? After all, in
our example, the treatment still did
not reduce the blood pressure to the

confidence intervals do not overlap.
Statisticians, therefore, say that the
observed difference between the two
groups is statistically significant – and
you can assume that it really was
caused by the treatment.

But how confident is confident?
Statisticians usually say that 95% con-
fident is good enough; this means
that they are prepared to live with the

Evidence changes medical
practice
Before 1994, doctors recommended that patients with lower back
pain rest in bed. However, after reviewing all the available evidence,
the Clinical Standards Advisory Group realised that bed rest was not
beneficial and was perhaps even harmful. This led to a radical
change in treatment, with patients being advised to remain activew1.
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For a medical trial to work, the people taking part must be representative of the real-world population of people to be treated
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normal range of 90-120 mmHg. To
judge if this is clinically relevant, doc-
tors may have to turn to other types
of research.

A further limitation of RCTs is that
patients in the trial may not represent
the real-world population of people to
be treated. Because trials aim to con-
trol as many factors as possible, they
usually have strict inclusion and
exclusion criteria. For example, preg-
nant women are not included due to
potential risks to the unborn child;
this meant that no one realised that
thalidomide caused birth defects until
it was introduced into general prac-
tice in the late 1950sw4.

Then there is the question of how
RCTs are reported. No one wants to
publish bad news, particularly people
who have spent time and effort to
develop a new treatment. Historically,
therefore, researchers did not publish
trials that showed no difference or
even that an older treatment was bet-
ter. Some unscrupulous researchers
have also reported selective or incom-
plete results, which made a new treat-
ment look better than it really was.
The research community has taken
steps to stop both these biases by
making companies and researchers
register the start of a trial, so that it is
more difficult to hide unfavourable
outcomes, although there is still no

requirement to report all outcomes.
Journals are also standardising the
information they require researchers
to submit with their manuscripts,
which makes it more difficult for bad
results to be hidden.

Above all, RCTs are expensive and
time consuming. As a result, many
trials are not conducted at all, or their
sample size or duration is limited.
This may mean that the trial is not
powerful enough to detect whether a
treatment is effective, when in fact it
is. Smaller trials may also miss impor-
tant adverse effects (which may be
rare), and shorter trials are unable to
capture long-term outcomes.

Clinical researchers, therefore, often
review the outcomes of a number of
trials together in a meticulous analy-
sis known as a systematic review –
this effectively increases the sample
size. Organisations such as the
Cochrane Collaborationw5 and the
UK’s National Institute for Health
and Clinical Excellencew6 base their
recommendations to the medical com-
munity on systematic reviews.

Since the 1940s, the use of RCTs has
significantly changed medical prac-
tice. Doctors are no longer reliant on
their own observations but can rely
on rigorous evaluation to ensure that
the benefit of a new treatment out-
weighs the risks.
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