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The aim of this article is to revise some of the key concepts

related to randomised controlled trials used to demonstrate

the efficacy of pharmacological treatments: the role of bias,

the role of chance, clinical relevance, the external validity of

trials, surrogate and composite endpoints, analysis of

secondary endpoints and subgroups, non-inferiority trials,

the influence of individual studies in meta-analysis and

finally, the opinion of the patient.
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The interpretation of the results of a
randomised controlled trial

In order to correctly interpret a randomised con-
trolled trial (RCT) firstly, an evaluation of the
strength of the results must be made: is the bene-
fit of the intervention due to the method employed
in the study?

Bias  

Bias refers to any systematic error due to design,
conduct, or interpretation of a study. The most ha-
bitual bias are those errors made during random
allocation and blinding.

Randomisation consists of randomly allocating
each participant to one of the groups of interven-
tion. This is done to ensure that the groups includ-
ed in the trial are homogenous in all relevant char-
acteristics, except for the intervention that each
receive1. The absence of random allocation (or er-
rors in the process of allocation) can result in cre-
ating groups not comparable to each other. In fact,
in many systematic reviews, non-randomised tri-
als are excluded because of the bias that can oc-
cur. It is important that the sequence of random al-
location of patients to each group remains
unknown to both the patients and the investiga-
tors.

Blinding is a process which  ensures that neither
the subjects participating in a RCT, nor the ob-
servers, or both, are aware of the intervention as-
signed to the subjects, or of any other characteris-
tic that may cause a bias in the results1.

Studies with incorrect blinding can overestimate
effects of the intervention up to 41% while studies
in which blinding is unclear, up to 30%2.

The role of chance

Once checked for bias related to the method of
randomisation and blinding, we examine whether
the results obtained after the trial are real or are
due to chance.
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The comparison of efficacy of two interventions
can be carried out by either verifying hypothesis
(using tests of statistical significance) or by tests
of estimation (confidence intervals).

Tests of statistical significance calculate the proba-
bility that the results obtained between the groups
of the RCT are due to chance supposing that inter-
ventions were equally efficacious (null hypothesis).
This probability constitutes the level of statistical
significance and is represented by the letter “p”.
Generally the value p=0.05 is adopted as a cut off
point below which the hypothesis that both inter-
ventions possess an equal effect (with a confiden-
ce interval of 95%) can be rejected and the result
can be concluded statistically significant3. This only
allows us to either reject or accept the null hypo-
thesis that there are “no differences” between the
two groups, but does not give any indication of the
magnitude of the difference or of its direction.

Confidence intervals (CI) are most useful in evalu-
ating the role of chance. Confidence intervals give
an idea of the magnitude or relevance of an ob-
served effect. They allow us to discover between
what limits do the real differences probably lie. Ha-
bitually, a CI of 95% is employed, which means
that in 95% of the times, a correctly constructed
CI should contain the true value of a variable in
question. For example, if an observed difference
between two treatments is 22%  (p<0.05; 95% CI,
17 to 27%) this means, that there is 95% confi-
dence that the real difference between the two
treatments lies between 17 and 27%.

A useful characteristic of CI is that it allows investi-
gators to state whether statistical significance has
been reached or not, just like a hypothesis test.
When the measure of an effect is the difference
between interventions, if the CI contains the zero
value, then the result is considered not statistically
significant. This means that no differences have
been shown in effects of treatment in the interven-
tion group with regard to the control group. When,
instead of an absolute difference, our interest is in
relative differences like relative risk, if the CI in-
cludes the value 1, then the result is considered
not statistically significant3.

For example in figure 1 we observe different CI´s in the dif-

ference between diacerein and placebo in pain relief. Two

studies cross the line of “no differences” (the CI contains

the value 0), while six other studies show superiority of dia-

Randomisation and
blinding are key aspects

of a RCT



cerein against placebo. We can also observe a difference in

range of the CI, that reflects the precision of the estima-

tions, where narrower intervals are more precise than wider

ones.

Another advantage of CI on the verification of hy-
potheses is that they offer additional information.
The upper and lower limits of CI inform us about
how small or large the real effect can reach. If the
CI is narrow, then we can be confident that any ef-
fect outside the interval is ruled out from the study.
This situation presents when the size of the sam-
ple is very large and the estimate of the real effect
is very precise. This means that the study has suf-
ficient “power” to detect an effect. 

But if the study is small, and the CI is very wide,
then the interval will capture a diverse number in
the extent of the effects. The estimations on size
of the effect would thus be quite imprecise mean-
ing that the study has little “power” and offers less
information.

Possible errors in the interpretation of results

Just like the values of “p”, confidence intervals
help us interpret the findings of a study in the light
of the effects of chance. However, in the process
of interpretation of results, there are a few pitfalls:      

An error can be made on seeing effects that are
not real. The CI show us that the differences are
“statistically significant,” and therefore, we con-
clude that both treatments are different. However,
just because it is very unlikely to observe a great
difference only by chance, this does not mean that
the effect is true. By definition, one in every 20
(5%) significant results could be false and the dif-
ferences found would be a attributed to chance.
For this reason, chance can cause us to err on
making us believe that there exist differences be-
tween groups when in reality they do not exist.
This is known as a type I error. The probability of
making an error of this type is referred to as “a”
and is normally expressed as the level of signifi-
cance “p”. A value of p=0.05 makes reference to
the existence of  a=0.05.

Another possible error is to conclude from a non
significant result that there is no effect, when in re-
ality one does exist. This is a type II error. Assum-
ing “non significance” with absence of effect is a
frequent and harmful misunderstanding. An in-
significant CI simply indicates that the difference
observed is consistent with the statement that no
real differences between the 2 groups exist. But,
we cannot reject this possibility. Just because we
have not found any effect with the treatment does
not mean there is none. The probability of commit-
ting this error is usually denoted by the Greek let-
ter ß and its complement, 1-ß, is what is referred
to as statistical power or statistical potential.

Thus, when designing a study, the minimum mag-
nitude of the difference or association that will be
considered clinically relevant must be established.
Likewise, the desired statistical power for the
study should be established beforehand and ac-
cordingly the size of the sample should also be
calculated.

Statistical significance and clinical
relevance

Statistical significance is sometimes interpreted
incorrectly by associating it with an important re-
sult. Tests of significance only question whether
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Even with well designed
RCT´s a false positive is

created for every 20
results simply due to
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Figure 1. A meta-analysis of the efficacy of diacerein vs
placebo in the treatment of pain in osteoarthritis.

Source: [1] Rintelen B, Neumann K, Leeb B. A meta-analysis of contro-
lled clinical studies with diacerein in the treatment of osteoarthritis. Arch
Intern Med. 2006;166(17):1899-906.



the data obtained from a study can be attributed
to chance or not. Rejection of equivalence be-
tween the two interventions dose not necessarily
mean that we accept that there is an important dif-
ference between them. A large study can find that
a small difference is statistically significant. Thus,
it is not the same thing to evaluate the clinical rele-
vance of the difference found. In the evaluation of
the importance of statistically significant results,
the size of the effect (not the size of the signifi-
cance) is relevant.

To demonstrate clinical relevance of the results of
a RCT, the recommended form is to include rela-
tive risk reduction (RRR), absolute risk reduction
(ARR) and the number necessary to treat (NNT)
when presenting the results. For example, 15% of
the patients in an intervention group die and 20%
in the control group. The relative risk (RR), defined
as the ratio between those exposed to the new
treatment or activity and those not exposed, is in
this case 0.75 (ie: 0.15/0.20). The mortality risk in
patients who receive the new treatment compared
to the control group is 0.75. The RRR is the com-
plement of RR, that is, (1-0.75)*100=25%. The
new treatment reduces the risk of dying by 25%
compared to what occurs with the control group.
The ARR would be 0.20-0.15=0.05 (5%). We can
say that for every 100 patients treated with the
new therapy, 5 deaths can be avoided. The next
question would be:  how many patients should we
treat to avoid one death? In other words, what is
the NNT? Its calculation requires a simple rule of
three which is resolved by dividing 1/ARR. In his
case 1/0.05=20. Therefore, the solution is that we
need to treat 20 patients with the new treatment in
order to avoid one death4.

This way of presenting results quantifies the ef-
forts made to reduce an unfavourable event. To
present results only as a percentage relative risk
reduction, though technically correct, tends to
magnify the effect of the intervention by describ-
ing similarly very unlike situations. Small changes

in the basal absolute risk of an infrequent clinical
event can lead to great changes in the number
necessary to determine the clinical relevance of a
randomised trial that presents statistically signifi-
cant results. The smaller the NNT, the greater is
the magnitude of the effect of the intervention. If
no efficacy was obtained by the treatment, the ab-
solute risk reduction would have been zero and
the NNT infinite. As occurs with the estimations of
other parameters, NNT should be expressed with
confidence intervals to estimate the uncertainty
that the given parameter presents4.

Resources to calculate the clinical relevance
of results

� Online calculador that determines the clinical
relevante of RCTs with the corresponding CI:
http://www.healthcare.ubc.ca/calc/clinsig.html

� Lists of NNTs [http://www.jr2.ox.ac.uk/ban-
dolier/band50/b50-8.html].

To illustrate this, different views can be perceived with re-
gards to the efficacy of statins in the primary prevention of
cardiovascular events, if we either focus our attention on
relative risk and absolute risk, or simply, if we evaluate the
fact that there are significant differences between study
groups. Of the trials realised, the WOSCOP5 found the gre-
atest differences in the primary endpoint (non fatal infarc-
tion + coronary mortality). If we look at the percentage of
relative risk reduction in the distinct endpoints, the efficacy
of the intervention is apparently notable (figure 2).

However, if we consider the absolute risk reduction, we
find that the effect size is quite poor, despite whether diffe-
rences were statistically significant or not (figure 3). In the
placebo group, some of the events included in the compo-
site endpoint occurred in 7.9% of the patients. On the
other hand, in the intervention group, 5.5% of the patients
developed some event. That is 2.4% of the patients obtai-
ned some benefit, while the remaining 97.6% did not bene-
fit after 5 years of treatment (figure 4). If expressed in terms
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Figure 2. Relative risk reductions with pravastatin vs
placebo. WOSCOP trial.
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of NNT, then it would be necessary to treat 42 patients for 5

years in order to avoid one event included in the primary

endpoint.

In the rest of the clinical trials published in cardiovascular

primary prevention the results were even worse with regard

to the effect size of the medication, despite whether the  re-

sults were statistically significant or not.

There are many other cases where the magnitude
of the effect is very small (of debatable clinical rel-
evance), despite the fact that these studies show
statistically significant results.

For example, the efficacy of anticholinergic agents in uri-

nary incontinence. In one trial versus placebo, solifenacin

showed a reduction in the number of daily micturitions of

up to an average of 11 to 10. Even without taking into ac-

count the adverse effects of the agent, could the reduction

of one micturition a day with respect to a total of 11 mictu-

ritions per day be considered clinically relevant?6

Apart form this, it is worth mentioning the case of
studies that measure the effects of medications by
use of scales. Here the differences in scores ob-
tained between the intervention and control
groups are evaluated. When compared with rele-
vant endpoints (i.e: myocardial infarction), the de-
termination of clinical relevance of either an im-
provement or a deterioration of a given magnitude
on a scale is objectively more difficult to achieve.

In this sense, a meta-analysis that evaluated the effects of

rivastigmin, donepezil, galantamin and memantine on vas-

cular dementia observed an improvement between 1 and 2

points on a 70-point scale (ADAS-cog) in patients treated

with these agents. Differences were statistically significant,

but the authors themselves questioned the clinical relevan-

ce of this finding7.  
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External validity. To generalise beyond
the clinical trial

Another question to bear in mind is that the results
of a given study refer only to the patients that have
participated in it. Even if an effect is considered
probably real and clinically relevant, this still raises
another question: can the results obtained be ap-
plicable to other groups of patients or to another
given patient? Neither the CI nor the p value can
aid us in resolving this query. The evaluation of ex-
ternal validity is carried out based on the charac-
teristics of the patients (inclusion and exclusion
criteria, proportion of compliance with treatment,
etc.) and the setting at which the trial has been de-
veloped. 

Other relevant methodological
questions
The measurement of surrogate endpoints

It is not infrequent to find the use of surrogate end-
points instead of final results with true clinical im-
portance. A surrogate endpoint is a physiological
or laboratory finding employed to substitute a
hard endpoint that measures how a patient feels,
how the patient functions or how long the patient
lives. Unless the surrogate endpoints are known to
be related to relevant clinical results, they should
be interpreted with caution.

Examples of surrogate endpoints and the hard endpoints
they pretend to substitute  

� Blood pressure as an intermediate measure of stroke 

� The degree of atherosclerosis in coronary angiography as
a measure of myocardial infarction or coronary death.

� Return of spontaneous circulation after cardiorespiratory
arrest as a measure of return of neurological function or
survival.

� Bone density as a measure of risk of fracture.

� Lipid profile as a measure of cardiovascular risk.

� Glycosilated haemoglobin (HbA1c) as a measure of dia-
betic control (HbA1c).

� PSA as a marker of prostate cancer.

Ideally decisions should be taken on endpoints
such as health-related quality of life, morbidity (in-
farction or stroke) or even mortality. When surro-
gate endpoints are used to carry out inferences on
given expected benefits, it is assumed that there is
a true relationship between the intermediate
measurements and the results, that there is a clear
connection between the change in values of the
surrogate endpoints and a clinically relevant re-
sult.  More so, when surrogate endpoints give reli-
able information on relevant clinical results for pa-
tients, the effect of the measurement has to be
large, strong and of sufficient duration to be able
to make inferences on its credibility8.

For example, hormone replacement therapy has been em-
ployed for many years in postmenopausic women under
the conviction that it could provide cardiovascular benefits
because of its improvement on the lipid profile. However,
when the Women´s Health Initiative9 was carried out the in-
cidence of stroke and coronary disease observed was su-
perior in women who undertook the therapy, despite the
better lipid profile. The surrogate endpoint (lipid profile)
was not a good predictor of the results of the hard end-
points (stroke or coronary disease). 

Composite endpoints  

Composite endpoints are those where two or mo-
re endpoints are combined and considered as a
single measurement of results. Habitually, they are
justified under the presupposition that the effect of
each of the components is similar and that pa-
tients attribute the same importance to each of the
components. However this is not always like this.
To correctly interpret composite endpoints, Mon-
tori and colleagues10 suggest the clinician asks the
following questions:

� Are the individual endpoints included in the
composite endpoint of equal importance to the
patients?

� Was there a similar number of events registered
among the more or less important endpoints?

� Is it possible that the individual endpoints have
similar risk reduction?

� Is the clinical relevance of the individual end-
points similar?

� Among the individual endpoints, are the esti-
mates of the reductions in risk similar and are
the CI´s sufficiently narrow?

The answers to these questions will determine
whether it is necessary to examine the individual
endpoints separately. 
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An example of an inadequate composite endpoint is that

employed in the MIRACL11 trial in which atorvastatin was

compared versus placebo in acute coronary syndrome.

The proposed endpoint was the sum of the following: de-

ath+ non fatal infarction+ resuscitated cardiac arrest + re-

current symptomatic myocardial ischaemia with objective

evidence and emergency rehospitalization. On responding

to the questions outlined above, the following comments

can be made:

One cannot say that all the components have the same im-

portance for patients. For example, “death” or “infarction”

or “readmission due to ischaemia” are not comparable in

meaning for patients.

The frequency with which different phenomena included in

the same composite endpoint occur was very different.

The highest incidence observed was readmission to hospi-

tal (7.3%) whilst cardiac arrest was only 0.5%.

As for risk reduction observed in each of the individual

endpoints, in the hard endpoints (infarction or death) no

statistically significant differences were found between the

study groups [RR = 0,92 (0,75-1,13)].  However, readmis-

sion to hospital showed a greater risk reduction [RR = 0,74

(0,57-0,95)], which ultimately contributed to the outcome

on the composite endpoint by showing differences at the

limit of statistical significance [RR = 0,84 (0,70-1,00)].

Apart from these considerations, the composite endpoint

chosen is not simple, but rather “odd” and it does not se-

em logical to employ it in evaluating the efficacy of an inter-

vention on the prediction of coronary events.   

On the other hand, besides reasoning over whe-
ther the chosen endpoint is adequate to the disea-
se under study, it is always important to pay atten-
tion to what medications are evaluated in order to
make a solid judgement of the composite end-
point. What could occur is that even though a
composite endpoint is composed of all important
endpoints, the inclusion or exclusion of some of
them could condition the final results of the trial. 

Analysis of secondary endpoints

The primary endpoint is that which allows investi-
gators to respond to the objectives of the study.
The sample size is calculated in such a way that it
includes a sufficient number of individuals that can
provide reliable information in the results of that
primary endpoint. On the other hand, all trials de-
scribe other endpoints that could be interesting,
but may not possess a sufficient number of cases
to establish solid conclusions. These are second-
ary endpoints. The proliferation of secondary end-
points in clinical trials can produce results with
statistical significance in some of these endpoints
solely by chance. 

A clear example is the ELITE study where the efficacy of an
angiotensin II receptor blocker (losartan) was compared to
an angiotensin-converting enzyme inhibitor (captopril) in
patients with heart failure. The main composite endpoint
was death and/or admission to hospital due to heart failu-
re. No significant differences were found between the two
groups. However, a statistically significant difference was
found in reduction of total mortality in the case of losartan
with respect to captopril. The fact  that the investigators
found significant differences  in the secondary endpoint led
them  to believe that losatan was superior to captopril in
the reduction of mortality.
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Table 1. Main outcomes in the ELITE trial. 

Primary endpoint Losartan Captopril Risk reduction p
(n=352) (n=370) (CI)

Death and/or hospital admission for heart failure 33 (9.4%) 49 (13.2%) 0.32 (-0.04 to 0.55) 0.075

Other endpoints

Total mortality (secondary endpoint) 17 (4.8%) 32 (8.7%) 0.46 (0.05-0.69) 0.035

Table 2. Main outcomes in the ELITE II trial. 

Primary endpoint Losartan Captopril Hazards ratio p
(n=1,578) (n=1,574) (CI)

Total mortality (primary endpoint) 280 (17.7%) 250 (15.9%) 1,13 (0.95-1.35) 0.16

Other endpoints

Sudden death (secondary endpoint) 130 (8.2%) 101 (6.4%) 1,30 (1.00-1.69)

Results of composite
endpoints should be

interpreted with caution
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For this reason, another clinical trial was designed (ELITE II)

in which the primary endpoint was total mortality, and in

which similar characteristics of the former study were re-

produced. However, in this second trial, no significant diffe-

rences were found in mortality, and thus the hypothesis ge-

nerated from the  ELITE study was rejected. On the other

hand, a reduction in sudden death was observed (secon-

dary endpoint) in 30% of the captopril group with respect to

losartan. It would be equally erroneous to consider that lo-

sartan offers some advantage over captopril, as to say that

captopril has better results in preventing sudden death12,13

(tables 1 and 2). 

In one trial, we can only obtain reliable information
of the results concerning the primary endpoint.
The data of the secondary endpoints serve to gen-
erate new hypotheses that would have to be in-
vestigated in future trials. 

Analysis of subgroups. 

If a health problem varies in terms of different cha-
racteristics, then it would be practical to plan the
estimation of the parameter in the different sub-
groups of interest. If an analysis of the subgroups
is desired, then attention should be given to the
sample size and the methods of selection of pa-
tients. If not carried out this way, then the estima-
tion of the parameter in each subgroup will lose
precision in relation to that obtained when analy-
sing the entire sample, since the total number of
subjects is clearly inferior. On interpreting the re-
sults of subgroups 3 important aspects should be
taken into account:

� The definition of the subgroup and the analysis
of their results should be planned prior to the de-
velopment of the trial. If not, then we should be
cautious when interpreting the results. 

� It is important to evaluate the clinical relevance
of the differences found between the various
subgroups.

� Statistical management should be realised cor-
rectly. Sometimes authors simply publish differ-
ences obtained in the primary endpoint in each
of the subgroups and then compare them be-
tween the same subgroups. This is not a correct
approach to interpreting results. The fact that
the differences are significant in one subgroup
and not in the rest of the subgroups does not
mean that there is a real difference between
them. The differences found could be condi-
tioned by the different sample sizes of the sub-
groups or by other motives. A test of interaction
should be carried out between subgroups in or-
der to conclude with minimum confidence
whether there exists any difference between
them14. 

Post hoc analysis 

Post hoc analysis refers to the analysis of a sub-
group, not originally defined in the protocol of the
study. Normally selected patients are those in
which the intervention was effective and they are
grouped to find some common characteristic.  

An example is the TROPOS15 study which compared the
efficacy of Strontium Ranelate with  placebo  in the preven-
tion of hip fracture. The results did not show any efficacy of
the agent [RR = 0,85 (0,61-1,19)]. A post hoc analysis was
carried out and differences at the limits of statistical signifi-
cance were observed in the results of  women with high
fracture risk (mean age= 80 years, previous fracture among
60% of them and with bone density < -3.5 SD) [RR = 0,64
(0,41-1,00)].

The results of the post hoc analysis are not valid to
demonstrate or reject the hypothesis of the study
and only serve to generate other hypotheses
which would need to be investigated further. In no
case should we condition our clinical practice by
the data obtained by post hoc analysis. These an-
alytical strategies serve to generate hypotheses
which require verification by adequately designed
trials. Another possible use is to generate safety
warnings in data bases for adverse drug effects
surveillance.

Non-inferiority trials

Recently, therapeutic equivalence trials and non-
inferiority trials are proliferating. The former at-
tempt to show that two interventions are similar
from a clinical point of view. To do so, the magnitu-
de of the maximum clinical difference is defined
arbitrarily by the investigator who determines
what would be acceptable as therapeutical equi-
valence. This concept is known as delta (∂).

The results of secondary
endpoints and post hoc

analysis only serve to
generate hypothesis,

and NEVER to take
clinical decisions



Thus equivalence trials attempt to demonstrate
that the effects of an agent under study are found
within a range “±∂” when compared to the control
group. 

Non-inferiority trials position themselves on one
side of the range of the interval, so as to verify
whether the agent under study is below the -∂ va-
lue with respect to the control.

Equivalence trials have been widely employed to
evaluate new medications, but they have lost fa-
vour to non-inferiority trials. These trials are ac-
cepted by regulating authorities to approve new
medications or new indications. The use of these
trials implies the intention of not trying to show any
advantage of the new agent in question with re-
gard to the control agent. An example of this is the
COMPASS16 trial in which the thrombolytic agent,
saruplase showed equivalence to streptoquinase
in post-infarction, even though an increase in mor-
tality by 50% was observed. Some consider that
non-inferiority trials are not ethical as they expose
patients to clinical experiments with no security
that medication under investigation is not worse
than the standard treatment, and without really
studying how much better it could be17. 

Meta-analysis. Influence of the quality of
individual studies.

A meta-analysis provides aggregate information
of the results of different individual trials.  For this
reason, it is important to consider all the questions
mentioned up to now for each of the included
trials. The differences in quality of these can signi-
ficantly condition the final outcome of the meta-
analysis.

A graphical example of this can be seen in a recently pu-
blished meta-analysis on the efficacy of diacerein versus
placebo in the treatment of osteoarthritis. In this study 19
trials were included to evaluate the results of this agent in
the treatment of pain and function. The conclusion reached
by the authors was that diacerein provided beneficial ef-
fects in both parameters, even though of small magnitude.
However, two of the trials were superior in quality in com-
parison to the rest and in both no significant differences
were found between diacerein and placebo. If these 2 trials
are compared to the rest, notable differences are observed
in the mean scores of the JADAD19 scale (4.5 versus 2.7), in

the mean duration of the studies (24 versus 2.8 months)
and in the mean number of patients included in each trial
(404 versus 119). Figure 1.

If only the trials with higher quality were considered in the
meta-analysis then  the conclusions would have been con-
trary to those announced by the authors.

And the patients... what opinion do they have
about the treatment we propose?

Today it is widely accepted that patients should
actively participate in the decision concerning tre-
atment. The patients’ opinion is particularly impor-
tant in those cases in which the treatment only of-
fers marginal benefits, as in the case of chronic
disease. However, medical practice is generally
based on the application of clinical guidelines that
normally do not contemplate the opinion of the
patient.

Patients are not often adequately informed about
the treatments prescribed. Usually guidelines are
based on recommendations from clinical trials on
a large scale that present results in a complex
manner. This fact, added to the short time availa-
ble for both doctors and their patients in the con-
sultancy, makes effective communication difficult
between the two parties. However, some studies
show that when the efficacy of treatment is explai-
ned to patients with emphasis on absolute risk re-
duction, the majority of them decline the recom-
mended treatment   from the guidelines.

The opinion of the well informed patient can fo-
ment a more critical approach to clinical investiga-
tion and medicine based on clinical guidelines20.

The interpretation of the results of a randomised controlled trial 9
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Special attention should be given to random
allocation of patients in the study groups and to
blinding so as to avoid the main bias of design
in a RCT.

Independent of whether a trial has been well
designed, one in every 20 findings will produce
a statistically significant result, which occurs
simply by chance and which in reality is not
significant.

Statistical significance does not necessarily
mean that the finding is clinically relevant. It is
the effect size that determines the importance,
not the presence of statistical significance.

It is preferable to employ confidence intervals
rather than p values. Both express statistical
significance but the CI offers additional
information such as the effect size and the
precision of the result (amplitude of the
interval).

It is important to pay close attention to the
characteristics of the patients included in the
trial in order to evaluate the external validity of
the results obtained.

Results obtained in composite endpoints
should be analysed with caution and criteria.

The results obtained from secondary endpoints
and post hoc analysis serve to generate
hypotheses that should be verified in
adequately designed trials. Information from
such endpoints should not be translated to
clinical practice.

Non-inferiority trials attempt to prove a
medication under investigation is not worse
than the control treatment, assuming that the
variability in the results between both
treatments is clinically irrelevant, which is
established arbitrarily by the researchers.

The results obtained from a single clinical trial
does not justify change in clinical practice.
More evidence would be necessary to support
or reject the findings of the trial.

Information on the results of clinical trials given
to patients should be objective and
comprehensible, so that the decision to accept
treatment may be made more freely.

Conclusions

Secondary Journals / Journal Clubs

These carry out a summary with a critique on RCT´s
and help and facilitate critical analysis

ACP: http://www.acpjc.org/

Evidence Based Medicine
[http://ebm.bmjjournals.com/]

Evidence Based Medicine en castellano
[http://ebm.isciii.es/sumarios.asp]

Evidecence Based Mental Health
[http://ebmh.bmjjournals.com/]

Evidecence Based Mental Health en castellano
[http://ebmh.isciii.es/]

Evidence Based Nursing [http://ebn.bmjjournals.com/]

Evidencias en Pediatría
[http://www.aepap.org/EvidPediatr/index.htm]

Resources on the web on evidence based
medicine

http://www.fisterra.com

http://www.infodoctor.org/rafabravo/

http://www.redcaspe.org/
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Citicoline is an intermediary in the biosynthesis of
phosphatydilcholine, a component of the cell
membrane. During ischemia, phosphatidylcholine
breaks down fatty acids that release free radicals,
which in turn, augment the ischemic process.  

The administration of exogenous citicoline redu-
ces the concentration of free fatty acids, improves
neurological signs, preserves levels of phospha-
tidycoline and improves neuronal survival. 

Indications

According to the drug information leaflet1, the indi-
cations of citicoline in ampoules include:

� Treatment of cognitive and neurological disor-
ders associated with the acute  and sub-acute
(recovery) phase of stroke.

� Treatment of cognitive and neurological disor-
ders associated with head injury.

Recommended doses are between 500-2000 mg
/day depending on the severity of the condition. 

The drug information leaflet do not specify dura-
tion of treatment.

Acute treatment refers to initiation of treatment wi-
thin the first 24-48 hours of the event. Treatment in
the sub-acute phase refers to administration of
the agent between day 3 and day 14 of the event.

The ampoules can be administered by intramus-
cular injection, slow intravenous infusion or drop
intravenous perfusion. 

If necessary the ampoules can be administered
orally. The contents should be taken directly or
dissolved in half a glass of water.

Evaluation of efficacy

Three randomised double-blind controlled trials
comparing citicoline vs placebo2,3,4 and a meta-
analysis that evaluates 4 previous studies6 have
been published.

The primary endpoint of the meta-analysis was to
determine the efficacy of oral citicoline in the reco-
very of patients with acute moderate or severe is-
chemic stroke after 12 weeks of treatment, in
comparison with placebo. The method employed
was the Generalised estimating equations (GEE)
recommended by the National Institute of Neuro-
logical Disorders and Stroke (NINDS) for trials in-
volving stroke. The GEE represents the probability
(OR) of overall recovery of the patient and consists
of a combination of the 3 most widely used scales
in the clinical evaluation of stroke: 

Barthel index: evaluates the post-stroke functio-
nal disability (feeding, bathing oneself, bowel con-
trol), etc.
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National Institute of Health Stroke Scale (NIHSS):
evaluates the neurological state (level of cons-
ciousness, orientation, paralysis, etc).

Modified Rankin scale (MRS): evaluates function.
Values of this scale run from 0 (normal) to 6 (death). 

A single scale offers partial information on clinical
recovery of the patient, while the value of the GEE
allows for a better evaluation of the efficacy of tre-
atment. Overall recovery is defined as NIHSS ≤ 1,
MRE ≤ 1 and BI ≥ 95. A GEE value defined as ef-
fective does not mean that efficacy has been
achieved on all 3 scales.

The secondary endpoints of the meta-analysis
were mortality and the evaluation of each of the
scales individually.

A criteria for inclusion was a NIHSS score of ≥8,
which corresponded with moderate to severe stro-
ke. Random allocation was performed in 1,652 pa-
tients in the USA, of which 1,372 complied with the
criteria of inclusion. The doses employed were 500,
1,000 and 2,000 mg administered for 6 weeks. 

Primary endpoint: overall recovery
after 12 weeks

The lack of efficacy in the group taking 1,000 mg
was attributed to the scarce number of partici-
pants in the group in addition to greater severity
after stroke.

Mortality

There were no differences in mortality: 18.8% in
the citicoline group and 17.8% in the placebo
group.

Safety

The frequency of adverse effects was compared in
both groups. In the citicoline group, there was a
greater proportion of anxiety and lower extremity
oedema, while depression, falls and incontinence
was superior among the placebo group. Dose re-
lated adverse effects were not specified. 

The conclusion of the authors was that in patients
with moderate to severe stroke, a daily dose of
2,000 mg of citicoline, 24 hours after the event for 6
weeks increased the probability of overall recovery
after 3 months, with no effect on mortality. In any
case the results are only modest. Any therapeutic
intervention used in patients with mild stroke
(NIHSS<8) would offer little benefit, given that the-
se patients already have a favourable prognosis.

Conclusion

Based on the meta-analysis outlined above, oral
citicoline is recommended for 6 weeks in patients
with moderate to severe stroke, both in the acute
and sub-acute phase.

The normal dose in the treatment of moderate or
severe stroke is 2,000 mg daily.

Information on consumption in Navarre

In 2007 the total number of patients under treat-
ment of citicoline in ampoules was 1,609. Aproxi-
mately 56% of them were taking citicoline for mo-
re than 2 months, which was excessive. In the
figure 1, duration of treatment is shown per pa-
tient.
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Probability of overall recovery after 12 weeks of treatment

Citicoline % Placebo % OR (95%CI) NNT

Any dosis 25.2 20.2 1.33 (1.10 – 1.62) 20

500 mg versus placebo 20.8 15.7 n.s.

1.000 mg versus placebo 9.1 10.7 n.s.

2.000 mg versus placebo 27.9 21.9 1.38 (1.1 – 1.72) 17

Mortality

Citicoline % Placebo % OR (95%CI) NNT

18.8 17.8 n.s.

Table 1. Overall recovery and mortality after 12 weeks.



Future

To confirm the results of this retrospective analy-
sis, in November 2006 another trial was initiated,
the ICTUS Study (International Citicoline Trial on
acUte Stroke). It is a randomised, multicenter,
double-blind and placebo-controlled trial. The ob-
jective is to evaluate the effects of a daily dose of
2,000 mg of citicoline in the recovery of the pa-

tients with moderate or severe stroke in the acute
phase. There are 2,600 patients. The effects of tre-
atment will be evaluated after 12 weeks and com-
pletion of the study is expected in 2010.

This study is financed by the pharmaceutical com-
pany Grupo Ferrer S.A. and the main investigator
is A. Dávalos.
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Figure 1. Citicoline treatment duration per patient (Year 2007).
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In the last issue of the BIT, mention was made of
the ACCORD trial that was expected to shed more
light on the efficacy of intensive therapy in type 2
diabetic patients. This consisted of a 2x2 factorial
design trial in which a total of 10,251 patients par-
ticipated and which attempted to respond to the
following questions: 

� Does an intensive strategy to reduce HbA1c le-
vels below 6% show a greater reduction in the
incidence of cardiovascular events than a stan-
dard strategy that targets levels of HbA1c bet-
ween 7.0 and 7.9%?

� In the context of an adequate glycemic control,
does a combination of fibrates, (to raise HDL-c
and reduce triglycerides), and a statin reduce
the incidence of cardiovascular events more
than statins alone?

� In the context of adequate glycemic control, do-
es lowering the values of systolic blood pressure
to below 120 mmHg reduce the incidence of
cardiovascular events to a greater extent than
with values below 140 mmHg?

The arm of the trial that attempted to respond to
the first question was stopped after 4 years of fo-
llow up. The study had a planned duration of bet-
ween 4 to 8 years, with a mean follow up of 5.6 ye-

ars. The motive for suspension of the trial was an
increase in mortality in the arm of intensive the-
rapy with respect to the standard treatment. At the
moment the trial was stopped, mean values of
HbA1c were 6.4% in patients with intensive the-
rapy and 7.5% in patients in the standard treat-
ment arm. 

Complete publication of the results of the sus-
pended arm of the trial is still expected.

Early suspension of ACCORD trial 15

Early suspension
of ACCORD trial

EDITORIAL BOARD, BIT

Standard Glycemic Control Intensive therapy 

203 (11/1,000 persons-year) 257 (14/1,000 persons-year)

Table 1. Deaths in Intensive vs Standard Glycemic
Control Groups

National Heart, Lung and blood Institute. National Insti-
tutes of Health. Action to Control Cardiovascular Risk in
Diabetes (ACCORD) Trial. 

http://www.nhlbi.nih.gov/health/prof/heart/other/accord/
q_a.htm (last consultation, 27 February 2008)
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