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ABSTRACT

Randomized clinical trials (RCTs) are key to the ad-
vancement of medicine and microbiology, but they are not
the only option. Observational studies provide information
on long-term efficacy and safety, are less expensive, al-
low the study of rare events, and obtain information more
quickly than RCTs. On the other hand, they are more vul-
nerable to confounding factors.

Prospective exploratory pilot studies share many as-
pects with RCTs but are not subject to supervision by ex-
ternal commissions or mandatory registration. Multitesting
can pervert the balance of publications in favor of the de-
sired effect. Bonferroni's reasoning shows that if 10 studies
are performed with an ineffective antibiotic, the probability
that at least one will show P <0.05 might be 40%. Scenari-
os in which there is intensive pressure to perform research,
such as the recent pandemic, might result in many research
teams trying to study the effect of an antimicrobial. Even if
the drug has no efficacy, if 100 research teams conduct a
study to assess its usefulness, it might be virtually certain
that at least one will get a P value <0.05. If the other stud-
ies (with P >0.05) are not published, the scientific commu-
nity would consider that there is strong evidence in favor of
its usefulness.

In conclusion, RCTs are a very good source of clinical
information, but are not the only one. The systematic regis-
tration of all research can and should be applied to all types
of clinical studies.
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Tipos de estudios clinicos y pautas para su
correcta interpretacion post-pandemia

RESUMEN

Los ensayos clinicos aleatorizados (ECA) son claves en el
avance de la medicina y la microbiologia, pero no son la tni-
ca opcion posible. Los estudios observacionales proporcionan
informacion sobre la eficacia y la sequridad a largo plazo, son
menos costosos, permiten estudiar eventos poco frecuentes
y obtener informacion mas rdapido que los ECA. En su contra,
son mas vulnerables a factores de confusion.

Los estudios prospectivos piloto exploratorios, comparten
con los ECA muchos aspectos, pero no estan sujetos a la su-
pervision por parte de comisiones externas ni a la obligatorie-
dad de su registro. El multitesting, puede pervertir el balance
de publicaciones a favor del efecto buscado. El razonamiento
de Bonferroni muestra que, si se realizan 10 estudios con un
antibiotico no efectivo, la probabilidad de que al menos uno
arroje P <0,05 pude ser del 40%. Escenarios en los que hay
mucha presion para investigar, como la reciente pandemia,
son propicios para que muchos equipos traten de estudiar el
efecto de un antimicrobiano. Aunque el farmaco no tenga
ninguna eficacia, si 100 equipos de investigacion realizan un
estudio para valorar su utilidad, puede ser practicamente se-
guro que aparecera al menos uno con P <0,05. Si los demds
estudios (con P >0,05) no se publican, la comunidad cientifica
consideraria que hay fuerte evidencia a favor su la utilidad.

En conclusion, los ECA son una muy buena fuente de in-
formacion clinica, pero no la unica. El registro sistematico de
todas las investigaciones iniciadas puede y debe aplicarse a
todo tipo de estudios clinicos.

Palabras clave: metodologia, estadistica, ensayos clinicos.
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INTRODUCTION

Clinical studies (with human beings) can be divided, sim-
plistically, into observational and prospective interventional
studies (Figure 1). Although there are situations where aspects
of these categories overlap, this outline helps to clarify the ad-
vantages and disadvantages of each type of design.

In observational studies, the researcher does not per-
form any type of action on the subjects, and only observes the
clinical situation, personal, and environmental circumstances,
looking for possible relationships between conditions and risk
or preventive factors. In prospective interventional studies, the
physicians undertake an action on the subjects and observe
the response that occurs in the short- or medium-term. For
example, an antimicrobial is given to patients with an infec-
tion and its possible benefits and side effects are investigated.
Two large categories of prospective interventional studies are
distinguished: exploratory pilot studies and randomized clini-
cal trials (RCTs) that, in addition, are controlled, blinded, and
registered. RCTs are key to the advancement of medicine and
microbiology. However, they are not the only possible option,
but rather they share importance with other types of studies.
In this article, we will try to show: 1) the error of disregard-
ing all information not coming from RCTs, 2) that the different

types of design do not compete with each other but rather are
complementary, 3) the precautions to take when interpreting
studies results.

OBSERVATIONAL/CASE-CONTROL STUDIES VS.
PROSPECTIVE STUDIES

Observational studies can provide information on long-
term efficacy and safety that is typically lacking in RCTs. In
addition, they are less expensive, allow to study rare events
and to obtain information more quickly. New and ongoing de-
velopments in data and analytics technology, such as artificial
intelligence and big data, offer a promising future for these
studies.

We should not question its usefulness, since many treat-
ments and interventions aimed at preventing or solving health
problems, with proven effectiveness, have not been subjected
to rigorous evaluation using RCTs [1]. From the so-called evi-
dence-based medicine, it is not correct to demand the adop-
tion of interventions evaluated using only data from RCTs [2].

Observational studies include case reports and case series,
ecological studies, cross-sectional studies, case-control (CC)
studies, and cohort studies. The latter include clinical registries
that are gaining increasing importance as a method to moni-

Main types of clinical studies
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Figure 1 Most important types of clinical studies with their main advantages

(in the green box) and disadvantages (in the red box).
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Table 1

Objectives, advantages, and disadvantages of observational studies.

Type of study Aim

Advantages Disadvantages

Case reports and case series To describe new or extraordinary events

Ecological studies To describe data about a population

Cross-sectional studies To describe population profiles or outcome

of interest at a single point in time

Case-control studies To identify risk factors for an event or

disease

To estimate the incidence of events and
their determinants

Cohorts

Easy, detailed information to generate
hypotheses

No generalizable

Easy if you use routinely collected data No subject data

Relatively easy Absence of temporality

You can explore rare events Limited to a single event

Longitudinal. Study multiple events and Relatively difficult,
risk factors expensive and time-
consuming

tor and improve the quality of healthcare [3]. The main types
of observational studies used in health research, their purpose
and main strengths and limitations are shown in Table 1. Its
purpose may be descriptive, analytical or both [4]. Descriptive
studies are designed primarily to describe the characteristics of
a studied population while analytical studies seek to address
questions of cause and effect or, at least, generate hypotheses
in that sense [4].

Among the various types of observational studies, CC
designs occupy a relevant place. A recent survey carried out
among medical doctors attending a course on "Expansion of
basic concepts of statistical analysis in medicine”, carried out
at the Chair of Statistical Analysis and Big Data of the Catholic
University of Murcia, showed that more than 80% were not
able to identify the difference between the term "controlled"
applied to prospective studies and the noun "control" used to
designate CC studies (unpublished data). Although the word
is the same, in prospective studies the control group does not
receive the treatment we are studying, while in CC design the
control group does not have the disease we are studying.

CC studies take a random sample of patients with a cer-
tain disease and another random sample of people without
that disease (healthy or with health problems not related to
the condition). In both groups, the frequency of individuals
who had been exposed to a certain factor will be evaluated. To
be more specific, supposing that we ask ourselves if following
a certain diet is associated with the frequency of meningitis.
A prospective study would consist of taking a sample of, for
example, 180 people, randomizing them into two groups, with
and without that diet, following them for twenty years and
comparing the percentage of meningitis that appears in each
group. In the CC approach, we take a sample of 90 cases of
meningitis and another of 90 people who have not suffered
that infection and we find out the percentage of people who
followed that diet during the last 20 years. We see that the CC
approach requires much less time, because the 20 years that
patients must be followed with the prospective design, in the
CC "have already passed” when the research is done. Another

advantage of CC designs is that, depending on how frequent
meningitis is and the consumption of that diet, the statistical
power can be much greater than with a prospective study. For
instance, if 30% of people follow that diet and meningitis af-
fects 19 of the population that does not use it and 4% of the
population that uses it, (taking that diet multiplies the risk of
suffering from the disease by 4), the statistical power of the
study, for a P value of the test 0.05, is 0.92. The probability of
finding a P value <0.05 is 0.92, that is, of every hundred stud-
ies that were carried out with this design, 92 would yield a P
value <0.05. With a prospective study (RCT or pilot), the statis-
tical power of the study, for a P value of the test 0.05, is 0.16.
The probability of finding a P value <0.05 is 0.16, that is, of
every hundred studies that were carried out with this design,
only 16 would show a P value <0.05.

[t must be considered that CC studies do not allow, in
principle, to estimate relative risks (RR) that indicate how
much greater the risk of disease is in patients on the diet than
in those who do not follow it. CC studies allow us to estimate
the odds ratio (OR), which is another way to quantify the
harmful effect (in this example) of the diet. In this assumption
it would be OR = 3.13, very close to the RR = 3. This proximity
occurs whenever the risks involved are small, but with greater
risks the value of the OR can be very different from the value
of the RR. For instance, if the risk of a certain infection were
60% in those who follow the diet and 20% in those who do
not follow it, the RR is 3, which tells us that following the diet
multiplies the percentage of patients by 3. But, in this case, the
OR is 6, which tells us that following the diet multiplies by 6
the number of sick people for every healthy person. With a CC
study we could estimate this OR value, but not the RR value 3.
Supplementary material depicts the concept of odd and OR.

Moreover, it must also be said that CC studies are much
more vulnerable to the action of confounding factors. Part of
this confusion is controlled with different types of multivari-
ate analysis, regarding factors that have been recorded in each
study. Another part can be controlled by sampling in a strati-
fied and even paired manner. However, it will rarely be possible
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to control as effectively as randomization does in prospective
studies. In observational studies, adjustment for potential con-
founders can be performed and techniques such as propensity
score, but only for a limited number of confounders and only
those that are known and have been collected. Randomization
in RCTs minimizes selection bias, while blinding controls infor-
mation bias. Therefore, to, for example, know the effectiveness
of a drug, RCTs provide the strongest evidence. However, this
reality should not lead us to disregard the information pro-
vided by observational studies; information that is increasingly
more precise and refined with new analysis methods. In fact,
technological advances are changing the way in which obser-
vational studies are carried out [5].

NEW TECHNIQUES FOR ANALYSIS AND REPORT
OF OBSERVATIONAL STUDIES

Even without randomizing subjects, methods have
emerged in recent years that allow for less biased comparisons
of two or more subgroups. Propensity score is a way of bring-
ing together two or more groups for comparison, so that they
appear to have been randomly assigned to an intervention or a
comparator. In summary, the method involves logistic regres-
sion analysis to determine the probability (propensity) of each
person within a cohort who was in the intervention, and then
matching subjects who were in the intervention with those
who were not, based on those propensity scores. The results
are then compared between the two groups [6].

Increasing sophistication in data collection techniques,
artificial intelligence, and the use of big data is also enabling
continued improvements in the ability to conduct observa-
tional studies. Automatic linking of multiple data already of-
fers a convenient way to capture results, even retrospective-
ly. However, ethical considerations must be considered, such
as whether informed consent may be required before data is
linked, or who can access it. Machine learning already enables
the capture, processing and analysis of unstructured text. New
statistical techniques allow the imputation of missing data [7],
a frequent problem in observational studies.

Unfortunately, the reporting of observational study re-
search is often inadequate, making it difficult to evaluate
their strengths and weaknesses and extrapolate results. The
Strengthening The Reporting of OBservational studies In Ep-
idemiology (STROBE) initiative [8] has allowed us to develop
recommendations on how an observational study should be
designed and reported. This initiative focuses on the three main
types of observational studies: cohort, CC, and cross-sectional.
It is based on a checklist with 22 items (the STROBE statement)
that relate to the title, abstract, introduction, methods, results,
and discussion sections of the articles. The vast majority of the
items (18 of them) are common to the three types of study
and four are specific for cohort, case-control or cross-section-
al studies. STROBE is to observational studies what the State-
ment of Consolidated Standards of Reporting Trials (CONSORT)
is for clinical trials. Both initiatives have helped improve the
quality of studies and, above all, the way they are reported.

Similar initiatives exist for other areas of research, for example,
for reporting meta-analyses or diagnostic studies. In any case,
STROBE is not a panacea nor does it free us from the biases
and limitations inherent to observational studies. Yes, it is a
useful tool that provides guidance on how to report the results
of observational research correctly. Although these recom-
mendations are not prescriptions for designing or conducting
studies, they must be considered when planning any observa-
tional study. Furthermore, while clarity of reporting is a pre-
requisite for evaluation, the checklist is not an instrument for
evaluating the quality of observational research. This means
that an observational study that meets all the STROBE items
may still have important gaps. The STROBE statement is a key
checklist before writing a paper with the results of an observa-
tional study. Its sections include the title and summary of the
article (item 1), the introduction (items 2 and 3), the methods
(items 4 to 12), the results (items 13 to 17) and the discussion
sections (items 18 to 17). 21), and other information (point 22
on financing).

PROSPECTIVE PILOT EXPLORATORY STUDIES

Prospective exploratory pilot studies, hereinafter "pilot”,
share many aspects with RCTs, but they differ from them in
two important issues:

a) They are not subject to supervision, authorization,
and possible veto by external commissions, in which the au-
thors of the study do not participate.

b) There is no systematic record of each of them when
it is launched, which is why it is much more difficult to have a
record of studies with "negative” results. Therefore, it is practi-
cally impossible to avoid publication bias.

The advantages of submitting a research project to the
supervision of an external commission are evident. If the ex-
ternal commission that evaluates a research project is made
up of truly qualified professionals who can dedicate the neces-
sary time to this evaluation, they would undoubtedly make ob-
servations that could improve the project. But here are three
points that require detailed reflection:

[) Committees cannot include experts in all fields. Most
likely, no member of the committee is an expert on the topic
to be evaluated and, if there is one, he or she may not know
the topic better than the researchers may. In cases where this
commission decides to enlist the help of an expert in the field,
that person will know the topic under study, but probably will
not know it better than the parents of the project.

1) In general, the people who make up that commission -
or the expert consulted - will be able to dedicate many fewer
hours to the evaluation than those the authors dedicated to
preparing it.

1) It is necessary to evaluate very carefully when it makes
sense for the evaluation commission to reject a project. In
this aspect, three types of situations must be distinguished: a)
when the evaluation committee is a doctoral thesis committee
or another academic degree, or has to decide if a project de-

Rev Esp Quimioter 2024;37(3): 203-208 206



M. Martinez-Sellés, et al.

Clinical study types and guidance for their correct post-pandemic interpretation

serves financial aid, it is obvious that for each project it has to
accept it or not; b) when the committee is the editorial board
of a scientific journal, it must also accept it for publication or
not; ¢) in other situations the evaluation commission does not
perform these two functions. So, it is questionable whether
that commission has the power to veto a project. There are
frequent cases in which the objections made by these commit-
tees to justify their veto of a project are of a methodological
nature (not of a clinical nature) and, upon closer inspection,
turn out to be wrong. This error would not have major neg-
ative consequences if the rejection were advisory, because
the authors, after verifying with an expert that the objection
is wrong, would ignore it. However, if the objection implies a
veto and appealing that "sentence” is difficult, the most com-
mon thing is that the authors of the project give up continu-
ing with it and abandon an initiative that could have provided
useful knowledge.

An argument frequently put forward is that these com-
missions ensure patient safety, defending their rights and - it
is assumed - protecting them from possible abuse by research-
ers. However, there is little reason to think that the members
of the external commission will take better care of patients
than the doctors who are in personal and direct contact with
them. Attending physicians do not ask any committee for au-
thorization every morning to explore and treat each of their
patients. For all these reasons, it does not seem appropriate for
the evaluation committee to have veto power when this is not
an essential part of their mission [9].

REGISTRATION OF MEDICAL STUDIES AND
PUBLICATION BIAS

In principle, all RCTs that are launched are registered
and their authors undertake to publish the results, since it
is assumed - with good judgment - that, if the study is well
planned and developed, its result, whatever it may be, provides
useful information. However, in practice it is very difficult to
get studies published that do not show some "“statistically
significant” effect. Even the most serious and honest authors
when they find poor results tend to give the study as "failed”,
that is, it was not possible to carry it out properly, instead of
"with a negative result” and assume that it is not necessary to
publish their work. Thus, we have the problem of multitesting,
which can seriously pervert the final balance of publications
towards the desired effect. Bonferroni's reasoning helps us
quantify the probabilities of finding results with a test P value
lower than a certain limit, if several attempts are made and
only those that yield a sufficiently small P value are considered
worthy of publication.

Let us consider the case in which the pathogen "A", caus-
ing a serious infection with very high mortality, was sensitive
to a certain antibiotic, but has recently developed resistance,
resulting in a strain resistant to all currently known antibiotics.
A study aimed at verifying whether it is sensitive to the new
drug "B", that has given very promising "provisional” results,
creates high expectations, which lead a large number of teams

to carry out studies that can confirm it. A pertinent design
would be to randomize 100 patients with this infection into
two groups of 50, one with placebo and the other with "B". If
the antibiotic is not effective, the study will most likely return
a result with a relatively large P value, say greater than 0.05.
But if several studies of the same type are carried out with
ineffective drugs, the probability that at least one of them will
yield a P value < 0.05 increases significantly with the number
of studies carried out. Specifically, if N studies are performed,
we have: probability (at least one study with P <0.05) = 1 - (1
- 0.05)".

Thus, if 10 studies are carried out with an ineffective an-
tibiotic, the probability that at least one will show P < 0.05 is
1-(1-005"=1-095"=1-0,60=0,40. And if 40 studies
are carried out, the probability that at least one shows P < 0.05
is 1 - 0.95% = 0.83. There are scenarios in which there is a lot
of pressure to research the treatment of an infection, the pan-
demic is possibly the best example. It is therefore plausible that
the number of teams that decide to do this research reaches
100 and in this case the probability that at least one returns
P <0.05 is 0.994, that is, with a useless drug, it is practically
certain that it will appear at least one with P value <0.05. In
fact, one study with P <0.01 and others around 4 studies with
P <0.05 are very likely. If all other studies (with P >0.05) are
not published, the scientific community would consider that
there is strong evidence in favor of the usefulness of that drug.
To quantify this evidence, a meta-analysis could be carried out
with the five published ones and a P value < 0.001 would be
obtained.

A possible resource to partially alleviate the problem of
multitesting would be to ask for a smaller test P value, for
example 0.01, to consider that there is sufficient evidence in
favor of the new drug being effective. However, the accumula-
tion of studies has an effect that is only partially counteracted
by this lowering of the value that is set as a threshold. Apply-
ing the previous formula, we find that the probability that at
least one study yields P < 0.01is 0.10 for N = 10; 0.33 for N =
40 and 0.63 for N = 100. We see that the probability of finding
studies with “significant” results when there is not really the
desired effect is high and if the medical scientific community
does not have access to studies with negative results that have
appeared simultaneously with the positive ones, is committed
to considering good products and procedures that are useless.
In some cases, these treatments can even have a harmful ef-
fect, as we have seen in the case of hydroxychloroquine used
for COVID-19 infection [10].

The problem of publication bias arises in the most gener-
al case, where there is no promising previous data regarding
a specific product. It is enough that there is - as is usual in
medicine - a problem to which a solution is sought and many
research groups are mobilized for it. If each group tests a dif-
ferent product or procedure, the probability that one of them
that is truly useless will be declared useful also increases ac-
cording to the Bonferroni formula and therefore the need to
faithfully report all clinical studies that are launched. It is im-
perative to reduce publication bias.
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RCTs have this component - the systematic recording of
all studies initiated - that is very positive, but it is obvious that
the same praxis can be applied to all types of clinical studies.
The entire administrative infrastructure that enables the reg-
istration of RCTs can and should accommodate the registra-
tion of prospective, pilot and exploratory clinical studies. The
logistics involved are complicated and expensive, but the med-
ical science community has no choice. If there are no rigorous
systematic prior records that allow us to know at least a good
part of the studies with negative results, the publication bias is
very high. Only with these records and the publication of neg-
ative results is it possible to carry out reliable meta-analyses.

In conclusion, RCTs are a very good source of clinical in-
formation, but not the only one. The systematic registration of
all research initiated can and should be applied to all types of
clinical studies.
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