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MISSED LEARNING OPPORTUNITIES TO REFINE THE DESIGN OF STUDIES

Learning from the past: refining the way we study treatments
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In light of economical and ethical considerations,
methods and approaches that help researchers use informa-
tion from previous research in the design and reporting of
future studies can be expected to receive increasing atten-
tion in the coming years. The present issue of the Journal
of Clinical Epidemiology includes two timely articles that
pertain to this idea in various ways. Before briefly com-
menting on these two articles, it may be useful to put this
work in a larger context.

Introductory textbooks on research methods in the
health, social, and medical sciences usually describe a cycli-
cal process by which knowledge is accumulated and refined
by means of empirical research [1,2]. In its basic form, the
process involves the formulation of theories by means of in-
ductive reasoning (i.e., forming conjectures about the likely
relationships between variables and the reasons for them),
the derivation of suitable hypotheses from these theories
by deduction (i.e., making predictions about expected ob-
servations assuming that the underlying theories are true),
the testing of these hypotheses in appropriately conducted
studies (entailing the possibility of actually falsifying the
stated hypotheses), with the conclusions from those studies
then leading to revision and refinement of the correspond-
ing theories. The accumulation of knowledge by means of
replication and the refinement of theories over time can,
thus, be regarded as cornerstones of scientific research.
Formal descriptions of this process can be found, for
example, in the works of Popper [3] and Hempel [4].

Accordingly, careful use of the information obtained
from previous studies is an integral aspect of conducting re-
search. In fact, The Lancet [5] and several other journals
(including the Journal of the American Medical Associa-
tion and the Archives of Internal Medicine) now require that
authors demonstrate the need for a new trial in light of the
existing evidence basis and set its results in the context of
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the previous studies. This can usually be accomplished by
considering the results from a relevant meta-analysis (that
demonstrates the need for additional studies) and by
updating its results with the findings from the new trial.

Although this iterative research process and the updated
journal guidelines tend to emphasize how the substantive
conclusions and findings from research lead to increased
understanding of the phenomenon under study, relatively
little has been written on how the design of future studies
should be informed by existing research [6]. Therefore,
although we are constantly striving to refine our theories
about the phenomenon itself (e.g., through increased
knowledge of how large an effect is on average, how
variable the effect is, or for whom and under which circum-
stances the effect is larger or smaller), we are not necessar-
ily refining how we study the phenomenon. Similarly,
systematic reviews and meta-analyses of the literature tend
to emphasize what has been found rather than what has
been studied and how [7].

Based on a sample of 27 trials published in the Journal
of the American Medical Association and the Archives of
Internal Medicine, Goudie et al. [8] document the extent
to which the motivation and the design of trials have been
informed through previous studies and discuss how trialists
can take advantage of the existing knowledge base when
designing and reporting the results of their studies. Like
earlier surveys of this type (see article for references), the
findings suggest that previous studies (or relevant system-
atic reviews) are not considered to the fullest extent possi-
ble when designing or reporting the results of new trials.

Not surprisingly, one of the design elements that is most
frequently informed by either previous studies or system-
atic reviews thereof is the sample size for a new trial. Both
Goudie et al. [8] and Borm et al. [9] discuss methods that
can help trialists in their sample size calculations. Goudie
et al. [8] illustrate how to use a novel method for determin-
ing a suitable sample size when the ultimate goal is to
update an existing meta-analysis with the findings of the
new trial, whereas Borm et al. [9] describe a simple method
for determining the sample size of a new trial to achieve
a certain power in its own right when only the sample size
and the P-value from a ‘“‘reference trial” are known. Both
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of these approaches should be carefully considered by tria-
lists, because one automatically leads to a consideration of
the totality of the existing evidence when designing studies,
whereas the other helps to simplify potentially complicated
sample size calculations for individual trials.

Interestingly, these two approaches draw attention to
a potential dilemma that an increased emphasis on updated
meta-analyses may entail. In particular, there is a conflict of
interest between researchers conducting individual trials
(for whom, generally speaking, a single decisive ‘“mega-
trial” may provide more valid and informative results than
several smaller studies) and meta-analysts (for whom sev-
eral smaller trials may be more useful for estimating the
amount of heterogeneity and delineating the generalizabil-
ity of the findings than one large study).

In an ideal case, the design of a set of trials and a result-
ing meta-analysis incorporating those trials should go hand
in hand, a model that has occasionally been put into prac-
tice in some prospectively planned meta-analyses [10,11].
Sample size considerations can then be made cooperatively
and the “credit” for the individual trials and the resulting
meta-analysis can be automatically shared among members
of such collaborations. The increased tendency, for exam-
ple, in the European Union, to start international research
projects may, in fact, be an incentive to plan some prospec-
tive meta-analyses. However, such collaborations are likely
to remain exceptions in practice, leaving sample size con-
siderations with the individual trialist planning a single
study. It remains to be seen how editors, reviewers, and
granting agencies will then react to (proposals for) one or
multiple studies that may be underpowered on their own
but contribute sufficient evidence to power an updated
meta-analysis.

A related issue is the motivation for conducting a new
trial in the first place. Deciding at which point further re-
search should be deemed unnecessary cannot and should
not be made by reference to P-values and power alone. In
an extreme sense, a single sufficiently powered study with
a significant outcome would then put a stop to any further
research on a particular treatment. Given that the tendency
to only publish significant findings is especially great when
commencing research into new treatments [12], one has to
be very careful with halting additional studies when the
results from an early meta-analysis suggest a significant
treatment effect. Moreover, heterogeneity in the treatment
effectiveness may only become apparent after a sufficient
number of trials have been carried out. Cases in which
the finding of an effective treatment (as determined by an
early meta-analysis) was later turned over by subsequent
trials (e.g., the third example in the article by Goudie
et al.) further highlight the difficulty in choosing an appro-
priate stopping point.

The replication paradox discussed by Borm et al. [9]
also helps to put this issue into perspective. In particular,
a meta-analysis can, in essence, be regarded as a sort of
multicenter trial for which we can also determine the

probability of a statistically significant replication. There-
fore, just as for an individual study, only half of all meta-
analyses yielding an overall effect with P = 0.05 will turn
out to be significant again should one attempt to replicate
their findings by repeating each of the component studies.
Moreover, this holds true regardless of the number and size
of the individual studies included in the initial meta-
analyses. In that sense, P-values near 0.05 cannot be re-
garded as robust evidence, even when these are based on
dozens of trials. Supplementing the results from a null hy-
pothesis test with an estimate of the probability that a repli-
cation study would turn out to be significant may, in fact, be
one way to emphasize the fact that P-values do not directly
reflect the probability of a successful replication [13,14].

Finally, the focus on sample size considerations should
not draw our attention away from other design issues that
can and should be informed by previous research, such as
the choice of outcome measures, the number and timing
of the measurement occasions, the choice of confounders
and/or effect modifiers to measure and include in the anal-
ysis, the choice of statistical model and analysis technique,
and the inclusion/exclusion criteria for the participants. For
example, using outcome measures with less measurement
error (and hence, ceteris paribus, higher reliability) leads
to more powerful tests [15] and/or smaller sample sizes
[16]. Choosing three or more measurement occasions
wastes resources if trends are, in fact, linear [17]. Although
some aspects are routinely taken into account when design-
ing new studies, it is clear that there is still much room for
improving and formalizing the process by which we use
previous research when we study the effects of treatments.

In conclusion, properly motivating a study in light of the
existing evidence basis and setting its results in the context
of previous research is one challenge for trialists. Another
challenge is to improve and refine the design of new studies
based on what has been done in the past. Meta-analysts are
in a unique position of not only being able to describe what
has been found but can also provide an overview of what
has been studied and how (i.e., what has been called the
“study space” [7]). Turning this information into practical
guidelines for refining the way we study treatments should
become a primary objective for methodologists in the
future.
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