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S. Beecroft
Manchester Medical School, University of Manchester
simon.beecroft@student.manchester.ac.uk

In answering any question it is first imperative to define the key terms con-
tained therein. The question that forms the title of this essay refers to two
key concepts in the application of evidence to the practice of medicine: sta-
tistical significance and clinical importance. This essay considers the link
between these two notions in the context of research consisting of clinical
trials evaluating interventions in healthcare.

Of the two, statistical significance appears to be the more straightfor-
ward to define, as there is currently a broad consensus on the calculation
of statistical significance, although the most common definition does
have its detractors. The prevailing method of identifying statistical sig-
nificance in hypothesis testing is the use of the p value.()) The p value rep-
resents the probability of obtaining results as extreme as those observed
if the null hypothesis were true. In this system, statistical significance is
achieved when the p value is below an (arbitrary) defined significance
level, typically set at 0.05 in medical research. It is occasionally argued
that p values should be incorporated into a Bayesian calculus which
includes prior probability® in order to better represent the continu-
ally evolving nature of scientific knowledge, but this is not yet common
practice.

In the medical literature the terms clinical importance,® clinical rel-
evance™ and clinical significance® appear to be used interchangeably, and
the inconsistent terminology seems to be associated with confusion in the
definition of the concept. This is unfortunate as the different terms could
be better used to circumscribe some distinct concepts. Clinical significance
could be best used in a narrow sense to describe whether an identified
effect size achieves the smallest effect of clinical interest. This could free
up clinical importance to cover a more expansive set of issues related to the
application of research findings to medical practice. In this instance, clini-
cal importance would refer to the uptake of the intervention in real-world
clinical practice. Thus the redefined concept of clinical importance should
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encompass clinical significance in the narrow sense described above, along
with processes which affect the translation of knowledge from research to
practice. In addition to adding clarity, having the broader term available
could help align the lexicon of medical research with a more practical and
patient-centred approach.

The process of defining the key terms enables an exploration of
the process of generating clinically important research as defined here.
Firstly, the reported statistically significant result must truly be statisti-
cally significant; there must have been no error in generating the result.
Secondly, the statistically significant result must achieve the smallest
effect of clinical interest, which must be defined appropriately. Finally, the
intervention must be adopted and practised effectively by clinicians and
patients. Running this gauntlet successfully is far from guaranteed for any
research project, and as a result there are a multitude of situations in which
reported statistical significance does not equate to clinical significance or
importance. The many stages involved in the translation of research into
clinical practice each have their own capacity for error which could reduce
or nullify the clinical importance of the findings. Error may be introduced
in the identification of the research question, the design and conduct of the
study, the presentation of the results, the statistical analysis of the results,
and the communication and application of the research findings. The fol-
lowing are brief elaborations of some of the key problems encountered at
each stage, and this is necessarily not an exhaustive list but should serve
to highlight some important pitfalls that can sever the connection between
statistical significance and clinical importance.

Research question

There are a number of ways in which research can be poorly conceived
that mean no matter how significant the results they are unlikely to be
clinically important. Producing redundant work or work that does not
address patient concerns or investigate outcomes important to patients is a
recipe for wasted time and money. Ensuring that a statistically significant
result would be useful to practising clinicians at the very least means ensur-
ing one is not duplicating work that has already been done (except in the
context of replication trials). Sadly, the process of undertaking a system-
atic review to identify the state of existing knowledge before embarking on
a new research project is not universal.).-Work that is genuinely new may
also have limited clinical applicability if it fails to focus on what matters to
patients.’® There have been a number of initiatives aimed at improving
patient involvement in setting research agendas, but progress is slow. Both
of these errors end up effectively producing research of extremely limited
clinical value; unfortunately the reward structure for medical research
continues to incentivise this kind of work.
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Study design and conduct

In spite of decades of collective experience of designing and conduct-
ing clinical trials, the medical research community continues to produce
research that is methodologically flawed. A raft of issues in the design and
conduct of medical research can lead to type I error, which is to reject the
null hypothesis when it is true. A brief exposition of commonly encoun-
tered problems at this stage includes insufficiently powered studies, studies
that do not appreciate the prior probability of detecting an effect and
studies that investigate too many outcomes.®) These are problems that
should be identified by clinicians trained in critical appraisal of literature.
However, constant vigilance on behalf of those involved in front-line care
is not a particularly robust system for weeding out flawed research, and
much research that is unable to demonstrate the relationships it reports
may well be translated into changes in clinical practice.

Statistical analysis

The phenomenon of ‘p-hacking’ has received increasing scrutiny in recent
years as meta-research findings have begun to suggest that there is wide-
spread inappropriate data manipulation occurring in scientific research.!?
There are a number of ways in which data may be treated to increase the
likelihood of generating a statistically significant result. These methods
include using interim analyses during data collection; post hoc selection of
primary outcome measures; and modifications of the treatment of outliers,
subgroup analyses, and inclusion and exclusion criteria.') These methods
may be subtle and can be difficult to identify during critical appraisal of
research papers, thus leading to unchallenged claims of statistical signifi-
cance that are unfounded. Unfortunately, even when such discrepancies
in research are identified there are a number of barriers to correcting the
scientific record,'? not least editors’ inability or unwillingness to appreci-
ate the presence of inappropriate treatment of data in research published
in their journals.(!¥

Communicating research findings

If clinicians are unable to access research findings then it is impossible for
the insights to be implemented in clinical practice. The issue of knowledge
translation” has been explored by researchers in medical education,
and there are a number of barriers identified to closing the implementa-
tion gap. These challenges include the polar opposite issues of restricted
access to information and information overload. Many medical journals
require a paid subscription or apply a per article charge which is gener-
ally prohibitively expensive for those without institutional access. Whilst
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open-access journals have become more successful recently, there is still
a massive wodge of medical knowledge that is stuck on the other side of
a paywall for many clinicians around the world.'® On the other hand,
the sheer volume of research being produced is a problem for practising
clinicians who wish to provide the best care for their patients. When the
amount of time required to read all relevant journals exceeds the number
of waking hours in the day(!® this is clearly an issue pertinent to the uptake
of new interventions. It appears as though continuing medical education
will remain a piecemeal affair for the foreseeable future; a situation which
is not conducive to maximising the clinical importance of the medical
research that is conducted.

It seems valid in the context of assessing the clinical importance of sta-
tistically significant results to understand their relative contribution to the
sum of knowledge. The totality of evidence available via a literature review
is not generated as by a pure, disinterested process. The complex interplay
of a number of different motivations on behalf of researchers, institutions,
commercial interests and publishers!!” means that results that do not
achieve statistical significance are less likely to be published than those
that do.!"® This publication bias significantly affects the context in which
new research findings are assessed. The interpretation of new research
does not occur in isolation; it is incorporated into existing knowledge,
whether formally in the setting of systematic review and meta-analysis, or
informally through amalgamation with healthcare professionals’ existing
decision-making heuristics. Although tools exist to identify publication
bias,!”) the preponderance of statistically significant findings in medical
research affects the quality of this process and limits the utility of the
research base as a whole.

Application of research findings

Even with clinicians who are up to date with the literature, there can be
many more barriers to implementation of interventions in clinical practice.
Clinicians’ own motivation and/or willingness to modify their current
practice are paramount in this regard. Resistance to the adoption of new
interventions is dependent on the environment, personality, identity and
cognitive architecture of those expected to implement it, which define their
assessment of commitment to and capacity for the intervention.®” Once
the clinician has agreed to the change of practice, other issues come to the
fore. Amongst others, access to the new intervention and any necessary
training required to implement it, the cost-effectiveness of the intervention
compared with existing therapeutic strategies, and local governance and
funding arrangements will significantly impact on ability to modify prac-
tice.®D Once these issues have been ironed out, the stage is finally set for
the clinical use of the intervention. The final hurdle is patient acceptance
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of or adherence to the intervention, which can be influenced by a number
of different factors. Some factors relevant to the researcher planning to
investigate an intervention they wish to become clinically important are
regimen complexity, economic and structural factors, patient-related
factors, and pattern of healthcare delivery.?? If the proposed interven-
tion is overly onerous for patients or they are unable to access the service
appropriately or cope with practical aspects of receiving the intervention,
then its clinical importance will be manifestly reduced.

Conclusion

In conclusion, the simple answer to the question of whether statistical
significance invariably means clinical importance is an emphatic no.
Statistically significant results may be clinically important but the associa-
tion is by no means certain; as the old proverb has it, “There’s many a slip
"twixt cup and lip.” The decoupling of statistical significance and clinical
importance is important not only when attempting to ensure a robust
evidence base to be drawn upon when clinicians provide care and make
shared decisions with patients, but also to protect those who participate in
medical research as subjects. If the clinical importance of research findings
is undermined, then the risk:benefit calculus for clinical trial participants
is changed and any harm suffered by participants becomes objectively less
justifiable. It is therefore incumbent on those engaged in medical research
and practice to be aware of these issues and to do all that is reasonably
practical to mitigate them.
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