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Editorial

Adding Nails to the Coffin of 
Underpowered Trials

More than 50 years have passed since the British Medical
Research Council published what is widely regarded as the
first modern randomized clinical trial (RCT)1. In the inter-
im, RCT have increased not only in frequency, but also in
breadth. Studies that were once published almost exclusive-
ly in select, high-readership, general medical journals are
now increasingly found among the pages of journals with all
readerships and impact ratings. Regrettably, there are rea-
sons to suspect that the increased use of this powerful tool
has not been accompanied by comparable improvements in
the methodologic conduct of RCT. As a result, the value of
RCT has not been fully realized.

In this issue of The Journal, Keen and colleagues2
describe how one contributor to trial value — statistical
power — is incompletely reported, and often inadequate,
among RCT published in the rheumatology literature. The
authors report that among RCT published in the rheumatol-
ogy literature in 2001–2002, only 42% reported a power cal-
culation, and only 50% of negative trials (and 79% of trials
overall) had adequate power to reliably detect a true treat-
ment effect. These findings should come as no surprise:
other investigators have reported similar problems in the
general medical3-8, emergency medical9, general surgi-
cal10,11, plastic surgical12, orthopedic13, psychiatric14, der-
matologic15, head injury16, medication compliance17, and
family practice18 literatures. 

Although several factors contribute to an RCT’s power,
and definitions of acceptable power are more traditional
than empiric19, these studies have generally defined under-
powered trials as those that enrol too few participants to
identify differences between interventions at least 80% of
the time that such differences truly exist. Underpowered
RCT are therefore overly prone to making false-negative
conclusions, or committing what epidemiologists call type
II errors. Such trials are widely19-22, but not universally23,24,
considered to be unethical, primarily because they expose
participants to the risks and burdens of research without pro-
viding commensurate opportunity for their participation to
contribute to generalizable knowledge.

Given that the linked epidemics of underpowered trials
and trials with inadequate reporting are already well
described, some readers may question why the study by
Keen, et al2 was necessary. I believe there are several bene-
fits to repeatedly documenting these problems. First, by
broadly casting the net of underpowered trials across various
clinical disciplines, investigators like Keen, et al limit the
possibility that future investigators might feel immune to the
deficient conduct and reporting of RCT in other fields.

Second, despite focusing on a common theme, each
report reveals novel insights, including at least 2 in the
study by Keen and colleagues. First, the authors found that
positive trials were no more likely than negative trials to
report a power calculation. This is a concern because when
authors fail to openly report the details of a trial’s methods,
including sample size calculations, readers are unable to
determine whether significant findings are real or potential
artefacts of a poorly designed study. Second, Keen, et al
found that even among high-impact journals, nearly half of
negative RCT were underpowered. This suggests that casu-
al readers cannot assume that just because they are reading
a highly respected journal, all reports found within will be
well conducted.

An important caveat in interpreting the study by Keen, et
al is that there are several reasons to believe that the actual
prevalence of underpowered rheumatology trials is proba-
bly much greater than the 21% these authors report. First,
the authors investigated only trials published in journals
indexed in Medline. Because underpowered trials are more
likely to yield negative findings, and negative trials are less
likely to be published, this approach may selectively fail to
identify underpowered trials, and thereby underestimate the
proportion of RCT that are underpowered. 

Second, the authors calculated power for all negative or
indeterminate RCT, but assumed that positive trials were,
by definition, adequately powered. This assumption reflects
a common misconception; in fact, positive RCT might also
be underpowered, and simply get lucky by finding an unex-
pectedly large treatment difference, thereby yielding statis-
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tically significant results. Such a fortuitous outcome does
not make these trials adequately powered because these
same trials may have failed to detect smaller outcomes that
were nonetheless clinically important19. Because power is
an a priori phenomenon, finding a statistically significant
result after the fact does not save an otherwise underpow-
ered trial. 

Third, as the authors acknowledge, they arbitrarily
required that studies be powered to detect an effect size of
20% across all disease areas. However, it is not clear
whether this effect size refers to a relative or an absolute dif-
ference. For example, using a dichotomous outcome meas-
ure in which patients are considered either responders or
non-responders to therapy, an absolute difference of 20%
might mean that 50% of patients responded to the inferior
treatment, and 70% responded to the superior treatment. By
contrast, a relative difference of 20% might mean that 50%
of patients responded to the inferior treatment, but 60%
(20% more than 50%) responded to the superior treatment.
The distinction between relative and absolute differences
not only influences clinical interpretation of individual stud-
ies, but also influences estimates of the proportion of trials
considered underpowered. 

In addition, regardless of whether Keen, et al were refer-
ring to absolute or relative differences, the choice of 20% may
be substantially larger than differences deemed by many prac-
ticing rheumatologists to be clinically significant. Keen, et al
properly note that 20% has been identified as a clinically
important difference in studies of osteoarthritis and rheuma-
toid arthritis, but identifying differences as small as 5% or
10% may be important to physicians caring for patients with
more devastating diseases such systemic lupus erythemato-
sus, systemic sclerosis, or many of the vasculitides. If so, then
the trials of these syndromes that were counted as adequately
powered by Keen, et al because they were able to detect a
20% difference, might have been inadequately powered to
detect smaller, yet clinically important, differences.

For each of these reasons, the prevalence of underpow-
ered RCT in rheumatology reported by Keen, et al should be
viewed as a minimal estimate. The fact that even this best-
case scenario is unfavorable suggests continued need for
exploration into, and public notification of, the problem of
underpowered clinical trials. Because physician and investi-
gator behaviors change slowly, only with repeated docu-
mentation can we improve the overall quality of reporting,
and ensure that patients can participate in more potentially
valuable studies. This issue may appear to be a dead horse,
but I believe it is one still worth beating.
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