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When Predictions Don’t Predict

Royal Women’s Hospital, Melbourne

EDITORIAL COMMENT: We accepted this paper to remind readers that the rules of
clinical common sense as well as the results of statistical calculations are needed to judge
published results of clinical trials. Statistical rules for design of a trial should be followed,
and advice of a statistician sought before rather than after a study begins. It seems self-
evident that if the raw data does not show a clinically meaningful difference in the results
obtained, that statistical gymnastics cannot save the day; for example if a series of patients
with prolonged pregnancy is large enough, then a difference in the perinatal mortality
rate of 0.2% between conservative treatment and induction of labour will be statistically
highly significant, yet the difference may be too small to convince clinicians that one
regimen is superior to the other.

Summary: One of the most widespread abuses of statistical methods involves the
misinterpretation of statistical significance after the application of multiple com-
parisons. This paper highlights the problem by demonstrating ‘significance’ when clearly
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none exists.

Papers submitted to medical journals commonly
follow a similar theme:

‘15 semen parameters were studied in patients
having in vitro fertilization (IVF) and the fol-
lowing factors were found to predict pregnancy,
p<.001..:

There are vital weaknesses in such an analysis. By
looking for relationships between a large number of
factors and the occurrence of pregnancy one can fall
into the trap of thinking a relationship exists, ‘proving’
it with p <.001, and yet there is no relationship. As an
example we could take the letters of the patient’s sur-
name and use them to predict IVF success, when of

methodology is commonly used to seriously evaluate
factors from a large pool of possibilities which might
predict pregnancy.

RESULTS
To preserve confidentiality the actual letters of the
patient’s surnames have been rearranged in alphabetical
order. These codified names, the important letters
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Table 2. Summary of *GYN* Analysis Related to Sucecessful Outcome
with MESA Treatment

n GYN positive
Livebirth 7 7 (100%)
Mot pregnant 21 6 (29%)

p = 003 (Fisher exact test)

studied and the outcomes are shown in table 1. All
patients with a successful pregnancy had surnames
containing the letters G, Y or N whereas only 6 (29%)
of the unsuccessful patients had the letters G, Y or N
in their surnames. These results are summarized in table
2. Thus the presence of a G, a Y or an N in the surname
of patients undergoing sperm aspiration and IVF was
highly predictive of a successful result.

DISCUSSION

Had this been a study of proteins in follicular fluid
or the many subtleties of sperm morphology and
motion, nondiscerning readers would be trying to
assimilate the findings of this paper into their under-
standing of reproductive physiology. Instead we have
chosen to study parameters which clearly could have
no usefulness in predicting pregnancy. How then can
the presence of the letters G, Y or N in the surname
of patients (*GYN positive’) so convincingly predict
pregnancy? It is nor that statistical methods can be used
to prove almost anything, but rather that gross abuses
may not be obvious to the nonstatistician.

The misleading conclusions of this study of patients’
names (and of many other papers which claim scientific
merit) are brought about by failing to recognize the
effect of multiple statistical comparisons, i.e. data
dredging (1) or data snooping (2). To understand this
effect, recall that p = .0l means that if there is really
no difference between 2 populations under study (for
example the presence or absence of the letter K in the
surnames of all MESA IVF patients does not predict
pregnancy) then there is 1 chance in 100 of finding such
different pregnancy rates related to the surname letter
K in a sample of MESA patients. There 1s therefore a
probability of .99 of finding no difference at the p = .01
level. However, when many variables (such as all 26
letters of the alphabet) are studied with a ‘lets go hunt-
ing’ approach, the probability that there will be no
p = .01 significance in any of them would be .99%¢. This
computes to .77. Therefore in 23% of such studies of
26 variables a p = .01 ‘significance’ will turn up some-
where by chance alone, not only in 1% of studies as
suggesied by p = .0l1. Thus when there have been mul-
tiple comparisons of many different variables it is
difficult for the reader to judge the statistical signifi-
cance of those reported. By studying groupings of any

3 letters in the surnames of these patients (as well as
single and 2 letter groups) we had some 3,000 com-
binations for analysis and were virtually certain to find
p = .003 somewhere. We were pleasantly surprised to
find ‘significance’ with the interesting letters G, Y and
M. 1f these letters had not worked we could have con-
tinued to try others and eventually found a combination
that was ‘predictive’ of pregnancy.

The potential for deceit in data analysis is not re-
moved by prospective studies; it is just as easy to study
multiple variables prospectively and only report those
that are ‘statistically significant’. The soundest approach
is generally to identify variables of interest in a pilot
study, and then to test the hypothesis in a separate
(preferably prospective) study. None of the pilot study
cases should be included in the definitive study.

A related presentation of the multiple-analysis decep-
tion occurs when the cut-off level of some studied
parameter is chosen to maximize the statistical sig-
nificance after viewing the experimental data. If many
statistical analyses could have been (or even were)
undertaken with nearby cut-off points with little statis-
tical significance, it is deceptive to report only the ‘best’
result when selected retrospectively. If all the data is
presented it may be obvious that there are many cases
close to the chosen cut-off. In such cases, repeating the
statistical test with the borderline cases transferred to
the other group may provide a different perspective,

As data accumulates in a climical trial a researcher
may be tempted to analyze at monthly intervals, ceasing
trial as soon as ‘statistical significance’ is found. Em-
ploying the usual methods of statistical testing in such
a manner will result in a deceptively (3) significant p
value for reasons related to the ‘multiple analysis effect’
discussed earlier. Techniques are available for approp-
riate analysis of such trials (4).

Papers which employ tactics described in this paper
should not be considered meaningless. Rather the
statistical significance reported should be viewed as
dubious. It may well be true that the conclusions re-
ported are valid, but confirmation would require further
study.

Understanding the effect of multiple comparisons
should improve the interpretation of data, the quality
of papers submitted for publication and the ability of
the reader to discern fact from statistical fiction.
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