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Abstract
Background and Objective: Divergent results on the same scientific question generate controversy. We hypothesized that controversial
data are attractive to investigators and editors, and thus the most extreme, opposite results would appear very early rather than late, as
data accumulate, provided data can be generated rapidly.
Methods: We used data from MEDLINE-indexed meta-analyses of case–control studies on genetic associations (retrospective,
hypothesis-generating research with usually rapid turnaround) and meta-analyses of randomized trials of health care interventions
(prospective, targeted research that usually takes longer) sampled from the Cochrane Library. Using cumulative meta-analysis, we evaluated
how the between-study variance for studies on the same question changed over time and at what point the studies with the most extreme
results ever observed had been published.
Results: The maximal between-study variance was more likely to be recorded early in the 44 eligible meta-analyses of genetic
associations than in the 37 meta-analyses of health care interventions (P ⫽ .013). At the time of the first heterogeneity assessment, the
most favorable-ever result in support of a specific association was more likely to appear than the least favorable-ever result (22 vs. 10,
P ⫽ .017); the opposite was seen at the second heterogeneity assessment (15 vs. 5, P ⫽ .031). Such a sequence of extreme opposite results
was not seen in the clinical trials meta-analyses. The estimated between-study variance decreased over time in genetic association
studies (P ⫽ .010), but not in clinical trials (P ⫽ .30).
Conclusion: In contrast to prospective trials, a rapid early sequence of extreme, opposite results is frequent in retrospective hypothesisgenerating molecular research. 쑖 2005 Elsevier Inc. All rights reserved.
Keywords: Bias; Meta-analysis; Publication bias; Genetics; Randomized controlled trials

1. Introduction
Diverse investigators may generate data on the same scientific question, and these data may or may not agree among
themselves. Although some uncertainty is unavoidable in
science, extreme disagreements create confusion and controversy. It would be useful to understand how these controversies arise. An important issue is whether disagreements and
the most extreme discrepancies between studies on the same
question are more likely to appear early or late, as accumulating data are being published over time.
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Scientific research is often subject to publication bias [1,2]
and time-lag bias [3]. It is well documented that small
studies with nonsignificant results may remain unpublished
[1,2], and studies with significant results take a shorter time
to be published than studies with nonsignificant results [3].
The more extreme an observed result, the more likely it is to
be formally statistically significant and published faster. As
a consequence, early publications may present findings that
are out of proportion to the truth. If many more studies are
performed on the same topic, their results should be, on
average, less extreme than the results of the first study [4–
6]. Yet is the order of publication of these subsequent
studies determined by the results of the first study? We
hypothesized that highly contradictory results are most tantalizing and attractive to investigators and editors; thus, they
may also have an advantage for rapid publication against

544

J.P.A. Ioannidis, T.A. Trikalinos / Journal of Clinical Epidemiology 58 (2005) 543–549

other results that are closer to the original first publications.
In this case, one would expect to see early on in the literature
a succession of the most extreme opposite results. Studies
with intermediate, potentially less spectacular results may
then be published at a slower pace, filling in the gap between
the early extremes.
According to our hypothesis, an early rapid succession
of extremes would be most common when a large number of
studies can be performed worldwide in a short period of time.
This may be typical of retrospective study designs, especially
in fields with intense research activity. Conversely, this rapid
succession of extremes would not be observed for prospective research where studies take considerable time to perform
and their conduct is spread over a longer time span. Even
if the most contradictory findings have some advantage for
more rapid publication, once an extreme result has been
reported, this will not suffice to make them appear in the
literature before studies with less contradictory findings that
have been completed much earlier. To test our hypothesis, we
used two large databases of meta-analyses of case–control
studies on genetic associations for complex diseases and
prospective clinical trials on the efficacy of health care
interventions.

2. Methods
2.1. Meta-analysis framework
We used a meta-analytic perspective [7]. A meta-analysis
gathers all the studies on the same question, so it is possible
to examine when the studies with the most extreme observed
results have been published relative to others. In cumulative
meta-analysis [8], the results of all studies on a given question are sequentially summarized as they are published over
time. Both the summary results and variance estimates may
change over time [9]. At the end of each year, summary results
are routinely estimated again, whenever there are new pertinent studies that have appeared in the interim. The extent
of diversity between the results of the summarized studies
(between-study variance) can also be routinely estimated at
the same time points. In this framework, one can also examine at which time point the between-study variance is maximized, that is, the maximal diversity exists between the
included studies.
Here, we adopted to perform routine assessments of summary effects and between-study variance at the end of each
calendar year (when new data were available), to avoid
subjective choice on when the accumulating data should be
reassessed. Whenever two or more studies had been published in the same calendar year, we did not perform analyses
of summary effects and heterogeneity separately after each
study, because for studies published in the same calendar
year, it is very difficult or even impossible to order them
chronologically. The exception is that we separated studies
published in the earliest calendar year whenever it was

straightforward to identify (as previously described [4]) the
“first” study on the specific topic.
2.2. Compared datasets
We investigated two sets of meta-analyses of clinical
studies. The full details and data on the meta-analyses are
available from the authors upon request. The first dataset
pertained to retrospective case–control studies of genetic
associations of complex diseases [10,11]. With several million polymorphisms in the human genome [12,13], and with
thousands of diseases where multiple gene variants may play
a role, an enormous number of potential genetic associations
may be postulated and probed [14]. The search for new
genetic markers is hypothesis-generating research par excellence. A large number of false positive findings may occur
by chance, and many investigators are capable of addressing
the same question. Using stored samples, a typical case–
control genotyping study may be performed very quickly,
even if exceptions do exist (e.g., when questions are
strictly predefined and genetic material samples are not
readily available and need to be collected).
The second dataset pertained to prospective randomized
controlled trials of diverse health care interventions. Controlled clinical trials have been described as experiments that
are unwieldy and difficult to conduct [15]. Despite several
drawbacks and despite definite exceptions [16], controlled
trials usually have a priori-defined outcomes, they target
specific interventions for specific diseases, and they may
take several years from conception to publication [3]. If an
extreme result is obtained, subsequent trials may find less
spectacular treatment effects, but it is unlikely that the trial
with the most contradictory result will be completed and
published shortly after the first extreme result. Moreover, it
may be considered unethical to conduct further clinical trials,
if a large benefit or harm has already been recorded for a
specific intervention.
2.3. Genetic associations
Of 55 previously selected cumulative meta-analyses of
genetic association studies with binary outcomes indexed in
MEDLINE [17], we chose those 44 (534 studies) where (1)
at least five studies had been performed, and (2) betweenstudy variance could be assessed in at least three occasions
as relevant data accumulated over time (⭓3 heterogeneity
assessments) (Table 1). Eligibility criteria, search strategies,
selection of genetic contrasts, and identification of the first
studies for the original set of 55 meta-analyses have been
described elsewhere [4,17]. For the purposes of this analysis,
all genetic contrasts were coined in such a way, so that all
the final estimates would consistently have an odds ratio
above 1, that is, suggestive of genetic susceptibility.
2.4. Health care interventions
Meta-analyses of controlled clinical trials were obtained
from the Cochrane Library [18], a comprehensive database
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Table 1
Comparison between meta-analyses of genetic associations and controlled clinical trials

Studies, median (IQR)
Subjects or alleles, median (IQR)
Heterogeneity assessments, median (IQR)
Years spanned, median (IQR)
Statistical significance* at the end of the meta-analysis
Statistically significant heterogeneity† at the end of the meta-analysis

Meta-analyses of
genetic associations

Meta-analyses of
controlled clinical trials

P-value

9 (7–15)
4,082 (2,810–5,912)
5 (3–6)
6 (5–8)
23/44
23/44

8 (6–14)
1,003 (430–3,343)
5 (4–7)
14 (11–21)
23/37
17/37

.08
⬍.001
.22
⬍.001
.50
.66

IQR: Interquartile range, * at the P ⬍ .05 level, † at the P ⬍ .1 level.
Meta-analyses of genetic associations are those listed in Table 1 of ref. [17], excluding the ineligible ones (ID 10, 13, 14, 27, 33, 34, 37, 39, 45, 50,
51 in that table). Meta-analyses of controlled clinical trials address pharmacologic interventions (n ⫽ 23), interventions for smoking cessation (n ⫽ 4), other
cognitive–behavioral treatments (n ⫽ 1), vaccines (n ⫽ 2), Chinese herbs (n ⫽ 2), dietary interventions in pregnancy (n ⫽ 2), continuous distending pressure
(n ⫽ 1), home-like institutional settings (n ⫽ 1), and radiotherapy (n ⫽ 1). A full detailed list is available from the authors upon request.

of systematic reviews on health care interventions. We performed systematic sampling of the 1,519 systematic reviews
included in issue 4, 2002, of the Cochrane Library, screening
every 10th review in an alphabetical listing. Eligibility criteria were similar to those for the genetics dataset: availability
of meta-analysis of binary data comparing an experimental
intervention vs. placebo, no treatment or standard treatment
with at least five studies and at least three between-study
heterogeneity assessments. We selected only the primary
outcome for each meta-analysis. When there were several
primary outcomes, we selected the one with the maximal
number of studies. Outcomes were coined to signify consistently favorable events (e.g., survival, clinical success, etc.).
Odds ratios above 1 suggest superiority of the experimental
arm). A total of 37 meta-analyses were selected representing
384 clinical trials.
2.5. Analyses
The odds ratio was used as the metric of choice in all
meta-analyses. Between-study variance was estimated using
the DerSimonian and Laird method [19]. Summary estimates were obtained with the DerSimonian and Laird
random effects model for odds ratios. The random effects
model allows that results of different studies may differ
among themselves [20]. Studies are weighted by the inverse
of their variance plus the between-study variance estimate.
For each cumulative meta-analysis we examined whether
the maximal between-study variance estimate was found
at the first (earliest), second, or subsequent heterogeneity
assessments. We similarly recorded at what time in the course
of each meta-analysis, each of the two most extreme observed
odds ratios (“most favorable-ever” and “least favorable-ever”
result) was seen. Finally, we examined whether the betweenstudy variance at the end of the cumulative meta-analysis
was larger or smaller than the between-study variance at
the time of the first heterogeneity assessment. Data were
compared between consecutive heterogeneity assessments in
each dataset of meta-analyses, and across the two datasets.
Exact tests were used for ordered contingency tables. Paired

comparisons for continuous measures used the Wilcoxon
matched-pairs signed-rank test.
Analyses were performed in Meta-Analyst (Joseph Lau,
Boston, MA), StatXact 3 (Cytel, Boston, MA), and SPSS
11.0 (SPSS, Inc., Chicago, IL). P-values are two tailed.

3. Results
3.1. Comparison of meta-analyses
The two sets of meta-analyses had a similar number
of studies and heterogeneity assessments, and were not significantly different in the proportion of cases with overall
statistically significant odds ratios or between-study heterogeneity. However, as expected, clinical trials had been published over a significantly broader time span than the genetic
association studies. Clinical trials also had a smaller sample
size (Table 1).
3.2. Early extreme contradictory estimates
in genetic associations
In 40 of the 44 meta-analyses of genetic association studies, some between-study variance (estimated variance ⬎0)
had been detected at least once during the accumulation of
data. In half of these cases (20 of 40), the first (earliest)
estimate of between-study variance was the maximal ever
observed, while in another 11 cases the second estimate
was the maximal ever observed. Thus the most impressive
diversity between studies addressing the same research question usually occurred very early during the accumulation
of data.
On closer scrutiny it was apparent that early studies often
provided most extreme contradictory views for several postulated associations (Fig. 1) [21–23]. In 22 of the 44 metaanalyses, the most extreme estimate ever observed in favor
of the genetic association (the most favorable-ever study
result) had been already published by the time of the first
(earliest) heterogeneity assessment. By the same time, in 10
of the 44 meta-analyses the least favorable-ever study result
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It was more likely for the most favorable-ever result than
the least favorable-ever result to be published so early (17
vs. 5 [and 5 ties]; P ⫽ .017) (Table 2).
At the time of the second heterogeneity assessment, the
opposite scenario was seen: the most favorable-ever result
appeared in five cases, while the least favorable-ever
result appeared in 15 (Table 2). It was significantly more
likely for the least favorable-ever result than for the most
favorable-ever result to appear at the time of the second
heterogeneity assessment (4 vs. 14, P ⫽ .031; in one case
both extremes appeared then).
The deviation between extreme estimates in genetic association studies could be very large as shown in Fig. 2. In 36
of 44 cases (82%), the extremes were even in the completely
opposite direction, that is, one extreme study suggested a
protective effect while the other extreme suggested increased
susceptibility conferred by the same genetic variant.
3.3. Controlled trials of health care interventions

Fig. 1. Extreme differences in the results of a first study vs. a study published
shortly thereafter. In both presented examples, studies are ordered chronologically and their results are shown by the odds ratio and 95% confidence
intervals. All studies published in the same calendar year are packed together, unless one was clearly the first study. The study with the most
favorable-ever results for the presence of an association is shown by a
square, and the study with the least favorable-ever results is shown by
a triangle, while all other studies are shown by circles. The white line
corresponds to the summary odds ratio and the shaded area shows the 95%
confidence interval. Also shown is the vertical line of no association (odds
ratio ⫽ 1). (a) The first published study on the relationship between the
methylenetetrahydrofolate reductase (MTHFR) TT genotype in the mother
and the risk of neural tube defects in the child found a very strong, statistically significant association (odds ratio 3.67, 95% confidence interval 1.47–
9.07) and was published in The Lancet [21]. The following year, data
reported in the same journal [22] showed only a minor nonsignificant
trend. Subsequent studies provided intermediate results between these two
extremes. (b) The first conducted study on the relationship between the
angiotensin converting enzyme (ACE) DD genotype and IgA nephropathy
showed a highly statistically significant association and was published in
the Journal of Clinical Investigation [23]. Two other studies published
in the same year in nephrology journals found no significant association;
a study published the following year found no association at all and
between-study variance was maximized. Subsequent studies had intermediate results. The overall data are still inconclusive, but exclude the effect
observed in the first study.

had already been published. In five meta-analyses, at the time
of the first heterogeneity assessment, both extreme studies
(the one with the most favorable-ever results and the one
with least favorable-ever results) had already been published.

In 32 of 37 meta-analyses some between-study variance
(estimated variance ⬎0) had been detected at least once
during the accumulation of data. However, the maximal
between-study variance did not occur more frequently at the
time of the first (n ⫽ 9) or second (n ⫽ 6) heterogeneity
assessment, rather than in later assessments (n ⫽ 17).
In controlled trials, the most favorable-ever result and
least-favorable-ever result had already been published by
the time of the first heterogeneity assessment only in 8 and
14 of the 37 meta-analyses, respectively. In three cases, both
extremes had appeared so early. Thus, it was not more likely
for the most favorable-ever result than the least favorableever result to have been published so early (5 vs. 11 [and
3 ties]; P ⫽ .21). At the time of the second heterogeneity
assessment, the most favorable-ever result appeared in seven
cases, while the least favorable-ever result appeared in 5
(P ⫽ .77) (Table 2).
3.4. Time of occurrence of maximal variance and
extreme results in the two types of studies
The maximal between-study variance was significantly
more likely to be recorded relatively early in genetic associations than in health care interventions (31 of 40 vs. 15 of
32, respectively, occurred within the first two heterogeneity
assessments, P ⫽ .013).
The most favorable-ever result was more likely to occur
very early in genetic association meta-analyses than in metaanalyses of controlled trials (P ⫽ .016 adjusted for trend).
The least favorable-ever result was seen very early equally
frequently in genetic association meta-analyses and in metaanalyses of controlled trials (P ⫽ .61 adjusted for trend)
(Table 2).
3.5. Evolution of between-study heterogeneity estimates
In genetic association studies the estimated between-study
heterogeneity significantly decreased over time: on average,
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Table 2
Time of occurrence of most extreme results in genetic association studies and controlled trials of health care interventions
Time of the occurrence of most extreme resultsa
Most favorable-ever published result

Genetic association studies
Controlled trials of interventions
a

Least favorable-ever published result

Early

Middle

Late

Early

Middle

Late

22
8

5
7

17
22

10
14

15
5

19
18

Early: by the time of the first heterogeneity assessment; Middle: at the time of the second heterogeneity assessment; Late: at any subsequent time.

the latest estimate was smaller than the first estimate of the
between-study variance (P ⫽ .010 by Wilcoxon matchedpairs signed-rank test). This was not the case for health care
interventions, where the between-study heterogeneity did
not change significantly over time—if anything, the trend
was in the opposite direction (P ⫽ .30) (Fig. 3).
4. Discussion
Publication bias and time lag bias are well-established
problems in the biomedical research literature [1–3] and
beyond [24–27] and are responsible for the appearance of
spuriously favorable results in the peer-reviewed literature.
Here we show an additional bias that results in the appearance of extreme, contradictory findings very early during

the accumulation of scientific evidence. This phenomenon
may occur when a large pool of potential analyses is available
and many teams worldwide can generate and disseminate data
in limited time. In forefront scientific fields, often many
teams may be targeting almost concurrently similar problems. Modern technologies have drastically reduced the time
needed to generate experimental data and have inversed
the time relationship between data production and data analysis [28]. This progress provides fascinating opportunities
for the rapid production and dissemination of scientific information, but may result in an increasing number of studies
reporting very contradictory conclusions in short sequence.
We suggest that this rapid, early succession of extreme findings may be called the Proteus phenomenon after the mythologic god who rapidly metamorphosed himself to very

Fig. 2. Range of extreme estimates of the odds ratio observed in various studies on each of 44 postulated genetic associations. Meta-analyses of the 44
associations are ordered with increasing summary odds ratio. For each meta-analysis, the black circles shows the summary odds ratio and the lines extend
to the highest (most favorable-ever) and lowest (least favorable-ever) observed odds ratio estimate in any study. The upper number denotes the heterogeneity
assessment at which the highest odds ratio estimate was observed. The lower number denotes the heterogeneity assessment at which the lowest odds ratio
estimate was observed.
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Fig. 3. Estimates of between-study variance at the end of the meta-analysis
(considering all studies) are plotted against the respective estimates at
the time of the first heterogeneity assessment. The diagonal shows the
line where initial and final estimates coincide. Points below the diagonal
represent cases where the between-study variance estimate is larger initially
(at the time of the first heterogeneity assessment) than finally (including
the latest studies). (a) Studies of genetic associations. (b) Trials on health
care interventions. One and two outliers are not shown, respectively, in the
two panels.

different figures. This bias highlights the importance of performing further validation research and of systematically
appraising the evolving accumulated evidence on each research question.
When studies cannot be completed very quickly and research is less exploratory, the Proteus phenomenon may
be less prominent. Our observations in a large set of metaanalyses of clinical trials of health care interventions were
consistent with this anticipation. Although randomized trials
may still be susceptible to publication and time-lag bias
[2,3], this bias may be less prominent than for retrospective

studies [2]. Extreme discrepancies may appear at any time
during the accumulation of randomized evidence, not only
in early stages. Actually, corporate pressure and conflicts
of interest may also favor the appearance of consistently
“positive” results for medical treatments in the early years.
It is also conceivable that trials that are conducted late may
also be different compared with the earlier ones in terms of
the patient population or clinical setting or even their key
objectives. When discrepancies occur, they should be carefully scrutinized to understand their clinical meaning [29].
The Proteus phenomenon may, in part, be due to the fact
that the pool of genetic association analyses that can be
undertaken is enormous [14]. Many of the pursued associations are simply false positive findings due to multiple comparisons. Extreme findings may result by chance, by
analytical manipulation, or occasionally by genuine population diversity [5]. Large numbers of gene variants may
be probed worldwide, and each may be evaluated for a
wide spectrum of clinical disease outcomes and with variable
genetic contrasts. Furthermore, genetic associations may
sometimes truly differ between various populations [30].
New research findings may draw more attention and get
published more rapidly, when extreme effects are detected
[11]. However, extreme observations are unlikely to represent the average population-wide truth [6]. If many studies
can be performed on the same topic, contradictory results may
quickly be generated in another study, with chance, analytical
manipulation and/or genuine diversity working in the opposite direction. In high-profile molecular scientific fields such
as genetics, highly contradictory results may be attractive
for rapid publication. Data may be already available in
latent form in large-scale molecular data banks waiting for
immediate analysis and publication, once a claim has been
made. Meta-analyses would be the appropriate approach for
eventually detecting this bias, and it is important that the
quality and rigor of meta-analyses in molecular medicine is
optimized [31].
We should acknowledge that although we used genetic
association studies and randomized trials as prototypes of
research designs, no prototype is perfect. For example, some
case–control studies may take considerable time to conduct.
Conversely, many randomized trials may be conducted concurrently as part of new drug development programs, and
the use of surrogate markers has shortened the time it takes to
run clinical trials. Furthermore, many clinical trials have
very small sample size. Thus, the Proteus phenomenon may
become eventually relevant even for prospective, randomized research. However, in the dataset that we used, trials had
largely clinical outcomes and were spread over considerable
time spans.
We suspect that some of the contradictory results in high
throughput scientific domains may actually be already available, when a first study is published. Unfortunately, in our
analysis we could not have information on the actual dates
of completion of these studies. Further clarification on the
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study timing could be obtained only with prospective registries of clinical studies that capture when each study is started
and when it is completed [3]. Given the rapid pace of research
in several fields in modern molecular medicine, and given
the large number of research questions that can be formulated
and answered with rapid techniques, we believe that the
Proteus phenomenon may become increasingly relevant to
the interpretation of research findings.
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