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ABSTRACT
Objective. The p-value is commonly 
misused. We hypothesised that a close 
cooperation with a statistician would go 
along with a more proper use of p-val-
ues. We considered a close cooperation 
present, when a statistician was a co-
author, or a formal statistical help was 
acknowledged in a study report. 
Methods. Randomised controlled trials 
published in 2015-16 in 4 widely read 
rheumatology journals were searched 
for a close cooperation with a statisti-
cian, the inclusion of effect sizes, confi-
dence intervals, exact rather than rela-
tive p-values and the omission of p-val-
ues in tables depicting trial entry data. 
Results. There were only 28/133 (21%) 
articles in which a formal statistical help 
was acknowledged (Group I). The rest 
(Group II) gave no acknowledgement of 
a close cooperation. Reporting of effect 
sizes (96% vs. 71%) and exact p-values 
(88% vs. 69%) were more in Group I 
(p=0.01, and p=0.08, respectively). 
Conclusion. While a formal acknowl-
edgement of a close cooperation was 
notably infrequent at 21%, this went 
along with improvement in some as-
pects of p-value reporting. If substanti-
ated by further studies, we propose that 
a formally acknowledged statistical 
help should improve p-value report-
ing. Like all professionals, statisticians 
would like their name/office to be for-
mally associated with their good work.

Introduction
P-values are commonly misused and 
misunderstood (1). A p-value is the 
probability of getting a difference or 
association at least as large as the one 
observed in a study under the assump-
tion that no such difference/association 
was present in the first place, the so 
called null hypothesis (2). It only gives 
us the probability of the study results 
being due to sheer chance (a Type 1 or 
alpha error) like in tossing a fair coin. 
Based solely on the centuries old theo-
ry of big numbers (3), the p-values are 
very dependent on sample sizes and 
what we are given as a very statistically 
significant p-value could be clinically 
most unimportant with very large sam-
ple sizes. In order to circumvent this, it 
is essential the investigators also give 

the effect sizes (4). The converse is also 
true where inadequate sample sizes can 
give us statistically non-significant re-
sults (a Type II error) or more impor-
tantly, fickle p-values (5).
It stands to reason that active participa-
tion of a formal statistician in report-
ing scientific work would bring better 
use. With this work we aimed to test 
the hypothesis that a closer cooperation 
with a statistician would be associated 
with improved p-value reporting with 
special emphasis on effect sizes, the 
reporting of which is mandatory to ap-
preciate the numerical and clinical im-
portance of a statistical significance or 
a non-significance we are reporting.

Materials and methods
Two observers (ED and GG) screened, 
both by reading and electronic scan-
ning, the full-texts and supplemen-
tary materials of all the randomized 
controlled trials (RCT) published in 
4 widely read rheumatology journals 
over a 2-year period (2015-2016) Our 
choice of 4 widely read journals was 
mainly based on our individual judge-
ment of their impact combined with 
their likelihood of publishing RCTs. 
Thus we included Annals of the Rheu-
matic Diseases (ARD), Arthritis Care 
and Research (ACR), Arthritis and 
Rheumatology (A&R) and Rheumatol-
ogy Oxford (RO) in our survey.
We limited our survey to only the p-
values associated with the main out-
come results of RCTs. Furthermore, we 
surveyed in addition to the effect sizes, 
our main emphasis, only two other is-
sues related to p value reporting among 
the rather long list (3). We defined the 
close cooperation as the inclusion of a 
statistician among the co-authors and/
or a declaration of formal statistical 
help in the studies surveyed.
We specifically tabulated: a. whether 
the RCT was a drug trial or not, and 
whether it was industry sponsored in 
either case; b. the presence of a statisti-
cian among the co-authors – a co-author 
who had a work address in statistics or 
a related unit – and/or formal acknowl-
edged statistical help in the methods; 
c. the inclusion of effect sizes for the 
primary outcome (at least for 1 primary 
outcome if there were several) and the 
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associated confidence intervals (CI). 
Also tabulated were giving relative (p< 
or p>) instead of exact (p=) p-values 
and the erroneous inclusion of p-values 
in tables depicting trial entry data in 
RCTs since these tables, by definition, 
display randomised features (4). 
For effect size reporting we also tabu-
lated: a. whether effect sizes were not 
given at all; b. whether the effect sizes 
were specifically indicated as such or c. 
whether they could be calculated from 
the data presented (5).
We classified the articles into two groups 
according to their acknowledged col-
laboration with or without a statistician 
(Groups I and II). We compared the fre-
quency of the aforementioned variables 
between the two groups using the Yates 
or Fisher’s exact chi-square tests. An 
arbiter (HY) decided the final tabulation 
when there were conflicts between the 2 
observers not reconciled among them-
selves.  The Mantel-Haenszel test was 
used for comparison of groups (statisti-
cian vs. non-statistician) and trial types 
(drug vs. non-drug), controlling for the 
third confounding factor, the sponsor 
(industry sponsored, not industry spon-
sored). Also, odds ratios (OR) and 95% 
CI were calculated.

Results
The total number of RCTs published in 
these 4 journals was 133 (62 in ARD, 
21 in ACR, 32 in A&R and 18 in RO) 
(Supplement). The arbiter made the 
final decision in 23 conflicts between 
the 2 observers. 20/23 (87%) of the 
discrepancies were related to not clas-
sifying studies that reported secondary 
outcomes of RCTs such as quality of 
life that were published as a separate 
article as a drug-trial. None of the con-
flicts were related to the presence of 
acknowledged statistical help (Supple-
mentary data).

Acknowledgement of formal 
statistical help
In Group I 28 (21%) RCTs a formal 
help was acknowledged.  Among these 
28 RCTs, a statistician was a co-author 
in 25 and statistical help was acknowl-
edged in the text in 3. In Group II 105 
(79%) RCTs no statistical help was ac-
knowledged.

Drug, non-drug, sponsored, 
and non-sponsored trials
The majority of the publications were 
drug trials (98/133, 74%). 75/98 (76%) 
of these trials acknowledged a spon-
sor while this was true for only 4/35 
(11%) of the non-drug trials (p<0.0001, 
OR=25.2, 95% CI 8.0–79.1) (Table I).
There were no significant differences 
in the frequency of drug trials between 
Group I (23/28, 82%) and Group II 
(75/105, 71%) (p=0.36, OR=1.8, 95% 
CI 0.6–5.2).
When the number of industry spon-
sored trials in Group I and Group II 
were compared using Mantel Haenzel 
statistic, there was a non-significant 
trend for more industry sponsored tri-
als in Group II (p=0.11, OR=3.3; 95% 
CI 0.9–11.9).

Frequency of reporting effect sizes, 
confidence intervals, exact p-values and
p-values for baseline randomisation 
data
Table II shows the association of being 
a Group I or Group II RCT and the 4 
surveyed aspects of p-value reporting. 
We observed that effect sizes and exact 
p-values were more frequently given in 
Group I. On the other hand, there were 

no significant differences in CI report-
ing and p-values for baseline data. 

Discussion
Our survey showed that the quality of 
reporting p-values was better in those 
manuscripts where there was an ac-
knowledged statistical help from the 
standpoints of reporting effect sizes and 
exact p-values while the same could 
not be said for reporting the CIs of ef-
fect sizes. We became aware of one 
other study which addressed the issue 
of more proper reporting of statistical 
parameters with acknowledged help 
of statisticians. Jaykaran et al. had as-
sessed the function of statisticians in 
clinical trials published in Indian medi-
cal journals (6). They concluded that the 
presence of a statistician did not seem 
to contribute much to proper report-
ing of statistical parameters. However, 
it seemed to be associated with lower 
sample sizes and somewhat lower pri-
mary endpoints. The issue of effect size 
reporting, which we emphasized in our 
survey, did not seem to be addressed by 
Jaykaran et al. (6). What is interesting 
is the small percentage of trials, 13/68 
(19%) in which a formal statistical help 
was not acknowledged. While these 

Table I. Distribution of Group I and Group II trials and being a drug or non-drug trial, 
industry sponsored or not.

 Group I (Statistician) Group II (Non-statistician)

Drug trials (n=98)
   Industry sponsored 15 60 
   Not industry sponsored 8 15

Non-drug trials (n=35)
   Industry sponsored  0 4
   Not industry sponsored 5 26

Table II. The differences in p-value reporting between Group I and Group II.

 Group I  Group II Differences
 (Statistician) (Non-statistician) between Group I
 (n=28)   (n=105) and Group II 

Effect size reporting, n (%) 27  (96) 75  (71)       OR=10.8 (95% CI 1.4-83)¶

Given directly, n (%) 2  (7) 5  (5) OR=1.5  (95% CI 0.2-8.3) 
Can be calculated (given HR, OR, RR, 25 (89) 70  (67) OR=4.1  (95% CI 1.1-14.7)# 
   ß coefficient), n (%)
Confidence intervals for effect size 16  (57) 43  (41) OR=1.9  (95% CI 0.8-4.4) 
   reporting, n (%)  
Reporting exact p-values, n (%) 23/26  (88) 63/91  (69) OR=3.4  (95% CI 0.9-12.2)¥

Inclusion of p-values for the baseline 2/26  (8) 20/91  (22) OR=0.3  (95% CI 0.06-1.3) 
   data, n (%)  

¶p=0.01. #p=0.03. ¥p=0.08.
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authors do not emphasise this issue in 
their report, the reported percentage is 
very close to what we noted, 28/133 
(21%) in our work. It should be noted 
the small sample sizes in the quoted 
work is a limitation when comparing 
the findings among the trials with and 
without statistical help and a similar, 
perhaps a somewhat less limitation, is 
also present in ours. 
While the main aim of our work was to 
understand whether acknowledgement 
of formal statistical help was associated 
with improved p-value reporting, our 
survey to our surprise showed, as we 
just referred to, that the relatively small 
percentage of RCTs had acknowledged 
statistical help as we defined it. We first 
analysed whether this acknowledge-
ment depended on being a drug trial 
and being sponsored. As expected the 
majority of the drug trials were spon-
sored (Table I) while this did not seem 
to significantly affect whether a statisti-
cal help was acknowledged. 
In addition to the small number of 
studies in Group I, a further limitation 
of our work was the scope of possible 
improvements with formal statistical 
help. An important issue is a proper 
study design, a parameter which we 
did not address in our survey, and to 
which a statistician would most expect-
edly contribute. A further issue is the 
limited scope of our survey to only 4 
specific issues related to the proper use 
of p-value reporting. We had chosen to 
do this both for the conceptual impor-
tance of these issues and our expecta-
tion of low observer variability in the 
recognition of their proper use. Finally, 

we included only 4 major rheumatol-
ogy journals. Expanding this study to 
cover an increased number of journals 
from different fields may increase our 
understanding of the magnitude of this 
problem.
Our finding of an undesirable low fre-
quency of a formal acknowledgement 
of statistical help is important and it 
leads us to propose a different approach 
to the current p-value misuse. We are 
aware that expert statistician colleagues 
do help both in study design and report-
ing without being acknowledged. The 
paucity of proper acknowledgement 
both in our and Jaykaran et al. sur-
vey also of RCTs (6) is strongly sup-
portive of our awareness and might be 
due to 1. These colleagues themselves 
thought their contribution was not of 
enough importance to be formally ac-
knowledged; 2. The study investigators 
thought similarly; 3. The statistician 
colleagues who gave unacknowledged 
help were not actually experts; 4. They 
were indeed experts and did recognise 
the improper use of the p-values in the 
study report. However, they looked the 
other way, perhaps to please the investi-
gators and the journal editors to publish 
significant results.
Although it was previously spotlight-
ed, the improper use of the p-value 
still continues (7) and there have been 
many attempts to improve the situation 
including stopping their use altogether 
(8). In these attempts at improvement 
the approach has mainly been trying 
to educate the prospective authors and 
journal editors about the proper p-value 
use. We propose a different approach 

which is to ask from the journal editors 
to require from their prospective authors 
to indicate who was mainly responsible, 
either as a co-author or in the text, for 
the statistical analyses. Our hope is that 
a formal share of burden would lessen 
the improper use of the p-value.
Finally, it has recently been reported that 
investigators not infrequently “make in-
appropriate requests to their statistical 
consultants regarding the analysis and 
reporting of their data” (9). We envision 
what we propose would also lessen the 
amount of compliance of these consult-
ants to such requests in issues outside 
the improper use of p-values.
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