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ABSTRACT
Objectives  To assess the impact on readers’ 
interpretation of the results reported in an abstract for a 
hypothetical clinical trial with (1) a statistically significant 
result (SSR), (2) spin, (3) both an SSR and spin compared 
with (4) no spin and no SSR.
Participants  Health students and professionals from 
universities and health institutions in France and the UK.
Interventions  Participants completed an online 
questionnaire using Likert scales and free text, after 
reading one of the four versions of an abstract about a 
hypothetical randomised trial evaluating ‘Naranex’ and 
‘Bulofil’ (two hypothetical drugs) for chronic low back 
pain. The abstracts differed in (1) reported result of ‘mean 
difference of 1.31 points (95% CI 0.08 to 2.54, p= 0.04)’ 
or ‘mean difference of 1.31 points (95% CI −0.08 to 
2.70, p= 0.06)’ and (2) presence or absence of spin. The 
effect size for the trial’s primary outcome (pain disability 
score) was the same in each abstract, slightly in favour of 
Naranex.
Primary outcome  The reader’s interpretation of the trial’s 
results, based on their answer (1, disagree; 4, neutral; 7, 
agree) to the following statement: ‘About the main findings 
of the study, what is your opinion about the following 
statement: ‘Naranex is better than Bulofil’?’
Results  Two hundred and ninety-seven of the 404 people 
randomised to receive one of the four abstracts completed 
the study. Respondents were more likely to favour Narenex 
when the abstract reported an SSR without spin, a 
statistically significant result with spin, a non-statistically 
significant result with spin, compared with when it 
reported a non-SSR without spin.
Conclusion  Statistical significance appears to have 
influenced readers’ perception whatever the level of spin, 
while spin influenced readers’ perception when the results 
were not statistically significant but did not appear to have 
an impact when results were statistically significant.

INTRODUCTION
Randomised trials are a key element in 
evidence-based medicine, particularly when 
brought together in systematic reviews. 
Readers need to be able to interpret the 
results accurately.

The use of p values in the conventional, 
dichotomous way indicating statistical 
significance and non-significance and an 
over-reliance on statistical significance to 
determine if an intervention is, or is not, effec-
tive has been criticised, particularly because 
statistical significance does not imply scien-
tific importance.1 2 Further, previous studies 
have shown that spin, defined as reporting 
practices so that results are viewed in a more 
favourable light, is prevalent in published 
reports.3–6

This study assesses the impact on health 
students’ and professionals’ interpretation of 
the results reported in an abstract of a clinical 
trial with (1) a statistically significant result 
(SSR), (2) spin, (3) both an SSR and spin 
compared with an abstract with no spin and 
no SSR. This question is important, consid-
ering the need to ensure that students and 
professionals are able to critically interpret 
research results presented in an abstract and 
in the context of debate on the reporting of 
p values and CIs.

Strengths and limitations of this study

	► The study design used a 2×2 randomised trial to 
compare abstracts containing different types of 
information.

	► This randomised trial involved both students and 
professionals.

	► Twenty-six per cent of the randomised participants 
did not complete the study, but this attrition was bal-
anced between groups.

	► The study is based on a single hypothetical abstract 
and should be reproduced using other samples of 
abstract and other populations, greater variations in 
the point estimate for the effect and its 95% CI, and 
with other amounts of information on the reported 
trial to see if the findings are generalisable.
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METHODS
Design
We used a web-based 2×2 factorial randomised trial to 
compare readers’ interpretation of abstracts reported 
with or without spin (‘spin’ or ‘no spin’) and with a result 
that was reported as statistically significant (‘mean differ-
ence of 1.31 points (95% CI 0.08 to 2.54, p= 0.04)’) or not 
(‘mean difference of 1.31 points (95% CI −0.08 to 2.70, 
p= 0.06)’). Both abstracts presented the same mean differ-
ence. We generated four different abstracts reporting 
a trial comparing two hypothetical drug treatments 
(‘Naranex’ and ‘Bulofil’) for chronic low back pain, with 
the direction of benefit appearing to favour Naranex. 
We report the study in accordance with guidance from 
the Checklist for Reporting Results of Internet E-Sur-
veys7 and Consolidated Standards of Reporting Trials 
(CONSORT),8 and have tried to ensure that we have not 
fallen victim to using spin in our own reporting.9

Abstract construction
We created an abstract that contained simple notions, 
which are likely to be well understood by readers. We 
prepared the abstract using ideas gleaned from several 
published trials in patients with low back pain10–15 and the 
abstracts we used are shown in table 1. Each of the four 
abstracts had the following key characteristics:

	► Two-group randomised trial: the most common design 
for randomised trials that is easy to interpret.

	► Patients with chronic low back pain: a common condi-
tion that is easily understood.

	► Comparison of two new drugs (which are described as 
equivalent to non-steroidal anti-inflammatory drugs 
(NSAIDs), a typical treatment in chronic low back 
pain) but noting that these new drugs had not previ-
ously been compared against each other.

	► Hypothetical drugs (Naranex and Bulofil) to avoid 
using the names of real drugs that might have led to 
influence from participants’ pre-existing knowledge, 
preferences or experience about the named drugs 
and to avoid anyone from regarding the evidence 
in these abstracts as something that they might use 
in making decisions about treating chronic low back 
pain.

	► Pain disability as the primary outcome of the trial, 
measured by the Roland-Morris Disability Question-
naire (0–24).

	► Pain intensity measured on a rating scale (0–10) as 
the trial’s secondary outcome.

	► Treatment effect estimates for the primary and 
secondary outcomes were the same in all abstracts, 
and both had wide 95% CIs.

The background, objective and methods in each of the 
four abstracts were identical, but we varied the content 
of their title, results and conclusions. These variations 
related to the two main factors we wished to study, which 
were

	► Statistical significance of the effect estimates for the 
primary (pain disability) and secondary outcome 

(pain intensity) (based on the p-value of the statistical 
test and the 95% CI). The results were reported with 
either
p=0.06, mean difference of 1.31 (favouring Naranex) 
but lower limit of the 95% CI below 0.
p=0.04, mean difference of 1.31 (favouring Naranex) 
and lower limit of the 95% CI above 0.

	► Presence of spin: in the abstract with spin, we 
added three known spin strategies6: spin in the title 
(‘Naranex improved patient’s condition compared 
with Bulofil…’), a focus on statistically significant 
secondary outcomes (pain intensity) or subgroup 
analyses (compliant patients and women) and 
linguistic spin (‘particularly large’ and ‘much better’) 
to emphasise the benefit of Naranex compared with 
Bulofil.

Participants
Participants were any health students or professionals who 
were willing to participate. They were invited through the 
following channels from 2 April to 17 June 2017, and 
our aim was to recruit as many as possible in the time 
available.
1.	 We contacted 150 associations of French health stu-

dents (medicine, dentistry, midwifery and pharmacy), 
of which 50 agreed to advertise our study on their pri-
vate Facebook group wall.

2.	 We posted an invitation to participate on the Facebook 
group wall of four public Facebook groups of health 
professionals in France.

3.	 The Centre for Public Health in the School of 
Medicine, Dentistry and Biomedical Sciences at 
Queen’s University Belfast, UK, advertised the study 
on its internal email notification list.

People were informed in the social media post that they 
would have to answer a dozen questions about a summary 
of the results of a research study. They were informed that 
they would receive a randomly selected summary by email 
with a multiple-choice questionnaire to complete. If they 
were willing to participate, they had to provide their 
email address and consent by ticking a box indicating ‘I 
want to receive the participation link, and to answer the 
study questionnaire’.

Outcomes
We used a questionnaire that was to be answered using 
Likert scales (online supplemental appendix 1) and free 
text. Our primary outcome measure was the reader’s 
interpretation of the results presented in the abstract, 
which was collected from their answer to the following 
statement on a 7-point Likert scale (1, disagree; 4, neutral; 
and 7, agree):

About the main findings of the study, what is your 
opinion about the following statement: ‘Naranex is 
better than Bulofil’?

The use of the word ‘better’ in the primary outcome 
question was to capture the intuitive feeling of the reader. 

https://dx.doi.org/10.1136/bmjopen-2021-056503
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Table 1  Experimental abstracts with the variations regarding p value and spin

Abstract with no SSR and no 
spin

Abstract with no SSR and 
spin

Abstract with
SSR and no spin

Abstract with
SSR and spin

Title:
Naranex vs Bulofil for patients with chronic low back pain: a 
randomised controlled trial

Title:
Naranex improved patient’s condition compared with Bulofil in 
chronic low back pain: a randomised controlled trial

Background
Chronic low back pain* is a common condition and causes significant pain, distress and disability across the world. Its causes 
are multifactorial and it is challenging to manage. NSAIDs† are widely used as first-line therapy, but side effects, such as 
gastrointestinal toxicity, can occur with long-term use. Naranex and Bulofil have been shown to have similar effects to NSAIDs, 
but there have been no studies directly comparing these two new drugs.
Objective
To compare the effects of Bulofil and Naranex for the treatment of chronic low back pain, in a randomised controlled trial‡ 
(ISRCTN053139911).
Methods
We did a multicentre, randomised controlled trial in 18 primary care centres in Northern Ireland from 12 November 2014 to 5 
March 2016. We randomly allocated patients with chronic low back pain to receive either regular doses of Bulofil (200 mg three 
times per day) or Naranex (200 mg three times per day). All patients also received best-evidence advice and were followed up 
for 1 year. Patients and staff at all centres were masked to treatment allocation. The primary efficacy measure was the pain 
disability (RMDQ)§. Secondary outcomes were pain intensity during the last 24 hours (Numerical Rating Scale from 0 to 10)¶, 
healthcare resource use, safety, tolerability and compliance.**

Results
In total, 120 patients were 
randomised to receive either 
Naranex (n =63) or Bulofil 
(n = 57).
The pain disability (RMDQ 
score) at 6 months was 
reduced by 4.87 ± 1.83 in 
the Naranex group and by 
3.56 ± 1.52 in the Bulofil group: 
between-group difference of 
1.31 points (−0.08 to 2.70, 
p= 0.06), no statistically 
significant difference. 
We found no statistically 
significant difference in pain 
intensity: between-group 
difference of 0.59 points 
(−0.09 to 1.27, p= 0.07). 
Healthcare resource use, 
safety and tolerability were not 
statistically different: patients 
with non-severe adverse 
events were 5/63 in the 
Naranex group and 6/57 in the 
Bulofil group (p=0.89).

Results
In total, 120 patients were 
randomised to receive either 
Naranex (n =63) or Bulofil 
(n = 57).
The pain disability (RMDQ 
score) at 6 months was 
reduced by 4.87 ± 1.83 in 
the Naranex group and by 
3.56 ± 1.52 in the Bulofil group. 
Naranex improved the RMDQ 
score at 6 months compared 
with Bulofil: between-group 
difference of 1.31 points 
(−0.08 to 2.70, p= 0.06). 
Moreover, the RMDQ score 
was much better for compliant 
people in the Naranex group 
compared with those in the 
Bulofil group: between-group 
difference of 2.4 points (0.26 
to 4.54, p= 0.02). For women, 
pain intensity improvement 
was much better with Naranex 
compared with Bulofil: 
between-group difference 
of 0.91 points (0.10 to 1.72, 
p= 0.04). Non-severe adverse 
events were less common in 
the Naranex group (5/63) than 
in the Bulofil group (6/57), 
p=0.89.

Results
In total, 120 patients were 
randomised to receive either 
Naranex (n =63) or Bulofil 
(n = 57). The pain disability 
(RMDQ score) at 6 months 
was reduced by 4.87 ± 1.83 
in Naranex group and by 
3.56 ± 1.52 in Bulofil group: 
statistically significant 
between-group difference 
of 1.31 points (0.08 to 
2.54, p=0.04). We found 
a statistically significant 
difference in pain intensity in 
favour of Naranex: between-
group difference of 0.59 
points (0.09 to 1.09, p= 0.04). 
Healthcare resource use, 
safety and tolerability were not 
statistically different: patients 
with non-severe adverse 
events were 5/63 in the 
Naranex group and 6/57 in the 
Bulofil group (p=0.89).

Results
In total, 120 patients were 
randomised to receive either 
Naranex (n =63) or Bulofil 
(n = 57).
The pain disability (RMDQ 
score) at 6 months was 
reduced 4.87 ± 1.83 in Naranex 
group and by 3.56 ± 1.52 in 
the Bulofil group. Naranex 
improved the RMDQ score 
at 6 months compared with 
Bulofil: statistically significant 
between-group difference 
of 1.31 points (0.08 to 2.54, 
p= 0.04). Moreover, the RMDQ 
score was much better for 
compliant people in the 
Naranex group compared 
with those in the Bulofil 
group: between-group 
difference of 2.4 points (0.26 
to 4.54, p= 0.02). Pain intensity 
improvement was better with 
Naranex: between-group 
difference of 0.59 points 
(0.09 to 1.09, p= 0.04). That 
improvement was much better 
for women: 0.91 points (0.10 
to 1.72, p= 0.04). Non-severe 
adverse events were less 
common in the Naranex group 
(5/63) than in the Bulofil group 
(6/57), p=0.89.

Continued
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We also used Likert scales to gather each reader’s opin-
ions on whether they would (1) use either drug if they 
had chronic low back pain and (2) fund future trials to 
test either drug. They were also asked to record their level 
of trust in the findings, whether they felt that the abstract 
could have come from a publication in an important, 
high-impact medical journal and whether it was similar to 
other scientific summaries they have read. The full ques-
tionnaire is in the online supplemental appendix.

Participant and public involvement
The online questionnaire was revised following pilot 
testing and input from 30 health students (whose data are 
not included in the analyses presented here). Participants 
who wished to do so could register an e-mail address to 
which the published results will be sent.

Randomisation and blinding
One researcher (SJ) followed these steps:
1.	 Extracting the email addresses from the social media 

opt-in participation form.
2.	 Randomising, using a 1.1.1.1 ratio in blocks of 4 using 

Microsoft Excel V. 2016 when each group of four vol-
unteers was available.

3.	 Sending the abstract and study link to each ran-
domised participant in accordance with their random 
allocation (online supplemental appendix 2).

4.	 Reminders were sent every 10 days, if there had been 
no reply. A maximum of three reminders was sent to 
each person.

This allocation method is unlikely to lead to bias 
because participants were recruited through social media 
and had no prior contact with the investigator. Baseline 
characteristics were assessed after randomisation from the 
questions in the study questionnaire that was emailed to 
volunteers along with their randomly allocated abstract. 
The investigator had no direct interactions with any of 
the participants, and reminders were sent regardless of 
the allocated abstract.

Volunteers were blinded to the study hypothesis. They 
were informed that the study aimed to ‘evaluate the 
influence of the results presentation format (table, plots, 
abstract…) on reader’s comprehension’. This dummy 
objective was stated as the objective in all study-related 
messages and online information about the study. In this 
way, the volunteers were not aware that we were focussing 
on spin and statistical significance of the results.

Statistical analysis
We did not calculate an a priori sample size because 
we did not have data to allow an accurate calculation.16 
Instead, our aim was to recruit as many participants as 
possible to increase the precision of the analyses.

Abstract with no SSR and no 
spin

Abstract with no SSR and 
spin

Abstract with
SSR and no spin

Abstract with
SSR and spin

Conclusions
We did not find a statistically 
significant difference between 
Naranex and Bulofil on pain 
disability improvement in 
patients with chronic low back 
pain. No statistically significant 
differences were found for pain 
intensity, and safety.

Conclusions
Naranex improved the pain 
disability compared with 
Bulofil. That improvement is 
particularly large for patients 
who take their medication. 
Pain intensity was also 
significantly much better for 
women who took Naranex. 
Our results support the 
effectiveness and the safety of 
Naranex for chronic low back 
pain and suggest that it might 
be effective for patients with 
other types of chronic pain.

Conclusions
Naranex was significantly 
better than Bulofil on pain 
disability improvement in 
patients with chronic low 
back pain. Naranex was 
also statistically significantly 
better for pain intensity. 
No statistically significant 
differences were found in 
terms of healthcare resource 
use and safety.

Conclusions
Naranex improved statistically 
significantly the pain disability 
compared with Bulofil. That 
improvement is particularly 
large for patients who take 
their medication. Pain intensity 
was also significantly much 
better in the Naranex group, 
with an important effect for 
women. Our results support 
the effectiveness and the 
safety of Naranex for chronic 
low back pain and suggest 
that it might be effective for 
patients with other types of 
chronic pain.

To highlight the differences in this table, p values and 95% CI for primary and secondary outcome are shown in bold; primary and secondary 
outcome subgroup analysis on compliant people and women are underlined; and linguistic spin is italicised. No such highlighting was used in 
the abstracts used in the study.
*Chronic low back pain: low back pain that has lasted for more than 3 months.
†NSAIDs: a class of drugs that includes aspirin and ibuprofen.
‡Randomised controlled trial: participants are randomly selected to receive one of the treatments being assessed.
§RMDQ (pain disability): 24-item self-report questionnaire to assess the effects of low back pain on functional activities, ranging from 0 (no 
disability) to 24 (severe disability).
¶Numerical Rating Scale (pain intensity): self-report scale for assessing pain, ranging from 0 (no pain) to 10 (extreme pain).
**Compliance: in this case, this means taking the allocated drug.
NSAID, non-steroidal anti-inflammatory drug; RMDQ, Roland-Morris Disability Questionnaire; SSR, statistically significant result.

Table 1  Continued
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Since the primary and secondary outcomes were 
ordinal and not normally distributed, we used non-
parametric tests for all analyses. The Scheirer-Ray-Hare 
test was used to assess the impact of spin, ‘SSR’ and the 
interaction of both on the outcomes. The Mann-Whitney 
U test was used as a post-hoc test for four prespecified 
pairwise comparisons and a Bonferroni correction was 
applied to account for multiplicity in analysis.

As a post-hoc sensitivity analysis, we also show the results 
stratified on participants’ background (student vs profes-
sional) to examine if these subgroup results were consis-
tent with the main analysis. Analyses were performed with 
R software 3.0.0.

RESULTS
Participants
The flow of participants is shown in figure 1. Participants 
were recruited from 19 April to 13 June 2017. In brief, 404 
people volunteered to join the study and were randomised 
to one of the four experimental groups: ‘no SSR and no 
spin’ (n=102), ‘no SSR and spin’ (n=102), ‘SSR and no 
spin’ (n=101) and ‘SSR and spin’ (n=101). We analysed 
the responses of the 297 participants who returned a 
completed questionnaire: ‘no SSR and no spin’ (n=74), 
‘no SSR and spin’ (n=74), ‘SSR and no spin’ (n=70), and 
‘SSR and spin’ (n=79). Table 2 shows the baseline charac-
teristics of these participants. They were based in the UK 
(15%, n=45) or France (85%, n=252). The mean age was 
26 (SD 8) years. There were 240 (81%) students and 57 
(19%) healthcare or research professionals.

Outcomes
Effects of spin, SSR and interaction of both on the 
primary outcome were significant (p<0.0001) indi-
cating that the effect of SSR is not the same regardless 
of whether a spin was present, and vice versa. Conse-
quently, we analysed the impact of SSRs with and 
without spin by considering the four groups separately. 
Figure  2 shows that participants were more likely to 
favour Narenex when abstracts reported a SSR without 
spin [median (IQR): 7 (6;7)]; a SSR with spin [7 (6;7)], 
or a non-SSR with spin [6 (5;7)] compared with a non-
SSR without spin [1 (1;1)] (p<0.0001). The two other 
possible pairwise comparisons were not related to our 

primary objectives but showed no statistically significant 
difference between the abstracts with an SSR reported 
without spin or with spin.

A post hoc analysis for the primary outcome strati-
fied on participants’ background (students vs profes-
sionals) shows that the findings in each subgroup are 
visually consistent with each other and the main analyses 
(figure 3).

Secondary outcomes are consistent with primary 
outcome analysis, although the interaction was not signif-
icant for each outcome.

Full results for the other questions are provided in 
online supplemental appendix 3. Data are available in an 
open access repository.17

DISCUSSION
Summary of finding
Our results show that readers’ interpretation is influ-
enced by the presence of SSRs regardless of the presence 
or absence of spin. Our results also confirm the influence 
of spin on readers’ perception when the results were not 
statistically significant. However, spin did not appear to 
have an impact when the results were statistically signif-
icant, but this result may have been affected by a ceiling 
effect because participants gave the maximum score on 
the Likert scale for abstracts with a statistically significant 
difference without spin and abstracts with a statistically 
significant difference with spin.

Comparison with previous studies
In the wake of the work on clinical trial misreporting,18 
Boutron et al proposed a definition of spin as the ‘use 
of specific reporting strategies, from whatever motive, to 
highlight that the experimental treatment is beneficial, 
despite a statistically non-significant difference for the 
primary outcome, or to distract the reader from statisti-
cally nonsignificant results’. They developed a classifica-
tion scheme to standardise strategies used for spin,6 and 
up to 70% of the biomedical research literature has been 
found to contain spin.3–5 In a study assessing the impact 
of spin on readers, Boutron et al studied 300 oncologists 
who were experienced in clinical research. They were 
randomly allocated to read either a spin or non-spin 
abstract and asked to answer the question ‘Based on 
this abstract, do you think treatment A would be bene-
ficial to patients?’ on a scale from 0 (very unlikely) to 10 
(very likely). The presence of spin favouring treatment 
A produced a statistically significant higher score on 
this Likert scale.19 Subsequently, Shinohara et al asked 
the same question to primary care physicians randomly 
allocated to read an abstract with or without overstate-
ments in the conclusion. They concluded that when 
sufficient information is provided and standardised in 
other sections, there is no effect of overstatements in the 
abstract’s conclusion.20

Figure 1  Study profile.

https://dx.doi.org/10.1136/bmjopen-2021-056503
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Implication of the results
The study reported here is particularly important because 
it is the first that we are aware of which shows a possible 
influence of statistical significance of a study’s results and 
a possible interaction with the presence of spin in the 
report of a clinical trial. Our findings support the impor-
tance of careful interpretation of statistical significance 
when someone is considering the results of a clinical trial 
and reinforce concerns about the misuse of statistical 
testing and interpretation, and about the simple use of 

statistical significance to determine whether one treat-
ment is better than another.21 Other researchers have 
highlighted how the p value and statistical significance 
are misunderstood and misinterpreted,22 23 but concerns 
have been raised about how the absence of the p value 
might lead authors to make claims for an important signal 
to fit a pre-existing narrative.24 An alternative to aban-
doning the p value might be to lower the threshold from 
the conventional 0.0525 or to adopt a wider CI than 95%, 
even if this leads to a need for larger sample sizes and the 

Table 2  Baseline characteristics of participants

Abstract No SSR, no spin No SSR, spin SSR, no spin SSR, spin

Number analysed 74 74 70 79

Age (years), mean (SD) 26 (8) 26 (8) 26 (9) 26 (8)

Gender

 � Female 57 (77) 56 (76) 56 (80) 57 (72)

 � Male 17 (23) 18 (24) 14 (20) 22 (28)

Location

 � France 65 (88) 61 (82) 60 (86) 66 (84)

 � UK 9 (12) 13 (18) 10 (14) 13 (16)

Profession

 � Students

 � Medicine 38 (51) 34 (46) 32 (46) 41 (52)

 � Midwifery 9 (12) 14 (19) 7 (10) 12 (15)

 � Dentistry 4 (5) 2 (3) 3 (4) 1 (1)

 � Pharmacists 4 (5) 4 (5) 7 (10) 7 (9)

 � Others 4 (5) 5 (7) 5 (7) 7 (9)

 � Professionals

 � Medicine 8 (11) 8 (11) 6 (9) 4 (5)

 � Research 5 (7) 4 (5) 8 (11) 6 (8)

 � Others 2 (3) 3 (4) 2 (3) 1 (1)

Articles/abstracts read per year (relating to 
general scientific topics)

 � <1 7 (11) 11 (16) 5 (8) 8 (11)

 � 1–5 22 (34) 16 (24) 18 (29) 26 (35)

 � 6–10 11 (17) 11 (16) 16 (26) 11 (15)

 � 11–20 9 (14) 11 (16) 8 (13) 5 (7)

 � >20 16 (25) 18 (27) 15 (24) 24 (32)

Clinical articles/abstracts read per year (relating to 
clinical studies with human participants)

 � <1 17 (23) 20 (27) 17 (24) 19 (24)

 � 1–5 24 (32) 16 (22) 21 (30) 28 (35)

 � 6–10 13 (18) 9 (12) 14 (20) 8 (10)

 � 11–20 6 (8) 11 (15) 8 (11) 11 (14)

 � >20 14 (19) 18 (24) 10 (14) 13 (16)

Do you feel able to define ‘RCT’?: 1 (not able) to 7 
(able), median, IQR)

7 (6–7) 7 (5–7) 7 (6–7) 7 (5.5–7.0)

Do you feel able to define ‘statistical significance’: 
1 (not able) to 7 (able), median (IQR)

7 (6–7) 7 (5–7) 7 (5–7) 7 (5–7)

Data are shown as means (SD), medians (IQR) or numbers (%).
RCT, randomised controlled trial; SSR, statistically significant result.
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consequent adjustments to funding strategies and trial 
design. This might also provide a solution to mitigate the 
effects of p-hacking,26 selective outcome reporting and 
other forms of bias.

However, sustainable solutions are needed to improve 
readers’ understanding and interpretation of the meaning 
of study findings. First, we may need to revisit guidance 
that supports reporting exact p values but fails to issue 
direction on specifying the a priori significance level.27 
Statistical analysis plans are rarely specified to this level 
of detail, even for randomised trials for which protocols 
might have been preregistered,24 but if precise observed 
p values are to be reported (rather than whether it is 
larger or smaller than an arbitrary cut-off), the research-
er’s a priori significance level should be stated. Moreover, 
guidance on the interpretation of precise p values and 
their practical importance for clinical practice is needed. 
Some authors have suggested complementing the use 
of p values with Bayesian alternatives, such as the delta 
likelihood incorporating the p value and study power.28 29 

Others have proposed the reporting of parameters such as 
number needed to treat and effect sizes, or minimal clin-
ically important difference.30 31 Lastly, our study suggests 
a need to focus on educating healthcare students and 
practitioners on (1) interpreting point estimates while 
acknowledging the uncertainty around these, (2) recog-
nising and avoiding false declarations of ‘no difference’, 
and (3) recognising and avoiding overconfident claims.32

Strength and limitations
Some strengths of our study are the large number of 
participants and their diversity. We included health 
students from their first year to doctorate level and a 
variety of professionals in both France and the UK. Our 
study thereby complements the findings on a population 
of experienced oncologists by Boutron et al19 and on 
primary care physicians by Shinohara et al.20

Our study has some limitations. First, 107 (26%) of the 
people who were randomised did not return a completed 
questionnaire and, because the questionnaire was used to 

Figure 2  Readers’ assessment of the superiority of ‘Naranex’ compared with ‘Bulofil’ readers’ assessment of the superiority 
of Naranex compared with Bulofilafter reading their allocated abstract of a randomised controlled trial reported with or 
without SSRs and with or without spin. Scores are based on a Likert scale, ranging from 0 (do not agree) to 7 (agree). Boxes 
represent median observations (horizontal rule) with 25th and 75th percentiles of observed data (top and bottom of the box). 
The diamonds represent the mean. The end of the vertical line represents the minimum values. IQR, considering first and third 
quartiles. Me, median; SSR statistically significant result.
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collect information on their characteristics as well as their 
answers to the questions about their allocated abstract, 
we have no information that would allow us to compare 
them with the people who did respond and are in the 
analysis. Nevertheless, attrition is well balanced between 
the randomised groups, and it is unlikely that it is related 
to the person’s allocated abstract. Second, although all 
participants were sent their randomly allocated abstract 
and the investigators could not influence this, the investi-
gators were not blinded once the abstract had been allo-
cated. Blinding can help to minimise allocation biases, 
conscious or unconscious selection of statistical tests and 
reporting but, in the context of this study, it is unlikely 
that a lack of blinding would result in important biases 
because participants were recruited through social media 
and had no contact with the investigators, and the inter-
vention and assessment were provided online with no 
direct involvement of the investigator. Third, although 
this study was not a clinical trial comparing healthcare 
interventions and was thus not suitable for registration 
in a prospective clinical trial registry, the protocol was 
also not published in, for example, the Open Science 

Framework. Fourth, we used abstracts based on a single 
hypothetical trial in order to allow us to control the param-
eters precisely, which we based on existing abstracts,10–15 
but this means that, unlike previous experiments on spin, 
we did not use actual published abstracts.19 20 However, it 
is also important to note that many published abstracts 
continue to fail to meet the reporting standards in, for 
example, the CONSORT statement.33 We also used a large 
amount of spin, which we put into the abstract’s title, 
results (with two subgroup analyses) and conclusions. 
This amount of spin was comparable to the real abstracts 
used by Boutron et al,19 which showed a clear effect of 
spin on readers’ interpretation. However, it is not possible 
to know whether one or more of these spin elements were 
most influential, or if all three were required to influence 
the readers. For example, when focusing on a subtype 
of spin, such as ‘overstatement’ in the conclusion of an 
abstract (defined as inconsistency between the results of 
primary outcomes in full text and those deduced from 
the abstract conclusion), Shinohara et al did not find a 
difference regarding how much the physicians found the 
experimental treatment beneficial in both ‘overstated’ and 

Figure 3  Post hoc analyses for the primary outcome stratified on participant’s background (students vs professionals) readers’ 
assessment of the superiority of ‘Naranex’ compared with ‘Bulofil’ after reading their allocated sbstract of a randomised 
controlled trial reported with or without SSRs and with or without spin. Scores are based on a Likert scale, ranging from 0 (do 
not agree) to 7 (agree). Boxes represent median observations (horizontal rule) with 25th and 75th percentiles of observed data 
(top and bottom of the box). The diamonds represent the mean. The end of the vertical line represents the minimum values. 
IQR, considering first and third quartiles. Data are separated into two subgroups: students (n=240), defined as students from 
first year of university to PhD and residency, and professionals (n=57), defined as graduated professionals. Me, median; SSR 
statistically significant result.
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‘not overstated’ abstracts.20 However, that study controlled 
the amount of information in the abstract, standardising 
it in the Results and Methods sections, for example, by 
removing subgroup data from all experimental abstracts. 
Spin is sometimes used to give extra information inap-
propriate to emphasise the non-significant results, 
which is why our abstracts with and without spin differed 
regarding the amount of information they contained. 
The abstracts with spin included information on women 
and compliant patients for the subgroup analyses, which 
was not mentioned in the abstracts without spin. Fifth, we 
used Likert scales that present several limitations such as 
the ceiling effect noted previously, the need to analyse the 
ordinal data with non-parametric methods,34 and the fact 
that Likert scaling is a bipolar scaling method, measuring 
either a positive or negative response to a statement and 
may be subject to distortion such as central tendency bias 
and acquiescence bias.35 Finally, although online trials may 
help in the recruitment of participants, it can be difficult 
to determine the impact of any ‘volunteer effect’, a selec-
tion bias that might arise and not be assessable because of 
a lack of information on the non-participants.36

In looking to future research, this should reproduce 
our experiment using other samples of abstract and other 
populations, greater variations in the point estimate for 
the effect and its 95% CI, and other amounts of informa-
tion on the reported trial to see if the findings are gener-
alisable. First, we were not able to determine whether the 
respondents’ interpretations of the results in the abstracts 
were influenced by their perception of the clinical rele-
vance of either the point estimate for the effect (which 
was the same in both the statistically significant and 
non-statistically significant abstract) or the ends of the 
95% CI, which needed to be different in the two abstracts 
in order to have the CI cross the line of no difference 
for the non-statistically significant abstracts. This may be 
important in the context of the debate about statistical 
versus scientific importance or clinical significance1 2 and 
would be worthy of testing in future studies, which would 
compare a variety of point estimates and 95% CIs that are 
very different. Second, to identify the type of spin that is 
the most influential, further research could also use an 
approach that would test individual features such as the 
inclusion of a statistically significant subgroup analysis 
and avoid this difference in the information presented 
by assessing spin in research summaries that are longer 
than the typical abstracts that we tested (and therefore 
could include information on more analyses). Third, 
future research should also assess whether readers with 
access to the full text of articles and, perhaps, the proto-
cols for the clinical trials, would be affected differently by 
the contents of the abstract given that they would be able, 
for example, to make a more thorough consideration of 
subgroup analyses. Lastly, the importance of being able 
to assess the full-text article before making a decision 
between the two drugs was raised by some participants. 
To them, statistical significance was not enough to make 
a decision between the two hypothetical drugs Naranex 

and Bulofil, but we did make a neutral option available 
in the Likert scale. Only 37 participants provided answers 
in the free text box of the questionnaire; therefore, we 
do not present a qualitative data analysis. However, some 
participants wrote of the need for additional information 
(such as the full text report) for other aspects of their 
answers, and we recognise that an abstract contains insuf-
ficient information to reach fully informed conclusions 
about treatment superiority. However, many clinicians 
and health students might limit their reading to abstracts 
without accessing the full text when making initial or 
time-constrained judgements,37 38 making our study 
setting relevant.

CONCLUSION
We have shown how statistical significance and spin can 
influence readers’ interpretation of the summary results 
of a clinical trial and lead them to reach different conclu-
sions about the effects of a treatment. Peer reviewers, 
editors and readers of journal articles or conference 
abstracts need to be aware of this. Critical thinking should 
be an important part of the teaching of health students 
and reinforced to professionals. It might be helpful to 
train them to recognise spin and to develop the skills 
needed to form their own conclusions from the results 
presented in scientific articles, without undue influence 
from the way that those results are presented.
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