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Distortion in the Communication of
Nonsignificant Primary Outcomes: The
Spin Strategy in Multiple Sclerosis Trials
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Objective: Spin refers to reporting strategies that highlight the benefits of an experimental treatment or divert atten-
tion from nonsignificant primary outcomes. We aimed to assess spin in randomized controlled trials (RCTs) on pharma-
ceutical efficacy in multiple sclerosis (MS) and explore associated factors.
Methods: A systematic literature search was conducted in MedLine (PubMed), EMBASE, and Cochrane using
database-specific thesauri (“Multiple Sclerosis” and “Drug Therapy”) to identify relevant studies. We included multiple
sclerosis phase 3 and 4 randomized controlled trials with parallel, superiority designs that were published between
2013 and 2024 reporting nonsignificant primary outcomes. Spin was assessed in title, abstract conclusion, results, dis-
cussion, and conclusions. A descriptive analysis was followed by exploratory bivariate logistic regression. Independent
variables included trial phase, sample size, drug type, comparison, follow-up time, registration, Consolidated Standards
of Reporting Trials (CONSORT) mention, risk of bias (RoB2), journal quartile, first author affiliation, and conflict of
interest.
Results: Forty articles met inclusion criteria. Spin appeared in at least one section in 25 articles (62.5%) and in 3 or
more in 19 articles (47.5%). The most frequent locations were abstract conclusions, discussion, and conclusions. Spin
was significantly associated with smaller sample size (odds ratio [OR] = 7.00, 95% confidence interval [CI] = 1.29–37.91,
p = 0.024), non-Q1 journals (OR = 4.38, 95% CI = 1.03–18.63, p = 0.046), and first author affiliation outside Europe or
the United States (OR = 5.09, 95% CI = 1.15–22.62, p = 0.032).
Interpretation: Spin is common in MS randomized controlled trials with nonsignificant primary outcomes and may mis-
lead clinical decisions.

ANN NEUROL 2026;99:316–327

Randomized controlled trials (RCTs) are the gold stan-
dard of evidence-based medicine for assessment of

drug benefits. However, suboptimal methodology can
introduce bias and flaw the risk–benefit ratio.1 Incomplete
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or inaccurate reporting also contributes to result misinter-
pretation and raises concerns about efficacy and safety
reliability.

Several approaches aim to improve RCT reporting
quality. Clinical trial registries help reduce selective
reporting by discouraging incomplete results or changes in
primary outcomes.2 Peer-reviewed journals requiring
adherence to the Consolidated Standards of Reporting
Trials (CONSORT) statement further enhance compre-
hensive and transparent RCT communication.3 Neverthe-
less, these initiatives do not prevent authors from
manipulating information or constructing the narrative of
their outcomes to deliver misleading messages on the ben-
eficial effects.4

Manipulation of information takes various forms
and is difficult to assess. One way that information can be
distorted is the so-called spin, a term coined by Boutron
et al5 to describe the “use of specific reporting strategies,
from whatever motive, to highlight that the experimental
treatment is beneficial, despite a statistically nonsignificant
difference for the primary outcome, or to distract the
reader from statistically nonsignificant results.” Their
investigation involving a representative cohort of RCTs-
based articles indexed in PubMed showed that approxi-
mately 60% used this technique.

Since then, several investigations have shown spin in
RCTs across the health care landscape.6–11 Notwithstand-
ing, to our knowledge, no specific research on spin has
been conducted for multiple sclerosis (MS) RCTs. Previ-
ous studies carried out by our group have demonstrated
publication bias and transparency and reporting limita-
tions in the field of MS.12,13 In the current study, we
aimed to assess the presence of spin in published RCTs
that tested the efficacy of pharmaceuticals for any type of
MS and explore associated factors.

Methods
Bibliographic Search
In July 2024, a systematic search was conducted in
MedLine (PubMed), EMBASE, and Cochrane to identify
phase 3 and 4 RCTs in MS published since 2013. The
search strategy was developed by an information specialist
(author B.C.A.) using database specific thesauri (“Multiple
Sclerosis” and “Drug Therapy”) and word variations
applying Boolean operators. No language nor study design
restrictions were applied. The search strategy is provided
in Supplementary Material Data S1.

Inclusion and Exclusion Criteria
We considered all phase 3 and 4 RCTs with non-
statistically significant results on the primary outcome.
Studies were eligible for inclusion if they had parallel and

superiority study design and aimed to assess the efficacy of
pharmaceuticals on health-related outcomes in
MS. Studies on disease modifying treatments (DMTs),
symptomatic and relapse treatments for any type of MS,
as well as studies including Clinically Isolated Syndrome
(CIS) were included. Studies were excluded if they were
pilot or exploratory trials, used crossover or noninferiority
or equivalence study designs, or had laboratory or eco-
nomic outcomes as primary end points. We also excluded
RCTs evaluating vaccines or non-pharmacological inter-
ventions (eg, traditional herbs).

Study Selection
Titles and abstracts of all records identified were screened
independently by two investigators (authors M.M.-G. and
L.V.-L.) for eligibility, followed by a full-text review of all
potentially relevant articles. Discrepancies in eligibility or
data interpretation were resolved by consensus.

Data Extraction and Study Variables
Peer extraction of the data was conducted manually by a
pair of investigators using an ad hoc designed template
(authors M.M.-G., C.C.-P., G.G., C.G.-T., L.M.-G.,
J.R.-B., M.P.-R., and L.V.-L.). In case of disagreement,
data were reviewed by a third investigator (author
A.R.-d-A.). We retrieved information regarding the meth-
odological characteristics (trial phase, number of partici-
pant centers and randomized patients, MS type, drug use,
comparison group, and primary outcome definition), qual-
ity of reporting and bias (registration in a public database,
mentioning CONSORT statement adherence and risk of
bias), the characteristics and metrics of the journal and the
article itself (journal thematic—neurology, multiple sclero-
sis, or other—Journal Citation Reports [JCR] and impact
of the article), and the affiliation region of the first author
as well as the financial and conflict of interest (COI) dec-
larations (retrieved from the COI statement, affiliations,
funding, acknowledgments, or any other section of the
article).

When the RCT phase was not reported in the arti-
cle, we retrieved the information from Clinical Trial Reg-
istries (ClinicalTrials.gov, ISRCTN registry or Iranian
Registry of Clinical Trials), when available. If the study
was not registered and the phase not mentioned in the
article, the RCT phase was established by 2 of the princi-
pal investigators (authors M.M.G. and A.R.A.) attending
to the description of the study.14 The risk of bias for each
of the included articles was judged by a pair of indepen-
dent reviewers (authors M.M.-G., C.C.-P., G.G., J.R.-B.,
and A.R.-d-A.) and discrepancies resolved by a third expe-
rienced reviewer (author L.V.-L.) using the Cochrane Risk
of Bias Tool (RoB2). We report the overall risk of bias
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determined by the algorithm (high, some concerns, and
low).15 The JCR data —including Journal Impact Factor
(JIF) and quartiles (Q)—were extracted from Clarivate
Analytics for the year in which the article was published.
The impact of each article was assessed using the Field-
Weighted Citation Impact (FWCI) from Scopus.

Spin Assessment
Assessment of spin was performed independently by a pair
of investigators (authors M.M.G. and L.V.L.). In cases of
disagreement, data were reviewed by a third investigator
(author A.R.A.) and the 3 discussed the study until con-
sensus was reached. To ensure consistency with the
established methodology, we evaluated 4 articles and dis-
cussed the assessments. To assess the inter-rater agreement
between the 2 investigators, we calculated the Cohen’s
Kappa test. Spin for the primary outcomes was assessed
following the methodology proposed by Boutron et al.5

When the primary outcomes were not explicitly reported
in the article, we considered as the primary outcome the
outcome used for the sample size calculation, if provided.
If not, it was established based on the primary aim of the
RCT as reported in the article.

Spin was evaluated in the following sections: Title,
Abstract (conclusion), Results, Discussion, and Conclu-
sions/Last paragraph. The following strategies of spin were
considered:

• Type (A) focusing on statistically significant results
other than the nonsignificant primary outcome (such as
within-group comparison, secondary outcomes, sub-
group populations, or in the case of multiple primary
outcomes, focusing only on the one being statistically
significant). Articles were classified under this type of
spin if they reported a positive result of the trial based
on secondary analyses while overlooking, downplaying,
or understating the negative result of the primary out-
come. In cases of multiple outcomes, we also checked
whether the multiplicity effect was considered in the
analysis;

• Type (B) interpreting nonsignificant results as treat-
ment equivalence or noninferiority, even though the
study was not being designed to assess equivalence or
noninferiority;

• Type (C) claiming benefits of the trial despite statisti-
cally nonsignificant results on the primary outcomes;

• Type (D) other (strategies that could not be classified
in any of the other categories).

For each article, the total number of article sections
having spin was determined.

Statistical Analysis
Firstly, we performed a descriptive analysis. Quantitative
variables are presented as median accompanied by inter-
quartile range (IQR). Categorical variables are presented
as absolute frequency (n) and relative frequency (%).

Afterward, we conducted a bivariate analysis using
non-adjusted logistic regression models to explore the rela-
tionship between the presence of spin in any section of the
article (dependent variable) and different independent vari-
ables related to the study and publication (trial phase, ran-
domized patients, drug use, comparison, time of follow-up,
trial registration, mention of CONSORT adherence,
RoB2, quartile, first author affiliation, and potential COI
with the industry). We did not adjust for multiplicity in
the analysis as they were exploratory, meaning hypothesis-
generating and not definitive. However, to limit the effect
of multiple comparisons, we selected just one independent
variable when 2 or more were strongly correlated to each
other (ie. randomized sample size and number of partici-
pant centers), prioritizing variables without missing data.
Due to the low number of events in some categories we
regrouped when appropriate (follow-up, quartile group, and
author affiliation region) to ensure reliable estimates. When
regrouping was not possible, we excluded those variables
with less than 10 events in all the comparative categories.
The significance threshold was set at p < 0.05. All statistical
analyses were performed using SPSS (version 29).

Results
The systematic search identified 3,791 articles. After
applying selection criteria, 40 articles were included in the
analysis. The flow diagram is shown in the Figure.

Methodological Characteristics
Tables 1 and 2 summarizes the methodological character-
istics of the analyzed RCTs and associated articles. Of the
included articles, 24 were phase 3 RCTs (60.0%).
The median number of randomized patients was
93 (IQR = 57–303). Included RCTs mostly targeted
active forms of MS (n = 26, 65.0%). The type of drug
most frequently assessed in included RCTs were DMTs
(n = 21, 52.5%), followed by symptomatic drugs
(n = 15, 37.5%). Placebo was used as the comparator in
most of the RCTs included (n = 25, 62.5%). The pri-
mary outcome measure was clinical in 34 (85.0%) of the
RCTs. The follow-up period regarding the primary out-
come measure was over 1 year in 55.0% of the articles
(n = 22), in 30% of the articles (n = 12) it was less than
6 months.
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Quality of Reporting and Risk of Bias of Included
Articles
A fifth of the articles reported CONSORT adherence
(n = 8, 20.0%). The risk of bias, assessed using the RoB2
tool, was judged “high” in 21 articles (52.5%) and “low”
in 5 articles (12.5%).

Journal and Article Metrics and Affiliations
Twenty-one articles (52.5%) were published in neurology
journals. Overall, 17 (42.5%) articles were published in
first quartile journals, with a median JIF of 4.0
(IQR = 2.3–10.8), whereas 4 were published in non-
indexed journals. The articles had a median FWCI of 1.9
(IQR = 0.7–4.6); this metric was not available for 6 arti-
cles. The first author’s affiliation was based in Europe or
the United States in 23 (57.5%) articles.

Funding and COI
Private funding was the most frequently reported source:
either alone (n = 14, 35.0%) or coexisting with public
funding (n = 4, 10.0%). Four articles (10.0%) did not
report funding information in the article and trials were
not registered, making it impossible to investigate the
funding source. Thirty-five articles (87.5%) had a COI
statement, of which 18 declared COI. In affiliations, COI
was detected in 10 (25.0%) of the articles. Overall, poten-
tial COI with the industry was detected in 22 (55.0%) of
the articles.

Frequency of Spin
Table 3 provides the frequency of spin by type and article
section. Twenty-five articles (62.5%) presented spin in at
least one article section; of them, 10 articles (25.0%) had
spin in 4 sections. In 3 articles, spin was present in all the

FIGURE: PRISMA flow diagram. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses. [Color figure
can be viewed at www.annalsofneurology.org]
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TABLE 1. Characteristics of Included Articles

Characteristics Total (n = 40) No spin (n = 15) Spin (n = 25)

Trial phase; n (%)

Phase III 24 (60.0) 12 (80.0%) 12 (48.0%)

Phase IV 16 (40.0) 3 (20.0%) 13 (52.0%)

Number of participant centersa; median (IQR) 9 (1–56) 30 (17–118) 1 (1–21)

Randomized patients; median (IQR) 93 (57–303) 172 (60–970) 84 (54–152)

MS Type; n (%)

CIS and/or RR and/or SP active 26 (65.0) 9 (60.0) 17 (68.0)

SP inactive and/or PP 5 (12.5) 3 (20.0) 2 (8.0)

Both 9 (22.5) 3 (20.0) 6 (24.0)

Drug use; n (%)

DMT 21 (52.5) 9 (60.0) 12 (48.0)

Relapses 4 (10.0) 2 (13.3) 2 (8.0)

Symptomatic 15 (37.5) 4 (26.7) 11 (44.0)

Comparison; n (%)

Placebo 25 (62.5) 11 (73.3) 14 (56.0)

Active drug 9 (22.5) 3 (20.0) 6 (24.0)

Otherb 6 (15.0) 1 (6.7) 5 (20.0)

Exclusively clinical primary outcomec, n (%) 34 (85.0) 14 (93.3) 20 (80.0)

Follow-up; n (%)

<6 months 12 (30.0) 2 (13.3) 10 (40.0)

≥ 6 months-1 year 6 (15.0) 2 (26.7) 2 (8.0)

≥ 1–2 years 12 (30.0) 4 (26.7) 8 (32.0)

≥ 2 years 10 (25.0) 5 (33.3) 5 (20.0)

Trial registered in a public database; n (%) 27 (67.5) 11 (73.3) 16 (64.0)

Prospective registrationd, n (%) 13 (32.5) 4 (26.7) 9 (36.0)

Mentioned CONSORT adherence; n (%) 8 (20.0) 4 (26.7) 4 (16.0)

RoB2 assessment; n (%)

Low 5 (12.5) 4 (26.7) 1 (4.0)

Some concerns 14 (35.0) 5 (33.3) 9 (36.0)

High 21 (52.5) 6 (40.0) 15 (60.0)

Abbreviations: CIS = clinically isolated syndrome; CONSORT = consolidated standards of reporting trials; DMT = disease modifying treatment;
MS = multiple sclerosis; PP = primary progressive; RR = relapsing–remitting; SP = secondary progressive.
a8 missing.
bOther types of comparisons were established for trials assessing posology, discontinuation regimes, trials without a comparator drug or placebo, or dif-
ferent formulations of the same drug.
cExclusively clinical outcomes were those that did not have radiological outcomes, alone or with clinical outcomes. For example: annualized relapse
rate, disability (ie, EDSS) or quality of life.
dProspective registration was established when the registration date preceded start of recruitment.
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TABLE 2. Characteristics of Included Articles

Characteristics Total (n = 40) No spin (n = 15) Spin (n = 25)

Journal thematic; n (%)

Neurology 21 (52.5) 9 (60.0) 12 (48.0)

Multiple sclerosis 6 (15.0) 2 (13.3) 4 (16.0)

Other 13 (32.5) 4 (26.7) 9 (36.0)

Journal Impact Factora; median (IQR) 4.0 (2.3–10.8) 8.9 (3.5–26.2) 3.0 (1.9–5.1)

Quartile of the journal; n (%)

Q1 17 (42.5) 10 (66.7) 7 (28.0)

Q2 7 (17.5) 3 (13.3) 5 (20.0)

Q3 7 (17.5) 1 (6.7) 6 (24.0)

Q4 4 (10.0) 1 (6.7) 3 (12.0)

Not indexed 5 (12.5) 1 (6.7) 4 (16.0)

FWCI; median (IQR)b 1.9 (0.7–4.7) 3.4 (1.5–5.8) 1.1 (0.6–2.4)

First author affiliation region; n (%)

Europe 13 (32.5) 7 (46.7) 6 (24.0)

USAc 10 (25.0) 5 (33.3) 5 (20.0)

Other 17 (42.5) 3 (20.0) 14 (56.0)

Declared funding; n (%)

Public 14 (35.0) 2 (13.3) 12 (48.0)

Private 14 (35.0) 6 (40.0) 8 (32.0)

Mixed 4 (10.0) 4 (26.7) 0 (0)

No funding 4 (10.0) 1 (6.7) 3 (12.0)

No information 4 (10.0) 2 (13.3) 2 (8.0)

Conflicts on COI statement; n (%)

No 17 (42.5) 5 (33.3) 12 (48.0)

Yes 18 (45.5) 9 (60.0) 9 (36.0)

No COI statement 5 (12.5) 1 (6.7) 4 (16.0)

COI in Affiliations; n (%) 10 (25.0) 5 (33.3) 5 (20.0)

COI in Acknowledgements; n (%)

No 21 (52.5) 6 (40.0) 15 (60.0)

Yes 11 (27.5) 6 (40.0) 5 (20.0)

No acknowledgments statement 8 (20.0) 3 (20.0) 5 (20.0)

COI in other parts of the article 5 (12.5) 3 (20.0) 2 (8.0)

Potential COI with the industry; n (%) 22 (55.0) 11 (73.3) 11 (44.0)

Abbreviations: COI = Conflict of Interest; FWCI = Field-Weighted Citation Impact.
a4 missing.
b6 missing.
cWe did not include Canada because no articles with this characteristic were included.
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5 sections considered (7.5%). Spin was identified in
the abstract (n = 22, 55.0%), discussion (n = 21, 52.5%),
and conclusions sections (n = 22, 55.0%). In the results sec-
tion, spin was less common, being detected in 13 articles
(32.5%). The most predominant type of spin in every
assessed section was focusing on significant results (spin type
a). All instances of spin identified could be classified into
type A, B, or C category. No type D spin was observed.
Table 4 provides an example of each type of spin.

Supplementary Material Data S2 contains a full list
of included articles summarizing the assessment of spin by

section, as well as the agreement for each assessment.
Overall, the inter-rater agreement was 0.77 for the title,
0.70 for the abstract, 0.80 for the results, 0.80 for the dis-
cussion, and 0.85 for the conclusions.

Association of Spin With Study and Article
Characteristics
In the bivariate non-adjusted logistic regression analysis
(Table 5), those articles with a sample size under the 50th
percentile of the randomized patients in the included stud-
ies were more likely to present spin (odds ratio
[OR] = 7.00, 95% confidence interval [CI] = 1.29–
37.91, p value = 0.024). In addition, articles that were
not published in Q1 journals presented over 4 times more
spin than those published in Q1 journals (OR = 4.38,
95% CI = 1.03–18.63, p value = 0.046). Last, those arti-
cles where the first author presented an affiliation different
than Europe or the United States were 5 times more likely
to present spin (OR = 5.09, 95% CI = 1.15–22.62,
p value = 0.032). No significant association was found for
any of the other variables assessed.

Discussion
The present study shows that spin, a form of reporting
bias, was present in nearly 2 out of 3 MS phase 3 or 4
RCTs published since 2013 with nonsignificant results for
primary outcomes. Spin was most found in the discussion
and conclusion sections (both in the abstract and main
text). Our analysis suggests that the presence of spin in
any of the sections may be related to a smaller sample size,
publication in journals with an impact factor below Q1,
or a first author affiliated outside Europe or the
United States.

Spin has also been found in other similar investiga-
tions carried out in many other medical fields such as
urology (76%),6 obstetrics and gynecology (53%),7 oto-
rhinolaryngology (70%),8 vascular surgery (72%),9 acu-
puncture (56%),10 or cardiology (57–67%).11 In the field
of neurology and neurosurgery, spin has been analyzed
over tinnitus16 and traumatic brain injury RCTs.17 How-
ever, these trials used slightly different methodology and
included both trials with significant and nonsignificant
results, potentially underestimating spin and making com-
parisons difficult.

To our knowledge, this is the first study assessing
spin in MS RCTs. These findings are highly relevant as
MS is a chronic, incurable disease with rising incidence
and multiple treatment options to manage its course and
symptoms. Clinicians face challenges in selecting the most
suitable treatment, and spin can hinder accurate interpre-
tation and application of evidence.18 Previous investiga-
tions have also shown that MS RCTs are also liable to

TABLE 3. Presence of Spin, Strategies, and
Extension

Spin assessment n (%)

Any spin 25 (62.5)

Spin in the title 5 (12.5)

Spin in the abstract (conclusions) 22 (55.0)

Type A 13 (32.5)

Type B 6 (15.0)

Type C 3 (7.5)

Spin in results 13 (32.5)

Type A 12 (30.0)

Type B 1 (2.5)

Type C 0

Spin in discussion 21 (52.5)

Type A 15 (37.5)

Type B 3 (7.5)

Type C 3 (7.5)

Spin in conclusion/last paragraph 22 (55.0)

Type A 13 (32.5)

Type B 5 (12.5)

Type C 4 (10.0)

Extent of spin (number of sections with spin)

0 15 (37.5)

1 2 (5.0)

2 4 (10.0)

3 6 (15.0)

4 10 (25.0)

5 3 (7.5)
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present methodological and reporting limitations which
could further compromise the reliability of the results.13,19

Similarly to Boutron et al,5 we found that the most
common type of spin in all sections was spin focusing

only on statistically significant results. It is important to
note that we did not penalize articles for merely commu-
nicating positive secondary analyses but rather for over-
looking, diluting, or downplaying nonsignificant primary

TABLE 4. Examples of Types of Spin

Primary outcome Result Excerpt from the manuscript Type of spin Rationale

Time to first
confirmed clinical
relapse by the end of
the double-blind
period

Hazard ratio 0.66,
95% CI = 0.39–
1.11, p = 0.29

“Analysis of the primary endpoint
did not show a significant
difference in time to first
confirmed clinical relapse in the
intervention 1 group compared
with intervention 2. However
[…] in retrospect, time to first
clinical relapse or high MRI
activity would have been
preferable as the primary
endpoint, because this composite
outcome better reflects the study
design and clinical practice. The
results of the prespecified
sensitivity analysis, in which
intervention 1 was associated with
a statistically significant reduction
in the combined risk of clinical
relapse or high MRI activity
relative to intervention 2, support
the efficacy of intervention 1.”

A The authors acknowledge a
nonsignificant primary outcome
but redirect attention to a
secondary analysis showing
statistical significance. By
reframing the main result and
emphasizing this finding, they
ultimately claim efficacy for the
intervention despite the trial not
meeting its primary objective for
which it was designed.

Mean scores of EDSS
in follow-up visits

p = 0.78 “Intervention 1 and intervention
2 showed similar efficacy and
safety outcome in patients with
RRMS.”

B The authors assume equivalence/
non-inferiority but the trial was
designed to demonstrate
superiority

Mean change from
baseline pain intensity
to mean weekly pain
scores within a
maximum of
16 weeks

Intervention 1
(1.92 � 2.01; 30%)
and intervention 2
(1.81 � 1.94;
27%); p = 0.6760

“Overall, this trial demonstrated
the long-lasting therapeutic
potential, the good tolerability
and favorable safety profile of
intervention 1 – especially in
terms of drug abuse and
dependency. Based on the
presented results, there is no
special focus on the harm caused
by intervention 1 treatment.
Although the statistical proof of
efficacy for intervention 1 versus
intervention 2 treatment is
pending, physicians should
consider the potential benefits of
the multifactorial effects of
intervention 1.”

C The authors acknowledge that
statistical proof of efficacy is
lacking but emphasize the drug’s
therapeutic potential, safety, and
tolerability, and even suggest
clinical consideration. This
framing conveys a positive
interpretation and implies
benefits despite nonsignificant
primary results.

95% CI = 95% confidence interval; EDSS = Expanded Disability Status Scale; MRI = magnetic resonance imaging; RRMS = relapsing-remitting
multiple sclerosis.
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outcomes and not acknowledging the absence of an appro-
priate methodology to determine effectiveness in other
outcomes. Whether intentional or not intentional is not
rare that authors omit information on the primary out-
come and/or just emphasize those significant results which
could lead to overestimations of positive findings by
readers less trained in critical scientific reading. For these

readers, the efficacy of secondary outcomes could be inter-
preted as demonstrated efficacy in those domains. A study
assessing the impact spin in oncology abstracts had on cli-
nicians20 showed that those physicians randomized to
reading the abstract version with spin were more likely
to evaluate the treatment as beneficial compared to those
abstracts without spin.

TABLE 5. Bivariate Logistic Regression Analysis With Presence of Spin in Any of the Assessed Sections as
Dependent Variable

Covariate Spin, n (%) OR 95% CI p

Phase 3 12 (50.0) Ref Ref Ref

Phase 4 13 (81.2) 4.33 0.98–19.20 0.054

Randomized sample > P75 7 (70.0) Ref Ref Ref

Randomized sample ≥ P50 and < P75 15 (75.0) 5.44 0.80–36.87 0.082

Randomized sample < P50 3 (30.0) 7.00 1.29–37.91 0.024

DMT 12 (57.1) Ref Ref Ref

Relapses 2 (50.0) 0.75 0.09–6.39 0.79

Symptomatic 11 (73.3) 2.06 0.49–8.65 0.32

Active drug 6 (66.7) Ref Ref Ref

Placebo 14 (56.0) 0.64 0.13–3.14 0.58

Other 5 (83.3) 2.50 0.19–32.19 0.48

Follow-up < 6 mo 10 (83.3) Ref Ref Ref

Follow-up ≥ 6 mo 15 (53.6) 0.23 0.04–1.25 0.089

Trial registered in a public database 16 (59.3) Ref Ref Ref

Trial not registered in a public database 9 (69.2) 1.55 0.38–6.31 0.543

Not mentioned CONSORT adherence 21 (65.6) Ref Ref Ref

Mention CONSORT adherence 4 (50.0) 0.52 0.11–2.51 0.418

RoB2 Low 1 (20.0) Ref Ref Ref

RoB2 Some concerns 9 (64.3) 7.20 0.62–83.34 0.154

RoB2 High 15 (71.4) 10.00 0.92–108.82 0.059

Q1 18 (78.3) Ref Ref Ref

Other than Q1 7 (41.2) 4.38 1.03–18.63 0.046

First author: Europe and the United States 11 (47.8) Ref Ref Ref

First author: other regions 14 (82.4) 5.09 1.15–22.62 0.032

Not potential COI with industry 14 (77.8) Ref Ref Ref

Potential COI with industry 11 (50.0) 0.29 0.07–1.15 0.077

95% CI = 95% confidence interval; COI = conflict of interest; CONSORT = Consolidated Standards of Reporting Trials; DMT = disease-
modifying therapy; OR = odds ratio; P = Percentile; RoB2 = Cochrane Risk of Bias tool.
The figures in bold in Table 5 represent significant p-values.
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Some articles included in our analysis claimed treat-
ment equivalence, although studies were not designed for
this purpose (spin type B). Conducting equivalence or
noninferiority trials in MS has been proven useful to try
to achieve a better resource allocation and avoid the
potential detrimental effects of existing drugs while
maintaining effectiveness. However, to prove equivalence,
a specific statistical design including a pre-established mar-
gin of clinical significance, among other characteristics, is
necessary. A superiority design is not suitable to prove
equivalence and could distort study results.21

Regarding spin type C, it was the least prevalent in
our sample. This might be because such an explicit claim
of benefit without even referring to, for example, a sec-
ondary outcome, is more likely to be filtered out during
author or editorial review. However, we can argue that
what ultimately matters is not only the type of spin itself,
but the message that reaches the reader. Even subtler
forms of spin, although less direct, may still lead to an
interpretation of efficacy.

The main reasons that have been cited for the high
prevalence of spin have been lack of knowledge of reporting
standards, intention to influence readers, and intention to
increase publication in journals.22 In a previous study carried
out by our group comparing published and unpublished MS
RCTs registered in ClinicalTrials.gov, it was shown that
1 out of 3 phase 3 or 4 trials in MS remained unpublished
after their completion, and that disclosing a favorable pri-
mary outcome result was associated with more chances of
having RCT results published.23

In the present study, we aimed to explore the associ-
ation between the presence of spin and different study
characteristics. Among them, the prevalence of spin was
significantly associated with small sample size. Small sam-
ple sized studies often yield nonsignificant results due to
low statistical power. In addition, they are more prone
to biases like selective data analysis and reporting, poten-
tially driven by publication pressure.24 Spin further
amplifies this issue, distorting scientific knowledge, mis-
leading practitioners, and potentially leading to poor ther-
apeutic decisions.

We did not find a statistically significant difference
in the prevalence of spin between the phase 4 and phase
3 trials (81% vs 50%, p = 0.054). However, this observed
difference may warrant consideration. Differences in
methodological rigor between phases —particularly
in sample size— could partly account for this. In our sam-
ple, phase 4 trials had significantly smaller sample sizes
than phase 3 trials. Because pivotal phase 3 trials are
designed to meet regulatory standards, they are generally
expected to follow stricter methodological criteria, includ-
ing more robust sample size planning.

Similarly, no significant association was found
between risk of bias and the presence of spin (p = 0.059)
although spin prevalence increased progressively with
higher levels of bias. A previous publication7 reported sim-
ilar results. In our sample, the reference category (“low”
risk) included fewer than 10 events, potentially limiting
the reliability. Additional research is needed to clarify this
possible association.

On the contrary, RCTs published in Q1 quartile
journals presented less risk of spin than articles published
in lower impact journals within the same category.
Another study assessing spin in urology RCTs also
reported a negative, although weak, association between
the severity of spin and the impact factor of the journal,
although the median impact factor of the journals they
assessed was significantly higher than that of ours.6 As dis-
cussed in that article, high impact journals evaluation
criteria are stricter in terms of methodology and validity
assessment.25 This is partly reflected in our findings,
where the median impact factor of journals without spin
was higher than that of journals with spin (8.9 vs 3.0),
although there was overlap in their IQR (3.5–26.2 vs
1.9–5.1, respectively). These results suggest that the
impact factor might also serve as an indicator of a lower
likelihood of spin. In our regression analysis, we chose
journal quartiles over raw impact factors because quartiles
provide a relative ranking within each subject category,
making them easier to interpret and more transparent.
Furthermore, impact factor values were unavailable for
6 articles, and imputing those missing values could have
introduced bias. Using quartiles therefore allowed us to
maintain methodological rigor while preserving complete-
ness of the dataset.

That said, it is important to note that spin was still
present in a substantial proportion of articles published in
high-impact journals (41%). Additionally, 59% of articles
in neurology/multiple sclerosis journals contained spin,
compared with 69% in other journals. These findings
indicate that publication in top-tier journals cannot be
considered a guarantee of freedom from spin.

Another key finding was the association between
first-author affiliation outside Europe or the United States
and higher odds of spin. As spin is a narrative bias, and
the first author is responsible for drafting the manuscript,
this position likely has the greatest influence on how
results are presented.26 No previous studies have evaluated
this association; nonetheless, higher scientific misconduct
rates have been reported in countries such as China,
Malaysia, Mexico, Taiwan, Pakistan, and Iran.27 A study
examining factors that contribute to scientific misconduct
in Asian countries pointed out reasons such as insufficient
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training in scientific writing and ethics or inadequate regu-
latory measures.28

Our study did not detect significant differences
between registered and non-registered RCTs. In another
study assessing spin, this was also not deemed signifi-
cant.10 Whereas registration might be indicative of good
scientific conduct, it does not entirely avoid reporting
bias.29 The same occurs with CONSORT statement
adherence. Articles published in CONSORT-endorsing
journals present in general better reporting quality. How-
ever, inadequacies and missing information are still
common.30

Similarly to another study carried out in cardiology
RCTs, no association was found with type of pharmaceu-
tical, indication, or funding source of conflict. In both our
study and the one mentioned, the prevalence of spin was
lower in RCTs presenting COI with the industry.11 Cau-
tion should be taken with these results given that COIs
are commonly under-reported in the literature.

This study presents limitations. Assessing spin
implies subjectivity that could lead to variations in the
retrieved information. In addition, the methodology pro-
posed by Boutron et al has not been formally adopted or
validated by any institution. Nevertheless, we chose to use
their definition because it was developed through a litera-
ture review and in consultation with the Cochrane Statisti-
cal Methods Group, an international forum with vast
experience in methodology issues. Moreover, as it has
been widely applied in previous studies assessing spin in
other medical fields,6–11 it provides a useful reference
framework and facilitates comparison across research.
Although the articles included are reflective of the existing
MS RCTs, the number of articles in the analysis was low.
This particularly affects the power of our association anal-
ysis, which can only be considered exploratory and high-
lights the need for additional research. Furthermore, not
including other types of interventions such as traditional
medicines or psychosocial interventions could reduce the
generalizability of the findings. However, these last types
of interventions are of a different nature and differ in
terms of regulatory needs.

This study has several strengths. One of the
strengths is the comprehensive search strategy, which was
designed and conducted by an information specialist to
maximize sensitivity and minimize the risk of missing rele-
vant studies. By not applying filters for RCTs, we ensured
the inclusion of potentially eligible articles that may not
have been indexed as such. Although this approach
resulted in a high proportion of exclusions during abstract
screening, it reflects a deliberate methodological decision
aimed at ensuring completeness and rigor. In the study,
we explored the association of spin with factors related to

the characteristics and metrics of the journal and the pub-
lication that had not been previously investigated. Second,
the investigators involved in this study are very familiar
with quality evaluations of RCTs, including risk of bias
assessments. The findings could help guide future research
and support the development of measures to prevent this
practice.

Our findings highlight the need for readers to be
critical when reading and drawing conclusions from MS
phase 3 and 4 articles with nonsignificant primary out-
comes. More importantly, we consider that journals
should create awareness of this practice among their edi-
tors and reviewers, who are the ultimate guardians of the
quality of the published papers. Finally, it would be inter-
esting to conduct further research in the field to under-
stand the underlying factors as well as to review existing
methodologies and reporting standards to accommodate
for these practices.
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