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Interpretation of data is subjective and can lead to bias 

The last twelve months of this PhD project coincided with the Covid-19 global pandemic. Prior 
to the pandemic, despite spending the last 3.5 years of my PhD project evaluating interpretation 
bias and strategies aimed at attenuating such practices, I only now realize how much I fell short of 
grasping the urgency and implications of currently existing subjective interpretation of data 
culminating to misleading conclusions.  

Before the pandemic, I had drafted the first introductory paragraph of my thesis, with an excerpt 
from Kaptchuk’s article on the natural existence of the effect of interpretive bias on research 
evidence, quoting his argument that “good science is embodied in the tension between the 
empiricism of concrete data and the rationalism of deeply held convictions”[1]. Similarly, like any 
researcher, I empathized with the notion presented by Ioannidis and colleagues that a major 
challenge for scientists is balancing the ability to see novel and unexpected patterns in data, while 
simultaneously avoiding apophenia: the tendency to see structure or patterns in random data.[2]  

The combination of apophenia and interpretative biases can easily lead us to false 
conclusions.[2] Indeed, the human element in the interpretative process in science is subjective 
and prone to bias.[1] After all, it is in line with one of my personally most frequently used phrases 
when accounting responsibility for faltering or error: ‘it is only human’. It is thus understandable 
that scientific interpretation may also be based on good judgment or error, and the distinction can 
only be observed retrospectively. However, what if the system is off course, and errors and biases 
are not mitigated to the extent that is possible – through robust methodology and good reporting 
practices – thus leading to excessive waste in research efforts and mistrust in science?  

Most recently, an article in the journal STAT, published in July 2020, discussed such issues in 
the 1200 registered clinical trials since the start of January 2020 that were aimed at testing 
treatment and prevention strategies against Covid-19.[3] One analysis found that one in every six 
trials was designed to evaluate the malaria drugs hydroxychloroquine or chloroquine, despite 
evidence of lack of benefit in hospitalized patients.[3]  

Resch and colleagues documented an example of confirmation bias in a randomized controlled 
study, in which 398 researchers were unknowingly randomized to evaluate fictitious reports of 
treatment for obesity for a respected journal. The reports only differed in their description of 
treatment intervention: an unproved but credible treatment or an unconventional treatment. 
Reviewers showed a significant bias in favour of the credible treatment, disfavouring a technically 
good but unconventional report.[4] 

Experimental results are commonly judged by expectations, and evidence that is inconsistent 
with well confirmed principles may be discounted by selectively finding faults in the study design 
or conduct.[1] When early randomized controlled trials of hormone replacement therapy (HRT) 
did not show a reduction in risk of coronary heart disease[5], advocates argued that the disease 
was far too advanced in the study population to benefit from the treatment, deeming it still valuable 
for primary prevention[1]. The early negative evidence supporting hormone replacement therapy 
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may have been more readily accepted if the pathophysiological mechanism had not created a strong 
expectation that the cardiovascular system is benefited by oestrogens.[6] 

Potential biases can also occur before data are collected. Being convinced of the hypothesis 
may affect data collection, thus leading to orientation bias. Psychology graduate students found 
that rats specially bred for maze brightness performed superior to those bred for maze dullness, 
despite both groups being standard laboratory rats assigned at random.[7] 

Articles published in The Lancet illustrated the problem of research waste during various stages 
of research encompassing design, conduct and reporting. [8, 9] Given that much of this waste is 
avoidable, there is a need to develop and implement remedies. [8] Of these, accurate interpretation 
and presentation of results in published data is essential in order to avoid producing misleading 
studies and waste valuable resources.  

Background and objectives 

“Spin” is a standard concept in public relations and politics, achieved through providing a 
biased interpretation of an event in order to slew public opinion 
(https://en.wikipedia.org/wiki/Spin_(propaganda)). For instance, the way in which news is 
reported may contain bias and distortion, and so, modify the perception of an event, through tactics 
such as selectively presenting specific facts (i.e., “cherry picking”), or understating potentially 
negative information. 

The concept of “spin” has also been investigated in scientific communications. Authors have a 
wide latitude in interpreting and reporting their findings.[10] “Spin” has been defined as a way of 
reporting, not necessarily intentional, “that fails to faithfully reflect the nature and range of 
findings and that could affect the impression that the results produce in readers”, i.e., a way to 
distort science reporting without actually lying.[11] Several studies have shown that authors of 
clinical studies may commonly present and interpret their research findings with a form of 
spin.[10, 12-17] “Spin”, biased representation or interpretation of results in scientific reports, can 
harm patients and constitutes as a source of avoidable waste in research. [2, 8] 

The overarching aim of this PhD project was to identify and document suboptimal reporting 
practices in published reports and to suggest preferred strategies to overcome these. We focused 
on three key topics: (1) investigating suboptimal reporting practices, such as mis-representation 
and over-interpretation of study findings (also known as spin) and inadequate study design or 
methods, in diagnostic/prognostic biomarker studies and randomized trials (Chapters 1-3); (2) 
developing an intervention to reduce spin and evaluated the feasibility of the proposed strategy, 
by conducting a collaborative field trial at The BMJ publishing group (London, UK) (Chapter 4); 
and (3) looking at other aspects of suboptimal reporting practices leading to bias and waste in 
scientific publications (Chapters 5 and 6).  
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Documenting suboptimal reporting and design features 

As mentioned above, previous studies have characterized a high level of spin in published 
reports of randomized controlled trials, nonrandomized studies, diagnostic test accuracy studies, 
and systematic reviews.[10, 13, 17-23] Additionally, findings from previous methodological 
research suggest that inconsistencies in treatment effect estimates may be driven by 
methodological differences related to study design, sample size or participant characteristics [24, 
25]. We investigated the presence of spin, further categorized as misrepresentation and 
overinterpretation of study findings in ovarian cancer biomarkers (Chapter 1), and analyzed 
practices that facilitate spin, such as suboptimal design features and inadequate reporting of 
methods (Chapter 2). We then evaluated the association between reported trial characteristics 
(e.g., related to study design, sample size, sequence generation, blinding, funding and conflict of 
interest) and treatment effect estimates in randomized trials of testosterone therapy in men 
(Chapter 3). 

Developing an intervention to reduce spin 

To date, there has been no documented additional intervention shown to clearly mitigate or 
reduce the prevalence of spin in biomedical literature. Having documented the level of spin in 
previous study, it was also relevant to develop and evaluate the effectiveness of an intervention 
that guides authors to reduce spin in their published articles. To estimate the effect of the 
intervention compared to the usual peer-review process on reducing spin in the abstract of 
biomedical study reports, we conducted a two-arm, parallel-group RCT in a sample of primary 
research manuscripts submitted to BMJ Open (Chapter 4). In the intervention group, authors 
received short instructions as part of the decision letter alongside the peer reviewers’ comments to 
check for and remove spin in the abstract of their revised manuscript. In the control group, the 
authors received recommended editorial revisions and reviewers’ comments in their usual manner. 

Assessing other aspects of publication practices 

Where the previous projects focused on issues in the reporting and methodological deficiencies 
in published articles, we also focused on the publication culture. Challenges that threaten the 
validity and credibility of published reports span beyond attenuating spin in published articles. For 
example, entities that have become known as ‘predatory’ journals and publishers are permeating 
the world of scholarly publishing, yet little is known about the articles they publish. We examined 
nearly 2000 biomedical studies from more than 200 journals thought likely to be predatory, 
recording their study designs and their epidemiological and reporting characteristics (Chapter 5).  

Publication of articles in scientific journals is not exclusively for the scientific community and 
academic progress; it also serves the purpose of disseminating scientific findings to the public. 
Alternative metrics, such as Altmetric scores, have been developed to measure the attention 
publications receive from social news media and blogs, in an attempt to measure how often journal 
articles and other scholarly outputs are discussed and used around the world. Lifestyle factors and 
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their association with health and longevity have always been of great public interest, and generate 
significant attention from social and news media.[26, 27] We wondered whether the high level of 
interest in dietary interventions and differences is a persisting phenomenon, and performed an 
analysis of the Altmetric scores of nutritional studies, relative to other interventions by evaluating 
more than 300 articles published in medical journals in 2019 with an Altmetric score of more than 
50. This project is reported in Chapter 6. The final chapter, (Chapter 7), provides a summary of 
the findings and highlights potential strategies to avoid these problems and deficiencies in the 
publishing process, with the ultimate goal of increasing confidence and value in published reports 
of clinical research.  
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ABSTRACT 

Background In the scientific literature, ‘spin’ refers to reporting practices that make the study 
findings appear more favourable than results justify. The practice of ‘spin’ or misrepresentation 
and overinterpretation, may lead to an imbalanced and unjustified optimism in the interpretation 
of study results about performance of putative biomarkers. We aimed to classify spin (i.e., 
misrepresentation and overinterpretation of study findings), in recent clinical studies evaluating 
the performance of biomarkers in ovarian cancer.  

Methods We searched PubMed systematically for all evaluations of ovarian cancer biomarkers 
published in 2015. Studies eligible for inclusion reported the clinical performance of prognostic, 
predictive, or diagnostic biomarkers.  

Results Our search identified 1026 studies; 326 studies met all eligibility criteria, of which we 
evaluated the first 200 studies. Of these, 140 (70%) contained one or more form of spin in the title, 
abstract or main text conclusion, exaggerating the performance of the biomarker. The most 
frequent forms of spin identified were: (1) other purposes of biomarker claimed not investigated 
(65; 32.5%); (2) mismatch between intended aim and conclusion (57; 28.5%); and (3) incorrect 
presentation of results (40; 20%).  

Conclusion Our study provides evidence of misrepresentation and overinterpretation of finding in 
recent clinical evaluations of ovarian cancer biomarkers.  
  

 8 

INTRODUCTION 

Research in cancer biomarkers has expanded in recent years leading to growing and large 
literature. However, despite major investments and advances in technology, the current biomarker 
pipeline is found to be too prone to failures.[28, 29] Similarly, much research has been dedicated 
to the discovery of ovarian cancer biomarkers. However, despite many biomarkers being 
evaluated, very few have been successfully introduced in clinical care.[30] Likely reasons for 
failure have been documented at each of the stages of biomarker evaluation.[28-30] 

It has been argued that biomarker discovery studies sometimes suffer from weak study designs, 
limited sample size, and incomplete or biased reporting, which can render them vulnerable to 
exaggerated interpretation of biomarker performance.[28, 31] Authors may claim favourable 
performance and clinical effectiveness of biomarkers based on selective reporting of significant 
findings, or  present study results with an overly positive conclusion in the abstract compared to 
the main text.[18] Specific study features could facilitate distorted study results, such as not pre-
specifying a biomarker threshold, or lacking a specific study objective. 

Spin, or misrepresentation and misinterpretation of study findings, not necessarily intentional, 
is any reporting practice that makes the study findings appear more favourable than the results 
justify.[10, 17] Several studies have shown that authors of clinical studies may commonly present 
and interpret their research findings with a form of spin.[10, 18, 20, 21, 32] A consequence of 
biased representation of results in scientific reports is that the published literature may suggest 
stronger evidence than is justified.[2] Misrepresentation of study findings may also lead to serious 
implications for patients, healthcare providers, and policy makers.[33] 

The primary aim of our study was to evaluate the presence of spin, further categorized as 
misrepresentation and overinterpretation of study findings, in recent clinical studies evaluating the 
performance of biomarkers in ovarian cancer. We documented the prevalence of actual forms of 
spin misrepresentation and misinterpretation. In addition, we also evaluated facilitators of spin 
(i.e., practices that would facilitate overinterpretation of results), as well as a number of potential 
determinants of spin. 

METHODS 

We performed a systematic review to document the prevalence of spin in recent evaluations of 
the clinical performance of biomarkers in ovarian cancer. 

Literature search  

MEDLINE was searched through PubMed on December 22nd 2016 for all studies evaluating 
the performance of biomarkers in ovarian cancer published in 2015. The search terms and strategy 
were developed in collaboration with a medical information specialist (RS), using a combination 
of terms that express the clinical performance of biomarkers in ovarian cancer (Appendix A). We 
included all markers of ovarian cancer risk, screening, prognosis, or treatment response in body 
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fluid, tissue, or imaging measurements. Reviews, animal studies, and cell line studies were 
excluded.  

Two authors (MG, MO) independently reviewed the titles and abstracts to identify potentially 
eligible articles. Thereafter, full-texts of reports identified as potentially eligible were 
independently reviewed by the same two authors for inclusion. All disagreements were resolved 
through discussion or by third party arbitration (PB). We analyzed the first 200 consecutive 
studies, ranked according to publication date, to have a sample size comparable to previous 
systematic reviews of spin.[17, 22]  

Establishing criteria and data extraction 

Biomarker studies in ovarian cancer vary by study design, biomarker clinical application, type 
and number of tests evaluated.[34, 35] Within the evaluation process several components can be 
assessed, such as analytical performance, clinical performance, clinical effectiveness, cost-
effectiveness and all other consequences beyond clinical effectiveness and cost-effectiveness. We 
developed a definition of spin that encompassed common features applicable to all the various 
biomarker types, and study designs. We defined spin as reporting practices that make the clinical 
performance of markers look more favourable than results justify. This definition of spin was based 
on criteria extracted from key articles on misrepresentation and misinterpretation of study 
findings.[10, 13, 17, 18, 20, 22, 23, 32]  

To evaluate the frequency of spin, we established a preliminary list incorporating previously 
established items that represent spin as well.[10, 13, 17, 18, 23] We then established a preliminary 
list of criteria to evaluate the frequency of spin, and optimized our criteria through a gradual data 
extraction process. A set of 20 articles were fully verified by a second reviewer (MO), and points 
of disagreements were discussed with a third investigator (IB, PB) to fine-tune the scoring criteria 
and clarify the coding scheme. Through this process and discussions that ensued, a final list of 
items was established with content experts (PB, IB), categorizing items as representing ‘spin’ or 
‘facilitator of spin’. Each of the categories encompassed several forms of spin. The list of items 
and the criteria are shown in Table 2. 

We further classified spin into two categories: ‘misrepresentation’ and ‘misinterpretation’, to 
distinguish between distorted presentation and incorrect interpretation of findings with special 
focus on the abstract and main text conclusions. As the presence of a positive conclusion is 
interdependent with the items that represent spin, we assessed the overall positivity of the main 
text conclusion by using a previously established classification scheme.[22] The overall positivity 
was classified according to the summary statement in the main text conclusion about the 
biomarker’s analytical performance or clinical utility. We used the same criteria defined by 
McGrath and colleagues[22] to assess the main text conclusion as ‘positive’, ‘positive with 
qualifier’, ‘neutral’, or ‘negative’. A qualifier attenuates the summary statement or its implication 
for practice.[22] Examples include but are not limited to the use of conjunctions such as “may” in 
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the summary statement, or statements such as “limited evidence is available” in the same paragraph 
as the summary statement. 

We defined misrepresentation as misreporting and/or distorted presentation of the study results 
in the title, abstract, or the main text, in a way that could mislead the reader. This category of spin 
encompassed: (1) incorrect presentation of results in the abstract or main text conclusion, (2) 
mismatch between results reported in abstract and main text, and (3) mismatch between results 
reported and the title. 

We defined misinterpretation as an interpretation of the study results in the abstract or main text 
conclusion that is not consistent and/or is an extrapolation of the actual study results. This category 
of spin encompassed: (4) other purposes of biomarker claimed not pre-specified and/or 
investigated, (5) mismatch between intended aim and abstract or main text conclusion, (6) other 
benefits of biomarkers claimed not pre-specified and/or investigated, and (7) extrapolation from 
study participants to a larger or a different population. 

We defined ‘facilitators of spin’ as practices that facilitate spin that, but due to various elements, 
do not allow for a formal assessment and classification as actual spin. For example, in our study, 
we considered not pre-specifying a positivity threshold for continuous biomarker as a facilitator 
of spin. Stating a threshold value after data collection and analysis may leave room in the 
representation and interpretation of the data to maximize performance characteristics.[17]  

In addition to spin and facilitators of spin, we extracted the following information on study 
characteristics: country, biomarker intended use, author affiliations, conflict disclosures declared, 
and source of funding. To evaluate which of the factors we identified may be associated with the 
manifestation of spin, we counted the occurrence of spin corresponding to each of the 
determinants, reported in Table 4. 

Actual forms of spin, facilitators of spin, and potential determinants of spin were recorded in 
all studies reporting the performance of the discovered biomarker. Items were scored 
independently by the first reviewer (MG), and all uncertainties were resolved in discussions with 
a second reviewer (PB, MO).  

Analysis 

For each of the items on spin, facilitators of spin, and potential determinants of spin, we report 
the frequency in our sample of biomarker evaluations, with 95% confidence intervals.  
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RESULTS 

Search results 

Our search identified 1,026 citations in PubMed. After title and abstract screening, 516 citations 
were selected for full text evaluation. Of these, 326 studies met all eligibility criteria, and the first 
200 studies, ranked according to publication date, were included in our analysis (Figure 1).  

Figure 1. Flow chart of search results 

 

Characteristics of Included Studies 

A description of included studies is in Table 1. The studies originated from a total of 32 
countries, with the majority of the studies coming from China (n=69, 34.5%) and USA (n=41, 
20.5%). The remaining 30 countries had a distribution range of 1 to 14 articles per country. The 
studies were published in 94 journals in total (Appendix B).  

Of all the studies evaluated in the included articles, prognostic (n=89, 44.5%) and diagnostic 
(n=40, 20%) markers comprised the largest group. Authors of almost all included studies had an 
affiliation with a clinical department (n=194, 97%) but only 34 of these (17.5%) had one or more 
authors affiliated with a statistical or bioinformatics department.  

Nearly all the included studies (n=193, 96.5%) reported a positive conclusion in the main text, 
with only 7 studies (3.5%) reporting a negative or neutral conclusion. Of the 193 studies with a 
positive conclusion, 80 studies had a qualifier, stating a positive summary statement with a 
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qualifier, for example with a conjunction such as “may”, and thereby attenuating the statement. 
Eleven studies (5.5%) declared a conflict of interest, 38 (19%) did not report if they had a conflict 
of interest. The funding source was mainly non-profit (n=135, 67.5%). However, 53 of the 
included studies (27%) did not report source of funding. 

Table 1. Study Characteristics  

Characteristic No. (%) (all studies n=200) 

Number of journals 94 
Origin  

Asia 101 (51%) 
North America 51 (26%) 
Europe 39 (20%) 
Other (Australia, Brazil, Chile) 9 (5%) 

Biomarker clinical application  
Prognosis 89 (45%) 
Diagnosis 40 (20%) 
Prediction of therapeutic response 26 (13%) 
Risk susceptibility, monitoring, screening 17 (9%) 
Multiple 28 (14%) 

Author affiliations  
Clinical department only 194 (97%) 
Clinical and either statistical department or 
bioinformatics/ computational biology (*affiliation with 
statistical department or bioinformatics/computational 
biology are not mutually exclusive) 

34 (17%) 

Positivity of conclusions  
Positive 113 (57%) 
Positive with qualifier 80 (40%) 
Negative 5 (3%) 
Neutral 2 (1%) 

Conflict of interest  
No 151 (76%) 
Not reported 38 (19%) 
Yes 11 (6%) 

Funding source  
Non-profit 135 (68%) 
Not reported 53 (27%) 
No funding 6 (3%) 
For-profit 4 (2%) 
Mix (for-profit and non-profit) 2 (1%) 
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Exclusion after title & abstract 
screening 

n=510 

Exclusion after full-text screening 
n=190 

Analyzed 
n=200 

 12 

qualifier, for example with a conjunction such as “may”, and thereby attenuating the statement. 
Eleven studies (5.5%) declared a conflict of interest, 38 (19%) did not report if they had a conflict 
of interest. The funding source was mainly non-profit (n=135, 67.5%). However, 53 of the 
included studies (27%) did not report source of funding. 

Table 1. Study Characteristics  

Characteristic No. (%) (all studies n=200) 

Number of journals 94 
Origin  

Asia 101 (51%) 
North America 51 (26%) 
Europe 39 (20%) 
Other (Australia, Brazil, Chile) 9 (5%) 

Biomarker clinical application  
Prognosis 89 (45%) 
Diagnosis 40 (20%) 
Prediction of therapeutic response 26 (13%) 
Risk susceptibility, monitoring, screening 17 (9%) 
Multiple 28 (14%) 

Author affiliations  
Clinical department only 194 (97%) 
Clinical and either statistical department or 
bioinformatics/ computational biology (*affiliation with 
statistical department or bioinformatics/computational 
biology are not mutually exclusive) 

34 (17%) 

Positivity of conclusions  
Positive 113 (57%) 
Positive with qualifier 80 (40%) 
Negative 5 (3%) 
Neutral 2 (1%) 

Conflict of interest  
No 151 (76%) 
Not reported 38 (19%) 
Yes 11 (6%) 

Funding source  
Non-profit 135 (68%) 
Not reported 53 (27%) 
No funding 6 (3%) 
For-profit 4 (2%) 
Mix (for-profit and non-profit) 2 (1%) 

  

13
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Actual forms of spin 

In our 200 analyzed studies, 140 (70%) contained one or more forms of spin; 75 had two or 
more forms of spin. Sixty studies (30%) had no form of spin in the article, based on our criteria. 
Table 2 lists the prevalence for each form of spin (i.e., misrepresentation or misinterpretation) from 
the articles in our set, with examples presented in Appendix D. 

We identified incorrect presentation of results in abstract or main text conclusion in 40 study 
reports (20%). We observed this more frequently in the main text conclusion (n=37, 18.5%) than 
in the abstract conclusion (n=14, 7%). These were reports in which a positive conclusion was made 
about the biomarker that was not supported by the study results, or not accompanied by a test for 
statistical significance or an appropriate expression of precision, such as 95% confidence intervals. 
Examples were a study that claimed a multivariable algorithm had been validated, despite poor 
results (the study presents positive results on biomarkers, but these were not included in the 
algorithm), and a study that claimed a “high specificity”, while the corresponding estimate was 
only 58%.[36, 37]  

Several studies claimed superiority in performance in the absence of tests for statistical 
significance.[38, 39] In 33 study reports (16.5%) there was a mismatch in results reported in the 
abstract and the main text. Most frequent example were studies that selectively reported findings 
in the abstract, including only the most positive or statistically significant results in the study 
abstract. In few studies, we observed a mismatch between results reported in abstract and results 
reported in the main text. In 11 articles (5.5%) we observed a mismatch in the title. 

Apart from these forms of misrepresentation of study findings, we also looked at forms of 
misinterpretation. In 65 study reports (32.5%), biomarker purposes were suggested that had not 
been investigated in the actual study. We also observed this more frequently in the main text 
conclusion (n=60, 30%) than in the abstract conclusion (n=36, 20.5%). An example was a study 
that claimed in the conclusion of the abstract that a biomarker “showed strong promise as a 
diagnostic tool for large-scale screening”, while the marker had only been evaluated in a diagnostic 
setting, with symptomatic patients.[40]  

In addition, we identified a mismatch between the intended aim of the biomarker and one of the 
conclusions of the study report in 57 cases (28.5%). This form of misinterpretation was also more 
frequently observed in the abstract section (n=41, 20.5%) compared to the main text section (n=31, 
15.5%). A typical example was a claim about clinical usefulness in a study where the report only 
included an expression of performance in a non-clinical setting, discriminating between cases and 
non-cases, based on the biomarker.[40] In 10 studies (5%), biomarker benefits were claimed that 
had not been evaluated, such as a reduction in health care costs. In 10 articles (5%), there was an 
unsupported extrapolation from the study group to a different population. An example was study 
that concluded that a spectroscopy technique was useful for the early detection of disease, while 
the study had only evaluated patients undergoing surgery.[41] 
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Actual forms of spin 

In our 200 analyzed studies, 140 (70%) contained one or more forms of spin; 75 had two or 
more forms of spin. Sixty studies (30%) had no form of spin in the article, based on our criteria. 
Table 2 lists the prevalence for each form of spin (i.e., misrepresentation or misinterpretation) from 
the articles in our set, with examples presented in Appendix D. 

We identified incorrect presentation of results in abstract or main text conclusion in 40 study 
reports (20%). We observed this more frequently in the main text conclusion (n=37, 18.5%) than 
in the abstract conclusion (n=14, 7%). These were reports in which a positive conclusion was made 
about the biomarker that was not supported by the study results, or not accompanied by a test for 
statistical significance or an appropriate expression of precision, such as 95% confidence intervals. 
Examples were a study that claimed a multivariable algorithm had been validated, despite poor 
results (the study presents positive results on biomarkers, but these were not included in the 
algorithm), and a study that claimed a “high specificity”, while the corresponding estimate was 
only 58%.[36, 37]  

Several studies claimed superiority in performance in the absence of tests for statistical 
significance.[38, 39] In 33 study reports (16.5%) there was a mismatch in results reported in the 
abstract and the main text. Most frequent example were studies that selectively reported findings 
in the abstract, including only the most positive or statistically significant results in the study 
abstract. In few studies, we observed a mismatch between results reported in abstract and results 
reported in the main text. In 11 articles (5.5%) we observed a mismatch in the title. 

Apart from these forms of misrepresentation of study findings, we also looked at forms of 
misinterpretation. In 65 study reports (32.5%), biomarker purposes were suggested that had not 
been investigated in the actual study. We also observed this more frequently in the main text 
conclusion (n=60, 30%) than in the abstract conclusion (n=36, 20.5%). An example was a study 
that claimed in the conclusion of the abstract that a biomarker “showed strong promise as a 
diagnostic tool for large-scale screening”, while the marker had only been evaluated in a diagnostic 
setting, with symptomatic patients.[40]  

In addition, we identified a mismatch between the intended aim of the biomarker and one of the 
conclusions of the study report in 57 cases (28.5%). This form of misinterpretation was also more 
frequently observed in the abstract section (n=41, 20.5%) compared to the main text section (n=31, 
15.5%). A typical example was a claim about clinical usefulness in a study where the report only 
included an expression of performance in a non-clinical setting, discriminating between cases and 
non-cases, based on the biomarker.[40] In 10 studies (5%), biomarker benefits were claimed that 
had not been evaluated, such as a reduction in health care costs. In 10 articles (5%), there was an 
unsupported extrapolation from the study group to a different population. An example was study 
that concluded that a spectroscopy technique was useful for the early detection of disease, while 
the study had only evaluated patients undergoing surgery.[41] 
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Facilitators of spin  

Details of our analysis of potential facilitators of spin are presented in Table 3. Of the 200 
analyzed studies, none reported a sample size justification or any potential harms. Only half of the 
studies pre-specified a positivity threshold for the continuous biomarker evaluated.  

Table 3. Facilitators of spin in clinical studies evaluating performance of biomarkers in ovarian 
cancer 

Potential facilitators of spin Spin frequency, n=200 
N (%) [95% CI] 

Not stating sample size calculations 200 (100% [98% - 100%]) 

Not mentioning potential harms 200 (100% [98% - 100%]) 

Not pre-specifying a positivity threshold for continuous 
biomarker  84/164* (51.2% [43% - 59%]) 

Incomplete or not reporting imprecision or statistical test for 
data shown 26 (13% [9% - 19%]) 

Study objective not reported or unclear 24 (12% [8% - 18%]) 

* 164 articles included evaluation of continuous biomarkers. 

 
Potential determinants of spin 

We investigated potential determinants of spin in the 200 articles in our data set (Table 4). 
Articles from China (75%) and Japan (86%) were more frequently observed to have spin 
(Appendix C). Diagnostic accuracy studies (80%), and articles that reported multiple clinical 
utility of the biomarker (79%) were more often associated with spin. Studies that reported 
affiliations with a statistical or bioinformatics department (59%) were less likely to have spin in 
the report compared to studies that did not report an affiliation with a statistical or bioinformatics 
department (73%). Studies that failed to report whether there was a conflict of interest (82%) more 
often had spin, compared to studies that declared no conflict of interest (67%). 
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DISCUSSION 

Our review systematically documented spin in recent clinical studies evaluating performance 
of biomarkers in ovarian cancer. We identified spin in the title, abstract, result and conclusion of 
the main text. Of the 200 studies we evaluated, all but seven reported a positive conclusion about 
the performance of the biomarker. We found that only one-third of these 200 reports were free of 
spin, one-third contained one form of spin, and another third contained two or more forms of spin.  

The most frequent form of spin was claiming other purposes for the biomarker, outside of the 
study aim and not investigated, adding that the biomarker could be used for other clinical purposes 
that were not investigated. The second most frequent form of spin we identified was a mismatch 
between intended aim and study conclusions, concluding on the biomarker’s clinical usefulness, 
for example, despite the fact that the study had only evaluated classification in a non-clinical 
setting. These two forms of misinterpretation were more prevalent in the abstract conclusion 
compared to the main text conclusion. The third most frequent form of spin was incorrect 
presentation of results in the conclusion, with some authors reporting an unjustified positive 
conclusion about the biomarker’s performance, using terms such as “significantly associated” or 
“highly specific” without providing the test of significance or lacking support by the study results. 
This form of misrepresentation was more prevalent in the main text than in the abstract conclusion. 

In terms of facilitators of spin, we observed that none of the studies reported a justification for 
the sample size or discussed any potential harms, and most of the articles did not pre-specify a 
positivity threshold for continuous biomarkers.  

Our study had several strengths. A particular feature of our work was that we comprehensively 
included all markers of ovarian cancer risk, screening, prognosis, or treatment response in body 
fluid, tissue, or imaging measurements. To evaluate spin in a wide variety of biomarkers and study 
designs, we optimized our definition of spin in terms of common features that apply to most 
biomarker studies. We also used a definition of spin that is very broad and encompasses all forms 
of spin ranging from misreporting, misrepresentation to linguistic spin, whilst developing a 
classification scheme that aims to limits subjectivity. 

We acknowledge potential limitations of this study. In our analysis, we focused on mismatches 
between results presented in the main text and conclusions made in the study abstract or the main 
text. This definition does not include other forms of generous presentation or interpretation. We 
did not include specific deficiencies in study design and conduct, data collection, statistical 
analysis and phrasing of statistical results, or the total body of knowledge about the biomarker to 
check validity of conclusions made. There may have been other limitations in the study design or 
conduct that would warrant caution in the conclusions but were not identified by us. Several of the 
studies had multiple elements, also encompassing a preclinical phase of evaluations. We did not 
evaluate statements related to the preclinical elements. Similarly, the actual clinical application 
was not included in our evaluation. For example, a study may claim predictive use of an evaluated 
biomarker, but the strength of the association may be so limited that the biomarker will not be of 
value in clinical practice. 
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While some of the forms of spin in or analysis could be objectively demonstrated, like a 
mismatch between results in the main body of the article and results in the abstract, others relied 
more on interpretation. As in other evaluations of spin, we have tried to minimize the subjectivity 
of these classifications by having a stepwise development process of the criteria, including 
multiple reviewers and explicit discussions of scoring results. 

Previous studies have documented a high prevalence of spin in published reports of randomized 
controlled trials, nonrandomized studies, diagnostic test accuracy studies, and systematic 
reviews.[10, 13, 17-23] The reasons behind biased and incomplete reporting are probably 
multifaceted and complex. Yavchitz and colleagues discussed that (1) lack of awareness of 
scientific standards, (2) naïveté and impressionability of junior researchers, (3) unconscious bias, 
or (4) in some instances willful intent to positively influence readers, may all be factors giving rise 
to spin in published literature.[21] The reward system currently used in biomedical science can 
also be held responsible, as it focuses greatly on quantity of publications rather than quality.[10] 

It has previously been shown that spin in articles may indeed hinder the ability of readers to 
confidently appraise results. Boutron and colleagues[20] evaluated the impact of spin in the 
abstract section of articles reporting results in the field of cancer. The studies selected were 
randomized control trials in cancer with statistically nonsignificant primary outcomes. Boutron 
observed that clinicians rated the experimental treatment as being more beneficial for abstracts 
with spin in the conclusion. Scientific articles with spin were also more frequently misrepresented 
in press releases and news.[42] 

To detect and limit spin, and thus minimize biased and exaggerated reporting of clinical studies, 
we need to better understand drivers and strategies of spin. Efforts to prevent or reduce biased and 
incomplete reporting in biomedical research should be undertaken with vigor and in unison, given 
the intricate complexities that involve multiple players. Researchers and authors, peer reviewers 
and journal editors unboundedly share responsibility. The role of institutions and senior 
researchers is integral in disseminating research integrity and best research practices. Existing 
educational programs for early career researchers can be enriched by implementing mentoring and 
training initiatives, making authors aware of forms and facilitators of spin and its impact. Another 
strategy to consider may be assembling diverse and multidisciplinary teams, including statisticians, 
to help ensure the rigorous and robust conduct of research methodology. In our review, studies 
that reported affiliations with statistical departments for at least one author less often had spin. 

Despite emerging evidence that use of reporting guidelines is associated with more complete 
reporting[43], journal editors do not explicitly recommend the use of reporting guidelines in the 
review process[44]. In synergy with improving completeness of reporting, guidelines may also 
help reduce spin, although they are unlikely to fully eliminate it. Example of items in currently 
existing reporting guidelines that may help reduce spin include item 19 in the REMARK guideline 
for prognostic studies recommending authors to “interpret the results in the context of the pre-
specified hypothesis and other relevant studies” in their discussion[45], and item 4 in the STARD 
guideline for diagnostic accuracy studies recommending authors to “specify the objective and 
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hypothesis” in their introduction[46]. Expanding currently existing reporting guidelines with items 
that prompt reviewers to check for manifestation of spin and evaluating the feasibility of the 
guidelines to limit spin, may provide incentives for editors to prompt evidenced based change in 
practice for the review process.  

The development of biomarkers holds great promise for early detection, diagnosis and treatment 
of cancer patients. Yet that promise can only be fulfilled with strong evaluations of the 
performance of putative markers, complete reporting of the study design and conduct, and a fair 
and balanced interpretation of study findings. This review of spin in recent evaluations of 
biomarker performance shows that there is room for improvement. 
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ABSTRACT 

Background Shortcomings in study design have been hinted at as one of the possible causes of 
failures in translation of discovered biomarkers into the care of ovarian cancer patients, but 
systematic assessments of biomarker studies are scarce. We aimed to document study design 
features of recently reported evaluations of biomarkers in ovarian cancer.  

Methods We performed a systematic search in PubMed (MEDLINE) for reports of studies 
evaluating the clinical performance of putative biomarkers in ovarian cancer. We extracted data 
on study designs and characteristics. 

Results Our search resulted in 1,026 studies; 329 (32%) were found eligible after screening, of 
which we evaluated the first 200. Of these, 93 (47%) were single center studies. Few studies 
reported eligibility criteria (17%), sampling methods (10%) or a sample size justification or power 
calculation (3%). Studies often used disjoint groups of patients, sometimes with extreme 
phenotypic contrasts; 46 studies included healthy controls (23%), but only 5 (3%) had exclusively 
included advanced stage cases. 

Conclusions Our findings confirm the presence of suboptimal features in clinical evaluations of 
ovarian cancer biomarkers. This may lead to premature claims about the clinical value of these 
markers or, alternatively, the risk of discarding potential biomarkers that are urgently needed. 

Key message: This review shows that design shortcomings in the clinical evaluations of ovarian 
cancer biomarkers are frequent. These include limited sample size and the recruitment of multiple, 
disjoint groups. Such shortcomings may hinder successful translation of ovarian cancer 
biomarkers. 
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INTRODUCTION  

Epithelial ovarian cancer (EOC) is the gynecologic malignancy with the highest mortality rate. 
With an overall 5-year survival of 95% for early stages and only 30% for advanced disease, efforts 
to change survival rate in ovarian cancer has let to minor improvements over the past 25 years. Of 
the different histological EOC subtypes, high grade serous adenocarcinoma is the most frequent. 
Ovarian cancer is often asymptomatic or has specific symptoms in early-stage disease. As 70-80% 
of patients are diagnosed with advanced disease, prognosis is typically poor[47]. Using biomarkers 
for detection at an early curative stage is therefore a pressing unmet clinical need[48]. Biomarkers 
can also be used to evaluate treatment and to detect recurrence of EOC.  

Considerable investments in ovarian cancer biomarker research have been made in the last 
decades. Despite claims from numerous studies, few markers have been successfully implemented 
in practice since the discovery of CA-125[49].  

The bench-to-bedside process of biomarker development is a complex and multistep process. It 
has several distinct phases, ranging from the discovery and analytical validation, to clinical marker 
evaluation, and final implementation. Each phase holds different primary objectives, methods, and 
study designs[50-54]. Discovery studies usually show an association between marker values and 
clinical entities. In contrast, evaluations of clinical performance will be used to inform clinical 
decision making, as in recommendations for using the biomarker to guide further testing, start 
treatment, choice of treatment. 

To properly inform decision-making, a clinical evaluation of a biomarker would include a single 
group of consecutive participants, recruited in a clinical setting, identified by pre-defined and clear 
eligibility criteria, preferably from multiple centers, to facilitate generalizability and with a 
sufficiently large sample size for precise estimates, justified by a power calculation[55-57].  

Shortcomings in the design of clinical evaluation studies have been hinted at as one of the 
possible causes of failures in translation of discovered biomarkers into the care of ovarian cancer 
patients. This has been described mostly in commentaries, based on anecdotal evidence, but more 
systematic assessments of biomarker studies are scarce. The use of sub-optimal designs features 
may introduce bias in the estimated performance of a marker or limit the applicability of study 
findings, subsequently leading to unjustified optimism or premature rejection, contributing to 
translational failure[58-62].  

We here report a systematic review of study design features used in recent evaluations of the 
clinical performance of ovarian cancer biomarkers.   
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Conclusions Our findings confirm the presence of suboptimal features in clinical evaluations of 
ovarian cancer biomarkers. This may lead to premature claims about the clinical value of these 
markers or, alternatively, the risk of discarding potential biomarkers that are urgently needed. 

Key message: This review shows that design shortcomings in the clinical evaluations of ovarian 
cancer biomarkers are frequent. These include limited sample size and the recruitment of multiple, 
disjoint groups. Such shortcomings may hinder successful translation of ovarian cancer 
biomarkers. 
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INTRODUCTION  

Epithelial ovarian cancer (EOC) is the gynecologic malignancy with the highest mortality rate. 
With an overall 5-year survival of 95% for early stages and only 30% for advanced disease, efforts 
to change survival rate in ovarian cancer has let to minor improvements over the past 25 years. Of 
the different histological EOC subtypes, high grade serous adenocarcinoma is the most frequent. 
Ovarian cancer is often asymptomatic or has specific symptoms in early-stage disease. As 70-80% 
of patients are diagnosed with advanced disease, prognosis is typically poor[47]. Using biomarkers 
for detection at an early curative stage is therefore a pressing unmet clinical need[48]. Biomarkers 
can also be used to evaluate treatment and to detect recurrence of EOC.  

Considerable investments in ovarian cancer biomarker research have been made in the last 
decades. Despite claims from numerous studies, few markers have been successfully implemented 
in practice since the discovery of CA-125[49].  

The bench-to-bedside process of biomarker development is a complex and multistep process. It 
has several distinct phases, ranging from the discovery and analytical validation, to clinical marker 
evaluation, and final implementation. Each phase holds different primary objectives, methods, and 
study designs[50-54]. Discovery studies usually show an association between marker values and 
clinical entities. In contrast, evaluations of clinical performance will be used to inform clinical 
decision making, as in recommendations for using the biomarker to guide further testing, start 
treatment, choice of treatment. 

To properly inform decision-making, a clinical evaluation of a biomarker would include a single 
group of consecutive participants, recruited in a clinical setting, identified by pre-defined and clear 
eligibility criteria, preferably from multiple centers, to facilitate generalizability and with a 
sufficiently large sample size for precise estimates, justified by a power calculation[55-57].  

Shortcomings in the design of clinical evaluation studies have been hinted at as one of the 
possible causes of failures in translation of discovered biomarkers into the care of ovarian cancer 
patients. This has been described mostly in commentaries, based on anecdotal evidence, but more 
systematic assessments of biomarker studies are scarce. The use of sub-optimal designs features 
may introduce bias in the estimated performance of a marker or limit the applicability of study 
findings, subsequently leading to unjustified optimism or premature rejection, contributing to 
translational failure[58-62].  

We here report a systematic review of study design features used in recent evaluations of the 
clinical performance of ovarian cancer biomarkers.   
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METHODS  

Literature search 

We performed a search on 22.12.2016 for reports of studies evaluating biomarkers in ovarian 
cancer in PubMed (MEDLINE). The search was limited to 2015 to obtain recent studies already 
indexed in MEDLINE. 

The search strategy was developed in collaboration with a medical information specialist (RS) 
(Supplementary 1). Based on sample sizes from similar systematic reviews, we aimed to include 
200 studies[63].  

Study selection 

Articles were eligible if they reported a primary clinical study, evaluating one or more 
biomarkers, and included adult women diagnosed, screened, treated, or monitored for any type of 
ovarian cancer. To distinguish clinical evaluation studies from studies of other phases (primarily 
discovery studies) we defined a clinical study as a study that included the assessment of a 
previously discovered biomarker and reported a clinical performance measure that could be used 
to inform clinical decision-making. 

We relied on the 1998 National Institutes of Health definition of a biomarker[64], including not 
only markers from body fluids but also imaging markers, such as ultrasound, CT, MRI and other 
modalities. Screening of titles and abstracts and full text evaluations was done in duplicate by two 
independent reviewers (MG and MO). Disagreements were solved through discussion; a third 
reviewer (PB) was consulted if consensus was not reached.  

Data extraction  

The study features were identified from previous commentaries, studies, checklists, and quality 
assessment tools[49, 55, 61, 65-68] (Table 1). Data extraction was performed with a dedicated 
form by one reviewer (MO); unclear items were discussed with two other reviewers (MG and PB). 
Extraction guidance, as used in data-extraction, is provided in Supplementary Table 2.  

Statistics  

We calculated the proportion of studies with each respective feature, presented as estimates and 
95% confidence intervals. We used Fisher’s Exact test to evaluate differences and a Kruskal-
Wallis test for differences in sample size between subgroups. Two-sided P-values below 0.05 were 
considered as pointing to statistically significant differences. Calculations were performed in R 
(version i386 3.4.3).  

26 

RESULTS  

Search and study selection 

Our search resulted in 1,026 articles, of which 516 (49%) reports were considered potentially 
eligible after screening titles and abstract, and 329 eligible (32%) after reading the full text (Figure 
1). Of these, we evaluated the first 200, in chronological order of publication, starting January 1st 
2015 towards most recent. The evaluated studies had been published in 95 journals from January 
2015 until January 2016 and with a distribution ranging from 1 to 13 articles per journal 
(Supplementary Table 3) within both pre-clinical/translational and clinical journals. 

Figure 1. Flow diagram of studies.  

Shows search results and study flow, including the distribution of intended use among the evaluated studies. 

The largest group of studies reported on prognostic and predictive biomarkers (70%). The 
second largest group consisted of studies describing markers for diagnostic purposes (18%) (Table 
1). Across applications, we found a variety of different types of biomarkers and biomarker profiles 
including but not limited to clinical (risk) factors, as BMI and menopausal status, genetic 
profiles/mutations, as BRCA1/2, protein biomarkers, as CA-125 and HE4, clinical risk scores, as 
ROMA and RMI. The most frequently evaluated biomarkers were CA-125, HE4, and risk scores, 

26



2

25 

METHODS  

Literature search 

We performed a search on 22.12.2016 for reports of studies evaluating biomarkers in ovarian 
cancer in PubMed (MEDLINE). The search was limited to 2015 to obtain recent studies already 
indexed in MEDLINE. 

The search strategy was developed in collaboration with a medical information specialist (RS) 
(Supplementary 1). Based on sample sizes from similar systematic reviews, we aimed to include 
200 studies[63].  

Study selection 

Articles were eligible if they reported a primary clinical study, evaluating one or more 
biomarkers, and included adult women diagnosed, screened, treated, or monitored for any type of 
ovarian cancer. To distinguish clinical evaluation studies from studies of other phases (primarily 
discovery studies) we defined a clinical study as a study that included the assessment of a 
previously discovered biomarker and reported a clinical performance measure that could be used 
to inform clinical decision-making. 

We relied on the 1998 National Institutes of Health definition of a biomarker[64], including not 
only markers from body fluids but also imaging markers, such as ultrasound, CT, MRI and other 
modalities. Screening of titles and abstracts and full text evaluations was done in duplicate by two 
independent reviewers (MG and MO). Disagreements were solved through discussion; a third 
reviewer (PB) was consulted if consensus was not reached.  

Data extraction  

The study features were identified from previous commentaries, studies, checklists, and quality 
assessment tools[49, 55, 61, 65-68] (Table 1). Data extraction was performed with a dedicated 
form by one reviewer (MO); unclear items were discussed with two other reviewers (MG and PB). 
Extraction guidance, as used in data-extraction, is provided in Supplementary Table 2.  

Statistics  

We calculated the proportion of studies with each respective feature, presented as estimates and 
95% confidence intervals. We used Fisher’s Exact test to evaluate differences and a Kruskal-
Wallis test for differences in sample size between subgroups. Two-sided P-values below 0.05 were 
considered as pointing to statistically significant differences. Calculations were performed in R 
(version i386 3.4.3).  

26 

RESULTS  

Search and study selection 

Our search resulted in 1,026 articles, of which 516 (49%) reports were considered potentially 
eligible after screening titles and abstract, and 329 eligible (32%) after reading the full text (Figure 
1). Of these, we evaluated the first 200, in chronological order of publication, starting January 1st 
2015 towards most recent. The evaluated studies had been published in 95 journals from January 
2015 until January 2016 and with a distribution ranging from 1 to 13 articles per journal 
(Supplementary Table 3) within both pre-clinical/translational and clinical journals. 

Figure 1. Flow diagram of studies.  

Shows search results and study flow, including the distribution of intended use among the evaluated studies. 

The largest group of studies reported on prognostic and predictive biomarkers (70%). The 
second largest group consisted of studies describing markers for diagnostic purposes (18%) (Table 
1). Across applications, we found a variety of different types of biomarkers and biomarker profiles 
including but not limited to clinical (risk) factors, as BMI and menopausal status, genetic 
profiles/mutations, as BRCA1/2, protein biomarkers, as CA-125 and HE4, clinical risk scores, as 
ROMA and RMI. The most frequently evaluated biomarkers were CA-125, HE4, and risk scores, 

27



27 

evaluated either alone or in combinations. E-cadherin and clinical prognostic factors were also 
among the most frequently evaluated (Supplementary Table 4). 

The most frequently reported performance measures expressed the strength of associations, for 
example as hazard ratios or odds ratios, often accompanied by Kaplan-Meier survival analysis 
(54%). Other studies reported classification statistics, such as the area under the receiver operating 
characteristic (ROC) curve and ROC-statistics (24%).  

Study design features 

1. Recruitment of study participants  

To evaluate the validity and applicability of the performance measures, study reports should 
include clear eligibility criteria and the methods for recruiting study participants. Of the 200 
included study reports, 34 (17%) explicitly reported eligibility criteria and 19 (10%) sampling 
methods. Only 12 articles (6%) referred to an existing protocol (Table 1). As illustrated in 
Supplementary Table 5, the information provided on the identification and selection of study 
participants was often limited (Supplementary Table 5, Ex. 1) and even less detailed in analyses 
based on registries (Supplementary Table 5, Ex. 2).  

Whenever the study group was described in study reports (n=59, 30%), this was often done in 
rather broad and general terms, such as “sampled from the general population” (n=1) or “in 
women/patients with ovarian cancer/tumor” (n=10). In other cases, this was described by 
nationality (n=8), subtype (n=18), or symptom(s) (n=3). In contrast, a few studies had a description 
very specific to treatment or outcome (n=6).  

2. Single versus multiple groups  

In evaluations of the clinical performance of biomarkers, study participants should represent 
the intended use population. Of the 200 studies in our sample, 113 (57%) had indeed included a 
single group of study participants (i.e., groups of comparison originated from one single study 
group). In contrast, 66 (33%) studies had recruited patients in multiple, disjoint groups (i.e., groups 
of comparison originated from separate study groups). Forty-six studies (23%) reported on healthy 
controls, although the definition of a healthy control varied between studies (Supplementary Table 
5, Ex. 3,4). The groups that were included, other than ovarian cancer patients, ranged from patients 
with benign conditions to participants with other diseases and conditions, also referred to as 
“controls” (Supplementary Table 5, Ex. 5, 6). In one study, patients served as their own control 
(Supplementary Table 5, Ex. 7). At the other end of the spectrum, 5 (3%) studies had exclusively 
included patients with advanced stages (III-IV), which was not entirely consistent with the stated 
target population and study objective (Supplementary Table 5, Ex. 8). 
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evaluated either alone or in combinations. E-cadherin and clinical prognostic factors were also 
among the most frequently evaluated (Supplementary Table 4). 

The most frequently reported performance measures expressed the strength of associations, for 
example as hazard ratios or odds ratios, often accompanied by Kaplan-Meier survival analysis 
(54%). Other studies reported classification statistics, such as the area under the receiver operating 
characteristic (ROC) curve and ROC-statistics (24%).  

Study design features 

1. Recruitment of study participants  

To evaluate the validity and applicability of the performance measures, study reports should 
include clear eligibility criteria and the methods for recruiting study participants. Of the 200 
included study reports, 34 (17%) explicitly reported eligibility criteria and 19 (10%) sampling 
methods. Only 12 articles (6%) referred to an existing protocol (Table 1). As illustrated in 
Supplementary Table 5, the information provided on the identification and selection of study 
participants was often limited (Supplementary Table 5, Ex. 1) and even less detailed in analyses 
based on registries (Supplementary Table 5, Ex. 2).  

Whenever the study group was described in study reports (n=59, 30%), this was often done in 
rather broad and general terms, such as “sampled from the general population” (n=1) or “in 
women/patients with ovarian cancer/tumor” (n=10). In other cases, this was described by 
nationality (n=8), subtype (n=18), or symptom(s) (n=3). In contrast, a few studies had a description 
very specific to treatment or outcome (n=6).  

2. Single versus multiple groups  

In evaluations of the clinical performance of biomarkers, study participants should represent 
the intended use population. Of the 200 studies in our sample, 113 (57%) had indeed included a 
single group of study participants (i.e., groups of comparison originated from one single study 
group). In contrast, 66 (33%) studies had recruited patients in multiple, disjoint groups (i.e., groups 
of comparison originated from separate study groups). Forty-six studies (23%) reported on healthy 
controls, although the definition of a healthy control varied between studies (Supplementary Table 
5, Ex. 3,4). The groups that were included, other than ovarian cancer patients, ranged from patients 
with benign conditions to participants with other diseases and conditions, also referred to as 
“controls” (Supplementary Table 5, Ex. 5, 6). In one study, patients served as their own control 
(Supplementary Table 5, Ex. 7). At the other end of the spectrum, 5 (3%) studies had exclusively 
included patients with advanced stages (III-IV), which was not entirely consistent with the stated 
target population and study objective (Supplementary Table 5, Ex. 8). 
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3. Single-center versus multi-center  

If data for clinical evaluation are collected in a single center, there may be a concern about 
a lack of generalizability; multi-center studies with prospective data collection are therefore 
preferred. We found that samples and data had often been acquired from a single center (93 
studies; 47%). The majority of studies (182; 91%) relied on previously collected samples 
(Table 1). Of these, 130 studies (71%) used samples collected during routine clinical care 
(Supplementary Table 5, Ex. 1) while 31 (17%) used data from external registries of molecular 
data, of which 21 (68%) had used The Cancer Genome Atlas (TCGA) registry (Supplementary 
Table 5, Ex. 2). Most studies analysed retrospectively collected data (176 studies; 88%) only 
21 (11%) had collected data prospectively (Table 1). 

Sample size 

The number of patients in biomarker studies should be high enough to arrive at sufficiently 
precise estimates or to have enough power to test statistical hypotheses. In this review, the 
median sample size was 156 patients, ranging from 13 to 50,078, with an interquartile range 
from 97 to 357. Only 5 (3%) studies justified sample size, for example by reporting a power 
calculation such as “A preliminary power analysis was performed to determine the number of 
patients needed to generate solid, meaningful data using Cochran's formulas [35]. Based on 
this model under a 90% confident level, 0.5 Standard deviation and ±10% confidence interval, 
68 EOC patients are needed to obtain confident results.”[69] or justified by a sample sizes 
used in previous, similar studies such as “The number of sequenced individuals is within an 
acceptable range used previously to obtain significant results.”[70] 

Subgroup analysis 

To assess whether frequencies of the design features differed between groups of biomarker 
studies defined by intended use, we classified the studies into seven groups (Supplementary 
Table 6). We found significant differences depending on the intended use of the biomarker in 
reporting of eligibility criteria, multi-group and single-groups, use of healthy controls, multi-
center and single-center, use of secondary and retrospective collected data, and median sample 
size. Studies of biomarkers used for purposes other than prognostic, predictive or diagnostic 
more often included multiple groups, healthy controls, were often larger and designed as multi-
center trials. In contrast, prognostic and predictive studies more frequently reported eligibility 
criteria and used a single group in their design. 
In the 200 studies, we found one (0.5%) multi-center study that had recruited a single group of 
ovarian cancer patients (no separate controls) and clearly reported eligibility criteria, sampling 
method, and sample size justification. 
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DISCUSSION  

In general, the field of biomarker research and medical tests is less well developed than the 
evaluation of pharmaceuticals and other interventions[52]. Despite the relatively large volume 
of published studies in ovarian cancer biomarker research, many putative markers have not 
been translated into clinical use[49, 61]. Shortcomings and deficiencies in study design have 
been suggested as a partial explanation for this translational failure. Our analysis of recently 
published evaluations of putative biomarkers provides systematic evidence for this hypothesis. 
Most studies in our sample were limited in size, performed in a single-center, and had often 
recruited multiple, disjoint groups of ovarian cancer cases and non-cancer controls. 

As defined by Ransohoff and Gourlay, 2010, bias is “ a systematic difference between the 
compared groups”, which can give rise to differences caused by other factors than the one in 
question[71]. To this end, several authors, for example, have stressed the importance of 
identifying and selecting appropriate study participants and samples: those that represent the 
target population for the intended use. Failure to do so can lead to selection bias[51, 56, 58, 60, 
71, 72]. 

Despite the many initiatives to improve reporting and transparency, such as the reporting 
guidelines “Reporting Recommendations for Tumor Marker Prognostic Studies” (REMARK), 
“Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE),  
“Biospecimen reporting for improved study quality” (BRISQ), “Transparent Reporting of a 
multivariable prediction model for Individual Prognosis Or Diagnosis” (TRIPOD), and 
“Standards for Reporting of Diagnostic Accuracy Studies“ (STARD)[73-77], we found that 
eligibility criteria and sampling methods were rarely reported As a consequence, we were not 
able to analyse in detail if the group of study participants actually matched the intended use 
population. Such incomplete reporting not only hampers secondary research but also the direct 
usefulness of a study report in clinical practice. However, the issues surrounding incomplete 
and non-transparent reporting have been addressed and documented elsewhere, by several 
other authors[78-80]. 

The use of multiple groups rather than a single group of study participants - preferably a 
consecutive series of patients - has been identified as a major source of bias in marker 
evaluations. Meta-epidemiological research has shown that the additional inclusion of other 
groups, in particular the recruitment of healthy controls, is prone to lead to an overestimation 
of performance in diagnostic studies[55, 65, 72]. We found that one in three ovarian cancer 
marker studies relied on multiple, disjoint groups. Almost one in four included some form of 
healthy controls. This may be surprising, since screening was not the intended use of most 
biomarkers, and application of the biomarker would not involve the testing of asymptomatic 
persons. The inclusion of healthy controls may be justified in the marker discovery phase, or 
for providing proof-of-principle, but the correct classification of these healthy, asymptomatic 
participants is not informative about the performance of the marker in clinical applications. 

A majority of studies had used secondary and routinely collected data and many relied on 
retrospectively collected data. For the initial discovery phases, such convenient and readily 
accessible data and bio-specimen may be used. For a clinical evaluation, however, the data 
collection setting and conditions may not correspond to the clinical question[81, 82]. Single-
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center studies were also relatively frequent, potentially limiting the generalizability of 
procedures and findings.   

With a median sample size of slightly more than a hundred patients, most studies were 
relatively small, and, in particular without sample size justification, the uncertainty around the 
estimated performance measures may still be considerable, hampering strong conclusions 
about the value of putative markers, or the lack thereof.  

We investigated shortcomings in ovarian cancer, as this is a disease with a great clinical 
need and substantial potential for the use of biomarkers. However, as the selected design 
features in our study are generic for studies that evaluate biomarkers, we believe that similar 
shortcomings exist in biomarker evaluations in other cancers as well. 

The included studies were published in a variety of different journals and we found only 
one study that were free of deficiencies. For these reasons, we believe that our results reflect 
the general practice in biomarker evaluations rather than being related to the journals in which 
the studies were published.  

Proposals for diagnostic, prognostic and predictive biomarker studies have been made 
before[56]. An impressive number of authors, statisticians and others have written about the 
designs and analysis of biomarker evaluations. Many of the design limitations that we observed 
could therefore be explained by a lack of awareness in biomedical research. This could be 
addressed through more extensive training, promoting the use of study protocols, encouraging 
the assembly of multidisciplinary teams, involving experienced biostatisticians from the initial 
discovery phase, and fostering large international collaborations, such as The Ovarian Tumor 
Tissue Analysis (OTTA) consortium, and The Ovarian Cancer Association Consortium 
(OCAC)[83, 84]. Such consortia could also help to achieve the targeted sample size for rare 
subtypes of ovarian cancer. Moreover, journal editors could demand better compliance to the 
reporting guidelines for primary studies, also as this may inform authors of how to better design 
a study for the individual clinical question.   

Future commentaries and editorials in scientific journals about specific markers could 
additionally help to improve the practice of biomarker research, if they not only highlight the 
great potential of the putative biomarker, but also discuss the limitations in the research 
performed so far. These commentaries could, more consistently, highlight the need for real-
world studies of the actual performance of biomarkers and the design of trials to document 
incremental effectiveness in improving patient outcomes, keeping the clinical context at the 
focus throughout biomarker development[52, 85]. As in intervention trials, involved 
stakeholders, such as companies that develop markers and funders, also need to facilitate such 
studies and trials. 

We acknowledge a number of potential limitations of our own analysis. The data extraction 
form used to identify study features had not been used before. It was developed in close 
collaboration between two authors who also piloted it extensively, and most features were 
relatively easy to identify from the study reports, if reported at all. Reporting was often limited, 
hampering identification of some of the critical study features. Our set of design features 
evaluated in this review does not cover all aspects of methodological quality of the included 
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studies; we focused primarily on recruitment and sampling, and selected features because they 
had been highlighted before in commentaries and methodological analyses of other areas of 
testing and biomarker research.  

CONCLUSION 

The search for new biomarkers, fuelled by the impressive advances in omics-research, 
continues to hold great promise for clinical medicine. Yet, to fulfil this promise we need to 
increase the number of well-executed studies, with properly selected participants recruited in 
sufficient numbers. Although almost half of the studies were multi-center and more than half 
were single-group studies, we found only one study that was free of the selected shortcomings. 
Working in cooperation, in multidisciplinary groups and in larger consortia, could therefore be 
the way forward, starting fewer but higher-quality studies that can produce results that are at 
low risk of bias and more readily interpretable. This may avoid premature claims of biomarker 
performance, prevent the unwarranted removal of promising markers, and eventually produce 
the new tools that ovarian cancer patients can benefit from.   
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ABSTRACT 

Objective: To identify potential trial characteristics associated with reported treatment effect 
estimates in randomized trials of testosterone therapy in adult men. 

Design: Meta-epidemiological study. 

Data source: MEDLINE was searched for meta-analyses of randomized trials of testosterone 
therapy in men published between 2008 and 2018.  

Data extraction: Data on trial characteristics were extracted independently by two reviewers. 
The impact of trial characteristics on reported treatment effects was investigated using a two-
step meta-meta-analytic approach. 

Results: We identified 132 randomized trials, included in 19 meta-analyses, comprising data 
from 10,725 participants. None of the investigated design characteristics, including year of 
publication, sample size, trial registration status, centre status, regionality, funding source, and 
conflict of interest were statistically significantly associated with reported treatment effects of 
testosterone therapy in men. Although trials rated at high risk of bias overall reported treatment 
effects that were 21% larger compared to trials rated at low risk of bias overall, the 95% 
confidence interval included the null (ratio of odds ratio (ROR): 0.79, 95% confidence interval: 
0.60 to 1.03). 

Conclusions: The present study found no clear evidence that trial characteristics are associated 
with treatment effects in randomized trials of testosterone therapy in men. To establish stronger 
evidence about the treatment effects of testosterone therapy in men, future randomized trials 
should not only be adequately designed but also transparently reported. 

Study registration: osf.io/x9g6m 
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INTRODUCTION 

The clinical effects of the sex hormone testosterone inspired research and development since 
it was isolated and synthesized in a Nobel Prize winning effort in 1935 [86]. But despite eight 
decades of clinical use, considerable controversy exists regarding the risks and benefits of 
testosterone therapy in men [87, 88]. From measurement and diagnosis of low testosterone, 
over treatment formulations and duration, to treatment monitoring and goals, the safety, 
efficacy and effects of testosterone therapy in men are still under debate. 

Consequently, guidelines for testosterone therapy in men demand for high quality evidence 
to strengthen recommendations for clinical decision-making about potential treatment [89]. 
Findings from previous methodological research suggests that inconsistencies in treatment 
effect estimates may be driven by methodological differences related to study design, sample 
size or participant characteristics [24, 25]. For example, systematic reviews of meta-
epidemiological studies suggest that larger treatment effects are observed in randomized trials 
with inadequate sequence generation and allocation concealment, and in trials with a smaller 
sample size. Despite several trial characteristics being consistently found to affect the 
magnitude of treatment effects, their impact on the results of testosterone research is unknown. 
In addition, several factors, such a funding and conflicts of interest of study authors, have been 
investigated in comparatively fewer meta-epidemiological studies than other factors (e.g., 
sequence generation, blinding) [25]. 

Therefore, the aim of this study is to investigate the association between several trial 
characteristics (both commonly investigated and underexplored) and reported treatment effect 
estimates in randomized trials of testosterone therapy in men. Knowledge of these factors may 
help improve the design and conduct of future clinical trials to establish stronger evidence 
about treatment effects of testosterone therapy in men. 

METHODS 

We conducted this study in accordance with a study protocol we uploaded to the Open 
Science Framework in April 2018 (osf.io/x9g6m). 

Search Strategy 

Published systematic reviews with meta-analysis of randomized on testosterone therapy in 
men were identified from MEDLINE, via PubMed, using the following search strategy: 
("testosterone"[All Fields] OR "TRT"[All Fields] OR "androgens"[All Fields] OR "sex 
hormone"[All Fields]) AND Meta-Analysis[ptyp] AND "2008/04/20"[PDAT] : 
"2018/04/17"[PDAT] AND "male"[MeSH Terms] AND English[lang]. 

Eligibility criteria and study selection 

We included systematic reviews with meta-analyses of binary outcomes or meta-analyses 
of continuous outcomes, regardless of the specific dose/delivery of testosterone therapy or the 
comparator (placebo/control/standard of care) investigated in the included trials. We excluded 
systematic reviews with meta-analyses of individual participant data and meta-analyses 
computed using non-standard statistical methods (e.g., Bayesian). All records yielded from the 
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testosterone therapy in men. Although trials rated at high risk of bias overall reported treatment 
effects that were 21% larger compared to trials rated at low risk of bias overall, the 95% 
confidence interval included the null (ratio of odds ratio (ROR): 0.79, 95% confidence interval: 
0.60 to 1.03). 

Conclusions: The present study found no clear evidence that trial characteristics are associated 
with treatment effects in randomized trials of testosterone therapy in men. To establish stronger 
evidence about the treatment effects of testosterone therapy in men, future randomized trials 
should not only be adequately designed but also transparently reported. 

Study registration: osf.io/x9g6m 
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INTRODUCTION 

The clinical effects of the sex hormone testosterone inspired research and development since 
it was isolated and synthesized in a Nobel Prize winning effort in 1935 [86]. But despite eight 
decades of clinical use, considerable controversy exists regarding the risks and benefits of 
testosterone therapy in men [87, 88]. From measurement and diagnosis of low testosterone, 
over treatment formulations and duration, to treatment monitoring and goals, the safety, 
efficacy and effects of testosterone therapy in men are still under debate. 

Consequently, guidelines for testosterone therapy in men demand for high quality evidence 
to strengthen recommendations for clinical decision-making about potential treatment [89]. 
Findings from previous methodological research suggests that inconsistencies in treatment 
effect estimates may be driven by methodological differences related to study design, sample 
size or participant characteristics [24, 25]. For example, systematic reviews of meta-
epidemiological studies suggest that larger treatment effects are observed in randomized trials 
with inadequate sequence generation and allocation concealment, and in trials with a smaller 
sample size. Despite several trial characteristics being consistently found to affect the 
magnitude of treatment effects, their impact on the results of testosterone research is unknown. 
In addition, several factors, such a funding and conflicts of interest of study authors, have been 
investigated in comparatively fewer meta-epidemiological studies than other factors (e.g., 
sequence generation, blinding) [25]. 

Therefore, the aim of this study is to investigate the association between several trial 
characteristics (both commonly investigated and underexplored) and reported treatment effect 
estimates in randomized trials of testosterone therapy in men. Knowledge of these factors may 
help improve the design and conduct of future clinical trials to establish stronger evidence 
about treatment effects of testosterone therapy in men. 

METHODS 

We conducted this study in accordance with a study protocol we uploaded to the Open 
Science Framework in April 2018 (osf.io/x9g6m). 

Search Strategy 

Published systematic reviews with meta-analysis of randomized on testosterone therapy in 
men were identified from MEDLINE, via PubMed, using the following search strategy: 
("testosterone"[All Fields] OR "TRT"[All Fields] OR "androgens"[All Fields] OR "sex 
hormone"[All Fields]) AND Meta-Analysis[ptyp] AND "2008/04/20"[PDAT] : 
"2018/04/17"[PDAT] AND "male"[MeSH Terms] AND English[lang]. 

Eligibility criteria and study selection 

We included systematic reviews with meta-analyses of binary outcomes or meta-analyses 
of continuous outcomes, regardless of the specific dose/delivery of testosterone therapy or the 
comparator (placebo/control/standard of care) investigated in the included trials. We excluded 
systematic reviews with meta-analyses of individual participant data and meta-analyses 
computed using non-standard statistical methods (e.g., Bayesian). All records yielded from the 
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Table 2: Trial characteristics extracted from included randomized-controlled trials of 
testosterone therapy in men. 

Trial characteristic Number of studies 
(N=132) 

Time effect study conducted before year 2000 
study conducted year 2000 or later 

30 (23%) 
102 (77%) 

Sample size 

>200 
101-200 
50-100 
<50 

12 (9%) 
21 (16%) 
35 (27%) 
64 (48%) 

Trial 
registration 

registered 
not registered 

104 (79%) 
28 (21%) 

Centre status 
single centre randomized trial 
multi-centre randomized trial 
not reported 

55 (42%) 
31 (23%) 
46 (35%) 

Regionality US author 
non-US author 

59 (45%) 
73 (55%) 

Funding source 

industry funding 
non-industry funding 
both 
no funding 
not reported 

34 (26%) 
50 (38%) 
20 (15%) 
1 (<1%) 
27 (20%) 

COI statement 
at least one trialist declares having a COI 
no trialist declares having a COI 
COIs not declared 

32 (24%) 
21 (16%) 
79 (60%) 

Risk of bias 
(RoB) 

characteristics 

random sequence generation 

3 = high risk (2%) 
73 = low risk (56%) 
56 = unclear risk 
(42%) 

allocation concealment 
3 (2%) 
47 (36%) 
82 (62%) 

blinding of participants and personnel 
9 (7%) 
69 (52%) 
54 (41%) 

blinding of outcome assessors 
2 (1%) 
104 (79%) 
26 (20%) 

incomplete outcome data 
25 (19%) 
84 (64%) 
23 (17%) 

overall risk of bias 
35 (27%) 
23 (17%) 
74 (56%) 
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DISCUSSION 

To our knowledge, this is the first meta-epidemiological study systematically investigating 
the influence of trial characteristics in randomized trials of testosterone therapy in men. We 
found no clear evidence that any trial characteristic was associated with treatment effects in the 
trials; all of the associations were statistically non-significant, with wide confidence intervals 
making it impossible to rule out a positive, negative or null association. Further, for the most 
part we observed little or no between-meta-analysis heterogeneity in the ROR estimates, except 
in three cases, where the heterogeneity appeared to be driven by the results of a single meta-
analysis (by Neto et al.; we were unable to determine anything unique about this meta-analysis 
that would explain why it had very different results). 

The direction of several of the ROR associations was comparable to the direction observed 
in previous meta-epidemiological studies. For example, we observed larger treatment effect 
estimates in randomized trials with less than 50 participants compared with trials with 50 or 
more participants, which is in line with previous studies reporting stronger effect estimates in 
small to moderately sized trials [116]. Also, trials with high/unclear risk of bias due to blinding 
of outcome assessors had larger effect estimates than trials rated at low risk of bias, a finding 
similar to that observed by others [24, 117]. Furthermore, our findings suggest but do not 
confirm support for a potential industry bias (i.e. larger treatment effects when at least one 
investigator reported a conflict of interest), a finding comparable with other meta-
epidemiological studies of industry ties with outcomes [118]. 

Our findings differ from that observed previously in several ways. The postulated decline 
effect, an association between year of study publication and reported effect size, was not 
statistically significant in our analysis. Despite the majority of testosterone therapy trials 
performed after the year 2000 (N= 102 vs. 30) and the tripled testosterone use in the US from 
2001 through 2011 [119], we did not detect a field-specific decline effect over time. Similarly, 
we did not detect the previously suggested US effect of overestimated effect sizes from authors 
working in the United States [120]. Also previously reported associations between treatment 
effect magnitude and trial registration [121] or centre status [122] were not confirmed in the 
present analyses. 

In our analyses, a substantial number of studies were rated at “high/unclear risk of bias” 
(ranging from 17% to 62% across the domains). This finding confirms the persistent high 
prevalence of incomplete reporting (previous research suggests that 89% of published 
randomized trials include at least one “unclear” risk of bias domain [123]) and stresses the need 
for improved reporting in trials. 

A potential explanation for the statistically non-significant findings in our meta-
epidemiological study is the relatively small number of included meta-analyses and 
randomized trials. Despite the fact that we systematically included all available, non-
overlapping meta-analyses of testosterone therapy in men in the present study, the potential 
risk of being underpowered cannot be ruled out. Thus, it is possible that a larger meta-
epidemiological study including more testosterone therapy trials will be able to detect different 
or stronger bias associations between trial characteristics and treatment effect estimates. 

 46 

Alternatively, the small magnitude of the investigated characteristics might also reflect their 
minor discipline- and topic-specific impact in the field of testosterone research.  

A key strength of our study includes the use of systematic methods to minimise error in the 
identification and selection of meta-analyses, and collection of data from meta-analyses and 
trials. In addition, unlike many previous meta-epidemiological studies, we investigated the 
influence of a large number of (n=13) of trial characteristics, several of which have been 
underexplored. However, our findings must be considered in light of some limitations. We did 
not contact the trialists for clarification about any missing or unclear information in the trial 
reports. Therefore, the associations between trial characteristics and treatment effects reflects 
what was reported in the trial report, not necessarily what was done by the trialists. 

CONCLUSION 

The present meta-epidemiological study underlines the necessity for complete reporting to 
assess the safety and efficacy of testosterone therapy in men. Additionally, authors of 
systematic reviews and meta-analysis of testosterone trials should carefully consider potential 
characteristics that may bias the results of the included studies. Given the unquestionable 
importance of well-designed and -conducted randomized trials for the production of high-
quality evidence, future trials on testosterone therapy, should not only be adequately performed 
but also transparently reported. 
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underexplored. However, our findings must be considered in light of some limitations. We did 
not contact the trialists for clarification about any missing or unclear information in the trial 
reports. Therefore, the associations between trial characteristics and treatment effects reflects 
what was reported in the trial report, not necessarily what was done by the trialists. 

CONCLUSION 

The present meta-epidemiological study underlines the necessity for complete reporting to 
assess the safety and efficacy of testosterone therapy in men. Additionally, authors of 
systematic reviews and meta-analysis of testosterone trials should carefully consider potential 
characteristics that may bias the results of the included studies. Given the unquestionable 
importance of well-designed and -conducted randomized trials for the production of high-
quality evidence, future trials on testosterone therapy, should not only be adequately performed 
but also transparently reported. 
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ABSTRACT 

Objective To estimate the effect of an intervention compared to the usual peer-review process 
on reducing spin in the abstract’s conclusion of biomedical study reports. 

Study Design and Setting We conducted a two-arm, parallel-group RCT in a sample of 
primary research manuscripts submitted to BMJ Open. Authors received short instructions 
alongside the peer reviewers’ comments in the intervention group. We assessed presence of 
spin (primary outcome), types of spin, and wording change in the revised abstract’s conclusion. 
Outcome assessors were blinded to the intervention assignment.  

Results Of the 184 manuscripts randomised, 108 (54 intervention, 54 control) were selected 
for revision and could be evaluated for the presence of spin. The proportion of manuscripts 
with spin was 6% lower (95% CI: 24% lower to 13% higher) in the intervention group (57%, 
31/54) than in the control group (63%, 34/54). Wording of the revised abstract’s conclusion 
was changed in 34/54 (63%) manuscripts in the intervention group and 26/54 (48%) in the 
control group. The four pre-specified types of spin involved: (i) selective reporting (12 in the 
intervention group versus 8 in the control group); (ii) including information not supported by 
evidence (9 versus 9); and (iii) interpretation not consistent with study results (14 versus 18); 
and (iv) unjustified recommendations for practice (5 versus 11).  

Conclusion These short instructions to authors did not have a statistically significant effect on 
reducing spin in revised abstract conclusions and, based on the confidence interval, the 
existence of a large effect can be excluded.  Other interventions to reduce spin in reports of 
original research should be evaluated.  

Study registration osf.io/xnuyt 
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INTRODUCTION 

Ethically, research findings should be disseminated completely and accurately [124]. 
However, authors may intentionally or non-intentionally misrepresent or overinterpret their 
results, which is referred to as ‘spin’ [10, 12]. Through “spin”, the effectiveness of 
interventions is typically presented in a more favourable way than is justified by the study 
findings.  

Several studies have documented a high prevalence of spin in the biomedical literature [10, 
12, 13, 15-17, 125-127]. A recent systematic review of 35 reports evaluated the prevalence of 
spin in clinical trials, observational studies, diagnostic accuracy tests, systematic reviews and 
meta-analyses [23]. The median prevalence of spin was 67% (range: 10% - 84%), with the 
highest prevalence of spin found in trials [23, 128].  

A consequence of biased representation of results in scientific reports is that the published 
literature may suggest stronger evidence than is justified by the study findings, thus 
contributing to the increase in false discovery rate [2]. This justifies efforts to prevent or reduce 
spin due to selective, biased and incomplete reporting in biomedical research. Researchers, 
authors, peer reviewers and journal editors undoubtedly share responsibility. 

Meta-research – research on research – can generate solid evidence to inform editorial 
policies and interventions [128, 129]. Many studies have been published on peer review and 
the publishing process, and some interventions have been developed and implemented to 
improve the quality of peer-review [129, 130]. However, to date, there has been no intervention 
designed to mitigate or reduce the prevalence of spin in biomedical literature. Thus, we 
developed a specific editorial intervention to reduce spin and conducted a randomised 
controlled trial to evaluate its impact. 

Given that the abstract and its conclusions are often the most widely read part of scientific 
article [14], we considered a concise intervention (i.e., a set of short instructions for authors) 
to reduce spin in the abstract conclusion of primary research and research synthesis manuscripts 
that are submitted for publication. The intervention was developed in collaboration with 
editors, epidemiologists with expertise in the field of spin, and patient representatives. We 
aimed to obtain an initial estimate of the effectiveness of this intervention, compared to the 
usual peer-review process, at a large general medical journal, in a randomised trial.  

Methods 

We conducted this study in accordance with the study protocol registered on the Open 
Science Framework in August 2019 (osf.io/xnuyt).  

Design and setting 

This was a two-arm parallel-group randomised controlled trial of research manuscripts 
submitted for publication to BMJ Open, a general medical journal. 

All research manuscripts consecutively submitted between June 1st and October 9th 2019 to 
BMJ Open, and sent for peer review, were screened for eligibility until the planned sample size 
was achieved.  
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Outcomes 

Primary outcome 

The primary outcome was the presence of spin in the revised abstract conclusion (yes/no). 
If an abstract contained one or more of the four pre-specified types of spin, we classified the 
abstract as ‘spin present’. 

Secondary outcomes 

The secondary outcomes were: the presence of each type of spin in the revised abstract 
conclusion (i.e., 4 secondary outcomes), and a change in wording in the revised abstract 
conclusion from what was originally submitted (yes/no). It is important to note that if the 
wording of the abstract was changed by one or two words, in a manner that did not alter the 
conclusion, we scored it as unchanged.  

Ethics and trial registration 

This study was exempt from an evaluation by the local ethics committee at Amsterdam 
UMC as it did not recruit patients. We additionally asked BMJ for any ethical concerns, 
whereupon The BMJ confirmed that the work is part of quality improvement of its processes. 
All submitting authors at BMJ Open were notified that BMJ has a programme of research into 
peer review and that their paper may be entered into a study. MG was given access to 
confidential manuscript data under a confidentiality agreement. The study protocol was 
registered at Open Science Framework (OSF) prior to recruitment. 

Statistical analysis 

Sample size justification 

We allowed for detecting a 15% absolute difference in the proportion of articles with spin 
(primary outcome) between the intervention and control group (a reduction from 30% to 15%) 
with a power of 80% and a two-sided alpha of 5%. This required a sample size of at least 98 
manuscripts. The estimate of 30% for the prevalence of spin was based on a recent systematic 
review of spin by Chiu et al. [23]. 

To allow for manuscripts not invited for revision and not resubmitted within 3 months of 
the editorial decision letter, we randomised 184 manuscripts in our study, in order to achieve a 
target sample size of 108 manuscripts.  

Analysis 

We expressed the effect of the intervention as the absolute difference in the proportion of 
manuscripts with spin, with a 95% confidence interval based on the normal distribution 
approximation. All manuscripts resubmitted after invitation for revision were analysed in the 
group to which they were allocated. The statistical analysis was performed using R software 
(R Foundation for Statistical Computing, Vienna, Austria).   
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RESULTS 

Overall, 108/184 (59%) of allocated manuscripts were selected for revision, and could be 
evaluated for spin (Figure 1). Five manuscripts allocated to the intervention group did not 
receive the additional instructions to reduce spin but were included in the intention-to-treat 
analysis. 

Of the 108 evaluated manuscripts, 84 reported an observational study, 17 reported a 
systematic review, meta-analysis or overview of systematic reviews, while 5 reported a 
randomised controlled trial. Two manuscripts did not specify a study design in the abstract. 
The baseline characteristics of the evaluated manuscripts are shown in Table 1.  

Primary outcome 

The proportion of manuscripts with spin in the revised abstract conclusion was 6% lower in 
the intervention group (31/54, 57%) than in the control group (34/54, 63%; 95% CI: 24% lower 
to 13% higher); the difference was not statistically significant (Table 2). 

Secondary outcomes 

Two of the four types of spin were more often observed in the control group: ‘interpretation 
not consistent with study results’, and ‘unjustified recommendations for practice’. However, 
‘selective reporting’ was more frequently observed in the intervention group; there was no 
difference between the groups in the proportion of manuscripts ‘including information not 
supported by evidence’ (Table 2). 

The wording of the revised abstract conclusion was changed by authors in 63% (34/54) of 
manuscripts in the intervention group compared with 48% (26/54) of manuscripts in the control 
group, a difference of 15% more in the intervention group, [95% CI: 4% lower to 33% higher] 
(Table 2). 

Although we did not formally assess spin in the initially submitted manuscript, it was 
possible to identify if a specific type of spin was present in the submitted version. In a number 
of cases, authors introduced slight modifiers but failed to remove spin. As an example, in one 
meta-analysis, the authors revised the conclusion from “The meta-analysis found a higher 
prevalence of (…) compared to the general population, with substantial regional difference.” 
to “The meta-analysis found a relatively high prevalence of (…) although there was significant 
heterogeneity between gender and across regions.” However, despite the change in wording, 
the two types of spin detected in the revised abstract conclusion (selective reporting and 
unjustified recommendations for practice) remained unchanged from the initial submitted 
version.   
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DISCUSSION 

The editorial instructions for reducing spin in the abstract’s conclusion of research 
manuscripts tested in this study may have led authors to revise the wording of their conclusions, 
but the changes in wording did not lead to a significant decrease in the prevalence of spin. In a 
number of cases, the changes to wording led to the introduction of modifiers but did not remove 
the presence of spin. 

To our knowledge, this is the first randomised controlled trial of an editorial intervention to 
reduce spin. Despite the fundamental role of peer review, current editorial practices are not 
preventing the high prevalence rate of reporting biases and spin [12] [15] [23]. Various efforts 
have been undertaken to mitigate the issue of bad reporting as it directly impacts patient care 
[131, 132]. The EQUATOR Network, launched in 2008, holds a library of more than 400 
reporting guidelines to help authors, peer reviewers, editors, and other stakeholders improve 
the reporting of published articles [132, 133]. However, despite initial evidence of effectiveness 
for some of the reporting guidelines [134, 135], there are also associated challenges with their 
implementation that are being addressed [132]. Simply disseminating instructions or guidelines 
may not be sufficiently effective. In a recent study evaluating the appropriate use of reporting 
guidelines of health research, Caulley and colleagues showed that major reporting guidelines 
are frequently used inappropriately, indicating that authors may need additional education 
[136]. Automated tools aiming to improve reporting are starting to appear to help authors and 
editors [137] [132]. 

The validity of our study may have been affected by potential limitations. First, we only 
evaluated the first resubmitted version after review and further changes may have been made 
to other versions before acceptance. Second, the authors were asked but not required to address 
the instructions and these could have been overlooked by authors. Third, we only evaluated the 
presence of spin in the revised abstract conclusion. Although the randomization process would 
guarantee that all different types of articles with spin in both groups only differ based on 
chance, in a relatively small trial such as ours an assessment of spin before and after the revision 
could have been informative for evaluating the effects of the editorial intervention. Fourth, for 
feasibility purposes, the editors could not be blinded to allocation of the intervention. As editors 
aim to keep the journal to a high standard of reporting, they may have also addressed spin 
practices in their decision letter in the control group, thus potentially diluting the effect of the 
intervention. We designed our intervention to be concise and applicable to all types of study 
designs, which may have rendered the instructions less specific and clear for authors in 
identifying and removing spin in their abstract conclusion. Our pre-defined primary outcome 
was the complete absence of spin, whereas it is possible that some authors made word changes 
to reduce the level of spin and this was not assessed. Therefore, prior to completely dismissing 
the intervention based solely on our small study, the effectiveness of this intervention in 
reducing the level of spin should be tested in a larger study, particularly given the relative ease 
of implementation across a large sample of manuscripts and that we demonstrated its 
feasibility.  

The success of any intervention aiming to improve the quality of research articles depends 
on their effectiveness, feasibility, adoption and appropriate use [2]. Future research could also 
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evaluate the reasons why authors fail to follow editorial instructions such as those included in 
our intervention. For instance, it is possible that authors are not fully aware of what spin is, and 
why it is important to avoid it. Van der Steen and colleagues theorise that “the motivations and 
subsequent behaviour leading to reporting bias, may result from a natural tendency to 
publicise our successes” [138]. In addition, authors may have been trained in a culture where 
spin practices are omnipresent, and regarded as a necessary element in the reporting [138]. 
Recognition of spin could be facilitated if instructions for authors could contain specific 
examples of typical wording to be avoided when writing conclusions. Qualitative studies to 
better understand the perceptions of authors when receiving the intervention could also be 
helpful to improve its content. Based on a better understanding of possible reasons, we can 
develop more effective interventions to restore balance between study results generated by 
research finding and conclusions made by study authors. There are other stakeholders in the 
publication process; studies could also evaluate the effect of peer reviewers being explicitly 
instructed to check for spin and/or editors highlighting spin in a standalone section of feedback. 

CONCLUSIONS 

Spin in biomedical research is a major contributor to avoidable waste in research and, 
through exaggerated claims, may endanger the health of patients or encourage the introduction 
of ineffective interventions [10, 16]. Despite the study being designed to detect a decrease in 
spin, we found no evidence that it did. Thus, we need to consider other methods to inform 
authors of the manifestations and impact of spin. 
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ABSTRACT 

Background: Alternative metrics have been developed to measure the attention publications 
receive from social news media, and blogs. 

Objectives: We aimed to discover which types of studies reported in recent research articles 
in medical journals receive the highest Altmetric scores, among those generating attention in 
Altmetric data sources. 

Methods: We identified 679 primary research articles through a weekly search of PubMed, 
exploring the “big five” medical journals, and a daily email from EvidenceUpdates of 
suggested references, from those published between October 2018 and September 2019. The 
Altmetric score was manually recorded for each of the articles once a month. We limited our 
selection to articles with a manually recorded Altmetric score of more than 50. For each article 
we extracted study design, intervention type, journal, journal impact factor, journal category, 
and direction of conclusion. We developed a model for the growth of the Altmetric score of an 
article over time. We performed analysis of variance to evaluate the association of high online 
media attention with intervention type, adjusting for journal category, study design, and journal 
impact factor.  

Results: We included 324 primary research articles, with a median Altmetric score of 184 
[Interquartile Range, 111 – 378]. Journal category and impact factor were significantly 
associated with adjusted Altmetric score (P <0.00001). Nutritional intervention (median = 
4.69) accumulated significantly higher adjusted median Altmetric score compared to lifestyle 
and environmental (1.47), pharmacological (1.05), and other interventions (0.82).  

Conclusions: Of the publications that generated an Altmetric score of 50 or more, reports of 
evaluations of nutritional interventions are mentioned more often than other types of 
interventions in news media, social media, and other online sources covered by Altmetric. This 
seems to indicate that interventions that a wide range of readers can apply in their daily life 
attract more attention and are discussed more often than other interventions in medicine and 
public health. 
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BACKGROUND AND RATIONALE 

Alternative metrics are metrics and qualitative data that were developed to be 
complementary to traditional, citation-based metrics. The Altmetric system attempts to 
measure how often journal articles and other scholarly outputs are discussed and used around 
the world. This includes the attention an article receives from social and news media, such as 
Twitter and Facebook, and in research blogs.[26, 139] Altmetric scores are widely consulted 
by journal editors, researchers, and potential readers to identify articles that are generating 
interest. However, there is a debate about how well a score reflects the quality of an article.[140, 
141] 

It is worrisome when biased interpretations of findings are naively accepted as facts, 
without careful scrutiny of the methods and results, misleading other researchers and the public. 
Diet studies are particularly vulnerable to subjective interpretation and biased 
misrepresentation.[141, 142] Most often, cohort study designs do not allow inferences about 
causality and are potentially subject to confounding.[141, 142] In addition, the effect sizes in 
studies of diet and health outcomes are often small.[141, 142]  

This is of particular concern, since lifestyle factors and their association with health and 
longevity have always been of great public interest, and still generate significant attention from 
social and news media.[26, 27] A recent example was a dietary guideline on red meat published 
in the Annals of Internal Medicine, which within 18 days of publication had an Altmetric score 
of 3705.[143] Widespread interest in human health and disease is highlighted by the annual 
published lists of the 100 articles with the highest Altmetric scores.[26] Analysis of the top 100 
articles in 2015 showed that the most popular subject was medical and health science (n = 
36).[26] Further inspection of these articles showed that the most frequent theme was diet 
(11/36).[26] 

Colquhoun and Plested contested the usefulness of Altmetric scores through the example 
of an article with the second highest Altmetric score of all articles published in 2013 in the New 
England Journal of Medicine, titled “Primary Prevention of Cardiovascular Disease with a 
Mediterranean Diet”.[141, 144] The journal’s press release promoted the article in a tweet, as 
follows “Our new post focuses on trial that shows Mediterranean diet results in less 
cardiovascular events than low-fat diet”.[141] However, both the title of the paper and the press 
release misinterpreted the actual findings of the research, which were, according to Colquhoun 
and Plested, that “the diets had no detectable effect on myocardial infarction, no effect on death 
from cardiovascular causes, and no effect on death from any cause”.[141] [144] The only effect 
was that the diet reduced the risk of stroke for the groups assigned to a Mediterranean diet with 
extra-virgin olive oil or to a Mediterranean diet with nuts.[144] The article, originally published 
in 2013 [144] was retracted in 2018, because of methodology (i.e., “irregularities in the 
randomization procedures)”, and an updated report was published in 2018.[145]  

We wondered whether the high level of interest in dietary interventions and differences is 
a persisting phenomenon, and performed a new analysis of the Altmetric scores of nutritional 
studies, relative to other interventions. For this purpose, we evaluated articles published in 
medical journals in 2019 with an Altmetric score of more than 50. 
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ABSTRACT 

Background: Alternative metrics have been developed to measure the attention publications 
receive from social news media, and blogs. 

Objectives: We aimed to discover which types of studies reported in recent research articles 
in medical journals receive the highest Altmetric scores, among those generating attention in 
Altmetric data sources. 

Methods: We identified 679 primary research articles through a weekly search of PubMed, 
exploring the “big five” medical journals, and a daily email from EvidenceUpdates of 
suggested references, from those published between October 2018 and September 2019. The 
Altmetric score was manually recorded for each of the articles once a month. We limited our 
selection to articles with a manually recorded Altmetric score of more than 50. For each article 
we extracted study design, intervention type, journal, journal impact factor, journal category, 
and direction of conclusion. We developed a model for the growth of the Altmetric score of an 
article over time. We performed analysis of variance to evaluate the association of high online 
media attention with intervention type, adjusting for journal category, study design, and journal 
impact factor.  

Results: We included 324 primary research articles, with a median Altmetric score of 184 
[Interquartile Range, 111 – 378]. Journal category and impact factor were significantly 
associated with adjusted Altmetric score (P <0.00001). Nutritional intervention (median = 
4.69) accumulated significantly higher adjusted median Altmetric score compared to lifestyle 
and environmental (1.47), pharmacological (1.05), and other interventions (0.82).  

Conclusions: Of the publications that generated an Altmetric score of 50 or more, reports of 
evaluations of nutritional interventions are mentioned more often than other types of 
interventions in news media, social media, and other online sources covered by Altmetric. This 
seems to indicate that interventions that a wide range of readers can apply in their daily life 
attract more attention and are discussed more often than other interventions in medicine and 
public health. 
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METHODS 

Dataset compilation strategy 

Our initial sampling dataset was compiled by tracking the Altmetric scores of primary 
research articles identified through a weekly search of PubMed, exploring the “big five” 
medical journals (New England Journal of Medicine, Lancet, Annals of Internal Medicine, 
BMJ, and JAMA), and a daily email from EvidenceUpdates of suggested references, published 
in English between 4 October 2018 and 3 September 2019. The Altmetric score was manually 
recorded for each article on a tracker sheet once a month. The initial dataset was compiled by 
one researcher (JB) and included 679 articles.  

Study inclusion 

From this initial dataset, we subsequently preselected for inclusion 491 articles with an 
Altmetric score of more than 50. We then downloaded the online publication date (ePub), the 
Altmetric score, and the historic Altmetric score by using the PubMed unique identifier (PMID) 
for the 491 included articles (Altmetric search date 8 November 2019) using R software (R 
Foundation for Statistical Computing, Vienna, Austria). The historic Altmetric record is 
available for 1 – 7 days, 1 month, 3 months, 6 months, and 1 year from the Altmetric search 
date (8 November 2019). As we could only retrieve the historic Altmetric records for articles 
published after 8 November 2018, we chose to exclude articles published in 2018. Two studies 
were further excluded, as their Altmetric score was not available to download. Three other 
studies had to be excluded, as the downloaded Altmetric score turned out to be less than 50. 
We analysed the remaining 324 articles, published between January and September 2019.  

Data collection 

We developed and piloted our data extraction form on a sample of 150 articles. The 
following data were collected: study design, intervention type, journal, journal impact factor, 
journal category (general medical, specialty journal), and direction of conclusion.  

Journal impact factor was downloaded and retrieved from Journal Citation Report in 2019 
by Clarivate.  

Two researchers (JB, MG) independently assessed study design and direction of conclusion 
for all articles included in the analysis. Disagreements were resolved by a third researcher 
(JKA). We defined “general medical journals” according to the definition provided in 
Wikipedia: “A general medical journal is an academic journal dedicated to medicine in general, 
rather than a specific field of medicine.”[146] Likewise, “specialty journals” were defined as 
journals dedicated to a specific field of medicine. 

Assessment of direction of conclusion 

The direction of the conclusion was assessed by scoring the abstract conclusion or summary 
statements followed by presentation of the results. We used the abstract to evaluate the 
conclusion section, as it was considered representative of the authors’ main conclusions. 
Conclusions were categorized as positive, negative, mixed, or not applicable. Conclusions were 
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scored as “positive” if the summary statements referred to the evaluated intervention using 
words such as effective, beneficial, or impactful, or asserted that they were associated with 
events or outcomes of interest, with no evidence of any or significant harm (e.g., “the study 
strongly supports” or “X was significantly associated with Y”). Conclusions were scored as 
“negative” in the absence of any observed beneficial effects or associations (i,e., neutral 
outcomes, with neither benefits nor harms), or in the presence of any adverse effects or harms 
for the intervention evaluated (e.g. “use of X is not associated with mortality benefits” or “X 
provided no important benefit compared with Y, and probably carries a small risk of serious 
harms”). Conclusions were scored as “mixed” if the summary statement contained both 
positive and negative associations or effects of an intervention, as previously described, or 
stated a positive association or effect for one of the evaluated interventions but no association 
or effect for other evaluated interventions, or concluded a very small association or effect of 
the evaluated intervention that did not exceed currently established benefits. Conclusions were 
scored as “not applicable” if the summary statement only restated the results without any 
(positive or negative) remarks on the association or effect of the evaluated intervention. 

Altmetric score adjustment 

The Altmetric Attention score is derived from the source data, representing a weighted 
count of the amount of attention received by a research article (e.g. news reports, blogs, Twitter, 
Facebook, Reddit, YouTube, policy documents, patents, Wikipedia, Peer review from Publons 
and Pubpeer, F1000, Open Syllabus, and Stack Overflow).[147] The Altmetric score is not 
normalized and does not have a scale, although a score of 0 indicates that a publication has not 
attracted any attention [148] and a score of 20 or more corresponds to articles in the top 
5%.[149] 

The attention that an article receives is measured from the date of publication.[26] Time 
influences media attention, and articles generally receive the most online attention during the 
first few months of publication.[139] As the historic Altmetric record is available only 
retroactively from the Altmetric search date and at long time intervals (at 1 month, 3 months, 
6 months, and 1 year after 8 November 2019), it is not possible to obtain the Altmetric score 
for the same post-publication time. Potentially, articles published earlier may have accumulated 
higher Altmetric scores simply because of having more exposure time than articles published 
later. To account for differences in post-publication exposure time, we fitted a model to adjust 
for the time between the date of publication and the Altmetric score (see below).  

Statistical analyses 

We used ANOVA to compare reports describing nutritional, lifestyle and environmental, 
pharmacological, and other types of intervention. To account for confounding and to increase 
precision, we adjusted our analyses for the following pre-specified variables: (1) study design, 
(2) intervention type, (3) journal, (4) journal impact factor, (5) journal category, and (6) 
direction of conclusion. Log transformation of the adjusted Altmetric scores was required to 
better approximate normality and the constant variance assumptions of the ANOVA model. 
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