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We investigated the potential for publication bias in the field of
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sports science regarding studies on ergogenic aids and their
effects on exercise performance. We found evidence to suggest
that journals tend to prioritize studies with positive results
(76 %) while neglecting those with negative outcomes (2.7 %).
Worryingly, this could lead to a discrepancy between reported
conclusions and actual study outcomes. We also identified in-
consistencies between reported outcomes and actual perfor-
mance variable outcomes. Taken together, these data highlight
the need for future research to reduce bias and encourage the
publication of studies with both positive and negative results
to improve the reliability of scientific evidence in this field.
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Introduction

Ergogenic aids, defined as substances, devices, or procedures that
have the potential to enhance muscle size, neuromuscular func-
tion, or performance recovery [1] are frequently investigated by
sports scientists to improve athletes’ performance. Despite the in-
creased number of publications in this field, the quality of these
studies may be compromised by methodological limitations and
the potential for publication bias, which tends to favor positive re-
sults. These issues raise concerns about the reliability of reported
effects of ergogenic aids on athletic performance and emphasize
the importance of rigorous and transparent research practices in
sports science. Researchers often reference positive studies to gen-
erate new hypotheses, but it is crucial to acknowledge the poten-
tial influence of publication bias on this approach.

Scientific research aims to provide accurate and reliable meas-
ures of observed outcomes. To achieve this, it is essential to con-
duct research with a good methodology that is honest and free of
bias [2]. Bias can be defined as the lack of internal validity in data
collection and data analysis, and a tendency to interpret outcomes
in a target population, causing equivocated conclusions [2,3]. In
fact, different types of bias exist in the literature, and they are typ-
ically classified based on the direction of change they produce in a
given parameter. For example, bias in data collection occurs when
the sample of studies is not randomized and the individual inclu-
sion is manipulated into the study groups.

Data analysis bias occurs when researchers create data that
never existed, eliminate data that contradict the study hypothesis,
use inappropriate statistical analysis, or perform multiple analyses
until they obtain a result with a statistically significant difference
[2,4]. Interpretation bias is another type of bias, which occurs when
researchers disregard the original outcomes of the study and inter-
pret them based on their preconceived beliefs, hypotheses, and
conflicts of interest [2, 5].

Thereis also the publication bias, which deals with journals more
likely to publish studies that report positive outcomes than stud-
ies that report negative outcomes [2, 4]. The dissemination of pub-
lications with this type of bias can create the misconception that
negative or statistically insignificant results are due to negligent
conduction, methodological failures, or inadequate experimental
design [6, 7]. Publication bias poses a significant threat to the reli-
ability of scientific studies and can result in various consequences
for society. These consequences include the utilization of ineffec-
tive tools [8] and failure in replicating experiments [2].

Therefore, we aimed to evaluate whether publications on ergo-
genic aids are affected by such bias, with a tendency for journals to
publish studies presenting positive results. We also aimed to assess
the consistency between the actual results and conclusions of pub-
lications on ergogenic aids in the field of sports science. Our hy-
pothesis was that editors and journals have a tendency to accept
studies demonstrating ergogenic benefits, resulting in a higherim-
pact for the journal due to multiple citations.

Materials and Methods

Two reviewers selected 87 journals between January and Decem-
ber 2020. Of the selected journals, 85 were from the journal of ci-
tation reports (JCR) sports sciences list and two were included due

to their high number of publications related to human perfor-
mance. After this selection, the scope of each journal was observed,
with the remaining journals having met the following inclusion cri-
teria: 1) have within their scope the terms “sports medicine”,

» o« » o«

“sports science”, “sports medicine and exercise”, “sports and ex-

» o« » o«

ercise medicine”, “sports and physiology”, “exercise and physiol-
ogy”, “exercise science and performance”; and 2) journals not be-
longing to the sports sciences area if they met the inclusion crite-
ria and contributed to the area of sports sciences. The following
non-inclusion criteria were adopted: 1) publication of review arti-
cles exclusively; 2) no direct relation to sport and performance; and
3) journals dedicated to medical treatment or rehabilitation.

After selecting the journals, we read the titles and abstracts of all
published articles between January and December 2021 to identify
the studies that investigated the effect of ergogenic aids. For the in-
clusion of the studies, the following criteria were adopted: 1) to have
been published in 2020; 2) to investigate the effects of at least one
ergogenic resource on physical performance; 3) only studies with
humans; and 4) having one or two variables directly orindirectly re-
lated to physical performance. For the selection of studies, the fol-
lowing non-inclusion criteria were adopted: 1) combination of ergo-
genic aids with any type of training; 2) evaluation of cognitive per-
formance exclusively; and 3) no full access to the article.

The reported outcomes of the articles were classified as posi-
tive, negative, or neutral based on their identification in the con-
clusion and or title. The outcomes of the variables used in the arti-
cles were identified in the actual results and classified as positive,
neutral, or negative based on whether a significant increase, no
change, or decrease was found between the experimental group
and either the placebo or control group.

Statistical analysis

Statistical analysis was performed using the software IBM SPSS
(Version 23; IBM Corp., Armonk, NY, USA). The chi-square test of
independence was conducted to verify association between vari-
ables outcomes and reported outcomes of the articles identified
in the conclusion and/or title. When a significant association was
found, the z-test adjusted by Bonferroni’s method was used [9].

In addition, when necessary, the adjusted residual was observed
to verify a significant difference between count and expected
count. Values below -1.96 or above 1.96 were considered signifi-
cant [10]. Lastly, Fisher’s exact test, conducted when a cell has an
expected count less than five, was used to verify the association
between reported outcomes of the articles and impact factor of
the journals, and between reported outcomes of the articles and
publication fees.

To perform the impact factor analysis, the normality of the data
was checked and we decided to use the median (=3.0 scores) to
determine two groups of journals: scores above 3.0 and below 3.0.
The level significance adopted was p<0.05.

Results

Of the 87 journals initially selected, only 20 met the inclusion and
non-inclusion criteria, resulting in a total of 219 studies. However,
after a thorough screening process, only 150 studies from 18 jour-
nals (> Table 1) were deemed eligible for analysis (> Fig. 1).
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> Table 1 Characteristics of selected journals.

Jour- Impact Publica- Number of Total
nals factor tion fees™ issues|year articles
A 12.68 No 24 333
B 5.20 No 6 90
C 5.07 No 24 53
D 4.03 No 6 333
E 3.61 No 1 193
F 3.53 Yes 12 220
G 3.37 Yes 1 55
H 3.25 No 12 245
1 3.04 Yes 12 330
] 2.97 No 12 430
K 2.85 Yes 24 209
L 2.78 No 10 149
M 2.74 Yes 12 202
N 2.60 No 24 303
(o] 2.58 No 12 249
P 2.56 No 14 112
Q 2.52 No 15 197
R 2.00 Yes 4 57
*or submission fees.
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> Fig. 2 Total number of articles and variables with positive, nega-
tive, and neutral outcomes. The articles were classified based on
their conclusion and or title, while the variables used by the articles
themselves were classified based on their statistical result. a=signifi-
cant difference compared to articles.

» Table 2 Count, expected count, and adjusted residual of the reported
outcomes of the variables and scientific articles.
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[

> Fig. 1 Flow diagram of search process.

In our analysis of 150 studies from 18 journals, we identified 449
variables related to physical performance. Of these variables, 181
(40.3 %) showed statistically significant improvements in perfor-
mance, 18 (4 %) showed impairment, and 250 (56.7 %) did not pre-
sent significant changes (> Fig. 2).

In each study, the reported outcomes were identified in the con-
clusion and in the title. Of the outcomes observed, 114 studies
(76 %) reported positive outcomes, 4 studies (2.7 %) reported neg-
ative outcomes, and 32 studies (21.3 %) reported neutral outcomes

Outcomes Articles Variables Total
Positive Count 114 181 295
Expected Count 73.9 221.1 295.0
Adjusted Residual 7.6 -7.6 -
Negative Count 4 18 22
Expected Count 5.5 16.5 22.0
Adjusted Residual -0.8 0.8 -
Neutral Count 32 250 282
Expected Count 70.6 211.4 282.0
Adjusted Residual -7.3 7.3 -

Adjusted residual higher than 1.96 or less than —1.96 means a
significant difference between count and expected count.

> Table 3 Association between reported outcomes of the articles and

impact factor and publication fees.
Reported outcomes of the articles
Impact factor Positive Negative Neutral Total
Above 3.0 39 3 14 56
Below 3.0 75 1 18 94
Total 114 4 32 150
Reported outcomes of the articles
Publication fees* Positive Negative Neutral Total
Yes 40 3 13 56
No 74 1 19 94
Total 114 4 32 150

‘or submission fees.
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(» Fig. 2). The chi-square test of independence showed a signifi-
cant association between reported outcomes of the articles and
reported outcomes of the variables (X2;)=57.803; p<0.001), de-
tecting a significant difference between them in the positive and
neutral outcomes but not in the negative outcomes (> Fig. 2).

For the positive outcomes, the expected count of the reported
outcomes of the articles was significantly lower than that found
(observed), while the expected count of the variables outcomes
was significantly higher than that found (observed). On the other
hand, for the neutral outcomes, the expected count of the report-
ed outcomes of the articles was significantly higher than that found
(observed), while for the variables outcomes it was significantly
lower than that found (observed). For the negative outcomes, no
significant difference was found (> Table 2).

Fisher’s exact test showed no significant association between
reported outcomes of the articles and either the impact factor
(X?2)=3.365; p=0.159) or publication fees (X2;)=2.718; p=0.271)
(> Table 3).

Discussion

This study evaluated whether scientific publications on ergogenic
aids and exercise performance are affected by bias and also as-
sessed the consistency between the actual results and titles/con-
clusions presented. The main results confirm our hypothesis, indi-
cating a tendency for journals to publish studies with positive re-
sults while neglecting those with negative results. Additionally, our
analysis revealed inconsistencies between the reported outcomes
in the titles and conclusions and the actual performance variable
outcomes. Specifically, we observed a predominance of non-sig-
nificant outcomes in the performance variables, suggesting a po-
tential discrepancy between the reported conclusions and the ac-
tual study outcomes.

We observed an inconsistency between reported positive out-
comes (76 %) and statistically significant variable outcomes
(40.3 %). Furthermore, a very small rate of studies reported a neg-
ative outcome (4 %). This inconsistency can hinder the formation
of knowledge about the effects of ergogenic aids, confusing the
interpretation of the reported outcomes. This confusion can lead
to errors in the application of ergogenic aids in the field of physical
performance, such as athletes using aids that may not be effective
or safe, or coaches and trainers making training and performance
decisions based on incomplete or biased information.

It is important to highlight that such errors could have serious
consequences, not only for the athletes’ performance but also for
their health and well-being [11]. Therefore, it is essential to address
these issues and ensure that the scientific evidence on ergogenic
aids is reliable and unbiased to guide the safe and effective use of
these aids in sports science.

A similar study to ours analyzed the effects of antidepressant
medications by comparing the results of published research in sci-
entific journals with the results of work in the United States Food
and Drug Administration (FDA) database [12]. According to their
analysis, the published literature showed that 94 %of trials investi-
gating antidepressants reported significant positive effects. This
percentage differs from the FDA database, which found significant
positive effects in only 51 %of the trials.

Several factors can contribute to an increase in results that do
not show statistical significance. These include variations in indi-
vidual and temporal physiological responses, a lack of clear proto-
cols that elicit responses, and inherent measurement errors in the
testing process [13, 14]. Non-positive results, on the other hand,
can contribute to the progress of research by providing evidence
for alternative hypotheses and directing attention towards key var-
iables for improved performance.

Our analysis of » Table 3 suggests that there is no significant re-
lationship between the reported outcomes of the articles and ei-
ther the impact factor or publication fees. This finding is notable,
as previous research has suggested that journals with high impact
factors may be more likely to publish articles reporting positive re-
sults [15]. However, our study found no statistically significant dif-
ference in the proportion of positive, negative, or neutral outcomes
between articles published in high-impact and low-impact jour-
nals, or between those that required payment of publication fees
and those that did not.

While there may be other factors at play, such as sample size or
study design, that can influence the outcomes reported in scien-
tific articles, our analysis indicates that impact factor and publica-
tion fees alone are not reliable indicators of the reported outcomes
of research studies involving ergogenic aids and exercise perfor-
mance.

The findings of this study show that journals tend to prioritize
studies with positive results, often neglecting those with negative
outcomes. Furthermore, our analysis indicates inconsistencies be-
tween reported outcomes in titles and conclusions and actual per-
formance variable outcomes, with a higher prevalence of non-sig-
nificant results in performance variables. These observations sug-
gest a potential discrepancy between the reported conclusions and
actual study outcomes. Future research should aim to reduce bias
and encourage the publication of studies with both positive and
negative results to improve the reliability of scientific evidence on
ergogenic aids and exercise performance.
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